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Figure B.1-1.  Supports Associated with Model 3 [1] 
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Figure B.1-2.  Spring Hangers Associated with Model 3 [1]
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Figure B.1-3.  Terminations Associated with Model 3 [1]
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Figure B.1-4.  Pipe Runs Associated with Model 3 [1]
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Figure B.1-5.  Reducers Associated with Model 3 [1]
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Figure B.1-6.  Elbows Associated with Model 3 [1]
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Figure B.1-7.  Tees Associated with Model 3 [1]
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Figure B.1-8.  Fabricated Branch Associated with Model 3 [1]
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Figure B.1-9.  Flanges Associated with Model 3 [1] 
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Figure B.1-10. Valves Associated with Model 3 [1]
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Figure B.2-1.  Complete Model 3 Piping System



Calculation Sheet 
Page B.2-3 of B.2-32 

Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. J. Russell Date: 09/30/08

Figure B.2-2.  Group of Components Associated with Lines 27-29 of Model 3

Figure B.2-3.  Group of Components Associated with Lines 22-26 of Model 3
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Figure B.2-4. Group of Components Associated with Lines 32, 33, and 49 of Model 3
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**%   ============================================================ 
**%
**%              NX I-deas 5.0 ABAQUS STANDARD TRANSLATOR
**%                     FOR ABAQUS VERSION 6.x
**%
**%          MODEL FILE: Y:\PCS2\Model_3_IDEAS\model3_9-20-2008.mf1 
**%          INPUT FILE: C:\M3_9-24-2008.inp 
**%            EXPORTED: AT 10:39:35 ON 24-Sep-08 
**%                PART: Part1 
**%                 FEM: Fem1 
**%
**%               UNITS: IN-Inch (pound f) 
**%                     ... LENGTH : inch 
**%                     ... TIME   : sec 
**%                     ... MASS   : lbf-sec**2/in 
**%                     ... FORCE  : pound (lbf) 
**%                     ... TEMPERATURE : deg Fahrenheit 
**%
**%         COORDINATE SYSTEM: PART 
**%
**%             SUBSET EXPORT: OFF 
**%
**%       NODE ZERO TOLERANCE: OFF 
**%
**%   ============================================================ 
**%
**%
*HEADING
SDRC I-DEAS ABAQUS FILE TRANSLATOR  24-Sep-08   10:39:35 
**%==========================================
**%          MODAL DATA
**%==========================================
*NODE, NSET=ALLNODES, SYSTEM=R 
          1, 2.5000000E-01, 8.3400000E+02,-7.3500000E+01 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
        610, 1.5594343E+03, 1.0920079E+03,-5.8801561E+02 
*ELEMENT, TYPE=B31     , ELSET=BEAM 
     86,     81,    569 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    691,    572,     82 
*ELEMENT, TYPE=B31     , ELSET=BEAM_1 
    480,    403,    402 
    481,    398,    399 
*ELEMENT, TYPE=B31     , ELSET=BEAM_2 
    504,    439,    440 
*ELEMENT, TYPE=B31     , ELSET=BEAM_3 
    519,    427,    428 
*ELEMENT, TYPE=B31     , ELSET=BEAM_4 
    522,    431,    430 
    524,    437,    436 
*ELEMENT, TYPE=B31     , ELSET=BEAM_5 
    521,    433,    434 
*ELEMENT, TYPE=B31     , ELSET=BEAM_6 
    527,    428,    429 
*ELEMENT, TYPE=B31     , ELSET=BEAM_7 
    528,    434,    435 
    529,    431,    432 
    530,    437,    438 
*ELEMENT, TYPE=B31     , ELSET=BEAM_8 
    649,    534,    535 
*ELEMENT, TYPE=B31     , ELSET=PIPE 
     57,     57,     53 
*ELEMENT, TYPE=B31     , ELSET=PIPE_1 
     66,     61,    559 
     67,     63,     62 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    681,    562,    563 
    682,    563,     63 
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*ELEMENT, TYPE=B31     , ELSET=PIPE_2 
     58,     58,     52 
*ELEMENT, TYPE=B31     , ELSET=PIPE_3 
    301,    210,    581 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    703,    584,    211 
*ELEMENT, TYPE=B31     , ELSET=PIPE_4 
    156,    209,    186 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    699,    580,    204 
*ELEMENT, TYPE=B31     , ELSET=PIPE_5 
     84,     80,     78 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    687,    568,     80 
*ELEMENT, TYPE=B31     , ELSET=PIPE_6 
     81,     65,    564 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    684,    565,    103 
*ELEMENT, TYPE=B31     , ELSET=PIPE_7 
    306,    217,    264 
    350,    264,    276 
*ELEMENT, TYPE=B31     , ELSET=PIPE_8 
    199,    194,    196 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    205,    206,    207 
*ELEMENT, TYPE=B31     , ELSET=PIPE_9 
    206,    120,    121 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    721,    601,    261 
*ELEMENT, TYPE=B31     , ELSET=PIPE_10
    282,    247,    143 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    714,    594,    323 
*ELEMENT, TYPE=B31     , ELSET=PIPE_11
    279,    250,    532 
    640,    532,    248 
*ELEMENT, TYPE=B31     , ELSET=PIPE_12
    242,    148,    238 
    294,    254,    147 
    298,    252,    261 
*ELEMENT, TYPE=B31     , ELSET=PIPE_13
    270,    244,    327 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    729,    609,    610 
    730,    610,    266 
*ELEMENT, TYPE=B31     , ELSET=PIPE_14
    272,    150,    324 
    399,    324,    246 
*ELEMENT, TYPE=B31     , ELSET=PIPE_15
    275,    245,    325 
    400,    325,    326 
    401,    326,    243 
*ELEMENT, TYPE=B31     , ELSET=PIPE_16
    241,    237,    149 
*ELEMENT, TYPE=B31     , ELSET=PIPE_17
      1,      1,      4 
*ELEMENT, TYPE=B31     , ELSET=PIPE_18
      5,      5,     16 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    677,    558,     37 
*ELEMENT, TYPE=B31     , ELSET=PIPE_19
     27,     25,     26 
*ELEMENT, TYPE=B31     , ELSET=PIPE_20
     48,     38,     48 
     49,     48,     39 
*ELEMENT, TYPE=B31     , ELSET=PIPE_21
     14,     14,     24 
     26,     24,     15 
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*ELEMENT, TYPE=B31     , ELSET=PIPE_22
     55,     39,     57 
*ELEMENT, TYPE=B31     , ELSET=PIPE_23
     56,     15,     58 
*ELEMENT, TYPE=B31     , ELSET=PIPE_24
    148,    231,    162 
*ELEMENT, TYPE=B31     , ELSET=PIPE_25
    149,    232,    165 
*ELEMENT, TYPE=B31     , ELSET=PIPE_26
    147,    161,    231 
*ELEMENT, TYPE=B31     , ELSET=PIPE_27
    146,    164,    232 
*ELEMENT, TYPE=B31     , ELSET=PIPE_28
    509,    205,    443 
*ELEMENT, TYPE=B31     , ELSET=PIPE_29
    579,    480,    180 
    580,    482,    179 
    581,    481,    193 
*ELEMENT, TYPE=B31     , ELSET=PIPE_30
    508,    443,    206 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    578,    482,    181 
*ELEMENT, TYPE=B31     , ELSET=PIPE_31
    584,    238,    484 
    660,    139,    540 
*ELEMENT, TYPE=B31     , ELSET=PIPE_32
    583,    484,    237 
    661,    540,    140 
*ELEMENT, TYPE=B31     , ELSET=PIPE_33
     59,     53,     51 
    138,    159,    216 
*ELEMENT, TYPE=B31     , ELSET=PIPE_34
     61,     51,     56 
    137,    215,    159 
*ELEMENT, TYPE=B31     , ELSET=PIPE_35
     60,     52,     51 
    141,    159,    217 
*ELEMENT, TYPE=B31     , ELSET=PIPE_36
    217,    133,    548 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    667,    548,    135 
*ELEMENT, TYPE=B31     , ELSET=PIPE_37
    140,    160,    161 
    354,    279,    160 
*ELEMENT, TYPE=B31     , ELSET=PIPE_38
    143,    163,    164 
    351,    276,    163 
*ELEMENT, TYPE=B31     , ELSET=PIPE_39
    665,    546,    166 
    666,    547,    167 
*ELEMENT, TYPE=B31     , ELSET=PIPE_40
    144,    163,    546 
    145,    160,    547 
*ELEMENT, TYPE=B31     , ELSET=PIPE_41
    212,    233,    128 
    398,    323,    233 
*ELEMENT, TYPE=B31     , ELSET=PIPE_42
    230,    233,    150 
*ELEMENT, TYPE=B31     , ELSET=PIPE_43
     68,     62,     64 
     69,     64,     65 
*ELEMENT, TYPE=B31     , ELSET=PIPE_44
     10,     10,     11 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     40,     35,     36 
*ELEMENT, TYPE=B31     , ELSET=PIPE_45
    157,    186,    221 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
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    191,    229,    199 
*ELEMENT, TYPE=B31     , ELSET=PIPE_46
    310,    139,    267 
    311,    267,    138 
*ELEMENT, TYPE=B31     , ELSET=PIPE_47
    218,    135,    453 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    536,    454,    144 
*ELEMENT, TYPE=B31     , ELSET=PIPE_48
    312,    147,    268 
    313,    268,    148 
*ELEMENT, TYPE=B31     , ELSET=ELBOW
    451,    122,    376 
    452,    376,    377 
    453,    377,    375 
*ELEMENT, TYPE=B31     , ELSET=ELBOW_1
    478,    401,    402 
    479,    403,    404 
*ELEMENT, TYPE=B31     , ELSET=ELBOW_2
    475,    397,    398 
    476,    399,    400 
*ELEMENT, TYPE=B31     , ELSET=ELBOW_3
    443,    240,    369 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    726,    606,    154 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_4
    320,     60,    118,     61 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_5
    330,    192,    191,    193 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_6
    329,    189,    188,    190 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    336,    201,    200,    202 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_7
    332,    213,    177,    179 
    334,    214,    178,    180 
    337,    204,    203,    205 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_8
    335,    211,    197,    212 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_9
    328,    210,    185,    209 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_10 
    321,     75,    119,     76 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_11 
    345,     78,    543,    120 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_12 
    346,    272,    274,     79 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_13 
    664,    120,    545,    272 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_14 
    342,    248,    142,    247 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_15 
    341,    249,    141,    250 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_16 
    338,    123,    124,    125 
    343,    255,    145,    254 
    344,    257,    137,    253 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_17 
    339,    128,    134,    129 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_18 
    340,    252,    132,    251 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_19 
    349,    244,    153,    240 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_20 
    348,    243,    152,    242 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_21 
    347,    246,    151,    245 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_22 
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    323,     32,    113,     33 
    326,      8,    112,      9 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_23 
    325,      4,    114,      5 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_24 
    322,     26,    115,     29 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_25 
    327,     13,    116,     14 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_26 
    324,     37,    117,     38 
*MPC
 BEAM,     80,     82 
*MPC
 BEAM,     51,    350 
*MPC
 BEAM,    378,    259 
*MPC
 BEAM,    380,    258 
*MPC
 BEAM,    382,    261 
*MPC
 BEAM,    388,    139 
*MPC
 BEAM,    390,    138 
*MPC
 BEAM,    384,    147 
*MPC
 BEAM,    386,    148 
*MPC
 BEAM,    397,     49 
*MPC
 BEAM,    401,     50 
*MPC
 BEAM,    421,    419 
*MPC
 BEAM,    439,     89 
*MPC
 BEAM,    427,    103 
*MPC
 BEAM,    433,    263 
*MPC
 BEAM,    430,    264 
*MPC
 BEAM,    265,    436 
*MPC
 BEAM,    504,    502 
*MPC
 BEAM,    505,    503 
*MPC
 BEAM,    513,     24 
*MPC
 BEAM,    512,     48 
*MPC
 BEAM,    516,    186 
*MPC
 BEAM,    517,    166 
*MPC
 BEAM,    518,    167 
*MPC
 BEAM,    519,    198 
*MPC
 BEAM,    533,    532 
*MPC
 BEAM,    534,    259 
*MPC
 BEAM,    541,     19 
*MPC
 BEAM,    542,     43 
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*MPC
 BEAM,    590,    531 
*ELEMENT, TYPE=SPRINGA , ELSET=PS5_SPRING 
    531,    386,    371 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    534,    384,    372 
*ELEMENT, TYPE=SPRINGA , ELSET=TIEBACK_SPRING 
    555,    102,    463 
*ELEMENT, TYPE=SPRINGA , ELSET=TUNNEL_RES_SPRING
    589,    485,     88 
*ELEMENT, TYPE=SPRINGA , ELSET=PR8_SPRING 
    590,    350,     59 
*ELEMENT, TYPE=SPRINGA , ELSET=RH25X_SPRING 
    651,     63,    537 
    652,    536,     69 
*ELEMENT, TYPE=SPRINGA , ELSET=RH26X_SPRING 
    650,     84,    538 
*ELEMENT, TYPE=SPRINGA , ELSET=RH23X_SPRING 
    653,    440,    394 
*ELEMENT, TYPE=SPRINGA , ELSET=RH27X_SPRING 
    654,    539,    421 
*ELEMENT, TYPE=SPRINGA , ELSET=RH29_SPRING
    655,    370,    369 
    656,    368,    154 
*ELEMENT, TYPE=SPRINGA , ELSET=RH15A_SPRING 
    659,    365,    378 
*ELEMENT, TYPE=SPRINGA , ELSET=RH15_SPRING
    657,    367,    382 
    658,    366,    380 
*ELEMENT, TYPE=MASS    , ELSET=LMASS36LAP 
     70,     65 
     71,     62 
*ELEMENT, TYPE=MASS    , ELSET=LMASS36BF
     72,     64 
*ELEMENT, TYPE=MASS    , ELSET=LMASS24GT
     17,     11 
     52,     35 
*ELEMENT, TYPE=MASS    , ELSET=LMASS24LAP 
     15,     10 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     51,     36 
*ELEMENT, TYPE=MASS    , ELSET=LMASS20LAP 
    243,    186 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    262,    199 
*ELEMENT, TYPE=MASS    , ELSET=LMASS14LAP 
    314,    139 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    542,    136 
*ELEMENT, TYPE=MASS    , ELSET=LMASS20GT
    244,    221 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    259,    230 
*ELEMENT, TYPE=MASS    , ELSET=LMASS14GT
    537,    453 
    538,    454 
*ELEMENT, TYPE=MASS    , ELSET=LMASS20CK
    246,    220 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    261,    229 
*ELEMENT, TYPE=MASS    , ELSET=LMASS14CK
    315,    267 
    318,    268 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE8_625X0_322
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
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 ELSET=BEAM,
 SECTION=PIPE 
 0.43125E+01, 0.32200E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=A7_STEEL
*ELASTIC,TYPE=ISOTROPIC
 3.00000E+07,  2.90000E-01 
*DENSITY
 7.31737E-04, 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3
**%
**% I-DEAS BEAM CROSS SECTION: PIPE2_5X5
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=BEAM_1,
 SECTION=PIPE 
 0.14400E+01, 0.20500E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: RECT1_5X6_0
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=BEAM_2,
 SECTION=RECT 
 0.15000E+01, 0.60000E+01 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: RECT3_0X10_0
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=BEAM_3,
 SECTION=RECT 
 0.30000E+01, 0.10000E+02 
 0.00000E+00,-0.10000E+01, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: RECT3_0X7_0
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=BEAM_4,
 SECTION=RECT 
 0.30000E+01, 0.70000E+01 
 0.00000E+00,-0.10000E+01, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: RECT3_0X7_0
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=BEAM_5,
 SECTION=RECT 
 0.30000E+01, 0.70000E+01 
 0.00000E+00, 0.10000E+01, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: MS2
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=BEAM_6,
 SECTION=CIRC 
 0.30000E+01, 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: MS5,7,8
**%
*BEAM SECTION, 
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 MATERIAL=A7_STEEL,
 ELSET=BEAM_7,
 SECTION=CIRC 
 0.25000E+01, 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: PS21ANGLE
**%
*BEAM GENERAL SECTION, 
 ELSET=BEAM_8,
 DENSITY= 0.73174E-03, 
 ZERO= 0.00000E+00 
 0.17495E+01, 0.40282E+00, 0.00000E+00, 0.15199E+01, 0.90268E-01, 0, 0.00000E+00 
 0.00000E+00,-0.70710E+00,-0.70710E+00 
 0.30000E+08, 0.11628E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00,-0.79709E+00 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**%INFO: THE ABOVE CROSS SECTION CANNOT BE TRANSLATED TO AN 
**%INFO: ABAQUS LIBRARY SECTION AND HENCE IS WRITTEN AS BEAM 
**%INFO: GENERAL SECTION (SECTION=GENERAL). 
**%
**%
**% I-DEAS BEAM CROSS SECTION: PIPE36_0X0_5
**%
*BEAM SECTION, 
 MATERIAL=SST304_36X05,
 ELSET=PIPE,
 SECTION=PIPE 
 0.18000E+02, 0.50000E+00 
 0.00000E+00,-0.97014E+00,-0.24253E+00 
*MATERIAL,NAME=SST304_36X05
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 2.33600E-03, 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE36_0X0_5
**%
*BEAM SECTION, 
 MATERIAL=SST304_36X05,
 ELSET=PIPE_1,
 SECTION=PIPE 
 0.18000E+02, 0.50000E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE36_0X0_5
**%
*BEAM SECTION, 
 MATERIAL=SST304_36X05,
 ELSET=PIPE_2,
 SECTION=PIPE 
 0.18000E+02, 0.50000E+00 
 0.00000E+00, 0.97014E+00,-0.24253E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE20_0X0_375
**%
*BEAM SECTION, 
 MATERIAL=SST304_20X0375,
 ELSET=PIPE_3,
 SECTION=PIPE 
 0.10000E+02, 0.37500E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_20X0375
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*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.90100E-03, 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3
**%
**% I-DEAS BEAM CROSS SECTION: PIPE20_0X0_375
**%
*BEAM SECTION, 
 MATERIAL=SST304_20X0375,
 ELSET=PIPE_4,
 SECTION=PIPE 
 0.10000E+02, 0.37500E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE36_0X0_5625
**%
*BEAM SECTION, 
 MATERIAL=SST304_36X05625 ,
 ELSET=PIPE_5,
 SECTION=PIPE 
 0.18000E+02, 0.56250E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_36X05625
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 2.15000E-03, 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3
**%
**% I-DEAS BEAM CROSS SECTION: PIPE36_0X0_5625
**%
*BEAM SECTION, 
 MATERIAL=SST304_36X05625 ,
 ELSET=PIPE_6,
 SECTION=PIPE 
 0.18000E+02, 0.56250E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE36_0X0_5625
**%
*BEAM SECTION, 
 MATERIAL=SST304_36X05625 ,
 ELSET=PIPE_7,
 SECTION=PIPE 
 0.18000E+02, 0.56250E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE18_0X0_375
**%
*BEAM SECTION, 
 MATERIAL=SST304_18X0375,
 ELSET=PIPE_8,
 SECTION=PIPE 
 0.90000E+01, 0.37500E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_18X0375
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.80300E-03, 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE14_0X0_25
**%
*BEAM SECTION, 
 MATERIAL=SST304_14X025 ,
 ELSET=PIPE_9,
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 SECTION=PIPE 
 0.70000E+01, 0.25000E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_14X025
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.96300E-03, 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE14_0X0_25
**%
*BEAM SECTION, 
 MATERIAL=SST304_14X025 ,
 ELSET=PIPE_10 ,
 SECTION=PIPE 
 0.70000E+01, 0.25000E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE14_0X0_25
**%
*BEAM SECTION, 
 MATERIAL=SST304_14X025 ,
 ELSET=PIPE_11 ,
 SECTION=PIPE 
 0.70000E+01, 0.25000E+00 
 0.00000E+00, 0.10000E+01, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE14_0X0_25
**%
*BEAM SECTION, 
 MATERIAL=SST304_14X025 ,
 ELSET=PIPE_12 ,
 SECTION=PIPE 
 0.70000E+01, 0.25000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE4_5X0_237
**%
*BEAM SECTION, 
 MATERIAL=SST304_4X0237 ,
 ELSET=PIPE_13 ,
 SECTION=PIPE 
 0.22500E+01, 0.23700E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=SST304_4X0237
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.10000E-03, 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3
**%
**% I-DEAS BEAM CROSS SECTION: PIPE4_5X0_237
**%
*BEAM SECTION, 
 MATERIAL=SST304_4X0237 ,
 ELSET=PIPE_14 ,
 SECTION=PIPE 
 0.22500E+01, 0.23700E+00 
 0.50000E+00,-0.70710E+00,-0.50000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE4_5X0_237
**%
*BEAM SECTION, 
 MATERIAL=SST304_4X0237 ,
 ELSET=PIPE_15 ,
 SECTION=PIPE 
 0.22500E+01, 0.23700E+00 
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 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE12_75X0_25
**%
*BEAM SECTION, 
 MATERIAL=SST304_12X025 ,
 ELSET=PIPE_16 ,
 SECTION=PIPE 
 0.63750E+01, 0.25000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_12X025
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.87300E-03, 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3
**%
**% I-DEAS BEAM CROSS SECTION: PIPE24_0X0_375
**%
*BEAM SECTION, 
 MATERIAL=SST304L_24X0375 ,
 ELSET=PIPE_17 ,
 SECTION=PIPE 
 0.12000E+02, 0.37500E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304L_24X0375
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 2.15000E-03, 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3
**%
**% I-DEAS BEAM CROSS SECTION: PIPE24_0X0_375
**%
*BEAM SECTION, 
 MATERIAL=SST304L_24X0375 ,
 ELSET=PIPE_18 ,
 SECTION=PIPE 
 0.12000E+02, 0.37500E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE24_0X0_375
**%
*BEAM SECTION, 
 MATERIAL=SST304L_24X0375 ,
 ELSET=PIPE_19 ,
 SECTION=PIPE 
 0.12000E+02, 0.37500E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE24_0X0_375
**%
*BEAM SECTION, 
 MATERIAL=SST304_24X0375,
 ELSET=PIPE_20 ,
 SECTION=PIPE 
 0.12000E+02, 0.37500E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_24X0375
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 2.15000E-03, 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3
**%
**% I-DEAS BEAM CROSS SECTION: PIPE24_0X0_375
**%
*BEAM SECTION, 
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 MATERIAL=SST304_24X0375,
 ELSET=PIPE_21 ,
 SECTION=PIPE 
 0.12000E+02, 0.37500E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE24_0X0_5
**%
*BEAM SECTION, 
 MATERIAL=SST304_RED24X05 ,
 ELSET=PIPE_22 ,
 SECTION=PIPE 
 0.12000E+02, 0.50000E+00 
 0.00000E+00,-0.97014E+00,-0.24253E+00 
*MATERIAL,NAME=SST304_RED24X05
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.77600E-03, 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3
**%
**% I-DEAS BEAM CROSS SECTION: PIPE24_0X0_5
**%
*BEAM SECTION, 
 MATERIAL=SST304_RED24X05 ,
 ELSET=PIPE_23 ,
 SECTION=PIPE 
 0.12000E+02, 0.50000E+00 
 0.00000E+00, 0.97014E+00,-0.24253E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE20_0X0_5625
**%
*BEAM SECTION, 
 MATERIAL=SST304_RED20X05625,
 ELSET=PIPE_24 ,
 SECTION=PIPE 
 0.10000E+02, 0.56250E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_RED20X05625
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.48600E-03, 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3
**%
**% I-DEAS BEAM CROSS SECTION: PIPE20_0X0_5625
**%
*BEAM SECTION, 
 MATERIAL=SST304_RED20X05625,
 ELSET=PIPE_25 ,
 SECTION=PIPE 
 0.10000E+02, 0.56250E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE36_0X0_5625
**%
*BEAM SECTION, 
 MATERIAL=SST304_RED36X05625,
 ELSET=PIPE_26 ,
 SECTION=PIPE 
 0.18000E+02, 0.56250E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_RED36X05625
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 2.15000E-03, 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
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**%
**% I-DEAS BEAM CROSS SECTION: PIPE36_0X0_5625
**%
*BEAM SECTION, 
 MATERIAL=SST304_RED36X05625,
 ELSET=PIPE_27 ,
 SECTION=PIPE 
 0.18000E+02, 0.56250E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE20_0X0_375
**%
*BEAM SECTION, 
 MATERIAL=SST304_RED20X0375 ,
 ELSET=PIPE_28 ,
 SECTION=PIPE 
 0.10000E+02, 0.37500E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_RED20X0375
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.90100E-03, 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE20_0X0_375
**%
*BEAM SECTION, 
 MATERIAL=SST304_RED20X0375 ,
 ELSET=PIPE_29 ,
 SECTION=PIPE 
 0.10000E+02, 0.37500E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE18_0X0_375
**%
*BEAM SECTION, 
 MATERIAL=SST304_RED18X0375 ,
 ELSET=PIPE_30 ,
 SECTION=PIPE 
 0.90000E+01, 0.37500E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_RED18X0375
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.77600E-03, 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE14_0X0_25
**%
*BEAM SECTION, 
 MATERIAL=SST304_RED14X025,
 ELSET=PIPE_31 ,
 SECTION=PIPE 
 0.70000E+01, 0.25000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_RED14X025
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.96300E-03, 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3
**%
**% I-DEAS BEAM CROSS SECTION: PIPE12_75X0_25
**%
*BEAM SECTION, 
 MATERIAL=SST304_RED12X025,
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 ELSET=PIPE_32 ,
 SECTION=PIPE 
 0.63750E+01, 0.25000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_RED12X025
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.84600E-03, 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3
**%
**% I-DEAS BEAM CROSS SECTION: TEE37_75X1_375
**%
*BEAM SECTION, 
 MATERIAL=SST304_T3775X1375 ,
 ELSET=PIPE_33 ,
 SECTION=PIPE 
 0.18875E+02, 0.13750E+01 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_T3775X1375
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.29700E-03, 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: TEE37_75X1_375
**%
*BEAM SECTION, 
 MATERIAL=SST304_T3775X1375 ,
 ELSET=PIPE_34 ,
 SECTION=PIPE 
 0.18875E+02, 0.13750E+01 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: TEE37_75X1_375
**%
*BEAM SECTION, 
 MATERIAL=SST304_T3775X1375 ,
 ELSET=PIPE_35 ,
 SECTION=PIPE 
 0.18875E+02, 0.13750E+01 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE14_0X0_25
**%
*BEAM SECTION, 
 MATERIAL=SST304_T14X025,
 ELSET=PIPE_36 ,
 SECTION=PIPE 
 0.70000E+01, 0.25000E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=SST304_T14X025
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.96300E-03, 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE36_0X0_5625
**%
*BEAM SECTION, 
 MATERIAL=SST304_B36X05625_R,
 ELSET=PIPE_37 ,
 SECTION=PIPE 
 0.18000E+02, 0.56250E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_B36X05625_R
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*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 2.15000E-03, 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3
**%
**% I-DEAS BEAM CROSS SECTION: PIPE36_0X0_5625
**%
*BEAM SECTION, 
 MATERIAL=SST304_B36X05625_R,
 ELSET=PIPE_38 ,
 SECTION=PIPE 
 0.18000E+02, 0.56250E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE20_0X0_375
**%
*BEAM SECTION, 
 MATERIAL=SST304_B20X0375_BR,
 ELSET=PIPE_39 ,
 SECTION=PIPE 
 0.10000E+02, 0.37500E+00 
 0.00000E+00, 0.10000E+01, 0.00000E+00 
*MATERIAL,NAME=SST304_B20X0375_BR
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 2.15000E-03, 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3
**%
**% I-DEAS BEAM CROSS SECTION: BR_36X20BRANCH
**%
*BEAM GENERAL SECTION, 
 ELSET=PIPE_40 ,
 DENSITY= 0.21500E-02, 
 ZERO= 0.00000E+00 
 0.23120E+02, 0.50029E+02, 0.00000E+00, 0.22421E+03, 0.22270E+04, 0, 0.00000E+00 
 0.00000E+00,-0.10000E+01, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE14_0X0_25
**%
*BEAM SECTION, 
 MATERIAL=SST304_B14X05625_R,
 ELSET=PIPE_41 ,
 SECTION=PIPE 
 0.70000E+01, 0.25000E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=SST304_B14X05625_R
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.96300E-03, 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: BR_14X4_BRANCH
**%
*BEAM GENERAL SECTION, 
 ELSET=PIPE_42 ,
 DENSITY= 0.11000E-02, 
 ZERO= 0.00000E+00 
 0.31740E+01, 0.19450E+01, 0.00000E+00, 0.51470E+01, 0.14465E+02, 0, 0.00000E+00 
 0.00000E+00, 0.10000E+01, 0.00000E+00 
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 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: VALVE36X1_206
**%
*BEAM SECTION, 
 MATERIAL=SST304_BV36 ,
 ELSET=PIPE_43 ,
 SECTION=PIPE 
 0.18000E+02, 0.12060E+01 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=SST304_BV36
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 3.44500E-05, 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3
**%
**% I-DEAS BEAM CROSS SECTION: VALVE24X1_258
**%
*BEAM SECTION, 
 MATERIAL=SST304_V24,
 ELSET=PIPE_44 ,
 SECTION=PIPE 
 0.12000E+02, 0.12580E+01 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=SST304_V24
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 2.24600E-05, 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: VALVE20X1_293
**%
*BEAM SECTION, 
 MATERIAL=SST304_V20,
 ELSET=PIPE_45 ,
 SECTION=PIPE 
 0.10000E+02, 0.12930E+01 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=SST304_V20
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 2.20700E-05, 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3
**%
**% I-DEAS BEAM CROSS SECTION: VALVE14X0_855
**%
*BEAM SECTION, 
 MATERIAL=SST304_V14,
 ELSET=PIPE_46 ,
 SECTION=PIPE 
 0.70000E+01, 0.85500E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_V14
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 2.37100E-05, 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: VALVE14X0_855
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**%
*BEAM SECTION, 
 MATERIAL=SST304_V14,
 ELSET=PIPE_47 ,
 SECTION=PIPE 
 0.70000E+01, 0.85500E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: VALVE14X0_855
**%
*BEAM SECTION, 
 MATERIAL=SST304_V14,
 ELSET=PIPE_48 ,
 SECTION=PIPE 
 0.70000E+01, 0.85500E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: IBEAM3X7_5
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW ,
 DENSITY= 0.73174E-03, 
 ZERO= 0.00000E+00 
 0.22486E+01, 0.66167E+00, 0.00000E+00, 0.29986E+01, 0.89192E-01, 0, 0.12846E+01 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
 0.30000E+08, 0.11628E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**%INFO: THE ABOVE CROSS SECTION CANNOT BE TRANSLATED TO AN 
**%INFO: ABAQUS LIBRARY SECTION AND HENCE IS WRITTEN AS BEAM 
**%INFO: GENERAL SECTION (SECTION=GENERAL). 
**%
**%
**% I-DEAS BEAM CROSS SECTION: CIRC1_25
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=ELBOW_1 ,
 SECTION=CIRC 
 0.62500E+00, 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: CIRC1_25
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=ELBOW_2 ,
 SECTION=CIRC 
 0.62500E+00, 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE4_5X0_237
**%
*BEAM SECTION, 
 MATERIAL=SST304_4X0237 ,
 ELSET=ELBOW_3 ,
 SECTION=PIPE 
 0.22500E+01, 0.23700E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW36_0X0_5R36P376
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_4 ,
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 DENSITY= 0.23360E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.43273E+03, 0.00000E+00, 0.43273E+03, 0.17572E+05, 0, 0.00000E+00 
-0.70710E+00, 0.70710E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW20_0X0_375R30P485
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_5 ,
 DENSITY= 0.19010E-02, 
 ZERO= 0.00000E+00 
 0.23120E+02, 0.10359E+03, 0.00000E+00, 0.10359E+03, 0.22269E+04, 0, 0.00000E+00 
 0.00000E+00, 0.70710E+00, 0.70710E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW20_0X0_375R30P400
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_6 ,
 DENSITY= 0.19010E-02, 
 ZERO= 0.00000E+00 
 0.23120E+02, 0.98786E+02, 0.00000E+00, 0.98786E+02, 0.22269E+04, 0, 0.00000E+00 
-0.70710E+00,-0.70710E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW20_0X0_375R30P400
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_7 ,
 DENSITY= 0.19010E-02, 
 ZERO= 0.00000E+00 
 0.23120E+02, 0.98786E+02, 0.00000E+00, 0.98786E+02, 0.22269E+04, 0, 0.00000E+00 
 0.00000E+00, 0.70710E+00, 0.70710E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW20_0X0_375R30P400
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_8 ,
 DENSITY= 0.19010E-02, 
 ZERO= 0.00000E+00 
 0.23120E+02, 0.98786E+02, 0.00000E+00, 0.98786E+02, 0.22269E+04, 0, 0.00000E+00 
 0.70710E+00, 0.00000E+00,-0.70710E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
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 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW20_0X0_375R30P400
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_9 ,
 DENSITY= 0.19010E-02, 
 ZERO= 0.00000E+00 
 0.23120E+02, 0.98786E+02, 0.00000E+00, 0.98786E+02, 0.22269E+04, 0, 0.00000E+00 
 0.70710E+00, 0.00000E+00, 0.70710E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW36_0X0_5625R36P400
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_10,
 DENSITY= 0.21500E-02, 
 ZERO= 0.00000E+00 
 0.62623E+02, 0.51514E+03, 0.00000E+00, 0.51514E+03, 0.19666E+05, 0, 0.00000E+00 
 0.70710E+00, 0.00000E+00, 0.70710E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW36_0X0_5625R36P400_FAB
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_11,
 DENSITY= 0.21500E-02, 
 ZERO= 0.00000E+00 
 0.62623E+02, 0.51820E+03, 0.00000E+00, 0.51820E+03, 0.19666E+05, 0, 0.00000E+00 
-0.20000E-04,-0.98078E+00,-0.19510E+00
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW36_0X0_5625R36P400_FAB
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_12,
 DENSITY= 0.21500E-02, 
 ZERO= 0.00000E+00 
 0.62623E+02, 0.51820E+03, 0.00000E+00, 0.51820E+03, 0.19666E+05, 0, 0.00000E+00 
 0.00000E+00,-0.38268E+00,-0.92387E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW36_0X0_5625R36P400_FAB
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_13,
 DENSITY= 0.21500E-02, 
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 ZERO= 0.00000E+00 
 0.62623E+02, 0.51820E+03, 0.00000E+00, 0.51820E+03, 0.19666E+05, 0, 0.00000E+00 
 0.00000E+00,-0.83146E+00,-0.55557E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW14_0X0_25SR14P400
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_14,
 DENSITY= 0.19630E-02, 
 ZERO= 0.00000E+00 
 0.10799E+02, 0.14299E+02, 0.00000E+00, 0.14299E+02, 0.51060E+03, 0, 0.00000E+00 
 0.81649E+00,-0.57735E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW14_0X0_25LR21P400
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_15,
 DENSITY= 0.19630E-02, 
 ZERO= 0.00000E+00 
 0.10799E+02, 0.22065E+02, 0.00000E+00, 0.22065E+02, 0.51060E+03, 0, 0.00000E+00 
-0.38268E+00, 0.00000E+00,-0.92387E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW14_0X0_25LR21P400
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_16,
 DENSITY= 0.19630E-02, 
 ZERO= 0.00000E+00 
 0.10799E+02, 0.22065E+02, 0.00000E+00, 0.22065E+02, 0.51060E+03, 0, 0.00000E+00 
 0.00000E+00,-0.70710E+00,-0.70710E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW14_0X0_25LR21P400
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_17,
 DENSITY= 0.19630E-02, 
 ZERO= 0.00000E+00 
 0.10799E+02, 0.22065E+02, 0.00000E+00, 0.22065E+02, 0.51060E+03, 0, 0.00000E+00 
 0.00000E+00, 0.70710E+00, 0.70710E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
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*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW14_0X0_25LR21P400
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_18,
 DENSITY= 0.19630E-02, 
 ZERO= 0.00000E+00 
 0.10799E+02, 0.22065E+02, 0.00000E+00, 0.22065E+02, 0.51060E+03, 0, 0.00000E+00 
 0.70710E+00, 0.00000E+00,-0.70710E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW4_5X0_237R6P400
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_19,
 DENSITY= 0.11000E-02, 
 ZERO= 0.00000E+00 
 0.31741E+01, 0.13999E+01, 0.00000E+00, 0.13999E+01, 0.14465E+02, 0, 0.00000E+00 
-0.70711E+00, 0.70709E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW4_5X0_237R6P400
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_20,
 DENSITY= 0.11000E-02, 
 ZERO= 0.00000E+00 
 0.31741E+01, 0.13999E+01, 0.00000E+00, 0.13999E+01, 0.14465E+02, 0, 0.00000E+00 
 0.00000E+00,-0.70710E+00, 0.70710E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW4_5X0_237R6P400
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_21,
 DENSITY= 0.11000E-02, 
 ZERO= 0.00000E+00 
 0.31741E+01, 0.13999E+01, 0.00000E+00, 0.13999E+01, 0.14465E+02, 0, 0.00000E+00 
 0.92387E+00, 0.00000E+00,-0.38269E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW24_0X0_375R36P376
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_22,
 DENSITY= 0.21500E-02, 
 ZERO= 0.00000E+00 
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 0.27832E+02, 0.15558E+03, 0.00000E+00, 0.15558E+03, 0.38846E+04, 0, 0.00000E+00 
-0.70702E+00,-0.70718E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW24_0X0_375R36P376
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_23,
 DENSITY= 0.21500E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.15558E+03, 0.00000E+00, 0.15558E+03, 0.38846E+04, 0, 0.00000E+00 
 0.00000E+00, 0.70710E+00,-0.70710E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW24_0X0_375R36P376
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_24,
 DENSITY= 0.21500E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.15558E+03, 0.00000E+00, 0.15558E+03, 0.38846E+04, 0, 0.00000E+00 
 0.00000E+00, 0.70710E+00, 0.70710E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW24_0X0_375R36P376
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_25,
 DENSITY= 0.21500E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.15558E+03, 0.00000E+00, 0.15558E+03, 0.38846E+04, 0, 0.00000E+00 
 0.70710E+00, 0.00000E+00,-0.70710E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW24_0X0_375R36P376
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_26,
 DENSITY= 0.21500E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.15558E+03, 0.00000E+00, 0.15558E+03, 0.38846E+04, 0, 0.00000E+00 
 0.70710E+00, 0.00000E+00, 0.70710E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.9492, BETA=1.421E-3 
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*SPRING, ELSET=PS5_SPRING,NONLINEAR 

  -1.0000E+6, -0.15093 
   0.0000E+0, 0.0000E+0 
*SPRING, ELSET=TIEBACK_SPRING,NONLINEAR 

  -1.0000E+6, -0.7701149428 
   0.0000E+0, -0.7500E+0 
*SPRING, ELSET=TUNNEL_RES_SPRING,NONLINEAR

  -1.0000E+6, -0.2686968 
   0.0000E+0, 0.0000E+0 
   1.0000E+6, 0.6717423519 
*SPRING, ELSET=PR8_SPRING 

  1.0000E+01, 
*SPRING, ELSET=RH25X_SPRING,NONLINEAR 

   0.0000E+0, 0.0000E+0 
   1.0000E+6, 1.60165 
*SPRING, ELSET=RH26X_SPRING,NONLINEAR 

   0.0000E+0, 0.0000E+0 
   1.0000E+6, 1.60165 
*SPRING, ELSET=RH23X_SPRING,NONLINEAR 

  -1.0000E+6, -5.24244 
   0.0000E+0, -0.4375 
   0.0000E+0, 0.0000E+0 
   1.0000E+6, 4.80494 
*SPRING, ELSET=RH27X_SPRING,NONLINEAR 

   0.0000E+0, 0.0000E+0 
   1.0000E+6, 1.33947 
*SPRING, ELSET=RH29_SPRING,NONLINEAR 

  -1.0000E+6, -1.14803 
   0.0000E+0, -0.625 
   0.0000E+0, 0.0000E+0 
   1.0000E+6, 0.52313 
*SPRING, ELSET=RH15A_SPRING,NONLINEAR 

  -1.0000E+6, -2.64553 
   0.0000E+0, -0.8125 
   0.0000E+0, 0.0000E+0 
   1.0000E+6, 1.83303 
*SPRING, ELSET=RH15_SPRING,NONLINEAR

  -1.0000E+6, -3.25871 
   0.0000E+0, 0.0000E+0 
   1.0000E+6, 3.25871 
*MASS, ALPHA=0.9492, 
 ELSET=LMASS36LAP 
  2.82100E+00, 
*MASS, ALPHA=0.9492, 
 ELSET=LMASS36BF
  8.66100E+00, 
*MASS, ALPHA=0.9492, 
 ELSET=LMASS24GT
  1.54240E+01, 
*MASS, ALPHA=0.9492, 
 ELSET=LMASS24LAP 
  1.23800E+00, 
*MASS, ALPHA=0.9492, 
 ELSET=LMASS20LAP 
  8.29000E-01, 
*MASS, ALPHA=0.9492, 
 ELSET=LMASS14LAP 
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  4.30000E-01, 
*MASS, ALPHA=0.9492, 
 ELSET=LMASS20GT
  9.00100E+00, 
*MASS, ALPHA=0.9492, 
 ELSET=LMASS14GT
  4.66200E+00, 
*MASS, ALPHA=0.9492, 
 ELSET=LMASS20CK
  8.19800E+00, 
*MASS, ALPHA=0.9492, 
 ELSET=LMASS14CK
  2.92900E+00, 
**%
*ELSET, ELSET=ALLELEMENTS 
 BEAM,
 BEAM_1,
 BEAM_2,
 BEAM_3,
 BEAM_4,
 BEAM_5,
 BEAM_6,
 BEAM_7,
 BEAM_8,
 PIPE,
 PIPE_1,
 PIPE_2,
 PIPE_3,
 PIPE_4,
 PIPE_5,
 PIPE_6,
 PIPE_7,
 PIPE_8,
 PIPE_9,
 PIPE_10 ,
 PIPE_11 ,
 PIPE_12 ,
 PIPE_13 ,
 PIPE_14 ,
 PIPE_15 ,
 PIPE_16 ,
 PIPE_17 ,
 PIPE_18 ,
 PIPE_19 ,
 PIPE_20 ,
 PIPE_21 ,
 PIPE_22 ,
 PIPE_23 ,
 PIPE_24 ,
 PIPE_25 ,
 PIPE_26 ,
 PIPE_27 ,
 PIPE_28 ,
 PIPE_29 ,
 PIPE_30 ,
 PIPE_31 ,
 PIPE_32 ,
 PIPE_33 ,
 PIPE_34 ,
 PIPE_35 ,
 PIPE_36 ,
 PIPE_37 ,
 PIPE_38 ,
 PIPE_39 ,
 PIPE_40 ,
 PIPE_41 ,
 PIPE_42 ,
 PIPE_43 ,
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 PIPE_44 ,
 PIPE_45 ,
 PIPE_46 ,
 PIPE_47 ,
 PIPE_48 ,
 ELBOW ,
 ELBOW_1 ,
 ELBOW_2 ,
 ELBOW_3 ,
 ELBOW_4 ,
 ELBOW_5 ,
 ELBOW_6 ,
 ELBOW_7 ,
 ELBOW_8 ,
 ELBOW_9 ,
 ELBOW_10,
 ELBOW_11,
 ELBOW_12,
 ELBOW_13,
 ELBOW_14,
 ELBOW_15,
 ELBOW_16,
 ELBOW_17,
 ELBOW_18,
 ELBOW_19,
 ELBOW_20,
 ELBOW_21,
 ELBOW_22,
 ELBOW_23,
 ELBOW_24,
 ELBOW_25,
 ELBOW_26,
 LMASS36LAP,
 LMASS36BF ,
 LMASS24GT ,
 PS5_SPRING,
 LMASS24LAP,
 LMASS20LAP,
 LMASS14LAP,
 LMASS20GT ,
 LMASS14GT ,
 LMASS20CK ,
 LMASS14CK ,
 TIEBACK_SPRING,
 TUNNEL_RES_SPRING ,
 PR8_SPRING,
 RH25X_SPRING,
 RH26X_SPRING,
 RH23X_SPRING,
 RH27X_SPRING,
 RH29_SPRING ,
 RH15A_SPRING,
 RH15_SPRING ,
**%
*NSET,NSET=ALL, GENERATE 
         1,        4,        3 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
       545,      610,        1 
*NSET,NSET=SUP_ELB_TEE_RED_FABBR
       4,       5,       8,       9,      10,      11,      12,      13,      14,      15,      29 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     454,     463,     480,     481,     482,     484,     485 
*NSET,NSET=ELBOWS
       4,       5,       8,       9,      13,      14,      29,      32,      33,      37,      38 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     255,     257,     272 
*NSET,NSET=LINES27TO29
       1,       4,       5,       8,       9,      10,      11,      12,      13,      14,      15 
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(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     561,     562,     563,     564,     565,     566,     567,     568,     569 
*NSET,NSET=LINES22TO26, GENERATE 
        79,      159,       80 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
       573,      584,        1 
*NSET,NSET=LINES32_33_49
      78,      79,     120,     121,     122,     123,     124,     125,     128,     129,     132 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     609,     610 
*NSET,NSET=MODEL4_INPUT
      63, 
*NSET,NSET=BC_NS_X_N1372
     140,     149,     371,     372,     373,     374 
*NSET,NSET=BC_NS_X_N552
      59,      81,     102,     183,     184,     196,     207,     365,     366,     367,     394 
     400,     404,     429,     463,     485,     535,     536,     537,     538,     539 
*NSET,NSET=BC_NS_X_N815
     266,     368,     370 
*NSET,NSET=BC_V_Y_N1577
       1,      25,     394 
*NSET,NSET=BC_V_Y_N552
      59,      81,     140,     149,     183,     184,     196,     207,     266,     365,     366 
     367,     368,     370,     371,     372,     373,     374,     400,     404,     429,     463 
     485,     536,     537,     538,     539 
*NSET,NSET=BC_EW_Z_N1577
       1,      25,     394 
*NSET,NSET=BC_EW_Z_N319
      59,      81,     102,     400,     404,     429,     463,     485 
*NSET,NSET=BC_EW_Z_N552
     140,     149,     183,     184,     196,     207,     266,     365,     366,     367,     368 
     370,     371,     372,     373,     374,     536,     537,     538,     539 
*NSET,NSET=BC_NS_X_N1577
       1,      25 
*ELSET,ELSET=ALL
       1,       5,       7,       9,      10,      11,      12,      14,      15,      16,      17 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     730, 
*ELSET,ELSET=SUPPORT_RELEASE_1
     475,     478,     527 
*ELSET,ELSET=SUP_ELB_TEE_RED_FABBR
      15,      16,      17,      50,      51,      52,      55,      56,      57,      58,      59 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     577,     578,     579,     580,     581,     583,     584,     589,     590 
*ELSET,ELSET=ELBOWS, GENERATE 
       320,      349,        1 
*ELSET,ELSET=PIPE_RUNS
       1,       5,       7,       9,      10,      11,      12,      14,      25,      26,      27 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     403,     421,     422,     423,     443,     444,     469,     495,     496 
*ELSET,ELSET=LINES27TO29
       1,       5,       7,       9,      10,      11,      12,      14,      15,      16,      17 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     684,     685,     686,     687 
*ELSET,ELSET=LINES22TO26
     136,     137,     138,     140,     141,     143,     144,     145,     146,     147,     148 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     695,     696,     697,     698,     699,     700,     701,     702,     703 
*ELSET,ELSET=LINES32_33_49
     206,     207,     212,     217,     218,     225,     230,     241,     242,     270,     272 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     729,     730 
*ELSET,ELSET=MODEL4_INPUT
      67, 
**%
<<--Replace Time History-->> (KEY PHRASE USED IN SCRIPTING PROCESS) 
**%
*NSET,NSET=BS000001



Calculation Sheet 
Page B.2-31 of B.2-32 

Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. J. Russell Date: 09/30/08

59,81,365,366,367,368,370,371,372,373,374,394,400,404,429,485
536,537,538,539
*NSET,NSET=BS000002
1,25,140,149,183,184,196,207,266,463
*RELEASE
SUPPORT_RELEASE_1, S1, M1-M2 
**%
**% ====== STABILIZED STATIC G-LOAD ====== 
**%
**% Note: Nodes vertical is possitive z 
**%       Elements vertical is possitive y 
**%
*STEP,INC=1000000,NLGEOM
*STATIC, STABILIZE, FACTOR=0.01 
 0.005,1.0,1.0E-08,1.0 
**%  STATIC PLUS SEISMIC
**%  RESTRAINT SET 1
*BOUNDARY,OP=NEW
        535,  1,,       0.00000E+00 
        102,  1,,       0.00000E+00 
        102,  3,,       0.00000E+00 
BS000001,    1, 3,      0.00000E+00 
BS000002,    1, 6,      0.00000E+00 
**%  LOAD SET 1
*CLOAD,OP=NEW
        531,    2, 3.9000E+03 
        513,    2, 4.5000E+03 
        169,    2, 4.6000E+03 
        512,    2, 5.0000E+03 
        533,    2, 5.0000E+03 
        168,    2, 5.1500E+03 
        505,    2, 5.2500E+03 
         40,    2, 5.5000E+03 
        504,    2, 5.5000E+03 
         16,    2, 5.7500E+03 
        199,    2, 6.0500E+03 
        187,    2, 6.6000E+03 
        516,    2, 6.6000E+03 
        519,    2, 7.2000E+03 
        542,    2, 7.2000E+03 
        541,    2, 7.9000E+03 
         68,    2, 9.3500E+03 
        517,    2, 9.6000E+03 
        518,    2, 1.2900E+04 
*DLOAD,OP=NEW
 ALL, GRAV, 386.09, 0.0,-1.0, 0.0 
**%OUTPUT, FIELD 
**%NODE OUTPUT 
**%ELEMENT OUTPUT 
*OUTPUT, HISTORY,FREQUENCY=10000 
**%ELEMENT OUTPUT
*NODE PRINT, TOTAL=YES 
*MONITOR, NODE=69, DOF=1 
*END STEP 
**%
**% ====== SEISMIC WITH G-LOAD ====== 
**%
**% Note: Damping is address in the material properties 
**%
*STEP,INC=10000000,NLGEOM
*DYNAMIC, DIRECT 
 0.005,20.0,1.0E-08,0.005 
**%  BOUNDARY CONDITION SET 1
**%  RESTRAINT SET 1
**%
*BOUNDARY,OP=NEW
BS000002,    4, 6,      0.00000E+00 
*<<--H2_X_N1372_TIME_HISTORY_INPUT-->>  (KEY PHRASE USED IN SCRIPTING PROCESS)
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BC_NS_X_N1372, 1,, 1.0000E+00 
*<<--H2_X_N552_TIME_HISTORY_INPUT-->>  (KEY PHRASE USED IN SCRIPTING PROCESS)
BC_NS_X_N552, 1,,  1.0000E+00 
*<<--H2_X_N815_TIME_HISTORY_INPUT-->>  (KEY PHRASE USED IN SCRIPTING PROCESS)
BC_NS_X_N815, 1,,  1.0000E+00 
*<<--H2_X_N1577_TIME_HISTORY_INPUT-->>  (KEY PHRASE USED IN SCRIPTING PROCESS)
BC_NS_X_N1577, 1,, 1.0000E+00 
*<<--V_Y_N1577_TIME_HISTORY_INPUT-->>  (KEY PHRASE USED IN SCRIPTING PROCESS)
BC_V_Y_N1577, 2,,  1.0000E+00 
*<<--V_Y_N552_TIME_HISTORY_INPUT-->>  (KEY PHRASE USED IN SCRIPTING PROCESS)
BC_V_Y_N552, 2,,  1.0000E+00 
*<<--H1_Z_N1577_TIME_HISTORY_INPUT-->>  (KEY PHRASE USED IN SCRIPTING PROCESS)
BC_EW_Z_N1577, 3,,  1.0000E+00 
*<<--H1_Z_N319_TIME_HISTORY_INPUT-->>  (KEY PHRASE USED IN SCRIPTING PROCESS)
BC_EW_Z_N319, 3,,  1.0000E+00 
*<<--H1_Z_N552_TIME_HISTORY_INPUT-->>  (KEY PHRASE USED IN SCRIPTING PROCESS)
BC_EW_Z_N552, 3,,  1.0000E+00 
**%  LOAD SET 1
*CLOAD,OP=NEW
        531,    2, 3.9000E+03 
        513,    2, 4.5000E+03 
        169,    2, 4.6000E+03 
        512,    2, 5.0000E+03 
        533,    2, 5.0000E+03 
        168,    2, 5.1500E+03 
        505,    2, 5.2500E+03 
         40,    2, 5.5000E+03 
        504,    2, 5.5000E+03 
         16,    2, 5.7500E+03 
        199,    2, 6.0500E+03 
        187,    2, 6.6000E+03 
        516,    2, 6.6000E+03 
        519,    2, 7.2000E+03 
        542,    2, 7.2000E+03 
        541,    2, 7.9000E+03 
         68,    2, 9.3500E+03 
        517,    2, 9.6000E+03 
        518,    2, 1.2900E+04 
*DLOAD,OP=NEW
 ALL, GRAV, 386.09, 0.0,-1.0, 0.0 
*OUTPUT, FIELD ,FREQUENCY=1 
*NODE OUTPUT 
 U,V,A,RF 
*ELEMENT OUTPUT 
 NFORC,SF,S 
*OUTPUT, HISTORY,FREQUENCY=1 
***NODE OUTPUT, NSET=CRANEND 
** U,V,A 
***ELEMENT OUTPUT
** UC 
*NODE PRINT 
*MONITOR, NODE=69, DOF=1 
*END STEP 
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Appendix B.3 

Calculations Associated with Model 3 Seismic Evaluation 
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PCS Lines 22 to 26 Appendix B.3.1 
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PCS Lines 32, 33, and 49 Appendix B.3.3 
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Appendix B.3.1

 Demand to Capacity Ratio Calculations for Components
Associated with Lines 22-26 of ATR PCS Model 3

(NOTE:  Values represented here are shown for one realization (Nodal Force file =
Lines22to26_test_R1.dat and Element/Nodal order file = EL_22to26.xls ) and may or may not be

consistent with the 80th percentile results contained in Appendix B.4)



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. J. Russell    Date:    09/30/2008

Calculation Sheet 
Page B.3.1-2 of B.3.1-38

Force Outputs from Abaqus

NFML
...\Lines22to26.dat

�� (N)odal (F)orces for the (M)edium (L)ines of
Model 3 

Defined Elemental and Corresponding Nodal Order

ELML
...\EL_22to26(9-22-08).xls

�� Element and corresponding nodal order for the
(M)edium (L)ines of Model 3 

Time Boundaries

tinitial 1�� Initial time for which dynamic loading is applied

tfinal 21�� Final time for which dynamic loading stops

Seismic Scale Factor (Fa)

Fa 1�� Seismic scale factor

Allowable Design Stress Intensity Factor (Sm): Sm is defined below for SS304 at temperature 125oF and

SS304L at 125oF.

Sm_125 20ksi�� For SS304 at 125oF [2, pg 316-318] [3, pg 23]  

For SS304L at 125oF [2, pg 316-318] Applicable
only for portions of lines 1-28 and 1-29 closest to
reactor vessel [3, pg 23]

Sm_125L 16.7ksi��

Yield Strength (Sy): Sy is defined below for SS304 at temperature 125oF and SS304L at 125oF.

Sy_125 28.35ksi�� For SS304 at 125oF [2, pg 646-648] [3, pg 23]  

For SS304L at 125oF [2, pg 646-648] Applicable
only for portions of lines 1-28 and 1-29 closest to
reactor vessel  [3, pg 23]

Sy_125L 23.85ksi��

Maximum Strength Applicable for Equation 9 (S):  S is defined below for SS304 at temperature 125oF
and SS304L at 125oF.

S125 min 3 Sm_125� 2 Sy_125��� ��� Maximum allowable stress applied to SS304
piping [9, NB-3656]

S125 56.7 ksi�

S125L min 3 Sm_125L� 2 Sy_125L��� ��� Maximum allowable stress applied to SS304L
piping [9, NB-3656]

S125L 47.7 ksi�
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SUPPORTS
Supports Strategy:  Search based on the node for which the support acts.  If this node is a termination point
there will only be one node to evaluate.  If this node is in line with a section of pipe there will be two
representations of the same node (one for each element on each side of the node) to combine and the difference
between them is the force required of the support.  The D/C ratio for each support will be found by dividing the the
required force found above by the support capacity.

SupDC Pr Pc�� �
Pr

Pc
��

Support nf nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

Int14
Int24



�

�



0 0( )�

Prgj
nfindnfiCo0 1�

1� indndj
��

Prj
nfindnfiCo0 1�

1� i� indndj
� Prgj

�
�
�

��



Co2 0�
� Prgj

��

j 0 last indnd� ����for

PRi

0

j

n

Prn�
�

�

Int1' SupDC PRi Co0 0�
�


�
�



�

Int1 stack Int1' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int11
� Co0 0�

0��if

Int2' SupDC PRi Co1 0�
�


�
�



�

Int2 stack Int2' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int21
� Co1 0�

0��if

i 0 indnfo0
indnfi0

����for

Int1 Int2� �

��
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MS-5 Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. B.10.1]

P1_MS5
6 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. B.10.1]

P2_MS5
6 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_MS5

P1_MS5

P2_MS5

Fa

1

0

0


�
�
�
��

��
�
�
�


��

MS-5 (Node 432)
MS-7 horizontally (N/S) supports the horizontal (E/W) PCS pipe on line 1-26.

nd432MS50
432�� Node associated with support

AL1MS5_nd432 AL2MS5_nd432� � Support NFML nd432MS5� Sup_Co_MS5� ELML�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1MS5_nd432
T 3.391 10 3�

� 20.345� 8.575 432 140� ��

AL2MS5_nd432
T 3.182 10 3�

� 19.093 8.79 432 140� ��

MS-7 Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. B.10.1]P1_MS7

6 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. B.10.1]

P2_MS7
6 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_MS7

P1_MS7

P2_MS7

Fa

1

0

0


�
�
�
��

��
�
�
�


��

MS-7 (Node 438)
MS-7 horizontally (N/S) supports the horizontal (E/W) PCS pipe on line 1-25.

nd438MS70
438�� Node associated with support

AL1MS7_nd438 AL2MS7_nd438� � Support NFML nd438MS7� Sup_Co_MS7� ELML�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node

AL1MS7_nd438
T 4.34 10 3�

� 26.043� 7.37 438 142� ��
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being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL2MS7_nd438
T 3.778 10 3�

� 22.668 7.625 438 142� ��

MS-8 Support (1x) Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. B.10.1]P1_MS8

6 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. B.10.1]

P2_MS8
6 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_MS8

P1_MS8

P2_MS8

Fa

1

0

0


�
�
�
��

��
�
�
�


��

MS-8 (Node 435)
MS-8 horizontally (N/S) supports the horizontal (E/W) PCS pipe on line 1-22.

nd435MS80
435�� Node associated with support

AL1MS8_nd435 AL2MS8_nd435� � Support NFML nd435MS8� Sup_Co_MS8� ELML�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1MS8_nd435
T 4.285 10 3�

� 25.709� 8.575 435 138� ��

AL2MS8_nd435
T 3.959 10 3�

� 23.755 8.785 435 138� ��

Writing Output Data for Supports Associated with Lines 22 to 26
SA1 AL1MS5_nd432

T
�� MS-5 Compression

SA2 AL2MS5_nd432
T

�� MS-5 Tension

SB1 AL1MS7_nd438
T

�� MS-7 Compression

SB2 AL2MS7_nd438
T

�� MS-7 Tension

SC1 AL1MS8_nd435
T

�� MS-8 Compression

SC2 AL2MS8_nd435
T

�� MS-8 Tension

SupportsLines22to26 WRITEPRN "SupLines22to26.prn" SA1 SA2 SB1 SB2 SC1 SC2( )�[ ]��
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TERMINATION LOCATIONS
Termination Locations Strategy:  Search based on the node for which the termination location acts as well as
the next node inward.  The D/C ratio for each termination location will be found by dividing the the required force
found above by the support capacity.

TermDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Term P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j TermDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� Mr�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all terminations

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Constants associated with support's capacity
direction x(North), y(Up), and z(East) correspond
to positive 1, 2, and 3 and seismic factorTerm_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Primary Coolant Pumps (4x)
Define pertinent pipe variables

Outside Diameter [4] [5] [6] [7]
Do 18in��

t
5
16

in�� Thickness [4] [5] [6] [7]

P 400psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]
I 679.274 in

4
�

S S125�� Allowable design stress intensity value

Define primary stress indices

B1 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1�

1.0
1

X Y�
�

Do

t
50�if

�� B2 1.048�
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Primary Pump 1-25 (Node 207)
nd207PP1250

207��

ALPP125_nd207 Term P Do� t� I� B1� B2� S125� NFML� nd207PP125� Term_Co� ELML�� ���

ALPP125_nd207
T 0.336 9.554 105

� 7.36 207 76 2.205 105
� 1.324 105

� 9.201 105
�� ��

Primary Pump 1-24 (Node 184)
nd184PP1240

184��

ALPP124_nd184 Term P Do� t� I� B1� B2� S125� NFML� nd184PP124� Term_Co� ELML�� ���

ALPP124_nd184
T 0.289 7.667 105

� 7.615 184 74 5.264� 104
� 6.39� 104

� 7.622� 105
�� ��

Primary Pump 1-23 (Node 183)
nd183PP1230

183��

ALPP123_nd183 Term P Do� t� I� B1� B2� S125� NFML� nd183PP123� Term_Co� ELML�� ���

ALPP123_nd183
T 0.251 6.088 105

� 10.185 183 72 2.32 105
� 5.558 104

� 5.601 105
�� ��

Primary Pump 1-22 (Node 196)
nd196PP1220

196��

ALPP122_nd196 Term P Do� t� I� B1� B2� S125� NFML� nd196PP122� Term_Co� ELML�� ���

ALPP122_nd196
T 0.262 6.56 105

� 8.57 196 70 3.931� 104
� 2.167 105

� 6.179 105
�� ��

Writing Output Data for Terminations Associated with Lines 22 to 26

T1 ALPP125_nd207
T

�� Primary Pump 1-25 (Node 207)

T2 ALPP124_nd184
T

�� Primary Pump 1-24 (Node 184)

T3 ALPP123_nd183
T

�� Primary Pump 1-23 (Node 183)

T4 ALPP122_nd196
T

�� Primary Pump 1-22 (Node 196)

TerminationsLines22to26 WRITEPRN "TermLines22to26.prn" T1 T2 T3 T4( )�[ ]��
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PIPE RUNS
Pipe Runs Strategy:  Search based on the nodes present in each run of pipe.  Find the maximum moment
combination among all of the nodes and apply to equation (9) of ASME III, Division I - NB - 3652 [9].  Use the
geometry of the pipe when applying (9).  The D/C ratio for each node will be determined by dividing the left side of
the equation by the right side of the equation.

PipeRunDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

PipeRun P Do� t� I� B1� B2� S� nf� el� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indel match el0 EL
0� 	

�

�

�

�

indel stack indel match eli EL
0� 	

�

�

�





�

�

��

�
�
��

i 1 last el( )���for rows el( ) 1�if

M Int5 last indel� ��

�

�



0 0( )�

Mrxg nfindnfiCo0 1�
2� indelj
��

Mryg nfindnfiCo1 1�
2� indelj
��

Mrzg nfindnfiCo2 1�
2� indelj
��

Mrxj
nfindnfiCo0 1�

2� i� indelj
� Mrxg�
�

�
��



Co3 0�
� Mrxg��

Mryj
nfindnfiCo1 1�

2� i� indelj
� Mryg�
�

�
��



Co3 0�
� Mryg��

Mrzj
nfindnfiCo2 1�

2� i� indelj
� Mrzg�
�

�
��



Co3 0�
� Mrzg��

M'j Mrxj


�

�



2
Mryj


�

�



2
� Mrzj



�

�



2
��

Int' j PipeRunDC P Do� t� I� B1� B2� M'j� S�� ��

H Int' j M' j nf
indnfiCo0 1�

1� i� 0� EL
indelj

0� EL
indelj

1� indel j
Mrx
�

�
�

Intk j� Hk�

k 0 5���for

Int' j Int0 j��if

j 0 last indel� ����for

i 0 indnfo0
indnfi0

����for

��
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Int

Conditions applicable to all pipe runs

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(North), y(Up), and z(East) correspond
to positive 1, 2, and 3 and seismic factor

PipeRun_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Pipe Properties for Line 1-26
Define pertinent pipe variables

Do 36in�� Outside Diameter [10]

t 0.5625in�� Thickness [10]

P 400psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 9.833 103
� in

4
�

Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1.101�
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Pipe Run 1-26A (Element 136)

elPR126A 136( )
T

��

ALPR126A PipeRun P Do� t� I� B1PR� B2PR� S125� NFML� elPR126A� PipeRun_Co� ELML�� ���

ALPR126A
T 0.149

0.151

1.023 106
�

1.074 106
�

10.195

10.2

136

136

79

215

1

2



�
�
�

�
�
�



�

Pipe Run 1-26B (Elements 353)

elPR126B 353( )
T

��

ALPR126B PipeRun P Do� t� I� B1PR� B2PR� S125� NFML� elPR126B� PipeRun_Co� ELML�� ���

ALPR126B
T 0.159

0.143

1.31 106
�

8.393 105
�

7.895

7.895

353

353

216

279

117

118



�
�
�

�
�
�



�

Pipe Run 1-26C (Elements 306 & 350)

elPR126C 306 350( )
T

��

ALPR126C PipeRun P Do� t� I� B1PR� B2PR� S125� NFML� elPR126C� PipeRun_Co� ELML�� ���

ALPR126C
T

0.163

0.159

0.159

0.15

1.408 106
�

1.291 106
�

1.29 106
�

1.04 106
�

7.115

7.115

7.115

7.2

306

306

350

350

217

264

264

276

81

82

113

114



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Properties for Lines 1-25, 1-24, 1-23, and 1-22
Define pertinent pipe variables

Do 20in�� Outside Diameter [4] [5] [6] [7]

t 0.375in�� Thickness [4] [5] [6] [7]

P 400psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 1.113 103
� in

4
�
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Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1.029�

Pipe Run 1-25A (Element 205)

elPR125A 205( )
T

��

ALPR125A PipeRun P Do� t� I� B1PR� B2PR� S125� NFML� elPR125A� PipeRun_Co� ELML�� ���

ALPR125A
T 0.247

0.25

9.38 105
�

9.554 105
�

7.36

7.36

205

205

206

207

75

76



�
�
�

�
�
�



�

Pipe Run 1-25B (Elements 699, 698, & 374)
elPR125B 699 698 374( )

T
��

ALPR125B PipeRun P Do� t� I� B1PR� B2PR� S125� NFML� elPR125B� PipeRun_Co� ELML�� ���

ALPR125B
T

0.211

0.165

0.141

0.165

0.164

0.141

7.198 105
�

4.338 105
�

2.858 105
�

4.338 105
�

4.302 105
�

2.857 105
�

7.36

7.355

7.885

7.355

7.365

7.885

699

699

698

698

374

374

204

580

579

580

202

579

173

174

171

172

127

128



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�
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Pipe Run 1-25C (Elements 192 & 187)
elPR125C 192 187( )

T
��

ALPR125C PipeRun P Do� t� I� B1PR� B2PR� S125� NFML� elPR125C� PipeRun_Co� ELML�� ���

ALPR125C
T

0.184

0.187

0.152

0.143

5.506 105
�

5.68 105
�

3.541 105
�

3.028 105
�

7.36

7.36

4.32

4.325

192

192

187

187

199

201

198

212

67

68

57

58



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-25D (Elements 703, 382, 702, & 303)
elPR125D 703 382 702 303( )

T
��

ALPR125D PipeRun P Do� t� I� B1PR� B2PR� S125� NFML� elPR125D� PipeRun_Co� ELML�� ���

ALPR125D
T

0.147

0.153

0.158

0.153

0.158

0.167

0.181

0.167

3.239 105
�

3.592 105
�

3.93 105
�

3.593 105
�

3.931 105
�

4.498 105
�

5.338 105
�

4.498 105
�

7.085

7.07

7.065

7.07

7.065

7.895

7.895

7.895

703

703

382

382

702

702

303

303

211

584

265

584

265

583

162

583

181

182

131

132

179

180

79

80



�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-24A (Element  203)
elPR124A 203( )

T
��

ALPR124A PipeRun P Do� t� I� B1PR� B2PR� S125� NFML� elPR124A� PipeRun_Co� ELML�� ���

ALPR124A
T 0.218

0.219

7.634 105
�

7.667 105
�

7.615

7.615

203

203

182

184

73

74



�
�
�

�
�
�



�
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Pipe Run 1-24B (Elements 679, 696, & 369)
elPR124B 697 696 369( )

T
��

ALPR124B PipeRun P Do� t� I� B1PR� B2PR� S125� NFML� elPR124B� PipeRun_Co� ELML�� ���

ALPR124B
T

0.195

0.159

0.141

0.159

0.158

0.141

6.18 105
�

4.001 105
�

2.885 105
�

4.001 105
�

3.901 105
�

2.885 105
�

7.61

7.605

7.605

7.605

7.625

7.605

697

697

696

696

369

369

214

578

577

578

176

577

169

170

167

168

125

126



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-24C (Element 181 & 666)
elPR124C 181 666( )

T
��

ALPR124C PipeRun P Do� t� I� B1PR� B2PR� S125� NFML� elPR124C� PipeRun_Co� ELML�� ���

ALPR124C
T

0.169

0.168

0.182

0.157

4.603 105
�

4.522 105
�

5.419 105
�

3.877 105
�

10.205

7.35

7.26

7.08

181

181

666

666

169

175

167

547

55

56

157

158



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-23A (Element 201)
elPR123A 201( )

T
��

ALPR123A PipeRun P Do� t� I� B1PR� B2PR� S125� NFML� elPR123A� PipeRun_Co� ELML�� ���

ALPR123A
T 0.19

0.193

5.89 105
�

6.088 105
�

8.56

10.185

201

201

181

183

71

72



�
�
�

�
�
�



�
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Pipe Run 1-23B (Elements 695, 694, & 364)

elPR123B 695 694 364( )
T

��

ALPR123B PipeRun P Do� t� I� B1PR� B2PR� S125� NFML� elPR123B� PipeRun_Co� ELML�� ���

ALPR123B
T

0.167

0.141

0.133

0.141

0.149

0.133

4.469 105
�

2.886 105
�

2.382 105
�

2.886 105
�

3.374 105
�

2.382 105
�

10.19

7.59

7.595

7.59

7.59

7.595

695

695

694

694

364

364

213

576

575

576

174

575

165

166

163

164

123

124



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-23C (Element 171 & 665)

elPR123C 171 665( )
T

��

ALPR123C PipeRun P Do� t� I� B1PR� B2PR� S125� NFML� elPR123C� PipeRun_Co� ELML�� ���

ALPR123C
T

0.162

0.16

0.164

0.158

4.167 105
�

4.051 105
�

4.316 105
�

3.91 105
�

8.58

8.575

5.54

7.085

171

171

665

665

168

218

166

546

45

46

155

156



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-22A (Element 199)

elPR122A 199( )
T

��

ALPR122A PipeRun P Do� t� I� B1PR� B2PR� S125� NFML� elPR122A� PipeRun_Co� ELML�� ���

ALPR122A
T 0.199

0.201

6.43 105
�

6.56 105
�

8.565

8.57

199

199

194

196

69

70



�
�
�

�
�
�



�
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Pipe Run 1-22B (Elements 693, 692, & 359)
elPR122B 693 692 359( )

T
��

ALPR122B PipeRun P Do� t� I� B1PR� B2PR� S125� NFML� elPR122B� PipeRun_Co� ELML�� ���

ALPR122B
T

0.17

0.132

0.12

0.132

0.145

0.12

4.65 105
�

2.3 105
�

1.618 105
�

2.299 105
�

3.127 105
�

1.618 105
�

8.565

8.555

6.775

8.555

7.255

6.775

693

693

692

692

359

359

192

574

573

574

190

573

161

162

159

160

121

122



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-22C (Elements 161 & 156)
elPR122C 161 156( )

T
��

ALPR122C PipeRun P Do� t� I� B1PR� B2PR� S125� NFML� elPR122C� PipeRun_Co� ELML�� ���

ALPR122C
T

0.159

0.16

0.154

0.14

3.984 105
�

4.054 105
�

3.671 105
�

2.826 105
�

8.565

7.25

6.77

6.77

161

161

156

156

187

189

186

209

35

36

25

26



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-22D (Elements 301, 700, 378, & 701)
elPR122D 301 700 378 701( )

T
��

ALPR122D PipeRun P Do� t� I� B1PR� B2PR� S125� NFML� elPR122D� PipeRun_Co� ELML�� ���

ALPR122D
T

0.134

0.152

0.175

0.152

0.176

0.192

0.206

0.192

2.46 105
�

3.58 105
�

4.991 105
�

3.581 105
�

4.998 105
�

5.996 105
�

6.865 105
�

5.996 105
�

10.92

7.205

7.2

7.205

7.2

7.2

7.2

7.2

301

301

700

700

378

378

701

701

210

581

263

581

263

582

165

582

77

78

175

176

129

130

177

178



�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



�
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Writing Output Data for Pipe Runs Associated with Lines 22 to 26

PR1 ALPR126A
T

�� PR7 ALPR125D
T

�� PR13 ALPR123C
T

��

PR2 ALPR126B
T

�� PR8 ALPR124A
T

�� PR14 ALPR122A
T

��

PR3 ALPR126C
T

�� PR9 ALPR124B
T

�� PR15 ALPR122B
T

��

PR4 ALPR125A
T

�� PR10 ALPR124C
T

�� PR16 ALPR122C
T

��

PR5 ALPR125B
T

�� PR11 ALPR123A
T

�� PR17 ALPR122D
T

��

PR6 ALPR125C
T

�� PR12 ALPR123B
T

��

PipeRunsLines22to26 WRITEPRN "PRLines22to26.prn" PR1 PR2 PR3 PR4 PR5 PR6 PR7 PR8 PR9 PR10 PR11 P(�[��



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. J. Russell    Date:    09/30/2008

Calculation Sheet 
Page B.3.1-18 of B.3.1-38

REDUCERS
Reducers Strategy:  Search based on the nodes comprising either end of the reducers.  SRSS combine the
three moments of each of the four node representations (one for each element connected by the node in
question).  Find the maximum of the moment combinations for each element and apply to equation (9) of ASME
III, Division I - NB - 3652 [9].  It is important to not combine the data from both nodes as the geometry for each
is different and (9) must be applied for each node.  The D/C ratio for each node will be determined by dividing the
left side of the equation by the right side of the equation and taking the max of the result.

ReducerDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Reducer P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j ReducerDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� �
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

��
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Int
Conditions applicable to all reducers

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(North), y(Up), and z(East) correspond
to positive 1, 2, and 3 and seismic factor

Reducer_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Reducer Properties for Top of Lines 1-22, 1-23, 1-24, 1-25
Define pertinent reducer variables

Do 20in 18in( )
T

�� Outside Diameter  [4] [5] [6] [7]

t
3
8

in
3
8

in
�
�

��



T

�� Thickness  [4] [5] [6] [7]

P 400psi 400psi( )
T

�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 1.113 103
�

806.631


�
��

��
�


in
4

�

Define primary stress indices

! atan
1in

9in

�
�

��



�� Angular slope of reducer

! 6.34 deg�

B1 0.5 ! 30deg if

1.0 30deg !� 60deg if

��

B1 primary stress Index [9, NB-3683.7] 

B1 0.5�

B2 1.0�� B2 primary stress Index [9, NB-3683.7] 

Reducer 1-22A (Nodes 193 & 194)

ndRD122A_L 193( )
T

�� Node associated with Large end of reducer

ALRD122A_L Reducer P0 Do0
� t0� I0� B1� B2� S125� NFML� ndRD122A_L� Reducer_Co� ELML�


�
�



��

ALRD122A_L
T 0.195 6.357 105

� 8.565 193 153 1.05 105
� 1.083� 105

� 6.175� 105
�� ��
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ndRD122A_S 194( )
T

�� Node associated with Small end of reducer

ALRD122A_S Reducer P1 Do1
� t1� I1� B1� B2� S125� NFML� ndRD122A_S� Reducer_Co� ELML�


�
�



��

ALRD122A_S
T 0.211 6.43 105

� 8.565 194 69 7.585 104
� 1.624� 105

� 6.175� 105
�� ��

Reducer 1-23 (Nodes 179 & 181)

ndRD123_L 179( )
T

�� Node associated with Large end of reducer

ALRD123_L Reducer P0 Do0
� t0� I0� B1� B2� S125� NFML� ndRD123_L� Reducer_Co� ELML�


�
�



��

ALRD123_L
T 0.186 5.808 105

� 8.56 179 151 2.822� 104
� 2.374� 104

� 5.796� 105
�� ��

ndRD123_S 181( )
T

�� Node associated with Small end of reducer

ALRD123_S Reducer P1 Do1
� t1� I1� B1� B2� S125� NFML� ndRD123_S� Reducer_Co� ELML�


�
�



��

ALRD123_S
T 0.201 5.89 105

� 8.56 181 71 7.302� 104
� 7.509� 104

� 5.796� 105
�� ��

Reducer 1-24 (Nodes 180 & 182)

ndRD124_L 180( )
T

�� Node associated with Large end of reducer

ALRD124_L Reducer P0 Do0
� t0� I0� B1� B2� S125� NFML� ndRD124_L� Reducer_Co� ELML�


�
�



��

ALRD124_L
T 0.215 7.652 105

� 7.615 180 149 3.04 104
� 6.116� 104

� 7.622 105
�� ��

ndRD124_S 182( )
T

�� Node associated with Small end of reducer

ALRD124_S Reducer P1 Do1
� t1� I1� B1� B2� S125� NFML� ndRD124_S� Reducer_Co� ELML�


�
�



��

ALRD124_S
T 0.235 7.634 105

� 7.615 182 73 4.206 104
� 1.323 103

� 7.622 105
�� ��

Reducer 1-25A (Nodes 205 & 206)

ndRD125A_L 205( )
T

�� Node associated with Large end of reducer

ALRD125A_L Reducer P0 Do0
� t0� I0� B1� B2� S125� NFML� ndRD125A_L� Reducer_Co� ELML�


�
�



��

ALRD125A_L
T 0.241 9.294 105

� 7.36 205 135 1.289� 105
� 2.33 104

� 9.201� 105
�� ��
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ndRD125A_S 206( )
T

�� Node associated with Small end of reducer

ALRD125A_S Reducer P1 Do1
� t1� I1� B1� B2� S125� NFML� ndRD125A_S� Reducer_Co� ELML�


�
�



��

ALRD125A_S
T 0.269 9.38 105

� 7.36 206 75 1.741� 105
� 5.452� 104

� 9.201� 105
�� ��

Reducer Properties for Bottom of Line 1-22 and 1-25
Define pertinent reducer variables

Do 36in 20in( )
T

�� Outside Diameter [10]

t
9
16

in
9
16

in
�
�

��



T

�� Thickness [10]

P 400psi 400psi( )
T

�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I
9.833 103

�

1.624 103
�



�
�
�

�
�
�



in
4

�

Define primary stress indices

! atan
8in

24in

�
�

��



�� Angle of reducer slope

! 18.435 deg�

B1 0.5 ! 30deg if

1.0 30deg !� 60deg if

��

B1 primary stress Index [9, NB-3683.7]
B1 0.5�

B2 1.0�� B2 primary stress Index [9, NB-3683.7] 

Reducer 1-22B (Nodes 164 & 165)

ndRD122B_L 164( )
T

�� Node associated with Large end of reducer

ALRD122B_L Reducer P0 Do0
� t0� I0� B1� B2� S125� NFML� ndRD122B_L� Reducer_Co� ELML�


�
�



��

ALRD122B_L
T 0.137 7.407 105

� 7.2 164 12 7.079 105
� 2.02� 105

� 8.117� 104
�� ��
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ndRD122B_S 165( )
T

�� Node associated with Small end of reducer

ALRD122B_S Reducer P1 Do1
� t1� I1� B1� B2� S125� NFML� ndRD122B_S� Reducer_Co� ELML�


�
�



��

ALRD122B_S
T 0.137 6.865 105

� 7.2 165 23 6.579 105
� 1.786� 105

� 8.115� 104
�� ��

Reducer 1-25B (Nodes 161 & 162)

ndRD125B_L 161( )
T

�� Node associated with Large end of reducer

ALRD125B_L Reducer P0 Do0
� t0� I0� B1� B2� S125� NFML� ndRD125B_L� Reducer_Co� ELML�


�
�



��

ALRD125B_L
T 0.132 5.972 105

� 7.615 161 8 3.279 105
� 4.94 105

� 7.176 104
�� ��

ndRD125B_S 162( )
T

�� Node associated with Small end of reducer

ALRD125B_S Reducer P1 Do1
� t1� I1� B1� B2� S125� NFML� ndRD125B_S� Reducer_Co� ELML�


�
�



��

ALRD125B_S
T 0.121 5.338 105

� 7.895 162 21 4.793� 105
� 2.293� 105

� 5.127� 104
�� ��

Writing Output Data for Reducers Associated with Lines 22 to 26

RL1 ALRD122A_L
T

�� RL4 ALRD125A_L
T

��

RS1 ALRD122A_S
T

�� RS4 ALRD125A_S
T

��

RL2 ALRD123_L
T

�� RL5 ALRD122B_L
T

��

RS2 ALRD123_S
T

�� RS5 ALRD122B_S
T

��

RL3 ALRD124_L
T

�� RL6 ALRD125B_L
T

��

RS3 ALRD124_S
T

��
RS6 ALRD125B_S

T
��

ReducersLines22to26 WRITEPRN "RedLines22to26.prn" RL1 RS1 RL2 RS2 RL3 RS3 RL4 RS4 RL5 RS5 RL6 RS(�[��
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ELBOWS
Elbows Strategy:  Search based on the two nodes comprising the ends of each elbow.  SRSS combine the
three moments of each of the four node representations (one for each element connected by the nodes in
question).  Find the maximum of the four moment combinations and apply to equation (9) of ASME III, Division I -
NB - 3652 [9]. The D/C ratio will be determined by dividing the left side of the equation by the right side of the
equation.

ElbowDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Elbow P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j ElbowDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� M�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all elbows

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(North), y(Up), and z(East) correspond
to positive 1, 2, and 3 and seismic factor

Elb_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Elbow Properties for Lines 1-22, 1-23, 1-24, and 1-25

Define pertinent elbow variables

Do 20in�� Outside Diameter  [4] [5] [6] [7]

t 0.375in�� Thickness  [4] [5] [6] [7]

P 400psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 1.113 103
� in

4
�

R 1.5 Do��� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.117� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0� B1 primary stress Index [9, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 5.439� B2 primary stress Index [9, NB-3683.7] 
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Elbow 1-22A (Nodes 193 & 192)

ndEL122A_1 193( )
T

��

ALEL122A_nd193 Elbow P Do� t� I� B1� B2� S125� NFML� ndEL122A_1� Elb_Co� ELML�� ���

ALEL122A_nd193
T 0.548 6.357 105

� 8.565 193 153 1.05 105
� 1.083� 105

� 6.175� 105
�� ��

ndEL122A_2 192( )
T

��

ALEL122A_nd192 Elbow P Do� t� I� B1� B2� S125� NFML� ndEL122A_2� Elb_Co� ELML�� ���

ALEL122A_nd192
T 0.401 4.651 105

� 8.565 192 90 1.376 105
� 7.168 104

� 4.384� 105
�� ��

Elbow 1-22B (Nodes 190 & 189)

ndEL122B_1 190( )
T

��

ALEL122B_nd190 Elbow P Do� t� I� B1� B2� S125� NFML� ndEL122B_1� Elb_Co� ELML�� ���

ALEL122B_nd190
T 0.269 3.127 105

� 7.255 190 88 7.973 104
� 7.982� 104

� 2.917� 105
�� ��

ndEL122B_2 189( )
T

��

ALEL122B_nd189 Elbow P Do� t� I� B1� B2� S125� NFML� ndEL122B_2� Elb_Co� ELML�� ���

ALEL122B_nd189
T 0.349 4.054 105

� 7.25 189 87 1.256� 105
� 3.048 104

� 3.843 105
�� ��

Elbow 1-22C (Nodes 209 & 210)

ndEL122C_1 209( )
T

��

ALEL122C_nd209 Elbow P Do� t� I� B1� B2� S125� NFML� ndEL122C_1� Elb_Co� ELML�� ���

ALEL122C_nd209
T 0.243 2.826 105

� 6.77 209 84 1.117� 105
� 5.336� 103

� 2.595� 105
�� ��

ndEL122C_2 210( )
T

��

ALEL122C_nd210 Elbow P Do� t� I� B1� B2� S125� NFML� ndEL122C_2� Elb_Co� ELML�� ���

ALEL122C_nd210
T 0.212 2.46 105

� 10.92 210 77 1.794 105
� 1.562� 105

� 6.253� 104
�� ��
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Elbow 1-25A (Nodes 205 & 204)

ndEL125A_1 205( )
T

��

ALEL125A_nd205 Elbow P Do� t� I� B1� B2� S125� NFML� ndEL125A_1� Elb_Co� ELML�� ���

ALEL125A_nd205
T 0.801 9.294 105

� 7.36 205 135 1.289� 105
� 2.33 104

� 9.201� 105
�� ��

ndEL125A_2 204( )
T

��

ALEL125A_nd204 Elbow P Do� t� I� B1� B2� S125� NFML� ndEL125A_2� Elb_Co� ELML�� ���

ALEL125A_nd204
T 0.62 7.199 105

� 7.36 204 111 5.139� 103
� 2.817 105

� 6.624� 105
�� ��

Elbow 1-25B (Nodes 202 & 201)

ndEL125B_1 202( )
T

��

ALEL125B_nd202 Elbow P Do� t� I� B1� B2� S125� NFML� ndEL125B_1� Elb_Co� ELML�� ���

ALEL125B_nd202
T 0.371 4.302 105

� 7.365 202 109 7.17 104
� 2.8� 105

� 3.187� 105
�� ��

ndEL125B_2 201( )
T

��

ALEL125B_nd201 Elbow P Do� t� I� B1� B2� S125� NFML� ndEL125B_2� Elb_Co� ELML�� ���

ALEL125B_nd201
T 0.489 5.68 105

� 7.36 201 108 1.006� 105
� 2.541 105

� 4.979 105
�� ��

Elbow 1-25C (Nodes 212 & 211)
ndEL125C_1 212( )

T
��

ALEL125C_nd212 Elbow P Do� t� I� B1� B2� S125� NFML� ndEL125C_1� Elb_Co� ELML�� ���

ALEL125C_nd212
T 0.261 3.028 105

� 4.325 212 106 1.743 105
� 5.055� 104

� 2.424� 105
�� ��

ndEL125C_2 211( )
T

��

ALEL125C_nd211 Elbow P Do� t� I� B1� B2� S125� NFML� ndEL125C_2� Elb_Co� ELML�� ���

ALEL125C_nd211
T 0.279 3.239 105

� 7.085 211 181 2.352� 105
� 2.092 105

� 7.631 104
�� ��
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Elbow 1-23A (Node 179 & 213)

ndEL123A_1 179( )
T

��

ALEL123A_nd179 Elbow P Do� t� I� B1� B2� S125� NFML� ndEL123A_1� Elb_Co� ELML�� ���

ALEL123A_nd179
T 0.5 5.808 105

� 8.56 179 151 2.822� 104
� 2.374� 104

� 5.796� 105
�� ��

ndEL123A_2 213( )
T

��

ALEL123A_nd213 Elbow P Do� t� I� B1� B2� S125� NFML� ndEL123A_2� Elb_Co� ELML�� ���

ALEL123A_nd213
T 0.385 4.47 105

� 10.19 213 97 5.143 103
� 2.002 105

� 3.996� 105
�� ��

Elbow 1-23B (Node 174 & 218)

ndEL123B_1 174( )
T

��

ALEL123B_nd174 Elbow P Do� t� I� B1� B2� S125� NFML� ndEL123B_1� Elb_Co� ELML�� ���

ALEL123B_nd174
T 0.291 3.374 105

� 7.59 174 123 4.05 104
� 2.325� 105

� 2.412� 105
�� ��

ndEL123B_2 218( )
T

��

ALEL123B_nd218 Elbow P Do� t� I� B1� B2� S125� NFML� ndEL123B_2� Elb_Co� ELML�� ���

ALEL123B_nd218
T 0.349 4.051 105

� 8.575 218 94 1.005� 105
� 1.124 105

� 3.76 105
�� ��

Elbow 1-24A (Nodes 180 & 214)

ndEL124A_1 180( )
T

��

ALEL124A_nd180 Elbow P Do� t� I� B1� B2� S125� NFML� ndEL124A_1� Elb_Co� ELML�� ���

ALEL124A_nd180
T 0.659 7.652 105

� 7.615 180 149 3.04 104
� 6.116� 104

� 7.622 105
�� ��

ndEL124A_2 214( )
T

��

ALEL124A_nd214 Elbow P Do� t� I� B1� B2� S125� NFML� ndEL124A_2� Elb_Co� ELML�� ���

ALEL124A_nd214
T 0.532 6.18 105

� 7.61 214 103 2.123 104
� 2.694� 105

� 5.558 105
�� ��
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Elbow 1-24B (Node 176 & 175)

ndEL124B_1 176( )
T

��

ALEL124B_nd176 Elbow P Do� t� I� B1� B2� S125� NFML� ndEL124B_1� Elb_Co� ELML�� ���

ALEL124B_nd176
T 0.336 3.901 105

� 7.625 176 100 1.444� 105
� 2.66 105

� 2.462 105
�� ��

ndEL124B_2 175( )
T

��

ALEL124B_nd175 Elbow P Do� t� I� B1� B2� S125� NFML� ndEL124B_2� Elb_Co� ELML�� ���

ALEL124B_nd175
T 0.39 4.522 105

� 7.35 175 56 8.084 104
� 1.499� 105

� 4.189� 105
�� ��

Writing Output Data for Elbows Associated with Lines 22 to 26

EL1A ALEL122A_nd193
T

�� EL6A ALEL125C_nd212
T

��

EL1B ALEL122A_nd192
T

�� EL6B ALEL125C_nd211
T

��

EL2A ALEL122B_nd190
T

�� EL7A ALEL123A_nd179
T

��

EL2B ALEL122B_nd189
T

�� EL7B ALEL123A_nd213
T

��

EL3A ALEL122C_nd209
T

�� EL8A ALEL123B_nd174
T

��

EL3B ALEL122C_nd210
T

�� EL8B ALEL123B_nd218
T

��

EL4A ALEL125A_nd205
T

�� EL9A ALEL124A_nd180
T

��

EL4B ALEL125A_nd204
T

�� EL9B ALEL124A_nd214
T

��

EL5A ALEL125B_nd202
T

�� EL10A ALEL124B_nd176
T

��

EL5B ALEL125B_nd201
T

�� EL10B ALEL124B_nd175
T

��

ElbowLines22to26 WRITEPRN "ElbowLines22to26.prn" EL1A EL1B EL2A EL2B EL3A EL3B EL4A EL4B EL5A E(�[��
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FORGED TEES AND FABRICATED BRANCH TEES
Tees Strategy:  Search based on the elements comprising the tee.  The input identifies which elements are
associated with the pipe run and which element is associated with the branch from the run.  The indices for the
defined common node for all three elements is identified and the associated SRSS moment is identified for each
time step.  The maximum moment for the elements comprising the pipe run is found and applied as Mr in
equation (9) of ASME III, Division I - NB - 3652 which is modified to represent tees.  The maximum moment for
the branch element is found and applied as Mb in equation (9) of ASME III, Division I - NB - 3652 [9].  The D/C
ratio will be determined by dividing the left side of the equation by the right side of the equation.

TeeDC P Do� Tr� B1� B2b� B2r� Mb� Mr� Zb� Zr� S�� �
B1

P Do�

2 Tr�
� B2b

Mb 1lbf in�( )�

Zb

�"
"�

�#
#�

�� B2r
Mr 1lbf in�( )�

Zr

�"
"�

�#
#�

��

S
��

Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S� nf� elR� elB� ndR� ndB� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indelR match elR0
EL

0� 	
�
�

�
��



�

indelR stack indelR match elRi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elR� ����for rowsif

EL'R
last EL 0� 	� � 0�

EL'RindelRi
EL

indelRi
1��

i 0 last indelR� ����for

indndR match ndR0
EL'R

0� 	
�
�

�
��



�

indndR stack indndR match ndRi
EL'R

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndR� ����for rif

indelB match elB0
EL

0� 	
�
�

�
��



�

indelB stack indelB match elBi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elB� ����for rowsif

EL'B
last EL 0� 	� � 0�

EL'BindelBi
EL

indelBi
1��

i 0 last indelB� ����for

indndB match ndB0
EL'B

0� 	
�
�

�
��



�

��
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0� 


indndB stack indndB match ndBi
EL'B

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndB� ����for rif

MR MB Int0� � 0 0 0( )�

MrxgRj
nfindnfiCo0 1�

2� indndR j
��

MrygRj
nfindnfiCo1 1�

2� indndR j
��

MrzgRj
nfindnfiCo2 1�

2� indndR j
��

MrxRj
nfindnfiCo0 1�

2� i� indndR j
� MrxgRj

�
�
�

��



C��

MryRj
nfindnfiCo1 1�

2� i� indndR j
� MrygRj

�
�
�

��



C��

MrzRj
nfindnfiCo2 1�

2� i� indndR j
� MrzgRj

�
�
�

��



Co��

MRj
MrxRj


�

�



2
MryRj


�

�



2
� MrzRj



�

�



2
��

MrxgBj
nfindnfiCo0 1�

2� indndBk
��

MrygBj
nfindnfiCo1 1�

2� indndBk
��

MrzgBj
nfindnfiCo2 1�

2� indndBk
��

MrxBj
nfindnfiCo0 1�

2� i� indndBk
� MrxgBj

�
�
�

��



C��

MryBj
nfindnfiCo1 1�

2� i� indndBk
� MrygBj

�
�
�

��



C��

MrzBj
nfindnfiCo2 1�

2� i� indndBk
� MrzgBj

�
�
�

��



C��

MBj
MrxBj


�

�



2
MryBj


�

�



2
� MrzBj



�

�



2
��

Int' j TeeDC P Do� Tr� B1� B2b� B2r� MBj
� MR�


�
�

Int stack Int' j MRj
� MBj

� nf
indnfiCo0 1

1� i�
�
�

�
�

Int' j Int0�if

k 0 last indndB� ����for

j 0 last indndR� ����for

i 0 indnfo0
indnfi0

����for
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0 1��
Result stack MRj

MBj
� MrxRj

� MryRj
� M�


�
�

M MR�

Int

Conditions applicable to forged tee

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(North), y(Up), and z(East) correspond
to positive 1, 2, and 3 and seismic factor

Tee_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

FORGED TEE (LINE 1-26)
Define pertinent tee variables

P 400psi�� Internal Pressure [3, pg 23]

Do 36in�� Outside Diameter [10]

do 36in�� Outside Diameter of branch [10]

B1 0.5�� B1 primary stress Index for tees and branches
[9, NB-3683.9]

Tr 1.375in�� Nominal wall thickness of designated run pipe
[14]

Rm
Do Tr�

2
�� Mean radius of designated run pipe [10]

Zr � Rm
2

� Tr��� Approximate section modulus of designated run
pipe [9, NB-3683.1(d)]

Zr 1.2947 103
� in

3
�

B2b 0.4
Rm

Tr


�
��

��
�


2
3

� 0.4
Rm

Tr


�
��

��
�


2
3

� 1�if

1 otherwise

��
B2b primary stress Index for tees and branches
[9, NB-3683.9]

B2b 2.165�

T'b 1.375in�� Nominal wall thickness of attached branch pipe
[14]
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r'm
do T'b�

2
�� Mean radius of attached branch pipe [10]

Zb � r'm
2

� T'b��� Approximate section modulus of attached branch
pipe [9, NB-3683.1(d)]

Zb 1.295 103
� in

3
�

B2r 0.5
Rm

Tr


�
��

��
�


2
3

� 0.5
Rm

Tr


�
��

��
�


2
3

� 1�if

1 otherwise

�� B2r primary stress Index for tees and branches [9,
NB-3683.9]

B2r 2.706�

Tee 1-26 (Node 159)

elRTee126 138 141( )
T

�� Elements associated with pipe run

ndRTee126 159( )
T

�� Node between pipe run elements

elBTee126 137( )
T

�� Element associated with branch

ndBTee126 159( )
T

�� Node where branch intersects pipe run

ALTee126 Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S125� NFML� elRTee126� elBTee126� ndRTee126� ndBTee126� Te����

ALTee126
T 0.133 1.4 106

� 1.196 106
� 7.885 159 5 9 3� ��

FABRICATED TEES (LINES 1-24 & 1-25)
Define pertinent tee variables

P 400psi�� Internal Pressure [3, pg 23]

Do 36in�� Outside Diameter of pipe run [17]

do 20in�� Outside Diameter of branch [17]

B1 0.5�� B1 primary stress Index for tees and branches 
[9, Table NB-3681(a)-1]]

Tr 0.5625in�� Nominal wall thickness of designated run pipe
[17]

Rm
Do Tr�

2
�� Mean radius of designated run pipe [17]
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Zr � Rm
2

� Tr��� Approximate section modulus of designated run
pipe [9, NB-3683.1(d)]

Zr 554.8027 in
3

�

T'b 0.375in�� Nominal wall thickness of attached branch pipe
[16]

r'm
do T'b�

2
�� Mean radius of attached branch pipe [16]

Zb � r'm
2

� T'b��� Approximate section modulus of attached branch
pipe [9, NB-3683.1(d)]

Zb 113.433 in
3

�

C2b Secondary stress Index [9,NB-3683.8] 

C2b 1.5
Rm

Tr


�
��

��
�


2
3

r'm

Rm


�
��

��
�


1
2

T'b

Tr


�
��

��
�


r'm
do

2


�
�
��

��
�
�


� 1.5
Rm

Tr


�
��

��
�


2
3

r'm

Rm


�
��

��
�


1
2

T'b

Tr


�
��

��
�


�
r'm
do

2


�
�
��

��
�
�


1.5$if

1.5 otherwise

��

C2b 7.283�

C2r Secondary stress Index [9,NB-3683.8] 

Wall thickness of nozzle or branch connection
reinforcement associated with [9, NB-3643.4(A)-1,
sketch (d)]

tn T'b��

C2r 1.15
r'm

tn


�
��

��
�


1
4

� 1.15
r'm

tn


�
��

��
�


1
4

� 1.5$if

1.5 otherwise

��

C2r 2.601�

B2b 0.5 C2b� 0.5 C2b� 1$if

1 otherwise

��

B2b primary stress Index for branches [9,
NB-3683.8]

B2b 3.642�

B2r 0.75 C2r� 0.75 C2r� 1$if

1 otherwise

��

B2r primary stress Index for branches [9,
NB-3683.8]

B2r 1.951�
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Fabricated Tee 1-24 (Node 160)

elRTee124 354 140( )
T

�� Elements associated with pipe run

ndRTee124 160( )
T

�� Node between pipe run elements

elBTee124 145( )
T

�� Element associated with branch

ndBTee124 160( )
T

�� Node where branch intersects pipe run

ALTee124 Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S125� NFML� elRTee124� elBTee124� ndRTee124� ndBTee124� Te����

ALTee124
T 0.404 6.358 105

� 4.443 105
� 7.08 160 7 119 15� ��

Fabricated Tee 1-23 (Node 163)

elRTee123 351 143( )
T

�� Elements associated with pipe run

ndRTee123 163( )
T

�� Node between pipe run elements

elBTee123 144( )
T

�� Element associated with branch

ndBTee123 163( )
T

�� Node where branch intersects pipe run

ALTee123 Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S125� NFML� elRTee123� elBTee123� ndRTee123� ndBTee123� Te����

ALTee123
T 0.38 6.971 105

� 3.946 105
� 7.085 163 11 115 13� ��

Writing Output Data for Tees Associated with Lines 22 to 26

Tee1 ALTee126
T

��

Tee2 ALTee124
T

��

Tee3 ALTee123
T

��

TeeLines22to26 WRITEPRN "TeeLines22to26.prn" Tee1 Tee2 Tee3( )�[ ]��
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FLANGES
Flange Strategy:  Search based on the nodes where flanges occur.  Find the maximum moment combination for
the node and apply to equation (9) of ASME III, Division I - NB - 3652 [9].  Use the geometry of the pipe when
applying (9).  The D/C ratio for each node will be determined by dividing the left side of the equation by the right
side of the equation and taking the max of the result.

FlangeDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Flange P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j FlangeDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� M�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all flanges

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(North), y(Up), and z(East) correspond
to positive 1, 2, and 3 and seismic factor

Flange_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Pipe Properties of Line 1-22, 1-23, 1-24, & 1-25
Define pertinent pipe variables

Do 20in�� Outside Diameter  [4] [5] [6] [7]

t 0.375in�� Thickness  [4] [5] [6] [7]

P 400psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 1.113 103
� in

4
�

Define primary stress indices (Utilize girth weld characteristic associated with lap joint flanges in determining
values)

B1 0.5�� B1 for a girth weld [9, Table NB-3681(a)-1, pg 130] 

B2 1�� B2 for a girth weld [9, Table NB-3681(a)-1, pg 130] 

Flange (Primary Pump) 1-25A (Node 207)
ndFL125A 207( )

T
��

ALFL125A Flange P Do� t� I� B1� B2� S125� NFML� ndFL125A� Flange_Co� ELML�� ���

ALFL125A
T 0.245 9.554 105

� 7.36 207 76 2.205 105
� 1.324 105

� 9.201 105
�� ��

Flange (Check Valve) 1-25B (Node 199)
ndFL125B 199( )

T
��

ALFL125B Flange P Do� t� I� B1� B2� S125� NFML� ndFL125B� Flange_Co� ELML�� ���

ALFL125B
T 0.181 5.506 105

� 7.36 199 67 1.006� 105
� 2.425 105

� 4.839 105
�� ��
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Flange (Gate Valve) 1-25C (Node 198)
ndFL125C 198( )

T
��

ALFL125C Flange P Do� t� I� B1� B2� S125� NFML� ndFL125C� Flange_Co� ELML�� ���

ALFL125C
T 0.15 3.544 105

� 4.32 198 59 1.743� 105
� 2.934 104

� 3.072 105
�� ��

Flange (Primary Pump) 1-24A (Node 184)
ndFL124A 184( )

T
��

ALFL124A Flange P Do� t� I� B1� B2� S125� NFML� ndFL124A� Flange_Co� ELML�� ���

ALFL124A
T 0.215 7.667 105

� 7.615 184 74 5.264� 104
� 6.39� 104

� 7.622� 105
�� ��

Flange (Check Valve) 1-24B (Node 169)
ndFL124B 169( )

T
��

ALFL124B Flange P Do� t� I� B1� B2� S125� NFML� ndFL124B� Flange_Co� ELML�� ���

ALFL124B
T 0.167 4.603 105

� 10.205 169 55 8.222� 104
� 1.882 105

� 4.12 105
�� ��

Flange (Gate Valve) 1-24C (Node 167)
ndFL124C 167( )

T
��

ALFL124C Flange P Do� t� I� B1� B2� S125� NFML� ndFL124C� Flange_Co� ELML�� ���

ALFL124C
T 0.18 5.419 105

� 7.26 167 47 1.174� 105
� 4.813 103

� 5.29 105
�� ��

Flange (Primary Pump) 1-23A (Node 183)

ndFL123A 183( )
T

��

ALFL123A Flange P Do� t� I� B1� B2� S125� NFML� ndFL123A� Flange_Co� ELML�� ���

ALFL123A
T 0.19 6.088 105

� 10.185 183 72 2.32 105
� 5.558 104

� 5.601 105
�� ��

Flange (Check Valve)B 1-23B (Node 168)

ndFL123B 168( )
T

��

ALFL123B Flange P Do� t� I� B1� B2� S125� NFML� ndFL123B� Flange_Co� ELML�� ���

ALFL123B
T 0.16 4.167 105

� 8.58 168 43 8.852 104
� 1.032� 105

� 3.939� 105
�� ��
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Flange (Gate Valve)B 1-23C (Node 166)

ndFL123C 166( )
T

��

ALFL123C Flange P Do� t� I� B1� B2� S125� NFML� ndFL123C� Flange_Co� ELML�� ���

ALFL123C
T 0.162 4.316 105

� 5.54 166 155 1.389� 105
� 2.183� 103

� 4.086� 105
�� ��

Flange (Primary Pump) 1-22A (Node 196)

ndFL122A 196( )
T

��

ALFL122A Flange P Do� t� I� B1� B2� S125� NFML� ndFL122A� Flange_Co� ELML�� ���

ALFL122A
T 0.198 6.56 105

� 8.57 196 70 3.931� 104
� 2.167 105

� 6.179 105
�� ��

Flange (Check Valve) 1-22B (Node 187)

ndFL122B 187( )
T

��

ALFL122B Flange P Do� t� I� B1� B2� S125� NFML� ndFL122B� Flange_Co� ELML�� ���

ALFL122B
T 0.157 3.984 105

� 8.565 187 35 9.458� 104
� 2.716 104

� 3.861 105
�� ��

Flange (Gate Valve) 1-22C (Node 186)

ndFL122C 186( )
T

��

ALFL122C Flange P Do� t� I� B1� B2� S125� NFML� ndFL122C� Flange_Co� ELML�� ���

ALFL122C
T 0.152 3.673 105

� 6.77 186 27 1.117 105
� 2.789 104

� 3.488 105
�� ��

Writing Output Data for Flanges Associated with Lines 22 to 26
F1 ALFL125A

T
�� F7 ALFL123A

T
��

F2 ALFL125B
T

�� F8 ALFL123B
T

��

F3 ALFL125C
T

�� F9 ALFL123C
T

��

F4 ALFL124A
T

�� F10 ALFL122A
T

��

F5 ALFL124B
T

�� F11 ALFL122B
T

��

F6 ALFL124C
T

�� F12 ALFL122C
T

��

FlangeLines22to26 WRITEPRN "FlangeLines22to26.prn" F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12( )�[ ]��
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Appendix B.3.2

 Demand to Capacity Ratio Calculations for Components
Associated with Lines 27-29 of ATR PCS Model 3

(NOTE:  Values represented here are shown for one realization (Nodal Force file =
Lines27to29_test_R1.dat and Element/Nodal order file = EL_27to29.xls ) and may or may not be

consistent with the 80th percentile results contained in Appendix B.4)
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Nodal Force Outputs from Abaqus

NFLL
...\Lines27to29.dat

�� (N)odal (F)orces for the (L)arge (L)ines of
Model 3 

Defined Elemental and Corresponding Nodal Order

ELLL
...\EL_27to29(9-22-08).xls

�� Element and corresponding nodal order for the
(L)arge (L)ines of Model 3 

Time Boundaries

tinitial 1�� Initial time for which dynamic loading is applied

tfinal 21�� Final time for which dynamic loading stops

Seismic Scale Factor (Fa)

Fa 1�� Seismic scale factor

Allowable Design Stress Intensity Factor (Sm): Sm is defined below for SS304 at temperature 125oF and

SS304L at 125oF.
For SS304 at 125oF [2, pg 316-318] [3, pg 23]  

Sm_125 20ksi��

For SS304L at 125oF [2, pg 316-318] Applicable
only for portions of lines 1-28 and 1-29 closest to
reactor vessel [3, pg 23]

Sm_125L 16.7ksi��

Yield Strength (Sy): Sy is defined below for SS304 at temperature 125oF and SS304L at 125oF.

Sy_125 28.35ksi�� For SS304 at 125oF [2, pg 646-648] [3, pg 23]]  

For SS304L at 125oF [2, pg 646-648] Applicable
only for portions of lines 1-28 and 1-29 closest to
reactor vessel  [3, pg 23]

Sy_125L 23.85ksi��

Maximum Strength Applicable for Equation 9 (S):  S is defined below for SS304 at temperature 125oF
and SS304L at 125oF.

S125 min 3 Sm_125� 2 Sy_125��� ��� Maximum allowable stress applied to SS304
piping [9, NB-3656]

S125 56.7 ksi�

S125L min 3 Sm_125L� 2 Sy_125L��� ��� Maximum allowable stress applied to SS304L
piping [9, NB-3656]

S125L 47.7 ksi�
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SUPPORTS
Supports Strategy:  Search based on the node for which the support acts.  If this node is a termination point
there will only be one node to evaluate.  If this node is in line with a section of pipe there will be two
representations of the same node (one for each element on each side of the node) to combine and the difference
between them is the force required of the support.  The D/C ratio for each support will be found by dividing the
the required force found above by the support capacity.

SupDC Pr Pc�� �
Pr

Pc
��

Support nf nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

Int14
Int24



�

�



0 0( )�

Prgj
nfindnfiCo0 1�

1� indndj
��

Prj
nfindnfiCo0 1�

1� i� indndj
� Prgj

�
�
�

��



Co2 0�
� Prgj

��

j 0 last indnd� ����for

PRi

0

j

n

Prn�
�

�

Int1' SupDC PRi Co0 0�
�


�
�



�

Int1 stack Int1' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int11
� Co0 0�

0��if

Int2' SupDC PRi Co1 0�
�


�
�



�

Int2 stack Int2' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int21
� Co1 0�

0��if

i 0 indnfo0
indnfi0

����for

Int1 Int2� �

��
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PS-3A Support (1x)

Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. B.10.1]

P1_PS3A
154.855 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. B.10.1]

P2_PS3A
0.1kip

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_PS3A

P1_PS3A

P2_PS3A

Fa

2

0

0


�
�
�
��

��
�
�
�


��

PS-3A (Node 81)
PS-3A vertically resists downward displacement of the horizontal (E/W) PCS pipe on line 1-27 prior to the fab
with line 1-32 protrusion

nd81PS3A0
81�� Node associated with support

AL1PS3A_nd81 AL2PS3A_nd81� � Support NFLL nd81PS3A� Sup_Co_PS3A� ELLL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PS3A_nd81
T 0.336 5.208� 104

� 4.98 81 75� ��

AL2PS3A_nd81
T 0 0 0 0 0( )�

RH-23x Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. B.10.1]

P1_RH23x
41.417 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. B.10.1]

P2_RH23x
41.417kip

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_RH23x

P1_RH23x

P2_RH23x

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-23x (Node 394)
RH-23x vertically supports the vertical PCS pipe on line 1-27 traveling up from the reactor vessel area and
into the tunnel

nd394RH23x0
394�� Node associated with support
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AL1RH23x_nd394 AL2RH23x_nd394� � Support NFLL nd394RH23x� Sup_Co_RH23x� ELLL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH23x_nd394
T 1.153 4.776� 104

� 8.745 394 139� ��

AL2RH23x_nd394
T 0 0 0 0 0( )�

RH-25ABx Support (2x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. B.10.1]

P1_RH25x
56.28 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. B.10.1]

Uplift
P2_RH25x

0 kip�

lbf
��

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_RH25x

P1_RH25x

P2_RH25x

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-25ABx (Node 536)
RH-25Ax vertically supports the horizontal (N/S) PCS pipe on line 1-27 just north of RH-23x in the tunnel

nd536RH25x0
536�� Node associated with support

AL1RH25x_nd536 AL2RH25x_nd536� � Support NFLL nd536RH25x� Sup_Co_RH25x� ELLL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH25x_nd536
T 0.571 3.211� 104

� 8.745 536 138� ��

AL2RH25x_nd536
T 0 0 0 0 0( )�

RH-25ABx (Node 537)
RH-25Bx vertically supports the horizontal (N/S) PCS pipe on line 1-27 just north of RH-25Ax in the tunnel

nd537RH25x0
537�� Node associated with support

AL1RH25x_nd537 AL2RH25x_nd537� � Support NFLL nd537RH25x� Sup_Co_RH25x� ELLL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global
coordinate system) 

AL1RH25x_nd537
T 0.342 1.923� 104

� 5.485 537 136� ��

AL2RH25x_nd537
T 0 0 0 0 0( )�
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RH-26x Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. B.10.1]

P1_RH26x
56.28 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. B.10.1]

Uplift
P2_RH26x

0 kip�

lbf
��

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_RH26x

P1_RH26x

P2_RH26x

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-26x (Node 538)
RH-26x vertically supports the horizontal (N/S) PCS pipe on line 1-27 just north of RH-25Bx in the tunnel,
RH-26x also supports line 8-14 using one of its component legs.

nd538RH26x0
538�� Node associated with support

AL1RH26x_nd538 AL2RH26x_nd538� � Support NFLL nd538RH26x� Sup_Co_RH26x� ELLL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH26x_nd538
T 0.261 1.471� 104

� 5.485 538 134� ��

AL2RH26x_nd538
T 0 0 0 0 0( )�

RH-27x Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. B.10.1]

P1_RH27x
27.8 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. B.10.1]

Compression
P2_RH27x

0 kip�

lbf
��

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_RH27x

P1_RH27x

P2_RH27x

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-27x (Node 539)
RH-27x vertically supports the horizontal (N/S) PCS pipe on line 1-27 just north of RH-26x in the tunnel.

nd539RH27x0
539�� Node associated with support
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AL1RH27x_nd539 AL2RH27x_nd539� � Support NFLL nd539RH27x� Sup_Co_RH27x� ELLL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH27x_nd539
T 0.786 2.186� 104

� 5.565 539 142� ��

AL2RH27x_nd539
T 0 0 0 0 0( )�

PR-1 Supports (1x East Side of Reactor Vessel)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. B.10.1]

P1_PR1_E
3.188 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. B.10.1]

Compression
P2_PR1_E

13.929 kip�

lbf
��

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_PR1

P1_PR1_E

P2_PR1_E

Fa

3

0

0


�
�
�
��

��
�
�
�


��

PR-1 (Node 400)
PR-1 horizontally (E/W) supports the vertical PCS pipe on line 1-27 on the east side of the reactor vessel.

nd400PR10
400�� Node associated with support

AL1PR1_nd400 AL2PR1_nd400� � Support NFLL nd400PR1� Sup_Co_PR1� ELLL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PR1_nd400
T 1.894 6.037� 103

� 5.7 400 114� ��

AL2PR1_nd400
T 0.461 6.421 103

� 12.51 400 114� ��

PR-1 Supports (1x West Side of Reactor Vessel)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. B.10.1]

P1_PR1_W
13.929 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. B.10.1]

Tension
P2_PR1_W

3.188 kip�

lbf
��

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_PR1

P1_PR1_W

P2_PR1_W

Fa

3

0

0


�
�
�
��

��
�
�
�


��
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PR-1 (Node 404)
PR-1 horizontally (E/W) supports the vertical PCS pipe on line 1-29 on the west side of the reactor vessel.

nd404PR10
404�� Node associated with support

AL1PR1_nd404 AL2PR1_nd404� � Support NFLL nd404PR1� Sup_Co_PR1� ELLL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PR1_nd404
T 0.353 4.913� 103

� 4.885 404 116� ��

AL2PR1_nd404
T 1.678 5.349 103

� 4.715 404 116� ��

PR-8 Supports (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. B.10.1]

P1_PR8
2.374 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. B.10.1]

P2_PR8
33.548 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_PR8

P1_PR8

P2_PR8

Fa

2

0

0


�
�
�
��

��
�
�
�


��

PR-8 (Node 59)
PR-1 vertically supports the vertical PCS pipe on line 1-27 below the tee connecting lines 1-27 to 1-28 & 1-29.

nd59PR80
59�� Node associated with support

AL1PR8_nd59 AL2PR8_nd59� � Support NFLL nd59PR8� Sup_Co_PR8� ELLL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PR8_nd59
T 1.343 10 3�

� 3.187� 8.745 59 127� ��

AL2PR8_nd59
T 2.441 10 5�

� 0.819 8.67 59 127� ��

MS-2 Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. B.10.1]

P1_MS2
34.229 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. B.10.1]

P2_MS2
50 kip�

lbf
�� Compression
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Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_MS2

P1_MS2

P2_MS2

Fa

3

0

0


�
�
�
��

��
�
�
�


��

MS-2 (Node 429)
MS-2 horizontally (E/W) supports the horizontal (N/S) PCS pipe on line 1-27 just north of the tunnel.

nd429MS20
429�� Node associated with support

AL1MS2_nd429 AL2MS2_nd429� � Support NFLL nd429MS2� Sup_Co_MS2� ELLL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1MS2_nd429
T 0.844 2.888� 104

� 5.795 429 122� ��

AL2MS2_nd429
T 0.736 3.682 104

� 9.1 429 122� ��

Tunnel Restraint Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. B.10.1]

P1_TR127
61.48 kip�

lbf
�� Eastward Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. B.10.1]

P2_TR127
85.842 kip�

lbf
�� Westward Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_TR127

P1_TR127

P2_TR127

Fa

3

0

0


�
�
�
��

��
�
�
�


��

Tunnel Restraint (Node 485)
Tunnel Restraint horizontally (E/W) restrains the vertical PCS pipe on line 1-27

nd485TR1270
485�� Node associated with support

AL1TR127_nd485 AL2TR127_nd485� � Support NFLL nd485TR127� Sup_Co_TR127� ELLL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global
coordinate system) 

AL1TR127_nd485
T 0.198 1.217� 104

� 5.71 485 126� ��

AL2TR127_nd485
T 0.146 1.254 104

� 12.495 485 126� ��
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Floor Tieback Support (1x)

Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. B.10.1]

P1_TieB_EW
67.488 kip�

lbf
�� Eastward Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. B.10.1]

P2_TieB_EW
67.488 kip�

lbf
�� Westward Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_TieB_EW

P1_TieB_EW

P2_TieB_EW

Fa

3

0

0


�
�
�
��

��
�
�
�


��

Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. B.10.1]

P1_TieB_NS
101.12 kip�

lbf
�� Northward Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. B.10.1]

P2_TieB_NS
101.12 kip�

lbf
�� Southward Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_TieB_NS

P1_TieB_NS

P2_TieB_NS

Fa

1

0

0


�
�
�
��

��
�
�
�


��

Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. B.10.1]

P1_TieB_V
291 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. B.10.1]

P2_TieB_V
0kip

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_TieB_V

P1_TieB_V

P2_TieB_V

Fa

2

0

0


�
�
�
��

��
�
�
�


��
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Tieback East/West (Node 102)
The floor Tieback vertically and horizontally supports the horizontal (N/S) PCS pipe on line 1-27 south
of MS-2

nd102TB_EW0
102�� Node associated with support

AL1TB_EW_nd102 AL2TB_EW_nd102� � Support NFLL nd102TB_EW� Sup_Co_TieB_EW� ELLL�� ���

((D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and
negative (AL2) directions of the global
coordinate system) 

AL1TB_EW_nd102
T 0.394 2.658� 104

� 8.005 102 78 83 123� ��

AL2TB_EW_nd102
T 0.37 2.497 104

� 8.09 102 78 83 123� ��

Tieback North/South (Node 102)
The floor Tieback vertically and horizontally supports the horizontal (N/S) PCS pipe on line 1-27 south
of MS-2

nd102TB_NS0
102�� Node associated with support

AL1TB_NS_nd102 AL2TB_NS_nd102� � Support NFLL nd102TB_NS� Sup_Co_TieB_NS� ELLL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for
the reaction force at the selected
node being in the positive (AL1) and
negative (AL2) directions of the
global coordinate system) 

AL1TB_NS_nd102
T 0.295 2.98� 104

� 6.975 102 78 83 123� ��

AL2TB_NS_nd102
T 0.248 2.506 104

� 8.51 102 78 83 123� ��

Tieback Vertical (Node 463)
The floor Tieback vertically and horizontally supports the horizontal (N/S) PCS pipe on line 1-27 south
of MS-2

nd463TB_V0
463�� Node associated with support

AL1TB_V_nd463 AL2TB_V_nd463� � Support NFLL nd463TB_V� Sup_Co_TieB_V� ELLL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for
the reaction force at the selected
node being in the positive (AL1) and
negative (AL2) directions of the global
coordinate system) 

AL1TB_V_nd463
T 0 0 0 0 0( )�

AL2TB_V_nd463
T 0 0 0 0 0( )�
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Writing Output Data for Supports Associated with Lines 27 to 29

SA1 AL1PS3A_nd81
T

�� SH1 AL1PR1_nd404
T

��

SA2 AL2PS3A_nd81
T

�� SH2 AL2PR1_nd404
T

��

SB1 AL1RH23x_nd394
T

�� SI1 AL1PR8_nd59
T

��

SB2 AL2RH23x_nd394
T

�� SI2 AL2PR8_nd59
T

��

SC1 AL1RH25x_nd536
T

�� SJ1 AL1MS2_nd429
T

��

SC2 AL2RH25x_nd536
T

�� SJ2 AL2MS2_nd429
T

��

SD1 AL1RH25x_nd537
T

�� SK1 AL1TR127_nd485
T

��

SD2 AL2RH25x_nd537
T

�� SK2 AL2TR127_nd485
T

��

SE1 AL1RH26x_nd538
T

�� SL1 AL1TB_EW_nd102
T

��

SE2 AL2RH26x_nd538
T

�� SL2 AL2TB_EW_nd102
T

��

SF1 AL1RH27x_nd539
T

�� SM1 AL1TB_NS_nd102
T

��

SF2 AL2RH27x_nd539
T

�� SM2 AL2TB_NS_nd102
T

��

SG1 AL1PR1_nd400
T

�� SN1 AL1TB_V_nd463
T

��

SG2 AL2PR1_nd400
T

�� SN2 AL2TB_V_nd463
T

��

SupportsLines27to29 WRITEPRN "SupLines27to29.prn" SA1 SA2 SB1 SB2 SC1 SC2 SD1 SD2 SE1 SE2 SF1 SF2(�[��
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TERMINATION LOCATIONS
Termination Locations Strategy:  Search based on the node for which the termination location acts as well as
the next node inward.  The D/C ratio for each termination location will be found by dividing the the required force
found above by the support capacity.

TermDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Term P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j TermDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� Mr�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all terminations

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Constants associated with support's capacity
direction x(North), y(Up), and z(East) correspond
to positive 1, 2, and 3 and seismic factorTerm_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Reactor Vessel Terminations (2x)

Define pertinent pipe variables

Do 24in�� Outside Diameter [11] [12]

t 0.375in�� Thickness [11] [12]

P 376psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 1.942 103
� in

4
�

Define primary stress indices

B1 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1�

1.0
1

X Y�
�

Do

t
50�if

�� B2 1.092�
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Reactor Vessel 1-28 (Node 25)
nd25RV1280

25��

ALRV128_nd25 Term P Do� t� I� B1� B2� S125L� NFLL� nd25RV128� Term_Co� ELLL�� ���

ALRV128_nd25
T 0.271 1.026 106

� 8.83 25 21 9.315� 105
� 2.962� 105

� 3.108� 105
�� ��

Reactor Vessel 1-29 (Node 1)
nd1RV1290

1��

ALRV129_nd1 Term P Do� t� I� B1� B2� S125L� NFLL� nd1RV129� Term_Co� ELLL�� ���

ALRV129_nd1
T 0.254 9.075 105

� 8.56 1 1 6.172� 105
� 3.16� 105

� 5.855 105
�� ��

Writing Output Data for Terminations Associated with Lines 27 to 29

T1 ALRV128_nd25
T

��

T2 ALRV129_nd1
T

��

TermLines27to29 WRITEPRN "TermLines27to29.prn" T1 T2( )�[ ]��
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PIPE RUNS
Pipe Runs Strategy:  Search based on the nodes present in each run of pipe.  Find the maximum moment
combination among all of the nodes and apply to equation (9) of ASME III, Division I - NB - 3652 [9].  Use the
geometry of the pipe when applying (9).  The D/C ratio for each node will be determined by dividing the left side of
the equation by the right side of the equation.

PipeRunDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

PipeRun P Do� t� I� B1� B2� S� nf� el� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indel match el0 EL
0� 	

�

�

�

�

indel stack indel match eli EL
0� 	

�

�

�





�

�

��

�
�
��

i 1 last el( )���for rows el( ) 1�if

M Int5 last indel� ��

�

�



0 0( )�

Mrxg nfindnfiCo0 1�
2� indelj
��

Mryg nfindnfiCo1 1�
2� indelj
��

Mrzg nfindnfiCo2 1�
2� indelj
��

Mrxj
nfindnfiCo0 1�

2� i� indelj
� Mrxg�
�

�
��



Co3 0�
� Mrxg��

Mryj
nfindnfiCo1 1�

2� i� indelj
� Mryg�
�

�
��



Co3 0�
� Mryg��

Mrzj
nfindnfiCo2 1�

2� i� indelj
� Mrzg�
�

�
��



Co3 0�
� Mrzg��

M'j Mrxj


�

�



2
Mryj


�

�



2
� Mrzj



�

�



2
��

Int' j PipeRunDC P Do� t� I� B1� B2� M'j� S�� ��

H Int' j M' j nf
indnfiCo0 1�

1� i� 0� EL
indelj

0� EL
indelj

1� indel j
Mrx
�

�
�

Intk j� Hk�

k 0 5���for

Int' j Int0 j��if

j 0 last indel� ����for

i 0 indnfo0
indnfi0

����for

��
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Int

Conditions applicable to all pipe runs

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(North), y(Up), and z(East) correspond
to positive 1, 2, and 3 and seismic factor

PipeRun_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Pipe Properties for Line 1-28 and 1-29
Define pertinent pipe variables

Do 24in�� Outside Diameter [11] [12]

t 0.375in�� Thickness [11] [12]

P 376psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 1.942 103
� in

4
�

Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1.101�
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Pipe Run 1-28A (Elements 27)
elPR128A 27( )

T
��

ALPR128A PipeRun P Do� t� I� B1PR� B2PR� S125L� NFLL� elPR128A� PipeRun_Co� ELLL�� ���

ALPR128A
T 0.272

0.21

1.026 106
�

5.9 105
�

8.83

11.56

27

27

25

26

21

22



�
�
�

�
�
�



�

Pipe Run 1-28B (Elements 31, 36, 670, 671, & 53)

elPR128B 31 36 670 671 53( )
T

��

ALPR128B PipeRun P Do� t� I� B1PR� B2PR� S125L� NFLL� elPR128B� PipeRun_Co� ELLL�� ���

ALPR128B
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

0.191 54.559·10 11.57 31 29 23

0.167 52.9·10 11.575 31 40 24

0.167 52.899·10 11.575 36 40 25

0.155 52.041·10 12.515 36 551 26

0.155 52.04·10 12.515 670 551 147

0.169 53.009·10 8.585 670 552 148

0.191 54.522·10 8.585 671 49 149

0.169 53.009·10 8.585 671 552 150

0.192 54.624·10 8.585 53 32 41

0.191 54.522·10 8.585 53 49 42

�

Pipe Run 1-28C (Elements 38, 608, 41, 46, 675, 676, & 677)

elPR128C 38 608 41 46 675 676 677( )
T

��

AlPR128C PipeRun P Do� t� I� B1PR� B2PR� S125L� NFLL� elPR128C� PipeRun_Co� ELLL�� ���

AlPR128C
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

10

11

12

13

0.179 53.711·10 11.77 38 33 27

0.179 53.717·10 11.77 38 503 28

0.203 55.371·10 8.78 608 34 131

0.179 53.717·10 11.77 608 503 132

0.207 55.7·10 3.825 41 36 33

0.217 56.408·10 9.585 41 43 34

0.217 56.408·10 9.585 46 43 35

0.231 57.351·10 8.585 46 556 36

0.231 57.354·10 8.585 675 556 157

0.242 58.151·10 8.585 675 557 158

0.242 58.153·10 8.585 676 557 159

0.236 57.686·10 8.585 676 558 160

0.212 56.008·10 8.58 677 37 161

0.236 57.685·10 8.585 677 558 162

�
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Pipe Run 1-28D (Elements 48 & 49)

elPR128D 48 49( )
T

��

ALPR128D PipeRun P Do� t� I� B1PR� B2PR� S125� NFLL� elPR128D� PipeRun_Co� ELLL�� ���

ALPR128D
T

0.192

0.205

0.241

0.205

7.194 105
�

8.268 105
�

1.123 106
�

8.269 105
�

11.985

11.58

8.755

11.58

48

48

49

49

38

48

39

48

37

38

39

40



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-29A (Elements 1)

elPR129A 1( )
T

��

AlPR129A PipeRun P Do� t� I� B1PR� B2PR� S125L� NFLL� elPR129A� PipeRun_Co� ELLL�� ���

AlPR129A
T 0.256

0.212

9.075 105
�

6.051 105
�

8.56

8.56

1

1

1

4

1

2



�
�
�

�
�
�



�

Pipe Run 1-29B (Elements 5, 7, 668, 669, & 54)

elPR129B 5 7 668 669 54( )
T

��

AlPR129B PipeRun P Do� t� I� B1PR� B2PR� S125L� NFLL� elPR129B� PipeRun_Co� ELLL�� ���

AlPR129B
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

0.189 54.404·10 8.555 5 5 3

0.164 52.634·10 11.995 5 16 4

0.164 52.633·10 11.995 7 16 5

0.155 52.059·10 12 7 549 6

0.155 52.059·10 12 668 549 143

0.165 52.731·10 8.565 668 550 144

0.187 54.241·10 8.565 669 50 145

0.165 52.734·10 8.565 669 550 146

0.188 54.347·10 8.565 54 8 43

0.187 54.244·10 8.565 54 50 44

�
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Pipe Run 1-29C (Elements 9, 607, 12, 25, 672, 673, & 674)

elPR129C 9 607 12 25 672 673 674( )
T

��

AlPR129C PipeRun P Do� t� I� B1PR� B2PR� S125L� NFLL� elPR129C� PipeRun_Co� ELLL�� ���

AlPR129C
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

10

11

12

13

0.183 53.981·10 11.355 9 9 7

0.183 53.968·10 11.76 9 502 8

0.178 53.63·10 8.775 607 10 129

0.183 53.97·10 11.76 607 502 130

0.178 53.625·10 9.965 12 12 13

0.193 54.707·10 8.84 12 19 14

0.193 54.709·10 8.84 25 19 17

0.18 53.789·10 8.575 25 553 18

0.18 53.79·10 8.575 672 553 151

0.202 55.357·10 8.58 672 554 152

0.203 55.358·10 8.58 673 554 153

0.213 56.111·10 8.58 673 555 154

0.215 56.216·10 11.355 674 13 155

0.213 56.111·10 8.58 674 555 156

�

Pipe Run 1-29D (Elements 14 & 26)

elPR129D 14 26( )
T

��

ALPR129D PipeRun P Do� t� I� B1PR� B2PR� S125� NFLL� elPR129D� PipeRun_Co� ELLL�� ���

ALPR129D
T

0.19

0.194

0.217

0.194

6.981 105
�

7.29 105
�

9.226 105
�

7.29 105
�

11.765

11.765

11.77

11.765

14

14

26

26

14

24

15

24

15

16

19

20



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�
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Pipe Properties for Lower (Southern) Portion of Line 1-27
Define pertinent pipe variables

Do 36in�� Outside Diameter [13]

t 0.5in�� Thickness [13]

P 376psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 8.786 103
� in

4
�

Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1.162�

Pipe Run 1-27A (Elements 93, 94, & 469)

elPR127A 93 94 469( )
T

��

ALPR127A PipeRun P Do� t� I� B1PR� B2PR� S125� NFLL� elPR127A� PipeRun_Co� ELLL�� ���

ALPR127A
T

0.168

0.172

0.172

0.173

0.157

0.151

1.17 106
�

1.264 106
�

1.264 106
�

1.274 106
�

8.914 105
�

7.602 105
�

4.13

3.825

3.825

8.75

11.58

12.01

93

93

94

94

469

469

56

88

88

89

60

89

79

80

81

82

111

112



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�
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Pipe Run 1-27B (Elements 66, 678, 75, 679, 680, 76, 681, 682, & 67)

elPR127B 66 678 75 679 680 76 681 682 67( )
T

��

ALPR127B PipeRun P Do� t� I� B1PR� B2PR� S125� NFLL� elPR127B� PipeRun_Co� ELLL�� ���

ALPR127B
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

0.177 61.377·10 11.57 66 61 59

0.161 59.966·10 11.57 66 559 60

0.161 59.826·10 11.755 678 68 163

0.161 59.967·10 11.57 678 559 164

0.161 59.826·10 11.755 75 68 67

0.159 59.532·10 8.09 75 560 68

0.159 59.537·10 8.09 679 560 165

0.164 61.061·10 8.085 679 561 166

0.196 61.821·10 8.745 680 69 167

0.164 61.062·10 8.085 680 561 168

0.196 61.822·10 8.745 76 69 69

0.165 61.086·10 8.745 76 562 70

0.165 61.086·10 8.745 681 562 169

0.151 57.493·10 10.875 681 563 170

0.146 56.414·10 11.695 682 63 171

0.151 57.492·10 10.875 682 563 172

�

Pipe Properties for Upper (Northern) Portion of Line 1-27
Define pertinent pipe variables

Do 36in�� Outside Diameter [7]

t 0.5625in�� Thickness [7]

P 400psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 9.833 103
� in

4
�

Define primary stress indices
B1PR 0.5��
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Page B.3.2-23 of B.3.2-42

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1.101�

Pipe Run 1-27C (Elements 81, 683, 89, 108, 684, 495, & 496)
elPR127C 81 683 89 108 684 495 496( )

T
��

ALPR127C PipeRun P Do� t� I� B1PR� B2PR� S125� NFLL� elPR127C� PipeRun_Co� ELLL�� ���

ALPR127C
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

10

11

12

13

0.137 56.67·10 11.29 81 65 71

0.146 59.2·10 7.87 81 564 72

0.162 61.37·10 7.86 683 84 173

0.146 59.198·10 7.87 683 564 174

0.162 61.371·10 7.86 89 84 77

0.181 61.906·10 7.855 89 102 78

0.181 61.907·10 7.855 108 102 83

0.154 61.169·10 11.265 108 565 84

0.165 61.456·10 9.1 684 103 175

0.154 61.169·10 11.265 684 565 176

0.165 61.455·10 9.1 495 103 117

0.16 61.315·10 9.095 495 419 118

0.15 61.039·10 9.095 496 75 119

0.16 61.315·10 9.095 496 419 120

�
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Pipe Run 1-27D (Elements 117, 685, 686, 687, & 84)
elPR127D 117 685 686 687 84( )

T
��

ALPR127D PipeRun P Do� t� I� B1PR� B2PR� S125� NFLL� elPR127D� PipeRun_Co� ELLL�� ���

ALPR127D
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

0.143 58.369·10 7.85 117 76 85

0.146 59.227·10 5.685 117 566 86

0.146 59.228·10 5.685 685 566 177

0.146 59.326·10 4.34 685 567 178

0.146 59.321·10 4.34 686 567 179

0.144 58.715·10 8.575 686 568 180

0.172 61.663·10 4.98 687 80 181

0.144 58.714·10 8.575 687 568 182

0.156 61.218·10 8.575 84 78 73

0.172 61.676·10 4.98 84 80 74

�

Writing Output Data for Pipe Runs Associated with Lines 27 to 29

PR1 ALPR128A
T

�� PR7 AlPR129C
T

��

PR2 ALPR128B
T

�� PR8 ALPR129D
T

��

PR3 AlPR128C
T

�� PR9 ALPR127A
T

��

PR4 ALPR128D
T

�� PR10 ALPR127B
T

��

PR5 AlPR129A
T

�� PR11 ALPR127C
T

��

PR6 AlPR129B
T

�� PR12 ALPR127D
T

��

PipeRunsLines27to29 WRITEPRN "PRLines27to29.prn" PR1 PR2 PR3 PR4 PR5 PR6 PR7 PR8 PR9 PR10 PR11 P(�[��
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REDUCERS
Reducers Strategy:  Search based on the nodes comprising either end of the reducers.  SRSS combine the
three moments of each of the four node representations (one for each element connected by the node in
question).  Find the maximum of the moment combinations for each element and apply to equation (9) of ASME
III, Division I - NB - 3652 [9].  It is important to not combine the data from both nodes as the geometry for each is
different and (9) must be applied for each node.  The D/C ratio for each node will be determined by dividing the
left side of the equation by the right side of the equation and taking the max of the result.

ReducerDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Reducer P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j ReducerDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� �
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all reducers

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(North), y(Up), and z(East) correspond
to positive 1, 2, and 3 and seismic factor

Reducer_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Reducer Properties for Bottom of Line 1-28 and 1-29
Define pertinent reducer variables

Do 36in 24in( )
T

�� Outside Diameter [13]

t
1
2

in
3
8

in
�
�

��



T

�� Thickness [14]

P 376psi 376psi( )
T

�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I
8.786 103

�

1.942 103
�



�
�
�

�
�
�



in
4

�

Define primary stress indices

! atan
6in

24in

�
�

��



�� Angular slope of reducer [14]

! 14.036 deg�

B1 0.5 ! 30deg if

1.0 30deg !� 60deg if

��

B1 primary stress Index [9, NB-3683.7] 
B1 0.5�

B2 1.0�� B2 primary stress Index [9, NB-3683.7] 
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Reducer 1-28 (Nodes 53 & 39)
ndRD128_L 53( )

T
�� Node associated with Large end of reducer

ALRD128_L Reducer P0 Do0
� t0� I0� B1� B2� S125� NFLL� ndRD128_L� Reducer_Co� ELLL�


�
�



��

ALRD128_L
T 0.168 1.354 106

� 8.755 53 49 1.192 106
� 4.107� 105

� 4.934 105
�� ��

ndRD128_S 39( )
T

�� Node associated with Small end of reducer

ALRD128_S Reducer P1 Do1
� t1� I1� B1� B2� S125� NFLL� ndRD128_S� Reducer_Co� ELLL�


�
�



��

ALRD128_S
T 0.228 1.123 106

� 8.755 39 39 9.401 105
� 3.377� 105

� 5.122 105
�� ��

Reducer 1-29 (Nodes 52 & 15)

ndRD129_L 52( )
T

�� Node associated with Large end of reducer

ALRD129_L Reducer P0 Do0
� t0� I0� B1� B2� S125� NFLL� ndRD129_L� Reducer_Co� ELLL�


�
�



��

ALRD129_L
T 0.157 1.028 106

� 11.775 52 51 5.176 105
� 6.228� 105

� 6.333� 105
�� ��

ndRD129_S 15( )
T

�� Node associated with Small end of reducer

ALRD129_S Reducer P1 Do1
� t1� I1� B1� B2� S125� NFLL� ndRD129_S� Reducer_Co� ELLL�


�
�



��

ALRD129_S
T 0.207 9.226 105

� 11.77 15 19 3.926 105
� 4.89� 105

� 6.767� 105
�� ��

Writing Output Data for Reducers Associated with Lines 27 to 29

RL1 ALRD128_L
T

��

RS1 ALRD128_S
T

��

RL2 ALRD129_L
T

��

RS2 ALRD129_S
T

��

ReducersLines27to29 WRITEPRN "RedLines27to29.prn" RL1 RS1 RL2 RS2( )�[ ]��
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ELBOWS
Elbows Strategy:  Search based on the two nodes comprising the ends of each elbow.  SRSS combine the three
moments of each of the four node representations (one for each element connected by the nodes in question).
Find the maximum of the four moment combinations and apply to equation (9) of ASME III, Division I - NB - 3652
[9]. The D/C ratio will be determined by dividing the left side of the equation by the right side of the equation.

ElbowDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Elbow P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j ElbowDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� M�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all elbows

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(North), y(Up), and z(East) correspond
to positive 1, 2, and 3 and seismic factor

Elb_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Elbow Properties for Lines 1-28 and 1-29

Define pertinent elbow variables

Do 24in�� Outside Diameter [11] [12]

t 0.375in�� Thickness [11] [12]

P 376psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 1.942 103
� in

4
�

R 1.5 Do��� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.097� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0� B1 primary stress Index [9, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 6.168� B2 primary stress Index [9, NB-3683.7] 
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Elbow 1-28A (Nodes 26 & 29)

ndEL128A_1 26( )
T

��

ALEL128A_nd28 Elbow P Do� t� I� B1� B2� S125L� NFLL� ndEL128A_1� Elb_Co� ELLL�� ���

ALEL128A_nd28
T 0.471 5.9 105

� 11.56 26 22 4.645 104
� 2.707 104

� 5.875 105
�� ��

ndEL128A_2 29( )
T

��

ALEL128A_nd29 Elbow P Do� t� I� B1� B2� S125L� NFLL� ndEL128A_2� Elb_Co� ELLL�� ���

ALEL128A_nd29
T 0.364 4.56 105

� 11.57 29 94 1.202� 104
� 1.345� 105

� 4.356 105
�� ��

Elbow 1-28B (Nodes 32 & 33)

ndEL128B_1 32( )
T

��

ALEL128B_nd32 Elbow P Do� t� I� B1� B2� S125L� NFLL� ndEL128B_1� Elb_Co� ELLL�� ���

ALEL128B_nd32
T 0.369 4.624 105

� 8.585 32 96 1.761 104
� 1.378� 105

� 4.41� 105
�� ��

ndEL128B_2 33( )
T

��

ALEL128B_nd33 Elbow P Do� t� I� B1� B2� S125L� NFLL� ndEL128B_2� Elb_Co� ELLL�� ���

ALEL128B_nd33
T 0.296 3.711 105

� 11.77 33 97 1.658 105
� 9.142 104

� 3.191 105
�� ��

Elbow 1-28C (Nodes 37 & 38)

ndEL128C_1 37( )
T

��

ALEL128C_nd37 Elbow P Do� t� I� B1� B2� S125� NFLL� ndEL128C_1� Elb_Co� ELLL�� ���

ALEL128C_nd37
T 0.404 6.008 105

� 8.58 37 161 1.625� 104
� 4.128� 104

� 5.991� 105
�� ��

ndEL128C_2 38( )
T

��

ALEL128C_nd38 Elbow P Do� t� I� B1� B2� S125� NFLL� ndEL128C_2� Elb_Co� ELLL�� ���

ALEL128C_nd38
T 0.484 7.195 105

� 11.985 38 100 1.833 105
� 5.585� 104

� 6.935 105
�� ��
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Elbow 1-29A (Nodes 4 & 5)

ndEL129A_1 4( )
T

��

ALEL129A_nd4 Elbow P Do� t� I� B1� B2� S125L� NFLL� ndEL129A_1� Elb_Co� ELLL�� ���

ALEL129A_nd4
T 0.483 6.051 105

� 8.56 4 2 1.462 105
� 4.421 104

� 5.855� 105
�� ��

ndEL129A_2 5( )
T

��

ALEL129A_nd5 Elbow P Do� t� I� B1� B2� S125L� NFLL� ndEL129A_2� Elb_Co� ELLL�� ���

ALEL129A_nd5
T 0.352 4.404 105

� 8.555 5 103 1.109� 105
� 1.429� 105

� 4.015� 105
�� ��

Elbow 1-29B (Nodes 8 & 9)

ndEL129B_1 8( )
T

��

ALEL129B_nd8 Elbow P Do� t� I� B1� B2� S125L� NFLL� ndEL129B_1� Elb_Co� ELLL�� ���

ALEL129B_nd8
T 0.347 4.347 105

� 8.565 8 105 4.018 104
� 1.456 105

� 4.076� 105
�� ��

ndEL129B_2 9( )
T

��

ALEL129B_nd9 Elbow P Do� t� I� B1� B2� S125L� NFLL� ndEL129B_2� Elb_Co� ELLL�� ���

ALEL129B_nd9
T 0.318 3.981 105

� 11.355 9 106 1.089� 103
� 1.2� 105

� 3.796 105
�� ��

Elbow 1-29C (Nodes 13 & 14)

ndEL129C_1 13( )
T

��

ALEL129C_nd13 Elbow P Do� t� I� B1� B2� S125� NFLL� ndEL129C_1� Elb_Co� ELLL�� ���

ALEL129C_nd13
T 0.418 6.216 105

� 11.355 13 108 794.257 1.011 103
� 6.216 105

�� ��

ndEL129C_2 14( )
T

��

ALEL129C_nd14 Elbow P Do� t� I� B1� B2� S125� NFLL� ndEL129C_2� Elb_Co� ELLL�� ���

ALEL129C_nd14
T 0.469 6.981 105

� 11.765 14 109 6.336 104
� 1.308� 105

� 6.828� 105
�� ��
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Elbow Properties for Lower (Southern) Portion of Line 1-27
Define pertinent elbow variables

Do 36in�� Outside Diameter [13]

t 0.5in�� Thickness [13]

P 376psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 8.786 103
� in

4
�

R 1.5 Do��� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.086� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0� B1 primary stress Index [9, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 6.688� B2 primary stress Index [9, NB-3683.7] 

Elbow 1-27A (Nodes 60 & 61)

ndEL127A_1 60( )
T

��

ALEL127A_nd60 Elbow P Do� t� I� B1� B2� S125� NFLL� ndEL127A_1� Elb_Co� ELLL�� ���

ALEL127A_nd60
T 0.215 8.916 105

� 11.58 60 87 1.163 105
� 2.215 105

� 8.558 105
�� ��

ndEL127A_2 61( )
T

��

ALEL127A_nd61 Elbow P Do� t� I� B1� B2� S125� NFLL� ndEL127A_2� Elb_Co� ELLL�� ���

ALEL127A_nd61
T 0.333 1.377 106

� 11.57 61 59 1.388 105
� 1.363 105

� 1.363 106
�� ��
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Elbow Properties for Upper (Northern) Portion of Line 1-27
Define pertinent elbow variables

Do 36in�� Outside Diameter [7]

t 0.562in�� Thickness [7]

P 400psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 9.825 103
� in

4
�

R 1.5 Do��� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.097� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0� B1 primary stress Index [9, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 6.172� B2 primary stress Index [9, NB-3683.7] 

Elbow 1-27B (Nodes 75 & 76)

ndEL127B_1 75( )
T

��

ALEL127B_nd75 Elbow P Do� t� I� B1� B2� S125� NFLL� ndEL127B_1� Elb_Co� ELLL�� ���

ALEL127B_nd75
T 0.207 1.039 106

� 9.095 75 119 1.403� 105
� 9.11 105

� 4.788 105
�� ��

ndEL127B_2 76( )
T

��

ALEL127B_nd76 Elbow P Do� t� I� B1� B2� S125� NFLL� ndEL127B_2� Elb_Co� ELLL�� ���

ALEL127B_nd76
T 0.167 8.371 105

� 7.85 76 91 5.199� 105
� 6.388 105

� 1.495 105
�� ��
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Writing Output Data for Elbows Associated with Lines 27 to 29

EL1A ALEL128A_nd28
T

��

EL1B ALEL128A_nd29
T

��

EL2A ALEL128B_nd32
T

��

EL2B ALEL128B_nd33
T

��

EL3A ALEL128C_nd37
T

��

EL3B ALEL128C_nd38
T

��

EL4A ALEL129A_nd4
T

��

EL4B ALEL129A_nd5
T

��

EL5A ALEL129B_nd8
T

��

EL5B ALEL129B_nd9
T

��

EL6A ALEL129C_nd13
T

��

EL6B ALEL129C_nd14
T

��

EL7A ALEL127A_nd60
T

��

EL7B ALEL127A_nd61
T

��

EL8A ALEL127B_nd75
T

��

EL8B ALEL127B_nd76
T

��

ElbowLines27to29 WRITEPRN "ElbowLines27to29.prn" EL1A EL1B EL2A EL2B EL3A EL3B EL4A EL4B EL5A E(�[��
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FORGED TEES
Tees Strategy:  Search based on the elements comprising the tee.  The input identifies which elements are
associated with the pipe run and which element is associated with the branch from the run.  The indices for the
defined common node for all three elements is identified and the associated SRSS moment is identified for each
time step.  The maximum moment for the elements comprising the pipe run is found and applied as Mr in equation
(9) of ASME III, Division I - NB - 3652 which is modified to represent tees.  The maximum moment for the branch
element is found and applied as Mb in equation (9) of ASME III, Division I - NB - 3652 [9].  The D/C ratio will be
determined by dividing the left side of the equation by the right side of the equation.

TeeDC P Do� Tr� B1� B2b� B2r� Mb� Mr� Zb� Zr� S�� �
B1

P Do�

2 Tr�
� B2b

Mb 1lbf in�( )�

Zb

�"
"�

�#
#�

�� B2r
Mr 1lbf in�( )�

Zr

�"
"�

�#
#�

��

S
��

Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S� nf� elR� elB� ndR� ndB� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indelR match elR0
EL

0� 	
�
�

�
��



�

indelR stack indelR match elRi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elR� ����for rowsif

EL'R
last EL 0� 	� � 0�

EL'RindelRi
EL

indelRi
1��

i 0 last indelR� ����for

indndR match ndR0
EL'R

0� 	
�
�

�
��



�

indndR stack indndR match ndRi
EL'R

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndR� ����for rif

indelB match elB0
EL

0� 	
�
�

�
��



�

indelB stack indelB match elBi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elB� ����for rowsif

EL'B
last EL 0� 	� � 0�

EL'BindelBi
EL

indelBi
1��

i 0 last indelB� ����for

� 	
 �

��
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indndB match ndB0
EL'B

0� 	
�
�

�
��



�

indndB stack indndB match ndBi
EL'B

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndB� ����for rif

MR MB Int0� � 0 0 0( )�

MrxgRj
nfindnfiCo0 1�

2� indndR j
��

MrygRj
nfindnfiCo1 1�

2� indndR j
��

MrzgRj
nfindnfiCo2 1�

2� indndR j
��

MrxRj
nfindnfiCo0 1�

2� i� indndR j
� MrxgRj

�
�
�

��



C��

MryRj
nfindnfiCo1 1�

2� i� indndR j
� MrygRj

�
�
�

��



C��

MrzRj
nfindnfiCo2 1�

2� i� indndR j
� MrzgRj

�
�
�

��



Co��

MRj
MrxRj


�

�



2
MryRj


�

�



2
� MrzRj



�

�



2
��

MrxgBj
nfindnfiCo0 1�

2� indndBk
��

MrygBj
nfindnfiCo1 1�

2� indndBk
��

MrzgBj
nfindnfiCo2 1�

2� indndBk
��

MrxBj
nfindnfiCo0 1�

2� i� indndBk
� MrxgBj

�
�
�

��



C��

MryBj
nfindnfiCo1 1�

2� i� indndBk
� MrygBj

�
�
�

��



C��

MrzBj
nfindnfiCo2 1�

2� i� indndBk
� MrzgBj

�
�
�

��



C��

MBj
MrxBj


�

�



2
MryBj


�

�



2
� MrzBj



�

�



2
��

Int' j TeeDC P Do� Tr� B1� B2b� B2r� MBj
� MR�


�
�

I t t k I t' M M f


Int' j Int0�if

k 0 last indndB� ����for

j 0 last indndR� ����for

i 0 indnfo0
indnfi0

����for



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. J. Russell    Date:    09/30/2008

Calculation Sheet 
Page B.3.2-37 of B.3.2-42

Int stack Int' j MRj
� MBj

� nf
indnfiCo0 1�

1� i�
�
�

�
�

Result stack MRj
MBj
� MrxRj

� MryRj
� M�


�
�

M MR�

Int

Conditions applicable to forged tee

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(North), y(Up), and z(East) correspond
to positive 1, 2, and 3 and seismic factor

Tee_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

FORGED TEES
Define pertinent tee variables

P 376psi�� Internal Pressure [3, pg 23]

Do 36in�� Outside Diameter [13]

do 36in�� Outside Diameter of branch [13]

B1 0.5�� B1 primary stress Index for tees and branches
[9, NB-3683.9]

Tr 1.375in�� Nominal wall thickness of designated run pipe
[14]

Rm
Do Tr�

2
�� Mean radius of designated run pipe [127015]

Zr � Rm
2

� Tr��� Approximate section modulus of designated run
pipe [9, NB-3683.1(d)]

Zr 1.2947 103
� in

3
�

B2b 0.4
Rm

Tr


�
��

��
�


2
3

� 0.4
Rm

Tr


�
��

��
�


2
3

� 1�if

1 otherwise

��
B2b primary stress Index for tees and branches
[9, NB-3683.9]

B2b 2.165�

T'b 1.375in�� Nominal wall thickness of attached branch pipe
[14]
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r'm
do T'b�

2
�� Mean radius of attached branch pipe [13]

Zb � r'm
2

� T'b��� Approximate section modulus of attached branch
pipe [9, NB-3683.1(d)]

Zb 1.295 103
� in

3
�

B2r 0.5
Rm

Tr


�
��

��
�


2
3

� 0.5
Rm

Tr


�
��

��
�


2
3

� 1�if

1 otherwise

�� B2r primary stress Index for tees and branches
[9, NB-3683.9]

B2r 2.706�

Tee 1-27 (Node 51)

elRTee127 59 60( )
T

�� Elements associated with pipe run

ndRTee127 51( )
T

�� Node between pipe run elements

elBTee127 61( )
T

�� Element associated with branch

ndBTee127 51( )
T

�� Node where branch intersects pipe run

ALTee127 Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S125� NFLL� elRTee127� elBTee127� ndRTee127� ndBTee127� Tee����

ALTee127
T 0.14 1.686 106

� 1.16 106
� 8.755 51 53 55 57� ��

Writing Output Data for Tees Associated with Lines 22 to 26

Tee1 ALTee127
T

��

TeeLines27to29 WRITEPRN "TeeLines27to29.prn" Tee1( )�[ ]��
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FLANGES
Flange Strategy:  Search based on the nodes where flanges occur.  Find the maximum moment combination for
the node and apply to equation (9) of ASME III, Division I - NB - 3652 [9].  Use the geometry of the pipe when
applying (9).  The D/C ratio for each node will be determined by dividing the left side of the equation by the right
side of the equation and taking the max of the result.

FlangeDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Flange P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j FlangeDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� M�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all flanges

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(North), y(Up), and z(East) correspond
to positive 1, 2, and 3 and seismic factor

Flange_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Pipe Properties for Lower (Southern) Portion of Line 1-27
Define pertinent pipe variables

Do 36in�� Outside Diameter [13]

t 0.5in�� Thickness [13]

P 400psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 8.786 103
� in

4
�

Define primary stress indices (Utilize girth weld characteristic associated with lap joint flanges in determining
values)

B1 0.5�� B1 for a girth weld [9, Table NB-3681(a)-1, pg 130] 

B2 1�� B2 for a girth weld [9, Table NB-3681(a)-1, pg 130] 

Flange 1-27A (Butterfly Valve) (Node 62)

ndFL127A 62( )
T

��

ALFL127A Flange P Do� t� I� B1� B2� S125� NFLL� ndFL127A� Flange_Co� ELLL�� ���

ALFL127A
T 0.15 6.305 105

� 11.695 62 61 3.808� 105
� 4.942� 105

� 9.112� 104
�� ��

Pipe Properties for Upper (Northern) Portion of Line 1-27
Define pertinent pipe variables

Do 36in�� Outside Diameter [7]

t 0.5625in�� Thickness [7]
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P 400psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 9.833 103
� in

4
�

Define primary stress indices (Utilize girth weld characteristic associated with lap joint flanges in determining
values)

B1 0.5�� B1 for a girth weld [9, Table NB-3681(a)-1, pg 130] 

B2 1�� B2 for a girth weld [9, Table NB-3681(a)-1, pg 130] 

Flange 1-27B (Butterfly Valve) (Node 65)

ndFL127B 65( )
T

��

ALEL127B Flange P Do� t� I� B1� B2� S125� NFLL� ndFL127B� Flange_Co� ELLL�� ���

ALEL127B
T 0.134 6.67 105

� 11.29 65 71 4.624 105
� 4.558 105

� 1.529 105
�� ��

Pipe Properties for Upper (Northern) Portion of Lines 1-28 & 1-29
Define pertinent pipe variables

Do 24in�� Outside Diameter [11] [12]

t 0.375in�� Thickness [11] [12]

P 376psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 1.942 103
� in

4
�

Define primary stress indices (Utilize girth weld characteristic associated with lap joint flanges in determining
values)

B1 0.5�� B1 for a girth weld [9, Table NB-3681(a)-1, pg 130] 

B2 1�� B2 for a girth weld [9, Table NB-3681(a)-1, pg 130] 
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Flange 1-28A (Gate Valve) (Node 34)
ndFL128A 34( )

T
��

ALFL128A Flange P Do� t� I� B1� B2� S125L� NFLL� ndFL128A� Elb_Co� ELLL�� ���

ALFL128A
T 0.196 5.371 105

� 8.78 34 131 2.731� 104
� 1.886 104

� 5.361� 105
�� ��

Flange 1-28B (Gate Valve) (Node 36)
ndFL128B 36( )

T
��

ALFL128B Flange P Do� t� I� B1� B2� S125L� NFLL� ndFL128B� Flange_Co� ELLL�� ���

ALFL128B
T 0.2 5.7 105

� 3.825 36 33 3.533 104
� 1.936� 105

� 5.35 105
�� ��

Flange 1-29A (Gate Valve) (Node 10)
ndFL129A 10( )

T
��

ALFL129A Flange P Do� t� I� B1� B2� S125L� NFLL� ndFL129A� Flange_Co� ELLL�� ���

ALFL129A
T 0.173 3.631 105

� 8.775 10 9 2.175� 105
� 2.077� 105

� 2.033 105
�� ��

Flange 1-29B (Gate Valve) (Node 12)
ndFL129B 12( )

T
��

ALFL129B Flange P Do� t� I� B1� B2� S125L� NFLL� ndFL129B� Flange_Co� ELLL�� ���

ALFL129B
T 0.173 3.625 105

� 9.965 12 13 1.826� 105
� 1.855 104

� 3.126 105
�� ��

Writing Output Data for Flanges Associated with Lines 27 to 29

F1 ALFL127A
T

�� F4 ALFL128B
T

��

F2 ALEL127B
T

�� F5 ALFL129A
T

��

F3 ALFL128A
T

�� F6 ALFL129B
T

��

FlangeLines27to29 WRITEPRN "FlangeLines27to29.prn" F1 F2 F3 F4 F5 F6( )�[ ]��
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Appendix B.3.3

 Demand to Capacity Ratio Calculations for Components
Associated with Lines 32, 33, and 49 of ATR PCS Model 3

(NOTE:  Values represented here are shown for one realization (Nodal Force file =
Lines32_33_49_test_R1.dat and Element/Nodal order file = EL_32_33_49.xls ) and may or may not

be consistent with the 80th percentile results contained in Appendix B.4)
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Nodal Force Outputs from Abaqus

NFSL
...\Lines32_33_49.dat

�� (N)odal (F)orces for the (S)mall (L)ines of Model 3

Defined Elemental and Corresponding Nodal Order

ELSL
..\EL_32_33_49(9-22-08).xls

�� Element and corresponding nodal order for the
(S)mall (L)ines of Model 3 

Time Boundaries

tinitial 1�� Initial time for which dynamic loading is applied

tfinal 21�� Final time for which dynamic loading stops

Seismic Scale Factor (Fa)

Fa 1�� Seismic scale factor [56]

Allowable Design Stress Intensity Factor (Sm): Sm is defined below for SS304 at temperature 125oF and

SS304L at 125oF.

Sm_125 20ksi�� For SS304 at 125oF [2, pg 316-318] [3, pg 23]

For SS304L at 125oF [2, pg 316-318] Applicable
only for portions of lines 1-28 and 1-29 closest to
reactor vessel [3, pg 23]

Sm_125L 16.7ksi��

Yield Strength (Sy): Sy is defined below for SS304 at temperature 125oF and SS304L at 125oF.

Sy_125 28.35ksi�� For SS304 at 125oF [2, pg 646-648] [3, pg 23] 

For SS304L at 125oF [2, pg 646-648] Applicable
only for portions of lines 1-28 and 1-29 closest to
reactor vessel  [3, pg 23]

Sy_125L 23.85ksi��

Maximum Strength Applicable for Equation 9 (S):  S is defined below for SS304 at temperature 125oF
and SS304L at 125oF.

S125 min 3 Sm_125� 2 Sy_125��� ��� Maximum allowable stress applied to SS304
piping [9, NB-3656]

S125 56.7 ksi�

S125L min 3 Sm_125L� 2 Sy_125L��� ��� Maximum allowable stress applied to SS304L
piping [9, NB-3656]

S125L 47.7 ksi�
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SUPPORTS
Supports Strategy:  Search based on the node for which the support acts.  If this node is a termination point
there will only be one node to evaluate.  If this node is in line with a section of pipe there will be two
representations of the same node (one for each element on each side of the node) to combine and the difference
between them is the force required of the support.  The D/C ratio for each support will be found by dividing the the
required force found above by the support capacity.

SupDC Pr Pc�� �
Pr

Pc
��

Support nf nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

Int14
Int24



�

�



0 0( )�

Prgj
nfindnfiCo0 1�

1� indndj
��

Prj
nfindnfiCo0 1�

1� i� indndj
� Prgj

�
�
�

��



Co2 0�
� Prgj

��

j 0 last indnd� ����for

PRi

0

j

n

Prn�
�

�

Int1' SupDC PRi Co0 0�
�


�
�



�

Int1 stack Int1' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int11
� Co0 0�

0��if

Int2' SupDC PRi Co1 0�
�


�
�



�

Int2 stack Int2' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int21
� Co1 0�

0��if

i 0 indnfo0
indnfi0

����for

Int1 Int2� �

��
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PS-5 Supports (4x)

Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. B.10.1]

P1_PS5
87.894 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. B.10.1]

P2_PS5
0kip

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_PS5

P1_PS5

P2_PS5

Fa

2

0

0


�
�
�
��

��
�
�
�


��

PS-5 (Node 371)
PS-5 vertically supports the horizontal (E/W) PCS pipe entering emergency pump on line 1-33 on east side
of check valve

nd371PS50
371�� Node associated with support

AL1PS5_nd371 AL2PS5_nd371� � Support NFSL nd371PS5� Sup_Co_PS5� ELSL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global
coordinate system) 

AL1PS5_nd371
T

0.029 2.539� 103
� 4.405 371 123� ��

AL2PS5_nd371
T

0 0 0 0 0( )�

PS-5 (Node 372)
PS-5 vertically supports the horizontal (E/W) PCS pipe entering emergency pump on line 1-33 on west side
of check valve

nd372PS50
372�� Node associated with support

AL1PS5_nd372 AL2PS5_nd372� � Support NFSL nd372PS5� Sup_Co_PS5� ELSL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and
negative (AL2) directions of the global
coordinate system) 

AL1PS5_nd372
T

0.043 3.777� 103
� 6.59 372 129� ��

AL2PS5_nd372
T

0 0 0 0 0( )�

PS-5 (Node 373)
PS-5 vertically supports the horizontal (E/W) PCS pipe entering emergency pump on line 1-32 on east side
of check valve

nd373PS50
373�� Node associated with support
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AL1PS5_nd373 AL2PS5_nd373� � Support NFSL nd373PS5� Sup_Co_PS5� ELSL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and
negative (AL2) directions of the global
coordinate system) 

AL1PS5_nd373
T

0.024 2.081� 103
� 12.52 373 127� ��

AL2PS5_nd373
T

0 0 0 0 0( )�

PS-5 (Node 374)
PS-5 vertically supports the horizontal (E/W) PCS pipe entering emergency pump on line 1-32 on west side
of check valve

nd374PS50
374�� Node associated with support

AL1PS5_nd374 AL2PS5_nd374� � Support NFSL nd374PS5� Sup_Co_PS5� ELSL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PS5_nd374
T

0.105 9.221� 103
� 8.425 374 125� ��

AL2PS5_nd374
T

0 0 0 0 0( )�

PS-21 Supports (1 x Axial (NS), 1 x Lateral (EW), 1 x Vertical)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. B.10.1]

P1_PS21AX
34.838 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. B.10.1]

P2_PS21AX
40.589 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_PS21AX

P1_PS21AX

P2_PS21AX

Fa

1

0

0


�
�
�
��

��
�
�
�


��

Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. B.10.1]

P1_PS21L
0.765 kip�

lbf
�� Flexure

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. B.10.1]

P2_PS21L
0.765 kip�

lbf
�� Flexure

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_PS21L

P1_PS21L

P2_PS21L

Fa

3

0

0


�
�
�
��

��
�
�
�


��
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Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. B.10.1]

P1_PS21V
0.765 kip�

lbf
�� Flexure

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. B.10.1]

P2_PS21V
0.765 kip�

lbf
�� Flexure

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_PS21V

P1_PS21V

P2_PS21V

Fa

2

0

0


�
�
�
��

��
�
�
�


��

PS-21 Axial (NS) (Node 535)
PS-21 horizontally (N/S), laterally (E/W), and vertically supports the horizontal(E/W) PCS pipe on line 1-32
on the north side of the emergency pump room.

nd535PS21AX0
535�� Node associated with support

AL1PS21AX_nd535 AL2PS21AX_nd535� � Support NFSL nd535PS21AX� Sup_Co_PS21AX� ELSL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PS21AX_nd535
T

0.054 1.867� 103
� 8.22 535 144� ��

AL2PS21AX_nd535
T

0.064 2.593 103
� 7.92 535 144� ��

PS-21 Lateral (EW) (Node 535)
PS-21 horizontally (N/S), laterally (E/W), and vertically supports the horizontal(E/W) PCS pipe on line 1-32
on the north side of the emergency pump room.

nd535PS21L0
535�� Node associated with support

AL1PS21L_nd535 AL2PS21L_nd535� � Support NFSL nd535PS21L� Sup_Co_PS21L� ELSL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global
coordinate system) 

AL1PS21L_nd535
T

3.563 10 3�
� 2.726� 9.57 535 144� ��

AL2PS21L_nd535
T

2.905 10 3�
� 2.222 9.29 535 144� ��

PS-21 Vertical (Node 535)
PS-21 horizontally (N/S), laterally (E/W), and vertically supports the horizontal(E/W) PCS pipe on line 1-32 on
side of the emergency pump room.

nd535PS21V0
535�� Node associated with support
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AL1PS21V_nd535 AL2PS21V_nd535� � Support NFSL nd535PS21V� Sup_Co_PS21V� ELSL�� ���

AL1PS21V_nd535
T

0 0 0 0 0( )� (D/C,demand force, occurrence time, defined
node, associated index for the reaction force at
the selected node being in the positive (AL1) and
negative (AL2) directions of the global coordinate
system)

AL2PS21V_nd535
T

0.015 11.791 5.685 535 144( )�

RH-15A Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. B.10.1]

P1_RH15A
21.648 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. B.10.1]

P2_RH15A
21.648kip

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_RH15A

P1_RH15A

P2_RH15A

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-15A (Node 365)
RH-15A vertically supports the horizontal (E/W) PCS pipe on line 1-32 in conjunction with the horizontal supp

nd365RH15A0
365�� Node associated with support

AL1RH15A_nd365 AL2RH15A_nd365� � Support NFSL nd365RH15A� Sup_Co_RH15A� ELSL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH15A_nd365
T

0.183 3.965� 103
� 5.69 365 153� ��

AL2RH15A_nd365
T

0 0 0 0 0( )�

RH-15 Supports (2x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. B.10.1]

P1_RH15
14.91 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. B.10.1]

P2_RH15
14.91kip

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_RH15

P1_RH15

P2_RH15

Fa

2

0

0


�
�
�
��

��
�
�
�


��
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RH-15 (Node 366)
RH-15 vertically supports the horizontal (E/W) PCS pipe on line 1-32 just west of RH-15A

nd366RH150
366�� Node associated with support

AL1RH15_nd366 AL2RH15_nd366� � Support NFSL nd366RH15� Sup_Co_RH15� ELSL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH15_nd366
T

0.137 2.049� 103
� 5.755 366 151� ��

AL2RH15_nd366
T

0 0 0 0 0( )�

RH-15 (Node 367)
RH-15 vertically supports the horizontal (E/W) PCS pipe on line 1-32 west of both RH-15A and the other
RH-15 support and just prior to line 1-32 penetrating the concrete wall and entering the emergency pump
room.

nd367RH150
367�� Node associated with support

AL1RH15_nd367 AL2RH15_nd367� � Support NFSL nd367RH15� Sup_Co_RH15� ELSL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH15_nd367
T

0.239 3.556� 103
� 5.025 367 149� ��

AL2RH15_nd367
T

7.768 10 4�
� 11.582 10.21 367 149� ��

PR-11 Supports (1 x Vertical, 1 x Horizontal (North/South)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. B.10.1]

P1_PR11V
0.139 kip�

lbf
�� Flexure

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. B.10.1]

P2_PR11V
0.139 kip�

lbf
�� Flexure

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_PR11V

P1_PR11V

P2_PR11V

Fa

2

0

0


�
�
�
��

��
�
�
�


��

Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. B.10.1]

P1_PR11H
51.337 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. B.10.1]

P2_PR11H
7.86 kip�

lbf
�� Tension
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Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_PR11H

P1_PR11H

P2_PR11H

Fa

1

0

0


�
�
�
��

��
�
�
�


��

PR-11 Vertical (Node 377)
PR-11 vertically and horizontally (N/S) supports the horizontal(E/W)  PCS pipe on line 1-32 west of the
fabricated elbow from line 1-27.

nd377PR11V0
377�� Node associated with support

AL1PR11V_nd377 AL2PR11V_nd377� � Support NFSL nd377PR11V� Sup_Co_PR11V� ELSL�� ���

AL1PR11V_nd377
T

0 0 0 0 0( )� (D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL2PR11V_nd377
T

0.102 14.121 5.605 377 122( )�

PR-11 Horizontal (Node 377)
PR-11 vertically and horizontally (N/S) supports the horizontal(E/W)  PCS pipe on line 1-32 west of the
fabricated elbow from line 1-27.

nd377PR11H0
377�� Node associated with support

AL1PR11H_nd377 AL2PR11H_nd377� � Support NFSL nd377PR11H� Sup_Co_PR11H� ELSL�� ���

AL1PR11H_nd377
T

1.81 10 4�
� 9.291� 7.94 377 122� �� (D/C,demand force, occurrence time,

defined node, associated index for the
reaction force at the selected node being
in the positive (AL1) and negative (AL2)
directions of the global coordinate
system)

AL2PR11H_nd377
T

1.237 10 3�
� 9.722 7.69 377 122� ��

RH-24 Supports (2x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. B.10.1]

P1_RH24
7.069 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. B.10.1]

P2_RH24
0.1kip

lbf
�� Doesn't experience

uplift Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_RH24

P1_RH24

P2_RH24

Fa

2

0

0


�
�
�
��

��
�
�
�


��
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RH-24 (Node 368)
RH-24 vertically supports the horizontal (N/S) PCS pipe on line 1-49

nd368RH240
368�� Node associated with support

AL1RH24_nd368 AL2RH24_nd368� � Support NFSL nd368RH24� Sup_Co_RH24� ELSL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH24_nd368
T

0.048 342.315� 7.65 368 148( )�

AL2RH24_nd368
T

0 0 0 0 0( )�

RH-24 (Node 370)
RH-24 vertically supports the horizontal (N/S) PCS pipe on line 1-49

nd370RH240
370�� Node associated with support

AL1RH24_nd370 AL2RH24_nd370� � Support NFSL nd370RH24� Sup_Co_RH24� ELSL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH24_nd370
T

0.067 477.087� 8.19 370 146( )�

AL2RH24_nd370
T

0 0 0 0 0( )�

Writing Output Data for Supports Associated with Lines 32, 33, & 49

SA1 AL1PS5_nd371
T

�� SE1 AL1PS21AX_nd535
T

�� SI1 AL1RH15_nd366
T

�� SM1 AL1RH24_nd368
T

��

SA2 AL2PS5_nd371
T

�� SE2 AL2PS21AX_nd535
T

�� SI2 AL2RH15_nd366
T

�� SM2 AL2RH24_nd368
T

��

SB1 AL1PS5_nd372
T

�� SF1 AL1PS21L_nd535
T

�� SJ1 AL1RH15_nd367
T

�� SN1 AL1RH24_nd370
T

��

SB2 AL2PS5_nd372
T

�� SF2 AL2PS21L_nd535
T

�� SJ2 AL2RH15_nd367
T

�� SN2 AL2RH24_nd370
T

��

SC1 AL1PS5_nd373
T

�� SG1 AL1PS21V_nd535
T

�� SK1 AL1PR11V_nd377
T

��

SC2 AL2PS5_nd373
T

�� SG2 AL2PS21V_nd535
T

�� SK2 AL2PR11V_nd377
T

��

SD1 AL1PS5_nd374
T

�� SH1 AL1RH15A_nd365
T

�� SL1 AL1PR11H_nd377
T

��

SD2 AL2PS5_nd374
T

�� SH2 AL2RH15A_nd365
T

�� SL2 AL2PR11H_nd377
T

��

SupportsLines32_33_49 WRITEPRN "SupLines32_33_49.prn" SA1 SA2 SB1 SB2 SC1 SC2 SD1 SD2 SE1 SE2 SF1(�[��
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TERMINATION LOCATIONS
Termination Locations Strategy:  Search based on the node for which the termination location acts.  The D/C
ratio for each termination location will be found by dividing the the required force found above by the support
capacity.

TermDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Term P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j TermDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� Mr�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all terminations

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Constants associated with support's capacity
direction x(North), y(Up), and z(East) correspond
to positive 1, 2, and 3 and seismic factorTerm_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

North Wall Termination (1x)
Define pertinent pipe variables

Do 4.5in�� Outside Diameter [16, 57]

t 0.237in�� Thickness [16, 57]

P 400psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 7.233 in
4

�

S S125�� Allowable design stress intensity value

Define primary stress indices

B1 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1�

1.0
1

X Y�
�

Do

t
50�if

�� B2 1�
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North Wall Penetration 1-49 (Node 266)
nd266NWP1490

266��

ALNWP149_nd266 Term P Do� t� I� B1� B2� S125� NFSL� nd266NWP149� Term_Co� ELSL�� ���

ALNWP149_nd266
T

0.102 1.24 104
� 9.375 266 214 1.132� 103

� 1.232� 104
� 863.363� ��

Emergency Pumps (2x)
Define pertinent pipe variables

Do 12.75in�� Outside Diameter [17, 57]

t 0.25in�� Thickness [17, 57]

P 400psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 191.824 in
4

�

S S125�� Allowable design stress intensity value

Define primary stress indices

B1 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1�

1.0
1

X Y�
�

Do

t
50�if

�� B2 1.006�

Emergency Pump 1-32 (Node 149)
nd149EP1320

149��

ALEP132_nd149 Term P Do� t� I� B1� B2� S125� NFSL� nd149EP132� Term_Co� ELSL�� ���

ALEP132_nd149
T

0.161 1.197 105
� 6.205 149 15 1.968 104

� 1.153� 105
� 2.545� 104

�� ��
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Emergency Pump 1-33 (Node 140)

nd140EP1330
140��

ALEP133_nd140 Term P Do� t� I� B1� B2� S125� NFSL� nd140EP133� Term_Co� ELSL�� ���

ALEP133_nd140
T

0.222 2.245 105
� 9.34 140 157 8.17 103

� 2.242 105
� 7.003� 103

�� ��

Writing Output Data for Terminations Associated with Lines 32, 33, & 49

T1 ALNWP149_nd266
T

��

T2 ALEP132_nd149
T

��

T3 ALEP133_nd140
T

��

TerminationsLines32_33_49 WRITEPRN "TermLines32_33_49.prn" T1 T2 T3( )�[ ]��
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PIPE RUNS
Pipe Runs Strategy:  Search based on the elements present in each run of pipe.  Find the maximum moment
combination among all of the nodes and apply to equation (9) of ASME III, Division I - NB - 3652 [9].  Use the
geometry of the pipe when applying (9).  The D/C ratio for each node will be determined by dividing the left side of
the equation by the right side of the equation.

PipeRunDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

PipeRun P Do� t� I� B1� B2� S� nf� el� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indel match el0 EL
0� 	

�

�

�

�

indel stack indel match eli EL
0� 	

�

�

�





�

�

��

�
�
��

i 1 last el( )���for rows el( ) 1�if

M Int5 last indel� ��

�

�



0 0( )�

Mrxg nfindnfiCo0 1�
2� indelj
��

Mryg nfindnfiCo1 1�
2� indelj
��

Mrzg nfindnfiCo2 1�
2� indelj
��

Mrxj
nfindnfiCo0 1�

2� i� indelj
� Mrxg�
�

�
��



Co3 0�
� Mrxg��

Mryj
nfindnfiCo1 1�

2� i� indelj
� Mryg�
�

�
��



Co3 0�
� Mryg��

Mrzj
nfindnfiCo2 1�

2� i� indelj
� Mrzg�
�

�
��



Co3 0�
� Mrzg��

M'j Mrxj


�

�



2
Mryj


�

�



2
� Mrzj



�

�



2
��

Int' j PipeRunDC P Do� t� I� B1� B2� M'j� S�� ��

H Int' j M' j nf
indnfiCo0 1�

1� i� 0� EL
indelj

0� EL
indelj

1� indel j
Mrx
�

�
�

Intk j� Hk�

k 0 5���for

Int' j Int0 j��if

j 0 last indel� ����for

i 0 indnfo0
indnfi0

����for

��
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Int

Conditions applicable to all pipe runs

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(North), y(Up), and z(East) correspond
to positive 1, 2, and 3 and seismic factor

PipeRun_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

PIPE PROPERTIES FOR LINE 1-32A
Pipe runs exist immediately after the discharge from the emergency coolant pumps

Define pertinent pipe variables

Do 12.75in�� Outside Diameter [17, 57]

t 0.25in�� Thickness [17, 57]

P 400psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 191.824 in
4

�

Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X 1.3 0.006
Do

t
���

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2 1.006�
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Pipe Run 1-32A (Element 241)

elPR132A 241( )
T

��

ALPR132A PipeRun P Do� t� I� B1PR� B2PR� S125� NFSL� elPR132A� PipeRun_Co� ELSL�� ���

ALPR132A
T 0.161

0.153

1.197 105
�

1.067 105
�

6.205

6.205

241

241

149

237

15

16



�
�
�

�
�
�



�

PIPE PROPERTIES FOR LINES 14 " SECTIONS OF 1-32 AND 1-33
Define pertinent pipe variables

Do 14in�� Outside Diameter [17]

t 0.25in�� Thickness [17]

P 400psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 255.3 in
4

�

Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X 1.3 0.006
Do

t
���

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1.046�
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Pipe Run 1-32B (Elements 242 & 294)
elPR132B 242 294( )

T
��

ALPR132B PipeRun P Do� t� I� B1PR� B2PR� S125� NFSL� elPR132B� PipeRun_Co� ELSL�� ���

ALPR132B
T

0.131

0.143

0.126

0.127

6.314 104
�

8.742 104
�

5.459 104
�

5.57 104
�

6.215

6.205

7.91

8.49

242

242

294

294

148

238

147

254

17

18

39

40



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-32C (Elements 291 & 282)
elPR132C 291 282( )

T
��

ALPR132C PipeRun P Do� t� I� B1PR� B2PR� S125� NFSL� elPR132C� PipeRun_Co� ELSL�� ���

ALPR132C
T

0.12

0.123

0.127

0.128

4.297 104
�

4.749 104
�

5.634 104
�

5.712 104
�

9.58

9.11

9.16

9.16

291

291

282

282

144

255

143

247

37

38

29

30



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-32D (Elements 640 & 279)
elPR132D 640 279( )

T
��

ALPR132D PipeRun P Do� t� I� B1PR� B2PR� S125� NFSL� elPR132D� PipeRun_Co� ELSL�� ���

ALPR132D
T

0.133

0.141

0.138

0.141

6.863 104
�

8.401 104
�

7.736 104
�

8.409 104
�

9.34

9.34

9.335

9.34

640

640

279

279

248

532

250

532

141

142

27

28



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�
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Pipe Run 1-32E (Elements 421, 422, & 423)
elPR132E 421 422 423( )

T
��

ALPR132E PipeRun P Do� t� I� B1PR� B2PR� S125� NFSL� elPR132E� PipeRun_Co� ELSL�� ���

ALPR132E
T

0.185

0.159

0.159

0.169

0.179

0.169

1.704 105
�

1.197 105
�

1.197 105
�

1.385 105
�

1.58 105
�

1.385 105
�

9.555

9.56

9.56

7.92

7.92

7.92

421

421

422

422

423

423

346

347

347

348

251

348

111

112

113

114

115

116



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-32F (Elements 295, 296, 715, 716, 717, 718, 297, 719, 720, 721, & 298)

elPR132F 295 296 715 716 717 718 297 719 720 721 298( )
T

��

ALPR132F PipeRun P Do� t� I� B1PR� B2PR� S125� NFSL� elPR132F� PipeRun_Co� ELSL�� ���

ALPR132F
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

0.201 52.014·10 8.175 295 129 41

0.199 51.987·10 8.175 295 259 42

0.2 51.993·10 8.175 296 259 43

0.2 52.002·10 8.165 296 595 44

0.2 52.003·10 8.165 715 595 184

0.202 52.033·10 8.16 715 596 185

0.202 52.034·10 8.16 716 596 186

0.203 52.051·10 8.16 716 597 187

0.203 52.052·10 8.16 717 597 188

0.202 52.05·10 8.16 717 598 189

0.202 52.039·10 8.16 718 258 190

0.202 52.051·10 8.16 718 598 191

0.202 52.039·10 8.16 297 258 45

0.2 51.992·10 8.16 297 599 46

0.2 51.992·10 8.16 719 599 192

0.197 51.936·10 8.165 719 600 193

�
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Pipe Run 1-32G (Elements 714, 713, 712, 711, 709, & 637)

elPR132G 714 713 712 711 709 637( )
T

��

ALPR132G PipeRun P Do� t� I� B1PR� B2PR� S125� NFSL� elPR132G� PipeRun_Co� ELSL�� ���

ALPR132G
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

10

11

0.186 51.727·10 8.18 714 323 182

0.177 51.543·10 8.185 714 594 183

0.19 51.806·10 7.915 713 593 180

0.177 51.543·10 8.185 713 594 181

0.208 52.167·10 7.915 712 592 178

0.19 51.806·10 7.915 712 593 179

0.22 52.402·10 7.92 711 591 176

0.208 52.168·10 7.915 711 592 177

0.223 52.452·10 7.92 709 590 174

0.22 52.402·10 7.92 709 591 175

0.212 52.232·10 7.665 637 125 139

0.212 52.247·10 7.665 637 590 140

�

Pipe Run 1-32H (Elements 708, 707, 391, 706, 705, 704, 388, & 207)

elPR132H 708 707 391 706 705 704 388 207( )
T

��

ALPR132H PipeRun P Do� t� I� B1PR� B2PR� S125� NFSL� elPR132H� PipeRun_Co� ELSL�� ���

ALPR132H
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

0.202 52.034·10 7.665 708 123 172

0.191 51.83·10 8.175 708 589 173

0.192 51.849·10 8.175 707 588 170

0.191 51.83·10 8.175 707 589 171

0.214 52.286·10 8.175 391 122 97

0.192 51.85·10 8.175 391 588 98

0.214 52.285·10 8.175 706 122 168

0.258 53.151·10 8.175 706 587 169

0.317 54.315·10 8.175 705 586 166

0.258 53.152·10 8.175 705 587 167

0.386 55.674·10 8.17 704 585 164

0.317 54.315·10 8.175 704 586 165

0.461 57.154·10 8.17 388 308 95

0.386 55.675·10 8.17 388 585 96

0.516 58.255·10 8.17 207 121 3

0.461 57.155·10 8.17 207 308 4

�
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Pipe Run 1-33A (Element 287)

elPR133A 287( )
T

��

ALPR133A PipeRun P Do� t� I� B1PR� B2PR� S125� NFSL� elPR133A� PipeRun_Co� ELSL�� ���

ALPR133A
T 0.203

0.192

2.055 105
�

1.849 105
�

9.325

9.33

287

287

138

253

33

34



�
�
�

�
�
�



�

Pipe Run 1-33B (Element 290 & 667)

elPR133B 290 667( )
T

��

ALPR133B PipeRun P Do� t� I� B1PR� B2PR� S125� NFSL� elPR133B� PipeRun_Co� ELSL�� ���

ALPR133B
T

0.174

0.176

0.174

0.191

1.478 105
�

1.518 105
�

1.492 105
�

1.814 105
�

9.525

9.525

9.335

9.335

290

290

667

667

136

257

135

548

35

36

162

163



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Properties for Line 1-49
Define pertinent pipe variables

Do 4.5in�� Outside Diameter [16, 57]

t 0.237in�� Thickness [16, 57]

P 400psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 7.233 in
4

�

Define primary stress indices

B1PR 0.5��
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Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X 1.3 0.006
Do

t
���

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1�

Pipe Run 1-49A (Elements 730, 729, 728, 727, 308, 726, 725, 724, 723, 722, 444, & 443)

elPR149A 730 729 728 727 308 726 725 724 723 722 444 443( )
T

��

ALPR149A PipeRun P Do� t� I� B1PR� B2PR� S125� NFSL� elPR149A� PipeRun_Co� ELSL�� ���

ALPR149A
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

0.102 41.24·10 9.375 730 266 214

0.088 39.972·10 9.38 730 610 215

0.075 37.616·10 9.38 729 609 212

0.088 39.972·10 9.38 729 610 213

0.063 35.409·10 9.355 728 608 210

0.075 37.616·10 9.38 728 609 211

0.061 34.936·10 7.64 727 607 208

0.063 35.409·10 9.355 727 608 209

0.07 36.717·10 7.645 308 154 49

0.061 34.935·10 7.64 308 607 50

0.07 36.717·10 7.645 726 154 206

0.053 33.539·10 8.2 726 606 207

0.057 34.347·10 7.645 725 605 204

0.053 33.539·10 8.2 725 606 205

0.071 36.795·10 7.645 724 604 202

0.057 34.347·10 7.645 724 605 203

�
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Pipe Run 1-49B (Elements 403, 402, & 270)

elPR149B 403 402 270( )
T

��

ALPR149B PipeRun P Do� t� I� B1PR� B2PR� S125� NFSL� elPR149B� PipeRun_Co� ELSL�� ���

ALPR149B
T

0.106

0.1

0.098

0.1

0.104

0.098

1.327 104
�

1.212 104
�

1.182 104
�

1.212 104
�

1.283 104
�

1.182 104
�

7.685

7.68

7.65

7.68

7.645

7.65

403

403

402

402

270

270

242

328

327

328

244

327

109

110

107

108

19

20



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-49C (Elements 401, 400, & 275)
elPR149C 401 400 275( )

T
��

ALPR149C PipeRun P Do� t� I� B1PR� B2PR� S125� NFSL� elPR149C� PipeRun_Co� ELSL�� ���

ALPR149C
T

0.104

0.101

0.116

0.101

0.137

0.116

1.278 104
�

1.227 104
�

1.504 104
�

1.227 104
�

1.887 104
�

1.504 104
�

7.69

8.16

8.17

8.16

8.17

8.17

401

401

400

400

275

275

243

326

325

326

245

325

105

106

103

104

23

24



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-49D (Elements 272 & 399)
elPR149D 272 399( )

T
��

ALPR149D PipeRun P Do� t� I� B1PR� B2PR� S125� NFSL� elPR149D� PipeRun_Co� ELSL�� ���

ALPR149D
T

0.219

0.175

0.143

0.175

3.38 104
�

2.586 104
�

1.993 104
�

2.586 104
�

7.935

7.935

8.17

7.935

272

272

399

399

150

324

246

324

21

22

101

102



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�
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Writing Output Data for Pipe Runs Associated with Lines 22 to 26

PR1 ALPR132A
T

�� PR8 ALPR132H
T

��

PR2 ALPR132B
T

�� PR9 ALPR133A
T

��

PR3 ALPR132C
T

�� PR10 ALPR133B
T

��

PR4 ALPR132D
T

�� PR11 ALPR149A
T

��

PR5 ALPR132E
T

�� PR12 ALPR149B
T

��

PR6 ALPR132F
T

�� PR13 ALPR149C
T

��

PR7 ALPR132G
T

�� PR14 ALPR149D
T

��

PipeRunsLines32_33_49 WRITEPRN "PRLines32_33_49.prn" PR1 PR2 PR3 PR4 PR5 PR6 PR7 PR8 PR9 PR10 PR(�[��
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REDUCERS
Reducers Strategy:  Search based on the nodes comprising either end of the reducers.  SRSS combine the
three moments of each of the four node representations (one for each element connected by the node in
question).  Find the maximum of the moment combinations for each element and apply to equation (9) of ASME
III, Division I - NB - 3652 [9].  It is important to not combine the data from both nodes as the geometry for each is
different and (9) must be applied for each node.  The D/C ratio for each node will be determined by dividing the
left side of the equation by the right side of the equation and taking the max of the result.

ReducerDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Reducer P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j ReducerDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� �
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

��
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Int

Conditions applicable to all reducers

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(North), y(Up), and z(East) correspond
to positive 1, 2, and 3 and seismic factor

Reducer_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Reducer Properties for Bottom of Lines 1-32 and 1-33
Define pertinent reducer variables

Do 14in 12.75in( )
T

�� Outside Diameter [17, 57]

t
1
4

in
1
4

in
�
�

��



T

�� Thickness [17, 57]

P 400psi 400psi( )
T

�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I
255.3

191.824


�
�

�
�



in
4

�

Define primary stress indices

! atan
0.625in

15.75in

�
�

��



�� Angular slope of reducer

! 2.272 deg�

B1 0.5 ! 30deg if

1.0 30deg !� 60deg if

��

B1 primary stress Index [9, NB-3683.7] 

B1 0.5�

B2 1.0�� B2 primary stress Index [9, NB-3683.7] 

Reducer 1-32 (Nodes 238 & 237)

ndRD132_L 238( )
T

�� Node associated with Large end of reducer

ALRD132_L Reducer P0 Do0
� t0� I0� B1� B2� S125� NFSL� ndRD132_L� Reducer_Co� ELSL�


�
�



��

ALRD132_L
T

0.141 8.742 104
� 6.205 238 137 2.733� 104

� 7.905 104
� 2.545 104

�� ��
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ndRD132_S 237( )
T

�� Node associated with Small end of reducer

ALRD132_S Reducer P1 Do1
� t1� I1� B1� B2� S125� NFSL� ndRD132_S� Reducer_Co� ELSL�


�
�



��

ALRD132_S
T

0.152 1.067 105
� 6.205 237 16 2.328� 104

� 1.01 105
� 2.545 104

�� ��

Reducer 1-33 (Nodes 139 & 140)

ndRD133_L 139( )
T

�� Node associated with Large end of reducer

ALRD133_L Reducer P0 Do0
� t0� I0� B1� B2� S125� NFSL� ndRD133_L� Reducer_Co� ELSL�


�
�



��

ALRD133_L
T

0.197 2.022 105
� 9.34 139 155 3.092 104

� 1.997� 105
� 6.991 103

�� ��

ndRD133_S 140( )
T

�� Node associated with Small end of reducer

ALRD133_S Reducer P1 Do1
� t1� I1� B1� B2� S125� NFSL� ndRD133_S� Reducer_Co� ELSL�


�
�



��

ALRD133_S
T

0.222 2.245 105
� 9.34 140 157 8.17 103

� 2.242 105
� 7.003� 103

�� ��

Writing Output Data for Reducers Associated with Lines 32, 33, & 49

RL1 ALRD132_L
T

��

RS1 ALRD132_S
T

��

RL2 ALRD133_L
T

��

RS2 ALRD133_S
T

��

ReducersLines32_33_49 WRITEPRN "RedLines32_33_49.prn" RL1 RS1 RL2 RS2( )�[ ]��
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ELBOWS
Elbows Strategy:  Search based on the two nodes comprising the ends of each elbow.  SRSS combine the
three moments of each of the four node representations (one for each element connected by the nodes in
question).  Find the maximum of the four moment combinations and apply to equation (9) of ASME III, Division I -
NB - 3652 [9]. The D/C ratio will be determined by dividing the left side of the equation by the right side of the
equation.

ElbowDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Elbow P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j ElbowDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� M�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all elbows

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(North), y(Up), and z(East) correspond
to positive 1, 2, and 3 and seismic factor

Elb_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Elbow Properties for Lines 1-32A,B and 1-33

Define pertinent elbow variables

Do 14in�� Outside Diameter [17]

t 0.25in�� Thickness [17]

P 400psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 255.3 in
4

�

R 1 Do��� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.074� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0� B1 primary stress Index [9, NB-3683.7] 
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B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 7.372� B2 primary stress Index [9, NB-3683.7] 

Elbow 1-32A (Nodes 254 & 255)
ndEL132A_1 254( )

T
��

ALEL132A_nd254 Elbow P Do� t� I� B1� B2� S125� NFSL� ndEL132A_1� Elb_Co� ELSL�� ���

ALEL132A_nd254
T

0.199 5.57 104
� 8.49 254 40 4.543� 104

� 2.468� 104
� 2.072 104

�� ��

ndEL132A_2 255( )
T

��

ALEL132A_nd255 Elbow P Do� t� I� B1� B2� S125� NFSL� ndEL132A_2� Elb_Co� ELSL�� ���

ALEL132A_nd255
T

0.169 4.75 104
� 9.11 255 76 4.343� 104

� 1.665 104
� 9.627 103

�� ��

Elbow 1-32B (Nodes 247 & 248)

ndEL132B_1 247( )
T

��

ALEL132B_nd247 Elbow P Do� t� I� B1� B2� S125� NFSL� ndEL132B_1� Elb_Co� ELSL�� ���

ALEL132B_nd247
T

0.204 5.712 104
� 9.16 247 72 5.148 104

� 2.442� 104
� 4.062 103

�� ��

ndEL132B_2 248( )
T

��

ALEL132B_nd248 Elbow P Do� t� I� B1� B2� S125� NFSL� ndEL132B_2� Elb_Co� ELSL�� ���

ALEL132B_nd248
T

0.245 6.863 104
� 9.34 248 73 5.311 104

� 4.255� 104
� 8.93 103

�� ��

Elbow 1-33 (Nodes 253 & 257)

ndEL133A_1 253( )
T

��

ALEL133_nd253 Elbow P Do� t� I� B1� B2� S125� NFSL� ndEL133A_1� Elb_Co� ELSL�� ���

ALEL133_nd253
T

0.659 1.849 105
� 9.33 253 78 1.19� 105

� 1.413 105
� 8.44� 103

�� ��

ndEL133A_2 257( )
T

��

ALEL133_nd257 Elbow P Do� t� I� B1� B2� S125� NFSL� ndEL133A_2� Elb_Co� ELSL�� ���

ALEL133_nd257
T

0.541 1.518 105
� 9.525 257 79 3.788� 104

� 1.424 105
� 3.669� 104

�� ��
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Elbow Properties for Lines 1-32C through 1-32 F
Define pertinent elbow variables

Do 14in�� Outside Diameter [17]

t 0.25in�� Thickness [17]

P 400psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 255.3 in
4

�

R 1.5 Do��� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.111� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0� B1 primary stress Index [9, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 5.626� B2 primary stress Index [9, NB-3683.7] 

Elbow 1-32C (Nodes 250 & 249)

ndEL132C_1 250( )
T

��

ALEL132C_nd250 Elbow P Do� t� I� B1� B2� S125� NFSL� ndEL132C_1� Elb_Co� ELSL�� ���

ALEL132C_nd250
T

0.21 7.736 104
� 9.335 250 27 5.963 104

� 4.67� 104
� 1.574 104

�� ��

ndEL132C_2 249( )
T

��

ALEL132C_nd249 Elbow P Do� t� I� B1� B2� S125� NFSL� ndEL132C_2� Elb_Co� ELSL�� ���

ALEL132C_nd249
T

0.193 7.094 104
� 9.335 249 69 4.942 104

� 5.022� 104
� 8.271� 103

�� ��
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Elbow 1-32D (Nodes 251 & 252)

ndEL132D_1 251( )
T

��

ALEL132D_nd251 Elbow P Do� t� I� B1� B2� S125� NFSL� ndEL132D_1� Elb_Co� ELSL�� ���

ALEL132D_nd251
T

0.43 1.58 105
� 7.92 251 115 3.665� 104

� 4.275 103
� 1.537� 105

�� ��

ndEL132D_2 252( )
T

��

ALEL132D_nd252 Elbow P Do� t� I� B1� B2� S125� NFSL� ndEL132D_2� Elb_Co� ELSL�� ���

ALEL132D_nd252
T

0.5 1.838 105
� 8.18 252 67 3.494 104

� 4.942� 104
� 1.735 105

�� ��

Elbow 1-32E (Nodes 129 & 128)

ndEL132E_1 129( )
T

��

ALEL132E_129 Elbow P Do� t� I� B1� B2� S125� NFSL� ndEL132E_1� Elb_Co� ELSL�� ���

ALEL132E_129
T

0.548 2.014 105
� 8.175 129 41 1.57� 104

� 1.013� 105
� 1.733 105

�� ��

ndEL132E_2 128( )
T

��

ALEL132E_nd128 Elbow P Do� t� I� B1� B2� S125� NFSL� ndEL132E_2� Elb_Co� ELSL�� ���

ALEL132E_nd128
T

0.535 1.967 105
� 8.175 128 62 3.275� 104

� 1.371� 105
� 1.371 105

�� ��

Elbow 1-32F (Nodes 125 & 123)

ndEL132F_1 125( )
T

��

ALEL132F_nd125 Elbow P Do� t� I� B1� B2� S125� NFSL� ndEL132F_1� Elb_Co� ELSL�� ���

ALEL132F_nd125
T

0.607 2.232 105
� 7.665 125 61 3.005 104

� 1.399 105
� 1.714 105

�� ��

ndEL132F_2 123( )
T

��

ALEL132F_nd123 Elbow P Do� t� I� B1� B2� S125� NFSL� ndEL132F_2� Elb_Co� ELSL�� ���

ALEL132F_nd123
T

0.553 2.034 105
� 7.665 123 172 5.662 103

� 1.255 105
� 1.599 105

�� ��
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Elbow Properties for Lines 1-49

Define pertinent elbow variables

Do 4.5in�� Outside Diameter [16, 57]

t 0.237in�� Thickness [16, 57]

P 400psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 7.233 in
4

�

R 1.5 Do��� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.352� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0.041� B1 primary stress Index [9, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 2.607� B2 primary stress Index [9, NB-3683.7] 

Elbow 1-49A (Nodes 240 & 244)

ndEL149A_1 240( )
T

��

ALEL149A_nd240 Elbow P Do� t� I� B1� B2� S125� NFSL� ndEL149A_1� Elb_Co� ELSL�� ���

ALEL149A_nd240
T

0.172 1.18 104
� 7.9 240 117 3.102� 103

� 506.915 1.138� 104
�� ��

ndEL149A_2 244( )
T

��

ALEL149A_nd244 Elbow P Do� t� I� B1� B2� S125� NFSL� ndEL149A_2� Elb_Co� ELSL�� ���

ALEL149A_nd244
T

0.186 1.283 104
� 7.645 244 94 3.236 103

� 1.724� 103
� 1.229 104

�� ��



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. J. Russell    Date:    09/30/2008

Calculation Sheet 
Page B.3.3-34 of B.3.3-46

Elbow 1-49B (Nodes 242 & 243)

ndEL149B_1 242( )
T

��

ALEL149B_nd242 Elbow P Do� t� I� B1� B2� S125� NFSL� ndEL149B_1� Elb_Co� ELSL�� ���

ALEL149B_nd242
T

0.192 1.327 104
� 7.685 242 90 6.352� 103

� 2.76 103
� 1.131� 104

�� ��

ndEL149B_2 243( )
T

��

ALEL149B_nd243 Elbow P Do� t� I� B1� B2� S125� NFSL� ndEL149B_2� Elb_Co� ELSL�� ���

ALEL149B_nd243
T

0.186 1.278 104
� 7.69 243 105 4.756� 103

� 2.9 103
� 1.15� 104

�� ��

Elbow 1-49C (Nodes 245 & 246)

ndEL149C_1 245( )
T

��

ALEL149C_nd245 Elbow P Do� t� I� B1� B2� S125� NFSL� ndEL149C_1� Elb_Co� ELSL�� ���

ALEL149C_nd245
T

0.273 1.887 104
� 8.17 245 23 1.455� 104

� 2.919� 103
� 1.166 104

�� ��

ndEL149C_2 246( )
T

��

ALEL149C_nd246 Elbow P Do� t� I� B1� B2� S125� NFSL� ndEL149C_2� Elb_Co� ELSL�� ���

ALEL149C_nd246
T

0.288 1.993 104
� 8.17 246 88 1.555� 104

� 3.115� 103
� 1.207 104

�� ��

Writing Output Data for Elbows Associated with Lines 32, 33, and 49

EL1A ALEL132A_nd254
T

�� EL5A ALEL132D_nd251
T

�� EL9A ALEL149B_nd242
T

��

EL1B ALEL132A_nd255
T

�� EL5B ALEL132D_nd252
T

�� EL9B ALEL149B_nd243
T

��

EL2A ALEL132B_nd247
T

�� EL6A ALEL132E_129
T

�� EL10A ALEL149C_nd245
T

��

EL2B ALEL132B_nd248
T

�� EL6B ALEL132E_nd128
T

�� EL10B ALEL149C_nd246
T

��

EL3A ALEL133_nd253
T

�� EL7A ALEL132F_nd125
T

��

EL3B ALEL133_nd257
T

�� EL7B ALEL132F_nd123
T

��

EL4A ALEL132C_nd250
T

�� EL8A ALEL149A_nd240
T

��

EL4B ALEL132C_nd249
T

�� EL8B ALEL149A_nd244
T

��

ElbowLines32_33_49 WRITEPRN "ElbowLines32_33_49.prn" EL1A EL1B EL2A EL2B EL3A EL3B EL4A EL4B EL(�[��
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FABRICATED TEES
Tees Strategy:  Search based on the elements comprising the tee.  The input identifies which elements are
associated with the pipe run and which element is associated with the branch from the run.  The indices for the
defined common node for all three elements is identified and the associated SRSS moment is identified for each
time step.  The maximum moment for the elements comprising the pipe run is found and applied as Mr in
equation (9) of ASME III, Division I - NB - 3652 [9] which is modified to represent tees.  The maximum moment
for the branch element is found and applied as Mb in equation (9) of ASME III, Division I - NB - 3652 [9].  The D/C
ratio will be determined by dividing the left side of the equation by the right side of the equation.

TeeDC P Do� Tr� B1� B2b� B2r� Mb� Mr� Zb� Zr� S�� �
B1

P Do�

2 Tr�
� B2b

Mb 1lbf in�( )�

Zb

�"
"�

�#
#�

�� B2r
Mr 1lbf in�( )�

Zr

�"
"�

�#
#�

��

S
��

Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S� nf� elR� elB� ndR� ndB� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indelR match elR0
EL

0� 	
�
�

�
��



�

indelR stack indelR match elRi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elR� ����for rowsif

EL'R
last EL 0� 	� � 0�

EL'RindelRi
EL

indelRi
1��

i 0 last indelR� ����for

indndR match ndR0
EL'R

0� 	
�
�

�
��



�

indndR stack indndR match ndRi
EL'R

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndR� ����for rif

indelB match elB0
EL

0� 	
�
�

�
��



�

indelB stack indelB match elBi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elB� ����for rowsif

EL'B
last EL 0� 	� � 0�

EL'BindelBi
EL

indelBi
1��

i 0 last indelB� ����for

indndB match ndB0
EL'B

0� 	
�
�

�
��



�

��
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� 


indndB stack indndB match ndBi
EL'B

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndB� ����for rif

MR MB Int0� � 0 0 0( )�

MrxgRj
nfindnfiCo0 1�

2� indndR j
��

MrygRj
nfindnfiCo1 1�

2� indndR j
��

MrzgRj
nfindnfiCo2 1�

2� indndR j
��

MrxRj
nfindnfiCo0 1�

2� i� indndR j
� MrxgRj

�
�
�

��



C��

MryRj
nfindnfiCo1 1�

2� i� indndR j
� MrygRj

�
�
�

��



C��

MrzRj
nfindnfiCo2 1�

2� i� indndR j
� MrzgRj

�
�
�

��



Co��

MRj
MrxRj


�

�



2
MryRj


�

�



2
� MrzRj



�

�



2
��

MrxgBj
nfindnfiCo0 1�

2� indndBk
��

MrygBj
nfindnfiCo1 1�

2� indndBk
��

MrzgBj
nfindnfiCo2 1�

2� indndBk
��

MrxBj
nfindnfiCo0 1�

2� i� indndBk
� MrxgBj

�
�
�

��



C��

MryBj
nfindnfiCo1 1�

2� i� indndBk
� MrygBj

�
�
�

��



C��

MrzBj
nfindnfiCo2 1�

2� i� indndBk
� MrzgBj

�
�
�

��



C��

MBj
MrxBj


�

�



2
MryBj


�

�



2
� MrzBj



�

�



2
��

Int' j TeeDC P Do� Tr� B1� B2b� B2r� MBj
� MR�


�
�

Int stack Int' j MRj
� MBj

� nf
indnfiCo0 1�

1� i�
�
�

�
�

Int' j Int0�if

k 0 last indndB� ����for

j 0 last indndR� ����for

i 0 indnfo0
indnfi0

����for
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Result stack MRj
MBj
� MrxRj

� MryRj
� M�


�
�

M MR�

Int

Conditions applicable to forged tee

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(North), y(Up), and z(East) correspond
to positive 1, 2, and 3 and seismic factor

Tee_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

FABRICATED TEE (LINE 1-49 & 1-32)

Define pertinent tee variables

P 400psi�� Internal Pressure [3, pg 23]

Do 14in�� Outside Diameter of pipe run [17]

do 4.5in�� Outside Diameter of branch [17, 57]

B1 0.5�� B1 primary stress Index for tees and branches 
[9, Table NB-3681(a)-1]]

Tr 0.25in�� Nominal wall thickness of designated run pipe
[17]

Rm
Do Tr�

2
�� Mean radius of designated run pipe [17]

Zr � Rm
2

� Tr��� Approximate section modulus of designated run
pipe [9, NB-3683.1(d)]

Zr 37.1223 in
3

�

T'b 0.237in�� Nominal wall thickness of attached branch pipe
[16]

r'm
do T'b�

2
�� Mean radius of attached branch pipe [16]

Zb � r'm
2

� T'b��� Approximate section modulus of attached branch
pipe [9, NB-3683.1(d)]

Zb 3.383 in
3

�
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C2b Secondary stress Index [9,NB-3683.8] 

C2b 1.5
Rm

Tr


�
��

��
�


2
3

r'm

Rm


�
��

��
�


1
2

T'b

Tr


�
��

��
�


�
r'm
do

2


�
�
��

��
�
�


1.5
Rm

Tr


�
��

��
�


2
3

r'm

Rm


�
��

��
�


1
2

T'b

Tr


�
��

��
�


�
r'm
do

2


�
�
��

��
�
�


1.5$if

1.5 otherwise

��

C2b 6.834�

C2r Secondary stress Index [9,NB-3683.8] 

Wall thickness of nozzle or branch connection
reinforcement associated with [9, NB-3643.4(A)-1,
sketch (d)]

tn T'b��

C2r 1.15
r'm

tn


�
��

��
�


1
4

� 1.15
r'm

tn


�
��

��
�


1
4

� 1.5$if

1.5 otherwise

��

C2r 1.992�

B2b 0.5 C2b� 0.5 C2b� 1$if

1 otherwise

��

B2b primary stress Index for branches [9,
NB-3683.8]

B2b 3.417�

B2r 0.75 C2r� 0.75 C2r� 1$if

1 otherwise

��

B2r primary stress Index for branches [9,
NB-3683.8]B2r 1.494�

Fabricated Tee 1-49 (Node 233)

elRTee149 212 398( )
T

�� Elements associated with pipe run

ndRTee149 233( )
T

�� Node between pipe run elements

elBTee149 230( )
T

�� Element associated with branch

ndBTee149 150( )
T

�� Node where branch intersects pipe run

ALTee149 Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S125� NFSL� elRTee149� elBTee149� ndRTee149� ndBTee149� Tee_Co� ELSL�� ���

ALTee149
T

0.829 1.798 105
� 3.38 104

� 7.935 233 6 99 13� ��
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FABRICATED TEE (LINE 1-33 & 1-32)

Define pertinent tee variables

P 400psi�� Internal Pressure [3, pg 23]

Do 14in�� Outside Diameter of pipe run [17]

do 14in�� Outside Diameter of branch [17]

B1 0.5�� B1 primary stress Index for tees and branches 
[9, Table NB-3681(a)-1]]

Tr 0.25in�� Nominal wall thickness of designated run pipe
[17]

Rm
Do Tr�

2
�� Mean radius of designated run pipe [17]

Zr � Rm
2

� Tr��� Approximate section modulus of designated run
pipe [9, NB-3683.1(d)]

Zr 37.1223 in
3

�

T'b 0.25in�� Nominal wall thickness of attached branch pipe
[16]

r'm
do T'b�

2
�� Mean radius of attached branch pipe [16]

Zb � r'm
2

� T'b��� Approximate section modulus of attached branch
pipe [9, NB-3683.1(d)]

Zb 37.122 in
3

�

C2b Secondary stress Index [9,NB-3683.8] 

C2b 1.5
Rm

Tr


�
��

��
�


2
3

r'm

Rm


�
��

��
�


1
2

T'b

Tr


�
��

��
�


r'm
do

2


�
�
��

��
�
�


� 1.5
Rm

Tr


�
��

��
�


2
3

r'm

Rm


�
��

��
�


1
2

T'b

Tr


�
��

��
�


�
r'm
do

2


�
�
��

��
�
�


1.5$if

1.5 otherwise

��

C2b 13.422�

C2r Secondary stress Index [9,NB-3683.8] 

Wall thickness of nozzle or branch connection
reinforcement associated with [9, NB-3643.4(A)-1,
sketch (d)]

tn T'b��
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C2r 1.15
r'm

tn


�
��

��
�


1
4

� 1.15
r'm

tn


�
��

��
�


1
4

� 1.5$if

1.5 otherwise

��

C2r 2.633�

B2b 0.5 C2b� 0.5 C2b� 1$if

1 otherwise

��

B2b primary stress Index for branches [9,
NB-3683.8]

B2b 6.711�

B2r 0.75 C2r� 0.75 C2r� 1$if

1 otherwise

��

B2r primary stress Index for branches [9,
NB-3683.8]

B2r 1.975�

Fabricated Tee 1-33 (Node 133)

elRTee133 276 283( )
T

�� Elements associated with pipe run

ndRTee133 133( )
T

�� Node between pipe run elements

elBTee133 217( )
T

�� Element associated with branch

ndBTee133 133( )
T

�� Node where branch intersects pipe run

ALTee133 Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S125� NFSL� elRTee133� elBTee133� ndRTee133� ndBTee133� Tee_Co� ELSL�� ���

ALTee133
T

0.899 1.946 105
� 1.938 105

� 9.335 133 25 31 7� ��

FABRICATED TEE (LINE 1-32, 1-26, & 1-27)
Define pertinent tee variables

P 400psi�� Internal Pressure [3, pg 23]

Do 36in�� Outside Diameter [7]

Tr 0.5625in�� Nominal wall thickness of designated run pipe [7]
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Rm 18in�� Mean radius of designated run pipe [7]

Zr � Rm
2

� Tr��� Approximate section modulus of designated run
pipe [9, NB-3683.1(d)]

Zr 572.5553 in
3

�

T'b 0.25in�� Nominal wall thickness of attached branch pipe
[7]

r'm 7in�� Mean radius of attached branch pipe 
[9, NB-3683.1(d)]

Zb � r'm
2

� T'b��� Approximate section modulus of attached branch
pipe [9, NB-3683.1(d)]

Zb 38.485 in
3

�

B1 4.678��
Primary stress indices for unlisted component.
Refer to the unlisted component analysis
(Appendix F) of this report for the derivation of
these values.

B2r 26.755��

B2b 2.0265��

Fabricated Branch 1-32,1-26,1-27 (Node 120)

elRTee132 345 664( )
T

��

ndRTee132 120( )
T

��

elBTee132 206( )
T

��

ndBTee132 121( )
T

��

ALTee132 Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S125� NFSL� elRTee132� elBTee132� ndRTee132� ndBTee132� Tee_Co� ELSL�� ���

ALTee132
T

2.526 8.534 105
� 8.255 105

� 8.17 120 81 159 2� ��

Writing Output Data for Tees Associated with Lines 32, 33, and 49

Tee1 ALTee149
T

��

Tee2 ALTee133
T

��

Tee3 ALTee132
T

��

TeeLines32_33_49 WRITEPRN "TeeLines32_33_49.prn" Tee1 Tee2 Tee3( )�[ ]��
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FLANGES
Flange Strategy:  Search based on the nodes where flanges occur.  Find the maximum moment combination for
the node and apply to equation (9) of ASME III, Division I - NB - 3652 [9]  Use the geometry of the pipe when
applying (9).  The D/C ratio for each node will be determined by dividing the left side of the equation by the right
side of the equation and taking the max of the result.

FlangeDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��
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Flange P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j FlangeDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� M�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��

Conditions applicable to all flanges

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(North), y(Up), and z(East) correspond
to positive 1, 2, and 3 and seismic factor

Flange_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��
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Pipe Properties of Line 1-32 & 1-33
Define pertinent pipe variables

Do 14in�� Outside Diameter [17]

t 0.25in�� Thickness [17]

P 400psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 255.3 in
4

�

Define primary stress indices (Utilize girth weld characteristic associated with lap joint flanges in determining
values)

B1 0.5�� B1 for a girth weld [9, Table NB-3681(a)-1, pg 130] 

B2 1�� B2 for a girth weld [9, Table NB-3681(a)-1, pg 130] 

Flange (Emergency Pump) 1-32A (Node 149)

ndFL132A 149( )
T

��

ALEL132A Flange P Do� t� I� B1� B2� S125� NFSL� ndFL132A� Flange_Co� ELSL�� ���

ALEL132A
T

0.157 1.197 105
� 6.205 149 15 1.968 104

� 1.153� 105
� 2.545� 104

�� ��

Flange (Check Valve) 1-32B (Node 148)

ndFL132B 148( )
T

��

ALEL132B Flange P Do� t� I� B1� B2� S125� NFSL� ndFL132B� Flange_Co� ELSL�� ���

ALEL132B
T

0.129 6.314 104
� 6.215 148 17 3.803� 104

� 3.926 104
� 3.161 104

�� ��

Flange (Check Valve) 1-32C (Node 147)

ndFL132C 147( )
T

��
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ALEL132C Flange P Do� t� I� B1� B2� S125� NFSL� ndFL132C� Flange_Co� ELSL�� ���

ALEL132C
T

0.125 5.46 104
� 7.91 147 55 4.583� 104

� 9.214� 103
� 2.821 104

�� ��

Flange (Gate Valve) 1-32D (Node 144)

ndFL132D 144( )
T

��

ALEL132D Flange P Do� t� I� B1� B2� S125� NFSL� ndFL132D� Flange_Co� ELSL�� ���

ALEL132D
T

0.12 4.297 104
� 9.58 144 37 3.429� 104

� 2.56 104
� 3.855 103

�� ��

Flange (Gate Valve) 1-32E (Node 143)

ndFL132E 143( )
T

��

ALEL132E Flange P Do� t� I� B1� B2� S125� NFSL� ndFL132E� Flange_Co� ELSL�� ���

ALEL132E
T

0.126 5.634 104
� 9.16 143 29 5.063 104

� 2.442� 104
� 3.916 103

�� ��

Flange (Emergency Pump) 1-33A (Node 140)

ndFL133A 140( )
T

��

ALEL133A Flange P Do� t� I� B1� B2� S125� NFSL� ndFL133A� Flange_Co� ELSL�� ���

ALEL133A
T

0.207 2.245 105
� 9.34 140 157 8.17 103

� 2.242 105
� 7.003� 103

�� ��

Flange (Check Valve) 1-33B (Node 139)

ndFL133B 139( )
T

��

ALEL133B Flange P Do� t� I� B1� B2� S125� NFSL� ndFL133B� Flange_Co� ELSL�� ���

ALEL133B
T

0.197 2.022 105
� 9.34 139 155 3.092 104

� 1.997� 105
� 6.991 103

�� ��

Flange (Check Valve) 1-33C (Node 138)

ndFL133C 138( )
T

��
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ALEL133C Flange P Do� t� I� B1� B2� S125� NFSL� ndFL133C� Flange_Co� ELSL�� ���

ALEL133C
T

0.198 2.056 105
� 9.325 138 53 1.411 105

� 1.492� 105
� 9.515 103

�� ��

Flange (Gate Valve) 1-32D (Node 136)

ndFL133D 136( )
T

��

ALEL133D Flange P Do� t� I� B1� B2� S125� NFSL� ndFL133D� Flange_Co� ELSL�� ���

ALEL133D
T

0.17 1.478 105
� 9.525 136 35 2.409� 104

� 1.424 105
� 3.166� 104

�� ��

Flange (Gate Valve) 1-32E (Node 135)

ndFL133E 135( )
T

��

ALEL133E Flange P Do� t� I� B1� B2� S125� NFSL� ndFL133E� Flange_Co� ELSL�� ���

ALEL133E
T

0.171 1.492 105
� 9.335 135 9 3.456� 104

� 1.216� 105
� 7.919 104

�� ��

Writing Output Data for Flanges Associated with Lines 32, 33, and 49

F1 ALEL132A
T

�� F6 ALEL133A
T

��

F2 ALEL132B
T

�� F7 ALEL133B
T

��

F3 ALEL132C
T

�� F8 ALEL133C
T

��

F4 ALEL132D
T

�� F9 ALEL133D
T

��

F5 ALEL132E
T

�� F10 ALEL133E
T

��

FlangeLines32_33_49 WRITEPRN "FlangeLines32_33_49.prn" F1 F2 F3 F4 F5 F6 F7 F8 F9 F10( )�[ ]��
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Appendix B.4

 80th Percentile Results of All 32 Realizations 
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LOGIC USED TO GATHER DATA FROM ALL 32 REALIZATIONS
a "Y:\PCS2\Automated_Evaluation\Model_3\Real"��

ReadData b( )

dk 1� READPRN concat a num2str k( )� b�( )( )�

Dk 1� j� dk 1�� �
0 j�

�

j 0 length dk 1�� �T

�

�

 1����for

k 1 32���for��

R stack 1 2� 3� 4� 5� 6� 7� 8� 9� 10� 11� 12� 13� 14� 15� 16� 17� 18� 19� 20� 21� 22� 23� 24� 25� 26� 27� 28� 29� 30� 31� 32�( )��

LOGIC USED TO SORT DATA BASED ON D/C RATIOS OF ALL 32 REALIZATIONS
C_S v R�( )

a0 j� v j i�� �T

�

�



k� 	�"
�

�#
�

T

�

A a0 j�� j 0=if

A stack A a0 j��� �� j 0�if

j 0 rows v( ) 1����for

bk i� stack AT RT�� �T�

Sortedk i� reverse csort bk i� 0�� �� ��

k 0 rows v0 i�� � 1����for

i 0 cols v( ) 1����for

Sorted

��

LOGIC USED TO JOIN RESULTS FROM EITHER END OF REDUCERS AND ELBOWS
INTO ONE MATRIX

RED_EL80th RE( ) k 0�

j 2 i��

RE80THi k�
stack RE0 j�

T

�

�



6� 	T

RE0 j 1��
T


�
�



6� 	T

�


�
�

�
�

�

i 0
cols RE( ) 1�

2
���for

��
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LOGIC USED TO CONCATENATE 80TH PERCENTILE RESULTS OF PIPE RUNS
INTO ONE MATRIX

PR80th PM( )

ki 0�

ki ki 1�� PMj i� 0�if

j 0 rows PM i� 	� � 1����for

PM80thm i�
PMm i�

T

�

�



6� 	T

�

m 0 ki 1����for

pm80th0 i�
PM80th0 i�

�

pm80th0 i�
stack pm80th0 i�

PM80thn i�
�


�
�



�

n 1 ki 1����for

i 0 cols PM( ) 1����for��

LOGIC USED TO DETERMINE 80TH PERCENTILE RESULTS OF SUPPORTS & TEES

T80th T( )

T80th0 i�
T0 i�

T

�

�



6� 	T

�

i 0 cols T( ) 1����for��
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SUPPORTS
Support output is ordered as (D/C,demand force, occurrence time, defined node, associated index for the
reaction force at the selected node being collinear (AL1) and apposing (AL2) the positive directionality of the
global coordinate system, and realization number) 

EVALUATION OF SUPPORTS ON LINES 22 TO 26 FOR ALL 32 REALIZATIONS

VSM ReadData "\SupLines22to26.prn"� ���

SM C_S VSM R�( )��

MS-5 Support (1x)
MS-5 (Node 432)
MS-7 horizontally (N/S) supports the horizontal (E/W) PCS pipe on line 1-26.

Compression SM0 0�
T


�
�



6� 	T

3.602 10 3�
� 21.61� 8.57 432 140 19� ��

Tension SM0 1�
T


�
�



6� 	T

3.244 10 3�
� 19.46 8.795 432 140 25� ��

MS-7 Support (1x)
MS-7 (Node 438)
MS-7 horizontally (N/S) supports the horizontal (E/W) PCS pipe on line 1-25.

Compression SM0 2�
T


�
�



6� 	T

4.497 10 3�
� 26.98� 7.365 438 142 16� ��

Tension SM0 3�
T


�
�



6� 	T

3.864 10 3�
� 23.19 7.625 438 142 9� ��

MS-8 Support (1x)
MS-8 (Node 435)
MS-8 horizontally (N/S) supports the horizontal (E/W) PCS pipe on line 1-22.

Compression SM0 4�
T


�
�



6� 	T

4.631 10 3�
� 27.78� 8.57 435 138 11� ��

Tension SM0 5�
T


�
�



6� 	T

3.831 10 3�
� 22.99 8.775 435 138 29� ��
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EVALUATION OF SUPPORTS ON LINES 27 TO 29 FOR ALL 32 REALIZATIONS

VSL ReadData "\SupLines27to29.prn"� ���

SL C_S VSL R�( )��

PS-3A Support (1x)
PS-3A (Node 81)
PS-3A vertically resists downward displacement of the horizontal (E/W) PCS pipe on line 1-27 prior to the
fabricated elbow with line 1-32 protrusion

Compression SL0 0�
T


�
�



6� 	T

0.323 5.001� 104
� 4.975 81 75 8� ��

Tension SL0 1�
T


�
�



6� 	T

0 0 0 0 0 27( )�

RH-23x Support (1x)
RH-23x (Node 394)
RH-23x vertically supports the vertical PCS pipe on line 1-27 traveling up from the reactor vessel area and
into the tunnel

Tension SL0 2�
T


�
�



6� 	T

0.993 4.113� 104
� 8.74 394 139 28� ��

This challenged support will be evaluated using a ductility factor approach.  The supporting
calculations for this treatment are included in Appendix E.7 for all supports for which this approach
is applicable.  Below function writes this information to the Appendix E.7 file.

DucRH23x WRITEPRN "Y:\PCS2\PCS Documentation\App_E\E7 DUCTILITY CALCS\RH23x.prn" SL0 2�
T


�
�



6� 	T

�


�
���

SL0 3�
T


�
�



6� 	T

0 0 0 0 0 27( )�Compression

RH-25ABx Support (2x)
RH-25ABx (Node 536)
RH-25Ax vertically supports the horizontal (N/S) PCS pipe on line 1-27 just north of RH-23x in the tunnel

SL0 4�
T


�
�



6� 	T

0.57 3.21� 104
� 5.82 536 138 25� ��Tension

SL0 5�
T


�
�



6� 	T

0 0 0 0 0 27( )�Uplift
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RH-25ABx (Node 537)
RH-25Bx vertically supports the horizontal (N/S) PCS pipe on line 1-27 just north of RH-25Ax in the tunnel

SL0 6�
T


�
�



6� 	T

0.453 2.547� 104
� 4.605 537 136 11� ��Tension

SL0 7�
T


�
�



6� 	T

0 0 0 0 0 27( )�Uplift

RH-26x Support (1x)
RH-26x (Node 538)
RH-26x vertically supports the horizontal (N/S) PCS pipe on line 1-27 just north of RH-25Bx in the tunnel,
RH-26x also supports line 8-14 using one of its component legs.

SL0 8�
T


�
�



6� 	T

0.344 1.937� 104
� 4.6 538 134 27� ��Tension

This support will be evaluated in combination with RH-21x supporting line 1-7 and 8-14 which
utilizes one of RH-26x legs to support its load.  The supporting calculations for this treatment are
included in Appendix E.8 for all supports for which this approach is applicable.  Below function
writes this information to the Appendix E.8 file.

SRSSRH26x127 WRITEPRN "Y:\PCS2\PCS Documentation\App_E\E8 Common Anchorage Combinations\RH-26x127.p


�
���

SL0 9�
T


�
�



6� 	T

0 0 0 0 0 27( )�Uplift

RH-27x Support (1x)
RH-27x (Node 539)
RH-27x vertically supports the horizontal (N/S) PCS pipe on line 1-27 just north of RH-26x in the tunnel.

SL0 10�
T


�
�



6� 	T

0.786 2.186� 104
� 5.565 539 142 1� ��Tension

This support will be evaluated in combination with RH-22x supporting line 1-7.  The supporting
calculations for this treatment are included in Appendix E.8 for all supports for which this approach
is applicable.  Below function writes this information to the Appendix E.8 file.

SRSSRH27x WRITEPRN "Y:\PCS2\PCS Documentation\App_E\E8 Common Anchorage Combinations\RH-27x.prn" S
��


�
���

SL0 11�
T


�
�



6� 	T

0 0 0 0 0 27( )�Compression
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PR-1 Supports (1x East Side of Reactor Vessel)
PR-1 (Node 400)
PR-1 horizontally (E/W) supports the vertical PCS pipe on line 1-27 on the east side of the reactor vessel.

SL0 12�
T


�
�



6� 	T

2.049 6.532� 103
� 8.755 400 114 10� ��Tension

This challenged support will be evaluated in a breakout analysis in Appendix E.4 where its loading
will be applied simultaneously with that of the appropriate PR-2 support for which it shares a
common anchorage structure.  The below function writes this information to the Appendix E.4 file.

PR1_E_T WRITEPRN "Y:\PCS2\Automated_Evaluation\PR-1&2_Combo_Evaluation\PR1_E_Tension.prn" SL0 12��� ���

PR1_E_C WRITEPRN "Y:\PCS2\Automated_Evaluation\PR-1&2_Combo_Evaluation\PR1_E_Compression.prn" SL0 13�����

Compression SL0 13�
T


�
�



6� 	T

0.45 6.264 103
� 12.52 400 114 24� ��

PR-1 Supports (1x West Side of Reactor Vessel)
PR-1 (Node 404)
PR-1 horizontally (E/W) supports the vertical PCS pipe on line 1-29 on the west side of the reactor vessel.

SL0 14�
T


�
�



6� 	T

0.353 4.913� 103
� 4.885 404 116 1� ��Compression

SL0 15�
T


�
�



6� 	T

1.569 5.001 103
� 4.72 404 116 21� ��Tension

This challenged support will be evaluated in a breakout analysis in Appendix E.4 where its loading
will be applied simultaneously with that of the appropriate PR-2 support for which it shares a
common anchorage structure.  The below function writes this information to the Appendix E.4 file.

PR1_W_C WRITEPRN "Y:\PCS2\Automated_Evaluation\PR-1&2_Combo_Evaluation\PR1_W_Compression.prn" SL0 �����

PR1_W_T WRITEPRN "Y:\PCS2\Automated_Evaluation\PR-1&2_Combo_Evaluation\PR1_W_Tension.prn" SL0 15��� ���

PR-8 Supports (1x)
PR-8 (Node 59)
PR-1 vertically supports the vertical PCS pipe on line 1-27 below the tee connecting lines 1-27 to 1-28 and
1-29.

SL0 16�
T


�
�



6� 	T

1.363 10 3�
� 3.236� 8.735 59 127 5� ��Compression

SL0 17�
T


�
�



6� 	T

2.441 10 5�
� 0.819 8.67 59 127 1� ��Tension
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MS-2 Support (1x)
MS-2 (Node 429)
MS-2 horizontally (E/W) supports the horizontal (N/S) PCS pipe on line 1-27 just north of the tunnel.

SL0 18�
T


�
�



6� 	T

0.844 2.888� 104
� 5.795 429 122 1� ��Tension

SL0 19�
T


�
�



6� 	T

0.701 3.507 104
� 9.1 429 122 8� ��Compression

Tunnel Restraint Support (1x)
Tunnel Restraint (Node 485)
Tunnel Restraint horizontally (E/W) restrains the vertical PCS pipe on line 1-27

Eastward
Compression SL0 20�

T

�

�



6� 	T

0.19 1.17� 104
� 7.85 485 126 21� ��

Westward
Compression SL0 21�

T

�

�



6� 	T

0.142 1.217 104
� 13.1 485 126 2� ��

Tieback Support (1x)
Tieback East/West (Node 102)
The floor Tieback vertically and horizontally supports the horizontal (N/S) PCS pipe on line 1-27
south of MS-2

Eastward
Compression SL0 22�

T

�

�



6� 	T

0.368 2.484� 104
� 8.325 102 78 83 123 2� ��

Westward
Compression SL0 23�

T

�

�



6� 	T

0.349 2.353 104
� 8.09 102 78 83 123 2� ��

Tieback North/South (Node 102)
The floor Tieback vertically and horizontally supports the horizontal (N/S) PCS pipe on line 1-27
south of MS-2

Northward
Compression SL0 24�

T

�

�



6� 	T

0.333 3.367� 104
� 6.96 102 78 83 123 4� ��

Southward
Compression SL0 25�

T

�

�



6� 	T

0.33 3.337 104
� 5.475 102 78 83 123 10� ��
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Tieback Vertical (Node 463)
The floor Tieback vertically and horizontally supports the horizontal (N/S) PCS pipe on line 1-27
south of MS-2

SL0 26�
T


�
�



6� 	T

0 0 0 0 0 27( )�Compression

SL0 27�
T


�
�



6� 	T

0 0 0 0 0 27( )�Tension

EVALUATION OF SUPPORTS ON LINES 32, 33, AND 49 FOR ALL 32 REALIZATIONS
VSS ReadData "\SupLines32_33_49.prn"� ���

SS C_S VSS R�( )��

PS-5 Supports (4x)
PS-5 (Node 371)
PS-5 vertically supports the horizontal (E/W) PCS pipe entering emergency pump on line 1-33 on east
side of check valve

SS0 0�
T


�
�



6� 	T

0.031 2.685� 103
� 6.245 371 123 13� ��Compression

SS0 1�
T


�
�



6� 	T

0 0 0 0 0 27( )�Tension

PS-5 (Node 372)
PS-5 vertically supports the horizontal (E/W) PCS pipe entering emergency pump on line 1-33 on west
side of check valve

SS0 2�
T


�
�



6� 	T

0.061 5.32� 103
� 3.95 372 129 10� ��Compression

SS0 3�
T


�
�



6� 	T

0 0 0 0 0 27( )�Tension

PS-5 (Node 373)
PS-5 vertically supports the horizontal (E/W) PCS pipe entering emergency pump on line 1-32 on east
side of check valve

SS0 4�
T


�
�



6� 	T

0.025 2.189� 103
� 12.52 373 127 10� ��Compression

SS0 5�
T


�
�



6� 	T

0 0 0 0 0 27( )�Tension
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PS-5 (Node 374)
PS-5 vertically supports the horizontal (E/W) PCS pipe entering emergency pump on line 1-32 on west
side of check valve

SS0 6�
T


�
�



6� 	T

0.106 9.322� 103
� 8.42 374 125 20� ��Compression

SS0 7�
T


�
�



6� 	T

0 0 0 0 0 27( )�Tension

PS-21 Supports (1 x Axial (NS), 1 x Lateral (EW), 1 x Vertical)
PS-21 Axial (NS) (Node 535)
PR-21 horizontally (N/S), laterally (E/W), and vertically supports the horizontal(E/W) PCS pipe on line
1-32 on the north side of the emergency pump room.

SS0 8�
T


�
�



6� 	T

0.058 2.011� 103
� 8.215 535 144 4� ��Compression

SS0 9�
T


�
�



6� 	T

0.065 2.629 103
� 7.93 535 144 14� ��Tension

PS-21 Lateral (EW) (Node 535)
PR-21 horizontally (N/S), laterally (E/W), and vertically supports the horizontal(E/W) PCS pipe on line
1-32 on the north side of the emergency pump room.

SS0 10�
T


�
�



6� 	T

3.876 10 3�
� 2.965� 9.53 535 144 25� ��Flexure

SS0 11�
T


�
�



6� 	T

3.153 10 3�
� 2.412 9.29 535 144 28� ��Flexure

PS-21 Vertical (Node 535)
PR-21 horizontally (N/S), laterally (E/W), and vertically supports the horizontal(E/W) PCS pipe on line
1-32 on the north side of the emergency pump room.

SS0 12�
T


�
�



6� 	T

0 0 0 0 0 27( )�Flexure

SS0 13�
T


�
�



6� 	T

0.014 11.09 4.13 535 144 16( )�Flexure
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RH-15A Support (1x)
RH-15A (Node 365)
RH-15A vertically supports the horizontal (E/W) PCS pipe on line 1-32 in conjunction with the horizontal
support of PS-21

SS0 14�
T


�
�



6� 	T

0.179 3.878� 103
� 4.135 365 153 17� ��Tension

SS0 15�
T


�
�



6� 	T

0 0 0 0 0 27( )�Compression

RH-15 Supports (2x)
RH-15 (Node 366)
RH-15 vertically supports the horizontal (E/W) PCS pipe on line 1-32 just west of RH-15A

SS0 16�
T


�
�



6� 	T

0.142 2.113� 103
� 4.64 366 151 3� ��Tension

SS0 17�
T


�
�



6� 	T

0 0 0 0 0 27( )�Compression

RH-15 (Node 367)
RH-15 vertically supports the horizontal (E/W) PCS pipe on line 1-32 west of both RH-15A and the other
RH-15 support and just prior to line 1-32 penetrating the concrete wall and entering the emergency pump
room.

SS0 18�
T


�
�



6� 	T

0.244 3.633� 103
� 5.025 367 149 15� ��Tension

SS0 19�
T


�
�



6� 	T

0.014 202.1 4.3 367 149 28( )�Compression

PR-11 Supports (1 x Vertical, 1 x Horizontal (North/South)
PR-11 Vertical (Node 377)
PR-11 vertically and horizontally (N/S) supports the horizontal(E/W)  PCS pipe on line 1-32 west of the
fabricated elbow from line 1-27.

SS0 20�
T


�
�



6� 	T

0 0 0 0 0 27( )�Flexure

SS0 21�
T


�
�



6� 	T

0.11 15.22 5.455 377 122 11( )�Flexure
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PR-11 Horizontal (Node 377)
PR-11 vertically and horizontally (N/S) supports the horizontal(E/W)  PCS pipe on line 1-32 west of the
fabricated elbow from line 1-27.

SS0 22�
T


�
�



6� 	T

2.029 10 4�
� 10.42� 7.94 377 122 27� ��Compression

SS0 23�
T


�
�



6� 	T

1.332 10 3�
� 10.47 8.175 377 122 28� ��Tension

RH-24 Supports (2x)
RH-24 (Node 368)
RH-24 vertically supports the horizontal (N/S) PCS pipe on line 1-49

SS0 24�
T


�
�



6� 	T

0.05 353� 7.645 368 148 13( )�Tension

SS0 25�
T


�
�



6� 	T

0 0 0 0 0 27( )�Compression

RH-24 (Node 370)
RH-24 vertically supports the horizontal (N/S) PCS pipe on line 1-49

SS0 26�
T


�
�



6� 	T

0.07 496.6� 8.145 370 146 12( )�Tension

SS0 27�
T


�
�



6� 	T

0 0 0 0 0 27( )�Compression



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. J. Russell    Date:    09/30/2008

Calculation Sheet 
Page B.4-13 of B.4-38

TERMINATIONS
Termination output is ordered as (max D/C ratio, max total applied moment, time when max values occur,
element(s) retrieved for calculations, Index of element(s), moments about the x, y, and z axes, and realization
number) 

EVALUATION OF TERMINATIONS ON LINES 22 TO 26 FOR ALL 32 REALIZATIONS
VTM ReadData "\TermLines22to26.prn"� ���

TM C_S VTM R�( )��

Primary Coolant Pumps (4x)

Primary Pump 1-25 (Node 207)

TM0 0�
T


�
�



6� 	T

0.344 9.902 105
� 7.37 207 76 2.715 105

� 1.293 105
� 9.434 105

� 24� ��

Primary Pump 1-24 (Node 184)

TM0 1�
T


�
�



6� 	T

0.297 7.988 105
� 7.615 184 74 4.998� 104

� 9.157� 104
� 7.92� 105

� 11� ��

Primary Pump 1-23 (Node 183)

TM0 2�
T


�
�



6� 	T

0.257 6.326 105
� 10.19 183 72 2.27 105

� 5.973 104
� 5.874 105

� 28� ��

Primary Pump 1-22 (Node 196)

TM0 3�
T


�
�



6� 	T

0.27 6.859 105
� 8.565 196 70 3.016� 104

� 2.181 105
� 6.496 105

� 28� ��

EVALUATION OF TERMINATIONS ON LINES 27 TO 29 FOR ALL 32 REALIZATIONS

VTL ReadData "\TermLines27to29.prn"� ���

TL C_S VTL R�( )��

Reactor Vessel Terminations (2x)
Reactor Vessel 1-28 (Node 25)

TL0 0�
T


�
�



6� 	T

0.265 9.785 105
� 8.595 25 21 7.904 105

� 3.052 105
� 4.895 105

� 26� ��

Reactor Vessel 1-29 (Node 1)

TL0 1�
T


�
�



6� 	T

0.254 9.054 105
� 8.56 1 1 6.039� 105

� 3.211� 105
� 5.933 105

� 21� ��
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EVALUATION OF TERMINATIONS ON LINES 32, 33, AND 49 FOR ALL 32 REALIZATIONS

VTS ReadData "\TermLines32_33_49.prn"� ���

TS C_S VTS R�( )��

North Wall Termination (1x)

North Wall Penetration 1-49 (Node 266)

TS0 0�
T


�
�



6� 	T

0.106 1.314 104
� 9.37 266 214 1.214� 103

� 1.307� 104
� 709.4 25� ��

Emergency Pumps (2x)

Emergency Pump 1-32 (Node 149)

TS0 1�
T


�
�



6� 	T

0.167 1.313 105
� 6.2 149 15 2.134 104

� 1.274� 105
� 2.366� 104

� 15� ��

Emergency Pump 1-33 (Node 140)

TS0 2�
T


�
�



6� 	T

0.234 2.447 105
� 9.355 140 157 6.816 103

� 2.446 105
� 1.079� 103

� 26� ��

PIPE RUNS
Pipe Run output is ordered as (max D/C ratio, max total applied moment, time when max values occur,
element(s) retrieved for calculations, indices of element(s), and realization number) 

EVALUATION OF PIPE RUNS ON LINES 22 TO 26 FOR ALL 32 REALIZATIONS

VPM ReadData "\PRLines22to26.prn"� ���

PM C_S VPM R�( )��

PM80TH PR80th PM( )��

Pipe Properties for Line 1-26
Pipe Run 1-26A (Element 136)

PM80TH0 0�

0.151

0.152

1.074 106
�

1.102 106
�

10.19

10.19

136

136

79

215

1

2

28

25



�
�
�

�
�
�



�

Pipe Run 1-26B (Elements 353)

PM80TH0 1�

0.161

0.144

1.348 106
�

8.828 105
�

7.895

7.895

353

353

216

279

117

118

27

12



�
�
�

�
�
�



�
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Pipe Run 1-26C (Elements 306 & 350)

PM80TH0 2�

0.16

0.156

0.156

0.148

1.329 106
�

1.225 106
�

1.224 106
�

9.931 105
�

7.21

7.115

7.115

7.2

306

306

350

350

217

264

264

276

81

82

113

114

26

3

3

9


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Properties for Lines 1-25, 1-24, 1-23, and 1-22
Pipe Run 1-25A (Element 205)

PM80TH0 3�

0.252

0.255

9.699 105
�

9.902 105
�

7.36

7.37

205

205

206

207

75

76

22

24



�
�
�

�
�
�



�

Pipe Run 1-25B (Elements 699, 698, & 374)

PM80TH0 4�

0.216

0.168

0.143

0.168

0.167

0.143

7.487 105
�

4.557 105
�

3.012 105
�

4.556 105
�

4.455 105
�

3.013 105
�

7.355

7.355

7.36

7.355

7.365

7.36

699

699

698

698

374

374

204

580

579

580

202

579

173

174

171

172

127

128

28

27

28

28

28

28



�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-25C (Elements 192 & 187)

PM80TH0 5�

0.186

0.189

0.153

0.143

5.662 105
�

5.821 105
�

3.629 105
�

3.03 105
�

7.355

7.355

7.305

4.325

192

192

187

187

199

201

198

212

67

68

57

58

28

27

23

12


�
�
�
�
�
��

��
�
�
�
�
�


�
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Pipe Run 1-25D (Elements 703, 382, 702, & 303)

PM80TH0 6�

0.149

0.153

0.158

0.153

0.158

0.173

0.189

0.173

3.382 105
�

3.641 105
�

3.944 105
�

3.642 105
�

3.945 105
�

4.877 105
�

5.849 105
�

4.877 105
�

7.09

7.07

7.065

7.07

7.065

7.9

7.905

7.9

703

703

382

382

702

702

303

303

211

584

265

584

265

583

162

583

181

182

131

132

179

180

79

80

28

27

10

27

10

10

10

10



�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-24A (Element 203)

PM80TH0 7�

0.223

0.224

7.931 105
�

7.988 105
�

7.615

7.615

203

203

182

184

73

74

11

11



�
�
�

�
�
�



�

Pipe Run 1-24B (Elements 679, 696, & 369)

PM80TH0 8�

0.198

0.161

0.142

0.161

0.16

0.142

6.391 105
�

4.104 105
�

2.961 105
�

4.104 105
�

4.026 105
�

2.961 105
�

7.605

7.6

7.605

7.6

7.625

7.605

697

697

696

696

369

369

214

578

577

578

176

577

169

170

167

168

125

126

22

22

28

22

11

28



�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-24C (Element 181 and 666)

PM80TH0 9�

0.172

0.17

0.189

0.158

4.789 105
�

4.655 105
�

5.808 105
�

3.948 105
�

10.21

7.33

7.26

7.085

181

181

666

666

169

175

167

547

55

56

157

158

19

25

4

27


�
�
�
�
�
��

��
�
�
�
�
�


�
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Pipe Run 1-23A (Element 201)

PM80TH0 10�

0.195

0.197

6.173 105
�

6.326 105
�

10.19

10.19

201

201

181

183

71

72

3

28



�
�
�

�
�
�



�

Pipe Run 1-23B (Elements 695, 694, & 364)

PM80TH0 11�

0.171

0.142

0.133

0.142

0.151

0.133

4.698 105
�

2.918 105
�

2.404 105
�

2.918 105
�

3.472 105
�

2.404 105
�

10.19

7.59

7.6

7.59

7.08

7.6

695

695

694

694

364

364

213

576

575

576

174

575

165

166

163

164

123

124

27

27

25

27

24

25



�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-23C (Element 171 & 665)

PM80TH0 12�

0.163

0.163

0.165

0.162

4.24 105
�

4.206 105
�

4.334 105
�

4.163 105
�

8.565

8.565

5.54

7.085

171

171

665

665

168

218

166

546

45

46

155

156

27

19

25

10


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-22A (Element 199)

PM80TH0 13�

0.204

0.206

6.723 105
�

6.859 105
�

8.565

8.565

199

199

194

196

69

70

28

28



�
�
�

�
�
�



�
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Pipe Run 1-22B (Elements 693, 692, & 359)

PM80TH0 14�

0.175

0.136

0.119

0.136

0.144

0.119

4.967 105
�

2.586 105
�

1.525 105
�

2.585 105
�

3.082 105
�

1.525 105
�

8.565

8.555

6.77

8.555

7.255

6.77

693

693

692

692

359

359

192

574

573

574

190

573

161

162

159

160

121

122

19

19

21

19

25

21



�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-22C (Elements 161 & 156)

PM80TH0 15�

0.16

0.161

0.153

0.139

4.04 105
�

4.1 105
�

3.598 105
�

2.758 105
�

7.235

7.24

6.775

6.77

161

161

156

156

187

189

186

209

35

36

25

26

19

25

25

25


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-22D (Elements 301, 700, 378, & 701)

PM80TH0 16�

0.137

0.153

0.172

0.153

0.172

0.186

0.199

0.186

2.629 105
�

3.597 105
�

4.787 105
�

3.597 105
�

4.794 105
�

5.624 105
�

6.462 105
�

5.624 105
�

10.92

8.62

7.215

8.62

7.215

7.2

7.2

7.2

301

301

700

700

378

378

701

701

210

581

263

581

263

582

165

582

77

78

175

176

129

130

177

178

12

6

28

6

28

14

14

14



�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�



�
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EVALUATION OF PIPE RUNS ON LINES 27 TO 29 FOR ALL 32 REALIZATIONS
VPL ReadData "\PRLines27to29.prn"� ���

PL C_S VPL R�( )��

PL80TH PR80th PL( )��

Pipe Properties for Line 1-28 and 1-29
Pipe Run 1-28A (Elements 27)

PL80TH0 0�

0.266

0.219

9.785 105
�

6.548 105
�

8.595

11.96

27

27

25

26

21

22

26

17



�
�
�

�
�
�



�

Pipe Run 1-28B (Elements 31, 36, 670, 671, & 53)

PL80TH0 1�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

0.198 55.011·10 11.57 31 29 23 28

0.171 53.152·10 11.57 31 40 24 25

0.171 53.145·10 11.77 36 40 25 19

0.157 52.189·10 8.57 36 551 26 19

0.157 52.188·10 8.57 670 551 147 19

0.17 53.074·10 8.575 670 552 148 20

0.192 54.604·10 8.575 671 49 149 28

0.17 53.073·10 8.575 671 552 150 20

0.193 54.711·10 8.575 53 32 41 28

0.192 54.606·10 8.575 53 49 42 28

�

Pipe Run 1-28C (Elements 38, 608, 41, 46, 675, 676, & 677)

PL80TH0 2�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

10

11

12

13

0.184 54.039·10 11.36 38 33 27 9

0.184 54.03·10 11.36 38 503 28 9

0.197 54.984·10 5.27 608 34 131 7

0.184 54.031·10 11.36 608 503 132 9

0.206 55.608·10 8.58 41 36 33 23

0.21 55.885·10 8.655 41 43 34 25

0.21 55.885·10 8.655 46 43 35 25

0.226 57.027·10 8.58 46 556 36 28

0.226 57.03·10 8.58 675 556 157 28

0.24 57.958·10 8.575 675 557 158 16

0.24 57.958·10 8.575 676 557 159 16

0.234 57.6·10 8.58 676 558 160 27

0.213 56.092·10 8.57 677 37 161 16

0.234 57.599·10 8.58 677 558 162 27

�
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Pipe Run 1-28D (Elements 48 & 49)

PL80TH0 3�

0.197

0.209

0.242

0.209

7.552 105
�

8.578 105
�

1.132 106
�

8.578 105
�

11.98

11.58

11.58

11.58

48

48

49

49

38

48

39

48

37

38

39

40

11

11

27

11


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-29A (Element 1)

PL80TH0 4�

0.255

0.217

9.054 105
�

6.411 105
�

8.56

8.55

1

1

1

4

1

2

21

29



�
�
�

�
�
�



�

Pipe Run 1-29B (Elements 5, 7, 668, 669, & 54)

PL80TH0 5�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

0.193 54.714·10 8.545 5 5 3 17

0.168 52.904·10 11.99 5 16 4 11

0.168 52.903·10 11.99 7 16 5 11

0.158 52.232·10 12 7 549 6 9

0.158 52.232·10 12 668 549 143 9

0.166 52.766·10 8.555 668 550 144 17

0.188 54.348·10 8.565 669 50 145 28

0.166 52.768·10 8.555 669 550 146 17

0.19 54.453·10 8.565 54 8 43 28

0.188 54.352·10 8.565 54 50 44 28

�

Pipe Run 1-29C (Elements 9, 607, 12, 25, 672, 673, & 674)

PL80TH0 6�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

10

11

12

13

0.188 54.318·10 11.76 9 9 7 28

0.187 54.29·10 11.75 9 502 8 25

0.184 54.055·10 8.75 607 10 129 19

0.187 54.292·10 11.35 607 502 130 24

0.184 54.042·10 4.305 12 12 13 10

0.192 54.607·10 3.925 12 19 14 10

0.192 54.61·10 3.925 25 19 17 10

0.181 53.871·10 6.925 25 553 18 6

0.181 53.871·10 6.925 672 553 151 6

0.202 55.32·10 8.57 672 554 152 26

0.202 55.321·10 8.57 673 554 153 26

0.213 56.111·10 8.58 673 555 154 1

0.222 56.721·10 11.35 674 13 155 27

0.213 56.111·10 8.58 674 555 156 1

�
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Pipe Run 1-29D (Elements 14 & 26)

PL80TH0 7�

0.198

0.202

0.225

0.202

7.648 105
�

7.979 105
�

9.943 105
�

7.979 105
�

11.76

11.76

11.77

11.76

14

14

26

26

14

24

15

24

15

16

19

20

27

27

19

27


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Properties for Lower (Southern) Portion of Line 1-27

Pipe Run 1-27A (Elements 93, 94, & 469)

PL80TH0 8�

0.165

0.169

0.169

0.166

0.16

0.154

1.095 106
�

1.177 106
�

1.178 106
�

1.117 106
�

9.757 105
�

8.209 105
�

4.12

4.12

4.12

8.74

11.57

11.57

93

93

94

94

469

469

56

88

88

89

60

89

79

80

81

82

111

112

7

7

7

28

27

25



�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-27B (Elements 66, 678, 75, 679, 680, 76, 681, 682, & 67)

PL80TH0 9�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

0.182 61.487·10 11.57 66 61 59 11

0.166 61.099·10 11.56 66 559 60 27

0.164 61.052·10 11.74 678 68 163 24

0.166 61.1·10 11.56 678 559 164 27

0.164 61.053·10 11.74 75 68 67 24

0.162 61.007·10 10.7 75 560 68 9

0.162 61.007·10 10.7 679 560 165 9

0.17 61.2·10 5.71 679 561 166 9

0.196 61.821·10 8.745 680 69 167 1

0.17 61.2·10 5.71 680 561 168 9

0.196 61.822·10 8.745 76 69 69 1

0.166 61.108·10 8.75 76 562 70 2

0.166 61.108·10 8.75 681 562 169 2

0.154 58.212·10 10.87 681 563 170 23

0.148 56.826·10 10.87 682 63 171 26

0.154 58.2·10 10.87 682 563 172 23

0.148 56.724·10 11.68 67 62 61 12

0.148 56.819·10 10.87 67 63 62 26

�
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Calculation Sheet 
Page B.4-22 of B.4-38

Pipe Properties for Upper (Northern) Portion of Line 1-27
Pipe Run 1-27C (Elements 81, 683, 89, 108, 684, 495, & 496)

PL80TH0 10�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

10

11

12

13

0.137 56.894·10 11.27 81 65 71 17

0.147 59.59·10 11.28 81 564 72 32

0.16 61.336·10 11.26 683 84 173 24

0.147 59.595·10 11.28 683 564 174 32

0.16 61.337·10 12.1 89 84 77 17

0.176 61.77·10 7.855 89 102 78 21

0.176 61.771·10 7.855 108 102 83 21

0.157 61.234·10 11.26 108 565 84 19

0.161 61.339·10 9.095 684 103 175 8

0.157 61.234·10 11.26 684 565 176 19

0.16 61.338·10 9.095 495 103 117 8

0.156 61.216·10 9.09 495 419 118 22

0.148 61·10 9.095 496 75 119 21

0.156 61.216·10 9.09 496 419 120 22

�

Pipe Run 1-27D (Elements 117, 685, 686, 687, & 84)

PL80TH0 11�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

0.143 58.542·10 7.87 117 76 85 19

0.146 59.376·10 4.34 117 566 86 6

0.146 59.38·10 4.34 685 566 177 6

0.147 59.672·10 4.34 685 567 178 11

0.147 59.668·10 4.34 686 567 179 11

0.146 59.264·10 8.57 686 568 180 26

0.171 61.644·10 4.975 687 80 181 8

0.146 59.259·10 8.57 687 568 182 26

0.159 61.29·10 8.575 84 78 73 7

0.172 61.656·10 4.975 84 80 74 8

�

EVALUATION OF PIPE RUNS ON LINES 32, 33, AND 49 FOR ALL 32 REALIZATIONS
VPS ReadData "\PRLines32_33_49.prn"� ���

PS C_S VPS R�( )��

PS80TH PR80th PS( )��

PIPE PROPERTIES FOR LINE 1-32A
Pipe Run 1-32A (Element 241)

PS80TH0 0�

0.168

0.159

1.313 105
�

1.168 105
�

6.2

6.205

241

241

149

237

15

16

15

15



�
�
�

�
�
�



�
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Calculation Sheet 
Page B.4-23 of B.4-38

PIPE PROPERTIES FOR LINES 14 " SECTIONS OF 1-32 AND 1-33
Pipe Run 1-32B (Elements 242 & 294)

PS80TH0 1�

0.133

0.146

0.129

0.129

6.679 104
�

9.345 104
�

6.027 104
�

5.948 104
�

6.22

6.205

5.51

9.11

242

242

294

294

148

238

147

254

17

18

39

40

11

13

12

6


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-32C (Elements 291 & 282)

PS80TH0 2�

0.123

0.126

0.129

0.129

4.76 104
�

5.386 104
�

5.919 104
�

5.995 104
�

9.545

9.115

9.16

9.16

291

291

282

282

144

255

143

247

37

38

29

30

12

28

17

17


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-32D (Elements 640 & 279)

PS80TH0 3�

0.136

0.143

0.14

0.143

7.295 104
�

8.791 104
�

8.137 104
�

8.799 104
�

9.34

9.335

9.33

9.335

640

640

279

279

248

532

250

532

141

142

27

28

13

17

25

17


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-32E (Elements 421, 422, & 423)

PS80TH0 4�

0.191

0.163

0.163

0.171

0.183

0.171

1.828 105
�

1.271 105
�

1.271 105
�

1.436 105
�

1.655 105
�

1.436 105
�

9.535

7.935

7.935

7.92

7.92

7.92

421

421

422

422

423

423

346

347

347

348

251

348

111

112

113

114

115

116

17

10

10

11

11

11



�
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�
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Calculation Sheet 
Page B.4-24 of B.4-38

Pipe Run 1-32F (Elements 295, 296, 715, 716, 717, 718, 297, 719, 720, 721, & 298)

PS80TH0 5�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

0.205 52.101·10 8.17 295 129 41 19

0.204 52.074·10 8.17 295 259 42 19

0.204 52.08·10 8.17 296 259 43 19

0.205 52.096·10 8.16 296 595 44 7

0.205 52.098·10 8.16 715 595 184 7

0.207 52.135·10 8.16 715 596 185 3

0.207 52.136·10 8.16 716 596 186 3

0.208 52.168·10 8.16 716 597 187 3

0.209 52.169·10 8.16 717 597 188 3

0.209 52.177·10 8.155 717 598 189 7

0.208 52.165·10 8.155 718 258 190 7

0.209 52.177·10 8.155 718 598 191 7

0.208 52.165·10 8.16 297 258 45 7

0.206 52.116·10 8.16 297 599 46 7

0.206 52.116·10 8.16 719 599 192 7

0.202 52.05·10 8.16 719 600 193 6

0.203 52.05·10 8.16 720 600 194 6

0.199 51.98·10 8.165 720 601 195 6

0.197 51.935·10 8.17 721 261 196 19

0.199 51.981·10 8.165 721 601 197 6

0.196 51.924·10 8.175 298 252 47 19

0.197 51.935·10 8.17 298 261 48 28

�

Pipe Run 1-32G (Elements 714, 713, 712, 711, 709, & 637)

PS80TH0 6�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

10

11

0.19 51.802·10 8.18 714 323 182 22

0.181 51.63·10 8.185 714 594 183 12

0.194 51.885·10 7.92 713 593 180 10

0.181 51.63·10 8.185 713 594 181 12

0.214 52.272·10 7.92 712 592 178 10

0.194 51.885·10 7.92 712 593 179 10

0.226 52.519·10 7.915 711 591 176 22

0.214 52.272·10 7.92 711 592 177 10

0.229 52.581·10 7.92 709 590 174 24

0.226 52.519·10 7.915 709 591 175 22

0.217 52.331·10 7.665 637 125 139 19

0.217 52.348·10 7.665 637 590 140 19

�
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Calculation Sheet 
Page B.4-25 of B.4-38

Pipe Run 1-32H (Elements 708, 707, 391, 706, 705, 704, 388, & 207)

PS80TH0 7�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

0.206 52.128·10 7.66 708 123 172 11

0.196 51.927·10 8.175 708 589 173 25

0.197 51.937·10 8.17 707 588 170 30

0.196 51.927·10 8.175 707 589 171 25

0.219 52.375·10 8.19 391 122 97 24

0.197 51.938·10 8.17 391 588 98 30

0.219 52.374·10 8.19 706 122 168 24

0.263 53.248·10 8.155 706 587 169 11

0.325 54.471·10 8.16 705 586 166 11

0.263 53.248·10 8.155 705 587 167 11

0.397 55.896·10 8.17 704 585 164 11

0.325 54.472·10 8.16 704 586 165 11

0.478 57.505·10 8.17 388 308 95 11

0.397 55.896·10 8.17 388 585 96 11

0.539 58.697·10 8.17 207 121 3 28

0.478 57.505·10 8.17 207 308 4 11

�

Pipe Run 1-33A (Element 287)

PS80TH0 8�

0.208

0.198

2.167 105
�

1.963 105
�

9.325

9.33

287

287

138

253

33

34

13

22



�
�
�

�
�
�



�

Pipe Run 1-33B (Element 290 & 667)

PS80TH0 9�

0.182

0.184

0.182

0.196

1.648 105
�

1.688 105
�

1.649 105
�

1.929 105
�

9.52

9.52

9.52

9.335

290

290

667

667

136

257

135

548

35

36

162

163

25

25

25

17


�
�
�
�
�
��

��
�
�
�
�
�


�
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Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. J. Russell    Date:    09/30/2008

Calculation Sheet 
Page B.4-26 of B.4-38

Pipe Properties for Line 1-49
Pipe Run 1-49A (Elements 730, 729, 728, 727, 308, 726, 725, 724, 723, 722, 444, & 443)

PS80TH0 10�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

0.106 41.314·10 9.37 730 266 214 25

0.091 41.055·10 9.37 730 610 215 22

0.078 38.092·10 9.375 729 609 212 13

0.091 41.055·10 9.37 729 610 213 22

0.066 35.905·10 9.39 728 608 210 20

0.078 38.092·10 9.375 728 609 211 13

0.062 35.123·10 9.15 727 607 208 6

0.066 35.905·10 9.39 727 608 209 20

0.072 36.973·10 7.645 308 154 49 13

0.062 35.123·10 9.15 308 607 50 6

0.072 36.973·10 7.645 726 154 206 13

0.054 33.772·10 8.21 726 606 207 12

0.059 34.576·10 7.64 725 605 204 13

0.054 33.772·10 8.21 725 606 205 12

0.073 37.152·10 7.64 724 604 202 13

0.059 34.576·10 7.64 724 605 203 13

0.084 39.249·10 7.63 723 603 200 17

0.073 37.151·10 7.64 723 604 201 13

0.091 41.046·10 7.645 722 602 198 22

0.084 39.249·10 7.63 722 603 199 17

0.101 41.227·10 7.905 444 369 119 11

0.091 41.046·10 7.645 444 602 120 22

0.103 41.269·10 7.905 443 240 117 22

0.101 41.227·10 7.905 443 369 118 11

�

Pipe Run 1-49B (Elements 403, 402, & 270)

PS80TH0 11�

0.11

0.102

0.102

0.102

0.109

0.102

1.39 104
�

1.253 104
�

1.244 104
�

1.252 104
�

1.367 104
�

1.244 104
�

7.685

7.675

7.65

7.675

7.65

7.65

403

403

402

402

270

270

242

328

327

328

244

327

109

110

107

108

19

20

22

17

28

17

11

28



�
�
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Calculation Sheet 
Page B.4-27 of B.4-38

Pipe Run 1-49C (Elements 401, 400, & 275)

PS80TH0 12�

0.107

0.106

0.12

0.106

0.142

0.12

1.345 104
�

1.327 104
�

1.579 104
�

1.327 104
�

1.971 104
�

1.578 104
�

7.685

7.69

8.17

7.69

8.165

8.17

401

401

400

400

275

275

243

326

325

326

245

325

105

106

103

104

23

24

22

28

27

28

27

27



�
�
�
�
�
�
�
�
�
�

�
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�
�
�
�
�
�
�
�



�

Pipe Run 1-49D (Elements 272 & 399)

PS80TH0 13�

0.23

0.184

0.148

0.184

3.574 104
�

2.735 104
�

2.08 104
�

2.735 104
�

7.94

7.93

8.165

7.93

272

272

399

399

150

324

246

324

21

22

101

102

28

19

19

19


�
�
�
�
�
��

��
�
�
�
�
�


�

REDUCERS
Reducer output is ordered as (max D/C ratio, max total applied moment, time when max values occur, element(s)
retrieved for calculations, indicia of element(s), moments about the x, y, and z axes, and realization number ) 

EVALUATION OF REDUCERS ON LINES 22 TO 26 FOR ALL 32 REALIZATIONS

VRM ReadData "\RedLines22to26.prn"� ���

RM C_S VRM R�( )��

RM80TH RED_EL80th RM( )��

Reducer Properties for Top of Lines 1-22, 1-23, 1-24, 1-25

Reducer 1-22A (Nodes 193 & 194)

RM80TH0

0.199

0.217

6.648 105
�

6.723 105
�

8.565

8.565

193

194

153

69

9.597 104
�

6.369 104
�

1.037� 105
�

1.608� 105
�

6.496� 105
�

6.496� 105
�

28

28



�
�
�

�
�
�



�
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Calculation Sheet 
Page B.4-28 of B.4-38

Reducer 1-23 (Nodes 179 & 181)

RM80TH1

0.191

0.206

6.107 105
�

6.173 105
�

8.56

10.19

179

181

151

71

1.46� 104
�

1.934� 105
�

1.061� 104
�

1.711� 104
�

6.105� 105
�

5.86� 105
�

11

3



�
�
�

�
�
�



�

Reducer 1-24 (Nodes 180 & 182)

RM80TH2

0.22

0.241

7.942 105
�

7.931 105
�

7.605

7.615

180

182

102

73

4.519� 104
�

3.543 104
�

6.181 104
�

2.517 104
�

7.905� 105
�

7.92 105
�

22

11



�
�
�

�
�
�



�

Reducer 1-25A (Nodes 205 & 206)

RM80TH3

0.246

0.276

9.598 105
�

9.699 105
�

7.36

7.36

205

206

135

75

1.521� 105
�

2.03� 105
�

3.138 104
�

4.838� 104
�

9.471� 105
�

9.472� 105
�

22

22



�
�
�

�
�
�



�

Reducer Properties for Bottom of Line 1-22 and 1-25

Reducer 1-22B (Nodes 164 & 165)

RM80TH4

0.135

0.133

6.944 105
�

6.463 105
�

7.21

7.2

164

165

17

23

6.73� 105
�

6.248 105
�

1.71 105
�

1.332� 105
�

9.191 103
�

9.795� 104
�

2

14



�
�
�

�
�
�



�

Reducer 1-25B (Nodes 161 & 162)

RM80TH5

0.134

0.126

6.531 105
�

5.849 105
�

7.62

7.905

161

162

8

21

4.11 105
�

5.248� 105
�

5.027 105
�

2.512� 105
�

7.07 104
�

5.973� 104
�

19

10



�
�
�

�
�
�



�

EVALUATION OF REDUCERS ON LINES 27 TO 29 FOR ALL 32 REALIZATIONS
VRL ReadData "\RedLines27to29.prn"� ���

RL C_S VRL R�( )��

RL80TH RED_EL80th RL( )��

Reducer Properties for Bottom of Line 1-28 and 1-29
Reducer 1-28 (Nodes 53 & 39)

RL80TH0

0.167

0.229

1.319 106
�

1.132 106
�

5.275

11.58

53

39

49

39

1.008 106
�

6.002 105
�

6.198� 105
�

6.305� 105
�

5.832 105
�

7.23 105
�

11

27
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Calculation Sheet 
Page B.4-29 of B.4-38

Reducer 1-29 (Nodes 52 & 15)

RL80TH1

0.159

0.214

1.099 106
�

9.943 105
�

11.77

11.77

52

15

51

19

5.126 105
�

3.968 105
�

6.682� 105
�

5.291� 105
�

7.064� 105
�

7.424� 105
�

19

19



�
�
�

�
�
�



�

EVALUATION OF REDUCERS ON LINES 32, 33, & 49 TO 29 FOR ALL 32 REALIZATIONS
VRS ReadData "\RedLines32_33_49.prn"� ���

RS C_S VRS R�( )��

RS80TH RED_EL80th RS( )��

Reducer Properties for Bottom of Lines 1-32 and 1-33
Reducer 1-32 (Nodes 238 & 237)

RS80TH0

0.144

0.158

9.346 104
�

1.168 105
�

6.205

6.205

238

237

137

16

2.684� 104
�

3.055� 104
�

8.505 104
�

1.093 105
�

2.794 104
�

2.752 104
�

13

15



�
�
�

�
�
�



�

Reducer 1-33 (Nodes 139 & 140)

RS80TH1

0.204

0.233

2.171 105
�

2.447 105
�

9.345

9.355

139

140

155

157

2.966 104
�

6.816 103
�

2.149� 105
�

2.446 105
�

8.839 103
�

1.079� 103
�

18

26



�
�
�

�
�
�



�

ELBOWS
Elbow output is ordered as (max D/C ratio, max total applied moment, time when max values occur, element(s)
retrieved for calculations, indicia of element(s), moments about the x, y, and z axes, and realization number ) 

EVALUATION OF ELBOWS ON LINES 22 TO 26 FOR ALL 32 REALIZATIONS
VEM ReadData "\ElbowLines22to26.prn"� ���

EM C_S VEM R�( )��

EM80TH RED_EL80th EM( )��

Elbow Properties for Lines 1-22, 1-23, 1-24, and 1-25
Elbow 1-22A (Nodes 193 & 192)

EM80TH0

0.573

0.428

6.648 105
�

4.968 105
�

8.565

8.565

193

192

153

90

9.597 104
�

1.322 105
�

1.037� 105
�

9.265 104
�

6.496� 105
�

4.698� 105
�

28

19



�
�
�

�
�
�



�
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Elbow 1-22B (Nodes 190 & 189)

EM80TH1

0.266

0.353

3.082 105
�

4.1 105
�

7.255

7.24

190

189

88

87

7.39 104
�

1.18� 105
�

7.782� 104
�

1.859 104
�

2.889� 105
�

3.922 105
�

25

25



�
�
�

�
�
�



�

Elbow 1-22C (Nodes 209 & 210)

EM80TH2

0.238

0.227

2.759 105
�

2.629 105
�

6.77

10.92

209

210

84

77

9.067� 104
�

1.868 105
�

1.764� 104
�

1.686� 105
�

2.6� 105
�

7.626� 104
�

25

12



�
�
�

�
�
�



�

Elbow 1-25A (Nodes 205 & 204)

EM80TH3

0.827

0.645

9.6 105
�

7.487 105
�

7.365

7.355

205

204

135

111

1.476� 105
�

1.251� 104
�

3.657 104
�

2.971 105
�

9.479� 105
�

6.871� 105
�

24

28



�
�
�

�
�
�



�

Elbow 1-25B (Nodes 202 & 201)

EM80TH4

0.384

0.501

4.455 105
�

5.821 105
�

7.365

7.355

202

201

109

108

6.444 104
�

1.003� 105
�

2.971� 105
�

2.695 105
�

3.256� 105
�

5.061 105
�

28

27



�
�
�

�
�
�



�

Elbow 1-25C (Nodes 212 & 211)

EM80TH5

0.261

0.291

3.031 105
�

3.382 105
�

4.325

7.09

212

211

106

105

1.803 105
�

2.434 105
�

6.066� 104
�

2.163� 105
�

2.36� 105
�

9.132� 104
�

12

28



�
�
�

�
�
�



�

Elbow 1-23A (Node 179 & 213)

EM80TH6

0.526

0.405

6.107 105
�

4.698 105
�

8.56

10.19

179

213

151

97

1.46� 104
�

2.369 103
�

1.061� 104
�

2.058 105
�

6.105� 105
�

4.223� 105
�

11

27



�
�
�

�
�
�



�

Elbow 1-23B (Node 174 & 218)

EM80TH7

0.299

0.362

3.473 105
�

4.206 105
�

7.08

8.565

174

218

93

94

2.317� 105
�

1.016� 105
�

1.209 105
�

1.293 105
�

2.286 105
�

3.871 105
�

24

19



�
�
�

�
�
�



�

Elbow 1-24A (Nodes 180 & 214)

EM80TH8

0.684

0.551

7.942 105
�

6.391 105
�

7.605

7.605

180

214

102

103

4.519� 104
�

2.258 104
�

6.181 104
�

2.787� 105
�

7.905� 105
�

5.747 105
�

22

22



�
�
�

�
�
�



�
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Elbow 1-24B (Node 176 & 175)

EM80TH9

0.347

0.401

4.028 105
�

4.655 105
�

7.625

7.33

176

175

100

56

1.489� 105
�

1.085 105
�

2.747 105
�

1.665� 105
�

2.541 105
�

4.209� 105
�

24

25



�
�
�

�
�
�



�

EVALUATION OF ELBOWS ON LINES 27 TO 29 FOR ALL 32 REALIZATIONS
VEL ReadData "\ElbowLines27to29.prn"� ���

EL C_S VEL R�( )��

EL80TH RED_EL80th EL( )��

Elbow Properties for Lines 1-28 and 1-29
Elbow 1-28A (Nodes 28 & 29)

EL80TH0

0.523

0.4

6.548 105
�

5.012 105
�

11.96

11.57

26

29

22

94

4.793 104
�

1.949� 104
�

3.987 104
�

1.518� 105
�

6.519 105
�

4.772 105
�

17

28



�
�
�

�
�
�



�

Elbow 1-28B (Nodes 32 & 33)

EL80TH1

0.376

0.323

4.711 105
�

4.042 105
�

8.575

11.76

32

33

96

97

2.85� 104
�

1.8 105
�

1.554� 105
�

1.047 105
�

4.438� 105
�

3.464 105
�

28

27



�
�
�

�
�
�



�

Elbow 1-28C (Nodes 37 & 38)

EL80TH2

0.409

0.508

6.092 105
�

7.553 105
�

8.57

11.98

37

38

161

100

1.945� 104
�

1.737 105
�

3.439� 104
�

3.601� 104
�

6.079� 105
�

7.342 105
�

16

11



�
�
�

�
�
�



�

Elbow 1-29A (Nodes 4 & 5)

EL80TH3

0.512

0.377

6.411 105
�

4.715 105
�

8.55

8.545

4

5

2

103

1.694 105
�

7.635� 104
�

3.928 104
�

1.595� 105
�

6.171� 105
�

4.371� 105
�

29

17



�
�
�

�
�
�



�

Elbow 1-29B (Nodes 8 & 9)

EL80TH4

0.356

0.345

4.453 105
�

4.318 105
�

8.565

11.76

8

9

105

7

5.335 104
�

1.304 104
�

1.538 105
�

8.588 104
�

4.145� 105
�

4.229� 105
�

28

28



�
�
�

�
�
�



�
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Elbow 1-29C (Nodes 13 & 14)

EL80TH5

0.452

0.514

6.721 105
�

7.65 105
�

11.35

11.76

13

14

108

109

8.519� 103
�

5.944 104
�

5.648� 103
�

1.406� 105
�

6.72 105
�

7.496� 105
�

27

27



�
�
�

�
�
�



�

Elbow Properties for Lines 1-27
Elbow 1-27A (Nodes 60 & 61)

EL80TH6

0.236

0.359

9.758 105
�

1.487 106
�

11.57

11.57

60

61

87

59

1.295 105
�

1.481 105
�

1.924 105
�

1.749 105
�

9.479 105
�

1.469 106
�

27

11



�
�
�

�
�
�



�

Elbow 1-27B (Nodes 75 & 76)

EL80TH7

0.2

0.17

1 106
�

8.542 105
�

9.095

7.87

75

76

119

91

1.469� 105
�

5.381� 105
�

8.789 105
�

6.579 105
�

4.544 105
�

8.6 104
�

21

19



�
�
�

�
�
�



�

EVALUATION OF ELBOWS ON LINES 32, 33, & 49 FOR ALL 32 REALIZATIONS
VES ReadData "\ElbowLines32_33_49.prn"� ���

ES C_S VES R�( )��

ES80TH RED_EL80th ES( )��

Elbow Properties for Lines 1-32A,B and 1-33
Elbow 1-32A (Nodes 254 & 255)

ES80TH0

0.212

0.192

5.942 104
�

5.387 104
�

9.105

9.115

254

255

40

76

5.469� 104
�

4.965� 104
�

1.981 104
�

1.891 104
�

1.212 104
�

8.926 103
�

10

28



�
�
�

�
�
�



�

Elbow 1-32B (Nodes 247 & 248)

ES80TH1

0.214

0.26

5.995 104
�

7.295 104
�

9.16

9.34

247

248

72

73

5.377 104
�

5.644 104
�

2.588� 104
�

4.55� 104
�

5.768 103
�

8.085 103
�

17

13



�
�
�

�
�
�



�

Elbow 1-33 (Nodes 137 & 136)

ES80TH2

0.7

0.602

1.964 105
�

1.689 105
�

9.325

9.52

253

257

34

79

1.273 105
�

3.954� 104
�

1.491� 105
�

1.587 105
�

1.274 104
�

4.184� 104
�

13

25



�
�
�

�
�
�



�
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Elbow 1-32C (Nodes 250 & 249)

ES80TH3

0.221

0.208

8.137 104
�

7.636 104
�

9.33

9.325

250

249

27

69

6.215 104
�

5.111 104
�

5.01� 104
�

5.539� 104
�

1.576 104
�

1.23� 104
�

25

12



�
�
�

�
�
�



�

Elbow 1-32D (Nodes 251 & 252)

ES80TH4

0.45

0.523

1.655 105
�

1.924 105
�

7.92

8.175

251

252

115

67

4.04� 104
�

3.659 104
�

6.393 103
�

5.149� 104
�

1.603� 105
�

1.817 105
�

11

19



�
�
�

�
�
�



�

Elbow 1-32E (Nodes 129 & 128)

ES80TH5

0.571

0.556

2.101 105
�

2.043 105
�

8.17

8.17

129

128

41

62

1.783� 104
�

3.139� 104
�

1.046� 105
�

1.422� 105
�

1.813 105
�

1.433 105
�

19

19



�
�
�

�
�
�



�

Elbow 1-32F (Nodes 125 & 123)

ES80TH6

0.634

0.579

2.331 105
�

2.128 105
�

7.665

7.66

125

123

139

172

2.681� 104
�

7.26 103
�

1.469� 105
�

1.326 105
�

1.79� 105
�

1.663 105
�

19

11



�
�
�

�
�
�



�

Elbow Properties for Lines 1-49
Elbow 1-49A (Nodes 240 & 244)

ES80TH7

0.184

0.198

1.269 104
�

1.367 104
�

7.905

7.65

240

244

117

94

3.455� 103
�

3.292 103
�

77.28

1.56� 103
�

1.221� 104
�

1.317 104
�

22

11



�
�
�

�
�
�



�

Elbow 1-49B (Nodes 242 & 243)

ES80TH8

0.202

0.195

1.39 104
�

1.345 104
�

7.685

7.685

242

243

90

105

6.65� 103
�

5.038� 103
�

2.677 103
�

2.875 103
�

1.191� 104
�

1.214� 104
�

22

22



�
�
�

�
�
�



�

Elbow 1-49C (Nodes 245 & 246)

ES80TH9

0.285

0.3

1.971 104
�

2.08 104
�

8.165

8.165

245

246

23

88

1.505� 104
�

1.615� 104
�

2.947� 103
�

3.087� 103
�

1.238 104
�

1.274 104
�

27

19



�
�
�

�
�
�



�
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TEES
Tees output is ordered as (max D/C ratio, applied pipe run moment when D/C ratio is highest, applied branch
moment when D/C ratio is highest, time when max values occur, pipe run node retrieved for calculations, indices
of pipe run nodes, Index of branch node, and realization number) 

EVALUATION OF TEES ON LINES 22 TO 26 FOR ALL 32 REALIZATIONS

VTEM ReadData "\TeeLines22to26.prn"� ���

TEM C_S VTEM R�( )��

FORGED TEE (LINE 1-26)
Tee 1-26 (Node 159)

TEM0 0�
T


�
�



6� 	T

0.134 1.413 106
� 1.219 106

� 11.61 159 5 9 3 26� ��

FABRICATED TEES (LINES 1-24 & 1-25)
Fabricated Tee 1-24 (Node 160)

TEM0 1�
T


�
�



6� 	T

0.404 6.358 105
� 4.443 105

� 7.08 160 7 119 15 1� ��

Fabricated Tee 1-23 (Node 163)

TEM0 2�
T


�
�



6� 	T

0.395 6.524 105
� 4.267 105

� 7.08 163 11 115 13 25� ��

EVALUATION OF TEES ON LINES 27 TO 29 FOR ALL 32 REALIZATIONS
VTEL ReadData "\TeeLines27to29.prn"� ���

TEL C_S VTEL R�( )��

FORGED TEES
Tee 1-27 (Node 51)

TEL0 0�
T


�
�



6� 	T

0.14 1.541 106
� 1.335 106

� 11.57 51 53 55 57 9� ��
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EVALUATION OF TEES ON LINES 32, 33, & 49 FOR ALL 32 REALIZATIONS
VTES ReadData "\TeeLines32_33_49.prn"� ���

TES C_S VTES R�( )��

FABRICATED TEE (LINE 1-49 & 1-32)
Fabricated Tee 1-49 (Node 233)

TES0 0�
T


�
�



6� 	T

0.868 1.87 105
� 3.574 104

� 7.94 233 6 99 13 28� ��

FABRICATED TEE (LINE 1-33 & 1-32)
Fabricated Tee 1-33 (Node 133)

TES0 1�
T


�
�



6� 	T

0.957 2.493 105
� 1.959 105

� 9.535 133 25 31 7 26� ��

FABRICATED TEE (LINE 1-32, 1-26, & 1-27)
Fabricated Branch 1-32,1-26,1-27 (Node 120)

TES0 2�
T


�
�



6� 	T

2.598 8.876 105
� 8.725 105

� 8.17 120 81 159 2 27� ��

Evaluation of this fabricated branch is addressed in the main body of the report and
Appendix F.

FLANGES
Flange output is ordered as (max D/C ratio, max total applied moment, time when max values occur, element(s)
retrieved for calculations, index of element(s), moments about the x, y, and z axes, and realization number) 

EVALUATION OF FLANGES ON LINES 22 TO 26 FOR ALL 32 REALIZATIONS

VFM ReadData "\FlangeLines22to26.prn"� ���

FM C_S VFM R�( )��

Pipe Properties of Line 1-22, 1-23, 1-24, & 1-25

Flange (Primary Pump) 1-25A (Node 207)

FM0 0�
T


�
�



6� 	T

0.251 9.902 105
� 7.37 207 76 2.715 105

� 1.293 105
� 9.434 105

� 24� ��

Flange (Check Valve) 1-25B (Node 199)

FM0 1�
T


�
�



6� 	T

0.184 5.662 105
� 7.355 199 67 1.004� 105

� 2.58 105
� 4.939 105

� 28� ��
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Flange (Gate Valve) 1-25C (Node 198)

FM0 2�
T


�
�



6� 	T

0.152 3.631 105
� 7.305 198 59 1.699� 105

� 4.83 104
� 3.172 105

� 23� ��

Flange (Primary Pump) 1-24A (Node 184)

FM0 3�
T


�
�



6� 	T

0.221 7.988 105
� 7.615 184 74 4.998� 104

� 9.157� 104
� 7.92� 105

� 11� ��

Flange (Check Valve) 1-24B (Node 169)

FM0 4�
T


�
�



6� 	T

0.17 4.789 105
� 10.21 169 55 8.439� 104

� 1.916 105
� 4.308 105

� 19� ��

Flange (Gate Valve) 1-24C (Node 167)

FM0 5�
T


�
�



6� 	T

0.186 5.809 105
� 7.26 167 47 1.069� 105

� 3.664 104
� 5.698 105

� 4� ��

Flange (Primary Pump) 1-23A (Node 183)

FM0 6�
T


�
�



6� 	T

0.194 6.326 105
� 10.19 183 72 2.27 105

� 5.973 104
� 5.874 105

� 28� ��

Flange (Check Valve)B 1-23B (Node 168)

FM0 7�
T


�
�



6� 	T

0.161 4.24 105
� 8.565 168 45 1.034� 105

� 1.099 105
� 3.963 105

� 27� ��

Flange (Gate Valve)B 1-23C (Node 166)

FM0 8�
T


�
�



6� 	T

0.163 4.334 105
� 5.54 166 37 1.587 105

� 267.4 4.033 105
� 25� ��

Flange (Primary Pump) 1-22A (Node 196)

FM0 9�
T


�
�



6� 	T

0.203 6.859 105
� 8.565 196 70 3.016� 104

� 2.181 105
� 6.496 105

� 28� ��

Flange (Check Valve) 1-22B (Node 187)

FM0 10�
T


�
�



6� 	T

0.158 4.04 105
� 7.235 187 35 1.068� 105

� 3.789� 103
� 3.896 105

� 19� ��

Flange (Gate Valve) 1-22C (Node 186)

FM0 11�
T


�
�



6� 	T

0.151 3.6 105
� 6.775 186 27 9.623 104

� 4.033 104
� 3.445 105

� 25� ��
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EVALUATION OF FLANGES ON LINES 27 TO 29 FOR ALL 32 REALIZATIONS
VFL ReadData "\FlangeLines27to29.prn"� ���

FL C_S VFL R�( )��

Pipe Properties for Lower (Southern) Portion of Line 1-27
Flange 1-27A (Butterfly Valve) (Node 62)

FL0 0�
T


�
�



6� 	T

0.151 6.724 105
� 11.68 62 61 4.048� 105

� 5.162� 105
� 1.477� 105

� 12� ��

Pipe Properties for Upper (Northern) Portion of Line 1-27
Flange 1-27B (Butterfly Valve) (Node 65)

FL0 1�
T


�
�



6� 	T

0.135 6.894 105
� 11.27 65 71 4.777 105

� 4.548 105
� 2.006 105

� 17� ��

Pipe Properties for Upper (Northern) Portion of Lines 1-28 & 1-29
Flange 1-28A (Gate Valve) (Node 34)

FL0 2�
T


�
�



6� 	T

0.191 4.985 105
� 5.275 34 29 1.191 105

� 7.736 103
� 4.84 105

� 7� ��

Flange 1-28B (Gate Valve) (Node 36)

FL0 3�
T


�
�



6� 	T

0.199 5.608 105
� 8.58 36 33 2.462 104

� 9.779� 104
� 5.516 105

� 23� ��

Flange 1-29A (Gate Valve) (Node 10)

FL0 4�
T


�
�



6� 	T

0.179 4.056 105
� 8.75 10 9 2.298� 105

� 1.943� 105
� 2.72 105

� 19� ��

Flange 1-29B (Gate Valve) (Node 12)

FL0 5�
T


�
�



6� 	T

0.179 4.042 105
� 4.305 12 13 2.099� 105

� 2.943� 104
� 3.442 105

� 10� ��
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EVALUATION OF FLANGES ON LINES 32, 33, & 49 FOR ALL 32 REALIZATIONS
VFS ReadData "\FlangeLines32_33_49.prn"� ���

FS C_S VFS R�( )��

Pipe Properties of Line 1-32 & 1-33
Flange (Emergency Pump) 1-32A (Node 149)

FS0 0�
T


�
�



6� 	T

0.162 1.313 105
� 6.2 149 15 2.134 104

� 1.274� 105
� 2.366� 104

� 15� ��

Flange (Check Valve) 1-32B (Node 148)

FS0 1�
T


�
�



6� 	T

0.131 6.679 104
� 6.22 148 17 4.357� 104

� 3.623 104
� 3.536 104

� 11� ��

Flange (Check Valve) 1-32C (Node 147)

FS0 2�
T


�
�



6� 	T

0.128 6.029 104
� 5.51 147 55 5.427 104

� 2.477 104
� 8.675� 103

� 12� ��

Flange (Gate Valve) 1-32D (Node 144)

FS0 3�
T


�
�



6� 	T

0.122 4.76 104
� 9.545 144 37 3.07� 104

� 3.638 104
� 92.69� 12� ��

Flange (Gate Valve) 1-32E (Node 143)

FS0 4�
T


�
�



6� 	T

0.127 5.919 104
� 9.16 143 29 5.292 104

� 2.588� 104
� 5.739 103

� 17� ��

Flange (Emergency Pump) 1-33A (Node 140)

FS0 5�
T


�
�



6� 	T

0.217 2.447 105
� 9.355 140 157 6.816 103

� 2.446 105
� 1.079� 103

� 26� ��

Flange (Check Valve) 1-33B (Node 139)

FS0 6�
T


�
�



6� 	T

0.204 2.171 105
� 9.345 139 155 2.966 104

� 2.149� 105
� 8.839 103

� 18� ��

Flange (Check Valve) 1-33C (Node 138)

FS0 7�
T


�
�



6� 	T

0.204 2.168 105
� 9.325 138 53 1.474 105

� 1.584� 105
� 1.291 104

� 13� ��

Flange (Gate Valve) 1-32D (Node 136)

FS0 8�
T


�
�



6� 	T

0.178 1.648 105
� 9.52 136 35 2.57� 104

� 1.587 105
� 3.594� 104

� 25� ��

Flange (Gate Valve) 1-32E (Node 135)

FS0 9�
T


�
�



6� 	T

0.179 1.649 105
� 9.52 135 9 4.337 104

� 1.586 105
� 1.209� 104

� 25� ��
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Appendix B.5

 Spring Profiles for Supports Exhibiting Nonlinear Behavior
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SPRING STIFFNESS CALCULATIONS FOR SUPPORTS THAT EXHIBIT NONLINEAR
BEHAVIOR (UPLIFT, GAPS, AND DIRECTIONALLY VARYING STIFFNESSES)

Modulus of Elasticity for supports (A7
steel)E 29000ksi��

Note:  Photos referenced in calculations are included at the ends of the support section.

PR-8 (Large Gap at Base)
PR-8 Stiffness

DPR8 1
1

8
in�� Diameter of rods comprising PR-8 [18]

APR8
� DPR8

2
�

4
�� Cross Sectional area of rods comprising

PR-8
APR8 0.994 in2

�

Length between PR-8 connections
[19, (H6)] [20, (Det 52)]LPR8 94in��

KPR8
APR8 E�

LPR8
��

Stiffness of PR-8

KPR8 3.067 105
�

lbf
in

�

PR-8 Stiffness Profile
PR-8 gap conservatively assumed to be
4" as indicated by [20]
[M3-1-27-N150-FSUA-DSCN2877 (see
below)]

GPR8 4in��

FPR8 106
� 0 0 106� �lbf

T
�� Force profile applied

(Note: Negative sign indicates compression loading on nonlinear spring and positive sign
indicates tension loading.) 

DisPR8

FPR80

KPR8
GPR8�


�
�
�

��
�



GPR8� 0in
FPR83

KPR8

�"
"
�

�#
#
�

T

��

Corresponding Displacement
profile to applied Force profile

DisPR8
T 7.26088� 4� 0 3.26088( ) in�
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Resulting Force Displacement profile for PR-8

8 7 6 5 4 3 2 1 0 1 2 3 4
1 �106

5 �105

0

5 �105

1 �106

FPR8

lbf

DisPR8

in

Photo [M3-1-27-N150-FSUA-DSCN2877]
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Tunnel Restraint (Varying stiffness dependant upon direction of loading (East or West))
Tunnel Restraint Stiffness

Cross Sectional Tunnel Restraint
sections [8, Table 1-5 pg 1-34]ATR 3.08in2

��

Length of east side of Tunnel Restraint
support [21, (Det 28)]LTR_E 24in��

Length of west side Tunnel Restraint
support [21, (Det 28)]LTR_W 60in��

KTR_E
ATR E�

LTR_E
��

Stiffness of east side of Tunnel Restraint
support

KTR_E 3.722 106
�

lbf
in

�

KTR_W
ATR E�

LTR_W
��

Stiffness of west side of Tunnel
Restraint support

KTR_W 1.489 106
�

lbf
in

�

Tunnel Restraint Stiffness Profile

The Tunnel Restraint was observed to
possess little if any gap at its interface
with the pipe
[M3-1-27-N300-WBUI-DSCN3044 &
M3-1-27-N300-WBUI-DSCN2922 (see
below)]

GTR 0in��

FTR 106
� 0 0 106� �lbf

T
�� Force profile applied

(Note: Negative sign indicates compression loading on nonlinear spring and positive sign
indicates tension loading.) 

DisTR

FTR0

KTR_E
0in GTR

FTR3

KTR_W
GTR�


�
�
�

��
�



�"
"
�

�#
#
�

T

�� Corresponding Displacement profile to
applied Force profile

DisTR
T 0.2687� 0 0 0.67174( ) in�
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Resulting Force Displacement profile for the Tunnel Restraint where one nonlinear spring is utilized
to represent the entire profile below.

0.3 0.2 0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
1 �106

5 �105

0

5 �105

1 �106

FTR

lbf

DisTR

in

Photo [M3-1-27-N300-WBUI-DSCN3044] Photo [M3-1-27-N300-WBUI-DSCN2922]
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RH-23x (Gap in the top eye bolt where upward movement will cause lift off causing the
top of the eye bolt to interface with the top interior of the welded beam attachment)

RH-23x Stiffness
Diameter of rods comprising RH-23x 
[18]DRH23x 1

1

4
in��

ARH23x
� DRH23x

2
�

4
�� Cross Sectional area of rods comprising RH-23x

ARH23x 1.227 in2
�

Length between RH-23x's lower connection and
area ceiling [19, (E6)] [15, (p19)]
[M3-1-27-N310-CSUPC-DSC00143 (see below)]

LRH23x 171in��

KRH23x
ARH23x E�

LRH23x
��

Stiffness of RH-23x

KRH23x 2.081 105
�

lbf
in

�

RH-23x Stiffness Profile

Properties of welded beam attachment designed to accommodate 1.25" eye rod

Distance between top of welded beam attachment
and center of bolt hole [22, ph-33]E'wba1.25 3in��

Twba1.25
5
8

in�� Thickness of welded beam attachment [22, ph-33]

Hwba1.25 1
3

8
in�� Diameter of welded beam attachment hole [22,

ph-33]

GRH23x E'wba1.25 Twba1.25�
Hwba1.25

2
� DRH23x��� RH-23x gap between top of welded

beam attachment interior and top of eye
rod in initial hanging state

GRH23x 0.437 in�

FRH23x 106
� 0 0 106� �lbf

T
�� Force profile applied

(Note: Negative sign indicates compression loading on nonlinear spring and positive sign
indicates tension loading.) 

DisRH23x

FRH23x0

KRH23x
GRH23x�


�
�
�

��
�



GRH23x� 0in
FRH23x3

KRH23x

�"
"
�

�#
#
�

T

��
Corresponding Displacement
profile to applied Force profile

DisRH23x
T 5.24244� 0.4375� 0 4.80494( ) in�
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Resulting Force Displacement profile for RH-23x

6 5 4 3 2 1 0 1 2 3 4 5
1 �106

5 �105

0

5 �105

1 �106

FRH23x

lbf

DisRH23x

in

Photo of [M3-1-27-N310-CSUPC-DSC00143]
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RH-25x (Any upward movement causes uplift for this support)
RH-25x Stiffness

Diameter of rods comprising RH-25x 
[18]DRH25Ax 1

1

4
in��

ARH25Ax
� DRH25Ax

2
�

4
�� Cross Sectional area of rods comprising RH-25x

ARH25Ax 1.227 in2
�

Length between RH-25x's lower connections and
area ceiling (the lower connection is assumed to
be even with the top of the line 1-27 pipe [19,
(E8)] [21, (Det 26)]

LRH25Ax 114in��

KRH25Ax
ARH25Ax E�

LRH25Ax
��

Stiffness of one leg of RH-25x

KRH25Ax 3.122 105
�

lbf
in

�

KRH25ABx KRH25Ax KRH25Ax���
Stiffness of entire support (NOTE: Springs add in
parallel)

KRH25ABx 6.244 105
�

lbf
in

�

RH-25x Stiffness Profile

FRH25ABx 0 0 106� �lbf
T

�� Force profile applied

(Note: Negative sign indicates compression loading on nonlinear spring and positive sign
indicates tension loading.) 

Corresponding Displacement profile to applied
Force profile where 5in. is used to represent the
uplift displacement response trend for upward
force

DisRH25ABx 5� in 0in
FRH25ABx2

KRH25ABx


�
�
�

��
�



T

��

DisRH25ABx
T 5� 0 1.60165( ) in�
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Resulting Force Displacement profile for RH-25x

5 4 3 2 1 0 1 2
0

2 �105

4 �105

6 �105

8 �105

1 �106

FRH25ABx

lbf

DisRH25ABx

in
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RH-26x (Any upward movement causes uplift for this support)
RH-26x Stiffness

Diameter of rods comprising RH-26x (though one
leg of RH-26x is modified and its top portion
consists of two 1" rods (increased cross section)
it also has to accommodate another line of pipe
(8-14) and assuming the more robust leg to be
the same as that of the constant 1.25" leg is the
technique applied to determine this supports
stiffness [18]

DRH26Ax 1
1

4
in��

ARH26Ax
� DRH26Ax

2
�

4
�� Cross Sectional area of rods comprising RH-26x

ARH26Ax 1.227 in2
�

Length between RH-26x's lower connections and
area ceiling [19, (E10)] (the lower connection is
assumed to be even with the top of the line 1-27
pipe as approximated by [21, (Det 26)] &
[M3-1-27-N340-CSUG-DSCN2934 (see below)]

LRH26Ax 114in��

KRH26Ax
ARH26Ax E�

LRH26Ax
��

Stiffness of one leg of RH-26x

KRH26Ax 3.122 105
�

lbf
in

�

KRH26ABx KRH26Ax KRH26Ax���
Stiffness of entire support (NOTE: Springs add in
parallel)

KRH26ABx 6.244 105
�

lbf
in

�

RH-26x Stiffness Profile

FRH26ABx 0 0 106� �lbf
T

�� Force profile applied

Corresponding Displacement profile to applied
Force profile where 5in. is used to represent the
uplift displacement response trend for upward
force

DisRH26ABx 5� in 0in
FRH26ABx2

KRH26ABx


�
�
�

��
�



T

��

DisRH26ABx
T 5� 0 1.60165( ) in�
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Resulting Force Displacement profile for RH-26x

5 4 3 2 1 0 1 2
0

2 �105

4 �105

6 �105

8 �105

1 �106

FRH26ABx

lbf

DisRH26ABx

in

Photo of [M3-1-27-N340-CSUG-DSCN2934]
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Tie Back (Any upward movement causes uplift for this support)
Tie Back Stiffness

Width of Tie Back section interfacing
with lower steel structure of support
[21, (Det 7)] [23]

WTB 8in��

Thickness of Tie Back section
interfacing with lower steel structure of
support [21, (Det 7)] [23]

TTB
3
4

in��

ATB WTB TTB��� Cross Sectional area of Tie Back
section interfacing with lower steel
structure of supportATB 6 in2

�

Length of Tie Back section interfacing
with lower steel structure of support [21,
(Det 7)] [23]

LTB 3
1

2
in��

KTB
ATB E�

LTB
��

Stiffness of Tie Back

KTB 4.971 107
�

lbf
in

�

Tie Back Stiffness Profile

FTB 106
� 0 0� �lbf

T
�� Force profile applied

Corresponding Displacement profile to
applied Force profile where 0.05in. is
used to represent the uplift displacement
response trend for upward force

DisTB

FTB0

KTB
0in 0.05in


�
�
�

��
�



T

��

DisTB
T 0.02011� 0 0.05( ) in�
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Resulting Force Displacement profile for Tie Back
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in



Project:               ATR Life-Time Extension Project                ECAR No.:           ECAR-194 Rev.:   0 
Title:                                         ATR Primary Coolant System Piping Seismic Evaluation                                   _
Performer:      A. L. Crawford Date:    09/30/2008 Checker:      M. J. Russell    Date:    09/30/2008 

Calculation Sheet 
Page B.5-14 of B.5-22

RH-27x (This support behaves like a chain where any upward movement causes the
chain to collapse)

RH-27x Stiffness

Only the rods are considered in determining the stiffness of this support

DRH27Ax 1
1

4
in�� Diameter of rods comprising RH-27x

[18]

ARH27Ax
� DRH27Ax

2
�

4
�� Cross Sectional area of rods comprising

RH-27x
ARH27Ax 1.227 in2

�

Length between RH-27Ax's (east side
leg's) lower connection and area ceiling
[19, (E12)] [20, (Det 54)]

LRH27Ax 98.63in��

Length between RH-27Bx's (west side
leg's) lower connection and area ceiling
[19, (E12)] [20, (Det 54)] [8] [22]

LRH27Bx 92.26in��

KRH27Ax
ARH27Ax E�

LRH27Ax
��

Stiffness of RH-27Ax (east leg)

KRH27Ax 3.608 105
�

lbf
in

�

KRH27Bx
ARH27Ax E�

LRH27Bx
��

Stiffness of RH-27Bx (east leg)

KRH27Bx 3.857 105
�

lbf
in

�

KRH27ABx KRH27Ax KRH27Bx���
Stiffness of entire support (NOTE:
Springs add in parallel)

KRH27ABx 7.466 105
�

lbf
in

�

RH-27x Stiffness Profile

FRH27ABx 0 0 106� �lbf
T

�� Force profile applied

Corresponding Displacement profile to
applied Force profile where 5in. is used
to represent the uplift displacement
response trend for upward force

DisRH27ABx 3� in 0in
FRH27ABx2

KRH27ABx


�
�
�

��
�



T

��

DisRH27ABx
T 3� 0 1.339( ) in�
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Resulting Force Displacement profile for RH-27x
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RH-24 (Pipe allowed to slide up the threaded rod to a certain point given upward loading
RH-24 Stiffness (Note: Support is not documented incorrectly in detail documentation.  Subsequent
dimensions are derived from the field photo shown below.)

Welded Beam Attachment section
Width of RH-24's welded beam
attachment section [22, ph-33]
[M3-1-47-N49-CSUG-DSCN2775 (see
below]

WRH29_wba 2in��

Thickness of both legs of RH-24's welded
beam attachment section [22, ph-33]
[M3-1-47-N49-CSUG-DSCN2775 (see
below)]

TRH29_wba
1
2

in��

ARH29_wba WRH29_wba TRH29_wba��� Cross sectional area of welded beam
attachment

ARH29_wba 1 in2
�

LRH29_wba 2in�� Length of welded beam attachment
section [22, ph-33] scaled from
[M3-1-47-N49-CSUG-DSCN2775 (see
below)]

KRH29_wba
ARH29_wba E�

LRH29_wba
��

Stiffness of welded beam
attachment portion of RH-24

KRH29_wba 1.45 107
�

lbf
in

�

Rod section

Diameter of rod comprising RH-24
[18]DRH29_rod

5
8

in��

ARH29_rod
� DRH29_rod

2
�

4
�� Cross Sectional area of rod comprising

RH-24
ARH29_rod 0.307 in2

�

Length of rod section scaled from
[M3-1-47-N49-CSUG-DSCN2775 (see
below)]

LRH29_rod 1
3

4
in��

KRH29_rod
ARH29_rod E�

LRH29_rod
��

Stiffness of rod portion of RH-24

KRH29_rod 5.084 106
�

lbf
in

�
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Adjustable Clevis section (will apply smaller cross section of the lower and upper portions of the
clevis and use the distance from the pipe to where the clamp mates with the rod as the length of
this cross section)

WRH29_AC 1
1

4
in�� Width of the lower section of RH-24's

adjustable clevis [22, ph-12]

TRH29_AC
3
16

in�� Thickness of lower section of RH-24's
adjustable clevis [22, ph-12]

ARH29_AC WRH29_AC TRH29_AC��� Cross sectional area of welded beam
attachment

ARH29_AC 0.234 in2
�

Length of adjustable clevis section [22,
ph-12]LRH29_AC 1

3

4
in��

KRH29_AC
ARH29_AC E�

LRH29_AC
��

Stiffness of adjustable clevis
portion of RH-24

KRH29_AC 3.884 106
�

lbf
in

�

Combined stiffness of support (NOTE: springs in series combine as reciprocals)

KRH29
1

1
KRH29_wba

1
KRH29_rod

�
1

KRH29_AC
�

��

KRH29 1.912 106
�

lbf
in

�

RH-24 Stiffness Profile

RH-24 gap scaled from
[M3-1-47-N49-CSUG-DSCN2775 (see
below)]

GRH29
5
8

in��

FRH29 106
� 0 0 106� �lbf

T
�� Force profile applied

(Note: Negative sign indicates compression loading on nonlinear spring and positive sign
indicates tension loading.) 

DisRH29

FRH290

KRH29
GRH29�


�
�
�

��
�



GRH29� 0in
FRH293

KRH29

�"
"
�

�#
#
�

T

��
Corresponding Displacement
profile to applied Force profile

DisRH29
T 1.14813� 0.625� 0 0.52313( ) in�
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Resulting Force Displacement profile for RH-24
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RH-15A (Large eye rod opening at pipe connection)
RH-15A Stiffness

Diameter of rod comprising RH-15A [24] 
DRH15A 1in��

ARH15A
� DRH15A

2
�

4
�� Cross Sectional area of rods comprising

RH-15A
ARH15A 0.785 in2

�

LRH15A 41
3

4
in�� Length between RH-15A connections

[19, (H6)] [20, (Det 52)]

KRH15A
ARH15A E�

LRH15A
��

Stiffness of RH-15A

KRH15A 5.455 105
�

lbf
in

�

RH-15A Stiffness Profile

Properties of pipe clamp designed to accommodate 1" eye rod

Eclmp14 9
1

4
in�� Distance between center of pipe and

center of bolt hole [22, ph-33]

Fclmp14
7
8

in�� Diameter of bolt [22, ph-33]

Dpipe14 14in�� Diameter of line 1-32 that RH-15A is
supporting

GRH15A Eclmp14
Fclmp14

2
� DRH15A�

Dpipe14
2

���
Gap between bottom of RH-15A eye rod
and pipe on line 1-32

GRH15A 0.813 in�

FRH15A 106
� 0 0 106� �lbf

T
�� Force profile applied

(Note: Negative sign indicates compression loading on nonlinear spring and positive sign
indicates tension loading.) 

Corresponding Displacement
profile to applied Force profileDisRH15A

FRH15A0

KRH15A
GRH15A�


�
�
�

��
�



GRH15A� 0in
FRH15A3

KRH15A

�"
"
�

�#
#
�

T

��

DisRH15A
T 2.64553� 0.8125� 0 1.83303( ) in�
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Resulting Force Displacement profile for RH-15A

3 2.5 2 1.5 1 0.5 0 0.5 1 1.5 2
1 �106

5 �105

0

5 �105

1 �106

FRH15A

lbf

DisRH15A

in
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RH-15 (Connection appears to be tight enough to treat as a linear spring)
RH-15 Stiffness

DRH15 0.75in�� Diameter of rod comprising RH-15 [18] 

ARH15
� DRH15

2
�

4
�� Cross Sectional area of rods

comprising RH-15
ARH15 0.442 in2

�

LRH15 41
3

4
in�� Length between RH-15 connections [19,

(H6)] [20, (Det 52)]

KRH15
ARH15 E�

LRH15
��

Stiffness of RH-15

KRH15 3.069 105
�

lbf
in

�

RH-15 Stiffness Profile

FRH15 106
� 106� �T lbf�� Force profile applied

(Note: Negative sign indicates compression loading on nonlinear spring and positive sign
indicates tension loading.) 

DisRH15

FRH150

KRH15

FRH151

KRH15


�
�
�

��
�



T

�� Corresponding Displacement
profile to applied Force profile

DisRH15
T 3.25871� 3.25871( ) in�

Resulting Force Displacement profile for RH-15A

4 3 2 1 0 1 2 3 4
1 �106

5 �105

0

5 �105

1 �106

FRH15

lbf

DisRH15

in
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PS-5 (Doesn't resist any uplift)
PS-5 (Doesn't resist any uplift because the pipe flange only sits on the u-shaped interface)

PS-5 Stiffness
Cross sectional area of PS-5 support [18]
[8, Table 1-14 pg 1-99]APS5 2.97in2

��

LPS5 13in�� Length of PS-5 support [18]

KPS5
APS5 E�

LPS5
��

Stiffness of PS-5

KPS5 6.625 106
�

lbf
in

�

PS-5 Stiffness Profile

FPS5 106
� 0 0� �lbf

T
�� Force profile applied

Corresponding Displacement profile to
applied Force profile where 5in. is used
to represent the uplift displacement
response trend for upward force

DisPS5

FPS50

KPS5
0in 0.5in


�
�
�

��
�



T

��

DisPS5
T 0.15093� 0 0.5( ) in�

Resulting Force Displacement profile for PS-5

0.2 0.1 0 0.1 0.2 0.3 0.4 0.5
1 �106

8 �105

6 �105

4 �105

2 �105

0

FPS5

lbf

DisPS5

in
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Appendix B.6 

Dimensions Associated with Supports, Spring Hangers,
Terminations, Reducers, Elbows, Tees,

Fabricated Branch, Flanges, and Valves of Model 3 

(NOTE:  Photos referenced in tables are included shortly after reference.)    
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Table 1.  Dimensions Associated with Supports on Line 1-22 of Model 3 
Supports (1-22) Reference

Length of clamp cantilever 7.75" [25]
Size of cantilever 2 sections of (1.5" x 7") M3-1-27-N470-WSNG-DSCN2963

Length connection to anchorage 19" [25]

Distance from (Reference)
15' - 2*6.75" = 166.5" east of 
MS-5 located on West side of 

column [26, CD9]
[26, CD6-9],[27, L7-12],[28,EF7-12]

Dimensions

MS-8

Table 2.  Dimensions Associated with Supports on Line 1-25 of Model 3 
Supports (1-25) Reference

Length of clamp cantilever 7.75" [25]
Size of cantilever 2 sections of (1.5" x 7") M3-1-27-N470-WSNG-DSCN2963

Length connection to anchorage 19" [25]

Distance from (Reference)
15' +2*3' + 2*6.75" = 265.5" 

west of MS-5 located on West 
side of column [26, CD7]

[26, CD6-9],[27, L7-12],[28,EF7-12]

Dimensions

MS-7

Table 3.  Dimensions Associated with Supports on Line 1-26 of Model 3 
Supports (1-26) Reference

Length of clamp cantilever 7.75" [25]
Size of cantilever 2 sections of (1.5" x 7") M3-1-27-N470-WSNG-DSCN2963

Length connection to anchorage 19" [25]

Distance from (Reference)
13.25" from FORGED(1-26) 

located on East side of column 
[26, CD8]

M3-1-27-N470-WSNG-DSCN2963

MS-5

Dimensions

Figure 1.  Photo M3-1-27-N470-WSNG-DSCN2963 
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Table 4.  Dimensions Associated with Supports on Line 1-27 of Model 3 
Supports (1-27) Reference

Length 86.5" [19, H6], [28, Det 52] 
Nonlinear spring profile See Appendix B.5

Length 84" * 

Distance from (Reference) 48" to FORGED(1-27) center [19],                            
M3-1-27-N300-WBUG-DSCN3050

Nonlinear spring profile See Appendix B.5

Length of clamp cantilever 11" M3-1-27-N310-CSUPC-DSC00143
Size of cantilever 2 sections of (3/4" x 6") [18]

Distance from (Reference) 9" from EL(1-27A) [19, G6],                        
M3-1-27-N310-CSUPC-DSC00143

Length connection to ceiling 171" [19, E6]
Nonlinear spring profile See Appendix B.5

Length pipe center to ceiling 132" [19, E8]
Distance from (Reference) 29' - EL(1-27A) = 312" [19, E6-8]

Nonlinear spring profile See Appendix B.5

Length pipe center to ceiling 132" [19, E8,9]
Distance from (Reference) 45' - EL(1-27A) = 504" [19, E6-9]

Nonlinear spring profile See Appendix B.5

Length pipe center to ceiling 132" (ceiling height different 
than drawing)

[19, E10],                        
M3-1-27-N370-CSUA-DSCN3028

Distance from (Reference) 100" north of BF(1-27) M3-1-27-N370-CSUG-DSCN2941
Nonlinear spring profile See Appendix B.5

Distance from (Reference) 150" north of BF(1-27) [19, GH14,15]
Nonlinear spring profile See Appendix B.5

Length of clamp cantilever 11.125" [29]

Size of cantilever 2 sections of (1.5" x 10") [29],                            
M3-1-27-N390-CSNG-DSCN2950

Diameter of Snubber 6" (Used to approximate 
extremely stiff member)

Distance from (Reference) 20" from EL(1-27B) M3-1-27-N390-CSNG-DSCN2950

Length pipe center to ceiling 150" [19, E12]    
Distance from (Reference) 12" from EL(1-27B) M3-1-27-N390-CSNG-DSCN2950

Nonlinear spring profile See Appendix B.5

Length bottom of pipe to floor 178" [21, Det 21]
Size of pipe 8" std (8.625" x 0.322") [21, Det 21]

Distance from (Reference) 15" from FAB BRANCH(1-26) M3-1-27-N430-FSUPC-DSC00081

RH-25ABx    
(North)

RH-26x

PS-3A

RH-27x

MS-2

Dimensions

*Length was assumed to be long enough so that the system acted as if the pipe could slide across the face of the support in the
NS direction (Small angle approximation theory)

PR-8

Tunnel Restraint

Floor Restraint

RH-23x

RH-25ABx    
(South)
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Figure 2.  Photo M3-1-27-N300-WBUG-DSCN3050 

Figure 3.  Photo M3-1-27-N310-CSUPC-DSC00143 

Figure 4.  Photo M3-1-27-N370-CSUA-DSCN3028 
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Figure 5.  Photo M3-1-27-N370-CSUG-DSCN2941 

Figure 6.  Photo M3-1-27-N430-FSUPC-DSC00081 
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Table 5.  Dimensions Associated with Supports on Line 1-28 of Model 3 
Supports (1-28) Reference

Length pipe run to attachment 9" M3-1-28-N50-WSUPC-DSCN2864
Length of bolt connection rods 8.5" with 9.5" engagement M3-1-28-N50-WSUPC-DSCN2864

Size of bolt connection rods 1.25" diameter [30]
Length of intermediate pipe 54" [30]

Size of intermediate pipe 2.5" x 5 (2.88"D x 0.205"T) [30]
Distance from (Reference) 3" from EL(1-28B) M3-1-28-N50-WSUPC-DSCN2864

Dimensions

PR-1 (East)

Table 6.  Dimensions Associated with Supports on Line 1-29 of Model 3 
Supports (1-29) Reference

Length of clamp cantilever 9" M3-1-28-N50-WSUPC-DSCN2864
Length of bolt connection rods 8.5" with 9.5" engagement M3-1-28-N50-WSUPC-DSCN2864

Size of bolt connection rods 1.25" diameter [30]
Length of intermediate pipe 54" [30]

Size of intermediate pipe 2.5" x 5 (2.88"D x 0.205"T) [30]
Distance from (Reference) 3" from EL(1-29B) M3-1-28-N50-WSUPC-DSCN2864

PR-1 (West)

Dimensions

Figure 7.  Photo M3-1-28-N50-WSUPC-DSCN2864 
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Table 7.  Dimensions Associated with Supports on Line 1-32 of Model 3 
Supports (1-32) Reference

Length pipe edge to anchorage 17" [20, Det 48]
Size of cantilever 3I x 7.5 [20, Det 48]

Distance from (Reference)
(1'-6") + 6.75" = 24.75" east of 

MS-7 located on center of 
column

 [26, CD7]

Length pipe edge to anchorage 18.5" [24]
Size of angle iron section 2.5" x 2.5" x 3/8" [24]

Distance from (Reference) 3" from EL(1-32E) M3-1-32-N970-WSUG-DSC00068

Length from clamp to ceiling 41.75" [27, J2-3]
Distance from (Reference) 3" from EL(1-32E) M3-1-32-N970-WSUG-DSC00068

Nonlinear spring profile See Appendix B.5

Length from clamp to ceiling 41.75" [27, J2-3]

Distance from (Reference)
(7'-3") + (6'-4") + (2'-0")/2 + 

(12") + (18") - (2") - EL(1-32E)  
= 182" from EL(1-32E)

[28, E2-4]

Nonlinear spring profile See Appendix B.5

Length from clamp to ceiling 41.75" [27, J2-3]
Distance from (Reference) 25.625" from EL(1-32D) M3-1-32-N990-WPG-DSC00055

Nonlinear spring profile See Appendix B.5

Length from flange to floor 13" [18]
Distance from (Reference) At FL(1-32C) [28, G2-3]

Nonlinear spring profile See Appendix B.5

Length from flange to floor 13" [18]
Distance from (Reference) At FL(1-32B) [28, G2-3]

Nonlinear spring profile See Appendix B.5

Dimensions

PS-21

RH-15A

RH-15

PS-5

PS-5

PR-11

RH-15

Figure 8.  Photo M3-1-32-N970-WSUG-DSC00068 
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Figure 9.  Photo M3-1-32-N990-WPG-DSC00055 

Table 8.  Dimensions Associated with Supports on Line 1-33 of Model 3 
Supports (1-33) Reference

Length from flange to floor 13" [18]
Distance from (Reference) At FL(1-33C) [28, G2-3]

Nonlinear spring profile See Appendix B.5

Length from flange to floor 13" [18]
Distance from (Reference) At FL(1-33B) [28, G2-3]

Nonlinear spring profile See Appendix B.5

Dimensions

PS-5

PS-5

Table 9.  Dimensions Associated with Supports on Line 1-49 of Model 3 
Supports (1-49) Reference

Length pipe center to ceiling 9.375" M3-1-47-N49-CSUG-DSCN2775

Distance from (Reference) (6'-6")+(6'-0") = 150" from EL(1-
49A) [28, CD7]

Nonlinear spring profile See Appendix B.5

Length pipe center to ceiling 9.375" M3-1-47-N49-CSUG-DSCN2775
Distance from (Reference) 3" from EL(1-49A) [28, D7]

Nonlinear spring profile See Appendix B.5

RH-24

RH-24

Dimensions

Figure 10.  Photo M3-1-47-N49-CSUG-DSCN2775 
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Table 10.  Dimensions Associated with Spring Hangers on Line 1-22 of Model 3 
Spring 

Hangers (1-22) Reference

Location Line 1-22C [28, EF13]
Dist from Ref on FL(1-22C) * M3-1-25-N870-CSPG-DSC00108

Load 6600 lbf [18]

Location Line 1-22C [28, FG13]
Dist from Ref on FL(1-22C) M3-1-25-N850-CSPPC-DSC00103

Load 3400 lbf + 3200 lbf = 6600 lbf [18]

SH-18A &       
SH-18B

Dimensions

SH-154

Table 11.  Dimensions Associated with Spring Hangers on Line 1-23 of Model 3 
Spring 

Hangers (1-23) Reference

Location Line 1-23C [28, EF10-11]
Dist from Ref on FL(1-23C) * M3-1-25-N870-CSPG-DSC00108

Load 9600 lbf [18]

Location Line 1-23C [28, FG10-11]
Dist from Ref on FL(1-23C) M3-1-25-N850-CSPPC-DSC00103

Load 2600 lbf + 2550 lbf = 5150 lbf [18]

SH-5A3 &       
SH-5B3

SH-153

Dimensions

Table 12.  Dimensions Associated with Spring Hangers on Line 1-24 of Model 3 
Spring 

Hangers (1-24) Reference

Location Line 1-24C [28, EF8-9]
Dist from Ref on FL(1-24C) * M3-1-25-N870-CSPG-DSC00108

Load 6300 lbf + 6600 lbf = 12900 lbf [18]

Location Line 1-24C [28, FG8-9]
Dist from Ref on FL(1-24C) M3-1-25-N850-CSPPC-DSC00103

Load 2400 lbf + 2200 lbf = 4600 lbf [18]

SH-152A &      
SH-152B

Dimensions

SH-5A2 &       
SH-5B2

Table 13.  Dimensions Associated with Spring Hangers on Line 1-25 of Model 3 
Spring 

Hangers (1-25) Reference

Location Line 1-25C [28, EF7]
Dist from Ref on FL(1-25C) * M3-1-25-N870-CSPG-DSC00108

Load 7200 lbf [18]

Location Line 1-25C [28, FG6]
Dist from Ref on FL(1-25C) M3-1-25-N850-CSPPC-DSC00103

Load 3050 lbf + 3000 lbf = 6050 lbf [18]

SH-5A1 &       
SH-5B1

SH-151

* Though photo M3-1-25-N870-CSPG-DSC00108 indicates that the spring hanger is attached to the pipe 
approximately 5" away from the valve and flange joint the spring hanger load is applied at the joint to conserve 
nodal quantity in model

Dimensions
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Figure 11.  Photo M3-1-25-N870-CSPG-DSC00108 

Figure 12.  Photo M3-1-25-N850-CSPPC-DSC00103
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Table 14.  Dimensions Associated with Spring Hangers on Line 1-27 of Model 3 
Spring 

Hangers (1-27) Reference

Location Line 1-27B [28, F7]
Dist from Ref (13'-0") - EL(1-27A) = 120" [19, EF]

Load 4700 lbf + 4650 lbf = 9350 lbf [18]

SH-24A &       
SH-24B

Dimensions

Table 15.  Dimensions Associated with Spring Hangers on Line 1-28 of Model 3 
Spring 

Hangers (1-28) Reference

Location Line 1-28B [19, E2], [28, N15]
Dist from Ref 44" from EL(1-28A) M3-1-28-N40-CSPG-DSCN2891

Load 2750 lbf + 2750 lbf = 5500 lbf [18]

Location Line 1-28C [28, M15]
Dist from Ref 3" from EL(1-28B) M3-1-28-N60-CSPG-DSCN2866

Load 5250 lbf [18]

Location Line 1-28C [19, G4], [28, L15]
Dist from Ref 32" from GT(1-28) toward EL(1-28C) M3-1-29-N210-CSPG-DSCN2871

Load 7200 lbf [18]

Location Line 1-28D [19, G6], [28, J15]
Dist from Ref 24" from EL(1-28C) M3-1-28-N120-CSUA-DSCN2875

Load 5000 lbf [18]

SH-3A

SH-9A

SH-4A

SH-1A &        
SH-2A

Dimensions

Table 16.  Dimensions Associated with Spring Hangers on Line 1-29 of Model 3 
Spring 

Hangers (1-29) Reference

Location Line 1-29B [28, N12]
Dist from Ref 44" from EL(1-29A) M3-1-28-N40-CSPG-DSCN2891

Load 2850 lbf + 2900 lbf = 5750 lbf [18]

Location Line 1-29C [28, M12]
Dist from Ref 3" from EL(1-29B) M3-1-28-N60-CSPG-DSCN2866

Load 5500 lbf [18]

Location Line 1-29C [28, L12]
Dist from Ref 32" from GT(1-29) toward EL(1-29C) M3-1-29-N210-CSPG-DSCN2871

Load 7900 lbf [18]

Location Line 1-29D [28, J12]
Dist from Ref 24" from EL(1-29C) M3-1-28-N120-CSUA-DSCN2875

Load 4500 lbf [18]

SH-3B

SH-9B

SH-4B

SH-1B &        
SH-2B

Dimensions
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Figure 13.  Photo M3-1-28-N40-CSPG-DSCN2891 

Figure 14.  Photo M3-1-28-N60-CSPG-DSCN2866 
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Figure 15.  Photo M3-1-29-N210-CSPG-DSCN2871 

Figure 16.  Photo M3-1-28-N120-CSUA-DSCN2875 
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Table 17.  Dimensions Associated with Spring Hangers on Line 1-2 of Model 3 
Spring 

Hangers (1-32) Reference

Location Line 1-32G [27, L6]
Dist from Ref 6" from EL(1-32F) M3-1-32-N930-CSUPC-DSC00075

Load 3900 lbf [18]

Location Line 1-32D [27, B2]
Dist from Ref 6.3" from EL(1-32B) & EL(1-32C) M3-1-32-N1110-CSPG-DSC00047

Load 5000 lbf [18]
SH-21

SH-16

Dimensions

Figure 17.  Photo M3-1-32-N930-CSUPC-DSC00075 

Figure 18.  Photo M3-1-32-N1110-CSPG-DSC00047 
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Table 18.  Location Associated with Termination on Line 1-22 of Model 3 
Termination (1-22) Reference

PP(1-22) Location Where line 1-22 connects to primary pump [4]
Dimensions

Table 19.  Location Associated with Termination on Line 1-23 of Model 3 
Termination (1-23) Reference

PP(1-23) Location Where line 1-23 connects to primary pump [5]
Dimensions

Table 20.  Location Associated with Termination on Line 1-24 of Model 3 
Termination (1-24) Reference

PP(1-24) Location Where line 1-24 connects to primary pump [5]
Dimensions

Table 21.  Location Associated with Termination on Line 1-25 of Model 3 
Termination (1-25) Reference

PP(1-25) Location Where line 1-25 connects to primary pump [6]
Dimensions

Table 22.  Location Associated with Termination on Line 1-28 of Model 3 
Termination (1-28) Reference

RV(1-28) Location Where line 1-28 connects to reactor vessel [11]
Dimensions

Table 23.  Location Associated with Termination on Line 1-29 of Model 3 
Termination (1-29) Reference

RV(1-29) Location Where line 1-29 connects to reactor vessel [12]
Dimensions

Table 24.  Location Associated with Termination on Line 1-32 of Model 3 
Termination (1-32) Reference

EP(1-32) Location Where line 1-32 connects to emergency pump [17]
Dimensions

Table 25.  Location Associated with Termination on Line 1-33 of Model 3 
Termination (1-33) Reference

EP(1-33) Location Where line 1-33 connects to emergency pump [17]
Dimensions

Table 26.  Location Associated with Termination on Line 1-49 of Model 3 
Termination (1-49) Reference

NWP(1-49) Location Where line 1-49 penetrates north wall [17]
Dimensions
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Table 27.  Dimensions Associated with Pipe Runs on Line 1-22 of Model 3 
Pipe Run (1-22) Reference

Pipe Diameter 18" [4]
Pipe Thickness 0.3125" [4]
Pipe Material SS304 [4]

Pipe Diameter 20" [4]
Pipe Thickness 0.375" [4]
Pipe Material SS304 [4]

Pipe Diameter 20" [4]
Pipe Thickness 0.375" [4]
Pipe Material SS304 [4]

Pipe Diameter 20" [4]
Pipe Thickness 0.375" [4]
Pipe Material SS304 [4]

Length between EL(1-22C)     
and RED(1-22B)

P (1-22A)

P (1-22B)

(14'-4") - EL(1-22B)
= 142"

P (1-22C)

P (1-22D)

(3'-6") - EL(1-22B)                        
= 12"

[4]

Length between GT(1-22)      
and EL(1-22C)

(4'-5.625") - EL(1-22C)                    
= 23.625" [4]

[4]

Dimensions

Length between nozzel        
and RED(1-22A)

(4') - EL(1-22A) - RED(1-22A)              
= 9" [4]

Length between EL(1-22B)     
and CK(1-22)

Length between EL(1-22A)     
and EL(1-22B)

(14'-10") - EL(1-22A) - EL(1-22B)            
= 118" [4]

Table 28.  Dimensions Associated with Pipe Runs on Line 1-23 of Model 3 
Pipe Run (1-23) Reference

Pipe Diameter 18" [5]
Pipe Thickness 0.3125" [5]
Pipe Material SS304 [5]

Pipe Diameter 20" [5]
Pipe Thickness 0.375" [5]
Pipe Material SS304 [5]

Pipe Diameter 20" [5]
Pipe Thickness 0.375" [5]
Pipe Material SS304 [5]

P (1-23A)

P (1-23C)

P (1-23B)

(3'-6") - EL(1-23B)                        
= 12" [5]

(4') - EL(1-23A) - RED(1-23A)              
= 9" [5]

Length between EL(1-23A)     
and EL(1-23B)

(14'-10") - EL(1-23A) - EL(1-23B)            
= 118" [5]

Length between nozzel        
and RED(1-23A)

Length between EL(1-23B)     
and CK(1-23)

Dimensions
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Table 29.  .  Dimensions Associated with Pipe Runs on Line 1-24 of Model 3 
Pipe Run (1-24) Reference

Pipe Diameter 18" [5]
Pipe Thickness 0.3125" [5]
Pipe Material SS304 [5]

Pipe Diameter 20" [5]
Pipe Thickness 0.375" [5]
Pipe Material SS304 [5]

Pipe Diameter 20" [5]
Pipe Thickness 0.375" [5]
Pipe Material SS304 [5]

P (1-24B)

P (1-24A)

(3'-6") - EL(1-24B)                        
= 12" [5]

(4') - EL(1-24A) - RED(1-24A)              
= 9" [5]

Length between EL(1-24A)     
and EL(1-24B)

(14'-10") - EL(1-24A) - EL(1-24B)            
= 118" [5]

Length between nozzel        
and RED(1-24A)

P (1-24C)
Length between EL(1-24B)     

and CK(1-24)

Dimensions

Table 30.  Dimensions Associated with Pipe Runs on Line 1-25 of Model 3 
Pipe Run (1-25) Reference

Pipe Diameter 18" [6]
Pipe Thickness 0.3125" [6]
Pipe Material SS304 [6]

Pipe Diameter 20" [6]
Pipe Thickness 0.375" [6]
Pipe Material SS304 [6]

Pipe Diameter 20" [6]
Pipe Thickness 0.375" [6]
Pipe Material SS304 [6]

Pipe Diameter 20" [6]
Pipe Thickness 0.375" [6]
Pipe Material SS304 [6]P (1-25D)

P (1-25C)

P (1-25A)

Length between EL(1-25B)     
and CK(1-25)

Length between GT(1-25)      
and EL(1-25C)

(4'-5.625") - EL(1-25C)                    
= 23.625" [6]

(4') - EL(1-25A) - RED(1-25A)              
= 9" [6]

Length between EL(1-25A)     
and EL(1-25B)

(14'-10") - EL(1-25A) - EL(1-25B)            
= 118"

[6]Length between EL(1-25C)     
and RED(1-25B)

(14'-4") - EL(1-25B)
= 142"

(3'-6") - EL(1-25B)                        
= 12" [6]

[6]

Length between nozzel        
and RED(1-25A)

P (1-25B)

Dimensions
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Table 31.  Dimensions Associated with Pipe Runs on Line 1-26 of Model 3 
Pipe Run (1-26) Reference

Pipe Diameter 36" [10]
Pipe Thickness 0.5625" [10]
Pipe Material SS304 [10]

Pipe Diameter 36" [10]
Pipe Thickness 0.5625" [10]
Pipe Material SS304 [10]

Pipe Diameter 36" [10]
Pipe Thickness 0.5625" [10]
Pipe Material SS304 [10]

P (1-26A)

P (1-26B)

(9'-9") - FAB(1-23)(L1) - FORGED(1-26)(L2)   
= 52.75" [10]

P (1-26C)

(9'-9") - FAB(1-24)(L1) - FORGED(1-26)(L2)   
= 67.875" [10]

Length between FAB 
BRANCH(1-27) and 

(3'-6") - FAB BRANCH(1-26)(br)             
= 16.5" [10]

Dimensions

Length between              
FORGED(1-26) and FAB(1-24)

Length between              
FORGED(1-26) and FAB(1-23)

Table 32.  Dimensions Associated with Pipe Runs on Line 1-27 of Model 3 
Pipe Run (1-27) Reference

Pipe Diameter 36" [13]
Pipe Thickness 0.5 [13]
Pipe Material SS304 [13]

Pipe Diameter 36" [13]
Pipe Thickness 0.5 [13]
Pipe Material SS304 [13]

Pipe Diameter 36" [7]
Pipe Thickness 0.5625" [7]
Pipe Material SS304 [7]

Pipe Diameter 36" [7]
Pipe Thickness 0.5625" [7]
Pipe Material SS304 [7]

Length between EL(1-27B)     
and FAB BRANCH(1-27)

(29'-3") - EL(1-27B) - FAB BRANCH(1-27)
= 279" [7]

P (1-27D)

Length between BF(1-27)      
and EL(1-27B)

(26'-3.125") - EL(1-27B)                   
= 279.125" [7]

P (1-27C)

Length between EL(1-27A)     
and BF(1-27)

(47'-2.125") - EL(1-27A)                   
= 530.125" [13]

P (1-27B)

Dimensions

Length between FORGED(1-
27)         and EL(1-27A)

(33'-0") - FORGED(1-27)(br) - EL(1-27A)      
= 94.5" [13]

P (1-27A)
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Table 33.  Dimensions Associated with Pipe Runs on Line 1-28 of Model 3 
Pipe Run (1-28) Reference

Pipe Diameter 24" [11]
Pipe Thickness 0.375" [11]
Pipe Material SS304L [11]

Pipe Diameter 24" [11]
Pipe Thickness 0.375" [11]
Pipe Material SS304L [11]

Pipe Diameter 24" [11]
Pipe Thickness 0.375" [11]
Pipe Material SS304L [11]

Pipe Diameter 24" [11]
Pipe Thickness 0.375" [11]
Pipe Material SS304 [11]P (1-28D)

* The length of 20'-6" was used instead of 20'-7" because the spool piece drawing indicates that the distance 
from the horizontal section of the top elbow to the horizontal section of the bottom elbow is (20’-7”), however if 
this is the case and the rest 

[11]

Length between EL(1-28C)     
and RED(1-28)

(9'-3.5") - EL(1-28C)                      
= 75.5" [11]

[11]
P (1-28A)

P (1-28C)

Length between EL(1-28A)     
and EL(1-28B)

(20'-6")* - EL(1-28A) - EL(1-28B)            
= 174" [11]

P (1-28B)

Length between EL(1-28B)     
and GT(1-28)

(6'-1.375") - EL(1-28B)                    
= 37.375" [11]

Dimensions

Length between Reactor Vessel 
and EL(1-28A)

(7'-4") - EL(1-28A)                        
= 52"

Length between GT(1-28)      
and EL(1-28C)

(20'-5.875") - EL(1-28C)                   
= 209.875"
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Table 34.  Dimensions Associated with Pipe Runs on Line 1-29 of Model 3 
Pipe Run (1-29) Reference

Pipe Diameter 24" [12]
Pipe Thickness 0.375" [12]
Pipe Material SS304L [12]

Pipe Diameter 24" [12]
Pipe Thickness 0.375" [12]
Pipe Material SS304L [12]

Pipe Diameter 24" [12]
Pipe Thickness 0.375" [12]
Pipe Material SS304L [12]

Pipe Diameter 24" [12]
Pipe Thickness 0.375" [12]
Pipe Material SS304 [12]P (1-29D)

* The length of 20'-6" was used instead of 20'-7" because the spool piece drawing indicates that the distance 
from the horizontal section of the top elbow to the horizontal section of the bottom elbow is (20’-7”), however if 
this is the case and the rest 

[12]

Length between EL(1-29C)     
and RED(1-29)

(9'-3.5") - EL(1-29C)                      
= 75.5" [12]

P (1-29C)

Length between EL(1-29A)     
and EL(1-29B)

(20'-6")* - EL(1-29A) - EL(1-29B)            
= 174" [12]

P (1-29B)

Length between EL(1-29B)     
and GT(1-29)

(6'-1.375") - EL(1-29B)                    
= 37.375" [12]

Length between GT(1-29)      
and EL(1-29C)

(20'-5.875") - EL(1-29C)                   
= 209.875"

Length between Reactor Vessel 
and EL(1-29A)

(7'-4") - EL(1-29A)                        
= 52" [12]

P (1-29A)

Dimensions
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Table 35.  Dimensions Associated with Pipe Runs on Line 1-32 of Model 3 
Pipe Run (1-32) Reference

Pipe Diameter 14" [17]
Pipe Thickness 0.25" [17]
Pipe Material SS304 [17]

Pipe Diameter 14" [17]
Pipe Thickness 0.25" [17]
Pipe Material SS304 [17]

Pipe Diameter 14" [17]
Pipe Thickness 0.25" [17]
Pipe Material SS304 [17]

Pipe Diameter 14" [17]
Pipe Thickness 0.25" [17]
Pipe Material SS304 [17]

Pipe Diameter 14" [17]
Pipe Thickness 0.25" [17]
Pipe Material SS304 [17]

Pipe Diameter 14" [17]
Pipe Thickness 0.25" [17]
Pipe Material SS304 [17]

Pipe Diameter 14" [17]
Pipe Thickness 0.25" [17]
Pipe Material SS304 [17]

Pipe Diameter 14" [17]
Pipe Thickness 0.25" [17]
Pipe Material SS304 [17]

Length between EL(1-32F)     
and FAB BRANCH(1-27)

(26'-11.9375") - EL(1-32F)                 
= 302.9375" [17], [7]

P (1-32H)

[17]
P (1-32G)

Length between EL(1-32D)     
and EL(1-32E)

(25'-11.5625") + (0.5") + (7'-9") - EL(1-32D) - 
EL(1-32E) = 363.0625" [17]

P (1-32F)

Length between FAB(1-32)(L2)  
and EL(1-32F)

(22'-6") - FAB(1-32)(L2) - EL(1-32F)          
= 217.875"

[17]
P (1-32D)

Length between EL(1-32C)     
and EL(1-32D)

(14'-8") - EL(1-32C) - EL(1-32D) -           
FAB(1-33)(L1&L2) = 92.25" [17]

P (1-32E)

[17]

Length between EL(1-32A)     
and GT(1-32)

(2'-9.6875") - EL(1-32A)                   
= 19.6875" [17]

[17]

Length between RED(1-32)     
and CK(1-32)

(4'-3.875") - RED(1-32) -P(1-32A)           
= 25.875" [17]

Length between Emergency 
Pump and RED(1-32)

(1'-6.125") - RED(1-32)/2                  
= 10.25" [17]

Dimensions

Length between CK(1-32)      
and EL(1-32A)

(2'-2") - EL(1-32A)                        
= 12"

P (1-32A)

P (1-32B)

P (1-32C)

Length between GT(1-32)      
and EL(1-32B)

(1'-3.5625) - EL(1-32B)                    
= 1.5625"

Length of EL(1-32B)          
and EL(1-32C)

(2'-11.355") - EL(1-32B) - EL(1-32C)         
= 12.605"
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Table 36.  Dimensions Associated with Pipe Runs on Line 1-33 of Model 3 
Pipe Run (1-33) Reference

Pipe Diameter 14" [17]
Pipe Thickness 0.25" [17]
Pipe Material SS304 [17]

[17]
P (1-33A)

Length between CK(1-33)      
and EL(1-33A)

(1'-9.125") - EL(1-33A)                    
= 7.125"

Dimensions

Table 37.  Dimensions Associated with Pipe Runs on Line 1-49 of Model 3 
Pipe Run (1-49) Reference

Pipe Diameter 14" [17]
Pipe Thickness 0.25" [17]
Pipe Material SS304 [17]

Pipe Diameter 14" [17]
Pipe Thickness 0.25" [17]
Pipe Material SS304 [17]

Pipe Diameter 14" [17]
Pipe Thickness 0.25" [17]
Pipe Material SS304 [17]

Pipe Diameter 14" [17]
Pipe Thickness 0.25" [17]
Pipe Material SS304 [17]

[17]
P (1-49D)

Length between EL(1-49A)     
and EL(1-49B)

(5'-11.9375") - EL(1-49B) - EL(1-49C)        
= 63.4375" [17]

P (1-49C)

Length between EL(1-49A)     
and FAB(1-32)

(3'-10.375") + (1'-1") - EL(1-49C) - FAB(1-32)  
= 49.875"

[17]
P (1-49B)

Length between North Wall 
Termination and EL(1-49A)

(24'-2") - EL(1-49A)
= 284" [17]

P (1-49A)

Length between EL(1-49A)     
and EL(1-49B)

(6'-0") - EL(1-49A) - EL(1-49B)              
= 60"

Dimensions

Table 38.  Dimensions Associated with Reducers on Line 1-22 of Model 3 
Reducers (1-22) Reference

Small Diameter 18" [4]
Large Diameter 20" [4]

Length 9" [4]
Thickness 3/8" [4]

Eccentric Offset 0" [4]

Small Diameter 20" [10]
Large Diameter 36" [10]

Length 24" [10]
Thickness 9/16" [10]

Eccentric Offset 0" [10]

Dimensions

RED(1-22A)

RED(1-22B)
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Table 39.  Dimensions Associated with Reducers on Line 1-23 of Model 3 
Reducers (1-23) Reference

Small Diameter 18" [5]
Large Diameter 20" [5]

Length 9" [5]
Thickness 3/8" [5]

Eccentric Offset 0" [5]

Dimensions

RED(1-23)

Table 40.  Dimensions Associated with Reducers on Line 1-24 of Model 3 
Reducers (1-24) Reference

Small Diameter 18" [5]
Large Diameter 20" [5]

Length 9" [5]
Thickness 3/8" [5]

Eccentric Offset 0" [5]

RED(1-24)

Dimensions

Table 41.  Dimensions Associated with Reducers on Line 1-25 of Model 3 
Reducers (1-25) Reference

Small Diameter 18" [6]
Large Diameter 20" [6]

Length 9" [6]
Thickness 3/8" [6]

Eccentric Offset 0" [6]

Small Diameter 20" [10]
Large Diameter 36" [10]

Length 24" [10]
Thickness 9/16" [10]

Eccentric Offset 0" [10]

Dimensions

RED(1-25A)

RED(1-25B)

Table 42.  Dimensions Associated with Reducers on Line 1-28 of Model 3 
Reducers (1-28) Reference

Small Diameter 24" [14]
Large Diameter 36" [14]

Length 24" [14]
Thickness 0.5" [14]

Eccentric Offset 6" [14]

Dimensions

RED(1-28)
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Table 43.  Dimensions Associated with Reducers on Line 1-29 of Model 3 
Reducers (1-29) Reference

Small Diameter 24" [14]
Large Diameter 36" [14]

Length 24" [14]
Thickness 0.5" [14]

Eccentric Offset 6" [14]

Dimensions

RED(1-29)

Table 44.  Dimensions Associated with Reducers on Line 1-32 of Model 3 
Reducers (1-32) Reference

Small Diameter 12" [17]
Large Diameter 14" [17]

Length 15.75" [17]
Thickness 0.25" [17]

Eccentric Offset 0" [17]

Dimensions

RED(1-32)

Table 45.  Dimensions Associated with Reducers on Line 1-33 of Model 3 
Reducers (1-33) Reference

Small Diameter 12" [17]
Large Diameter 14" [17]

Length 15.75" [17]
Thickness 0.25" [17]

Eccentric Offset 0" [17]

Dimensions

RED(1-33)

Table 46.  Dimensions Associated with Elbows on Line 1-22 of Model 3 
Elbows (1-22) Reference

Pipe Diameter 20" [4]
Pipe Thickness 3/8" [4]

Elbow Type 90º Long Radius [4]
Elbow Leg Lengths 30" [15, pg 9]

Pipe Diameter 20" [4]
Pipe Thickness 3/8" [4]

Elbow Type 90º Long Radius [4]
Elbow Leg Lengths 30" [15, pg 9]

Pipe Diameter 20" [4]
Pipe Thickness 3/8" [4]

Elbow Type 90º Long Radius [4]
Elbow Leg Lengths 30" [15, pg 9]

Dimensions

EL (1-22A)

EL (1-22B)

EL (1-22C)
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Table 47.  Dimensions Associated with Elbows on Line 1-23 of Model 3 
Elbows (1-23) Reference

Pipe Diameter 20" [5]
Pipe Thickness 3/8" [5]

Elbow Type 90º Long Radius [5]
Elbow Leg Lengths 30" [15, pg 9]

Pipe Diameter 20" [5]
Pipe Thickness 3/8" [5]

Elbow Type 90º Long Radius [5]
Elbow Leg Lengths 30" [15, pg 9]

Dimensions

EL (1-23B)

EL (1-23A)

Table 48.  .  Dimensions Associated with Elbows on Line 1-24 of Model 3 
Elbows (1-24) Reference

Pipe Diameter 20" [5]
Pipe Thickness 3/8" [5]

Elbow Type 90º Long Radius [5]
Elbow Leg Lengths 30" [15, pg 9]

Pipe Diameter 20" [5]
Pipe Thickness 3/8" [5]

Elbow Type 90º Long Radius [5]
Elbow Leg Lengths 30" [15, pg 9]

Dimensions

EL (1-24A)

EL (1-24B)

Table 49.  Dimensions Associated with Elbows on Line 1-25 of Model 3 
Elbows (1-25) Reference

Pipe Diameter 20" [6]
Pipe Thickness 3/8" [6]

Elbow Type 90º Long Radius [6]
Elbow Leg Lengths 30" [15, pg 9]

Pipe Diameter 20" [6]
Pipe Thickness 3/8" [6]

Elbow Type 90º Long Radius [6]
Elbow Leg Lengths 30" [15, pg 9]

Pipe Diameter 20" [6]
Pipe Thickness 3/8" [6]

Elbow Type 90º Long Radius [6]
Elbow Leg Lengths 30" [15, pg 9]

Dimensions

EL (1-25C)

EL (1-25B)

EL (1-25A)
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Table 50.  Dimensions Associated with Elbows on Line 1-27 of Model 3 
Elbows (1-27) Reference

Pipe Diameter 36" [13]
Pipe Thickness 1/2" [13]

Elbow Type 90º Short Radius [13]
Elbow Leg Lengths 36" [15, pg 9]

Pipe Diameter 36" [7]
Pipe Thickness 9/16" [7]

Elbow Type 90º Short Radius [7]
Elbow Leg Lengths 36" [15, pg 9]

EL (1-27A)

EL (1-27B)

Dimensions

Table 51.  Dimensions Associated with Elbows on Line 1-28 of Model 3 
Elbows (1-28) Reference

Pipe Diameter 24" [11]
Pipe Thickness 3/8" [11]

Elbow Type 90º Long Radius [11]
Elbow Leg Lengths 36" [15, pg 9]

Pipe Diameter 24" [11]
Pipe Thickness 3/8" [11]

Elbow Type 90º Long Radius [11]
Elbow Leg Lengths 36" [15, pg 9]

Pipe Diameter 24" [11]
Pipe Thickness 3/8" [11]

Elbow Type 90º Long Radius [11]
Elbow Leg Lengths 36" [15, pg 9]

EL (1-28B)

EL (1-28C)

EL (1-28A)

Dimensions

Table 52.  Dimensions Associated with Elbows on Line 1-29 of Model 3 
Elbows (1-29) Reference

Pipe Diameter 24" [12]
Pipe Thickness 3/8" [12]

Elbow Type 90º Long Radius [12]
Elbow Leg Lengths 36" [15, pg 9]

Pipe Diameter 24" [12]
Pipe Thickness 3/8" [12]

Elbow Type 90º Long Radius [12]
Elbow Leg Lengths 36" [15, pg 9]

Pipe Diameter 24" [12]
Pipe Thickness 3/8" [12]

Elbow Type 90º Long Radius [12]
Elbow Leg Lengths 36" [15, pg 9]

Dimensions

EL (1-29C)

EL (1-29A)

EL (1-29B)
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Table 53.  Dimensions Associated with Elbows on Line 1-32 of Model 3 
Elbows (1-32) Reference

Pipe Diameter 14" [17]
Pipe Thickness 1/4" [17]

Elbow Type 90º Short Radius [17]
Elbow Leg Lengths 14" [15, pg 9]

Pipe Diameter 14" [17]
Pipe Thickness 1/4" [17]

Elbow Type 90º Short Radius [17]
Elbow Leg Lengths 14" [15, pg 9]

Pipe Diameter 14" [17]
Pipe Thickness 1/4" [17]

Elbow Type 45º Long Radius [17]
Elbow Leg Lengths 8.75" [15, pg 23]

Pipe Diameter 14" [17]
Pipe Thickness 1/4" [17]

Elbow Type 90º Long Radius [17]
Elbow Leg Lengths 21" [15, pg 9]

Pipe Diameter 14" [17]
Pipe Thickness 1/4" [17]

Elbow Type 90º Long Radius [17]
Elbow Leg Lengths 21" [15, pg 9]

Pipe Diameter 14" [17]
Pipe Thickness 1/4" [17]

Elbow Type 90º Long Radius [17]
Elbow Leg Lengths 21" [15, pg 9]

Dimensions

EL (1-32D)

EL (1-32E)

EL (1-32F)

EL (1-32A)

EL (1-32B)

EL (1-32C)

Table 54.  Dimensions Associated with Elbows on Line 1-33 of Model 3 
Elbows (1-33) Reference

Pipe Diameter 14" [17]
Pipe Thickness 1/4" [17]

Elbow Type 90º Short Radius [17]
Elbow Leg Lengths 14" [15, pg 9]

Dimensions

EL (1-33A)
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Table 55.  Dimensions Associated with Elbows on Line 1-49 of Model 3 
Elbows (1-49) Reference

Pipe Diameter 4" [17]
Pipe Thickness 0.237" [17]

Elbow Type 90º Long Radius [17]
Elbow Leg Lengths 6" [15, pg 9]

Pipe Diameter 4" [17]
Pipe Thickness 0.237" [17]

Elbow Type 90º Long Radius [17]
Elbow Leg Lengths 6" [15, pg 9]

Pipe Diameter 4.5" [17]
Pipe Thickness 0.237" [17]

Elbow Type 45º Long Radius [17]
Elbow Leg Lengths 2.5" [15, pg 23]

Dimensions

EL (1-49A)

EL (1-49B)

EL (1-49C)

Table 56.  Dimensions Associated with Tees on Line 1-23 of Model 3 
Fabricated Tees Reference

Run Diameter 36" [10]
Run Thickness 9/16" [10]

Run Leg1 Length 20" Result of FE Modeling
Run Leg2 Length 22.625" Result of FE Modeling
Branch Diameter 20" [10]
Branch Length 53.625" [10]

Branch Thickness 3/8" [10]

Dimensions

FAB(1-23)

Table 57.  Dimensions Associated with Tees on Line 1-24 of Model 3 
Fabricated Tees Reference

Run Diameter 36" [10]
Run Thickness 9/16" [10]

Run Leg1 Length 20" Result of FE Modeling
Run Leg2 Length 22.625" Result of FE Modeling
Branch Diameter 20" [10]
Branch Length 53.625" [10]

Branch Thickness 3/8" [10]

FAB(1-24)

Dimensions

Table 58.  Dimensions Associated with Tees on Line 1-26 of Model 3 
Forged Tees Reference

Run Diameter 36" [14]
Run Length 52" [14]

Run Thickness 1.375" [14]
Branch Diameter 36" [14]
Branch Length 25.5" [14]

Branch Thickness 1.375" [14]
*Assumed to be the same as FORGED(1-27)

Dimensions

FORGED(1-26)* 
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Table 59.  Dimensions Associated with Tees on Line 1-27 of Model 3 
Forged Tees Reference

Run Diameter 36" [14]
Run Length 52" [14]

Run Thickness 1.375" [14]
Branch Diameter 36" [14]
Branch Length 25.5" [14]

Branch Thickness 1.375" [14]

Dimensions

FORGED(1-27)

Table 60.  Dimensions Associated with Tees on Line 1-32 of Model 3 
Fabricated Tees Reference

Run Diameter 14" [17]
Run Thickness 1/4" [17]

Run Leg1 Length 12" Result of FE Modeling
Run Leg2 Length 31.125" Result of FE Modeling
Branch Diameter 4.5" [16], [8, Table 1-14]
Branch Length 7" * [17]

Branch Thickness 0.237" [16], [8, Table 1-14]

FAB(1-32)

Dimensions

Table 61.  Dimensions Associated with Tees on Line 1-33 of Model 3 
Fabricated Tees Reference

Run Diameter 14" [17]
Run Thickness 1/4" [17]

Run Leg1 Length 30.75" Result of FE Modeling
Run Leg2 Length 20" Result of FE Modeling
Branch Diameter 14" [17]
Branch Length 28.875" [17]

Branch Thickness 1/4" [17]

FAB(1-33)

Dimensions

Table 62.  Dimensions Associated with Fabricated Branch Connecting Lines 1-26, 1-27 & 1-32 of Model 3 
Fabricated Branch Reference

Pipe Diameter 36" [7]
Pipe Thickness 9/16" [7]

Elbow Type Short Radius [7]
Elbow Leg Lengths 36" [15, pg 9]
Branch Diameter 14" [7]

Branch Length from Centerline of 
Upper Elbow Leg 27" [7]

Branch Thickness 1/4" [7]

Dimensions

FAB BRANCH       
(1-26, 1-27, 1-32)

Table 63.  Dimensions Associated with Flanges on Line 1-22 of Model 3 
Flanges (1-22) Reference

Location At primary pump nozzel
Mass Neglected due to fixation of nozzels

Location At point where P(1-22C) and CK(1-22) meet
Mass 320 lbm = 0.829 lbf.s^2/in [15, pg 99]

Location At point where P(1-22C) and GT(1-22) meet
Mass 320 lbm = 0.829 lbf.s^2/in [15, pg 99]

Dimensions

FL (1-22A)

FL (1-22B)

FL (1-22C)
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Table 64.  Dimensions Associated with Flanges on Line 1-23 of Model 3 
Flanges (1-23) Reference

Location At primary pump nozzel
Mass Neglected due to fixation of nozzels

Location At point where P(1-23C) and CK(1-23) meet
Mass 320 lbm = 0.829 lbf.s^2/in [15, pg 99]

Location At point where P(1-23C) and GT(1-23) meet
Mass 320 lbm = 0.829 lbf.s^2/in [15, pg 99]

FL (1-23A)

FL (1-23B)

FL (1-23C)

Dimensions

Table 65.  Dimensions Associated with Flanges on Line 1-24 of Model 3 
Flanges (1-24) Reference

Location At primary pump nozzel
Mass Neglected due to fixation of nozzels

Location At point where P(1-24C) and CK(1-24) meet
Mass 320 lbm = 0.829 lbf.s^2/in [15, pg 99]

Location At point where P(1-24C) and GT(1-24) meet
Mass 320 lbm = 0.829 lbf.s^2/in [15, pg 99]

FL (1-24A)

FL (1-24B)

FL (1-24C)

Dimensions

Table 66.  Dimensions Associated with Flanges on Line 1-25 of Model 3 
Flanges (1-25) Reference

Location At primary pump nozzel
Mass Neglected due to fixation of nozzels

Location At point where P(1-25C) and CK(1-25) meet
Mass 320 lbm = 0.829 lbf.s^2/in [15, pg 99]

Location At point where P(1-25C) and GT(1-25) meet
Mass 320 lbm = 0.829 lbf.s^2/in [15, pg 99]

FL (1-25A)

FL (1-25B)

FL (1-25C)

Dimensions

Table 67.  Dimensions Associated with Flanges on Line 1-27 of Model 3 
Flanges (1-27) Reference

Location At point where P(1-27B) and BF(1-27) meet
Mass 1090lbm = 2.821 lbf.s^2/in Appendix B.8

Location At point where P(1-27C) and BF(1-27) meet
Mass 1090lbm = 2.821 lbf.s^2/in Appendix B.8

FL (1-27A)

FL (1-27B)

Dimensions

Table 68.  Dimensions Associated with Flanges on Line 1-28 of Model 3 
Flanges (1-28) Reference

Location At point where the southern side of P(1-28C) meets GT(1-28)
Mass 478 lbm = 1.238 lbf.s^2/in [15, pg 99]

Location At point where the northern side of P(1-28C) meets GT(1-28)
Mass 478 lbm = 1.238 lbf.s^2/in [15, pg 99]

FL (1-28A)

FL (1-28B)

Dimensions
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Table 69.  Dimensions Associated with Flanges on Line 1-29 of Model 3 
Flanges (1-29) Reference

Location At point where the southern side of P(1-29C) meets GT(1-29)
Mass 478 lbm = 1.238 lbf.s^2/in [15, pg 99]

Location At point where the northern side of P(1-29C) meets GT(1-29)
Mass 478 lbm = 1.238 lbf.s^2/in [15, pg 99]

FL (1-29A)

FL (1-29B)

Dimensions

Table 70.  Dimensions Associated with Flanges on Line 1-32 of Model 3 
Flanges (1-32) Reference

Location At emergency pump nozzel
Mass Neglected due to fixation of nozzels

Location At point where P(1-32A) and CK(1-32)
Mass 166 lbm = 0.43 lbf.s^2/in [15, pg 99]

Location At point where P(1-32B) and CK(1-32)
Mass 166 lbm = 0.43 lbf.s^2/in [15, pg 99]

Location At point where the lower side of P(1-32C) meets GT(1-32)
Mass 166 lbm = 0.43 lbf.s^2/in [15, pg 99]

Location At point where the upper side of P(1-32C) meets GT(1-32)
Mass 166 lbm = 0.43 lbf.s^2/in [15, pg 99]

FL (1-32E)

FL (1-32A)

Dimensions

FL (1-32B)

FL (1-32C)

FL (1-32D)

Table 71.  Dimensions Associated with Flanges on Line 1-33 of Model 3 
Flanges (1-33) Reference

Location At emergency pump nozzel
Mass Neglected due to fixation of nozzels

Location At point where P(1-33A) and CK(1-33)
Mass 166 lbm = 0.43 lbf.s^2/in [15, pg 99]

Location At point where P(1-33B) and CK(1-33)
Mass 166 lbm = 0.43 lbf.s^2/in [15, pg 99]

Location At point where the lower side of P(1-33C) meets GT(1-33)
Mass 166 lbm = 0.43 lbf.s^2/in [15, pg 99]

Location At point where the upper side of P(1-33C) meets GT(1-33)
Mass 166 lbm = 0.43 lbf.s^2/in [15, pg 99]

FL (1-33E)

FL (1-33A)

FL (1-33B)

FL (1-33C)

FL (1-33D)

Dimensions
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Table 72.  Dimensions Associated with Valves on Line 1-22 of Model 3 
Valves (1-22) Reference

Pipe/Valve Diameter 20" [4]
Pipe Thickness 0.375" [4]

Equiv Valve Thickness 1.293" App B.3.5
Valve Lengths 3' - 3.1875" [4]
Valve Name GT-A-1-3 [4]
Valve Mass 3475 lb  = 9.001 lbf*s^2/in [3, pg B-2]

Pipe/Valve Diameter 20" [4]
Pipe Thickness 0.375" [4]

Equiv Valve Thickness 1.293" App B.3.5
Valve Lengths 3' - 3.1875" [4]
Valve Name CK-A-1-2 [4]
Valve Mass 3165 lb = 8.198 lbf*s^2/in [3, pg B-2]

CK (1-22)

Dimensions

GT (1-22)

Table 73.  Dimensions Associated with Valves on Line 1-23 of Model 3 
Valves (1-23) Reference

Pipe/Valve Diameter 20" [5]
Pipe Thickness 0.375" [5]

Equiv Valve Thickness 1.293" App B.3.5
Valve Lengths 3' - 3.1875" [5]
Valve Name GT-A-1-6 [5]
Valve Mass 3475 lb  = 9.001 lbf*s^2/in [3, pg B-2]

Pipe/Valve Diameter 20" [5]
Pipe Thickness 0.375" [5]

Equiv Valve Thickness 1.293" App B.3.5
Valve Lengths 3' - 3.1875" [5]
Valve Name CK-A-1-6 [5]
Valve Mass 3165 lb = 8.198 lbf*s^2/in [3, pg B-2]

Dimensions

CK (1-23)

GT (1-23)

Table 74.  Dimensions Associated with Valves on Line 1-24 of Model 3 
Valves (1-24) Reference

Pipe/Valve Diameter 20" [5]
Pipe Thickness 0.375" [5]

Equiv Valve Thickness 1.293" App B.3.5
Valve Lengths 3' - 3.1875" [5]
Valve Name GT-A-1-9 [5]
Valve Mass 3475 lb  = 9.001 lbf*s^2/in [3, pg B-2]

Pipe/Valve Diameter 20" [5]
Pipe Thickness 0.375" [5]

Equiv Valve Thickness 1.293" App B.7
Valve Lengths 3' - 3.1875" [5]
Valve Name CK-A-1-9 [5]
Valve Mass 3165 lb = 8.198 lbf*s^2/in [3, pg B-2]

Dimensions

CK (1-24)

GT (1-24)
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Table 75.  Dimensions Associated with Valves on Line 1-25 of Model 3 
Valves (1-25) Reference

Pipe/Valve Diameter 20" [6]
Pipe Thickness 0.375" [6]

Equiv Valve Thickness 1.293" App B.7
Valve Lengths 3' - 3.1875" [6]
Valve Name GT-A-1-12 [6]
Valve Mass 3475 lb  = 9.001 lbf*s^2/in [3, pg B-2]

Pipe/Valve Diameter 20" [6]
Pipe Thickness 0.375" [6]

Equiv Valve Thickness 1.293" App B.7
Valve Lengths 3' - 3.1875" [6]
Valve Name CK-A-1-11 [6]
Valve Mass 3165 lb = 8.198 lbf*s^2/in [3, pg B-2]

Dimensions

CK (1-25)

GT (1-25)

Table 76.  Dimensions Associated with Valves on Line 1-27 of Model 3 
Valves (1-27) Reference

Pipe/Valve Diameter 36" [17]
Pipe Thickness 0.5"/0.5625" [17]

Equiv Valve Thickness 1.206" App B.7
Valve Lengths 8.5" [17]
Valve Name BF-A-1-14 [17]
Valve Mass 3344 lb = 8.661 lbf*s^2/in [3, pg B-2]

BF (1-27)

Dimensions

Table 77.  Dimensions Associated with Valves on Line 1-28 of Model 3 
Valves (1-28) Reference

Pipe/Valve Diameter 24" [11]
Pipe Thickness 0.375" [11]

Equiv Valve Thickness 1.258" App B.7
Valve Lengths 3' - 9.25" [11]
Valve Name GT-I-1-82 [11]
Valve Mass 5955 lbf = 15.424 lbf*s^2/in  [3, pg B-3]

Dimensions

GT (1-28)

Table 78.  Dimensions Associated with Valves on Line 1-29 of Model 3 
Valves (1-29) Reference

Pipe/Valve Diameter 24" [12]
Pipe Thickness 0.375" [12]

Equiv Valve Thickness 1.258" App B.7
Valve Lengths 3' - 9.25" [12]
Valve Name GT-I-1-83 [12]
Valve Mass 5955 lbf = 15.424 lbf*s^2/in  [3, pg B-3]

Dimensions

GT (1-29)
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Table 79.  Dimensions Associated with Valves on Line 1-32 of Model 3 
Valves (1-32) Reference

Pipe/Valve Diameter 14" [17]
Pipe Thickness 0.25" [17]

Equiv Valve Thickness 0.855" App B.7
Valve Lengths 2' - 6.25" [17]
Valve Name GT-B-1-18 [17]
Valve Mass 1800 lb = 4.662  lbf*s^2/in   [3, pg B-3]

Pipe/Valve Diameter 14" [17]
Pipe Thickness 0.25" [17]

Equiv Valve Thickness 0.855" App B.7
Valve Lengths 2' - 6.25" [17]
Valve Name CK-A-1-17 [17]
Valve Mass 1131 lb = 2.929 lbf*s^2/in [3, pg B-3]

GT (1-32)

CK (1-32)

Dimensions

Table 80.  Dimensions Associated with Valves on Line 1-33 of Model 3 
Valves (1-33) Reference

Pipe/Valve Diameter 14" [17]
Pipe Thickness 0.25" [17]

Equiv Valve Thickness 0.855" App B.7
Valve Lengths 2' - 6.25" [17]
Valve Name GT-B-1-21 [17]
Valve Mass 1800 lb = 4.662  lbf*s^2/in   [3, pg B-3]

Pipe/Valve Diameter 16" [17]
Pipe Thickness 0.25" [17]

Equiv Valve Thickness 0.855" App B.7
Valve Lengths 2' - 6.25" [17]
Valve Name CK-A-1-20 [17]
Valve Mass 1131 lb = 2.929 lbf*s^2/in [3, pg B-3]

CK (1-33)

Dimensions

GT (1-33)
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Appendix B.7

 Calculations of Pipe Thickness to Mimic Valve Behavior in Model
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Valve Thickness Calculations 

According to Nu-Pipe the moment of inertia of the pipe valves is to be three times that of the pipe for which it is
attached to.  [31, 2-21]

GATE AND CHECK VALVES ASSOCIATED WITH LINES 1-22 THROUGH 1-25
GT1-22, GT1-23, GT1-24, GT1-25, CK1-22, CK1-23, CK1-24, and CK1-25

The above four gate and four check valves are located two elbows below the discharge of each of the four primary
coolant pumps.

tPP 0.375in�� Thickness of PCS pipe below primary
coolant pumps [4]

odPP 20in�� Outer diameter of PCS pipe below
primary coolant pumps [4]

idPP odPP 2 tPP����
Inner diameter of PCS pipe below primary
coolant pumps

idPP 19.25 in�

IPP
� odPP

4 idPP
4

�

�

�

�

4
�� Moment of inertia of PCS pipe below

primary coolant pumps [8, Table 17-27,
pg 17-39]

IPP 1.782 104
� in4

�
Thickness of pipe representing valve if
outer diameter is to remain consistent
with attached pipe where equation is
modification of moment of inertia equation
for a pipe thickness as the output and the
moment of inertia for the valve
represented by 3 times the value of the
moment of inertia of the pipe [8, Table
17-27, pg 17-39]

TPP_GT

4 3 IPP�� ��

�
� odPP

4
�

�
"
�

�
#
�

0.25

odPP�

2�

�
"
"
"
�

�
#
#
#
�

��

TPP_GT 1.293 in�

GATE VALVES ASSOCIATED WITH LINES 1-28 THROUGH 1-29
GT1-28 and GT1-29

The above two gate valves are located two elbows below the inlet locations of the PCS system into the reactor.

tRV 0.375in�� Thickness of PCS pipe below primary
coolant pumps [11]

odRV 24in�� Outer diameter of PCS pipe below
primary coolant pumps [11]

idRV odRV 2 tRV����
Inner diameter of PCS pipe below primary
coolant pumps

idRV 23.25 in�
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IRV
� odRV

4 idRV
4

�

�

�

�

4
�� Moment of inertia of PCS pipe below

primary coolant pumps [8, Table 17-27,
pg 17-39]

IRV 3.108 104
� in4

�

Thickness of pipe representing valve if
outer diameter is to remain consistent
with attached pipe where equation is
modification of moment of inertia equation
for a pipe thickness as the output and the
moment of inertia for the valve
represented by 3 times the value of the
moment of inertia of the pipe [8, Table
17-27, pg 17-39]

TRV_GT

4 3 IRV�� ��

�
� odRV

4
�

�
"
�

�
#
�

0.25

odRV�

2�

�
"
"
"
�

�
#
#
#
�

��

TRV_GT 1.258 in�

GATE AND CHECK VALVES ASSOCIATED WITH LINES 1-32 THROUGH 1-33
GT1-32, GT1-33, CK1-32, and CK1-33

The above two gate valves are located one elbow beyond the emergency pumps and the above two check valves
are located directly after the emergency pumps.

tEP 0.25in�� Thickness of PCS pipe below primary
coolant pumps [11]

odEP 14in�� Outer diameter of PCS pipe below
primary coolant pumps [11]

idEP odEP 2 tEP����
Inner diameter of PCS pipe below primary
coolant pumps

idEP 13.5 in�

IEP
� odEP

4 idEP
4

�

�

�

�

4
�� Moment of inertia of PCS pipe below

primary coolant pumps [8, Table 17-27,
pg 17-39]

IEP 4.085 103
� in4

�

Thickness of pipe representing valve if
outer diameter is to remain consistent
with attached pipe where equation is
modification of moment of inertia equation
for a pipe thickness as the output and the
moment of inertia for the valve
represented by 3 times the value of the
moment of inertia of the pipe [8, Table
17-27, pg 17-39]

TEP_GT

4 3 IEP�� ��

�
� odEP

4
�

�
"
�

�
#
�

0.25

odEP�

2�

�
"
"
"
�

�
#
#
#
�

��

TEP_GT 0.855 in�
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Appendix B.8

 Mass of BF-A-1-14 Lap Joint Flanges Calculation
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Flange Weights for BF-A-1-14 Butterfly Valve Calculations 

According to [15, pg 126] the class 300 slip on flanges (equivalent in dimensions to lap joint flanges at 36") are
fabricated out of A105 carbon steel.  Since the table for the 36" slip on flanges in [15, pg 126] does not include
the associated weight, the dimensions that are included in the table will be used to determine the approximate
volume of the flanges.  The volume in conjunction with the density of A105 steel will be implemented to determine
the mass of each flange.

APPROXIMATE MASS OF BF-A-1-14 FLANGES

Volume of Interface

R 40.25in�� Diameter of flange face

RF 0.06in�� Raised face on flange interface

Vinterface
� R2
�

4
RF���

Volume of interface

Vinterface 76.344 in3
�

Volume of Flange

C 4.12in�� Flange thickness

O 50in�� Flange outside diameter

Volume of flange (note:bolt holes were
neglected as the bolts themselves will fill
them and the weight of the rest of the
bolts were neglected as their influence
relative to the weight of the entire flange
was assumed to be negligible)

Vflange
� O2
�

4
C���

Vflange 8.09 103
� in3

�
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Volume of Hub

Y 6.06in�� Flange length

X 41in�� Hub diameter

Vhub
� X2
�

4
Y C� RF�( )���

Volume of hub

Vhub 2.482 103
� in3

�

Volume of Flange Bore

J' 36.25in�� Flange Bore

Vbore
� J'2�

4
Y��� Volume of bore

Vbore 6.254 103
� in3

�

Total Volume
Vtotal Vinterface Vhub� Vflange� Vbore���

Total Volume

Vtotal 4.394 103
� in3

�

Total Mass

%A105 0.248
lb

in3
�� Density of A105 steel

Mflange %A105 Vtotal���

Mflange 1090 lb� Mass of each BF-A-1-14 flange
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Appendix B.9

 Elbow Stiffness and Water Filled Pipe Density Calculations
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MATERIAL PROPERTIES USED IN ELBOW STIFFNESS CALCULATIONS
Stainless Steel Material Properties
The material properties below represent reasonable values that could be used in an analysis.

Modulus of elasticity for SS304 at 125
degrees Fahrenheit [53, Table TM]Es 2.8 107

� psi���

&s 0.30�� Poisson's ratio [9, NB-3683.1(b)]

Gs
Es

2 1 &s�� ��
��

Shear modulus [54, Eq 2-19]

Gs 1.077 107
� psi�

%s 0.28
lb

in3
��

Mass density [54]

Steel Material Properties
The material properties below represent reasonable values that could be used in an analysis.

Ec 3.0 107
� psi��� Modulus of elasticity [54, Table A-5] 

&c 0.29�� Poisson's ratio [54]

%c 0.282
lb

in3
�� Mass density [54]

Water Material Properties
The material properties below represent reasonable values that could be used in an analysis.

%w 62.3
lb

ft3
���

Mass density [55, Table A]

%w 0.0361
lb

in3
�
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FLEXIBILITY FACTOR FUNCTION AND CALCULATIONS APPROACH 
Flexibility Factor

(a)  R/r is not less than 1.7 [9, NB-3686.2] 

(b)  center line length R! is greater than 2r [9, NB-3686.2] 

(c)  there are no flanges or other similar stiffeners within a distance r
from either end of the curved section of pipe or from the ends of
welding elbows. [9, NB-3686.2] 

k do t� P� R�� � di do 2 t���

r
1
4

do di�� ���

h t R� r 2�
��

Xk 6
r
t



�
�
�
�



4

3
�

R
r



�
�

�
�



1

3
��

ko 0�

ko
1.65

h
1

1
P r�
t Es�



�
�

�
�



Xk��

��
R
r

1.7$if

ko 1� ko 1 if

��

[9, NB-3686.2] 

'nom1 = R
E I� 0

'

!M1
(
)
*

d� 'ab1 = k 'nom1� = k R�
E I� 0

'

!M1
(
)
*

d�

'nom2 = R
E I� 0

'

!M2
(
)
*

d� 'ab2 = k 'nom2� = k R�
E I� 0

'

!M2
(
)
*

d�

'nom3 = R
G J� 0

'

!M3
(
)
*

d� 'ab3 = 'nom3 = R
G J� 0

'

!M3
(
)
*

d�
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To address the flexibility factor in the finite
element model, an effective area moment of
inertia will be established:

x

zy

Ie = I
k

Therefore:
!

'ab1 = R
E Ie� 0

'

!M1
(
)
*

d�

R

'ab2 = R
E Ie� 0

'

!M2
(
)
*

d�

'ab3 = R
G J� 0

'

!M3
(
)
*

d�

FLEXIBILITY FACTOR AND MOMENT OF INERTIA CALCULATIONS FOR MODEL 3
Pipe 36 Inch Diameter and 1/2 Thickness (Downstream of Valve BF-A-14)

d36 36 in��� Pipe outside diameter.

t36 0.5 in��� Pipe thickness.

p376 376 psi��� Internal pressure downstream of valve
BF-A-14. [3]

rs36 d36��
Radius for short radius elbow.

rs36 36 in�

rl36 1.5 rs36���
Radius for long radius elbow.

rl36 54 in�

A36
�

4
d36

2 d36 2 t36��� �2��
�

�
����

Pipe cross section area.

A36 55.7633 in2
�

Ai36
�

4
d36 2 t36��� �2���

Pipe internal area.

Ai36 962.1 in2
�
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%sw36
A36 %s� Ai36 %w��

A36
��

Mass density for the pipe with water.

%sw36 2.336 10 3�
�

lbf sec2
�

in4
�

I36
�

64
d36

4 d36 2 t36��� �4��
�

�
����

Pipe area moment of inertia.

I36 8786.20 in4
�

J36
�

32
d36

4 d36 2 t36��� �4��
�

�
����

Pipe polar moment of inertia.

J36 17572.4 in4
�

ks36 k d36 t36� p376� rs36�� ���
Flexibility factor for short radius.

ks36 20.304�

Ies36
I36

ks36
��

Effective moment of inertia for short
radius.

Ies36 432.735 in4
�

kl36 k d36 t36� p376� rl36�� ���
Flexibility factor for long radius.

kl36 12.978�

Iel36
I36

kl36
��

Effective moment of inertia for long
radius.

Iel36 676.999 in4
�

Pipe 36 Inch Diameter and 9/16 Thickness (Upstream of Valve BF-A-14)

d36 36 in� Pipe outside diameter.

t36a 0.5625 in��� Pipe thickness.
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Internal pressure upstream of valve
BF-A-14. [3]p400 400 psi���

rs36 36 in� Radius for short radius elbow.

rl36 54 in� Radius for long radius elbow.

A36a
�

4
d36

2 d36 2 t36a��� �2��
�

�
����

Pipe cross section area.

A36a 62.6232 in2
�

Ai36a
�

4
d36 2 t36a��� �2���

Pipe internal area.

Ai36a 955.3 in2
�

%sw36a
A36a %s� Ai36a %w��

A36a
��

Mass density for the pipe with water.

%sw36a 2.15 10 3�
�

lbf sec2
�

in4
�

I36a
�

64
d36

4 d36 2 t36a��� �4��
�

�
����

Pipe area moment of inertia.

I36a 9832.9 in4
�

J36a
�

32
d36

4 d36 2 t36a��� �4��
�

�
����

Pipe polar moment of inertia.

J36a 19665.8 in4
�

ks36a k d36 t36a� p400� rs36�� ���

Flexibility factor for short radius.
ks36a 19.088�

Ies36a
I36a

ks36a
��

Effective moment of inertia for short
radius.

Ies36a 515.14 in4
�
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kl36a k d36 t36a� p400� rl36�� ���

Flexibility factor for long radius.
kl36a 12.274�

Iel36a
I36a

kl36a
��

Effective moment of inertia for long
radius.

Iel36a 801.096 in4
�

Pipe 24 Inch Diameter and 3/8 Thickness (Downstream of Valve BF-A-14)
d24 24 in��� Pipe outside diameter.

t24 0.375 in��� Pipe thickness.

p376 376 psi� Internal pressure downstream of valve
BF-A-14. [3]

rs24 d24��

Radius for short radius elbow.
rs24 24 in�

rl24 1.5 rs24���

Radius for long radius elbow.
rl24 36 in�

A24
�

4
d24

2 d24 2 t24��� �2��
�

�
����

Pipe cross section area.

A24 27.8325 in2
�

Ai24
�

4
d24 2 t24��� �2���

Pipe internal area.

Ai24 424.6 in2
�

%sw24
A24 %s� Ai24 %w��

A24
��

Mass density for the pipe with water.

%sw24 2.15 10 3�
�

lbf sec2
�

in4
�
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I24
�

64
d24

4 d24 2 t24��� �4��
�

�
����

Pipe area moment of inertia.

I24 1942.3 in4
�

J24
�

32
d24

4 d24 2 t24��� �4��
�

�
����

Pipe polar moment of inertia.

J24 3884.60 in4
�

ks24 k d24 t24� p376� rs24�� ���

Flexibility factor for short radius.
ks24 19.383�

Ies24
I24

ks24
��

Effective moment of inertia for short
radius.

Ies24 100.206 in4
�

kl24 k d24 t24� p376� rl24�� ���

Flexibility factor for long radius.
kl24 12.484�

Iel24
I24

kl24
��

Effective moment of inertia for long
radius.

Iel24 155.58 in4
�

Pipe 20 Inch Diameter and 3/8 Thickness (Upstream of Valve BF-A-14)

d20 20 in��� Pipe outside diameter.

t20 0.375 in��� Pipe thickness.

p400 400 psi� Internal pressure stream of valve
BF-A-14. [3]

rs20 d20��

Radius for short radius elbow.
rs20 20 in�

rl20 1.5 rs20���

Radius for long radius elbow.
rl20 30 in�
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A20
�

4
d20

2 d20 2 t20��� �2��
�

�
����

Pipe cross section area.

A20 23.1202 in2
�

Ai20
�

4
d20 2 t20��� �2���

Pipe internal area.

Ai20 291 in2
�

%sw20
A20 %s� Ai20 %w��

A20
��

Mass density for the pipe with water.

%sw20 1.901 10 3�
�

lbf sec2
�

in4
�

I20
�

64
d20

4 d20 2 t20��� �4��
�

�
����

Pipe area moment of inertia.

I20 1113.5 in4
�

J20
�

32
d20

4 d20 2 t20��� �4��
�

�
����

Pipe polar moment of inertia.

J20 2226.94 in4
�

ks20 k d20 t20� p400� rs20�� ���

Flexibility factor for short radius.
ks20 17.35�

Ies20
I20

ks20
��

Effective moment of inertia for short
radius.

Ies20 64.177 in4
�

kl20 k d20 t20� p400� rl20�� ���

Flexibility factor for long radius.
kl20 11.271�
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Iel20
I20

kl20
��

Effective moment of inertia for long
radius.

Iel20 98.786 in4
�

Pipe 18 Inch Diameter and 3/8 Thickness (Upstream of Valve BF-A-14)
d18 18 in��� Pipe outside diameter.

t18 0.375 in��� Pipe thickness.

Internal pressure upstream of valve
BF-A-14. [3]p400 400 psi�

rs18 d18��

Radius for short radius elbow.
rs18 18 in�

rl18 1.5 rs18���

Radius for long radius elbow.
rl18 27 in�

A18
�

4
d18

2 d18 2 t18��� �2��
�

�
����

Pipe cross section area.

A18 20.8 in2
�

Ai18
�

4
d18 2 t18��� �2���

Pipe internal area.

Ai18 233.7 in2
�

%sw18
A18 %s� Ai18 %w��

A18
��

Mass density for the pipe with water.

%sw18 1.776 10 3�
�

lbf sec2
�

in4
�

I18
�

64
d18

4 d18 2 t18��� �4��
�

�
����

Pipe area moment of inertia.

I18 806.6 in4
�
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J18
�

32
d18

4 d18 2 t18��� �4��
�

�
����

Pipe polar moment of inertia.

J18 1613.3 in4
�

ks18 k d18 t18� p400� rs18�� ���

Flexibility factor for short radius.
ks18 16.197�

Ies18
I18

ks18
��

Effective moment of inertia for short
radius.

Ies18 49.801 in4
�

kl18 k d18 t18� p400� rl18�� ���

Flexibility factor for long radius.
kl18 10.574�

Iel18
I18

kl18
��

Effective moment of inertia for long
radius.

Iel18 76.288 in4
�

Pipe 14 Inch Diameter and 1/4 Thickness (Upstream of Valve BF-A-14)
d14 14 in��� Pipe outside diameter.

t14 0.25 in��� Pipe thickness.

p400 400 psi� Internal pressure upstream of valve
BF-A-14. [3]

rs14 d14��
Radius for short radius elbow.

rs14 14 in�

rl14 1.5 rs14���
Radius for long radius elbow.

rl14 21 in�

A14
�

4
d14

2 d14 2 t14��� �2��
�

�
����

Pipe cross section area.

A14 10.7992 in2
�
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Ai14
�

4
d14 2 t14��� �2���

Pipe internal area.

Ai14 143.1 in2
�

%sw14
A14 %s� Ai14 %w��

A14
��

Mass density for the pipe with water.

%sw14 1.963 10 3�
�

lbf sec2
�

in4
�

I14
�

64
d14

4 d14 2 t14��� �4��
�

�
����

Pipe area moment of inertia.

I14 255.3 in4
�

J14
�

32
d14

4 d14 2 t14��� �4��
�

�
����

Pipe polar moment of inertia.

J14 510.6 in4
�

ks14 k d14 t14� p400� rs14�� ���

Flexibility factor for short radius.
ks14 17.854�

Ies14
I14

ks14
��

Effective moment of inertia for short
radius.

Ies14 14.2989 in4
�

kl14 k d14 t14� p400� rl14�� ���

Flexibility factor for long radius.
kl14 11.57�

Iel14
I14

kl14
��

Effective moment of inertia for long
radius.

Iel14 22.0652 in4
�
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Pipe 12.75 Inch Diameter and 1/4 Thickness  (Upstream of Valve BF-A-14)
d12 12.75 in��� Pipe outside diameter.

t12 0.25 in��� Pipe thickness.

p400 400 psi� Internal pressure upstream of valve
BF-A-14. [3]

rs12 12in��
Radius for short radius elbow.

rs12 12 in�

rl12 1.5 rs12���
Radius for long radius elbow.

rl12 18 in�

A12
�

4
d12

2 d12 2 t12��� �2��
�

�
����

Pipe cross section area.

A12 9.8 in2
�

Ai12
�

4
d12 2 t12��� �2���

Pipe internal area.

Ai12 117.9 in2
�

%sw12
A12 %s� Ai12 %w��

A12
��

Mass density for the pipe with water.

%sw12 1.846 10 3�
�

lbf sec2
�

in4
�

I12
�

64
d12

4 d12 2 t12��� �4��
�

�
����

Pipe area moment of inertia.

I12 191.8 in4
�

J12
�

32
d12

4 d12 2 t12��� �4��
�

�
����

Pipe polar moment of inertia.

J12 383.6 in4
�

ks12 k d12 t12� p400� rs12�� ���
Flexibility factor for short radius.

ks12 17.983�
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Ies12
I12

ks12
�� Effective moment of inertia for short

radius.

Ies12 10.667 in4
�

kl12 k d12 t12� p400� rl12�� ���
Flexibility factor for long radius.

kl12 11.713�

Iel12
I12

kl12
�� Effective moment of inertia for long

radius.

Iel12 16.378 in4
�

Pipe 4.5 Inch Diameter and 0.237 Thickness  (Upstream of Valve BF-A-14)
d4 4.5 in��� Pipe outside diameter.

t4 0.237 in��� Pipe thickness.

Internal pressure upstream of valve
BF-A-14. [3]p400 400 psi�

rs4 4 in��� Radius for short radius elbow.

rl4 1.5 rs4���

Radius for long radius elbow.
rl4 6 in�

A4
�

4
d4

2 d4 2 t4��� �2��
�

�
����

Pipe cross section area.

A4 3.17405 in2
�

Ai4
�

4
d4 2 t4��� �2���

Pipe internal area.

Ai4 12.7 in2
�

%sw4
A4 %s� Ai4 %w��

A4
��

Mass density for the pipe with water.

%sw4 1.1 10 3�
�

lbf sec2
�

in4
�
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I4
�

64
d4

4 d4 2 t4��� �4��
�

�
����

Pipe area moment of inertia.

I4 7.2 in4
�

J4
�

32
d4

4 d4 2 t4��� �4��
�

�
����

Pipe polar moment of inertia.

J4 14.4652 in4
�

ks4 k d4 t4� p400� rs4�� ���

Flexibility factor for short radius.
ks4 7.769�

Ies4
I4

ks4
��

Effective moment of inertia for short
radius.

Ies4 0.931 in4
�

kl4 k d4 t4� p400� rl4�� ���

Flexibility factor for long radius.
kl4 5.167�

Iel4
I4
kl4

��
Effective moment of inertia for long
radius.

Iel4 1.39988 in4
�
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SUMMARY OF ELBOW FLEXIBILITY RESULTS
Pipe 36 Inch Diameter and 1/2 Thickness (Downstream of Valve BF-A-14)

ks36 20.304� Flexibility factor for short radius.

Effective moment of inertia for short
radius.Ies36 432.735 in4

�

kl36 12.978� Flexibility factor for long radius.

Effective moment of inertia for long
radius.Iel36 676.999 in4

�

Pipe 36 Inch Diameter and 9/16 Thickness (Upstream of Valve BF-A-14)
ks36a 19.088� Flexibility factor for short radius.

Effective moment of inertia for short
radius.Ies36a 515.14 in4

�

kl36a 12.274� Flexibility factor for long radius.

Effective moment of inertia for long
radius.Iel36a 801.096 in4

�

Pipe 24 Inch Diameter and 3/8 Thickness (Downstream of Valve BF-A-14)
Flexibility factor for short radius.

ks24 19.383�

Effective moment of inertia for short
radius.Ies24 100.206 in4

�

kl24 12.484� Flexibility factor for long radius.

Effective moment of inertia for long
radius.Iel24 155.58 in4

�

Pipe 20 Inch Diameter and 3/8 Thickness (Upstream of Valve BF-A-14)
ks20 17.35� Flexibility factor for short radius.

Effective moment of inertia for short
radius.Ies20 64.177 in4

�

kl20 11.271� Flexibility factor for long radius.

Effective moment of inertia for long
radius.Iel20 98.786 in4

�
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Pipe 18 Inch Diameter and 3/8 Thickness (Upstream of Valve BF-A-14)
ks18 16.197� Flexibility factor for short radius.

Effective moment of inertia for short
radius.Ies18 49.801 in4

�

kl18 10.574� Flexibility factor for long radius.

Effective moment of inertia for long
radius.Iel18 76.288 in4

�

Pipe 14 Inch Diameter and 1/4 Thickness  (Upstream of Valve BF-A-14)
ks14 17.854� Flexibility factor for short radius.

Effective moment of inertia for short
radius.Ies14 14.2989 in4

�

kl14 11.57� Flexibility factor for long radius.

Effective moment of inertia for long
radius.Iel14 22.0652 in4

�

Pipe 12.75 Inch Diameter and 1/4 Thickness (Upstream of Valve BF-A-14)
ks12 17.983� Flexibility factor for short radius.

Effective moment of inertia for short
radius.Ies12 10.667 in4

�

kl12 11.713� Flexibility factor for long radius.

Effective moment of inertia for long
radius.Iel12 16.378 in4

�

Pipe 4.5 Inch Diameter and 0.237 Thickness (Upstream of Valve BF-A-14)
ks4 7.769� Flexibility factor for short radius.

Effective moment of inertia for short
radius.Ies4 0.931 in4

�

kl4 5.167� Flexibility factor for long radius.

Effective moment of inertia for long
radius.Iel4 1.39988 in4

�



Project:               ATR Life-Time Extension Project                ECAR No.:           ECAR-194 Rev.:   0 
Title:                                         ATR Primary Coolant System Piping Seismic Evaluation                                   _
Performer:    Spears/Crawford Date:    09/30/2008 Checker:     M. J. Russell   Date:    09/30/2008

Calculation Sheet 
Page B.9-18 of B.9-24

WATER FILLED PIPE DENSITY CALCULATIONS

%s 0.28
lb

in3
� Mass density of Stainless Steel [54]

%w 0.0361
lb

in3
� Mass density of Water [55, Table A]

Pipe Sections

The density of the pipe sections will be calculated by taking the density associated with the steel
and the water and multiplying the value by the cross sectional area that each will have as well as a
common length variable (L).  The resulting weight will be divided by the cross sectional area of the
pipe section and the L multiplier.  The L multiplier will cancel from the top and bottom of the
equation and the result will be the density that the pipe would need to be to represent the weight of
the steel and water simultaneously in the beam model.

i 1 8���� Ranges used to iterate
through data

j 0 7����

PipeDt

"Diameter"

36

36

24

20

18

14

12.75

4.5

"Thickness"

0.5625

0.5

0.375

0.375

0.375

0.25

0.25

0.237


�
�
�
�
�
�
�
�
�
�
�
��

��
�
�
�
�
�
�
�
�
�
�
�


��

Di_pi 1� PipeDti 0�
2 PipeDti 1�
��� �in��

Di_pT 34.875 35 23.25 19.25 17.25 13.5 12.25 4.026( ) in�

Aw_pj

� Di_pj� �2�

4
��

Aw_p
T 955.253 962.113 424.557 291.039 233.705 143.139 117.859 12.73( ) in2
�
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As_pi 1�

� PipeDti 0�
in�� �2�

4
Aw_pi 1�

�

�
"
"
�

�
#
#
�

��

As_p
T 62.623 55.763 27.833 23.12 20.764 10.799 9.817 3.174( ) in2
�

Eq_%_p j 1�

%s As_pj
� %w Aw_pj

��

As_pj

��

Eq_%_p 0� 	

"36 x 0.5625"

"36 x 0.5"

"24 x 0.375"

"20 x 0.375"

"18 x 0.375"

"14 x 0.25"

"12.75 x 0.25"

"4.5 x 0.237"



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�� Eq_%_p

"36 x 0.5625"

"36 x 0.5"

"24 x 0.375"

"20 x 0.375"

"18 x 0.375"

"14 x 0.25"

"12.75 x 0.25"

"4.5 x 0.237"

2.15 10 3�
�

2.336 10 3�
�

2.15 10 3�
�

1.901 10 3�
�

1.776 10 3�
�

1.963 10 3�
�

1.846 10 3�
�

1.1 10 3�
�


�
�
�
�
�
�
�
�
�
�
�
�
�
��

��
�
�
�
�
�
�
�
�
�
�
�
�
�


lbf s2
�

in4
�
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Reducers

The density of the reducers will be calculated by first considering the reducer to be two beams
connected in the middle of the reducer where one beam has dimensions associated with the large
open end and the other beam has dimensions associated with the small open end.  The method
used to determine the density of each section will be the same as that for the pipe sections
described above.

i 1 8���� Ranges used to iterate
through data

j 0 7����

RedDt

"Diameter"

36

24

36

20

20

18

14

12.75

"Thickness"

0.5

0.5

0.5625

0.5625

0.375

0.375

0.25

0.25


�
�
�
�
�
�
�
�
�
�
�
��

��
�
�
�
�
�
�
�
�
�
�
�


��

Di_ri 1� RedDti 0�
2 RedDti 1�
��� �in��

Di_rT 35 23 34.875 18.875 19.25 17.25 13.5 12.25( ) in�

Aw_rj

� Di_rj� �2�

4
��

Aw_r
T 962.113 415.476 955.253 279.81 291.039 233.705 143.139 117.859( ) in2
�

As_ri 1�

� RedDti 0�
in�� �2�

4
Aw_ri 1�

�

�
"
"
�

�
#
#
�

��

As_r
T 55.763 36.914 62.623 34.349 23.12 20.764 10.799 9.817( ) in2
�
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Eq_%_r j 1�

%s As_rj
� %w Aw_rj

��

As_rj

��

Eq_%_r 0� 	

"36x24 lg"

"36x24 sm"

"36x20 lg"

"36x20 sm"

"20x18 lg"

"20x18 sm"

"14x12 lg"

"14x12 sm"



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�� Eq_%_r

"36x24 lg"

"36x24 sm"

"36x20 lg"

"36x20 sm"

"20x18 lg"

"20x18 sm"

"14x12 lg"

"14x12 sm"

2.336 10 3�
�

1.776 10 3�
�

2.15 10 3�
�

1.486 10 3�
�

1.901 10 3�
�

1.776 10 3�
�

1.963 10 3�
�

1.846 10 3�
�


�
�
�
�
�
�
�
�
�
�
�
�
�
��

��
�
�
�
�
�
�
�
�
�
�
�
�
�


lbf s2
�

in4
�
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Elbows

The density of the Elbows will be considered to be the same as that of the pipe with the same
dimensions as an relatively close approximation.

Tees and Branches

The density of the Tees will be calculated by observing that the run and branch are both comprised
of the same pipe type and one density will be associated with that pipe type.  The Branches will be
calculated by considering the run and branch as two separate components and a density for each
will be calculated.  The method used to determine the density of each section will be the same as
that for the pipe sections described above.

i 1 6���� Ranges used to iterate
through data

j 0 5����

T_BrDt

"Diameter"

37.75

14

36

20

14

4.5

"Thickness"

1.375

0.25

0.5625

0.375

0.25

0.237


�
�
�
�
�
�
�
�
��

��
�
�
�
�
�
�
�
�


��

Di_TBi 1� T_BrDti 0�
2 T_BrDti 1�
��� �in��

Di_TBT 35 13.5 34.875 19.25 13.5 4.026( ) in�

Aw_TBj

� Di_TBj� �2�

4
��

Aw_TB
T 962.113 143.139 955.253 291.039 143.139 12.73( ) in2
�

As_TBi 1�

� T_BrDti 0�
in�� �2�

4
Aw_TBi 1�

�

�
"
"
�

�
#
#
�

��

As_TB
T 157.129 10.799 62.623 23.12 10.799 3.174( ) in2
�
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Eq_%_TBj 1�

%s As_TBj
� %w Aw_TBj

��

As_TBj

��

Eq_%_TB 0� 	

"T 37.75"

"T 14"

"Br 36x20_r"

"Br 36x20_br"

"Br 14x4_r"

"Br 14x4_br"



�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�



�� Eq_%_TB

"T 37.75"

"T 14"

"Br 36x20_r"

"Br 36x20_br"

"Br 14x4_r"

"Br 14x4_br"

1.297 10 3�
�

1.963 10 3�
�

2.15 10 3�
�

1.901 10 3�
�

1.963 10 3�
�

1.1 10 3�
�


�
�
�
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�



lbf s2
�

in4
�
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Valves

The density of the Valves will be calculated by observing that the approach adopted by this project
was to approximate the valves influence by increasing the thickness of the pipe until the moment of
inertia was increased to 3 times that of the connecting pipe.  However, since a lump mass
representing the mass of the valve was included in the model the density of the valves will be
adjusted such that it is only 10% of the mass of the pipe run that the valve intermediates.

i 1 4���� Ranges used to iterate
through data

j 0 3����

PRDt

"Pipe Diameter"

36in

24in

20in

14in

"Pipe Thickness"

0.5625in

0.375in

0.375in

0.855in


�
�
�
�
�
��

��
�
�
�
�
�


�� ValveDt

"Valve Diameter"

36in

24in

20in

14in

"Valve Thickness"

1.206in

1.258in

1.293in

0.25in


�
�
�
�
�
��

��
�
�
�
�
�


��

As_PRi 1�

� PRDti 0�� �2�

4

� PRDti 0�
2 PRDti 1�
��� �2�

4
�

�
"
"
�

�
#
#
�

��

As_PR
T 62.623 27.833 23.12 35.308( ) in2
�

As_Vi 1�

� ValveDti 0�� �2�

4

� ValveDti 0�
2 ValveDti 1�
��� �2�

4
�

�
"
"
�

�
#
#
�

��

As_V
T 131.826 89.879 75.989 10.799( ) in2
�

Eq_%_Vj 1�

0.1 %s� As_PRj
�

As_Vj

��

Eq_%_V 0� 	

"36in Pipe Run"

"24in Pipe Run"

"20in Pipe Run"

"14in Pipe Run"



�
�
�
�
�

�
�
�
�
�



�� Eq_%_V

"36in Pipe Run"

"24in Pipe Run"

"20in Pipe Run"

"14in Pipe Run"

3.445 10 5�
�

2.246 10 5�
�

2.207 10 5�
�

2.371 10 4�
�


�
�
�
�
�
�
�

��
�
�
�
�
�



lbf s2
�

in4
�
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Appendix B.10 

Support / Anchorage Capacities 

Note:  Limiting capacities for each appendix are highlighted yellow in their respective summary sections

Contents

Capacity Table for Supports/Anchorages Associated with Model 3 Appendix B.10.1 

Photos Used in Acquiring Geometry of Following Supports  Appendix B.10.2 

MS-2 Capacities Appendix B.10.3 

PR-1 Capacities Appendix B.10.4 

PR-8 Capacities Appendix B.10.5 

PS-3 Capacities Appendix B.10.6 

RH-23A Capacities Appendix B.10.7 

RH-25Ax & RH-25Bx Capacities Appendix B.10.8 

RH-26x Capacities Appendix B.10.9 

RH-24 Capacities Appendix B.10.10 

Anchorage Refinements for MS-5, MS-7, MS-8, and PS-21 Appendix B.10.11
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Appendix B.10.1 

Capacity Table for Supports / Anchorage Associated with Model 3 
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PCS Support/Anchorage Capacities for Model 3

Support Line # Direction Capacity 
Type

Calculated 
Anchorage 

Capacity (kips)

Anchorage 
Reference

Calculated
Support 
Capacity 

(kips)

Support 
Reference

MS-5 1-26 NS (X) TEN/COM >Support App B.10.11 6 [32, App D8-5]
MS-7 1-26 NS (X) TEN/COM >Support App B.10.11 6 [32, App D8-5]
MS-8 1-26 NS (X) TEN/COM >Support App B.10.11 6 [32, App D8-5]
PS-3A 1-27 V (Y) COM NA [32, App E6] 154.855 [32, App D3-4]

RH-23x or 23A 1-27 V (Y) TEN 56.28 [32, App E5] 41.417 App B.10.7
RH-25Ax or Bx 1-27 V (Y) TEN 56.28 [32, App E5] 82.835 App B.10.8
RH-25Ax or Bx 1-27 V (Y) TEN 56.28 [32, App E5] 82.835 App B.10.8
RH-26x A&B 1-27 V (Y) TEN Combined (28.14) [32, App E5] 82.835 App B.10.9

RH-27x 1-27 V (Y) TEN Combined (28.14) [32, App E5] 27.8 [32, App E5]
1-28 E (+Z) TEN 3.188 [32, App E7] 41.417 App B.10.4
1-28 W (-Z) COM NA 13.929 App B.10.4
1-29 E (+Z) TEN 3.188 [32, App E7] 41.417 App B.10.4
1-29 W (-Z) COM NA 13.929 App B.10.4
1-27 V (+Y) TEN 0 App B.10.11 33.548 App B.10.5
1-27 V (-Y) COM NA 2.374 App B.10.5
1-27 E (+Z) COM NA [32, App E7] 50 App B.10.3
1-27 W (-Z) TEN 34.229 [32, App E7] 50 App B.10.3
1-27 W (-Y) COM NA [32, App E6] 85.842 [32, App D22B-9]
1-27 E (+Y) COM NA [32, App E6] 61.48 [32, App D22B-9]
1-27 NS (X) LATERAL NA [32, App C] 101.12 [32, App C]
1-27 EW (Y) LATERAL NA [32, App C] 67.488 [32, App C]

PS-5 1-32 V (-Y) COM NA [32, App E6] 87.894 [32, App D3-4]
PS-5 1-33 V (-Y) COM NA [32, App E6] 87.894 D3-4
PS-5 1-33 V (-Y) COM NA [32, App E6] 87.894 D3-4
PS-5 1-33 V (-Y) COM NA [32, App E6] 87.894 D3-4

1-32 N (+X) TEN >1.25*Support App B.10.11 40.589 [32, App D2-16]
1-32 S (-X) COM NA 34.838 [32, App D2-16]
1-32 EW (Y) LATERAL NA 0.765 [32, App D2-16]
1-32 V (Y) LATERAL NA 0.765 [32, App D2-16]

RH-15A 1-32 V (-Y) TEN 46.9 [32, App E5] 21.648 [32, App D7-12]
RH-15 1-32 V (-Y) TEN 46.9 [32, App E5] 14.91 D7-12
RH-15 1-32 V (-Y) TEN 46.9 [32, App E5] 14.91 D7-12

1-32 V (Y) LATERAL 0.139 [32, App E5] 0.162 [32, App D23-14]
1-32 N (+X) TEN 11.25 [32, App E5] 7.86 [32, App D23-13]
1-32 S (-X) COM NA 51.337 [32, App D23-13]

RH-24 1-49 V (-Y) TEN 11.25* [32, App E5] 7.069 App B.10.10 
RH-24 1-49 V (-Y) TEN 11.25* [32, App E5] 7.069 App B.10.10 
PS-3 1-22 V (-Y) COM NA 87.05 App B.10.6 
PS-3 1-23 V (-Y) COM NA 87.05 App B.10.6 
PS-3 1-24 V (-Y) COM NA 87.05 App B.10.6 
PS-3 1-25 V (-Y) COM NA 87.05 App B.10.6 

* Assumed same as RH-16 [32, D4-15]

 + PR-1's are further evaluated in combination with PR-2's in appendix E  

PR-1 (West) +

Floor Tieback

Tunnel 
Restraint

MS-2

PR-8

Combined (28.14) - Indicates that the support shares a common anchorage with another support and the stated value 
is a place holder and the extended evaluation is shown in App E.8

PR-11

PS-21

PR-1 (East) +
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Appendix B.10.2 

Photos Associated with Following Supports 
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Figure B.10.2-1. Photo DSCN2885 (also labeled as M3-1-27-N200-WSUPC-DSCN2885) 

Figure B.10.2-2.  Photo DSCN2864 (also labeled as M3-1-28-N50-WSUPC-DSCN2864) 
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Figure B.10.2-3.  Photo Dsc00079 

Figure B.10.2-4.  Photo Dcn00080 

Figure B.10.2-5.  Photo DSCN2934  
(also labeled as M3-1-27-N340-CSUG-DSCN2934) 

Official Use Only

Official Use Only
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Figure B.10.2-6.  Photo DSC00143 (also labeled as M3-1-27-N310-CSUPC-DSC00143) 

Figure B.10.2-7.  Photo DSCN2917 (also labeled as M3-1-27-N310-CSUPC-DSCN2917) 
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Figure B.10.2-8.  Photo Dsc00034 

Figure B.10.2-9.  Photo DSCN2683 (also labeled as M4-1-40-N64-PSUG-DSCN2683) 

Official Use Only
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 Capacity of MS-2 Support
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MS-2 CAPACITY
MS-2 restricts seismic motion in the east/west
direction of the horizontally oriented PCS piping
traveling in the north/south direction.  MS-2 is
comprised of the PSA-35 mechanical snubber,
base plate bolted to the wall, and clamp attaching
the support to the 36" PSC pipe.  The snubber is
connected to the clamp and base plate by a pin
and the clamp is secured to the pipe by two large
threaded rods on either side.  .  The anchorage
assembly capacities and the associated capacities
of the wall embedment are found in the anchorage
and embedment portions of [32, App E] while the
capacities for the remainder of the previously
mentioned components are calculated below.

Component Capacity Overview:
- Eastward/Westward Loading: 
  - Shear capacity of mechanical snubber's pins
  - Tension/Compression capacity of snubber
  - Tension/Compression capacity of clamp

Procedures from SEI/ASCE 8-02 (Applying
LRFD)

References contained in Appendix B.11 of this Report

Note:
SEI/ASCE 8-02 was applied for these supports instead of AISC 13th Edition because the vendor data
capacities for the mechanical snubbers and their associated clamps were available, however, the
stainless steel pins implemented were associated with a drawing given specific material properties and
dimensions of the stainless steel.

Assigned indices corresponding to
number of support types associated with
these calculations

i 0��

Support =    0
                (MS-2)

Relationship between support and
corresponding indices
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Geometric and Material Properties of Support Components
MECHANICAL SNUBBER PINS (Mechanical Snubber Pin Detail [45])

Material Properties of Mechanical Snubber Pins as Defined in the [45] and [47]:

Fy_pin 115ksi�� Yield Strength for SA-564, Tp 630,
Cond 1100

Fu_pin 140ksi�� Ultimate Strength for SA-564, Tp 630,
Cond 1100

Geometric Properties of Mechanical Snubber Pins:

dpin 1.4970in( )T�� Diameter of mechanical snubber pins
[29], [45]

Lpin 7in( )T�� Length of mechanical snubber pins [29],
[45]

MECHANICAL SNUBBER (PSA Mechanical Snubber [29])

Rated Capacity of Mechanical Snubbers:
Rated capacity of mechanical snubbers
[48, pg 171]CapacityMS 50kip( )T��

CLAMP (Pipe Clamp [159776])

Rated Capacity of Mechanical Snubbers' Pipe Clamp:

Rated capacity of pipe clamp connecting
mechanical snubber [43]Capacitycl 55kip( )T��

Applicability of applying SEI/ASCE 8-02
MECHANICAL SNUBBER PINS

1.3.3 Ductility 

This code does not list SA-564 as an applicable stainless steel unless it meets the following criteria

Ratio of tensile strength to yield strength must not be less than 1.08

Since this value is greater than the 1.08
specification SA-564 meets this
requirement

Fu_pin
Fy_pin

1.217�

Total elongation shall not be less than 10% for a two-in. gage length standard specimen

Since this value is greater than the 10%
requirement SA-564 meets this
requirement as well

Elongation = 14% [47, pg 1092]
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Capacities For Eastward/Westward Loading
MECHANICAL SNUBBER PINS

Shear, capacity of mechanical snubber anchorage and clamp pins [46, Ch. 5 pg 24 thru 25]

5. Connections and Joints

5.3.4. Shear and Tension in Stainless Steel Bolts

+ 0.65�� [46, Table 6 pg 25] 

Apini
�

dpini

2



�
�

�
�



2

��� Gross cross sectional area of pin

Applicable area for this case since the
bolt is in double shearApin_dsi

2 Apini
���

Since Fnv is not provided for SA-564
type 630 stainless steel in SEI/ASCE
8-02 it is observed from [46, Table A1]
that the shear yield strength of the
represented materials is no less than
0.51 of the yield strength, thus to be
conservative it has been estimated to
be 0.5 of the yield strength 

Fnv_cl_bolt 0.5 Fy_pin���

Rnv_cl_bolti
Fnv_cl_bolt Apin_dsi

��� Nominal strength (Rn) (5.3.4-1)

+Rnv_cl_bolti
+ Rnv_cl_bolti
���

+Rnv_cl_bolt
T 131.566( ) kip� Design shear strength

It appears that even with the conservative assumptions that these values are much greater than
that of the snubber and clamp capacities, thus this treatment is adequate in determining if these
components will govern this support

Compression/Tension, capacity of mechanical snubber

MECHANICAL SNUBBER

PMS CapacityMS��

PMS
T 50( ) kip� Supplied mechanical snubber strength

Compression/Tension, capacity of clamp

CLAMP

Pcl Capacitycl��

Pcl
T 55( ) kip� Supplied clamp strength
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SUMMARY OF RESULTS

Capacities For Eastward/Westward Loading
MECHANICAL SNUBBER PINS

Shear, capacity of mechanical snubber anchorage and clamp pins [46 , Ch 5 pg 24 thru 25]

5. Connections and Joints

5.3.4. Shear and Tension in Stainless Steel Bolts

+Rnv_cl_bolt
T 131.566( ) kip� Design shear strength

It appears that even with the conservative assumptions that these values are much greater than
that of the snubber and clamp capacities, thus this treatment is adequate in determining if these
components will govern this support

Compression/Tension, capacity of mechanical snubber

MECHANICAL SNUBBER

PMS
T 50( ) kip� Supplied mechanical snubber strength

Compression/Tension, capacity of clamp

CLAMP

Pcl
T 55( ) kip� Supplied clamp strength
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Appendix B.10.4

 Capacity of PR-1 Support



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. J. Russell    Date:    09/30/2008

Calculation Sheet 
Page B.10.4-2 of B.10.4-23

PR-1 CAPACITY
PR-1 restricts seismic motion in the east/west direction
of the vertically oriented PCS piping which it is attached.
PR-1 is comprised of a 24" pipe clamp, a bolt
connecting the pipe clamp to a plate welded to a
threaded rod, a pipe tapped to accommodate the
threaded rod, another threaded rod welded to a plate,
another bolt attaching the second threaded rod and plate
to the welded beam attachment.  The anchorage
assembly capacities and the associated capacities of
the wall embedment are found in the anchorage and
embedment portions of [32, App E] while the capacities
for the remainder of the previously mentioned
components are calculated below.

Component Capacity Overview:
- Eastward Loading: 
  - Compression capacity of pipe clamp
  - Shear capacity of pipe clamp's bolt
  - Compression capacity of threaded rods
  - Compression capacity of support pipe
  - Shear capacity of welded beam attachment bolt

- Westward Loading:
  - Tension capacity of clamp
  - Shear capacity of pipe clamp's bolt
  - Tension capacity of plates welded to threaded rods
  - Tension capacity of weld between plates and rods
  - Tension capacity of threaded rods
  - Tension capacity of support pipe
  - Shear capacity of welded beam attachment bolt
  - Tension capacity of welded beam attachment

Procedures from AISC 13th Edition (Applying LRFD)

References contained in Appendix B.11 of this Report

Assigned indices corresponding to
number of support types associated with
these calculations

i 0��

Support =     0
                (PR-1)

Relationship between support and
corresponding indices
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Geometric and Material Properties of Support Components
PIPE CLAMP

Material Properties of Clamp as Defined in the Material Section of Report [32]:

Fy_cl 33ksi�� Yield Strength for A7 Steel [52]

Fu_cl 60ksi�� Ultimate Strength for A7 Steel [52]

Ecl 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Clamp:

Thickness of plates forming the cantilever
portion of the clamp [DSCN2885]tcl

3
4

in
�
�

��



T
��

Width of plates forming the clamp
[DSCN2864], [30]wcl 5

1

2
in
�

�
��



T
��

Acli
2 tcli

�

�



wcli
��� Total cross sectional area of both sides

of clamp

Acl
T 8.25( ) in2
�

Bolt diameter, in. of all three bolts
based on allowable provided by rod [18],
[22, Fig 66 ph-33]dcl_bolt 1

3

8
in
�

�
��



T
��

Nominal bolt hole diameter as
estimated from welded beam
attachment dimensions estimated from
[22, Fig 66 ph-33]

dcl_hole 1
1

2
in
�

�
��



T
��

Shortest distance from edge of the pin
hole to the edge of the member
measured parallel to the direction of the
force from top of bolt hole to top of
clamp bracket, in. (mm) conservatively
estimated from [DSCN2864]

aparrallel_cl 1in( )T��

Shortest distance from edge of pin hole
to the edge of the member measured
normal to the direction of the force, in.
scaled from photo [DSCN2864]

anormal_cl 2in( )T��

Length of cantilever section from pipe to
connection bolt conservatively scaled
from photo [DSCN2864]

Lcl_cantilever 9in( )T��

rgyrationH
wcl

12
��

Radius of gyration about horizontal axis
[8, Table 17-27]

rgyrationH 1.588( ) in�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. J. Russell    Date:    09/30/2008

Calculation Sheet 
Page B.10.4-4 of B.10.4-23

rgyrationV
tcl

12
��

Radius of gyration about vertical axis
[8, Table 17-27]

rgyrationV 0.217( ) in�

PLATES WELDED TO THREADED RODS

Material Properties of Plate as Defined in the Material Section of Report [32]:

Fy_pl_tr 33ksi�� Yield Strength for A7 Steel [52]

Fu_pl_tr 60ksi�� Ultimate Strength for A7 Steel [52]

Epl_tr 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Plate:

Thickness of plates forming the
cantilever portion of the clamp [30]tpl_tr

3
4

in
�
�

��



T
��

Width of plates forming the clam [30]
wpl_tr 3in( )T��

Apl_tri
tpl_tri

wpl_tri
��� Total cross sectional area of each side

clamp, in.2 (mm2)
Apl_tr

T 2.25( ) in2
�

Nominal bolt hole diameter as estimated
from welded beam attachment
dimensions estimated from [22, Fig 66
ph-33]

dpl_tr_hole 1
1

2
in
�

�
��



T
��

Shortest distance from edge of the pin
hole to the edge of the member
measured parallel to the direction of the
force from top of bolt hole to top of
clamp bracket, in. (mm) conservatively
estimated from [DSCN2864]

aparrallel_pl_tr 1in( )T��

Shortest distance from edge of pin hole
to the edge of the member measured
normal to the direction of the force, in.
scaled from photo [DSCN2864]

anormal_pl_tr
3
4

in
�
�

��



T
��

dtr 1
1

4
in
�

�
��



T
�� Threaded rod diameter [30]

Atr_minor �
1.0644in

2

�
�

��



2
�

�
"
�

�
#
�

T

��
Minor area of treaded rods with welded
plate [Machine Design, Table 14-1 pg
881]Atr_minor 0.89( ) in2

�
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Conservative estimate of rod length from
pin hole to support pipe connection [30]Lpl_tr 18in( )T��

rgyration_pl_tri

dtri
4

�� Radius of gyration for threaded portion
[8, Table 17-27, pg 17-39]

rgyration_pl_tr 0.313( ) in�

FEXX 60ksi�� E6013 weld material ultimate strength
[50, pg I-9], [51]

' transverse
�

2
�� Angle between loading and traverse

welds

Fw_transverse 0.60 FEXX� 1.0 0.5 sin ' transverse� �1.5
��


�
�

��� (J2-5)

Nominal Shear Strength of transverse
weldsFw_transverse 54 ksi�

' longitudinal 0�� Angle between loading and traverse
welds

Fw_longitudinal 0.60 FEXX� 1.0 0.5 sin ' longitudinal� �1.5
��


�
�

��� (J2-5)

Nominal Shear Strength of longitudinal
weldsFw_longitudinal 36 ksi�

Minimum size of fillet given that thinner
joined part (plate) = 3/4" [8, Table J2.4,
pg 16.1-96] [30]

,
1
4

in
�
�

��



T
��

Lw_traverse 3
1

2
in
�

�
��



T
�� Traverse length of weld [30]

Lw_longitudinal 8in( )T�� Longitudal length of weld [30]

Aw_traversei
Lw_traversei

0.707 , i���
Effective area of weld throat of traverse
welds

Aw_traverse 0.619( ) in2
�

Aw_longitudinali
Lw_longitudinali

0.707 , i���
Effective area of weld throat of traverse
welds

Aw_longitudinal 1.414( ) in2
�
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SUPPORT PIPE (defined as 2-1/2" x 5)

Material Properties of Support Pipe as Defined in the Material Section of Report [32]:

Fy_sp 33ksi�� Yield Strength for A7 Steel [52]

Fu_sp 60ksi�� Ultimate Strength for A7 Steel [52]

Esp 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Support Pipe:

Outside diameter of support pipe [8,
Table 1-14]dsp_od 2.88in( )T��

dsp_id 2.47in( )T�� Inside diameter of support pipe [8, Table
1-14]

tsp 0.276in( )T�� Thickness of support pipe [8, Table
1-14]

Asp 1.59in2� �T�� Cross sectional are of support pipe [8,
Table 1-14]

Conservatively estimated length
between pins connecting support pipe
to PCS pipe and anchorage [30]

Lsp 90in( )T��

rgyration_sp 0.952in( )T�� Radius of gyration for support pipe [8,
Table 1-14]

WELDED BEAM ATTACHMENT (Welded Beam Attachment FIG 66 1-1/4" Rod [120925, Sheet 2])

Material Properties of Welded Beam Attachment as Defined in the Material Section of Report [32]:

Fy_wba 33ksi�� Yield Strength for A7 Steel [52]

Fu_wba 60ksi�� Ultimate Strength for A7 Steel [52]

Ewba 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Welded Beam Attachment:

Combined thickness of welded beam
attachment [22, Fig 66 ph-33] twba 2

5
8

in
�
�

��



��"
�

�#
�

T
��

Width of welded beam attachment
[22, Fig 66 ph-33]wwba 4in( )T��

Awbai
twbai

wwbai
���

Cross sectional area of welded beam
attachmentAwba 5( ) in2

�

Diameter of welded beam attachment
bolt [22, Fig 66 ph-33]dwba_bolt 1

3

8
in
�

�
��



T
��
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Diameter of welded beam attachment
bolt hole [22, Fig 66 ph-33], [8, Table
J3.3 pg 16.1-105]

dwba_hole 1
1

2
in
�

�
��



T
��

Shortest distance from edge of the bolt
hole to the edge of the member
measured parallel to the direction of the
force from bottom of bolt hole to the
bottom of the welded beam attachment,
in. (mm) hand calculated from dwba_hole
and [22, Fig 66 ph-33] data

aparrallel_wba 1
1

4
in
�

�
��



T
��

anormal_wbai

wwbai
dwba_holei

�

2
�� Shortest distance from edge of bolt hole

to the edge of the member measured
normal to the direction of the force, in.
(mm) [22, Fig 66 ph-33]anormal_wba

T 1.25( ) in�

Capacities For Outward Loading
PIPE CLAMP

Compression, capacity of clamp's cantilever section [8, Ch. E pg 16.1-32 thru 43]

E1. General Provisions

+c 0.9�� Resistance factor for compression

E2. Slenderness Limitations and Effective Length
Effective length in accordance with
C2.1b,    [8, comm.C2 (Table C-C2.2
case e) pg 16.1-240], conservatively
chosen as the behavior will actually be
something between case c and case e.

K 2.1��

The slenderness ratio (KL/r) should preferably not exceed 200

rgyration_govi
min rgyrationHi

rgyrationVi
�


�
�



�� Governing radius of gyration

KLri

K Lcl_cantileveri
�

rgyration_govi



�
�
�

�
�
�



��

The below KLr values verify that all supports do not exceed the 200 recommended limitation

KLrT 87.295( )�

E3. Compressive Strength for Flexural Buckling of Members Without Slender Elements (verified by classification)
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Fei

�
2
Ecl

KLri� �2
�� Fe is the elastic critical

buckling stress (E3-4)

Fe
T 37.559( ) ksi�

Calculating the variables Limit, Op1, and Op2 to be utilized in logic to determine flexural buckling stress .

Limit 4.71
Ecl

Fy_cl
���

Op1i 0.658

Fy_cl

Fei



�
�
�

�
�
�

Fy_cl�� Op2i 0.877 Fei

���
Limit 139.625�

Calculating the flexural buckling stress

Fcri
Op1i KLri Limit if

Op2i KLri Limit�if

�� (E3-2)

(E3-3)

Fcr
T 22.846( ) ksi�

Results:

+Pn_SLi
2 +c� Fcri

� Acli
��� 2 is included to account for both sides

of clamp

+Pn_SL
T 339.259( ) kip� Design compressive strength

Shear, capacity of clamp's bolt [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

Nominal unthreaded body area
Acl_bolti

�

dcl_bolti
2



�
�

�
�



2

���

Applicable area for this case since the
bolt is in double shearAcl_bolt_dsi

2 Acl_bolti
���

Nominal shear stress in bearing type
connections (A307) [8, Table J3.2 pg
16.1-104], A307 was selected as a
conservative bolt treatment and
includes an allowance for threads in the
shear plane

Fnv_cl_bolt 24ksi��

Rnv_cl_bolti
Fnv_cl_bolt Acl_bolt_dsi

��� Nominal strength (Rn)
(J3-1)

+b_sr 0.75�� Resistance factor
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+Rnv_cl_bolti
+b_sr Rnv_cl_bolti

���

+Rnv_cl_bolt
T 53.456( ) kip� Design shear strength

PLATES WELDED TO THREADED RODS

Compression, capacity of threaded rods [8, Ch. E pg 16.1-32 thru 43]

E1. General Provisions

+c 0.9�� Resistance factor for compression

E2. Slenderness Limitations and Effective Length
Effective length in accordance with
C2.b1,     [8, comm.C2 (Table C-C2.2)
(case e) pg 16.1-240] Case e was
chosen because the support was
conservatively allowed to rotate at its
base and translate at its top without
rotation.

Kpl_tr 2.0��

The Slenderness ratio KL/r should preferably not exceed 200

KLrpl_tri

Kpl_tr Lpl_tri
�

rgyration_pl_tri



�
�
�

�
�
�



��

The below KLr values verify that all supports do not exceed the 200 recommended limitation

KLrpl_tr
T 115.2( )�

E3. Compressive Strength for Flexural Buckling of Members Without Slender Elements (verified by classification)

Fe_pl_tri

�
2
Epl_tr

KLrpl_tri


�

�



2
�� Fe is the elastic critical

buckling stress
(E3-4)

Fe_pl_tr
T 21.567( ) ksi�

Calculating the variables Limit, Op1, and Op2 to be utilized in logic to determine flexural buckling stress .

Limit 4.71
Epl_tr

Fy_pl_tr
��� Op1i 0.658

Fy_pl_tr

Fe_pl_tri



�
�
�

�
�
�

Fy_pl_tr�� Op2i 0.877 Fe_pl_tri

���

Limit 139.625� Op1 17.393( ) ksi� Op2 18.914( ) ksi�

Calculating the flexural buckling stress

Fcr_pl_tri
Op1i KLrpl_tri

Limit if

Op2i KLrpl_tri
Limit�if

�� (E3-2)
Fcr_pl_tr

T 17.393( ) ksi�
(E3-3)
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+Pn_pl_tri
+c Fcr_pl_tri

� Atr_minori
���

Design compressive strength
+Pn_pl_tr

T 13.929( ) kip�

SUPPORT PIPE

Determine if support pipe is compact (1), non-compact (2), or slender (3) as defined in first paragraph of B4

B4. Classification of sections for local buckling (Table B4.1 Case 15)

D2tspi

dsp_odi

tspi

�� D2tsp
T 10.435( )�

Definition of -p and -r from Table B4.1 Case 15 (Circular hollow sections in uniform compression)
to be applied in classification logic.  -p is the separation point between a compact and non
compact member. -r is separation point between a non compact and slender member.  However,
Table B4.1 Case 15 defines -p = NA because the only thing of concern is if the support is slender
or non-slender, thus only if the classification is 3 do we apply slenderness considerations,
otherwise we treat the member as not having slender elements. 

-p 0�� -r 0.11
Esp

Fy_sp
��

Classificationspi
1 D2tspi

-p if

2 -p D2tspi
� -r if

3 -r D2tspi
�if

��

Classificationsp
T 2( )�

Compression, capacity in pipe [8, Ch. E pg 16.1-32 thru 43]

E1. General Provisions

+c 0.9�� Resistance factor for compression

E2. Slenderness Limitations and Effective Length
Effective length in accordance with
C2.b1,     [8, comm.C2 (Table C-C2.2)
(case d) pg 16.1-240] Case d was
chosen because the support was
allowed to rotate on both ends. 

Ksp 1.0��

The Slenderness ratio KL/r should preferably not exceed 200

KLrspi

Ksp Lspi
�

rgyration_spi



�
�
�

�
�
�



��
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The below KLr values verify that all supports do not exceed the 200 recommended limitation

KLrsp
T 94.538( )�

E3. Compressive Strength for Flexural Buckling of Members Without Slender Elements (verified by classification)

Fe_spi

�
2
Esp

KLrspi


�

�



2
�� Fe is the elastic critical

buckling stress
(E3-4)

Fe_sp
T 32.025( ) ksi�

Calculating the variables Limit, Op1, and Op2 to be utilized in logic to determine flexural buckling stress .

Limit 4.71
Esp

Fy_sp
��� Op1i 0.658

Fy_sp

Fe_spi



�
�
�

�
�
�

Fy_sp�� Op2i 0.877 Fe_spi

���

Limit 139.625�

Calculating the flexural buckling stress

Fcr_spi
Op1i KLrspi

Limit if

Op2i KLrspi
Limit�if

�� (E3-2)

(E3-3)

Fcr_sp
T 21.439( ) ksi�

+Pn_spi
+c Fcr_spi

� Aspi
��� Design compressive strength

+Pn_sp
T 30.679( ) kip�

WELDED BEAM ATTACHMENT

Shear, capacity of welded beam attachment bolt [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

Awba_bolti
�

dwba_bolti
2



�
�

�
�



2

��� Nominal unthreaded body area

Applicable area for this case since the
bolt is in double shearAwba_bolt_dsi

2 Awba_bolti
���
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Nominal shear stress in bearing type
connections (A307) [8, Table J3.2 pg
16.1-104], A307 was selected as a
conservative bolt treatment and includes
an allowance for threads in the shear
plane

Fnv_wba_bolt 24ksi��

Rnv_wba_bolti
Fnv_wba_bolt Awba_bolt_dsi

��� Nominal strength (Rn) (J3-1)

+b_sr 0.75� Resistance factor

+Rnv_wba_bolti
+b_sr Rnv_wba_bolti

���

+Rnv_wba_bolt
T 53.456( ) kip� Design shear strength

Capacities For Inward Loading
PIPE CLAMP

Tension, capacity of clamp [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

bcli
2 tcli

0.63in���

beff is an effective length (2t+0.63in)
which can not be larger than the actual
distance from the edge of the hole to the
edge of the part measured in the
direction normal to the applied force 

bcl
T 2.13( ) in�

beff_cli
min bcli

anormal_cli
�


�
�



��

beff_cl
T 2( ) in�

Pn_cl_trpi
2 2 tcli

�

�



� beff_cli
� Fu_cl��� Nominal axial strength (Pn)

(D5-1)
+n_trp 0.75�� Resistance factor for tension (+t)

+Pn_cl_trpi
+n_trp Pn_cl_trpi

���

+Pn_cl_trp
T 270( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

Asf_cli
2 2 tcli

�

�



� aparrallel_cli

dcl_bolti
2

�


�
�

�
�



���
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Asf_cl
T 5.062( ) in2
� Effective area

Pn_cl_srpi
0.6 Fu_cl� Asf_cli

��� Nominal axial strength (Pn)
(D5-2)

+n_srp 0.75�� Resistance factor for tension (+t)

+Pn_cl_srpi
+n_srp Pn_cl_srpi

���

+Pn_cl_srp
T 136.687( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_cli
dcl_bolti

2 tcli

�

�



��� Projected bearing area in.2 (mm2)

Rn_cl_bsi
1.8 Fy_cl� Apd_cli

��� Nominal bearing strength (J7-1)

+ 0.75�� Resistance factor

+Rn_cl_bsi
+ Rn_cl_bsi
���

+Rn_cl_bs
T 91.884( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination

1. Gross Area
Ag_cli

Acli
�� Gross area

(a) For tensile yielding in the gross section:
Pn_cl_tyi

Fy_cl Ag_cli
��� Nominal axial strength (Pn)

(D2-1)
+t_ty 0.9�� Resistance factor for tension (+t)

+Pn_cl_tyi
+t_ty Pn_cl_tyi

���

+Pn_cl_ty
T 245.025( ) kip� Design tensile strength
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Shear, capacity of pipe clamp's bolt [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

Acl_bolti
�

dcl_bolti
2



�
�

�
�



2

��� Nominal unthreaded body area

Applicable area for this case since the
bolt is in double shearAcl_bolt_dsi

2 Acl_bolti
���

Nominal shear stress in bearing type
connections (A307) [8, Table J3.2 pg
16.1-104], A307 was selected as a
conservative bolt treatment and includes
an allowance for threads in the shear
plane

Fnv_cl_bolt 24ksi��

Rnv_cl_bolti
Fnv_cl_bolt Acl_bolt_dsi

��� Nominal strength (Rn)
(J3-1)

+b_sr 0.75�� Resistance factor

+Rnv_cl_bolti
+b_sr Rnv_cl_bolti

���

+Rnv_cl_bolt
T 53.456( ) kip� Design shear strength

PLATES WELDED TO THREADED RODS

Tension, capacity of plates welded to threaded rods [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

bpl_tri
2 tpl_tri

0.63in���
beff is an effective length calculated as
(2t + 0.63in) which can not be larger
than the actual distance from the edge
of the hole to the edge of the part
measured in the direction normal to the
applied force 

bpl_tr
T 2.13( ) in�

beff_pl_tri
min bpl_tri

anormal_pl_tri
�


�
�



��

beff_pl_tr
T 0.75( ) in�

Pn_pl_tr_trpi
2 tpl_tri
� beff_pl_tri

� Fu_pl_tr��� Nominal axial strength (Pn) (D5-1)

+n_trp 0.75�� Resistance factor for tension (+t)
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+Pn_pl_tr_trpi
+n_trp Pn_pl_tr_trpi

���

+Pn_pl_tr_trp
T 50.625( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

Asf_pl_tri
2 tpl_tri
� aparrallel_pl_tri

dtri
2

�


�
�

�
�



���

Asf_pl_tr
T 2.438( ) in2
� Effective area

Pn_pl_tr_srpi
0.6 Fu_pl_tr� Asf_pl_tri

��� Nominal axial strength (Pn)
(D5-2)

+n_srp 0.75�� Resistance factor for tension (+t)

+Pn_pl_tr_srpi
+n_srp Pn_pl_tr_srpi

���

+Pn_pl_tr_srp
T 65.813( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_pl_tri
dtri

tpl_tri
��� Projected bearing area in.2 (mm2)

Rn_pl_tr_bsi
1.8 Fy_pl_tr� Apd_pl_tri

��� Nominal bearing strength (J7-1)

+ 0.75�� Resistance factor

+Rn_pl_tr_bsi
+ Rn_pl_tr_bsi
���

+Rn_pl_tr_bs
T 41.766( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination

1. Gross Area
Ag_pl_tri

Apl_tri
�� Gross area

(a) For tensile yielding in the gross section:
Pn_pl_tr_tyi

Fy_pl_tr Ag_pl_tri
��� Nominal axial strength (Pn) (D2-1)
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+t_ty 0.9�� Resistance factor for tension (+t)

+Pn_pl_tr_tyi
+t_ty Pn_pl_tr_tyi

���

+Pn_pl_tr_ty
T 66.825( ) kip� Design tensile strength

Shear, capacity of weld between plates and threaded rods [8, Ch. J pg 16.1-90 thru 121]

J2.  Welds

4.  Strength

+weld 0.75�� Resistance factor of weld

Rn_weldi
+weld Fw_transverse Aw_traversei

� Fw_longitudinal Aw_longitudinali
��


�
�



��� (J2-4)

Rn_weld 63.232( ) kip� Nominal shear strength of weld

Tension, capacity of threaded rods [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

Ab_tri
�

dtri
2



�
�

�
�



2

��� Nominal unthreaded body area

Nominal tensile stress (A307) [8, Table
J3.2] [8, Table J3.2 pg 16.1-104], A307
was selected as a conservative bolt
treatment

Fnt_tr 45ksi��

Rnt_tri
Fnt_tr Ab_tri

��� Nominal strength (Rn)
(J3-1)

+b_tr 0.75�� Resistance factor

+Rnt_tri
+b_tr Rnt_tri

���

+Rnt_tr
T 41.417( ) kip� Design tension strength

SUPPORT PIPE

Tension, capacity of support pipe [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the only value required from
section D3. "Area Determination" prior to applying D2. "Tensile Strength"
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D3. Area Determination

1. Gross Area

Ag_spi
Aspi

�� Gross area

2.  Net Area

Anet_spi
Aspi

�� Net area

3.  Effective Net Area

Usp 1.0�� Shear Lag Factor [8, Table D3.1]

Ae_spi
Anet_spi

Usp��� Effective net area

(a) For tensile yielding in the gross section:

Pn_sp_tyi
Fy_sp Ag_spi

��� Nominal axial strength (Pn)

+ty 0.9�� Resistance factor for tension yielding (+ty)

+Pn_sp_tyi
+ty Pn_sp_tyi

���

Design tensile yielding strength
+Pn_sp_ty 47.223( ) kip�

(b) For tensile rupture in net section:

Pn_sp_tri
Fu_sp Ae_spi

��� Nominal axial strength (Pn)

+tr 0.75�� Resistance factor for tension rupture (+tr)

+Pn_sp_tri
+tr Pn_sp_tri

���

Design tensile rupture strength
+Pn_sp_tr 71.55( ) kip�

WELDED BEAM ATTACHMENT

Tension, capacity of welded beam attachment [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members

1. Tensile Strength
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(a) For tensile rupture on the net effective area:

bi 2 twbai
0.63in��� beff is an effective length calculated as

(2t + 0.63in) which can not be larger
than the actual distance from the edge
of the hole in the direction normal to the
applied force 

bT 3.13( ) in�

beff i
min bi anormal_wbai

�

�

�



��

beff
T 1.25( ) in�

Pn_wba_trpi
2 twbai
� beff i

� Fu_wba��� Nominal axial strength (Pn)
(D5-1)

+n_trp 0.75�� Resistance factor for tension (+t)

+Pn_wba_trpi
+n_trp Pn_wba_trpi

���

+Pn_wba_trp
T 140.625( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

Asf_wbai
2 twbai
� aparrallel_wbai

dwba_bolti
2

�


�
�

�
�



���

Asf_wba
T 4.844( ) in2
� Effective area

Pn_wba_srpi
0.6 Fu_wba� Asf_wbai

��� Nominal axial strength (Pn)
(D5-2)

+n_srp 0.75�� Resistance factor for tension (+t)

+Pn_wba_srpi
+n_srp Pn_wba_srpi

���

+Pn_wba_srp
T 130.781( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_wbai
dwba_bolti

twbai
��� Projected bearing area in.2 (mm2)

Rn_wba_bsi
1.8 Fy_wba� Apd_wbai

��� Nominal bearing strength (J7-1)

+ 0.75�� Resistance factor

+Rn_wba_bsi
+ Rn_wba_bsi
���

+Rn_wba_bs
T 76.57( ) kip� Design bearing strength
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(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the only
value required from section D3. "Area Determination" prior to applying D2. "Tensile
Strength"

D3. Area Determination

1. Gross Area
Ag_wbai

Awbai
�� Gross area

(a) For tensile yielding in the gross section:
Pn_wba_tyi

Fy_wba Ag_wbai
��� Nominal axial strength (Pn)

(D2-1)
+t_ty 0.9�� Resistance factor for tension (+t)

+Pn_wba_tyi
+t_ty Pn_wba_tyi

���

+Pn_wba_ty
T 148.5( ) kip� Design tensile strength

Shear, capacity of welded beam attachment bolt [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

Awba_bolti
�

dwba_bolti
2



�
�

�
�



2

��� Nominal unthreaded body area

Applicable area for this case since the
bolt is in double shearAwba_bolt_dsi

2 Awba_bolti
���

Nominal shear stress in bearing type
connections (A307) [8, Table J3.2 pg
16.1-104], A307 was selected as a
conservative bolt treatment and includes
an allowance for threads in the shear
plane

Fnv_wba_bolt 24ksi��

Rnv_wba_bolti
Fnv_wba_bolt Awba_bolt_dsi

��� Nominal strength (Rn)
+b_sr 0.75� (J3-1)

Resistance factor

+Rnv_wba_bolti
+b_sr Rnv_wba_bolti

���

+Rnv_wba_bolt
T 53.456( ) kip� Design shear strength
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SUMMARY OF RESULTS

Capacities For Outward Loading
PIPE CLAMP

Compression, capacity of clamp's cantilever section [8, Ch. E pg 16.1-32 thru 43]

E1. General Provisions

E2. Slenderness Limitations and Effective Length

E3. Compressive Strength for Flexural Buckling of Members Without Slender Elements (verified by classification)

+Pn_SL
T 339.259( ) kip� Design compressive strength

Shear, capacity of clamp's bolt [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

+Rnv_cl_bolt
T 53.456( ) kip� Design shear strength

PLATES WELDED TO THREADED RODS

Compression, capacity of threaded rods [8, Ch. E pg 16.1-32 thru 43]

E1. General Provisions

E2. Slenderness Limitations and Effective Length

E3. Compressive Strength for Flexural Buckling of Members Without Slender Elements (verified by classification)

+Pn_pl_tr
T 13.929( ) kip�

SUPPORT PIPE

Compression, capacity in pipe [8, Ch. E pg 16.1-32 thru 43]

E1. General Provisions

E2. Slenderness Limitations and Effective Length

E3. Compressive Strength for Flexural Buckling of Members Without Slender Elements (verified by classification)

+Pn_sp
T 30.679( ) kip�

WELDED BEAM ATTACHMENT

Shear, capacity of welded beam attachment bolt [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

+Rnv_wba_bolt
T 53.456( ) kip� Design shear strength
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Capacities For Inward Loading
PIPE CLAMP

Tension, capacity of clamp [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

+Pn_cl_trp
T 270( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

+Pn_cl_srp
T 136.687( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

+Rn_cl_bs
T 91.884( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

+Pn_cl_ty
T 245.025( ) kip� Design tensile strength

Shear, capacity of pipe clamp's bolt [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

+Rnv_cl_bolt
T 53.456( ) kip� Design shear strength

PLATES WELDED TO THREADED RODS

Tension, capacity of plates welded to threaded rods [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

+Pn_pl_tr_trp
T 50.625( ) kip� Design tensile strength
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(b) For shear rupture on the effective area:

+Pn_pl_tr_srp
T 65.813( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

+Rn_pl_tr_bs
T 41.766( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

+Pn_pl_tr_ty
T 66.825( ) kip� Design tensile strength

Tension, capacity of weld between plates and threaded rods [8, Ch. J pg 16.1-90 thru 121]

J3.  Welds

4.  Strength

Rn_weld 63.232( ) kip� Nominal shear strength of weld

Tension, capacity of threaded rods [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

+Rnt_tr
T 41.417( ) kip� Design tension strength

SUPPORT PIPE

Tension, capacity of support pipe [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D2. Tensile Strength

(a) For tensile yielding in the gross section:

+Pn_sp_ty 47.223( ) kip� Design tensile yielding strength

(b) For tensile rupture in net section:

+Pn_sp_tr 71.55( ) kip� Design tensile rupture strength

WELDED BEAM ATTACHMENT

Tension, capacity of welded beam attachment [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations
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D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

+Pn_wba_trp
T 140.625( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

+Pn_wba_srp
T 130.781( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

+Rn_wba_bs
T 76.57( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

+Pn_wba_ty
T 148.5( ) kip� Design tensile strength

Shear, capacity of welded beam attachment bolt [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

+Rnv_wba_bolt
T 53.456( ) kip� Design shear strength
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Appendix B.10.5

 Capacity of PR-8 Support
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PR-8 CAPACITY
The PR-8 support is composed of tee ears welded to the bottom of the
forged tee joining lines 1-28 and 1-29 to 1-27.  A bolt attaches the tee
ears to an eye rod.  A turnbuckle connects the downward traveling
eye rod to the lower rod.  The lower rod is attached to a welded box
structure that is fixed to the ground by four bolts and grout pad.  The
capacities for these components are calculated below, however, the
capacity for the bolt fixating the box structure to the floor is found in
the anchorage and embedment portions of [32, App E].

Component Capacity Overview:
- Downward Loading: 
  - Shear capacity of tee ears welds
  - Tension capacity of tee ears
  - Shear capacity of tee ears' upper bolt
  - Tension capacity of upper eye rod
  - Tension capacity of turnbuckle
  - Tension capacity of lower rod
  - Flexure capacity of welded box structure's upper section
  - Shear capacity of welded box structure's upper section
  - Shear capacity of welded box structure's upper welds
  - Tension capacity of  welded box structure's side sections 

(Procedures from AISC 13th Edition (Applying LRFD))

References contained in Appendix B.11 of this Report

Assigned indices corresponding to
number of support types associated with
these calculations

i 0��

Support =       0 
                (PR-8)

Relationship between support and
corresponding indices
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Geometric and Material Properties of Support Components
TEE EARS ([20])

Material Properties of Tee Ears as Defined in the Material Section of Report [32]:

Fy_te 33ksi�� Yield Strength for A7 Steel [52]

Fu_te 60ksi�� Ultimate Strength for A7 Steel [52]

Ete 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Tee Ears: Combined thickness of both plates
forming the upper portion of the clamp,
in. (mm) [18, Sheet 2], [20, Detail 52]tte 2

1
2

in
�
�

��



��"
�

�#
�

T
��

Width of plates forming the ears
conservatively chosen from supplied
dimensions of trapezoidal form [20,
Detail 52]

wte 3in( )T��

Atei
ttei

wtei
���

Total cross sectional area of both
sides of clamp

Ate
T 3( ) in2
�

Bolt diameter [18, Sheet 2], [20, Detail
52]dte_bolt 1

1

4
in
�

�
��



T
��

Nominal bolt hole Diameter [20, Detail
52]dte_hole 1

1

4
in
�

�
��



T
��

Shortest distance from edge of the pin
hole to the edge of the member
measured parallel to the direction of the
force from top of bolt hole to top of
clamp bracket, in. (mm) hand
calculated from dcl_hole and [20, Detail
52] data

aparrallel_te 1
3

8
in
�

�
��



T
��

anormal_tei

wtei
dte_holei

�

2
�� Shortest distance from edge of pin hole

to the edge of the member measured
normal to the direction of the force

anormal_te 0.875( ) in�

EYE ROD (Welded Eye Rod FIG 278 1-1/8" [18, Sheet 2] )

Material Properties of Eye Rod as Defined in the Material Section of Report [32]:

Fy_I 33ksi�� Yield Strength for A7 Steel [52]

Fu_I 60ksi�� Ultimate Strength for A7 Steel [52]

EI 29000ksi�� Modulus of Elasticity for A7 Steel [52]
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Geometric Properties of Eye Rod:

dI 1
1

8
in
�

�
��



T
�� Unthreaded diameter of eye rod, [22,

Fig 278 ph-52]

Plastic section modulus about the axis
of bending [8, Table 17-27 pg17-39]ZIi

dIi

�

�



3

6
��

TURNBUCKLE  (Turnbuckle FIG 230 1-1/8" [18, Sheet 2])

Material Properties of Turnbuckle as Defined in the Material Section of Report [32]:

Fy_tb 33ksi�� Yield Strength for A7 Steel [52]

Fu_tb 60ksi�� Ultimate Strength for A7 Steel [52]

Etb 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Turnbuckle:

The turnbuckle legs have a unique cross section, therefore for these calculations treat each leg as a
rectangular cross section where the width of the turnbuckle legs were conservatively scaled to be 9/8 the
diameter of the rod as scaled from photo dsc00080 and the thickness of the turnbuckle legs were scaled
to be 1/2 the diameter of the corresponding rod diameter as scaled from photo dsc00079. 

wtbi

9
8


�
�

��



dIi
���

Width of turnbuckle
[22, Fig 230 ph-57]

wtb
T 1.266( ) in�

ttbi

1
2


�
�

��



dIi
���

Thickness of turnbuckle [22, Fig
230 ph-57]

ttb
T 0.563( ) in�

Atbi
2 wtbi
� ttbi

���
Total area of turnbuckle cross section

Atb
T 1.424( ) in2
�

ROD (Rod FIG 253 1-1/8" [18, Sheet 2])

Material Properties of  Rod as Defined in the Material Section of Report [32]:

Fy_rd 33ksi�� Yield Strength for A7 Steel [52]

Fu_rd 60ksi�� Ultimate Strength for A7 Steel [52]

Erd 29000ksi�� Modulus of Elasticity for A7 Steel [52]
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Geometric Properties of Rod:

Unthreaded diameter of eye rod [22, Fig
278 ph-52]drd 1

1

8
in
�

�
��



T
��

Plastic section modulus about the axis
of bending, in.3 (mm3) [8, Table 17-27
pg17-39]

Zrdi

drdi


�

�



3

6
��

WELDED BOX STRUCTURE ([20])

Material Properties of Welded Box Structure as Defined in the Material Section of Report [32]:

Fy_wbs 33ksi�� Yield Strength for A7 Steel [52]

Fu_wbs 60ksi�� Ultimate Strength for A7 Steel [52]

E_wbs 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Welded Box Structure:

Combined thickness of welded box
structure's top portion [20] twbs_top 1in( )T��

Width and length of welded box
structure's top portion [20]wwbs_top 4in( )T��

Combined thickness of welded box
structure sides [20] twbs_sides 2

1
2

in
�
�

��



��"
�

�#
�

T
��

Width of welded beam attachment
[22, Fig 66 ph-33]wwbs_sides 4in( )T��

Awbs_sidesi
twbs_sidesi

wwbs_sidesi
���

Cross sectional area of welded beam
attachment

Awbs_sides 4( ) in2
�

FEXX 60ksi�� E6013 weld material ultimate strength
[50, pg I-9], [51]

' transverse
�

2
�� Angle between loading and traverse

welds

Fw_transverse 0.60 FEXX� 1.0 0.5 sin ' transverse� �1.5
��


�
�

��� (J2-5)

Nominal Shear Strength of transverse
weldsFw_transverse 54 ksi�

Minimum size of fillet given that thinner
joined part (plate) = 1/2" [8, Table J2.4,
pg 16.1-96] [120923]

,
3
16

in
�
�

��



T
��
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Lw_traverse 2 wwbs_top��� Traverse length of welds [120923]

Aw_traversei
Lw_traversei

0.707 , i���
Effective area of weld throat of traverse
welds

Aw_traverse 1.06( ) in2
�

Capacities For Upward Loading
TEE EARS 

Tension, capacity of tee ears [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

btei
2 ttei

0.63in���

beff is an effective length calculated as
(2t + 0.63in) which can not be larger
than the actual distance from the edge
of the hole to the edge of the part
measured in the direction normal to
the applied force 

bte
T 2.63( ) in�

beff_tei
min btei

anormal_tei
�


�
�



��

beff_te
T 0.875( ) in�

Pn_te_trpi
2 ttei
� beff_tei

� Fu_te��� Nominal axial strength (Pn)

(D5-1)
+n_trp 0.75�� Resistance factor for tension (+t)

+Pn_te_trpi
+n_trp Pn_te_trpi

���

+Pn_te_trp
T 78.75( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

Asf_tei
2 ttei
� aparrallel_tei

dte_holei

2
�



�
�

�
�



���

Asf_te
T 4( ) in2
� Effective area

Pn_te_srpi
0.6 Fu_te� Asf_tei

��� Nominal axial strength (Pn)
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+n_srp 0.75�� Resistance factor for tension (+t)

+Pn_te_srpi
+n_srp Pn_te_srpi

��� (D5-2)

+Pn_te_srp
T 108( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_tei
dte_bolti

ttei
��� Projected bearing area in.2 (mm2)

Rn_te_bsi
1.8 Fy_te� Apd_tei

��� Nominal bearing strength

+ 0.75�� Resistance factor

+Rn_te_bsi
+ Rn_te_bsi
���

+Rn_te_bs
T 55.688( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1 

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination

1. Gross Area

Ag_tei
Atei

�� Gross area

(D3-1)
(a) For tensile yielding in the gross section:

Pn_te_tyi
Fy_te Ag_tei

��� Nominal axial strength (Pn)
(D2-1)

+t_ty 0.9�� Resistance factor for tension (+t)

+Pn_te_tyi
+t_ty Pn_te_tyi

���

+Pn_te_ty
T 89.1( ) kip� Design tensile strength
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Shear, capacity of tee ear's upper bolt [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

Ate_bolti
�

dte_bolti
2



�
�

�
�



2

��� Nominal unthreaded body area

Applicable area for this case since the bolt
is in double shearAte_bolt_dsi

2 Ate_bolti
���

Nominal shear stress in bearing type
connections (A307) [8, Table J3.2 pg
16.1-104], A307 was selected as a
conservative bolt treatment and includes
an allowance for threads in shear plane

Fnv_te_bolt 24ksi��

Rnv_te_bolti
Fnv_te_bolt Ate_bolt_dsi

��� Nominal strength (Rn)
(J3-1)

+b_sr 0.75�� Resistance factor

+Rnv_te_bolti
+b_sr Rnv_te_bolti

���

+Rnv_te_bolt
T 44.179( ) kip� Design shear strength

EYE ROD

NOTE:It was observed during inspection that all of the applicable eye rods have welded eyes even though they
indicate otherwise on Drawing 120925, thus all eye rods in these calculations will be treated as welded eye rods

Tension, capacity of lower eye rod [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

Ab_Ii
�

dIi
2



�
�

�
�



2

��� Nominal unthreaded body area

Nominal tensile stress (A307) [8, Table
J3.2] [8, Table J3.2 pg 16.1-104], A307
was selected as a conservative bolt
treatment

Fnt_I 45ksi��

Rnt_Ii
Fnt_I Ab_Ii

��� Nominal strength (Rn)
(J3-1)

+b_tr 0.75�� Resistance factor

+Rnt_Ii
+b_tr Rnt_Ii

���

+Rnt_I
T 33.548( ) kip� Design tension strength
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TURNBUCKLE

Tension, capacity of turnbuckle [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D2. Tensile Strength

D3. Area Determination

1. Gross Area

Ag_tbi
Atbi

�� Gross area

2. Net Area

An_tbi
Ag_tbi

�� Net area

3. Effective Net Area
Shear lag factor 
[8, Table D3.1 pg 16.1-29 (case 1)]Utb 1.0��

Ae_tbi
An_tbi

Utb��� Effective net area (D3-1)

(a) For tensile yielding in the gross section:

Pn_tb_tyi
Fy_tb Ag_tbi

��� Nominal axial strength (Pn)
(D2-1)

+t_ty 0.9�� Resistance factor for tension (+t)

+Pn_tb_tyi
+t_ty Pn_tb_tyi

���

+Pn_tb_ty
T 42.288( ) kip� Design tensile strength

(b) For tensile rupture in the net section:

Pn_tb_tri
Fu_tb Ae_tbi

��� Nominal axial strength (Pn)
(D2-2)

+t_tr 0.75�� Resistance factor for tension (+t)

+Pn_tb_tri
+t_tr Pn_tb_tri

���

+Pn_tb_tr
T 64.072( ) kip� Design tensile strength

ROD

NOTE:It was observed during inspection that all of the applicable eye rods have welded eyes even though they
indicate otherwise on Drawing 120925, thus all eye rods in these calculations will be treated as welded eye rods

Tension, capacity of upper eye rod [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts
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6. Tension and Shear Strength of Bolts and Threaded Parts

Ab_rdi
�

drdi

2



�
�

�
�



2

��� Nominal unthreaded body area

Nominal tensile stress (A307) [8, Table
J3.2] [8, Table J3.2 pg 16.1-104], A307
was selected as a conservative bolt
treatment

Fnt_rd 45ksi��

Rnt_rdi
Fnt_rd Ab_rdi

��� Nominal strength (Rn)
(J3-1)

+b_tr 0.75�� Resistance factor

+Rnt_rdi
+b_tr Rnt_rdi

���

+Rnt_rd
T 33.548( ) kip� Design tension strength

WELDED BOX STRUCTURE

Shear, capacity of welded box structure's upper section [8, Ch. G pg 16.1-64 thru 69]

G7. Weak Axis Shear in Singly and Doubly Symmetric Shapes

For singly and doubly symmetric shapes loaded in the weak axis without torsion, the nominal shear
strength, Vn, for each shear resisting element shall be determined using Equation G2-1 and Section
G2.1(b) with Aw = bftf and kv = 1.2.

Cv 1.0�� Web shear coefficient [8, pg16.1-291]

Cross sectional area of top portion of
welded box structure, 2 is included to
account for double shear

Aw_wbs 2 twbs_top� wwbs_top���

Vn_wbs 0.6 Fy_wbs� Aw_wbs� Cv��� Nominal shear (G2-1)

+v 1.00�� Resistance factor

+Vn_wbs +v Vn_wbs���

Design shear strength
+Vn_wbs 158.4 kip�

Shear, capacity of welded box structure's upper welds [8, Ch. J pg 16.1-90 thru 121]

J2.  Welds

4.  Strength

+weld 0.75�� Resistance factor of weld
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Rn_weldi
+weld Fw_transverse Aw_traversei

�

�

�



��� (J2-4)

Rn_weld 42.95( ) kip� Nominal shear strength of weld

Tension, capacity of welded box structure's side sections [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D2. Tensile Strength

Must solve for applicable areas presented in D3 prior to proceeding through D2

D3. Area Determination

1. Gross Area

The gross area, Ag, of a member is the total cross-sectional area

Ag_wbs 2 wwbs_sides� twbs_sides��� Gross area

2. Net Area

An_wbs Ag_wbs�� Net area

3. Effective Net Area

U 1�� The shear lag factor

Ae_wbs U An_wbs��� The effective area

(a) For tensile yielding in the gross section:

Pn_ty_wbsi
Fy_wbs Ag_wbs���

+n_ty 0.9�� Resistance factor for tension (+t)

+Pn_ty_wbsi
+n_ty Pn_ty_wbsi

���

+Pn_ty_wbs
T 237.6( ) kip� Design tensile strength (D2-1)

(b) For tensile rupture in the net section:

Pn_tr_wbsi
Fu_wbs Ae_wbs���

+n_tr 0.75�� Resistance factor for tension (+t)

+Pn_tr_wbsi
+n_tr Pn_tr_wbsi

���

+Pn_tr_wbs
T 360( ) kip� Design tensile strength (D5-1)
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SUMMARY OF RESULTS

Capacities For Upward Loading
TEE EARS 

Tension, capacity of tee ears [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

+Pn_te_trp
T 78.75( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

+Pn_te_srp
T 108( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

+Rn_te_bs
T 55.688( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1 

D2. Tensile Strength

(a) For tensile yielding in the gross section:

+Pn_te_ty
T 89.1( ) kip� Design tensile strength

Shear, capacity of tee ear's upper bolt [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

+Rnv_te_bolt
T 44.179( ) kip� Design shear strength

EYE ROD

Tension, capacity of lower eye rod [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

+Rnt_I
T 33.548( ) kip� Design tension strength



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. J. Russell    Date:    09/30/2008

Calculation Sheet 
Page B.10.5-13 of B.10.5-13

TURNBUCKLE

Tension, capacity of turnbuckle [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D2. Tensile Strength

(a) For tensile yielding in the gross section:

+Pn_tb_ty
T 42.288( ) kip� Design tensile strength

(b) For tensile rupture in the net section:

+Pn_tb_tr
T 64.072( ) kip� Design tensile strength

ROD

Tension, capacity of upper eye rod [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

+Rnt_rd
T 33.548( ) kip� Design tension strength

WELDED BOX STRUCTURE

Shear, capacity of welded box structure's upper section [8, Ch. G pg 16.1-64 thru 69]

G7. Weak Axis Shear in Singly and Doubly Symmetric Shapes
Design shear strength

+Vn_wbs 158.4 kip�

Shear, capacity of welded box structure's upper welds [8, Ch. J pg 16.1-90 thru 121]

J2.  Welds

4.  Strength

Rn_weld 42.95( ) kip� Nominal shear strength of weld

Tension, capacity of welded box structure's side sections [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D2. Tensile Strength

(a) For tensile yielding in the gross section:

+Pn_ty_wbs
T 237.6( ) kip� Design tensile strength

(b) For tensile rupture in the net section:

+Pn_tr_wbs
T 360( ) kip� Design tensile strength
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Appendix B.10.6

 Capacity of PS-3 Support



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. J. Russell    Date:    09/30/2008

Calculation Sheet 
Page B.10.6-2 of B.10.6-4

PS-3 CAPACITY
The PS-3 supports are composed of a plate fastened to the floor by bolts
into a grout pad, a support pipe extending up from the floor plate, and a
curved plate plate welded to the top of the support pipe supporting under a
flange attaching a primary pump to the the piping of lines 1-22 through 1-25.
Since the anchorage for these supports was not able to be credited for any
significant amount of capacity as discussed in the anchorage portion of [32,
App E], only the capacity for downward compressive loading on the pipe
sections was applied.
.      
Component Capacity Overview:
- Downward Loading: 
  - Compression capacity in pipe section

(Procedures from AISC 13th Edition (applying LRFD))

References contained in Appendix B.11 of this Report

Assigned indices corresponding to
number of support types associated
with these calculations

i 0��

Geometric and Material Properties of Support Components
PIPE SECTION

Material Properties as Defined in the Material Section of Report [32]:

Fy 33ksi�� Yield Strength for A7 Steel [52]

Fu 60ksi�� Ultimate Strength for A7 Steel [52]

E 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Section Properties:

Pipe section is defined to be Schedule 40 as defined by [21] and all related geometric information was
acquired from [8, Table 1-14 pg 1-99] 

Sch40D 4in( )�� Defined size of schedule 40 pipe[21]

Outside diameter [8, Table 1-14 pg
1-99], [21] OD 4.5in( )��

Pipe thickness [8, Table 1-14 pg 1-99],
[21]t 0.237in( )��

Cross sectional area of pipe [8, Table
1-14 pg 1-99], [21]A 2.97in2� ���
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rgyration 1.51in( )�� Radius of gyration  [8, Table 1-14 pg
1-99], [21] 

L 25in( )��  Pipe length [21]

Capacities for Downward Loading
Determine if supports are compact (1), non-compact (2), or slender (3) as defined in first paragraph of B4

B4. Classification of sections for local buckling (Table B4.1 Case 15)

D2ti

ODi

ti
�� D2tT 18.987( )�

Definition of -p and -r from Table B4.1 Case 15 (Circular hollow sections in uniform compression)
to be applied in classification logic.  -p is the separation point between a compact and non
compact member. -r is separation point between a non compact and slender member.  However,
Table B4.1 Case 15 defines -p = NA because the only thing of concern is if the support is slender
or non-slender, thus only if the classification is 3 do we apply slenderness considerations,
otherwise we treat the member as not having slender elements. 

-p 0�� -r 0.11
E
Fy

��

Classificationi 1 D2ti -p if

2 -p D2ti� -r if

3 -r D2ti�if

��

ClassificationT 2( )�

Compression, capacity in pipe [8, Ch. E pg 16.1-32 thru 43]

E1. General Provisions

+c 0.9�� Resistance factor for compression

E2. Slenderness Limitations and Effective Length Effective length in accordance with
C2.b1,     [8, comm.C2 (Table C-C2.2)
(case d) pg 16.1-240] Case d was
chosen because the support was
allowed to rotate on the top as well as
on the bottom of the support. 

K 1.0��

The Slenderness ratio KL/r should preferably not exceed 200

KLri

K Li�

rgyrationi



�
�
�

�
�
�



��
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The below KLr value verifies that PS-3 do not exceed the 200 recommended limitation

KLrT 16.556( )�

E3. Compressive Strength for Flexural Buckling of Members Without Slender Elements (verified BY classification)

Fei

�
2
E

KLri� �2
�� Fe is the elastic critical

buckling stress (E3-4)

Fe
T 1.044 103

�� � ksi�

Calculating the variables Limit, Op1, and Op2 to be utilized in logic to determine flexural buckling stress .

Limit 4.71
E
Fy

��� Op1i 0.658

Fy

Fei



�
�
�

�
�
�

Fy�� Op2i 0.877 Fei

���

Limit 139.625�

Calculating the flexural buckling stress

Fcri
Op1i KLri Limit if

Op2i KLri Limit�if

�� (E3-2)

(E3-3)

Fcr
T 32.566( ) ksi�

+Pni
+c Fcri
� Ai��� Design compressive strength

+Pn
T

87.05( ) kip�

Summary of Results
Compression, capacity in pipe [8, Ch. E pg 16.1-32 thru 43]

E1. General Provisions

E2. Slenderness Limitations and Effective Length

E3. Compressive Strength for Flexural Buckling of Members Without Slender Elements (verified by classification)

+Pn
T

87.05( ) kip� Design compressive strength
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 Capacity of RH-23A Support
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RH-23A CAPACITY
The RH-23A supports are composed of a 36" pipe riser
clamp  fastened to a vertically oriented PCS pipe on line
1-27, a 1-1/4" eye rod is attached to the cantilever
portion of the pipe clamp by means of a 1-3/8" bolt, a
turnbuckle with tap sizes of 1-1/4" joins the lower1-1/4"
eye rod to an upper 1-1/4" eye rod, the upper eye rod is
attached to a welded beam attachment appropriately
sized for 1-1/4" eye rods by means of a 1-3/8" bolt.  The
capacities for these components are calculated below,
however, the capacity for the welds attaching the welded
beam attachment and the associated capacities of the
ceiling embedment are found in the anchorage and
embedment portions of [32, App E].

Component Capacity Overview:
- Downward Loading: 
  - Shear capacity of pipe tabs
  - Tension capacity of clamp in area of rod connection
  - Flexure capacity of clamp's cantilever section
  - Shear capacity of clamp's upper bolt
  - Tension capacity of lower eye rod
  - Tension capacity of turnbuckle
  - Tension capacity of upper eye rod
  - Tension capacity of welded beam attachment 
  - Shear capacity of welded beam attachment's bolt

Procedures from AISC 13th Edition (Applying LRFD)

References contained in Appendix B.11 of this Report

Assigned indices corresponding to
number of support types associated with
these calculations

i 0��

Support =        0 
                (RH-23A)

Relationship between support and
corresponding indices

Geometric and Material Properties of Support Components
PIPE TABS

Number of pipe tabs [DSC00143] &
[DSCN2917]Np_tab 3( )T��

Width (horizontal) of pipe tab as scaled
from photo [DSCN2917]wp_tab 4in( )T��
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Height (vertical) of pipe tab as scaled
from photo [DSCN2917]Hp_tab 3in( )T��

Thickness of pipe tab as scaled from
photo [DSC00143]tp_tab

1
2

in
�
�

��



T
��

FEXX 60ksi�� E6013 weld material ultimate strength
[50, pg I-9], [51]

' transverse
�

2
�� Angle between loading and traverse

welds

Fw_transverse 0.60 FEXX� 1.0 0.5 sin ' transverse� �1.5
��


�
�

��� (J2-5)

Nominal Shear Strength of transverse
weldsFw_transverse 54 ksi�

' longitudinal 0�� Angle between loading and traverse
welds

Fw_longitudinal 0.60 FEXX� 1.0 0.5 sin ' longitudinal� �1.5
��


�
�

��� (J2-5)

Nominal Shear Strength of longitudinal
weldsFw_longitudinal 36 ksi�

Minimum size of fillet given that thinner
joined part (plate) = 3/4" [8, Table J2.4,
pg 16.1-96] [30]

,
1
4

in
�
�

��



T
��

Lw_traverse wp_tab��

Traverse length of weld [30]
Lw_traverse 4( ) in�

Lw_longitudinal 2 Hp_tab���

Longitudal length of weld [30]
Lw_longitudinal 6( ) in�

Aw_traversei
Lw_traversei

, i���
Effective area of weld throat of traverse
welds

Aw_traverse 1( ) in2
�

Aw_longitudinali
Lw_longitudinali

, i���
Effective area of weld throat of traverse
welds

Aw_longitudinal 1.5( ) in2
�
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Jwi

2 Hp_tabi
wp_tabi

�

�

�



3

12

Hp_tabi


�

�



2 Hp_tabi
wp_tabi

�

�

�



2
�

2 Hp_tabi
wp_tabi

�
���

Polar moment of inertia [39,
Table 5, pg 7.4-7]

Jw 39.233( ) in3
�

RISER CLAMP (HGR STD 40 Riser 36" Pipe Clamp [18, Sheet 2])

Material Properties of Clamp as Defined in the Material Section of Report [32]:

Fy_cl 33ksi�� Yield Strength for A7 Steel [52]

Fu_cl 60ksi�� Ultimate Strength for A7 Steel [52]

Ecl 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Clamp:
Thickness of plates forming cantilever
portion of the clamp,  [18, Sheet 2]tcl

3
4

in
�
�

��



T
��

Width of plates forming the clamp [18,
Sheet 2]wcl 6in( )T��

Moment of inertia about major axis of
plate comprising clampIcl

tcl wcl
3

�

12
��

Acli
2 tcli

�

�



wcli
��� Total cross sectional area of both sides

of clamp

Acl
T 9( ) in2
�

Bolt diameter, in. of all three bolts
based on allowable provided by rod [18,
Sheet 2], [22, Fig 278 ph-52]

dcl_bolt 1
3

8
in
�

�
��



T
��

Nominal bolt hole diameter as estimated
from welded beam attachment
dimensions [22, Fig 66 ph-33]

dcl_hole 1
1

2
in
�

�
��



T
��

Shortest distance from edge of the pin
hole to the edge of the member
measured parallel to the direction of the
force from top of bolt hole to top of
clamp bracket, in. (mm) hand
calculated from dcl_hole and [22, Fig
212 ph-18] data

aparrallel_cl 2
1

4
in
�

�
��



T
��
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Shortest distance from edge of pin hole
to the edge of the member measured
normal to the direction of the force, in.
scaled from photo DSC00143

anormal_cl 1
3

4
in
�

�
��



T
��

Lcl_cantilever 11in( )T�� Length of cantilever section scaled
(conservatively) from photo DSC00143

LOWER EYE ROD (Welded Eye Rod FIG 278 1-1/4" [18, Sheet 2] )

Material Properties of Lower Eye Rod as Defined in the Material Section of Report [32]:

Fy_I 33ksi�� Yield Strength for A7 Steel [52]

Fu_I 60ksi�� Ultimate Strength for A7 Steel [52]

EI 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Lower Eye Rod:

dLI 1
1

4
in
�

�
��



T
�� Unthreaded diameter of eye rod, in. [22,

Fig 278 ph-52]

Plastic section modulus about the axis
of bending  [8, Table 17-27 pg17-39]

ZLIi

dLIi

�

�



3

6
��

TURNBUCKLE (Turnbuckle FIG 230 1-1/4" [18, Sheet 2])

Material Properties of Turnbuckle as Defined in the Material Section of Report [32]:

Fy_tb 33ksi�� Yield Strength for A7 Steel [52]

Fu_tb 60ksi�� Ultimate Strength for A7 Steel [52]

Etb 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Turnbuckle:

The turnbuckle legs have a unique cross section, therefore for these calculations treat each leg as a
rectangular cross section where the width of the turnbuckle legs were conservatively scaled to be 9/8 the
diameter of the rod as scaled from photo dsc00080 and the thickness of the turnbuckle legs were scaled
to be 1/2 the diameter of the corresponding rod diameter as scaled from photo dsc00079. 

wtbi

9
8


�
�

��



dLIi
���

Width of turnbuckle, in. 
[22, Fig 230 ph-57]

wtb
T 1.406( ) in�

ttbi

1
2


�
�

��



dLIi
���

Thickness of turnbuckle, in. [22,
Fig 230 ph-57]

ttb
T 0.625( ) in�
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Atbi
2 wtbi
� ttbi

���
Total area of turnbuckle cross section

Atb
T 1.758( ) in2
�

UPPER EYE ROD (Welded Eye Rod FIG 278 1-1/4" [18, Sheet 2])

Material Properties of Upper Eye Rod as Defined in the Material Section of Report [32]:

Fy_UI 33ksi�� Yield Strength for A7 Steel [52]

Fu_UI 60ksi�� Ultimate Strength for A7 Steel [52]

EUI 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Upper Eye Rod:

Unthreaded diameter of eye rod, in. [22,
Fig 278 ph-52]dUI 1

1

4
in
�

�
��



T
��

Plastic section modulus about the axis
of bending, in.3 (mm3) [8, Table 17-27
pg17-39]

ZUIi

dUIi


�

�



3

6
��

WELDED BEAM ATTACHMENT (Welded Beam Attachment FIG 66 1-1/4" Rod [18, Sheet 2])

Material Properties of Welded Beam Attachment as Defined in the Material Section of Report
[32]:

Fy_wba 33ksi�� Yield Strength for A7 Steel [52]

Fu_wba 60ksi�� Ultimate Strength for A7 Steel [52]

E_wba 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Welded Beam Attachment:

Combined thickness of welded beam
attachment [22, Fig 66 ph-33] twba 2

5
8

in
�
�

��



��"
�

�#
�

T
��

Width of welded beam attachment
[22, Fig 66 ph-33]wwba 4in( )T��

Awbai
twbai

wwbai
���

Cross sectional area of welded beam
attachmentAwba 5( ) in2

�

Diameter of welded beam attachment
bolt [22, Fig 66 ph-33]dwba_bolt 1

3

8
in
�

�
��



T
��

Diameter of welded beam attachment
bolt hole [22, Fig 66 ph-33], [8, Table
J3.3 pg 16.1-105]

dwba_hole 1
1

2
in
�

�
��



T
��
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Shortest distance from edge of the bolt
hole to the edge of the member
measured parallel to the direction of the
force from bottom of bolt hole to the
bottom of the welded beam attachment,
in. (mm) hand calculated from dwba_hole
and [22, Fig 66 ph-33] data

aparrallel_wba 1
1

4
in
�

�
��



T
��

anormal_wbai

wwbai
dwba_holei

�

2
�� Shortest distance from edge of bolt hole

to the edge of the member measured
normal to the direction of the force, in.
(mm) [22, Fig 66 ph-33]anormal_wba

T 1.25( ) in�

Capacities For Downward Loading
PIPE TABS

Shear, capacity of pipe tab welds [8, Ch. J pg 16.1-90 thru 121] & [39, Ch 7.4]

As shown in photo [DSCN2917] the pipe clamp only appears to contact one corner of the pipe tabs.  Therefore
both a vertical applied shear and torsion component will be considered in the evaluation of the weld.  The
following calculations will appropriately incorporate the AISC code requirements with the Blodgett treatment of a
member in shear and torsion for each tab before they are combined in the final step.  Since a constant shear
strength value is applied for the Blodgett approach, Fw_longitudinal will be the only value applied as it is the most
conservative.

J3.  Welds

4.  Strength

+weld 0.75�� Resistance factor of weld

For each of the following calculations f (the allowable force on a fillet weld, lbs per linear inch) will
be calculated with the load variable Rn factored out of the equation.  It will be appropriately
presented with relation to f at the end of this calculation set.

fthi

wp_tab
2

wp_tab
2

�

Jwi

��

fth 0.102( )
1
in

�
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ftvi

wp_tab
2

Hp_tab
2

�

Jwi

��

ftv 0.076( )
1
in

�

fsvi

1
Lw_traversei

Lw_longitudinali
�

��

fsv 0.1( )
1
in

�

fri
ftvi

fsvi
�


�
�



2 fthi


�

�



2
���

fr 0.204( )
1
in

�

Rn_weldi

0.707 , i� Fw_longitudinal�

fri


�
�
�

��
�



Np_tabi
���

Rn_weld 93.665( ) kip� Nominal shear strength of weld

+Rn_weldi
+weld Rn_weldi

���

+Rn_weld 70.249( ) kip� (J2-4)

CLAMP

Tension, capacity of clamp in area of rod connection  [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

bcli
2 2 tcli

�

�



0.63in���

bcl
T 3.63( ) in�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. J. Russell    Date:    09/30/2008

Calculation Sheet 
Page B.10.7-9 of B.10.7-19

beff is an effective length calculated as
(2t + 0.63in) which can not be larger
than the actual distance from the edge
of the hole to the edge of the part
measured in the direction normal to the
applied force 

beff_cli
min bcli

anormal_cli
�


�
�



��

beff_cl
T 1.75( ) in�

Pn_cl_trpi
2 tcli
� beff_cli

� Fu_cl��� Nominal axial strength (Pn)

(D5-1)
+n_trp 0.75�� Resistance factor for tension (+t)

+Pn_cl_trpi
+n_trp Pn_cl_trpi

���

+Pn_cl_trp
T 118.125( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

Asf_cli
2 2 tcli

�

�



aparrallel_cli

dcl_bolti
2

�


�
�

�
�



���

Asf_cl
T 8.813( ) in2
� Effective area

Pn_cl_srpi
0.6 Fu_cl� Asf_cli

��� Nominal axial strength (Pn)

+n_srp 0.75�� Resistance factor for tension (+t)

+Pn_cl_srpi
+n_srp Pn_cl_srpi

��� (D5-2)

+Pn_cl_srp
T 237.938( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_cli
dcl_bolti

2 tcli

�

�



��� Projected bearing area in.2 (mm2)

Rn_cl_bsi
1.8 Fy_cl� Apd_cli

��� Nominal bearing strength

+ 0.75�� Resistance factor

+Rn_cl_bsi
+ Rn_cl_bsi
���

+Rn_cl_bs
T 91.884( ) kip� Design bearing strength
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(d) For yielding on the gross section ,use Equation D2-1 

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination

1. Gross Area

Ag_cli
Acli

�� Gross area

(D3-1)(a) For tensile yielding in the gross section:

Pn_cl_tyi
Fy_cl Ag_cli

��� Nominal axial strength (Pn)

(D2-1)
+t_ty 0.9�� Resistance factor for tension (+t)

+Pn_cl_tyi
+t_ty Pn_cl_tyi

���

+Pn_cl_ty
T 267.3( ) kip� Design tensile strength

Flexure, capacity of clamp's cantilever section  [8, Ch. F pg 16.1-44 thru 16.1-63]

In order to determine the clamp's cantilever section flexure capacity each plate will conservatively be treated
separately without considering the influence of the intermediate bolts then the final capacity is to doubled to
account for the presence of both plates.

F1. General Provisions

Given resistance factor for shear

+b 0.9��

Calculate the lateral-torsional buckling modification factor for a nonuniform moment loading on the beam
caused by downward loading of the pipe 

Absolute value of maximum moment in
the unbraced segmentMmax F Length�( ) F Length���

Absolute value of moment at quarter
point of the unbraced segmentMA F Length�( )

3
4

F� Length���

Absolute value of moment at centerline
of the unbraced segmentMB F Length�( )

1
2

F� Length���

Absolute value of moment at three-
quarter point of the unbraced segmentMC F Length�( )

1
4

F� Length���

Cross-section monosymmetry
parameter (value of 1.0 is assigned
because it correlates to singly
symmetric members subjected to
single curvature bending)

Rm 1.0��
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Cb F Length�( )
12.5 Mmax F Length�( )�

2.5 Mmax F Length�( )� 3 MA F Length�( )�� 4 MB F Length�( )�� 3 MC F Length�( )��
Rm�



�
�

�



��

Cb F LIBi
�


�
�



1.6666666666666666667.

F11. Rectangular Bars and Rounds

1.  Yielding
Lcl_cantilever wcl�

tcl
2

117.333( )� Geometric ratio of cantilever length,
width, and thickness

0.08 Ecl�

Fy_cl
70.303� Low end ratio of cantilever modulus and

yield strength

Since the geometric ratio is greater than the low end ratio yielding will not be the limiting mode
given flexure

2.  Lateral-Torsional Buckling

1.9 Ecl�

Fy_cl
1.67 103

�� High end ratio of cantilever modulus and
yield strength

Since the geometric ratio is greater than the low end ratio and less than the high end ratio to
following moment equation applies. 

My_cli

Fy_cl Icl�

wcli
2

�� Yield moment about major axis

My_cl 148.5( ) kip in��

Mn_cli
1.667 1.52 0.274

Lcl_cantileveri
wcli
�

tcli

�

�



2

�"
"
"�

�#
#
#�

�
Fy_cl
Ecl

��
�"
"
"�

�#
#
#�

My_cli
���

Mn_cl 367.219( ) kip in��

+Mn_cli
+b Mn_cli

���

+Mn_cl
T 330.497( ) kip in�� Design flexural strength
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Converting flexural strength to strength at
applied load by dividing the design flexural
strength by the moment arm comprised of
the angle iron length, the leg length of the
horizontal angle iron section, and the
radius of the pipe which the clamp is
connected to (a factor of 2 is included to
account for both sections of clamp)

+Fn_cli
2

+Mn_cli
Lcl_cantileveri

��

Total design strength of angle iron
section given flexural loading+Fn_cl

T 60.09( ) kip�

Shear, capacity of clamp's bolt [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

Acl_bolti
�

dcl_bolti
2



�
�

�
�



2

��� Nominal unthreaded body area

Applicable area for this case since the
bolt is in double shearAcl_bolt_dsi

2 Acl_bolti
���

Nominal shear stress in bearing type
connections (A307) [8, Table J3.2 pg
16.1-104], A307 was selected as a
conservative bolt treatment and
includes an allowance for threads in
the shear plane

Fnv_cl_bolt 24ksi��

Rnv_cl_bolti
Fnv_cl_bolt Acl_bolt_dsi

��� Nominal strength (Rn)
(J3-1)

+b_sr 0.75�� Resistance factor

+Rnv_cl_bolti
+b_sr Rnv_cl_bolti

���

+Rnv_cl_bolt
T 53.456( ) kip� Design shear strength

LOWER EYE ROD

NOTE:It was observed during inspection that all of the applicable eye rods have welded eyes even though they
indicate otherwise on Drawing 120925, thus all eye rods in these calculations will be treated as welded eye rods

Tension, capacity of lower eye rod [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts
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Ab_LIi
�

dLIi
2



�
�

�
�



2

��� Nominal unthreaded body area

Nominal tensile stress (A307) [8, Table
J3.2] [8, Table J3.2 pg 16.1-104], A307
was selected as a conservative bolt
treatment

Fnt_LI 45ksi��

Rnt_LIi
Fnt_LI Ab_LIi

��� Nominal strength (Rn)
(J3-1)

+b_tr 0.75�� Resistance factor

+Rnt_LIi
+b_tr Rnt_LIi

���

+Rnt_LI
T 41.417( ) kip� Design tension strength

TURNBUCKLE

Tension, capacity of turnbuckle [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D2. Tensile Strength

D3. Area Determination

1. Gross Area

Ag_tbi
Atbi

�� Gross area

2. Net Area

An_tbi
Ag_tbi

�� Net area

3. Effective Net Area
Shear lag factor 
[8, Table D3.1 pg 16.1-29 (case 1)]Utb 1.0��

Ae_tbi
An_tbi

Utb��� Effective net area (D3-1)

(a) For tensile yielding in the gross section:

Pn_tb_tyi
Fy_tb Ag_tbi

��� Nominal axial strength (Pn)
(D2-1)

+t_ty 0.9�� Resistance factor for tension (+t)

+Pn_tb_tyi
+t_ty Pn_tb_tyi

���

+Pn_tb_ty
T 52.207( ) kip� Design tensile strength
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(b) For tensile rupture in the net section:

Pn_tb_tri
Fu_tb Ae_tbi

��� Nominal axial strength (Pn)
(D2-2)

+t_tr 0.75�� Resistance factor for tension (+t)

+Pn_tb_tri
+t_tr Pn_tb_tri

���

+Pn_tb_tr
T 79.102( ) kip� Design tensile strength

UPPER EYE ROD

NOTE:It was observed during inspection that all of the applicable eye rods have welded eyes even though they
indicate otherwise on Drawing 120925, thus all eye rods in these calculations will be treated as welded eye rods

Tension, capacity of upper eye rod [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

Ab_UIi
�

dUIi

2



�
�

�
�



2

��� Nominal unthreaded body area

Nominal tensile stress (A307) [8, Table
J3.2] [8, Table J3.2 pg 16.1-104], A307
was selected as a conservative bolt
treatment

Fnt_UI 45ksi��

Rnt_UIi
Fnt_UI Ab_UIi

��� Nominal strength (Rn)
(J3-1)

+b_tr 0.75�� Resistance factor

+Rnt_UIi
+b_tr Rnt_UIi

���

+Rnt_UI
T 41.417( ) kip� Design tension strength

WELDED BEAM ATTACHMENT

Tension, capacity of welded beam attachment [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members
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1. Tensile Strength

(a) For tensile rupture on the net effective area:

bi 2 twbai
0.63in��� beff is an effective length calculated as

(2t + 0.63in) which can not be larger
than the actual distance from the edge
of the hole to the edge of the part
measured in the direction normal to the
applied force 

bT 3.13( ) in�

beff i
min bi anormal_wbai

�

�

�



��

beff
T 1.25( ) in�

Pn_wba_trpi
2 twbai
� beff i

� Fu_wba��� Nominal axial strength (Pn)
(D5-1)

+n_trp 0.75�� Resistance factor for tension (+t)

+Pn_wba_trpi
+n_trp Pn_wba_trpi

���

+Pn_wba_trp
T 140.625( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

Asf_wbai
2 twbai
� aparrallel_wbai

dwba_bolti
2

�


�
�

�
�



���

Asf_wba
T 4.844( ) in2
� Effective area

Pn_wba_srpi
0.6 Fu_wba� Asf_wbai

��� Nominal axial strength (Pn)
(D5-2)

+n_srp 0.75�� Resistance factor for tension (+t)

+Pn_wba_srpi
+n_srp Pn_wba_srpi

���

+Pn_wba_srp
T 130.781( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_wbai
dwba_bolti

twbai
��� Projected bearing area in.2 (mm2)

Rn_wba_bsi
1.8 Fy_wba� Apd_wbai

��� Nominal bearing strength (J7-1)

+ 0.75�� Resistance factor

+Rn_wba_bsi
+ Rn_wba_bsi
���

+Rn_wba_bs
T 76.57( ) kip� Design bearing strength
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(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination

1. Gross Area
Ag_wbai

Awbai
�� Gross area

(a) For tensile yielding in the gross section:
Pn_wba_tyi

Fy_wba Ag_wbai
��� Nominal axial strength (Pn)

(D2-1)
+t_ty 0.9� Resistance factor for tension (+t)

+Pn_wba_tyi
+t_ty Pn_wba_tyi

���

+Pn_wba_ty
T 148.5( ) kip� Design tensile strength

Shear, capacity of welded beam attachment's bolt [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

Awba_bolti
�

dwba_bolti
2



�
�

�
�



2

��� Nominal unthreaded body area

Applicable area for this case since
the bolt is in double shearAwba_bolt_dsi

2 Awba_bolti
���

Nominal shear stress in bearing type
connections (A307) [8, Table J3.2 pg
16.1-104], A307 was selected as a
conservative bolt treatment and
includes an allowance for threads in
the shear plane

Fnv_wba_bolt 24ksi��

Rnv_wba_bolti
Fnv_wba_bolt Awba_bolt_dsi

��� Nominal strength (Rn)
(J3-1)

+b_sr 0.75� Resistance factor

+Rnv_wba_bolti
+b_sr Rnv_wba_bolti

���

+Rnv_wba_bolt
T 53.456( ) kip� Design shear strength
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SUMMARY OF RESULTS
Capacities For Downward Loading

PIPE TABS

Shear, capacity of pipe tab welds [8, Ch. J pg 16.1-90 thru 121] & [39, Ch 7.4]

J3.  Welds

4.  Strength

+Rn_weld 70.249( ) kip�

CLAMP

Tension, capacity of clamp in area of rod connection  [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

+Pn_cl_trp
T 118.125( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

+Pn_cl_srp
T 237.938( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

+Rn_cl_bs
T 91.884( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1 

D2. Tensile Strength

(a) For tensile yielding in the gross section:

+Pn_cl_ty
T 267.3( ) kip� Design tensile strength

Flexure, capacity of clamp's cantilever section  [8, Ch. F pg 16.1-44 thru 16.1-63]

F1. General Provisions

F11. Rectangular Bars and Rounds

1.  Yielding

Since the geometric ratio is greater than the low end ratio yielding will not be the limiting mode
given flexure
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2.  Lateral-Torsional Buckling

Total design strength of angle iron
section given flexural loading+Fn_cl

T 60.09( ) kip�

Shear, capacity of clamp's bolt [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

+Rnv_cl_bolt
T 53.456( ) kip� Design shear strength

LOWER EYE ROD

Tension, capacity of lower eye rod [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

+Rnt_LI
T 41.417( ) kip� Design tension strength

TURNBUCKLE

Tension, capacity of turnbuckle [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D2. Tensile Strength

(a) For tensile yielding in the gross section:

+Pn_tb_ty
T 52.207( ) kip� Design tensile strength

(b) For tensile rupture in the net section:

+Pn_tb_tr
T 79.102( ) kip� Design tensile strength

UPPER EYE ROD

Tension, capacity of upper eye rod [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

+Rnt_UI
T 41.417( ) kip� Design tension strength

WELDED BEAM ATTACHMENT

Tension, capacity of welded beam attachment [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength
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(a) For tensile rupture on the net effective area:

+Pn_wba_trp
T 140.625( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

+Pn_wba_srp
T 130.781( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

+Rn_wba_bs
T 76.57( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

+Pn_wba_ty
T 148.5( ) kip� Design tensile strength

Shear, capacity of welded beam attachment's bolt [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

+Rnv_wba_bolt
T 53.456( ) kip� Design shear strength
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Appendix B.10.8

 Capacity of RH-25Ax & RH-25Bx Support
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RH-25Ax & 25Bx CAPACITY
RH-25Ax + 25Bx comprise the two legs of a hanging
support attached to a U shaped cradle plate supporting a
36" diameter pipe.  Each leg of the support is attached to
the cradle plate by a bolt that is connected through a
clevis, each clevis is attached to a rod, the rods connect
to turnbuckles, each turnbuckle is attached from above by
eye rods , each eye rod is attached to a welded beam
attachment on the ceiling by means of a bolt.  The
capacities for these components are calculated below,
however the capacity for the welds attaching the tab and
the associated capacities of the ceiling embedment are
found in the anchorage and embedment portions of [32,
App E].

Component Capacity Overview:
- Downward Loading: 
  - Tension capacity of cradle plate
  - Tension capacity of clevis's intermediate cross section
  - Tension capacity of clevis's pin connection
  - Shear capacity of clevis's pin
  - Tension capacity of lower rod
  - Tension capacity of turnbuckle
  - Tension capacity of upper eye rod
  - Tension capacity of welded beam attachment
  - Shear capacity of welded beam attachment's bolt

(Procedures from AISC 13th Edition (Applying LRFD))

References contained in Appendix B.11 of this Report

NOTE:  The geometric properties only represent one of the two legs for each support.  Therefore the
result is multiplied by an additional factor of 2 when implementing the resistance factor into the
capacity calculations.

Assigned indices corresponding to
number of support types associated
with these calculations

i 0��

Support =               0 
                (RH-25Ax + 25Bx)

Relationship between support and
corresponding indices
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Geometric and Material Properties of Support Components
CRADLE PLATE (6" x 3/4" bar [21, Detail 26])

Material Properties of Cradle Plate as Defined in the Material Section of Report [32]:

Fy_cp 33ksi�� Yield Strength for A7 Steel [52]

Fu_cp 60ksi�� Ultimate Strength for A7 Steel [52]

Ecp 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Cradle Plate:
Combined thickness of both plates
forming the upper portion of the cradle
plate [21, Detail 26]tcp

3
4

in
�
�

��



T
��

Width of plates forming the cradle plate,
[21, Detail 26]wcp 6in( )T��

Acpi
tcpi

wcpi
��� Cross sectional area of one side of

cradle plate
Acp

T 4.5( ) in2
�

dcp_bolt 1
3

8
in
�

�
��



T
�� Bolt diameter, in. (mm) [21, Detail 26]

Nominal bolt hole Diameter [8, Table
J3.3 pg 16.1-105]dcp_hole 1

7

16
in
�

�
��



T
��

Shortest distance from edge of the pin
hole to the edge of the member
measured parallel to the direction of the
force from top of bolt hole to top of
cradle plate bracket, in. (mm) estimated
from photo dscn2934

aparallel_cp 1in( )T��

anormal_cpi

wcpi
dcp_holei

�

2
�� Shortest distance from edge of pin hole

to the edge of the member measured
normal to the direction of the force.

anormal_cp
T 2.281( ) in�

CLEVIS (Clevis FIG 299 1-1/4" [22, Sheet 2])

Material Properties of Clevis as Defined in the Material Section of Report [32]:

Fy_cv 33ksi�� Yield Strength for A7 Steel [52]

Fu_cv 60ksi�� Ultimate Strength for A7 Steel [52]

Ecv 29000ksi�� Modulus of Elasticity for A7 Steel [52]
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Geometric Properties of Clevis:

The thickness of the intermediate portion of the clevis's present in this piping system was observed to be
approximately the same thickness as that defined at the bolt hole connection as shown in photo dsc00034

Combined thickness of intermediate
portions of clevis  [22, Fig 299 ph-56] 

tcv_int 2
1
2

in
�
�

��



��"
�

�#
�

T
��

Width of intermediate portions of clevis
[22, Fig 299 ph-56]wcv_int 1

1

2
in
�

�
��



T
��

Acv_inti
tcv_inti

wcv_inti
���

Intermediate cross sectional area
of clevis [22, Fig 299 ph-56]

Acv_int
T 1.5( ) in2
�
.1

Diameter of clevis bolt [22, Fig 299
ph-56]dcv_bolt 1

3

8
in
�

�
��



T
��

Nominal bolt hole Diameter, in. (mm)
[8, Table J3.3 pg 16.1-105]dcv_hole 1

7

16
in
�

�
��



T
��

Combined thickness of plates forming
clevis's  bolt hole connection  [22, Fig
299 ph-56] 

tcv_con 2
1
2

in
�
�

��



��"
�

�#
�

T
��

wcv_con 3in( )T�� Width of clevis's bolt hole connection
[22, Fig 299 ph-56]

Acv_coni
tcv_coni

wcv_coni
��� Cross sectional area of clevis at the bolt

connection
Acv_con

T 3( ) in2
�

Shortest distance from edge of the bolt
hole to the edge of the member
measured parallel to the direction of the
force from bottom of bolt hole to bottom
of cradle plate bracket, in. (mm) hand
calculated from dcv_hole and [22, Fig
299 ph-56] data

aparallel_cv
25
32

in
�
�

��



T
��

Shortest distance from edge of bolt hole
to the edge of the member measured
normal to the direction of the force

anormal_cv
25
32

in
�
�

��



T
��
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LOWER ROD (Treaded Rod FIG 140 1-1/4" [22, Sheet 2])

Material Properties of Lower Rod as Defined in the Material Section of Report [32]:

FyR 33ksi�� Yield Strength for A7 Steel [52]

FuR 60ksi�� Ultimate Strength for A7 Steel [52]

ER 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Lower Rod:

Unthreaded diameter of rod [18], [22,
Fig 140 ph-51]dR 1

1

4
in
�

�
��



��

Plastic section modulus about the axis
of bending [8, Table 17-27 pg17-39]ZRi

dRi


�

�



3

6
��

TURNBUCKLE  (Turnbuckle FIG 230 1-1/4" [22, Sheet 2])

Material Properties of Turnbuckle as Defined in the Material Section of Report [32]:

Fy_tb 33ksi�� Yield Strength for A7 Steel [52]

Fu_tb 60ksi�� Ultimate Strength for A7 Steel [52]

Etb 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Turnbuckle:

The turnbuckle legs have a unique cross section, therefore for these calculations treat each leg as a
rectangular cross section where the width of the turnbuckle legs were conservatively scaled to be 9/8 the
diameter of the rod as scaled from photo dsc00080 and the thickness of the turnbuckle legs were scaled
to be 1/2 the diameter of the corresponding rod diameter as scaled from photo dsc00079. 

wtbi

9
8


�
�

��



dRi
���

Width of turnbuckle
[22, Fig 230 ph-57]

wtb
T 1.406( ) in�

ttbi

1
2


�
�

��



dRi
���

Thickness of turnbuckle
 [22, Fig 230 ph-57]

ttb
T 0.625( ) in�

Atbi
2 wtbi
� ttbi

���
Total area of turnbuckle cross section

Atb
T 1.758( ) in2
�

UPPER EYE ROD (Welded Eye Rod FIG 278 1-1/4" [22, Sheet 2])
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Material Properties of Upper Eye Rod as Defined in the Material Section of Report [32]:

FyI 33ksi�� Yield Strength for A7 Steel [52]

FuI 60ksi�� Ultimate Strength for A7 Steel [52]

EUI 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Upper Eye Rod:

Unthreaded diameter of eye rod
[22, Fig 278 ph-52]dI 1

1

4
in
�

�
��



��

Plastic section modulus about the axis
of bending, in.3 (mm3)  [8, Table 17-27
pg17-39]

ZIi

dIi

�

�



3

6
��

WELDED BEAM ATTACHMENT (Welded Beam Attachment FIG 66 1-1/4" Rod [22, Sheet 2])

Material Properties of Welded Beam Attachment as Defined in the Material Section of Report [32]:

Fy_wba 33ksi�� Yield Strength for A7 Steel [52]

Fu_wba 60ksi�� Ultimate Strength for A7 Steel [52]

E_wba 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Welded Beam Attachment (Fig 66):

Combined thickness of welded beam
attachment [22, Fig 66 ph-33] twba 2

5
8

in
�
�

��



��"
�

�#
�

T
��

wwba 4in( )T�� Width of welded beam attachment
[22, Fig 66 ph-33]

Awbai
twbai

wwbai
���

Cross sectional area of welded beam
attachmentAwba 5( ) in2

�

Diameter of welded beam attachment
bolt [22, Fig 66 ph-33]dwba_bolt 1

3

8
in
�

�
��



T
��

Diameter of welded beam attachment
bolt hole [22, Fig 66 ph-33]dwba_hole 1

1

2
in
�

�
��



T
��

Shortest distance from edge of the bolt
hole to the edge of the member
measured parallel to the direction of the
force from bottom of bolt hole to the
bottom of the welded beam attachment,
in. (mm) hand calculated from dwba_hole
and [22, Fig 66 ph-33] data

aparallel_wba 1
1

4
in
�

�
��



T
��
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Shortest distance from edge of bolt hole
to the edge of the member measured
normal to the direction of the force, in.
(mm) [22, Fig 66 ph-33]

anormal_wbai

wwbai
dwba_holei

�

2
��

anormal_wba
T 1.25( ) in�

Capacities Due to Downward Loading
CRADLE PLATE

Tension, capacity of cradle plate [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension
D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

bcpi
2 tcpi

0.63in��� beff is an effective length calculated as
(2t + 0.63in) for which can not be larger
than the actual distance fro the edge of the
hole to the edge of the part measured in
the direction normal to the applied force 

bcp
T 2.13( ) in�

beff_cpi
min bcpi

anormal_cpi
�


�
�



��

beff_cp
T 2.13( ) in�

Pn_cp_trpi
2 tcpi
� beff_cpi

� Fu_cp��� Nominal axial strength (Pn)
(D5-1)

+n_trp 0.75�� Resistance factor for tension (+t)

+Pn_cp_trpi
2 +n_trp� Pn_cp_trpi

��� Additional 2 incorporated to account
for both legs of the support

+Pn_cp_trp
T 287.55( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

Asf_cpi
2 tcpi
� aparallel_cpi

dcp_bolti
2

�


�
�

�
�



���

Asf_cp
T 2.531( ) in2
� Effective area

Pn_cp_srpi
0.6 Fu_cp� Asf_cpi

��� Nominal axial strength (Pn)
(D5-2)

+n_srp 0.75�� Resistance factor for tension (+t)

+Pn_cp_srpi
2 +n_srp� Pn_cp_srpi

��� Additional 2 incorporated to account
for both legs of the support

+Pn_cp_srp
T 136.687( ) kip� Design tensile strength
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(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_cpi
dcp_bolti

tcpi
��� Projected bearing area in.2 (mm2)

Rn_cp_bsi
1.8 Fy_cp� Apd_cpi

��� Nominal bearing strength (J7-1)

+ 0.75�� Resistance factor

+Rn_cp_bsi
2 +� Rn_cp_bsi

��� Additional 2 incorporated to account
for both legs of the support

+Rn_cp_bs
T 91.884( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination

1. Gross Area

Ag_cpi
Acpi

�� Gross area

(a) For tensile yielding in the gross section:

Pn_cp_tyi
Fy_cp Ag_cpi

��� Nominal axial strength (Pn)
(D2-1)

+t_ty 0.9�� Resistance factor for tension (+t)

+Pn_cp_tyi
2 +t_ty� Pn_cp_tyi

��� Additional 2 incorporated to account
for both legs of the support

+Pn_cp_ty
T 267.3( ) kip� Design tensile strength

CLEVIS

Tension, capacity of clevis' intermediate section [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D2. Tensile Strength

D3. Area Determination

1. Gross Area

Ag_cv_inti
Acv_inti

�� Gross Area
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2. Net Area

An_cv_inti
Ag_cv_inti

�� Net Area

3. Effective Net Area

Shear lag factor 
[8, Table D3.1  pg 16.1-29 (case 1)]Ucv_int 1.0��

Ae_cv_inti
An_cv_inti

Ucv_int��� Effective Net Area (D3-1)

(a) For tensile yielding in the gross section:

Pn_cv_int_tyi
Fy_cv Ag_cv_inti

��� Nominal axial strength (Pn)
(D2-1)

+t_ty 0.9� Resistance factor for tension (+t)

+Pn_cv_int_tyi
2 +t_ty� Pn_cv_int_tyi

��� Additional 2 incorporated to account
for both legs of the support

+Pn_cv_int_ty
T 89.1( ) kip� Design tensile strength

(b) For tensile rupture in the net section:

Pn_cv_int_tri
Fu_cv Ae_cv_inti

��� Nominal axial strength (Pn) (D2-2)

+t_tr 0.75�� Resistance factor for tension (+t)

+Pn_cv_int_tri
2 +t_tr� Pn_cv_int_tri

��� Additional 2 incorporated to account
for both legs of the support

+Pn_cv_int_tr
T 135( ) kip� Design tensile strength

Tension, capacity of clevis's pin connection [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

bcvi
2 tcv_coni

0.63in���
beff is an effective length calculated as
(2t + 0.63in) for which can not be larger
than the actual distance fro the edge of
the hole to the edge of the part
measured in the direction normal to the
applied force 

bcv
T 2.63( ) in�

beff_cvi
min bcvi

anormal_cvi
�


�
�



��

beff_cv
T 0.781( ) in�
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Pn_cv_con_trpi
2 tcv_coni
� beff_cvi

� Fu_cv��� Nominal axial strength (Pn)

(D5-1)
+n_trp 0.75� Resistance factor for tension (+t)

+Pn_cv_con_trpi
2 +n_trp� Pn_cv_con_trpi

��� Additional 2 incorporated to account
for both legs of the support

+Pn_cv_con_trp
T 140.625( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

Asf_cv_bolti
2 tcv_coni
� aparallel_cvi

dcv_bolti
2

�


�
�

�
�



���

Asf_cv_bolt
T 2.938( ) in2
� Effective Area

Pn_cv_bolt_srpi
0.6 Fu_cv� Asf_cv_bolti

��� Nominal axial strength (Pn)
(D5-2)

+n_srp 0.75� Resistance factor for tension (+t)

+Pn_cv_bolt_srpi
2 +n_srp� Pn_cv_bolt_srpi

��� Additional 2 incorporated to account
for both legs of the support

+Pn_cv_bolt_srp
T 158.625( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_cvi
dcv_bolti

tcv_coni
��� Projected bearing area in.2 (mm2)

Rn_cv_bsi
1.8 Fy_cv� Apd_cvi

��� Nominal bearing strength

+ 0.75�� Resistance factor

+Rn_cv_bsi
2 +� Rn_cv_bsi

��� Additional 2 incorporated to account
for both legs of the support

+Rn_cv_bs
T 122.512( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination
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1. Gross Area

Ag_cv_coni
Acv_coni

�� Gross Area

(a) For tensile yielding in the gross section:

Pn_cv_con_tyi
Fy_cv Ag_cv_coni

��� Nominal axial strength (Pn)(D2-1)

+t_ty 0.9� Resistance factor for tension (+t)

Additional 2 incorporated to
account for both legs of the
support

+Pn_cv_con_tyi
2 +t_ty� Pn_cv_con_tyi

���

+Pn_cv_con_ty
T 178.2( ) kip� Design tensile strength

Shear, capacity of clevis's bolts [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

Abolti
�

dcv_bolti
2



�
�

�
�



2

��� Nominal unthreaded body area

Applicable area for this case since
the bolt is in double shearAbolt_dsi

2 Abolti
���

Nominal shear stress in bearing type
connections (A307) [8, Table J3.2 pg
16.1-104], A307 was selected as a
conservative bolt treatment and
includes an allowance for threads in the
shear plane

Fnv_bolt 24ksi��

Rnv_bolti
Fnv_bolt Abolt_dsi

��� Nominal strength (Rn)
(J3-1)

+b_sr 0.75�� Resistance factor

Additional 2 incorporated to account
for both legs of the support+Rnv_bolti

2 +b_sr� Rnv_bolti
���

+Rnv_bolt
T 106.912( ) kip� Design shear strength

LOWER ROD

Tension, capacity of rod [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts
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6. Tension and Shear Strength of Bolts and Threaded Parts

Ab_Ri
�

dRi

2



�
�

�
�



2

��� Nominal unthreaded body area

Nominal tensile stress (A307) [8, Table
J3.2 pg 16.1-104], A307 was selected
as a conservative bolt treatment

Fnt_R 45ksi��

Rnt_Ri
Fnt_R Ab_Ri

��� Nominal strength (Rn)
(J3-1)

+b_tr 0.75�� Resistance factor

+Rnt_Ri
2 +b_tr� Rnt_Ri

��� Additional 2 incorporated to account
for both legs of the support

+Rnt_R
T 82.835( ) kip� Design tension strength

TURNBUCKLE

Tension, capacity of turnbuckle [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D2. Tensile Strength

D3. Area Determination

1. Gross Area
Ag_tbi

Atbi
�� Gross area

2. Net Area
An_tbi

Ag_tbi
�� Net area

3. Effective Net Area
Shear lag factor 
[8, Table D3.1 pg 16.1-29 (case 1)]Utb 1.0��

Ae_tbi
An_tbi

Utb��� Effective net area (D3-1)

(a) For tensile yielding in the gross section:
Pn_tb_tyi

Fy_tb Ag_tbi
��� Nominal axial strength (Pn)

(D2-1)
+t_ty 0.9�� Resistance factor for tension (+t)

+Pn_tb_tyi
2 +t_ty� Pn_tb_tyi

��� Additional 2 incorporated to account
for both legs of the support

+Pn_tb_ty
T 104.414( ) kip� Design tensile strength
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(b) For tensile rupture in the net section:

Pn_tb_tri
Fu_tb Ae_tbi

��� Nominal axial strength (Pn)
(D2-2)

+t_tr 0.75�� Resistance factor for tension (+t)

+Pn_tb_tri
2 +t_tr� Pn_tb_tri

��� Additional 2 incorporated to account
for both legs of the support

+Pn_tb_tr
T 158.203( ) kip� Design tensile strength

UPPER EYE ROD

NOTE:It was observed during inspection that all of the applicable eye rods have welded eyes even though they indic
otherwise on Drawing 120925, thus all eye rods in these calculations will be treated as welded eye rods

Tension, capacity of rod [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

Ab_Ii
�

dIi
2



�
�

�
�



2

��� Nominal unthreaded body area

Nominal tensile stress (A307) [8, Table
J3.2 pg 16.1-104], A307 was selected
as a conservative bolt treatment

Fnt_I 45ksi��

Rnt_Ii
Fnt_I Ab_Ii

��� Nominal strength (Rn)
(J3-1)

+b_tr 0.75�� Resistance factor

+Rnt_Ii
2 +b_tr� Rnt_Ii

��� Additional 2 incorporated to account
for both legs of the support

+Rnt_I
T 82.835( ) kip� Design tension strength

WELDED BEAM ATTACHMENT

Tension, capacity of welded beam attachment [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members

1. Tensile Strength
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(a) For tensile rupture on the net effective area:

bi 2 twbai
0.63in��� beff is an effective length calculated as

(2t + 0.63in) for which can not be larger
than the actual distance fro the edge of
the hole to the edge of the part
measured in the direction normal to the
applied force 

bT 3.13( ) in�

beff i
min bi anormal_wbai

�

�

�



��

beff
T 1.25( ) in�

Pn_wba_trpi
2 twbai
� beff i

� Fu_wba��� Nominal axial strength (Pn)
(D5-1)

+n_trp 0.75�� Resistance factor for tension (+t)

+Pn_wba_trpi
2 +n_trp� Pn_wba_trpi

��� Additional 2 incorporated to account
for both legs of the support

+Pn_wba_trp
T 281.25( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

Asf_wbai
2 twbai
� aparallel_wbai

dwba_bolti
2

�


�
�

�
�



���

Asf_wba
T 4.844( ) in2
� Effective area

Pn_wba_srpi
0.6 Fu_wba� Asf_wbai

��� Nominal axial strength (Pn)
(D5-2)

+n_srp 0.75�� Resistance factor for tension (+t)

+Pn_wba_srpi
2 +n_srp� Pn_wba_srpi

��� Additional 2 incorporated to account
for both legs of the support

+Pn_wba_srp
T 261.563( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_wbai
dwba_bolti

twbai
��� Projected bearing area in.2 (mm2)

Rn_wba_bsi
1.8 Fy_wba� Apd_wbai

��� Nominal bearing strength (J7-1)

+ 0.75�� Resistance factor

+Rn_wba_bsi
2 +� Rn_wba_bsi

��� Additional 2 incorporated to account
for both legs of the support

+Rn_wba_bs
T 153.141( ) kip� Design bearing strength
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(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination

1. Gross Area

Ag_wbai
Awbai

�� Gross area

(a) For tensile yielding in the gross section:

Pn_wba_tyi
Fy_wba Ag_wbai

��� Nominal axial strength (Pn)
(D2-1)

+t_ty 0.9� Resistance factor for tension (+t)

+Pn_wba_tyi
2 +t_ty� Pn_wba_tyi

��� Additional 2 incorporated to account
for both legs of the support

+Pn_wba_ty
T 297( ) kip� Design tensile strength

Shear, capacity of welded beam attachment's bolt [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

Awba_bolti
�

dwba_bolti
2



�
�

�
�



2

��� Nominal unthreaded body area

Applicable area for this case since the
bolt is in double shearAwba_bolt_dsi

2 Awba_bolti
���

Nominal shear stress in bearing type
connections (A307) [8, Table J3.2 pg
16.1-104], A307  was selected as a
conservative bolt treatment and
includes an allowance for threads in the
shear plane

Fnv_wba_bolt 24ksi��

Rnv_wba_bolti
Fnv_wba_bolt Awba_bolt_dsi

��� Nominal strength (Rn)
(J3-1)

+b_sr 0.75� Resistance factor

+Rnv_wba_bolti
2 +b_sr� Rnv_wba_bolti

��� Additional 2 incorporated to account
for both legs of the support

+Rnv_wba_bolt
T 106.912( ) kip� Design shear strength
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SUMMARY OF RESULTS

Capacities Due to Downward Loading
CRADLE PLATE

Tension, capacity of cradle plate [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

+Pn_cp_trp
T 287.55( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

+Pn_cp_srp
T 136.687( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

+Rn_cp_bs
T 91.884( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

+Pn_cp_ty
T 267.3( ) kip� Design tensile strength

CLEVIS

Tension, capacity of clevis' intermediate section [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D2. Tensile Strength

(a) For tensile yielding in the gross section:

+Pn_cv_int_ty
T 89.1( ) kip� Design tensile strength

(b) For tensile rupture in the net section:

+Pn_cv_int_tr
T 135( ) kip� Design tensile strength
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Tension, capacity of clevis's pin connection [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

+Pn_cv_con_trp
T 140.625( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

+Pn_cv_bolt_srp
T 158.625( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

+Rn_cv_bs
T 122.512( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

+Pn_cv_con_ty
T 178.2( ) kip� Design tensile strength

Shear, capacity of clevis's bolts [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

+Rnv_bolt
T 106.912( ) kip� Design shear strength

LOWER ROD

Tension, capacity of rod [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

+Rnt_R
T 82.835( ) kip� Design tension strength
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TURNBUCKLE

Tension, capacity of turnbuckle [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D2. Tensile Strength

(a) For tensile yielding in the gross section:

+Pn_tb_ty
T 104.414( ) kip� Design tensile strength

(b) For tensile rupture in the net section:

+Pn_tb_tr
T 158.203( ) kip� Design tensile strength

UPPER EYE ROD

Tension, capacity of rod [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

+Rnt_I
T 82.835( ) kip� Design tension strength

WELDED BEAM ATTACHMENT

Tension, capacity of welded beam attachment  [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

+Pn_wba_trp
T 281.25( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

+Pn_wba_srp
T 261.563( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

+Rn_wba_bs
T 153.141( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

+Pn_wba_ty
T 297( ) kip� Design tensile strength
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Shear, capacity of welded beam attachment's bolt  [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

+Rnv_wba_bolt
T 106.912( ) kip� Design shear strength
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Appendix B.10.9

 Capacity of RH-26x Support



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. J. Russell    Date:    09/30/2008

Calculation Sheet 
Page B.10.9-2 of B.10.9-32

RH-26x CAPACITY
RH-26x is comprised of two dissimilar legs of a hanging support attached to
a U shaped cradle plate supporting a 36" diameter pipe.  One leg is
attached to the cradle plate by a bolt that is connected through a clevis, the
clevis is attached to a rod, the rod is connected to a turnbuckle, the
turnbuckle is attached from above by an eye rod, the eye rod is attached to
a welded beam attachment on the ceiling by means of a bolt.  The other leg
is attached to the cradle plate by a bolt that is connected through a clevis,
the clevis is attached to a rod, the rod is connected to a turnbuckle, the
turnbuckle is attached from above by an eye rod, the eye rod is connected
to the center of two spanning parallel channel iron sections by a bolt, the
spanning parallel channel iron sections are bolted to the threaded portion of
two eye rods protruding from the top of the channel iron sections on either
side of the 10" line 8-14, the eye rods are attached to the welded beam
attachments on the ceiling by means of bolts.  The capacities for these
components are calculated below, however the capacity for the welds
attaching the tab and the associated capacities of the ceiling embedment
are found in the anchorage and embedment portions of [32, App E].

Component Capacity Overview:
- Downward Loading: 
  - Tension capacity of cradle plate
  - Tension capacity of clevis's intermediate cross section
  - Tension capacity of clevis's pin connection
  - Shear capacity of clevis's pin
  - Tension capacity of lower rod
  - Tension capacity of turnbuckle
  - Tension capacity of upper eye rod
  - Tension capacity of welded beam attachment
  - Shear capacity of welded beam attachment's bolt
  - Flexure capacity of line 8-14 support channel iron sections
  - Shear capacity of line 8-14 support channel iron sections
  - Tension capacity of line 8-14 support eye rods
  - Tension capacity of line 8-14 support welded beam attachment
  - Shear capacity of line 8-14 support welded beam attachment bolt

(Procedures from AISC 13th Edition (Applying LRFD))

References contained in Appendix B.11 of this Report

NOTE:  The limiting capacity for each leg will be compared and the minimum one will be doubled to
yield the capacity of the entire support.
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Assigned indices corresponding to
number of support types associated with
these calculations

i 0��

Support =        0 
                (RH-26x) 

Relationship between support and
corresponding indices

Geometric and Material Properties of Support Components
CRADLE PLATE (6" x 3/4" bar [21, Detail 26])

Material Properties of Cradle Plate as Defined in the Material Section of Report [32]:

Fy_cp 33ksi�� Yield Strength for A7 Steel [52]

Fu_cp 60ksi�� Ultimate Strength for A7 Steel [52]

Ecp 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Cradle Plate:

Thickness of plate forming the upper
portions of the cradle plate [21, Detail
26]

tcp
3
4

in
�
�

��



T
��

Width of plates forming the cradle plate
[21, Detail 26]wcp 6in( )T��

Acpi
tcpi

wcpi
��� Cross sectional area of one side of

cradle plate
Acp

T 4.5( ) in2
�

dcp_bolt 1
3

8
in
�

�
��



T
�� Bolt diameter [21, Detail 26]

Nominal bolt hole Diameter [8, Table
J3.3 pg 16.1-105]dcp_hole 1

7

16
in
�

�
��



T
��

Shortest distance from edge of the pin
hole to the edge of the member
measured parallel to the direction of the
force from top of bolt hole to top of
cradle plate bracket, in. (mm) estimated
from photo dscn2934 

aparallel_cp 1in( )T��

anormal_cpi

wcpi
dcp_holei

�

2
�� Shortest distance from edge of pin hole

to the edge of the member measured
normal to the direction of the force, in.
(mm)anormal_cp

T 2.281( ) in�
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CLEVIS (Clevis FIG 299 1-1/4" [18, Sheet 2])

Material Properties of Clevis as Defined in the Material Section of Report [32]:

Fy_cv 33ksi�� Yield Strength for A7 Steel [52]

Fu_cv 60ksi�� Ultimate Strength for A7 Steel [52]

Ecv 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Clevis:

The thickness of the intermediate portion of the clevis's present in this piping system was observed to be
approximately the same thickness as that defined at the bolt hole connection as shown in photo dsc00034

Combined thickness of intermediate
portions of clevis  [18, Fig 299 ph-56] 

tcv_int 2
1
2

in
�
�

��



��"
�

�#
�

T
��

Width of intermediate portions of clevis
[18, Fig 299 ph-56]wcv_int 1

1

2
in
�

�
��



T
��

Acv_inti
tcv_inti

wcv_inti
���

Intermediate cross sectional area
of clevis [18, Fig 299 ph-56]

Acv_int
T 1.5( ) in2
�

Diameter of clevis bolt [18, Fig 299
ph-56]dcv_bolt 1

3

8
in
�

�
��



T
��

Nominal bolt hole Diameter, in. (mm)
[8, Table J3.3 pg 16.1-105]dcv_hole 1

7

16
in
�

�
��



T
��

Combined thickness of plates forming
clevis's  bolt hole connection  [18, Fig
299 ph-56] 

tcv_con 2
1
2

in
�
�

��



��"
�

�#
�

T
��

Width of clevis's bolt hole connection
[18, Fig 299 ph-56]wcv_con 3in( )T��

Acv_coni
tcv_coni

wcv_coni
��� Cross sectional area of clevis at the bolt

connection
Acv_con

T 3( ) in2
�

Shortest distance from edge of the bolt
hole to the edge of the member
measured parallel to the direction of the
force from bottom of bolt hole to bottom
of cradle plate bracket, in. (mm) hand
calculated from dcv_hole and [18, Fig
299 ph-56] data.

aparallel_cv
25
32

in
�
�

��



T
��
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Shortest distance from edge of bolt hole
to the edge of the member measured
normal to the direction of the force

anormal_cv
25
32

in
�
�

��



T
��

LOWER ROD (Treaded Rod FIG 140 1-1/4" [18, Sheet 2])

Material Properties of Lower Rod as Defined in the Material Section of Report [32]:

FyR 33ksi�� Yield Strength for A7 Steel [52]

FuR 60ksi�� Ultimate Strength for A7 Steel [52]

ER 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Lower Rod:

Unthreaded diameter of rod [18], [18,
Fig 140 ph-51]dR 1

1

4
in
�

�
��



��

Plastic section modulus about the axis
of bending [8, Table 17-27 pg17-39]ZRi

dRi


�

�



3

6
��

TURNBUCKLE  (Turnbuckle FIG 230 1-1/4" [18, Sheet 2])

Material Properties of Turnbuckle as Defined in the Material Section of Report [32]:

Fy_tb 33ksi�� Yield Strength for A7 Steel [52]

Fu_tb 60ksi�� Ultimate Strength for A7 Steel [52]

Etb 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Turnbuckle:

The turnbuckle legs have a unique cross section, therefore for these calculations treat each leg as a
rectangular cross section where the width of the turnbuckle legs were conservatively scaled to be 9/8 the
diameter of the rod as scaled from photo dsc00080 and the thickness of the turnbuckle legs were scaled
to be 1/2 the diameter of the corresponding rod diameter as scaled from photo dsc00079. 

wtbi

9
8


�
�

��



dRi
���

Width of turnbuckle
[18, Fig 230 ph-57]

wtb
T 1.406( ) in�

ttbi

1
2


�
�

��



dRi
���

Thickness of turnbuckle
 [18, Fig 230 ph-57]

ttb
T 0.625( ) in�

Atbi
2 wtbi
� ttbi

���
Total area of turnbuckle cross section

Atb
T 1.758( ) in2
�
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UPPER EYE ROD (Welded Eye Rod FIG 278 1-1/4" [18, Sheet 2])

Material Properties of Upper Eye Rod as Defined in the Material Section of Report [32]:

FyI 33ksi�� Yield Strength for A7 Steel [52]

FuI 60ksi�� Ultimate Strength for A7 Steel [52]

EUI 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Upper Eye Rod:

Unthreaded diameter of eye rod
[18, Fig 278 ph-52]dI 1

1

4
in
�

�
��



��

Plastic section modulus about the axis
of bending [8, Table 17-27 pg17-39]

ZIi

dIi

�

�



3

6
��

WELDED BEAM ATTACHMENT (Welded Beam Attachment FIG 66 1-1/4" Rod [18, Sheet 2])

Material Properties of Welded Beam Attachment as Defined in the Material Section of Report [32]:

Fy_wba 33ksi�� Yield Strength for A7 Steel [52]

Fu_wba 60ksi�� Ultimate Strength for A7 Steel [52]

E_wba 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Welded Beam Attachment (Fig 66):

Combined thickness of welded beam
attachment [18, Fig 66 ph-33] twba 2

5
8

in
�
�

��



��"
�

�#
�

T
��

wwba 4in( )T�� Width of welded beam attachment
[18, Fig 66 ph-33]

Awbai
twbai

wwbai
���

Cross sectional area of welded beam
attachmentAwba 5( ) in2

�

Diameter of welded beam attachment
bolt [18, Fig 66 ph-33]dwba_bolt 1

3

8
in
�

�
��



T
��

Diameter of welded beam attachment
bolt hole [18, Fig 66 ph-33]dwba_hole 1

1

2
in
�

�
��



T
��

Shortest distance from edge of the bolt
hole to the edge of the member
measured parallel to the direction of the
force from bottom of bolt hole to the
bottom of the welded beam attachment,
in. (mm) hand calculated from dwba_hole
and [18, Fig 66 ph-33] data

aparallel_wba 1
1

4
in
�

�
��



T
��
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anormal_wbai

wwbai
dwba_holei

�

2
�� Shortest distance from edge of bolt hole

to the edge of the member measured
normal to the direction of the force, in.
(mm) [18, Fig 66 ph-33]anormal_wba

T 1.25( ) in�

LINE 8-14 SUPPORT CHANNEL IRON SECTIONS (6" 10.5# Channel [21, Detail 26])

Material Properties of Line 8-14 Support Channel Iron Sections as Defined in the Material Section of Report [32]:

Fy_SCh 33ksi�� Yield Strength for A7 Steel [52]

Fu_SCh 60ksi�� Ultimate Strength for A7 Steel [52]

ESCh 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Support Channel Iron Section (6" x 10.5#):

ASCh 3.08in2� �T�� Area of support channel iron section

DSCh 6in( )T�� Overall depth of channel iron section

Thickness of support channel iron
section flangetSCh_flange 0.343in( )T��

WSCh 2.03in( )T�� Width of support channel iron section

tSCh_web 0.314in( )T�� Thickness of support channel iron
section web

hSCh_web 4
3

8
in
�

�
��



T
�� Clear distance between flanges less the

fillet or corner radius for rolled shapes [8
1958, pg 24]

Zx_SCh 2.22in3� �T�� Plastic section modulus about the x-axis

ry_SCh 0.529in( )T�� Radius of gyration about the y-axis

Length between points that are braced
against lateral displacement of
compression flange or braced against
twist of the cross section.

Lb_SCh 10in( )T��
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LINE 8-14 SUPPORT EYE RODS (Welded Eye Rod FIG 278 1" [21, Detail 26])

Material Properties of Line 8-14 Support Eye Rods as Defined in the Material Section of Report [32]:

Fy_SCh_I 33ksi�� Yield Strength for A7 Steel [52]

Fu_SCh_I 60ksi�� Ultimate Strength for A7 Steel [52]

ESCh_I 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Welded Beam Attachment (Fig 66):

Unthreaded diameter of eye rod
[18, Fig 278 ph-52]dSCh_I 1in( )��

Plastic section modulus about the axis of
bending [8, Table 17-27 pg17-39]

ZSCh_Ii

dSCh_Ii

�

�



3

6
��

LINE 8-14 SUPPORT WELDED BEAM ATTACHMENTS ( FIG 66 1" Rod [21, Detail 26])

Material Properties of Line 8-14 Support Welded Beam Attachments as Defined in the Material Section of Report
[32]:

Fy_SCh_wba 33ksi�� Yield Strength for A7 Steel [52]

Fu_SCh_wba 60ksi�� Ultimate Strength for A7 Steel [52]

ESCh_wba 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Line 8-14 Support Welded Beam Attachments (Fig 66):

Combined thickness of welded beam
attachment [18, Fig 66 ph-33] tSCh_wba 2

1
2

in
�
�

��



��"
�

�#
�

T
��

Width of welded beam attachment
[18, Fig 66 ph-33]wSCh_wba 3in( )T��

ASCh_wbai
tSCh_wbai

wSCh_wbai
���

Cross sectional area of welded beam
attachment

ASCh_wba 3( ) in2
�

Diameter of welded beam attachment
bolt [18, Fig 66 ph-33]dSCh_wba_bolt 1

1

8
in
�

�
��



T
��

Diameter of welded beam attachment
bolt hole [18, Fig 66 ph-33]dSCh_wba_hole 1

1

4
in
�

�
��



T
��

anormal_SCh_wbai

wSCh_wbai
dSCh_wba_holei

�

2
�� Shortest distance from edge of bolt hole

to the edge of the member measured
normal to the direction of the force [18,
Fig 66 ph-33]anormal_SCh_wba

T 0.875( ) in�
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Shortest distance from edge of the bolt
hole to the edge of the member
measured parallel to the direction of the
force from bottom of bolt hole to the
bottom of the welded beam attachment,
hand calculated from dwba_hole and [18,
Fig 66 ph-33] data

aparallel_SCh_wba
7
8

in
�
�

��



T
��

Capacities Due to Downward Loading
CRADLE PLATE

Tension, capacity of cradle plate (each side) [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

bcpi
2 tcpi

0.63in��� beff is an effective length calculated as
(2t + 0.63in) for which can not be larger
than the actual distance fro the edge of
the hole to the edge of the part
measured in the direction normal to the
applied force 

bcp
T 2.13( ) in�

beff_cpi
min bcpi

anormal_cpi
�


�
�



��

beff_cp
T 2.13( ) in�

Pn_cp_trpi
2 tcpi
� beff_cpi

� Fu_cp��� Nominal axial strength (Pn)
(D5-1)

+n_trp 0.75�� Resistance factor for tension (+t)

+Pn_cp_trpi
+n_trp Pn_cp_trpi

���

+Pn_cp_trp
T 143.775( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

Asf_cpi
2 tcpi
� aparallel_cpi

dcp_bolti
2

�


�
�

�
�



���

Asf_cp
T 2.531( ) in2
� Effective area

Pn_cp_srpi
0.6 Fu_cp� Asf_cpi

��� Nominal axial strength (Pn)
(D5-2)

+n_srp 0.75�� Resistance factor for tension (+t)
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+Pn_cp_srpi
+n_srp Pn_cp_srpi

���

+Pn_cp_srp
T 68.344( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_cpi
dcp_bolti

tcpi
��� Projected bearing area in.2 (mm2)

Rn_cp_bsi
1.8 Fy_cp� Apd_cpi

��� Nominal bearing strength (J7-1)

+ 0.75�� Resistance factor

+Rn_cp_bsi
+ Rn_cp_bsi
���

+Rn_cp_bs
T 45.942( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination

1. Gross Area

Ag_cpi
Acpi

�� Gross area

(a) For tensile yielding in the gross section:

Pn_cp_tyi
Fy_cp Ag_cpi

��� Nominal axial strength (Pn)
(D2-1)

+t_ty 0.9�� Resistance factor for tension (+t)

+Pn_cp_tyi
+t_ty Pn_cp_tyi

���

+Pn_cp_ty
T 133.65( ) kip� Design tensile strength
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CLEVIS

Tension, capacity of clevis' intermediate section [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D2. Tensile Strength

D3. Area Determination

1. Gross Area

Ag_cv_inti
Acv_inti

�� Gross Area

2. Net Area

An_cv_inti
Ag_cv_inti

�� Net Area

3. Effective Net Area

Shear lag factor 
[8, Table D3.1  pg 16.1-29 (case 1)]Ucv_int 1.0��

Ae_cv_inti
An_cv_inti

Ucv_int��� Effective Net Area (D3-1)

(a) For tensile yielding in the gross section:

Pn_cv_int_tyi
Fy_cv Ag_cv_inti

��� Nominal axial strength (Pn)
(D2-1)

+t_ty 0.9� Resistance factor for tension (+t)

+Pn_cv_int_tyi
+t_ty Pn_cv_int_tyi

���

+Pn_cv_int_ty
T 44.55( ) kip� Design tensile strength

(b) For tensile rupture in the net section:

Pn_cv_int_tri
Fu_cv Ae_cv_inti

��� Nominal axial strength (Pn) (D2-2)

+t_tr 0.75�� Resistance factor for tension (+t)

+Pn_cv_int_tri
+t_tr Pn_cv_int_tri

���

+Pn_cv_int_tr
T 67.5( ) kip� Design tensile strength

Tension, capacity of clevis's pin connection [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members

1. Tensile Strength
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(a) For tensile rupture on the net effective area:

bcvi
2 tcv_coni

0.63in���
beff is an effective length calculated as
(2t + 0.63in) for which can not be larger
than the actual distance fro the edge of
the hole to the edge of the part
measured in the direction normal to the
applied force 

bcv
T 2.63( ) in�

beff_cvi
min bcvi

anormal_cvi
�


�
�



��

beff_cv
T 0.781( ) in�

Pn_cv_con_trpi
2 tcv_coni
� beff_cvi

� Fu_cv��� Nominal axial strength (Pn)

(D5-1)
+n_trp 0.75� Resistance factor for tension (+t)

+Pn_cv_con_trpi
+n_trp Pn_cv_con_trpi

���

+Pn_cv_con_trp
T 70.313( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

Asf_cv_bolti
2 tcv_coni
� aparallel_cvi

dcv_bolti
2

�


�
�

�
�



���

Asf_cv_bolt
T 2.938( ) in2
� Effective Area

Pn_cv_bolt_srpi
0.6 Fu_cv� Asf_cv_bolti

��� Nominal axial strength (Pn) (D5-2)

+n_srp 0.75� Resistance factor for tension (+t)

+Pn_cv_bolt_srpi
+n_srp Pn_cv_bolt_srpi

���

+Pn_cv_bolt_srp
T 79.312( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_cvi
dcv_bolti

tcv_coni
��� Projected bearing area in.2 (mm2)

Rn_cv_bsi
1.8 Fy_cv� Apd_cvi

��� Nominal bearing strength

+ 0.75�� Resistance factor

+Rn_cv_bsi
+ Rn_cv_bsi
���

+Rn_cv_bs
T 61.256( ) kip� Design bearing strength
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(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination

1. Gross Area

Ag_cv_coni
Acv_coni

�� Gross Area

(a) For tensile yielding in the gross section:

Pn_cv_con_tyi
Fy_cv Ag_cv_coni

��� Nominal axial strength (Pn)
(D2-1)

+t_ty 0.9� Resistance factor for tension (+t)

+Pn_cv_con_tyi
+t_ty Pn_cv_con_tyi

���

+Pn_cv_con_ty
T 89.1( ) kip� Design tensile strength

Shear, capacity of clevis's bolts [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

Abolti
�

dcv_bolti
2



�
�

�
�



2

��� Nominal unthreaded body area

Applicable area for this case since
the bolt is in double shearAbolt_dsi

2 Abolti
���

Nominal shear stress in bearing type
connections (A307) [8, Table J3.2 pg
16.1-104], A307 was selected as a
conservative bolt treatment and includes
an allowance for threads in the shear
plane

Fnv_bolt 24ksi��

Rnv_bolti
Fnv_bolt Abolt_dsi

��� Nominal strength (Rn)
(J3-1)

+b_sr 0.75�� Resistance factor

+Rnv_bolti
+b_sr Rnv_bolti

���

+Rnv_bolt
T 53.456( ) kip� Design shear strength
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LOWER ROD

Tension, capacity of rod [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

Ab_Ri
�

dRi

2



�
�

�
�



2

��� Nominal unthreaded body area

Nominal tensile stress (A307) [8, Table
J3.2 pg 16.1-104], A307 was selected
as a conservative bolt treatment

Fnt_R 45ksi��

Rnt_Ri
Fnt_R Ab_Ri

��� Nominal strength (Rn)
(J3-1)

+b_tr 0.75�� Resistance factor

+Rnt_Ri
+b_tr Rnt_Ri

���

+Rnt_R
T 41.417( ) kip� Design tension strength

TURNBUCKLE

Tension, capacity of turnbuckle [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D2. Tensile Strength

D3. Area Determination

1. Gross Area

Ag_tbi
Atbi

�� Gross area

2. Net Area

An_tbi
Ag_tbi

�� Net area

3. Effective Net Area

Shear lag factor 
[8, Table D3.1 pg 16.1-29 (case 1)]Utb 1.0��

Ae_tbi
An_tbi

Utb��� Effective net area (D3-1)

(a) For tensile yielding in the gross section:

Pn_tb_tyi
Fy_tb Ag_tbi

��� Nominal axial strength (Pn)
(D2-1)
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+t_ty 0.9�� Resistance factor for tension (+t)

+Pn_tb_tyi
+t_ty Pn_tb_tyi

���

+Pn_tb_ty
T 52.207( ) kip� Design tensile strength

(b) For tensile rupture in the net section:

Pn_tb_tri
Fu_tb Ae_tbi

��� Nominal axial strength (Pn)
(D2-2)

+t_tr 0.75�� Resistance factor for tension (+t)

+Pn_tb_tri
+t_tr Pn_tb_tri

���

+Pn_tb_tr
T 79.102( ) kip� Design tensile strength

UPPER EYE ROD

NOTE:It was observed during inspection that all of the applicable eye rods have welded eyes even though they
indicate otherwise on Drawing 120925, thus all eye rods in these calculations will be treated as welded eye rods

Tension, capacity of rod [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

Ab_Ii
�

dIi
2



�
�

�
�



2

��� Nominal unthreaded body area

Nominal tensile stress (A307) [8, Table
J3.2 pg 16.1-104], A307 was selected
as a conservative bolt treatment

Fnt_I 45ksi��

Rnt_Ii
Fnt_I Ab_Ii

��� Nominal strength (Rn)
(J3-1)

+b_tr 0.75�� Resistance factor

+Rnt_Ii
+b_tr Rnt_Ii

���

+Rnt_I
T 41.417( ) kip� Design tension strength

WELDED BEAM ATTACHMENT

Tension, capacity of welded beam attachment [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension
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D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

bi 2 twbai
0.63in��� beff is an effective length calculated as

(2t + 0.63in) for which can not be larger
than the actual distance fro the edge of
the hole to the edge of the part
measured in the direction normal to the
applied force 

bT 3.13( ) in�

beff i
min bi anormal_wbai

�

�

�



��

beff
T 1.25( ) in�

Pn_wba_trpi
2 twbai
� beff i

� Fu_wba��� Nominal axial strength (Pn)
(D5-1)

+n_trp 0.75�� Resistance factor for tension (+t)

+Pn_wba_trpi
+n_trp Pn_wba_trpi

���

+Pn_wba_trp
T 140.625( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

Asf_wbai
2 twbai
� aparallel_wbai

dwba_bolti
2

�


�
�

�
�



���

Asf_wba
T 4.844( ) in2
� Effective area

Pn_wba_srpi
0.6 Fu_wba� Asf_wbai

��� Nominal axial strength (Pn)
(D5-2)

+n_srp 0.75�� Resistance factor for tension (+t)

+Pn_wba_srpi
+n_srp Pn_wba_srpi

���

+Pn_wba_srp
T 130.781( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_wbai
dwba_bolti

twbai
��� Projected bearing area in.2 (mm2)

Rn_wba_bsi
1.8 Fy_wba� Apd_wbai

��� Nominal bearing strength (J7-1)

+ 0.75�� Resistance factor

+Rn_wba_bsi
+ Rn_wba_bsi
���

+Rn_wba_bs
T 76.57( ) kip� Design bearing strength
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(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination

1. Gross Area

Ag_wbai
Awbai

�� Gross area

(a) For tensile yielding in the gross section:

Pn_wba_tyi
Fy_wba Ag_wbai

��� Nominal axial strength (Pn)
(D2-1)

+t_ty 0.9� Resistance factor for tension (+t)

+Pn_wba_tyi
+t_ty Pn_wba_tyi

���

+Pn_wba_ty
T 148.5( ) kip� Design tensile strength

Shear, capacity of welded beam attachment's bolt [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

Awba_bolti
�

dwba_bolti
2



�
�

�
�



2

��� Nominal unthreaded body area

Applicable area for this case since the
bolt is in double shearAwba_bolt_dsi

2 Awba_bolti
���

Nominal shear stress in bearing type
connections (A307) [8, Table J3.2 pg
16.1-104], A307  was selected as a
conservative bolt treatment and includes
an allowance for threads in the shear
plane

Fnv_wba_bolt 24ksi��

Rnv_wba_bolti
Fnv_wba_bolt Awba_bolt_dsi

��� Nominal strength (Rn)
(J3-1)

+b_sr 0.75� Resistance factor

+Rnv_wba_bolti
+b_sr Rnv_wba_bolti

���

+Rnv_wba_bolt
T 53.456( ) kip� Design shear strength
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LINE 8-14 SUPPORT CHANNEL IRON SECTIONS (6" 10.5# Channel [21, Detail 26])

Flexure,capacity of line 8-14 support channel iron sections [8, Ch. F pg16.1-44 thru 63]

F1. General Provisions

Given resistance factor for shear

+b 0.9��

Calculate the lateral-torsional buckling modification factor for a nonuniform moment loading on the beam
caused by downward loading of the pipe 

Absolute value of maximum moment in
the unbraced segmentMmax F Length�( ) F Length���

Absolute value of moment at quarter
point of the unbraced segmentMA F Length�( )

3
4

F� Length���

Absolute value of moment at centerline
of the unbraced segmentMB F Length�( )

1
2

F� Length���

Absolute value of moment at three-
quarter point of the unbraced segmentMC F Length�( )

1
4

F� Length���

Cross-section monosymmetry
parameter (value of 1.0 is assigned
because it correlates to singly
symmetric members subjected to single
curvature bending)

Rm 1.0��

Cb F Length�( )
12.5 Mmax F Length�( )�

2.5 Mmax F Length�( )� 3 MA F Length�( )�� 4 MB F Length�( )�� 3 MC F Length�( )��
Rm�



�
�

�



��

Cb F LIBi
�


�
�



1.6666666666666666667.

F2. Doubly Symmetric Compact I-Shaped Members and Channels Bent About Their Major Axis

It must first be verified if section is compact for F2 to be applied

Determine if supports are compact (1), non-compact (2),  or slender (3)

B4. Classification of sections for local buckling (See Case 1 of Table B4.1 )

btB4p1i

WSCh
2

�� Applicable width as applied to Width/
Thickness ratio of [8, Table B4.1
pg16.1-16]

Applicable thickness as applied to
Width/ Thickness ratio of [8, Table B4.1
pg16.1-16]

tTB4p1i
tSCh_flange��

b2ti

btB4p1i

tTB4p1i

�� Width to thickness ratio

b2tT 2.959( )�
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Definition of -p and -r from Table B4.1 Case 1 (Flexure in flanges of rolled I-shaped
sections and channels) to be applied in classification logic.  -p is the separation point
between a compact and noncompact member. -r is separation point between a
noncompact and slender member.

-p 0.38
ESCh

Fy_SCh
��� -r 1.0

ESCh
Fy_SCh

���

Classificationi 1 b2ti -p if

2 -p b2ti� -r if

3 -r b2ti�if

��

ClassificationT 1( )�

Since it has been verified that the I-Beam member is compact F2 is applicable
1. Yielding

Mp Fy_SCh Zx_SCh���

Mny Mp��

Nominal flexural strength (F2-1)
Mny

T 73.26( ) kip in��

+Mny_EW +b Mny���

Design flexural strength
+Mny_EW

T 65.934( ) kip in��

Converting flexural strength to strength
at applied load by dividing the design
flexural strength by the moment arm
comprised of half the I-Beam length  (the
two additional factors of 2 are included to
account for both partial sections and
both spans) 

+Fny_EW_Toti
2 2

+Mny_EWi

Lb_SChi

2



�
�
�
�

�
�
�
�



�
"
"
"
�

�
#
#
#
�

��

Total design strength of channel
iron section given flexural loading+Fny_EW_Tot

T 52.747( ) kip�

2. Lateral-Torsional Buckling

(a) When Lb < Lp, the limit state of lateral-torsional buckling does not apply

Length between points that are either
braced against lateral displacement of
compression flange or braced against
twist of the cross section

Lbi
Lb_SChi

��
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Limit laterally unbraced length for the
limit state of yieldingLpi

1.76 ry_SChi
�

ESCh
Fy_SCh

���

Lb
T 10( ) in� Lp

T 27.6( ) in�

Since Lb < Lp the limit state of lateral-torsional buckling does not apply

Shear, capacity of line 8-14 support channel iron sections [8, Ch. G pg 16.1-64 thru 69]

G1. General Provisions

+v 0.9�� Resistance factor for shear

G2. Members with Unstiffened or Stiffened Webs

1. Nominal Shear Strength

(a) For webs of rolled I-shaped members with h/tw < 2.24*(E/Fy)^0.5

twi
tSCh_webi

��
Ratio between thickness of web
to the uniform web height to
simplify below calculations

h2ti

hSCh_webi

tSCh_webi

��hi hSCh_webi
��

hi

twi

13.933� 2.24
ESCh

Fy_SCh
� 66.403�

Since the condition h/tw < 2.24*(E/Fy)^0.5 applies the following definitions apply

+v 1.00�� Modified resistance factor for
shear

Cv 1( )T�� Web shear coefficient

Apply previously defined variables to (G2-1)

The overall depth times the web
thickness, dtw (a factor of 2 is included
to account for double shear)

Awi
2 DSChi
� tSCh_webi

���

Vn_SChi
0.6 Fy_SCh� Awi

� Cvi
��� Nominal shear strength

Additional 2 incorporated to account for
eye rods connected to either side of line
8-14 PCS pipe

+Vn_SChi
2 +v� Vn_SChi

���

+Vn_SCh
T 149.213( ) kip� Design shear strength
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LINE 8-14 SUPPORT EYE RODS (Welded Eye Rod FIG 278 1" [21, Detail 26])

NOTE:It was observed during inspection that all of the applicable eye rods have welded eyes even though they
indicate otherwise on Drawing 120925, thus all eye rods in these calculations will be treated as welded eye rods

Tension, capacity of line 8-14 support eye rods [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

Ab_I_SChi
�

dSCh_Ii
2



�
�

�
�



2

��� Nominal unthreaded body area

Nominal tensile stress (A307) [8, Table
J3.2 pg 16.1-104], A307 was selected
as a conservative bolt treatment

Fnt_I_SCh 45ksi��

Rnt_I_SChi
Fnt_I_SCh Ab_I_SChi

��� Nominal strength (Rn)
(J3-1)

+b_tr 0.75�� Resistance factor

+Rnt_I_SChi
2 +b_tr� Rnt_I_SChi

��� Additional 2 incorporated to account for
eye rods connected to either side of line
8-14 PCS pipe

+Rnt_I_SCh
T 53.014( ) kip� Design tension strength

LINE 8-14 SUPPORT WELDED BEAM ATTACHMENTS (FIG 66 1" Rod [21, Detail 26])

Tension, capacity of line 8-14 support welded beam attachments [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

bSChi
2 tSCh_wbai

0.63in��� beff is an effective length calculated as
(2t + 0.63in) for which can not be larger
than the actual distance fro the edge of
the hole to the edge of the part
measured in the direction normal to the
applied force 

bSCh
T 2.63( ) in�

beff_SChi
min bi anormal_SCh_wbai

�

�

�



��

beff_SCh
T 0.875( ) in�

Pn_SCh_wba_trpi
2 tSCh_wbai
� beff i

� Fu_SCh_wba��� Nominal axial strength (Pn)
(D5-1)

+n_trp 0.75�� Resistance factor for tension (+t)
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+Pn_SCh_wba_trpi
2 +n_trp� Pn_SCh_wba_trpi

��� Additional 2 incorporated to account for
eye rods connected to either side of line
8-14 PCS pipe

+Pn_SCh_wba_trp
T 225( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

Asf_SCh_wbai
2 twbai
� aparallel_SCh_wbai

dSCh_wba_bolti
2

�


�
�

�
�



���

Asf_SCh_wba
T 3.594( ) in2
� Effective area

Pn_SCh_wba_srpi
0.6 Fu_SCh_wba� Asf_SCh_wbai

��� Nominal axial strength (Pn)
(D5-2)

+n_srp 0.75�� Resistance factor for tension (+t)

+Pn_SCh_wba_srpi
2 +n_srp� Pn_SCh_wba_srpi

��� Additional 2 incorporated to
account for eye rods connected
to either side of line 8-14 pipe

+Pn_SCh_wba_srp
T 194.062( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_SCh_wbai
dSCh_wba_bolti

tSCh_wbai
��� Projected bearing area

Rn_SCh_wba_bsi
1.8 Fy_SCh_wba� Apd_SCh_wbai

��� Nominal bearing strength

(J7-1)
+ 0.75�� Resistance factor

+Rn_SCh_wba_bsi
2 +� Rn_SCh_wba_bsi

��� Additional 2 incorporated to
account for eye rods connected
to either side of line 8-14 pipe

+Rn_SCh_wba_bs
T 100.238( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination

1. Gross Area

Ag_SCh_wbai
ASCh_wbai

�� Gross area
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(a) For tensile yielding in the gross section:

Pn_SCh_wba_tyi
Fy_SCh_wba Ag_SCh_wbai

��� Nominal axial strength (Pn)

(D2-1)
+t_ty 0.9� Resistance factor for tension (+t)

+Pn_SCh_wba_tyi
2 +t_ty� Pn_SCh_wba_tyi

��� Additional 2 incorporated
to account for eye rods
connected to either side of
line 8-14  pipe

+Pn_SCh_wba_ty
T 178.2( ) kip� Design tensile strength

Shear,capacity of line 8-14 support welded beam attachment bolts  [8, Ch. J pg 16.1-90thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

ASCh_wba_bolti
�

dSCh_wba_bolti
2



�
�

�
�



2

��� Nominal unthreaded body area

Applicable area for this case since the
bolt is in double shearASCh_wba_bolt_dsi

2 ASCh_wba_bolti
���

Nominal shear stress in bearing type
connections (A307) [8, Table J3.2 pg
16.1-104], A307  was selected as a
conservative bolt treatment and
includes an allowance for threads in the
shear plane

Fnv_SCh_wba_bolt 24ksi��

Rnv_SCh_wba_bolti
Fnv_SCh_wba_bolt ASCh_wba_bolt_dsi

��� Nominal strength (Rn)
(J3-1)

+b_sr 0.75� Resistance factor

+Rnv_SCh_wba_bolti
2 +b_sr� Rnv_SCh_wba_bolti

��� Additional 2 incorporated to account for
eye rods connected to either side of line
8-14 PCS pipe

+Rnv_SCh_wba_bolt
T 71.569( ) kip� Design shear strength
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SUMMARY RESULTS FOR EACH LEG

Capacities  of West Leg Due to Downward Loading
CRADLE PLATE

Tension, capacity of cradle plate [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

+Pn_cp_trp
T 143.775( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

+Pn_cp_srp
T 68.344( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

+Rn_cp_bs
T 45.942( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

+Pn_cp_ty
T 133.65( ) kip� Design tensile strength

CLEVIS

Tension, capacity of clevis' intermediate section [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D2. Tensile Strength

(a) For tensile yielding in the gross section:

+Pn_cv_int_ty
T 44.55( ) kip� Design tensile strength

(b) For tensile rupture in the net section:

+Pn_cv_int_tr
T 67.5( ) kip� Design tensile strength

Tension, capacity of clevis's pin connection [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D5. Pin-Connected Members
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1. Tensile Strength

(a) For tensile rupture on the net effective area:

+Pn_cv_con_trp
T 70.313( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

+Pn_cv_bolt_srp
T 79.312( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

+Rn_cv_bs
T 61.256( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

+Pn_cv_con_ty
T 89.1( ) kip� Design tensile strength

Shear, capacity of clevis's bolts [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

+Rnv_bolt
T 53.456( ) kip� Design shear strength

LOWER ROD

Tension, capacity of rod [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

+Rnt_R
T 41.417( ) kip� Design tension strength

TURNBUCKLE

Tension, capacity of turnbuckle [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D2. Tensile Strength

(a) For tensile yielding in the gross section:

+Pn_tb_ty
T 52.207( ) kip� Design tensile strength
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(b) For tensile rupture in the net section:

+Pn_tb_tr
T 79.102( ) kip� Design tensile strength

UPPER EYE ROD

Tension, capacity of rod [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

+Rnt_I
T 41.417( ) kip� Design tension strength

WELDED BEAM ATTACHMENT

Tension, capacity of welded beam attachment [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

+Pn_wba_trp
T 140.625( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

+Pn_wba_srp
T 130.781( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

+Rn_wba_bs
T 76.57( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

+Pn_wba_ty
T 148.5( ) kip� Design tensile strength

Shear, capacity of welded beam attachment's bolt [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

+Rnv_wba_bolt
T 53.456( ) kip� Design shear strength
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Capacities of East Leg Due to Downward Loading
CRADLE PLATE

Tension, capacity of cradle plate [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

+Pn_cp_trp
T 143.775( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

+Pn_cp_srp
T 68.344( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

+Rn_cp_bs
T 45.942( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

+Pn_cp_ty
T 133.65( ) kip� Design tensile strength

CLEVIS

Tension, capacity of clevis' intermediate section [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D2. Tensile Strength

(a) For tensile yielding in the gross section:

+Pn_cv_int_ty
T 44.55( ) kip� Design tensile strength

(b) For tensile rupture in the net section:

+Pn_cv_int_tr
T 67.5( ) kip� Design tensile strength

Tension, capacity of clevis's pin connection [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D5. Pin-Connected Members
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1. Tensile Strength

(a) For tensile rupture on the net effective area:

+Pn_cv_con_trp
T 70.313( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

+Pn_cv_bolt_srp
T 79.312( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

+Rn_cv_bs
T 61.256( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

+Pn_cv_con_ty
T 89.1( ) kip� Design tensile strength

Shear, capacity of clevis's bolts [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

+Rnv_bolt
T 53.456( ) kip� Design shear strength

LOWER ROD

Tension, capacity of rod [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

+Rnt_R
T 41.417( ) kip� Design tension strength

TURNBUCKLE

Tension, capacity of turnbuckle [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D2. Tensile Strength

(a) For tensile yielding in the gross section:

+Pn_tb_ty
T 52.207( ) kip� Design tensile strength
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(b) For tensile rupture in the net section:

+Pn_tb_tr
T 79.102( ) kip� Design tensile strength

UPPER EYE ROD

Tension, capacity of rod [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

+Rnt_I
T 41.417( ) kip� Design tension strength

LINE 8-14 SUPPORT CHANNEL IRON SECTIONS (6" 10.5# Channel [21, Detail 26])

Flexure,capacity of line 8-14 support channel iron sections [8, Ch. F pg16.1-44 thru 63]

F1. General Provisions

F2. Doubly Symmetric Compact I-Shaped Members and Channels Bent About Their Major Axis

1. Yielding

Total design strength of channel
iron section given flexural
loading

+Fny_EW_Tot
T 52.747( ) kip�

2. Lateral-Torsional Buckling

(a) When Lb < Lp, the limit state of lateral-torsional buckling does not apply

Since Lb < Lp the limit state of lateral-torsional buckling does not apply

Shear, capacity of line 8-14 support channel iron sections [8, Ch. G pg 16.1-64 thru 69]

G1. General Provisions

G2. Members with Unstiffened or Stiffened Webs

1. Nominal Shear Strength

(a) For webs of rolled I-shaped members with h/tw < 2.24*(E/Fy)^0.5

+Vn_SCh
T 149.213( ) kip� Design shear strength

LINE 8-14 SUPPORT EYE RODS (Welded Eye Rod FIG 278 1" [21, Detail 26])

Tension, capacity of line 8-14 support eye rods [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

+Rnt_I_SCh
T 53.014( ) kip� Design tension strength
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LINE 8-14 SUPPORT WELDED BEAM ATTACHMENTS (FIG 66 1" Rod [21, Detail 26])

Tension, capacity of line 8-14 support welded beam attachments [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

+Pn_SCh_wba_trp
T 225( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

+Pn_SCh_wba_srp
T 194.062( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

+Rn_SCh_wba_bs
T 100.238( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

D3. Area Determination

1. Gross Area

(a) For tensile yielding in the gross section:

+Pn_SCh_wba_ty
T 178.2( ) kip� Design tensile strength

Shear,capacity of line 8-14 support welded beam attachment bolts [8, Ch. J pg 16.1-90thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

+Rnv_SCh_wba_bolt
T 71.569( ) kip� Design shear strength
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SUMMARY AND COMBINATION OF RESULTS
Capacities of West Leg Due to Downward Loading
LOWER ROD

Tension, capacity of rod [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

+Rnt_R
T 41.417( ) kip� Design tension strength

UPPER EYE ROD

Tension, capacity of rod [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

+Rnt_I
T 41.417( ) kip� Design tension strength

Capacities of East Leg Due to Downward Loading
LOWER ROD

Tension, capacity of rod [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

+Rnt_R
T 41.417( ) kip� Design tension strength

UPPER EYE ROD

Tension, capacity of rod [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

+Rnt_I
T 41.417( ) kip� Design tension strength

LINE 8-14 SUPPORT CHANNEL IRON SECTIONS (6" 10.5# Channel [21, Detail 26])

Flexure,capacity of line 8-14 support channel iron sections [8, Ch. F pg16.1-44 thru 63]

F1. General Provisions

F2. Doubly Symmetric Compact I-Shaped Members and Channels Bent About Their Major Axis

1. Yielding

Total design strength of channel
iron section given flexural loading+Fny_EW_Tot

T 52.747( ) kip�
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Capacities Due to Downward Loading for Lines 1-27 and 8-14
Note: The capacities for line 1-27 and line 8-14 assume that the load is not shared between the two and the
associated gang hanger properties should be considered when applying these capacities.

Line127 2 +Rnt_I
T

���

Line127 82.835( ) kip�

Line814 +Fny_EW_Tot
T


�
�

��

Line814 52.747( ) kip�
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Appendix B.10.10

 Capacity of RH-24 Support
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RH-24 CAPACITY
The RH-24 supports hang from the ceiling to support a
horizontal PCS pipe on line 1-49 traveling in the north/south
direction.  The RH-33 supports are composed of a 4" adjustable
clevis, a 5/8" rod attached to the top of the adjustable clevis,
and a welded beam attachment welded to the ceiling
embedment. The capacities for these components are
calculated below, however, the capacity for the welds attaching
the welded beam attachment and the associated capacities of
the ceiling embedment are found in the anchorage and
embedment portions of [32, App E].

Component Capacity Overview:
- Downward Loading: 
  - Tension capacity of lower adjustable clevis pin connection
  - Tension capacity of upper adjustable clevis pin connection
  - Shear capacity of adjustable clevis bolt
  - Tension capacity of rod
  - Tension capacity of welded beam attachment

(Procedures from AISC 13th Edition (LRFD) [8])

Photo [M3-1-47-N49-CSUG-DSCN2775]

References for following calculations are contained in App B.11

Note: There are two RH-24 in Model 3 that differ from that defined in [3] and information from the above
photo was used for the following calculations. 

Assigned indices corresponding to
number of support types associated
with these calculations

i 0��

Support =       0 
                (RH-33)

Relationship between support and
corresponding indices

Geometric and Material Properties of Support Components
ADJUSTABLE CLEVIS (Clevis FIG 260 6")

Material Properties of Adjustable Clevis as Defined in the Material Section of Report [32]:

Fy_acv 33ksi�� Yield Strength for A7 Steel [52]

Fu_acv 60ksi�� Ultimate Strength for A7 Steel [52]

Eacv 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Adjustable Clevis:

Combined thickness of upper portions of
adjustable clevis [18, Fig 260]tacv_up 2

1
4

in
�
�

��



��"
�

�#
�

T
��
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wacv_up 1
1

2
in
�

�
��



T
�� Width of upper portions of adjustable

clevis  [18, Fig 260]

Aacv_upi
tacv_upi

wacv_upi
��� Cross sectional area of upper portion

of adjustable clevis [22, Fig 260]

Aacv_up
T 0.75( ) in2
�

Combined thickness of lower portions of
adjustable clevis [22, Fig 260]tacv_low 2

3
16

in
�
�

��



��"
�

�#
�

T
��

wacv_low 1
1

2
in
�

�
��



T
�� Width of lower portions of adjustable

clevis  [22, Fig 260]

Aacv_lowi
tacv_lowi

wacv_lowi
���

Cross sectional area of lower portion
of adjustable clevis [22, Fig 260]

Aacv_low
T 0.562( ) in2
�

Diameter of adjustable clevis bolt
[22, Fig 260]dacv_bolt

1
2

in
�
�

��



T
��

Nominal bolt hole Diameter, in. (mm)
[8, Table J3.3]dacv_hole

9
16

in
�
�

��



T
��

Shortest distance from edge of the bolt
hole to the edge of the member
measured parallel to the direction of the
force, in. (mm) relation estimated from
photo DSCN2683

aparrallel_acv_up dacv_bolt��

Shortest distance from edge of bolt hole
to the edge of the member measured
normal to the direction of the force

anormal_acv_upi

wacv_upi
dacv_holei

�

2
��

Shortest distance from edge of the bolt
hole to the edge of the member
measured parallel to the direction of the
force, in. (mm) relation estimated from
photo DSCN2683

aparrallel_acv_low dacv_bolt��

Shortest distance from edge of bolt hole
to the edge of the member measured
normal to the direction of the force

anormal_acv_lowi

wacv_lowi
dacv_holei

�

2
��

ROD (Rod FIG 140 1/2")

Material Properties of Rod as Defined in the Material Section of Report [32]:

Fy_rod 33ksi�� Yield Strength for A7 Steel [52]
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Fu_rod 60ksi�� Ultimate Strength for A7 Steel [52]

Erod 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Rod:

Unthreaded diameter of eye rod[18]
dR

5
8

in
�
�

��



T
��

Plastic section modulus about the axis of
bending, in.3 [8, Table 17-27 pg17-39]ZRi

dRi


�

�



3

6
��

WELDED BEAM ATTACHMENT

Material Properties of Welded Beam Attachment as Defined in the Material Section of Report
[32]:

Fy_wba 33ksi�� Yield Strength for A7 Steel [52]

Fu_wba 60ksi�� Ultimate Strength for A7 Steel [52]

E_wba 29000ksi�� Modulus of Elasticity for A7 Steel [52]

Geometric Properties of Welded Beam Attachment:

Combined thickness of welded beam
attachment [22, Fig 66 ph-33] twba 2

5
8

in
�
�

��



��"
�

�#
�

T
��

Width of welded beam attachment
[22, Fig 66 ph-33]wwba 4in( )T��

Awbai
twbai

wwbai
���

Cross sectional area of welded beam
attachmentAwba 5( ) in2

�

Diameter of welded beam attachment
bolt [22, Fig 66 ph-33]dwba_bolt 1

3

8
in
�

�
��



T
��

Diameter of welded beam attachment
bolt hole [22, Fig 66 ph-33], [8, Table
J3.3 pg 16.1-105]

dwba_hole 1
1

2
in
�

�
��



T
��

Shortest distance from edge of the bolt
hole to the edge of the member
measured parallel to the direction of the
force from bottom of bolt hole to the
bottom of the welded beam attachment,
in. (mm) hand calculated from dwba_hole
and [22, Fig 66 ph-33] data

aparrallel_wba 1
1

4
in
�

�
��



T
��

anormal_wbai

wwbai
dwba_holei

�

2
�� Shortest distance from edge of bolt hole

to the edge of the member measured
normal to the direction of the force, in.
(mm) [22, Fig 66 ph-33]anormal_wba

T 1.25( ) in�
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Capacities Resulting From Downward Loading
ADJUSTABLE CLEVIS

Tension, capacity of upper adjustable clevis's pin connection [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

bacv_upi
2 tacv_upi

0.63in���
beff is an effective length calculated as
(2t + 0.63in) for which can not be larger
than the actual distance from the edge of
the hole to the edge of the part
measured in the direction normal to the
applied force 

bacv_up
T 1.63( ) in�

beff_acv_upi
min bacv_upi

anormal_acv_upi
�


�
�



��

beff_acv_up
T 0.469( ) in�

Pn_acv_up_trpi
2 tacv_upi
� beff_acv_upi

� Fu_acv��� Nominal axial strength (Pn)

(D5-1)
+n_trp 0.75�� Resistance factor for tension (+t)

+Pn_acv_up_trpi
+n_trp Pn_acv_up_trpi

���

+Pn_acv_up_trp
T

21.094( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

Asf_acv_up_bolti
2 tacv_upi
� aparrallel_acv_upi

dacv_bolti
2

�


�
�

�
�



���

Asf_acv_up_bolt
T 0.75( ) in2
� Effective Area

Pn_acv_up_bolt_srpi
0.6 Fu_acv� Asf_acv_up_bolti

��� Nominal axial strength (Pn)
(D5-2)

+n_srp 0.75�� Resistance factor for tension (+t)

+Pn_acv_up_bolt_srpi
+n_srp Pn_acv_up_bolt_srpi

���

+Pn_acv_up_bolt_srp
T

20.25( ) kip� Design tensile strength
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(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_acv_upi
dacv_bolti

tacv_upi
��� Projected bearing area in.2 (mm2)

Rn_acv_up_bsi
1.8 Fy_acv� Apd_acv_upi

��� Nominal bearing strength

+ 0.75�� Resistance factor

+Rn_acv_up_bsi
+ Rn_acv_up_bsi
���

+Rn_acv_up_bs
T

11.138( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"
D3. Area Determination

1. Gross Area

Ag_acv_upi
Aacv_upi

�� Gross Area

(a) For tensile yielding in the gross section:

Pn_acv_up_tyi
Fy_acv Ag_acv_upi

��� Nominal axial strength (Pn)

(D2-1)
+t_ty 0.9�� Resistance factor for tension (+t)

+Pn_acv_up_tyi
+t_ty Pn_acv_up_tyi

���

+Pn_acv_up_ty
T

22.275( ) kip� Design tensile strength

Tension, capacity of lower adjustable clevis's pin connection [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

bacv_lowi
2 tacv_lowi

0.63in���

bacv_low
T 1.38( ) in�
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beff is an effective length calculated as
(2t + 0.63in) for which can not be
larger than the actual distance from
the edge of the hole to the edge of the
part measured in the direction normal
to the applied force 

beff_acv_lowi
min bacv_lowi

anormal_acv_lowi
�


�
�



��

beff_acv_low
T 0.469( ) in�

Pn_acv_low_trpi
2 tacv_lowi
� beff_acv_lowi

� Fu_acv��� Nominal axial strength (Pn)

(D5-1)
+n_trp 0.75�� Resistance factor for tension (+t)

+Pn_acv_low_trpi
+n_trp Pn_acv_low_trpi

���

+Pn_acv_low_trp
T

15.82( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

Asf_acv_low_bolti
2 tacv_lowi
� aparrallel_acv_lowi

dacv_bolti
2

�


�
�

�
�



���

Asf_acv_low_bolt
T 0.562( ) in2
� Effective Area

Pn_acv_low_bolt_srpi
0.6 Fu_acv� Asf_acv_low_bolti

��� Nominal axial strength (Pn)
(D5-2)

+n_srp 0.75�� Resistance factor for tension (+t)

+Pn_acv_low_bolt_srpi
+n_srp Pn_acv_low_bolt_srpi

���

+Pn_acv_low_bolt_srp
T

15.187( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_acv_lowi
dacv_bolti

tacv_lowi
��� Projected bearing area in.2 (mm2)

Rn_acv_low_bsi
1.8 Fy_acv� Apd_acv_lowi

��� Nominal bearing strength

+ 0.75�� Resistance factor

+Rn_acv_low_bsi
+ Rn_acv_low_bsi
���

+Rn_acv_low_bs
T

8.353( ) kip� Design bearing strength
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(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination

1. Gross Area

Ag_acv_lowi
Aacv_lowi

�� Gross Area

(a) For tensile yielding in the gross section:

Pn_acv_low_tyi
Fy_acv Ag_acv_lowi

��� Nominal axial strength (Pn)

(D2-1)
+t_ty 0.9�� Resistance factor for tension (+t)

+Pn_acv_low_tyi
+t_ty Pn_acv_low_tyi

���

+Pn_acv_low_ty
T

16.706( ) kip� Design tensile strength

Shear, capacity of adjustable clevis's pin [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

Aacv_bolti
�

dacv_bolti
2



�
�

�
�



2

��� Nominal unthreaded body area

Applicable area for this case since
the bolt is in double shearAacv_bolt_dsi

2 Aacv_bolti
���

Nominal Shear Stress in Bearing Type
Connections (A307) [8, Table J3.2]Fnv_bolt 24ksi��

Rnv_acv_bolti
Fnv_bolt Aacv_bolt_dsi

��� Nominal strength (Rn)
(J3-1)

+b_sr 0.75�� Resistance factor

+Rnv_acv_bolti
+b_sr Rnv_acv_bolti

���

+Rnv_acv_bolt
T

7.069( ) kip� Design shear strength
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ROD

Tension, capacity of rod [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

Ab_Ri
�

dRi

2



�
�

�
�



2

��� Nominal unthreaded body area

Fnt_R 45ksi�� Nominal tensile stress (A307)
[8, Table J3.2]

Rnt_Ri
Fnt_R Ab_Ri

��� Nominal strength (Rn)
(J3-1)

+b_tr 0.75�� Resistance factor

+Rnt_Ri
+b_tr Rnt_Ri

���

+Rnt_R
T

10.354( ) kip� Design tension strength

WELDED BEAM ATTACHMENT

Tension, capacity of welded beam attachment [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

bi 2 twbai
0.63in��� beff is an effective length calculated as

(2t + 0.63in) which can not be larger
than the actual distance from the edge
of the hole to the edge of the part
measured in the direction normal to the
applied force 

bT 3.13( ) in�

beff i
min bi anormal_wbai

�

�

�



��

beff
T 1.25( ) in�

Pn_wba_trpi
2 twbai
� beff i

� Fu_wba��� Nominal axial strength (Pn)
(D5-1)

+n_trp 0.75�� Resistance factor for tension (+t)

+Pn_wba_trpi
+n_trp Pn_wba_trpi

���

+Pn_wba_trp
T

140.625( ) kip� Design tensile strength
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(b) For shear rupture on the effective area:

Asf_wbai
2 twbai
� aparrallel_wbai

dwba_bolti
2

�


�
�

�
�



���

Asf_wba
T 4.844( ) in2
� Effective area

Pn_wba_srpi
0.6 Fu_wba� Asf_wbai

��� Nominal axial strength (Pn)
(D5-2)

+n_srp 0.75�� Resistance factor for tension (+t)

+Pn_wba_srpi
+n_srp Pn_wba_srpi

���

+Pn_wba_srp
T

130.781( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_wbai
dwba_bolti

twbai
��� Projected bearing area in.2 (mm2)

Rn_wba_bsi
1.8 Fy_wba� Apd_wbai

��� Nominal bearing strength (J7-1)

+ 0.75�� Resistance factor

+Rn_wba_bsi
+ Rn_wba_bsi
���

+Rn_wba_bs
T

76.57( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination

1. Gross Area
Ag_wbai

Awbai
�� Gross area

(a) For tensile yielding in the gross section:
Pn_wba_tyi

Fy_wba Ag_wbai
��� Nominal axial strength (Pn)

(D2-1)
+t_ty 0.9� Resistance factor for tension (+t)

+Pn_wba_tyi
+t_ty Pn_wba_tyi

���

+Pn_wba_ty
T

148.5( ) kip� Design tensile strength
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Summary of Results
ADJUSTABLE CLEVIS

Tension, capacity of upper adjustable clevis's pin connection [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

+Pn_acv_up_trp
T

21.094( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

+Pn_acv_up_bolt_srp
T

20.25( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

+Rn_acv_up_bs
T

11.138( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

+Pn_acv_up_ty
T

22.275( ) kip� Design tensile strength

Tension, capacity of lower adjustable clevis's pin connection [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

+Pn_acv_low_trp
T

15.82( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

+Pn_acv_low_bolt_srp
T

15.187( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

+Rn_acv_low_bs
T

8.353( ) kip� Design bearing strength
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(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

+Pn_acv_low_ty
T

16.706( ) kip� Design tensile strength

Shear, capacity of adjustable clevis's pin [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

+Rnv_acv_bolt
T

7.069( ) kip� Design shear strength

ROD

Tension, capacity of rod [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

+Rnt_R
T

10.354( ) kip� Design tension strength

WELDED BEAM ATTACHMENT

Tension, capacity of welded beam attachment [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

+Pn_wba_trp
T

140.625( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

+Pn_wba_srp
T

130.781( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

+Rn_wba_bs
T

76.57( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

D3. Area Determination
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1. Gross Area

(a) For tensile yielding in the gross section:

+Pn_wba_ty
T

148.5( ) kip� Design tensile strength
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Appendix B.10.11

 Anchorage Refinements for MS-5, MS-7, MS-8, PS-21, and PR-8
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The purpose of this section is to perform analysis refinement of select anchorage capacities,
previously determined in a previous analysis [32, Appendix E7]. 

From previous capacity anlaysis [32, Appendix E7]:

Common Weld parameters

Fycs 33 ksi��� Fucs 60 ksi��� Minimum yield and tensile strengths of ASTM A7 [33]
carbon steel, used to evaluate support and anchorage
structures.

Fexx 60 ksi��� E6010 & E6011 weld filler electrode ultimate strength [34] 

Fya36 36 ksi��� Minimum material yield and tensile strengths of ASTM A36 [35] carbon
steel, used to evaluate some anchorage structures.

Fua36 58 ksi���

+fw 0.75�� Fillet weld resistance factor [8, Table J2.5]

Fw = 0.6 Fexx� 1.0 0.5 sin '� �1.5
��� �� Nominal strength of the weld metal [8, eqn

J2-5]

For => ' 0 deg���
Nominal strength for longitudinal
loaded fillet weldsFwl 0.6 Fexx� 1.0 0.5 sin '� �1.5

��� ���
�

�
��� Fwl 36 ksi�

For => ' 90 deg���
Nominal strength for
transversely loaded fillet weldsFwt 0.6 Fexx� 1.0 0.5 sin '� �1.5

��� ���
�

�
��� Fwt 54 ksi�

Rtw
Fwt
Fwl

�� Rtw 1.5� Strength capacity ratio of transverse to longitudinal welds

As indicated above, transverse welds provide 50% strength capacity increase over that of
longitudinal welds.

Note - If there are combinations of longitudinal and transverse segments within the same weld
pattern, Rwl (longitudinal nominal strength) will be used to determine corresponding weld
capacities.  Also, if the weld is loaded in differing orthogonal directions, Rwl is used to determine
weld capacities.

Aw
2

2
1
16
� in2

��� Aw 0.044 in2
� Area of 1/16-in fillet per inch of weld
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Let => Rnw Fwl Aw��� Rnw 1.591 kip� Nominal strength of weld [8, eqn J2-4] to
be used for longitudinal and mixed weld
patterns.

Vnw +fw Rnw��� Vnw 1.19 kip� Nominal shear strength of longitudinal & mixed
fillet per 1/16-in of weld per inch [8, Table J2.5]

Vntw Rtw Vnw��� Vntw 1.79 kip� Nominal shear strength of transverse
fillet per 1/16-in of weld per inch [8,
Table J2.5]

Steel Plate Embed parameters

wemb 4 in��� temb 0.5 in��� Width and thickness of steel plate embed [21,
det. 25] that anchorage welds are attached to.

When the load acts in same direction as the axis of the weld, the base metal (or steel plate
embed) capacity must also be considered to determine which condition is limiting.

+Fcs 0.9 0.6� Fycs��� +Fcs 17.82 ksi� Nominal shear strength of steel plate
embed (or base material) [38, p. 345].

Rnemb wemb temb� +Fcs��� Nominal shear strength of steel plate embed along width
[38, eqn 7.23].

Rnemb 35.64 kip�

When the resultant load acts in differing directions (i.e., out of plane) to the weld axis, the steel
plate embed anchorage governs the design strength capacity of weld.  All weld resultant loads
are SRSS using methods as defined by Blodgett [39, p. 7.4-7].

+temb 11.25 kip��� +semb 12.188 kip��� Design pull-out strength of steel plate
embed's anchor in tension and shear,
obtained from Appendix C.

Lembanc 1 ft��� Anchor spacing along steel plate embed 
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Design axial and shear capacity for a group of steel plate embed
anchors remote from edges, obtained from Appendix C.  The "n"
corresponds to the number of anchors overlapped.

n+temb 9.38 kip���

n+semb 12.188 kip���

Common Bolted Anchor parameters

fc 3000 psi��� ATR concrete strength [40, note 1]

Nominal allowable pullout and shear capacities for Phillip Red Head self-drill shell expansion
anchors and minimum spacing between anchors [36, Tables 6.3-1 & 6.3-5], are shown following.
The numbers 3, 4, ... 7, correspond to the anchor diameter based on 1/8th inch.  For example,
P3 = 3/8 diameter, P4 = 4/8 diameter, and so on. 

P3rh 1.46 kip��� V3rh 1.42 kip��� R3s 3.75 in��� 3/8 diameter

P4rh 2.29 kip��� V4rh 2.38 kip��� R4s 5 in��� 1/2 diameter

P5rh 3.17 kip��� V5rh 3.79 kip��� R3s 6.25 in��� 5/8 diameter

P6rh 4.69 kip��� V6rh 5.48 kip��� R6s 7.5 in��� 3/4 diameter

P7rh 6.09 kip��� V7rh 7.70 kip��� R7s 8.75 in��� 7/8 diameter

RFp
fc

4000 psi�
�� RFp 0.75� Pull-out reduction factor for low concrete strength

[36, Sect. 6.3.6.1] 

RFs

fc

psi

10000
0.65��� RFs 0.95� Shear factor for reduced strength concrete [36,

Section 6.3.6.1]

Concrete pull-out reduction factor [36, Sect.
6.3.6.1] adapted for manufacturer's ultimate
strength capacities based on 3,500-psi concrete
strength.

RFprh
fc

3500 psi�
�� RFprh 0.857�

P6urh
16.2 kip�

3
�� Allowable tension and shear capacity of

3/4-in S-34 shell anchors [41], used
commonly with mechanical snubber
support anchorage.

P6urh 5.4 kip�

V6urh
16.2 kip�

3
�� V6urh 5.4 kip�
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All other reduction factors (minimum embedment, edge, concrete cracking, relay, & inspection)
equate to 1.0.  Appendix B contains inspection notes indicating that the anchors adhere to and
meet DOE/EH-0545 [36] inspection criteria. 

If anchor type or style is known (or identified in drawings), the manufacturer's allowable pull-out
and shear strength capacities are computed based on corresponding ultimate tensile and shear
strengths divided by a factor of three [42, p. 2-20].  Many of the support anchor bolts have been
quality inspected for tightness and bolt length in accordance with DOE/EH-0545 criteria [36] and
are reprinted in Appendix B. 

Common Anchor Structure parameters

+t 0.75�� Resistance factor for tensile rupture [8, Sect. D2]

+sf 0.75�� Resistance factor for shear rupture [8, Sect. D5]

+ 0.75�� Resistance factor for bearing [8, Sect. J7]

+b 0.9�� Resistance factor for flexure [8, Sect. F1]

MS-5, (Type 7), -7, -8 (Type 13) Anchorage

Supports MS-5, MS-7, and MS-8, are horizontal mechanical snubbers that are bolted through a
clevis structure [37] on the side of three concrete columns.  The snubbers are rated for 6-kips
[43, PSA-3], each.  The clevis structure is anchored with two Phillips Redhead 3/4-in bolts and
two weld segments (to a steel plate embed).  The snubbers are loaded in the N-S direction.  The
anchor bolts and welds are evaluated independently in shear, provided that sufficient pull-out
capacity (in weld or bolts) exists for each load scenario.
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MS-5

N
S

dbms5
3
4

in��� Anchor bolt diameter

Weld filler size of structure
attachment to steel plate
embed

ts_ms5
1
4

in���

Determine pull-out and shear capacities of anchor bolts:

Pall = Pnom RTp� RLp� RSp� REp� RFp� RCp� RRp� RIp�

Where: Pall = Allowable Pullout capacity of installed anchor (kip)

Pnom = Nominal allowable Pullout capacity (kip)

RTp = Reduction factor for the Type of expansion anchor 

RLp = Reduction factor for short embedment Lengths

RSp = Reduction factor for closely Spaced anchors

REp = Reduction factor for near Edge anchors

RFp = Reduction factor for low strength concrete

RCp = Reduction factor for Cracked concrete

RRp = Red. factor for anchors securing equip. with essential Relays

RIp = Reduction factor for reduced Inspection procedure

Lsms5 12 in� 2 2 in�( )���� Lsms5 8 in� Bolt spacing [37]

Lsms5
10 dbms5�

1.067� <
Lsms5

2 dbms5�
5.333� Spacing reduction factor [36,

Sect. 6.3.4.1]
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=> RSpms5 1.0�� RSsms5 1.0��

Pallms5 P6urh RFprh� 1( )��� Pallms5 4.629 kip� Maximum allowable pull-out capacity
of 3/4 S-34 anchor

Maximum shear capacity of anchor bolts are determined, using DOE/EH-0545 [36, Section
6.3].

Vall = Vnom RTs� RLs� RSs� REs� RFs� RRs� RIs�

where: Vall allowable shear capacity of installed anchor (kip)

Vnom nominal allowable shear capacity (kip)

RTs reduction factor the the type of expansion anchor

RLs reduction factor the short embedment lengths

RSs reduction factor for closely spaced anchors

REs reduction factor for near edge anchors

RFs reduction factor for low strength concrete

RRs reduction factor for expansion anchors securing equipment with essential
relays

RIs reduced factor for reduced inspection procedure

Vallms5 V6urh RFs� 1( )��� Vallms5 5.13 kip� Maximum allowable shear  capacity
of 3/4 S-34 anchor

Ptbms5 2 Pallms5��� Ptbms5 9.257 kip� Maximum pull-out & shear capacity
of 2 x anchor bolts due to clevis
structure loaded in North direction

Vsbms5 2 Vallms5��� Vsbms5 10.3 kip�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    D. T. Crawford Date:    09/30/2008 Checker:      M. J. Russell    Date:    09/30/2008

Calculation Sheet 
Page B.10.11-8 of B.10.11-14

Determine MS-5 weld shear and pull-out (tension) capacities:

Consider shear loading:

Maximum design shear strength capacity of
MS-5 longitudinal weld loaded in shearVnwms5 Vnw ts_ms5�

16
in


�
�

��



�
2 wemb�

in
���

Vnwms5 38.18 kip�

Maximum shear transverse fillet strength
capacity of MS-5 welds loaded in tensionVntwms5 Vntw ts_ms5�

16
in


�
�

��



�
2 wemb�

in
���

Vntwms5 57.28 kip�

Vnwms5
Vsbms5

3.722�
Vntwms5
Ptbms5

6.187� Shear and tension (or pull-out) capacities
of weld exceed that of anchors

MS-5 North/South Loading 

Anchor bolts - In the North direction, the bolts are subject to shear - provided that the
plate/embed welds have sufficient tension (or pull-out) capacity as a result of the clevis plate
pivoting about its short side (between plate edge and bolts) and placing the welds in tension.
In the South direction, the bolts are subject to pull-out (or tension), provided the plate/embed
welds have sufficient shear capacity.

North Direction Loading

Ppsa3 6 kip��� Rated capacity of PSA-3 snubber used for MS-5.

Ppsa3 6.75 in�( )� Ptwms5 12 in� 1 in��( )� Moment about the North plate edge.  Weld is
in tension, anchors are in shear.=

Ptwms5
Ppsa3 6.75 in�( )�

12 in� 1 in��
�� Ptwms5 3.682 kip� Tension (or pull-out) load that weld

must carry to put anchors in shear
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Ptwms5
Vntwms5

0.064� <
Ppsa3

Ptbms5
0.648� < 1.0 Weld and anchors withstand North

loading on MS-5.  Limiting
anchorage loading is based on
rated capacity of PSA-3 snubber.

South Direction Loading

Ppsa3 6.75 in�( )� = Ptams5 12 in� 2 in��( )� Moment about the South plate edge.
Anchors are in tension and weld is in shear.

Ptams5
Ppsa3 6.75 in�( )�

12 in� 2 in��
�� Ptams5 4.05 kip� Tension (or pull-out) load that

anchors must carry to put weld in
shear

Ppsa3
Vntwms5

0.105� <
Ptams5
Ptbms5

0.438� < 1.0 Weld and anchors withstand South
loading on MS-5.  Limiting
anchorage loading is based on
rated capacity of PSA-3 snubber.

MS-5 clevis structure and connection capacities are sufficiently documented in original
anchorage analysis [32].

MS-7 & MS-8

Anchorage for MS-7 & MS-8 is similar to that of MS-5.  MS-8 anchorage loading is identical to
that of MS-5, but is connected to piping that is North of the column.  MS-7 has similar
anchorage to both MS-5 & MS-8, but its clevis structure is welded at its back corners to the
steel plate embed.  In this weld arrangement, bending capacity of the corner welds is
anticipated to be consistent with that  already analyzed.  Thus, the two bolt arrangement
governs this anchor configuration.  Therefore, anchorage capacity for supports MS-7 and MS-8
is consistant with that of MS-5.



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    D. T. Crawford Date:    09/30/2008 Checker:      M. J. Russell    Date:    09/30/2008

Calculation Sheet 
Page B.10.11-10 of B.10.11-14

PS-21 Anchorage Refinement Calculations

The purpose of this refinement calculation is to determine if the PS-21 angle support attachment
weld has at least 25% more capacity as that of the horizontal 1.5 x 1.5 x .25 angle support.

Lleg 1.5 in��� Common leg length
of support angle

AL 0.688 in2
��� tL 0.25 in��� Area, thickness, moment of inertia & section

modulus of 1.5 x 1.5 x 0.25 angle [44].

IL 0.139 in4
��� SL 0.134 in3

���

JL 2 IL��� JL 0.278 in4
� Angle's polar moment of inertia

Determine angle's weld properties, treated as lines:

trL 0.707 tL��� Fillet throat

trL 0.177 in�

Aw 4 Lleg��� Aw 6 in� Linea area of
weld

cgx

tL
tL
2

Lleg�


�
�

�
�



� Lleg tL�� � tL tL
Lleg tL�

2



�
�

�
�



�
�
"
�

�
#
�

�
�
"
�

�
#
�

�� Lleg
Lleg

2
��

Aw
��
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Weld pattern CG along X-direction, as measured from section's bottom right
corner.cgx 0.49 in�

cgy Lleg cgx��� cgy 1.01 in� Using symmetry, weld pattern CG along Y-direction
as measured from section's bottom right corner.

For S and J Sections:

Let => Will estimate weld pattern section modulus and
polar moment of inertia, approximated as lines.
This approach conservatively does not account for
spacing between weld lines.  Line sections
approximated by Blodget [39, Table 5, p. 7.4-7].

where b = d (equal leg length angle)

Stw = 2
4 b� d� d2

�

6



�
�

�
�
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Approximated line weld pattern top
section modulus

Stw 2
5 Lleg

2
�
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�
��

��
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d2 4b d�( )�
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Approximated line weld pattern bottom
section modulus

Sbw 2
5 Lleg

2
�
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�
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��
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�� Sbw 1.25 in2
�

Approximated average line
weld pattern section modulusSwave

Stw Sbw�

2
�� Swave 2.5 in2

�Let =>
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��� Jw 2.812 in3
� Approximated line polar moment of inertia

Compare weld patern sections to support angle sections:

Aw trL�

AL
1.541� < <Jw trL�

JL
1.788�

Swave trL�

SL
3.298� < 1.25

Angle support weld pattern sections have at least 25% greater capacity than the support
angle.  Thus, the angle will go plastic before weld pattern reaches its load limit.
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PR-8 Anchorage Capacity
The purpose of this section is to determine the anchorage capacity of support PR-8.  Anchorage
capacity for PR-8 was overlooked from previous capacity analysis [32, Appendix E].  PR-8
anchorage is loaded in tension only.

As shown in the pictures below, PR-8 anchorage consists of four anchors that extend through a
1/2-in plate [20, det. 52], built-up grout, and into the concrete floor.



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    D. T. Crawford Date:    09/30/2008 Checker:      M. J. Russell    Date:    09/30/2008

Calculation Sheet 
Page B.10.11-14 of B.10.11-14

PR-8 pictures and drawing
detail do not agree.  The
drawing calls for 1-in thick
grout, but the above pictures
indicate more grout as
proportioned to the 1/2-in plate.

The grout thickness inaccuracy
is further reaffirmed due to
anchor embedment inspections,
shown in Appendix B.

From Appendix B of capacity analysis [32],  the actual anchor concrete embedment for
PR-8 is determined. 

Lstud 3.638 3.596 3.535 3.622( )T in��� UT recorded stud length

Lsurf 3.12 2.62 3.25 3.06( )T in��� Distance between top of stud and concrete
surface

Lemb Lstud Lsurf��� Lemb
T 0.518 0.976 0.285 0.562( ) in�

min Lemb� � 0.285 in�

Lemb�
4

0.585 in� Minimum and average concrete
anchor embedment

From drawing, PR-8 uses 5/8-in cinch anchors.  This anchor is assumed to be a Ramset trubolt
style anchor, which is used in other areas of the PCS.    A 5/8-in Ramset trubolt expansion
anchor that has a pull-out capacity of 8-kips in 4000-psi with a minimum embedment of
2.75-inches [58].  Using DOE/EH-0545 [36] as a guide for pull-out capacity determination,
Section 6.3.3.1 defines any embedment less than 2.75-in an outliner and is outside its
determination scope.

Without anchor spacing, concrete strength, and other reduction factors considered, the PR-8
anchorage pull-out capacity is insignificant and for this  evalaution is considered to have a
pull-out capacity of zero.



Calculation Sheet 
Page B.11-1 of B.11-4 

Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: Crawford/Clark/Spears Date: 09/30/08 Checker: M. J. Russell Date: 09/30/08

Appendix B.11 

References



Calculation Sheet 
Page B.11-2 of B.11-4 

Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: Crawford/Clark/Spears Date: 09/30/08 Checker: M. J. Russell Date: 09/30/08

References 

1. R. F. Davidson, “ATR Primary Coolant System Piping Design Analysis,” Internal Technical Report RE-A-
70-011, EG&G Idaho, Inc., Jan. 22, 1979. 

2. 2007 ASME Boiler and Pressure Vessel Code, Section II, “Materials,” Part D, “Properties,” Subpart 1, 
“Stress Tables,” American Society of Mechanical Engineers, July 2007. 

3. Report PR-T-78-003, “ATR Primary Coolant System Piping Design Specification for Modifications,” 
Revision 6, May 1989. 

4. Drawing 127010, “Piping Spool-Primary Coolant Water (Line 1-22),” Revision 1, (Signature: May 1962, 
EDMS: January 1968). 

5. Drawing 127011, “Piping Spool-Primary Coolant Water (Line 1-23, 24),” Revision 2, (Signature: May 
1962, EDMS: January 1968).   

6. Drawing 127012, “Piping Spool-Primary Coolant Water (Line 1-25),” Revision 1, (Signature: May 1962, 
EDMS: January 1968). 

7. Drawing 127014, “Piping Spool-Primary Coolant Water Sh 1 of 2 (Line 1-27),” Revision 2, (Signature: 
December 1962, EDMS: January 1968). 

8. AISC, “Steel Construction Manual, 13th Edition,” American Institute of Steel Construction Inc., March 
2005.

9. 2007 ASME Boiler and Pressure Vessel Code, Section III, “Rules for Construction of Nuclear Facility 
Components,” Division 1, Subsection NB, “Class 1 Components,” American Society of Mechanical 
Engineers, July 2007. 

10. Drawing 127013, “Piping Spool-Primary Coolant Water (Line 1-26),” Revision 4, (Signature: May 1962, 
EDMS: January 1968). 

11. Drawing 127016, “Piping Spool-Primary Coolant Water (Line 1-28, 28L),” Revision 2, (Signature: January 
1963, EDMS: January 1968). 

12. Drawing 127017, “Piping Spool-Primary Coolant Water (Line 1-29, 29L),” Revision 4, (Signature: January 
1963, EDMS: January 1968). 

13. Drawing 127015, “Piping Spool-Primary Coolant Water Sh 2 of 2 (Line 1-27),” Revision 3, (Signature: 
August 1977, EDMS: January 1968). 

14. Report PG-T-89-017, “Detailed Stress Analysis of the ATR-PCS Non-Standard Eccentric Reducers,” May 
1989.

15. Tube Turns, “Tube Turns, Welding Fittings, and Flanges, Catalog 411,” 1979. 

16. Drawing 127038, “Piping Spool-Primary Coolant Water (Line 1-49),” Revision 1, (Signature: November 
1962, EDMS: January 1968). 

17. Drawing 127020, “PCS-Primary Coolant Water (Line 1-32 & 33),” Revision 5, (Signature: August 1977, 
EDMS: January 1968). 

18. Drawing 120925, “Primary Coolant System Pipe Hangers and Details,” Revision 12, (Signature: April 
1997, EDMS: January 2008). 

19. Drawing 120927, “Primary Coolant System Pipe Hangers Sheet #3,” Revision 8, (Signature: February 
1997, EDMS: April 1997).  

20. Drawing 120963, “Primary Coolant System Hangers Sheet #8,” Revision 2, (Signature: December 1997, 
EDMS: December 1997). 



Calculation Sheet 
Page B.11-3 of B.11-4 

Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: Crawford/Clark/Spears Date: 09/30/08 Checker: M. J. Russell Date: 09/30/08

21. Drawing 120931, “Primary Coolant System Hangers Sheet 5,” Revision 9, (Signature: January 2008, 
EDMS: January 2008). 

22. ITT Grinnell Catalog PH81, “Pipe Hangers,” ITT Grinnell Corporation, 1981. 

23. Drawing 035899, “ATR PCS 36 Inch Pipe Tie Back No. 1 010,” (Signature: February 1968, EDMS 
January 1968). 

24. Drawing 035855, “ATR Emergency Primary Coolant Piping RH#15 Hanger Modif.,” (Signature: January 
1968, EDMS: January 1968). 

25. Drawing 159776, “ATR Seismic Modification Primary System Snubber Details,” Revision 4, (Signature: 
August 1980, EDMS: August 2005). 

26. Drawing 121036, “Reactor Building Second Basement Concrete Sheet #1,” Revision 13, (Signature: 
February 1991, EDMS: February 1991).  

27. Drawing 120928, “Primary Coolant System Pipe Hangers Sheet #4,” Revision 7, (Signature: October 
1998, EDMS: October 1998). 

28. Drawing 120926, “Primary Coolant System Pipe Hangers Sheet #2,” Revision 9, (Signature: October 
1998, EDMS: October 1998). 

29. Drawing 159775, “ATR Seismic Modification Primary System Snubber Details,” Revision 2, (Signature: 
August 1980, EDMS: April 1997).  

30. Drawing 120923, “Primary Coolant System Pipe Hangers & Details Sheet #7,” Revision 3, (Signature: 
June 1996, EDMS: June 1996). 

31. Quadrex Corporation, “NUPIPE-II Piping Analysis Program With Snuber Optimization, Program 
Description and User’s manual,” Version 1.8.1, Revision 0.   

32. D. T. Clark, A. L. Crawford, M. J. Russell, R. G. Kobbe, R. E. Spears, R. K. Blandford, ECAR EDF-8366, 
“ATR Primary Coolant System Piping Support and Anchorage Capacity Evaluation,” Revision 0, 
September 2007. 

33. ASTM A 7-50T, “Tentative Specification for Bridges and Buildings,” American Society for Testing and 
Materials, 1950. 

34. ATR-P-7, “Section II ATR Specification for Welding – Carbon Steel Pipe,” September 7, 1965. 

35. ASTM A36, “Standard Specification for Carbon Structural Steel,” 2005. 

36. DOE/EH-0545, “Seismic Evaluation Procedure for Equipment in Department of Energy Facilities,” March, 
1997.

37. INL drawing 159776, “ATR Seismic Modification Primary System Snubber Details,” 1570-TRA-670-P-14. 

38. W. T. Segui, LRFD Steel Design, Second Edition, PWS Publishing, Boston, MA, 1999. 

39. O. W. Blodgett, Design of Welded Structures, The James F. Lincoln Arc Welding Foundation, Cleveland, 
OH, 1966. 

40. INL drawing 121070, “Reactor Building First Floor Concrete SH#1,” AT-1075- MTR-670-S-47. 

41. R. Obodzinski (technical support) emails to D. T. Clark, “Old anchor bolt classifications,” ITW Ramset Red 
Head Company, Sep. 6 & 7, 2007. (Reference attached). 

42. DOE-STD 1020-2002, “Natural Phenomena Hazards Design and Evaluation Criteria for Department of 
Energy Facilities,” January 2002. 

43. Basic-PSA Inc., “PSA Mechanical Snubbers,” internet web page, 
http://www.basicpsa.com/mech_snubbers.htm.



Calculation Sheet 
Page B.11-4 of B.11-4 

Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: Crawford/Clark/Spears Date: 09/30/08 Checker: M. J. Russell Date: 09/30/08

44. American Institute of Steel Construction (AISC), 1989, Manual of Steel Construction, Allowable Stress 
Design, 9th Edition, Chicago, IL. 

45. Drawing 453164, "ATR Primary Coolant System Mechanical Snubber Pin Detail," Lockheed Idaho 
Technologies Company, July, 24, 1996 

46. SEI/ASCE 8-02, "Specification for the Design of Cold-Formed Stainless Steel Structural Members," 
American Society of Civil Engineers, Sept. 24, 2007 

47. ASTM SA-564/SA-564M, "Specification for Hot-Rolled and Cold-Finished Age-Hardening Stainless Steel 
Bars and Shapes," American Society for Testing and Materials, 2004 

48. Basic-PSA, Inc. Catalog 193, "Pipe Hangers, Supports, and Controls," Basic-PSA, Inc. 

49. DAG, "Allowable Loads for Angle Loaded Pipe Clamps (Mech Snubber Model:PSA-35)," Basic Engineers   
October 12, 1984 

50. Specification S-10, "ATR Specification for Structural Steel," Revision 4, Ebaso Services Inc., September 
1962.

51. ATR-P-7, “Section II ATR Specification for Welding – Carbon Steel Pipe,”  September 7, 1965. 

52. ASTM A 7-50T, "Tentative Specification for Bridges and Buildings," American Society for Testing and 
Materials, 1950 

53. 2007 ASME Boiler and Pressure Vessel Code, Section II, “Materials,” Part D, “Properties,” American 
Society of Mechanical Engineers, July 2007. 

54. J. E. Shigley, C. R. Mischke, Mechanical Engineering Design, McGraw Hill, 6th edition, 2001 

55. P. M. Gerhart, R. J. Gross, Fundamentals of Fluid Mechanics, Addison-Wesley Publishing Company, 
1985

56. INEEL/EXT-03-00942, ‘Development of Soil Design Basis Earthquake (DBE) Parameters for Moderate 
and High Hazard Facilities at RTC,” Revision 2, April 2006.  

57. M. L. Nayyer, Piping Handbook, Mc-Graw Hill, New York, 7th Edition, 2000. 

58. ITW Ramset/Red Head Company, Spec Data, May 1990. 



The INL is a U.S. Department of Energy National Laboratory 
operated by Battelle Energy Alliance. 

Document ID: ECAR-194
Revision ID: 0

Effective Date: 9/30/2008

Engineering Calculations and
Analysis Report 

ATR Primary Coolant 
System Piping Seismic 
Evaluation
D. T. Clark 
A. L. Crawford 
K. D. Ellis 
R. E. Spears 

Volume 3 of 5 

Appendix C



Calculation Sheet 
Page C-1 of C-1 

Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: Crawford/Clark/Spears Date: 09/30/08 Checker: R. K. Blandford  Date:  09/30/08 

Appendix C 

Calculations Associated with Models 2-6-5 Seismic Evaluation 

Contents

Identified Components Associated with Models 2-6-5    Appendix C.1 

I-DEAS Model of Models 2-6-5    Appendix C.2 

Demand to Capacity Ratio Calculations for Components of Models 2-6-5     Appendix C.3 

80th Percentile Calculations of All 32 Realizations    Appendix C.4 

Profile of Nonlinear Springs Used in I-DEAS Model    Appendix C.5 

Dimensions of Identified Components Associated with Model 2-6-5    Appendix C.6 

Calculations of Pipe Thickness to Mimic Valve Behavior for Models 2-6-5    Appendix C.7 

Elbow Stiffness and Water Filled Pipe Density Calculations    Appendix C.8 

Support and Anchorage Capacity Calculations Associated with Model 2-6-5 Appendix C.9 

References    Appendix C.10 



Calculation Sheet 
Page C.1-1 of C.1-31 

Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: R. K. Blandford Date: 09/30/08

Appendix C.1 

Identified Components Associated with Model 2-6-5
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Figure C.1- 1.  Supports Associated with Model 2 [1] 
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Figure C.1- 2.  Spring Pipe Supports Associated with Model 2 [1]
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Figure C.1- 3.  Terminations Associated with Model 2 [1]
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Figure C.1- 5.  Reducers Associated with Model 2 [1]
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Figure C.1- 6.  Elbows Associated with Model 2 [1]
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Figure C.1- 7.  Tees Associated with Model 2 [1]



Calculation Sheet 
Page C.1-9 of C.1-31 

Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: R. K. Blandford Date: 09/30/08

Figure C.1- 8.  Fabricated Components Associated with Model 2 [1]



Calculation Sheet 
Page C.1-10 of C.1-31 

Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: R. K. Blandford Date: 09/30/08

Figure C.1- 9.  Flanges Associated with Model 2 [1]
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Figure C.1- 10.  Valves Associated with Model 2 [1] 
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Figure C.1- 11.  Supports Associated with Model 6 [1]
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Figure C.1- 12.  Spring Hangers Associated with Model 6 [1]
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Figure C.1- 13.  Terminations Associated with Model 6 [1]
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Figure C.1- 14.  Pipe Runs Associated with Model 6 [1]
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Figure C.1- 15.  Reducers Associated with Model 6 [1]
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Figure C.1- 16.  Elbows Associated with Model 6 [1]
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Figure C.1- 17.  Tees Associated with Model 6 [1]
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Figure C.1- 18.  Fabricated Reducer Associated with Model 6 [1]
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Figure C.1- 19.  Flanges Associated with Model 6 [1]
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Figure C.1- 20.  Valves Associated with Model 6 [1]
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Figure C.1- 21.  Supports Associated with Model 5 [1]
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Figure C.1- 22.  Spring Hangers Associated with Model 5 [1]
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Figure C.1- 23.  Terminations Associated with Model 5 [1]
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Figure C.1- 24.  Pipe Runs Associated with Model 5 [1]
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Figure C.1- 25.  Reducers Associated with Model 5 [1]
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Figure C.1- 26.  Elbows Associated with Model 5 [1]



Calculation Sheet 
Page C.1-28 of C.1-31 

Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: R. K. Blandford Date: 09/30/08

Figure C.1- 27.  Tees Associated with Model 5 [1]
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Figure C.1- 28.  Fabricated Components Associated with Model 5 [1]
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Figure C.1- 29.  Flanges Associated with Model 5 [1]
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Figure C.1- 30.  Valves Associated with Model 5 [1]
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Appendix C.2 

I-DEAS Model of Model 2-6-5 
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Figure C.2-1.  Complete Model 2-6-5 Piping System
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Figure C.2-2.  Components Associated with Line 1-17 of Model 2
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Figure C.2-3.  Components Associated With Lines 13-16, 18-21, and 171 of Model 2



Calculation Sheet 
Page C.2-5 of C.2-46 

Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
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Performer: A. L. Crawford Date: 09/30/08 Checker: R. K. Blandford Date: 09/30/08

Figure C.2-4.  Components Associated With Lines 30-31 and 48 of Model 2
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Performer: A. L. Crawford Date: 09/30/08 Checker: R. K. Blandford Date: 09/30/08

Figure C.2-5. Components Associated With Lines 8-14 of Model 2
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Figure C.2-6. Components Associated With Lines 44 and 46 of Model 6
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Figure C.2-7. Components Associated With Lines 43 and 47 of Model 6 

Figure C.2-8. Components Associated With Line 45 of Model 5
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Figure C.2-9. Components Associated With Nonstandard Elbow of Model 2
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Figure C.2-10. Components Associated With Nonstandard Reducer Connecting Model 2 to Model 6 
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**%   ============================================================ 
**%
**%              NX I-deas 5.0 ABAQUS STANDARD TRANSLATOR
**%                     FOR ABAQUS VERSION 6.x
**%
**%          MODEL FILE: Y:\PCS2\Model_265_IDEAS\model265_9-22-2008.mf1 
**%          INPUT FILE: C:\M265_9-24-2008b.inp 
**%            EXPORTED: AT 16:24:04 ON 24-Sep-08 
**%                PART: Part1 
**%                 FEM: Fem1 
**%
**%               UNITS: IN-Inch (pound f) 
**%                     ... LENGTH : inch 
**%                     ... TIME   : sec 
**%                     ... MASS   : lbf-sec**2/in 
**%                     ... FORCE  : pound (lbf) 
**%                     ... TEMPERATURE : deg Fahrenheit 
**%
**%         COORDINATE SYSTEM: PART 
**%
**%             SUBSET EXPORT: OFF 
**%
**%       NODE ZERO TOLERANCE: OFF 
**%
**%   ============================================================ 
**%
**%
*HEADING
SDRC I-DEAS ABAQUS FILE TRANSLATOR  24-Sep-08   16:24:04 
**%==========================================
**%          MODAL DATA
**%==========================================
*NODE, NSET=ALLNODES, SYSTEM=R 
          1, 1.0802500E+03, 9.8200790E+02,-1.2000000E+02 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
       1140, 1.1763751E+03, 7.8013300E+02,-6.0050001E+02 
*ELEMENT, TYPE=B31     , ELSET=BEAM 
    423,    823,    828 
*ELEMENT, TYPE=B31     , ELSET=BEAM_1 
    419,    827,    832 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    422,    824,    829 
*ELEMENT, TYPE=B31     , ELSET=BEAM_2 
    403,    603,    605 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    408,    614,    615 
*ELEMENT, TYPE=B31     , ELSET=BEAM_3 
    411,    623,    833 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    441,    852,    855 
*ELEMENT, TYPE=B31     , ELSET=BEAM_4 
    476,    836,    835 
    477,    835,    838 
*ELEMENT, TYPE=B31     , ELSET=BEAM_5 
    478,    838,    840 
*ELEMENT, TYPE=B31     , ELSET=BEAM_6 
    479,    840,    837 
*ELEMENT, TYPE=B31     , ELSET=BEAM_7 
    480,    836,    837 
*ELEMENT, TYPE=B31     , ELSET=BEAM_8 
    481,    819,    820 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    484,    854,    858 
*ELEMENT, TYPE=B31     , ELSET=BEAM_9 
    543,    608,    607 
*ELEMENT, TYPE=B31     , ELSET=BEAM_10
    544,    842,    841 
*ELEMENT, TYPE=B31     , ELSET=BEAM_11
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    594,    926,    927 
*ELEMENT, TYPE=B31     , ELSET=BEAM_12
    597,    928,    931 
    598,    929,    930 
*ELEMENT, TYPE=B31     , ELSET=BEAM_13
    599,    615,    928 
    600,    612,    929 
*ELEMENT, TYPE=B31     , ELSET=BEAM_14
    639,   1041,   1044 
*ELEMENT, TYPE=B31     , ELSET=BEAM_15
    637,   1042,   1043 
    638,   1043,   1044 
*ELEMENT, TYPE=B31     , ELSET=BEAM_16
    640,   1041,   1040 
    641,   1040,   1042 
*ELEMENT, TYPE=B31     , ELSET=BEAM_17
    642,   1046,   1047 
*ELEMENT, TYPE=B31     , ELSET=BEAM_18
    645,   1045,   1044 
*ELEMENT, TYPE=B31     , ELSET=BEAM_19
    267,    332,    607 
    643,   1037,   1046 
    644,   1034,   1040 
*ELEMENT, TYPE=B31     , ELSET=PIPE 
     99,    123,    130 
    101,    124,    129 
*ELEMENT, TYPE=B31     , ELSET=PIPE_1 
     79,     64,     94 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    662,   1064,    135 
*ELEMENT, TYPE=B31     , ELSET=PIPE_2 
    100,    125,    128 
    102,    126,    127 
*ELEMENT, TYPE=B31     , ELSET=PIPE_3 
      1,      1,     29 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
      7,     22,     36 
*ELEMENT, TYPE=B31     , ELSET=PIPE_4 
    299,    675,   1083 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    686,   1088,    674 
*ELEMENT, TYPE=B31     , ELSET=PIPE_5 
     13,     30,   1056 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    661,   1063,     28 
*ELEMENT, TYPE=B31     , ELSET=PIPE_6 
    114,    165,    851 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    668,   1070,    166 
*ELEMENT, TYPE=B31     , ELSET=PIPE_7 
    111,    145,    146 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    357,    196,    186 
*ELEMENT, TYPE=B31     , ELSET=PIPE_8 
    653,   1055,     67 
*ELEMENT, TYPE=B31     , ELSET=PIPE_9 
     50,     74,    886 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     68,     85,     80 
*ELEMENT, TYPE=B31     , ELSET=PIPE_10
    166,     63,    225 
*ELEMENT, TYPE=B31     , ELSET=PIPE_11
    167,    225,    224 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    734,   1138,    149 
*ELEMENT, TYPE=B31     , ELSET=PIPE_12
    160,    202,    207 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
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    724,   1126,    201 
*ELEMENT, TYPE=B31     , ELSET=PIPE_13
    203,    265,    264 
    201,    250,    265 
*ELEMENT, TYPE=B31     , ELSET=PIPE_14
    151,    150,   1130 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    730,   1134,    208 
*ELEMENT, TYPE=B31     , ELSET=PIPE_15
    489,    149,    893 
*ELEMENT, TYPE=B31     , ELSET=PIPE_16
    284,    648,    649 
*ELEMENT, TYPE=B31     , ELSET=PIPE_17
    213,    283,   1123 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    722,   1124,    287 
*ELEMENT, TYPE=B31     , ELSET=PIPE_18
    218,    290,    295 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    720,   1122,    602 
*ELEMENT, TYPE=B31     , ELSET=PIPE_19
    380,   1054,    805 
*ELEMENT, TYPE=B31     , ELSET=PIPE_20
    293,    664,   1109 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    710,   1112,    667 
*ELEMENT, TYPE=B31     , ELSET=PIPE_21
    292,    662,    703 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    633,   1038,   1013 
*ELEMENT, TYPE=B31     , ELSET=PIPE_22
    144,    193,    195 
*ELEMENT, TYPE=B31     , ELSET=PIPE_23
    134,    159,    161 
*ELEMENT, TYPE=B31     , ELSET=PIPE_24
    135,    161,    160 
*ELEMENT, TYPE=B31     , ELSET=PIPE_25
    145,    195,    194 
*ELEMENT, TYPE=B31     , ELSET=PIPE_26
     16,     38,     30 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     32,     41,     37 
*ELEMENT, TYPE=B31     , ELSET=PIPE_27
      2,     29,     38 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
      8,     36,     41 
*ELEMENT, TYPE=B31     , ELSET=PIPE_28
    601,    932,    131 
*ELEMENT, TYPE=B31     , ELSET=PIPE_29
    104,    131,    132 
*ELEMENT, TYPE=B31     , ELSET=PIPE_30
    129,    152,    153 
*ELEMENT, TYPE=B31     , ELSET=PIPE_31
    650,   1052,    184 
*ELEMENT, TYPE=B31     , ELSET=PIPE_32
    136,    152,    166 
*ELEMENT, TYPE=B31     , ELSET=PIPE_33
    138,    152,   1052 
*ELEMENT, TYPE=B31     , ELSET=PIPE_34
    220,    303,    297 
    221,    297,    304 
    223,    297,    305 
*ELEMENT, TYPE=B31     , ELSET=PIPE_35
     61,     59,     71 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     64,     70,     61 
*ELEMENT, TYPE=B31     , ELSET=PIPE_36
    604,     26,    873 
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*ELEMENT, TYPE=B31     , ELSET=PIPE_37
    110,     74,    933 
    602,    933,    932 
*ELEMENT, TYPE=B31     , ELSET=PIPE_38
    646,      4,   1048 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    649,     25,   1051 
*ELEMENT, TYPE=B31     , ELSET=PIPE_39
     15,   1048,      5 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     44,   1049,     12 
*ELEMENT, TYPE=B31     , ELSET=PIPE_40
     46,     59,     65 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    603,     64,    933 
*ELEMENT, TYPE=B31     , ELSET=PIPE_41
     49,     60,   1055 
*ELEMENT, TYPE=B31     , ELSET=PIPE_42
     91,    113,    122 
     92,    122,    114 
*ELEMENT, TYPE=B31     , ELSET=PIPE_43
    613,    122,   1019 
*ELEMENT, TYPE=B31     , ELSET=PIPE_44
    118,    177,    176 
    119,    176,    175 
*ELEMENT, TYPE=B31     , ELSET=PIPE_45
    302,    176,    672 
*ELEMENT, TYPE=B31     , ELSET=PIPE_46
    176,    262,    261 
    177,    261,    234 
*ELEMENT, TYPE=B31     , ELSET=PIPE_47
    170,    229,    230 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    270,    620,    238 
*ELEMENT, TYPE=B31     , ELSET=PIPE_48
    652,   1053,    284 
*ELEMENT, TYPE=B31     , ELSET=PIPE_49
    271,    261,    626 
*ELEMENT, TYPE=B31     , ELSET=PIPE_50
    212,    230,   1053 
    225,    238,   1054 
*ELEMENT, TYPE=B31     , ELSET=PIPE_51
     40,      3,    917 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    578,    920,     25 
*ELEMENT, TYPE=B31     , ELSET=PIPE_52
    395,    158,    914 
    567,    914,    159 
*ELEMENT, TYPE=B31     , ELSET=PIPE_53
    394,     67,    916 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    573,    916,    145 
*ELEMENT, TYPE=B31     , ELSET=PIPE_54
    389,    234,    921 
    583,    921,    235 
*ELEMENT, TYPE=B31     , ELSET=PIPE_55
    390,    241,    922 
    585,    922,    242 
*ELEMENT, TYPE=B31     , ELSET=PIPE_56
    391,    634,    923 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    589,    925,    296 
*ELEMENT, TYPE=B31     , ELSET=ELBOW
    107,    141,    138 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_1
    492,    140,    813,    138 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_2
    493,    136,    134,    135 
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(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    502,    110,     93,    105 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_3
    495,    123,    766,    114 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    501,    126,    763,    117 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_4
    494,    143,    133,    132 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_5
    540,    674,    791,    675 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_6
    542,    680,    754,    681 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_7
    612,    678,    943,    677 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_8
    503,      6,      2,      7 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    506,     27,     23,     28 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_9
    507,    146,    147,    148 
    510,    186,    749,    188 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_10 
    509,    184,    744,    185 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_11 
    508,    153,    742,    154 
    511,    156,    748,    157 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_12 
    512,    192,    750,    193 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_13 
    513,    164,    909,    905 
    514,    905,    913,    893 
    515,    893,    912,    165 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_14 
    490,    200,    199,    201 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_15 
    517,    228,    756,    229 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_16 
    520,    244,    724,    245 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_17 
    521,    247,    797,    250 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_18 
    516,    224,    758,    226 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_19 
    518,    232,    722,    233 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_20 
    491,    202,    198,    203 
    519,    281,    720,    237 
    522,    264,    794,    263 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_21 
    533,    349,    807,    805 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_22 
    539,    301,    740,    302 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_23 
    528,    667,    710,    668 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_24 
    626,   1013,   1028,   1014 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_25 
    621,   1007,   1022,   1008 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_26 
    524,    632,    716,    633 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    625,   1011,   1029,   1012 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_27 
    532,    288,    804,    290 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_28 
    535,    320,    733,    321 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_29 
    523,    629,    718,    630 
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(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    536,    344,    800,    345 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_30 
    537,    324,    736,    325 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_31 
    538,    330,    730,    331 
*MPC
 BEAM,    613,    614 
*MPC
 BEAM,    306,    611 
*MPC
 BEAM,    333,    604 
*MPC
 BEAM,    602,    603 
*MPC
 BEAM,    624,    251 
*MPC
 BEAM,    640,    637 
*MPC
 BEAM,    643,    642 
*MPC
 BEAM,    645,    636 
*MPC
 BEAM,    616,    268 
*MPC
 BEAM,    618,    265 
*MPC
 BEAM,    623,    254 
*MPC
 BEAM,    621,    620 
*MPC
 BEAM,    827,    763 
*MPC
 BEAM,    826,    764 
*MPC
 BEAM,    825,    765 
*MPC
 BEAM,    766,    824 
*MPC
 BEAM,    823,    813 
*MPC
 BEAM,    835,    653 
*MPC
 BEAM,    208,    817 
*MPC
 BEAM,    150,    818 
*MPC
 BEAM,    841,    678 
*MPC
 BEAM,    845,    190 
*MPC
 BEAM,    846,    189 
*MPC
 BEAM,    843,    158 
*MPC
 BEAM,    844,    159 
*MPC
 BEAM,    853,    172 
*MPC
 BEAM,    852,    851 
*MPC
 BEAM,    856,    207 
*MPC
 BEAM,    859,    181 
*MPC
 BEAM,    864,     85 
*MPC
 BEAM,    868,     89 
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*MPC
 BEAM,    862,     81 
*MPC
 BEAM,    874,    873 
*MPC
 BEAM,    877,     76 
*MPC
 BEAM,    875,     74 
*MPC
 BEAM,    887,    886 
*MPC
 BEAM,    884,     82 
*MPC
 BEAM,    883,    882 
*MPC
 BEAM,    880,     77 
*MPC
 BEAM,    878,     70 
*MPC
 BEAM,    892,     24 
*MPC
 BEAM,    891,     17 
*MPC
 BEAM,    890,     10 
*MPC
 BEAM,    889,      3 
*MPC
 BEAM,    926,    273 
*MPC
 BEAM,    867,   1139 
*MPC
 BEAM,    871,   1140 
*ELEMENT, TYPE=SPRINGA , ELSET=RH24_SPRING
    409,    695,    816 
    410,    815,    693 
*ELEMENT, TYPE=SPRINGA , ELSET=PS10_SPRING
    413,    640,    641 
    414,    643,    644 
    415,    645,    646 
*ELEMENT, TYPE=SPRINGA , ELSET=RH19_SPRING
    416,    624,    625 
*ELEMENT, TYPE=SPRINGA , ELSET=PS4_SPRING 
    433,    845,    847 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    436,    844,    850 
*ELEMENT, TYPE=SPRINGA , ELSET=RH26X8-14_SPRING 
    443,    856,    222 
*ELEMENT, TYPE=SPRINGA , ELSET=RH32_SPRING
    445,    859,    860 
*ELEMENT, TYPE=SPRINGA , ELSET=PR6_SPRING 
    464,    863,    862 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    471,    878,    879 
*ELEMENT, TYPE=MASS    , ELSET=LMASS24LAP 
    545,      3 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    552,     25 
*ELEMENT, TYPE=MASS    , ELSET=LMASS16LAP 
    563,    158 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    572,    145 
*ELEMENT, TYPE=MASS    , ELSET=LMASS10LAP 
    559,    242 
    560,    241 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    609,    934 
*ELEMENT, TYPE=MASS    , ELSET=LMASS6LAP
    553,    295 
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(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    558,    634 
*ELEMENT, TYPE=MASS    , ELSET=LMASS16GT_SUCTION
    569,    914 
    570,    915 
*ELEMENT, TYPE=MASS    , ELSET=LMASS16CK
    574,    916 
*ELEMENT, TYPE=MASS    , ELSET=LMASS24GT
    579,    920 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    582,    917 
*ELEMENT, TYPE=MASS    , ELSET=LMASS10GT
    584,    921 
*ELEMENT, TYPE=MASS    , ELSET=LMASS10GB
    586,    922 
*ELEMENT, TYPE=MASS    , ELSET=LMASS6GT 
    590,    925 
    591,    924 
    592,    923 
*ELEMENT, TYPE=MASS    , ELSET=LMASS6WNF
    610,    317 
    611,    318 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE6_625X0_28
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=BEAM,
 SECTION=PIPE 
 0.33125E+01, 0.28000E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=A7_STEEL
*ELASTIC,TYPE=ISOTROPIC
 3.00000E+07,  2.90000E-01 
*DENSITY
 7.31737E-04, 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE4_5X0_237
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=BEAM_1,
 SECTION=PIPE 
 0.22500E+01, 0.23700E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: ROD0_625
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=BEAM_2,
 SECTION=CIRC 
 0.31250E+00, 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: ROD0_75
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=BEAM_3,
 SECTION=CIRC 
 0.37500E+00, 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: ANGLE1_5X1_5X0_1875
**%
*BEAM GENERAL SECTION, 
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 ELSET=BEAM_4,
 DENSITY= 0.73174E-03, 
 ZERO= 0.00000E+00 
 0.53112E+00, 0.44829E-01, 0.00000E+00, 0.17121E+00, 0.67404E-02, 0, 0.00000E+00 
-0.70710E+00,-0.70710E+00, 0.00000E+00 
 0.30000E+08, 0.11628E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00,-0.48686E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**%INFO: THE ABOVE CROSS SECTION CANNOT BE TRANSLATED TO AN 
**%INFO: ABAQUS LIBRARY SECTION AND HENCE IS WRITTEN AS BEAM 
**%INFO: GENERAL SECTION (SECTION=GENERAL). 
**%
**%
**% I-DEAS BEAM CROSS SECTION: ANGLE1_5X1_5X0_1875
**%
*BEAM GENERAL SECTION, 
 ELSET=BEAM_5,
 DENSITY= 0.73174E-03, 
 ZERO= 0.00000E+00 
 0.53112E+00, 0.44829E-01, 0.00000E+00, 0.17121E+00, 0.67404E-02, 0, 0.00000E+00 
-0.70710E+00, 0.00000E+00,-0.70710E+00 
 0.30000E+08, 0.11628E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00,-0.48686E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**%INFO: THE ABOVE CROSS SECTION CANNOT BE TRANSLATED TO AN 
**%INFO: ABAQUS LIBRARY SECTION AND HENCE IS WRITTEN AS BEAM 
**%INFO: GENERAL SECTION (SECTION=GENERAL). 
**%
**%
**% I-DEAS BEAM CROSS SECTION: ANGLE1_5X1_5X0_1875
**%
*BEAM GENERAL SECTION, 
 ELSET=BEAM_6,
 DENSITY= 0.73174E-03, 
 ZERO= 0.00000E+00 
 0.53112E+00, 0.44829E-01, 0.00000E+00, 0.17121E+00, 0.67404E-02, 0, 0.00000E+00 
-0.70710E+00, 0.62521E+00,-0.33030E+00 
 0.30000E+08, 0.11628E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00,-0.48686E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**%INFO: THE ABOVE CROSS SECTION CANNOT BE TRANSLATED TO AN 
**%INFO: ABAQUS LIBRARY SECTION AND HENCE IS WRITTEN AS BEAM 
**%INFO: GENERAL SECTION (SECTION=GENERAL). 
**%
**%
**% I-DEAS BEAM CROSS SECTION: ANGLE1_5X1_5X0_1875
**%
*BEAM GENERAL SECTION, 
 ELSET=BEAM_7,
 DENSITY= 0.73174E-03, 
 ZERO= 0.00000E+00 
 0.53112E+00, 0.44829E-01, 0.00000E+00, 0.17121E+00, 0.67404E-02, 0, 0.00000E+00 
 0.70710E+00, 0.00000E+00,-0.70710E+00 
 0.30000E+08, 0.11628E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
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*SHEAR CENTER 
 0.00000E+00,-0.48686E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**%INFO: THE ABOVE CROSS SECTION CANNOT BE TRANSLATED TO AN 
**%INFO: ABAQUS LIBRARY SECTION AND HENCE IS WRITTEN AS BEAM 
**%INFO: GENERAL SECTION (SECTION=GENERAL). 
**%
**%
**% I-DEAS BEAM CROSS SECTION: ANGLE5_0X3_0X0_5
**%
*BEAM GENERAL SECTION, 
 ELSET=BEAM_8,
 DENSITY= 0.73174E-03, 
 ZERO= 0.00000E+00 
 0.37768E+01, 0.10229E+02, 0.00000E+00, 0.15786E+01, 0.34085E+00, 0, 0.00000E+00 
 0.00000E+00,-0.33444E+00, 0.94241E+00 
 0.30000E+08, 0.11628E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
-0.95274E+00,-0.12368E+01
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**%INFO: THE ABOVE CROSS SECTION CANNOT BE TRANSLATED TO AN 
**%INFO: ABAQUS LIBRARY SECTION AND HENCE IS WRITTEN AS BEAM 
**%INFO: GENERAL SECTION (SECTION=GENERAL). 
**%
**%
**% I-DEAS BEAM CROSS SECTION: ANGLE3_0X4_375X0_375
**%
*BEAM GENERAL SECTION, 
 ELSET=BEAM_9,
 DENSITY= 0.73174E-03, 
 ZERO= 0.00000E+00 
 0.37651E+01, 0.15362E+01, 0.00000E+00, 0.21902E+02, 0.18475E+00, 0, 0.00000E+00 
 0.00000E+00,-0.98296E+00, 0.18378E+00 
 0.30000E+08, 0.11628E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
-0.24537E+01,-0.84509E+00
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**%INFO: THE ABOVE CROSS SECTION CANNOT BE TRANSLATED TO AN 
**%INFO: ABAQUS LIBRARY SECTION AND HENCE IS WRITTEN AS BEAM 
**%INFO: GENERAL SECTION (SECTION=GENERAL). 
**%
**%
**% I-DEAS BEAM CROSS SECTION: ANGLE1_75X1_75_0_25
**%
*BEAM GENERAL SECTION, 
 ELSET=BEAM_10 ,
 DENSITY= 0.73174E-03, 
 ZERO= 0.00000E+00 
 0.81921E+00, 0.92892E-01, 0.00000E+00, 0.35176E+00, 0.18699E-01, 0, 0.00000E+00 
 0.70710E+00, 0.70710E+00, 0.00000E+00 
 0.30000E+08, 0.11628E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00,-0.56083E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**%INFO: THE ABOVE CROSS SECTION CANNOT BE TRANSLATED TO AN 
**%INFO: ABAQUS LIBRARY SECTION AND HENCE IS WRITTEN AS BEAM 
**%INFO: GENERAL SECTION (SECTION=GENERAL). 
**%
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**%
**% I-DEAS BEAM CROSS SECTION: RECT0_5X4_0
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=BEAM_11 ,
 SECTION=RECT 
 0.50000E+00, 0.40000E+01 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: RECT3_0X0_5
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=BEAM_12 ,
 SECTION=RECT 
 0.30000E+01, 0.50000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: ANGLE4_0X3_0X0_5
**%
*BEAM GENERAL SECTION, 
 ELSET=BEAM_13 ,
 DENSITY= 0.73174E-03, 
 ZERO= 0.00000E+00 
 0.32768E+01, 0.59991E+01, 0.00000E+00, 0.13108E+01, 0.29918E+00, 0, 0.00000E+00 
-0.87872E+00,-0.47732E+00, 0.00000E+00 
 0.30000E+08, 0.11628E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
-0.10010E+01,-0.66503E+00
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**%INFO: THE ABOVE CROSS SECTION CANNOT BE TRANSLATED TO AN 
**%INFO: ABAQUS LIBRARY SECTION AND HENCE IS WRITTEN AS BEAM 
**%INFO: GENERAL SECTION (SECTION=GENERAL). 
**%
**%
**% I-DEAS BEAM CROSS SECTION: ANGLE3_0X3_0X0_5
**%
*BEAM GENERAL SECTION, 
 ELSET=BEAM_14 ,
 DENSITY= 0.73174E-03, 
 ZERO= 0.00000E+00 
 0.27768E+01, 0.91043E+00, 0.00000E+00, 0.34046E+01, 0.25752E+00, 0, 0.00000E+00 
-0.70710E+00,-0.36380E+00,-0.60633E+00
 0.30000E+08, 0.11628E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00,-0.94507E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**%INFO: THE ABOVE CROSS SECTION CANNOT BE TRANSLATED TO AN 
**%INFO: ABAQUS LIBRARY SECTION AND HENCE IS WRITTEN AS BEAM 
**%INFO: GENERAL SECTION (SECTION=GENERAL). 
**%
**%
**% I-DEAS BEAM CROSS SECTION: ANGLE3_0X3_0X0_5
**%
*BEAM GENERAL SECTION, 
 ELSET=BEAM_15 ,
 DENSITY= 0.73174E-03, 
 ZERO= 0.00000E+00 
 0.27768E+01, 0.91043E+00, 0.00000E+00, 0.34046E+01, 0.25752E+00, 0, 0.00000E+00 
-0.70710E+00, 0.00000E+00, 0.70710E+00 
 0.30000E+08, 0.11628E+08, 0.10000E-34 
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*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00,-0.94507E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**%INFO: THE ABOVE CROSS SECTION CANNOT BE TRANSLATED TO AN 
**%INFO: ABAQUS LIBRARY SECTION AND HENCE IS WRITTEN AS BEAM 
**%INFO: GENERAL SECTION (SECTION=GENERAL). 
**%
**%
**% I-DEAS BEAM CROSS SECTION: ANGLE3_0X3_0X0_5
**%
*BEAM GENERAL SECTION, 
 ELSET=BEAM_16 ,
 DENSITY= 0.73174E-03, 
 ZERO= 0.00000E+00 
 0.27768E+01, 0.91043E+00, 0.00000E+00, 0.34046E+01, 0.25752E+00, 0, 0.00000E+00 
-0.70710E+00, 0.70710E+00, 0.00000E+00 
 0.30000E+08, 0.11628E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00,-0.94507E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**%INFO: THE ABOVE CROSS SECTION CANNOT BE TRANSLATED TO AN 
**%INFO: ABAQUS LIBRARY SECTION AND HENCE IS WRITTEN AS BEAM 
**%INFO: GENERAL SECTION (SECTION=GENERAL). 
**%
**%
**% I-DEAS BEAM CROSS SECTION: ANGLE2_5X2_5X0_25
**%
*BEAM GENERAL SECTION, 
 ELSET=BEAM_17 ,
 DENSITY= 0.73174E-03, 
 ZERO= 0.00000E+00 
 0.11942E+01, 0.28548E+00, 0.00000E+00, 0.11021E+01, 0.26511E-01, 0, 0.00000E+00 
 0.70710E+00, 0.00000E+00, 0.70710E+00 
 0.30000E+08, 0.11628E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00,-0.82582E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**%INFO: THE ABOVE CROSS SECTION CANNOT BE TRANSLATED TO AN 
**%INFO: ABAQUS LIBRARY SECTION AND HENCE IS WRITTEN AS BEAM 
**%INFO: GENERAL SECTION (SECTION=GENERAL). 
**%
**%
**% I-DEAS BEAM CROSS SECTION: RECTANGLE3_0X0_5
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=BEAM_18 ,
 SECTION=RECT 
 0.30000E+01, 0.50000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: UBOLT_STIFF_ELEMENT
**%
*BEAM GENERAL SECTION, 
 ELSET=BEAM_19 ,
 DENSITY= 0.73174E-03, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.50000E+03, 0.00000E+00, 0.50000E+03, 0.20000E+05, 0, 0.00000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
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 0.30000E+08, 0.11628E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE20_0X0_312
**%
*BEAM SECTION, 
 MATERIAL=SST304_20X0312,
 ELSET=PIPE,
 SECTION=PIPE 
 0.10000E+02, 0.31200E+00 
-0.70710E+00, 0.00000E+00,-0.70710E+00 
*MATERIAL,NAME=SST304_20X0312
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 2.15200E-03, 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE20_0X0_312
**%
*BEAM SECTION, 
 MATERIAL=SST304_20X0312,
 ELSET=PIPE_1,
 SECTION=PIPE 
 0.10000E+02, 0.31200E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE20_0X0_312
**%
*BEAM SECTION, 
 MATERIAL=SST304_20X0312,
 ELSET=PIPE_2,
 SECTION=PIPE 
 0.10000E+02, 0.31200E+00 
 0.70710E+00, 0.00000E+00,-0.70710E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE18_0X0_3125
**%
*BEAM SECTION, 
 MATERIAL=SST304_18X0312,
 ELSET=PIPE_3,
 SECTION=PIPE 
 0.90000E+01, 0.31250E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=SST304_18X0312
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 2.00200E-03, 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE4_5X0_237
**%
*BEAM SECTION, 
 MATERIAL=SST304_4X0237 ,
 ELSET=PIPE_4,
 SECTION=PIPE 
 0.22500E+01, 0.23700E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=SST304_4X0237
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.10000E-03, 
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*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE24_0X0_375
**%
*BEAM SECTION, 
 MATERIAL=SST304_24X0375,
 ELSET=PIPE_5,
 SECTION=PIPE 
 0.12000E+02, 0.37500E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=SST304_24X0375
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 2.15000E-03, 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE16_0X0_25
**%
*BEAM SECTION, 
 MATERIAL=SST304_16X025 ,
 ELSET=PIPE_6,
 SECTION=PIPE 
 0.80000E+01, 0.25000E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_16X025
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 2.15000E-03, 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE16_0X0_25
**%
*BEAM SECTION, 
 MATERIAL=SST304_16X025 ,
 ELSET=PIPE_7,
 SECTION=PIPE 
 0.80000E+01, 0.25000E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE16_0X0_25
**%
*BEAM SECTION, 
 MATERIAL=SST304_16X025 ,
 ELSET=PIPE_8,
 SECTION=PIPE 
 0.80000E+01, 0.25000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE30_0X0_438
**%
*BEAM SECTION, 
 MATERIAL=SST304_30X0438,
 ELSET=PIPE_9,
 SECTION=PIPE 
 0.15000E+02, 0.43800E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_30X0438
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 2.25000E-03, 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: FABREDUCER30_0TO10_75
**%
*BEAM GENERAL SECTION, 
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 ELSET=PIPE_10 ,
 DENSITY= 0.22500E-02, 
 ZERO= 0.00000E+00 
 0.82470E+01, 0.55467E+02, 0.00000E+00, 0.55467E+02, 0.34747E+03, 0, 0.00000E+00 
 0.00000E+00, 0.10000E+01, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 

*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE10_75X0_25
**%
*BEAM SECTION, 
 MATERIAL=SST304_10X025 ,
 ELSET=PIPE_11 ,
 SECTION=PIPE 
 0.53750E+01, 0.25000E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_10X025
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.66000E-03, 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE10_75X0_25
**%
*BEAM SECTION, 
 MATERIAL=SST304_10X025 ,
 ELSET=PIPE_12 ,
 SECTION=PIPE 
 0.53750E+01, 0.25000E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE10_75X0_25
**%
*BEAM SECTION, 
 MATERIAL=SST304_10X025 ,
 ELSET=PIPE_13 ,
 SECTION=PIPE 
 0.53750E+01, 0.25000E+00 
 0.70707E+00, 0.00000E+00,-0.70714E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE10_75X0_25
**%
*BEAM SECTION, 
 MATERIAL=SST304_10X025 ,
 ELSET=PIPE_14 ,
 SECTION=PIPE 
 0.53750E+01, 0.25000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: BR_16X10_BRANCH
**%
*BEAM GENERAL SECTION, 
 ELSET=PIPE_15 ,
 DENSITY= 0.16600E-02, 
 ZERO= 0.00000E+00 
 0.82470E+01, 0.11371E+03, 0.00000E+00, 0.11371E+03, 0.10374E+03, 0, 0.00000E+00 
-0.99636E+00, 0.00000E+00,-0.85150E-01 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
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*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE6_625X0_28
**%
*BEAM SECTION, 
 MATERIAL=SST304_6X028,
 ELSET=PIPE_16 ,
 SECTION=PIPE 
 0.33125E+01, 0.28000E+00 
-0.70710E+00, 0.00000E+00,-0.70710E+00 
*MATERIAL,NAME=SST304_6X028
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.20900E-03, 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3
**%
**% I-DEAS BEAM CROSS SECTION: PIPE6_625X0_28
**%
*BEAM SECTION, 
 MATERIAL=SST304_6X028,
 ELSET=PIPE_17 ,
 SECTION=PIPE 
 0.33125E+01, 0.28000E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE6_625X0_28
**%
*BEAM SECTION, 
 MATERIAL=SST304_6X028,
 ELSET=PIPE_18 ,
 SECTION=PIPE 
 0.33125E+01, 0.28000E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE6_625X0_28
**%
*BEAM SECTION, 
 MATERIAL=SST304_6X028,
 ELSET=PIPE_19 ,
 SECTION=PIPE 
 0.33125E+01, 0.28000E+00 
 0.00000E+00, 0.51517E+00,-0.85708E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE6_625X0_28
**%
*BEAM SECTION, 
 MATERIAL=SST304_6X028,
 ELSET=PIPE_20 ,
 SECTION=PIPE 
 0.33125E+01, 0.28000E+00 
 0.70710E+00, 0.00000E+00,-0.70710E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE6_625X0_28
**%
*BEAM SECTION, 
 MATERIAL=SST304_6X028,
 ELSET=PIPE_21 ,
 SECTION=PIPE 
 0.33125E+01, 0.28000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE16_0X0_25
**%
*BEAM SECTION, 
 MATERIAL=SST304_RED16X025,
 ELSET=PIPE_22 ,
 SECTION=PIPE 
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 0.80000E+01, 0.25000E+00 
 0.00000E+00,-0.99741E+00,-0.71910E-01 
*MATERIAL,NAME=SST304_RED16X025
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 2.15000E-03, 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE16_0X0_25
**%
*BEAM SECTION, 
 MATERIAL=SST304_RED16X025,
 ELSET=PIPE_23 ,
 SECTION=PIPE 
 0.80000E+01, 0.25000E+00 
 0.44000E-03,-0.99816E+00,-0.60510E-01 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE14_0X0_25
**%
*BEAM SECTION, 
 MATERIAL=SST304_RED14X025,
 ELSET=PIPE_24 ,
 SECTION=PIPE 
 0.70000E+01, 0.25000E+00 
-0.44000E-03,-0.99816E+00,-0.60470E-01
*MATERIAL,NAME=SST304_RED14X025
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.96300E-03, 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE14_0X0_25
**%
*BEAM SECTION, 
 MATERIAL=SST304_RED14X025,
 ELSET=PIPE_25 ,
 SECTION=PIPE 
 0.70000E+01, 0.25000E+00 
 0.00000E+00,-0.99741E+00,-0.71850E-01 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE24_0X0_375
**%
*BEAM SECTION, 
 MATERIAL=SST304_RED24X0375 ,
 ELSET=PIPE_26 ,
 SECTION=PIPE 
 0.12000E+02, 0.37500E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=SST304_RED24X0375
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 2.15000E-03, 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE18_0X0_3125
**%
*BEAM SECTION, 
 MATERIAL=SST304_RED18X0312 ,
 ELSET=PIPE_27 ,
 SECTION=PIPE 
 0.90000E+01, 0.31250E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=SST304_RED18X0312
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
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*DENSITY
 2.00200E-03, 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: RED30_0X0_5
**%
*BEAM SECTION, 
 MATERIAL=SST304_RED30X05 ,
 ELSET=PIPE_28 ,
 SECTION=PIPE 
 0.15000E+02, 0.50000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_RED30X05
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 2.00200E-03, 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3
**%
**% I-DEAS BEAM CROSS SECTION: RED20_0X0_5
**%
*BEAM SECTION, 
 MATERIAL=SST304_RED20X05 ,
 ELSET=PIPE_29 ,
 SECTION=PIPE 
 0.10000E+02, 0.50000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_RED20X05
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.59000E-03, 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3
**%
**% I-DEAS BEAM CROSS SECTION: PIPE16_0X0_25
**%
*BEAM SECTION, 
 MATERIAL=SST304_T16X025,
 ELSET=PIPE_30 ,
 SECTION=PIPE 
 0.80000E+01, 0.25000E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_T16X025
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 2.15000E-03, 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE16_0X0_25
**%
*BEAM SECTION, 
 MATERIAL=SST304_T16X025,
 ELSET=PIPE_31 ,
 SECTION=PIPE 
 0.80000E+01, 0.25000E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE16_0X0_25
**%
*BEAM SECTION, 
 MATERIAL=SST304_T16X025,
 ELSET=PIPE_32 ,
 SECTION=PIPE 
 0.80000E+01, 0.25000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: BR_16X16_BRANCH
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**%
*BEAM GENERAL SECTION, 
 ELSET=PIPE_33 ,
 DENSITY= 0.21500E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.14987E+02, 0.00000E+00, 0.42389E+02, 0.76733E+03, 0, 0.00000E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE6_625X0_28
**%
*BEAM SECTION, 
 MATERIAL=SST304_T6X028 ,
 ELSET=PIPE_34 ,
 SECTION=PIPE 
 0.33125E+01, 0.28000E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=SST304_T6X028
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.20900E-03, 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE30_0X0_438
**%
*BEAM SECTION, 
 MATERIAL=SST304_B30X0438_R ,
 ELSET=PIPE_35 ,
 SECTION=PIPE 
 0.15000E+02, 0.43800E+00 
-0.10000E+01, 0.00000E+00,-0.10000E-04 
*MATERIAL,NAME=SST304_B30X0438_R
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 2.25500E-03, 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3
**%
**% I-DEAS BEAM CROSS SECTION: PIPE30_0X0_438
**%
*BEAM SECTION, 
 MATERIAL=SST304_B30X0438_R ,
 ELSET=PIPE_36 ,
 SECTION=PIPE 
 0.15000E+02, 0.43800E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: RED30_0X0_5
**%
*BEAM SECTION, 
 MATERIAL=SST304_B30X0438_R ,
 ELSET=PIPE_37 ,
 SECTION=PIPE 
 0.15000E+02, 0.50000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE24_0X0_375
**%
*BEAM SECTION, 
 MATERIAL=SST304_B24X0312_BR,
 ELSET=PIPE_38 ,
 SECTION=PIPE 
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 0.12000E+02, 0.37500E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=SST304_B24X0312_BR
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 2.15000E-03, 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: BR_30X24_BRANCH
**%
*BEAM GENERAL SECTION, 
 ELSET=PIPE_39 ,
 DENSITY= 0.21500E-02, 
 ZERO= 0.00000E+00 
 0.27833E+02, 0.52149E+02, 0.00000E+00, 0.22323E+03, 0.10760E+04, 0, 0.00000E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: BR_30X20_BRANCH
**%
*BEAM GENERAL SECTION, 
 ELSET=PIPE_40 ,
 DENSITY= 0.21500E-02, 
 ZERO= 0.00000E+00 
 0.19298E+02, 0.32379E+02, 0.00000E+00, 0.14610E+03, 0.13652E+04, 0, 0.00000E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: BR_30X16_BRANCH
**%
*BEAM GENERAL SECTION, 
 ELSET=PIPE_41 ,
 DENSITY= 0.21500E-02, 
 ZERO= 0.00000E+00 
 0.12370E+02, 0.15890E+02, 0.00000E+00, 0.75887E+02, 0.76733E+03, 0, 0.00000E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE20_0X0_312
**%
*BEAM SECTION, 
 MATERIAL=SST304_B20X0312_R ,
 ELSET=PIPE_42 ,
 SECTION=PIPE 
 0.10000E+02, 0.31200E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=SST304_B20X0312_R
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 2.15200E-03, 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
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**%
**% I-DEAS BEAM CROSS SECTION: BR_20X6_BRANCH
**%
*BEAM GENERAL SECTION, 
 ELSET=PIPE_43 ,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.55810E+01, 0.49250E+01, 0.00000E+00, 0.14691E+02, 0.56284E+02, 0, 0.00000E+00 
 0.00000E+00,-0.10000E+01, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE16_0X0_25
**%
*BEAM SECTION, 
 MATERIAL=SST304_B16X025_R,
 ELSET=PIPE_44 ,
 SECTION=PIPE 
 0.80000E+01, 0.25000E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_B16X025_R
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 2.15000E-03, 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: BR_16X4_BRANCH
**%
*BEAM GENERAL SECTION, 
 ELSET=PIPE_45 ,
 DENSITY= 0.11000E-02, 
 ZERO= 0.00000E+00 
 0.31740E+01, 0.48600E+00, 0.00000E+00, 0.19450E+01, 0.14465E+02, 0, 0.00000E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE10_75X0_25
**%
*BEAM SECTION, 
 MATERIAL=SST304_B10X025_R,
 ELSET=PIPE_46 ,
 SECTION=PIPE 
 0.53750E+01, 0.25000E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_B10X025_R
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.66000E-03, 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE10_75X0_25
**%
*BEAM SECTION, 
 MATERIAL=SST304_B10X025_R,
 ELSET=PIPE_47 ,
 SECTION=PIPE 
 0.53750E+01, 0.25000E+00 
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 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE6_625X0_28
**%
*BEAM SECTION, 
 MATERIAL=SST304_B6X0625_BR ,
 ELSET=PIPE_48 ,
 SECTION=PIPE 
 0.33125E+01, 0.28000E+00 
 0.00000E+00, 0.70710E+00,-0.70710E+00 
*MATERIAL,NAME=SST304_B6X0625_BR
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.20900E-03, 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: BR_10X6_BRANCH
**%
*BEAM GENERAL SECTION, 
 ELSET=PIPE_49 ,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.55810E+01, 0.68370E+00, 0.00000E+00, 0.31960E+01, 0.56284E+02, 0, 0.00000E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: BR_10X6_BRANCH
**%
*BEAM GENERAL SECTION, 
 ELSET=PIPE_50 ,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.55810E+01, 0.68370E+00, 0.00000E+00, 0.31960E+01, 0.56284E+02, 0, 0.00000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: VALVE24X1_258
**%
*BEAM SECTION, 
 MATERIAL=SST304_V24,
 ELSET=PIPE_51 ,
 SECTION=PIPE 
 0.12000E+02, 0.12580E+01 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=SST304_V24
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 2.24600E-05, 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3
**%
**% I-DEAS BEAM CROSS SECTION: VALVE16_0X0_838
**%
*BEAM SECTION, 
 MATERIAL=SST304_V16,
 ELSET=PIPE_52 ,
 SECTION=PIPE 
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 0.80000E+01, 0.83800E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_V16
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 2.24700E-05, 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: VALVE16_0X0_838
**%
*BEAM SECTION, 
 MATERIAL=SST304_V16,
 ELSET=PIPE_53 ,
 SECTION=PIPE 
 0.80000E+01, 0.83800E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: VALVE10_75X0_902
**%
*BEAM SECTION, 
 MATERIAL=SST304_V10,
 ELSET=PIPE_54 ,
 SECTION=PIPE 
 0.53750E+01, 0.90200E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_V10
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 2.14300E-05, 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: VALVE10_75X0_902
**%
*BEAM SECTION, 
 MATERIAL=SST304_V10,
 ELSET=PIPE_55 ,
 SECTION=PIPE 
 0.53750E+01, 0.90200E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: VALVE6_625X1_417
**%
*BEAM SECTION, 
 MATERIAL=SST304_V6 ,
 ELSET=PIPE_56 ,
 SECTION=PIPE 
 0.33125E+01, 0.14170E+01 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=SST304_V6
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.74600E-05, 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE20_0X0_312
**%
*BEAM SECTION, 
 MATERIAL=SST304_20X0312,
 ELSET=ELBOW ,
 SECTION=PIPE 
 0.10000E+02, 0.31200E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW20_0X0_3125SR20P253
**%
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*BEAM GENERAL SECTION, 
 ELSET=ELBOW_1 ,
 DENSITY= 0.21520E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.44494E+02, 0.00000E+00, 0.44494E+02, 0.18734E+04, 0, 0.00000E+00 
-0.70710E+00,-0.70710E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW20_0X0_3125LR30P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_2 ,
 DENSITY= 0.21520E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.68452E+02, 0.00000E+00, 0.68452E+02, 0.18734E+04, 0, 0.00000E+00 
-0.70710E+00,-0.70710E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW20_0X0_3125LR30P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_3 ,
 DENSITY= 0.21520E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.68452E+02, 0.00000E+00, 0.68452E+02, 0.18734E+04, 0, 0.00000E+00 
-0.81649E+00,-0.57734E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW20_0X0_3125LR30P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_4 ,
 DENSITY= 0.21520E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.68452E+02, 0.00000E+00, 0.68452E+02, 0.18734E+04, 0, 0.00000E+00 
 0.00000E+00,-0.10000E+01, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW4_5X0_237LR6P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_5 ,
 DENSITY= 0.11000E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.13980E+01, 0.00000E+00, 0.13980E+01, 0.14500E+02, 0, 0.00000E+00 
-0.38268E+00, 0.92387E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
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 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW4_5X0_237LR6P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_6 ,
 DENSITY= 0.11000E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.13980E+01, 0.00000E+00, 0.13980E+01, 0.14500E+02, 0, 0.00000E+00 
-0.70711E+00, 0.70709E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW4_5X0_237LR6P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_7 ,
 DENSITY= 0.11000E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.13980E+01, 0.00000E+00, 0.13980E+01, 0.14500E+02, 0, 0.00000E+00 
 0.92387E+00,-0.38269E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW24_0X0_375SR24P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_8 ,
 DENSITY= 0.21500E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.92264E+02, 0.00000E+00, 0.92264E+02, 0.38846E+04, 0, 0.00000E+00 
-0.70710E+00,-0.70710E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW16_0X0_25SR16P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_9 ,
 DENSITY= 0.21500E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.18225E+02, 0.00000E+00, 0.18225E+02, 0.76730E+03, 0, 0.00000E+00 
-0.70710E+00,-0.70710E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW16_0X0_25SR16P253
**%
*BEAM GENERAL SECTION, 
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 ELSET=ELBOW_10,
 DENSITY= 0.21500E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.18225E+02, 0.00000E+00, 0.18225E+02, 0.76730E+03, 0, 0.00000E+00 
-0.70710E+00, 0.70710E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW16_0X0_25SR16P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_11,
 DENSITY= 0.21500E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.18225E+02, 0.00000E+00, 0.18225E+02, 0.76730E+03, 0, 0.00000E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW16_0X0_25SR16P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_12,
 DENSITY= 0.21500E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.18225E+02, 0.00000E+00, 0.18225E+02, 0.76730E+03, 0, 0.00000E+00 
 0.00000E+00,-0.10000E+01, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: FAB_BRANCH16_0X0_25LR24P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_13,
 DENSITY= 0.21500E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.25207E+02, 0.00000E+00, 0.25207E+02, 0.76730E+03, 0, 0.00000E+00 
 0.00000E+00,-0.10000E+01, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW10_75X0_25SR10P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_14,
 DENSITY= 0.16600E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.67620E+01, 0.00000E+00, 0.67620E+01, 0.22740E+03, 0, 0.00000E+00 
 0.70710E+00, 0.70710E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
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*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW10_75X0_25LR15P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_15,
 DENSITY= 0.16600E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.10254E+02, 0.00000E+00, 0.10254E+02, 0.22740E+03, 0, 0.00000E+00 
-0.70710E+00,-0.70710E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW10_75X0_25LR15P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_16,
 DENSITY= 0.16600E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.10254E+02, 0.00000E+00, 0.10254E+02, 0.22740E+03, 0, 0.00000E+00 
-0.70710E+00, 0.70710E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW10_75X0_25LR15P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_17,
 DENSITY= 0.16600E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.10254E+02, 0.00000E+00, 0.10254E+02, 0.22740E+03, 0, 0.00000E+00 
-0.81649E+00, 0.57734E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW10_75X0_25LR15P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_18,
 DENSITY= 0.16600E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.10254E+02, 0.00000E+00, 0.10254E+02, 0.22740E+03, 0, 0.00000E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW10_75X0_25LR15P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_19,
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 DENSITY= 0.16600E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.10254E+02, 0.00000E+00, 0.10254E+02, 0.22740E+03, 0, 0.00000E+00 
 0.00000E+00,-0.10000E+01, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW10_75X0_25LR15P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_20,
 DENSITY= 0.16600E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.10254E+02, 0.00000E+00, 0.10254E+02, 0.22740E+03, 0, 0.00000E+00 
 0.00000E+00, 0.10000E+01, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28LR9P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_21,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.43650E+01, 0.00000E+00, 0.43650E+01, 0.56300E+02, 0, 0.00000E+00 
-0.65075E+00,-0.75929E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28LR9P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_22,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.43650E+01, 0.00000E+00, 0.43650E+01, 0.56300E+02, 0, 0.00000E+00 
-0.70710E+00, 0.70710E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28LR9P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_23,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.43650E+01, 0.00000E+00, 0.43650E+01, 0.56300E+02, 0, 0.00000E+00 
-0.81649E+00, 0.57734E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
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 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28LR9P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_24,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.43650E+01, 0.00000E+00, 0.43650E+01, 0.56300E+02, 0, 0.00000E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28LR9P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_25,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.43650E+01, 0.00000E+00, 0.43650E+01, 0.56300E+02, 0, 0.00000E+00 
 0.00000E+00,-0.10000E+01, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28LR9P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_26,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.43650E+01, 0.00000E+00, 0.43650E+01, 0.56300E+02, 0, 0.00000E+00 
 0.00000E+00, 0.10000E+01, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28LR9P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_27,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.43650E+01, 0.00000E+00, 0.43650E+01, 0.56300E+02, 0, 0.00000E+00 
 0.57640E+00,-0.81716E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28LR9P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_28,
 DENSITY= 0.12090E-02, 
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 ZERO= 0.00000E+00 
 0.27832E+02, 0.43650E+01, 0.00000E+00, 0.43650E+01, 0.56300E+02, 0, 0.00000E+00 
 0.70710E+00, 0.70710E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28LR9P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_29,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.43650E+01, 0.00000E+00, 0.43650E+01, 0.56300E+02, 0, 0.00000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28XLR30P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_30,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.14705E+02, 0.00000E+00, 0.14705E+02, 0.56300E+02, 0, 0.00000E+00 
-0.70710E+00, 0.70710E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28XLR30P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_31,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.27832E+02, 0.14705E+02, 0.00000E+00, 0.14705E+02, 0.56300E+02, 0, 0.00000E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.4295, BETA=2.894E-3 
*SPRING, ELSET=RH24_SPRING,NONLINEAR

    -1.0000E+6, -1.14803 
   0.0000E+0, -0.625 
   0.0000E+0, 0.0000E+0 
   1.0000E+6, 0.52313 
*SPRING, ELSET=PS10_SPRING,NONLINEAR

  -1.0000E+6, -0.36782 
   0.0000E+0, 0.0000E+0 
*SPRING, ELSET=RH19_SPRING,NONLINEAR

   0.0000E+0, 0.0000E+0 
   1.0000E+6, 2.08636 
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*SPRING, ELSET=PS4_SPRING,NONLINEAR 

  -1.0000E+6, -0.13932 
   0.0000E+0, 0.0000E+0 
*SPRING, ELSET=RH26X8-14_SPRING,NONLINEAR 

   0.0000E+0, 0.0000E+0 
   1.0000E+6, 0.81498 
*SPRING, ELSET=RH32_SPRING

  1E+01, 
*SPRING, ELSET=PR6_SPRING 

  1E+01, 
*MASS, ALPHA=0.4295, 
 ELSET=LMASS24LAP 
  1.23800E+00, 
*MASS, ALPHA=0.4295, 
 ELSET=LMASS16LAP 
  5.39000E-01, 
*MASS, ALPHA=0.4295, 
 ELSET=LMASS10LAP 
  2.02000E-01, 
*MASS, ALPHA=0.4295, 
 ELSET=LMASS6LAP
  1.01000E-01, 
*MASS, ALPHA=0.4295, 
 ELSET=LMASS16GT_SUCTION
  6.47500E+00, 
*MASS, ALPHA=0.4295, 
 ELSET=LMASS16CK
  8.02900E+00, 
*MASS, ALPHA=0.4295, 
 ELSET=LMASS24GT
  1.73920E+01, 
*MASS, ALPHA=0.4295, 
 ELSET=LMASS10GT
  2.83900E+00, 
*MASS, ALPHA=0.4295, 
 ELSET=LMASS10GB
  3.85000E+00, 
*MASS, ALPHA=0.4295, 
 ELSET=LMASS6GT 
  1.27200E+00, 
*MASS, ALPHA=0.4295, 
 ELSET=LMASS6WNF
  1.06000E-01, 
**%
*ELSET, ELSET=ALLELEMENTS 
 BEAM,
 BEAM_1,
 BEAM_2,
 BEAM_3,
 BEAM_4,
 BEAM_5,
 BEAM_6,
 BEAM_7,
 BEAM_8,
 BEAM_9,
 BEAM_10 ,
 BEAM_11 ,
 BEAM_12 ,
 BEAM_13 ,
 BEAM_14 ,
 BEAM_15 ,
 BEAM_16 ,
 BEAM_17 ,
 BEAM_18 ,
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 BEAM_19 ,
 PIPE,
 PIPE_1,
 PIPE_2,
 PIPE_3,
 PIPE_4,
 PIPE_5,
 PIPE_6,
 PIPE_7,
 PIPE_8,
 PIPE_9,
 PIPE_10 ,
 PIPE_11 ,
 PIPE_12 ,
 PIPE_13 ,
 PIPE_14 ,
 PIPE_15 ,
 PIPE_16 ,
 PIPE_17 ,
 PIPE_18 ,
 PIPE_19 ,
 PIPE_20 ,
 PIPE_21 ,
 PIPE_22 ,
 PIPE_23 ,
 PIPE_24 ,
 PIPE_25 ,
 PIPE_26 ,
 PIPE_27 ,
 PIPE_28 ,
 PIPE_29 ,
 PIPE_30 ,
 PIPE_31 ,
 PIPE_32 ,
 PIPE_33 ,
 PIPE_34 ,
 PIPE_35 ,
 PIPE_36 ,
 PIPE_37 ,
 PIPE_38 ,
 PIPE_39 ,
 PIPE_40 ,
 PIPE_41 ,
 PIPE_42 ,
 PIPE_43 ,
 PIPE_44 ,
 PIPE_45 ,
 PIPE_46 ,
 PIPE_47 ,
 PIPE_48 ,
 PIPE_49 ,
 PIPE_50 ,
 PIPE_51 ,
 PIPE_52 ,
 PIPE_53 ,
 PIPE_54 ,
 PIPE_55 ,
 PIPE_56 ,
 ELBOW ,
 ELBOW_1 ,
 ELBOW_2 ,
 ELBOW_3 ,
 ELBOW_4 ,
 ELBOW_5 ,
 ELBOW_6 ,
 ELBOW_7 ,
 ELBOW_8 ,
 ELBOW_9 ,
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 ELBOW_10,
 ELBOW_11,
 ELBOW_12,
 ELBOW_13,
 ELBOW_14,
 ELBOW_15,
 ELBOW_16,
 ELBOW_17,
 ELBOW_18,
 ELBOW_19,
 ELBOW_20,
 ELBOW_21,
 ELBOW_22,
 ELBOW_23,
 ELBOW_24,
 ELBOW_25,
 ELBOW_26,
 ELBOW_27,
 ELBOW_28,
 ELBOW_29,
 ELBOW_30,
 ELBOW_31,
 LMASS24LAP,
 RH24_SPRING ,
 PS10_SPRING ,
 RH19_SPRING ,
 PS4_SPRING,
 RH26X8-14_SPRING,
 RH32_SPRING ,
 PR6_SPRING,
 LMASS16LAP,
 LMASS10LAP,
 LMASS6LAP ,
 LMASS16GT_SUCTION ,
 LMASS16CK ,
 LMASS24GT ,
 LMASS10GT ,
 LMASS10GB ,
 LMASS6GT,
 LMASS6WNF ,
**%
*NSET,NSET=ALL
       1,       2,       3,       4,       5,       6,       7,       9,      10,      11,      12 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    1138,    1139,    1140 
*NSET,NSET=LINES_13-16_18-21_171
       1,       2,       3,       4,       6,       7,       9,      10,      11,      13,      14 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    1061,    1063,    1064 
*NSET,NSET=LINE_17
       5,      12,      19,      26,      58,      59,      60,      61,      62,      63,      64 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    1139,    1140 
*NSET,NSET=LINES_30-31_48
      67,     145,     146,     147,     148,     152,     153,     154,     156,     157,     158 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    1085,    1086,    1087,    1088 
*NSET,NSET=LINES_43_47
     224,     225,     226,     228,     229,     230,     232,     233,     234,     235,     237 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    1111,    1112 
*NSET,NSET=LINES_44_46_814
     149,     150,     198,     199,     200,     201,     202,     203,     207,     208,     222 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    1127,    1130,    1131,    1132,    1133,    1134,    1135,    1136,    1137,    1138 
*NSET,NSET=UNLIST_COMPS
      25,      26,      63,     149,     164,     165,     181,     224,     225,     226,     228 
     229,     230,     756,     851,     873,     893,     905,     909,     912,     913,    1051 
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    1138, 
*NSET,NSET=LINE_45
     113,     114,     122,    1006,    1007,    1008,    1009,    1010,    1011,    1012,    1013 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    1044,    1045,    1046,    1047 
*NSET,NSET=BC_NS_X_N552
       1,      15,      22,      31,     127,     128,     129,     130,     139,     160,     194 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     876,     879,     881,     885,     888,    1006 
*NSET,NSET=BC_NS_X_N815
     601, 
*NSET,NSET=BC_V_Y_N552
       1,      15,      22,      31,     160,     194,     222,     345,     601,     606,     608 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     869,     876,     879,     881,     885,     888,    1006,    1045,    1047 
*NSET,NSET=BC_V_Y_N892
     617,     619 
*NSET,NSET=BC_V_Y_N4119
     127,     128,     129,     130,     139,     828,     829,     830,     831,     832 
*NSET,NSET=BC_EW_Z_N542
       1,      15,      22,      31,     127,     128,     129,     130,     139,     160,     194 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     869,     876,     879,     881,     885,     888,    1006,    1045,    1047 
*ELSET,ELSET=ALL, GENERATE 
         1,        8,        1 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
       652,      736,        1 
*ELSET,ELSET=SUPPORT_RELEASE
     404,     405,     406,     411,     412,     426,     427,     440,     441,     481,     482 
     483,     484,     643,     644 
*ELSET,ELSET=LINES_13-16_18-21_171
       1,       2,       3,       4,       5,       6,       7,       8,      13,      14,      16 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     654,     655,     656,     657,     658,     659,     660,     661,     662 
*ELSET,ELSET=LINE_17
      15,      31,      39,      44,      46,      47,      48,      49,      50,      51,      54 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     601,     602,     603,     604,     735,     736 
*ELSET,ELSET=LINES_30-31_48
     111,     112,     113,     114,     118,     119,     120,     123,     129,     130,     132 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     680,     681,     682,     683,     684,     685,     686 
*ELSET,ELSET=LINES_43_47
     167,     168,     170,     171,     172,     174,     175,     176,     177,     180,     181 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     709,     710 
*ELSET,ELSET=LINES_44_46_814
     151,     159,     160,     165,     213,     217,     218,     219,     220,     221,     222 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     733,     734 
*ELSET,ELSET=UNLIST_COMPS
      39,      78,     113,     114,     166,     167,     168,     170,     489,     513,     514 
     515,     516,     517,     604,     649,     734 
*ELSET,ELSET=LINE_45
      91,      92,     613,     614,     615,     616,     617,     618,     619,     620,     621 
     622,     623,     624,     625,     626,     627,     628,     629,     631,     632,     633 
     637,     638,     639,     640,     641,     642,     645 
**%
<<--Replace Time History-->> (KEY PHRASE USED IN SCRIPTING PROCESS) 
**%
*NSET,NSET=BS000001
222,606,617,619,622,625,641,644,646,815,816,828,829,830,831,832
833,847,848,849,850,860,863,865,869,876,879,881,885
*NSET,NSET=BS000002
1,15,22,31,127,128,129,130,139,160,194,345,601,608,669,682
820,822,857,858,888,1006
*RELEASE
SUPPORT_RELEASE, S1, M1-M2 
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**%
**% ====== STABILIZED STATIC G-LOAD ====== 
**%
**% Note: Nodes vertical is possitive z 
**%       Elements vertical is possitive y 
**%
*STEP,INC=1000000,NLGEOM
*STATIC, STABILIZE, FACTOR=0.01 
 0.005,1.0,1.0E-08,1.0 
**%  STATIC PLUS SEISMIC
**%  RESTRAINT SET 1
*BOUNDARY,OP=NEW
BS000001,    1, 3,      0.00000E+00 
        837,  4, 6,      0.00000E+00 
        836,  2,,       0.00000E+00 
        836,  4, 6,      0.00000E+00 
       1045,  2, 6,      0.00000E+00 
       1047,  2, 6,      0.00000E+00 
BS000002,    1, 6,      0.00000E+00 
**%  LOAD SET 1
*CLOAD,OP=NEW
        890,    2, 7.2000E+03 
        889,    2, 7.8000E+03 
        891,    2, 7.8000E+03 
        892,    2, 7.8000E+03 
        871,    2, 8.1000E+03 
        883,    2, 8.4000E+03 
        867,    2, 8.7000E+03 
        874,    2, 8.9000E+03 
        877,    2, 9.0000E+03 
        887,    2, 9.6000E+03 
*DLOAD,OP=NEW
 ALL, GRAV, 386.09, 0.0,-1.0, 0.0 
**%OUTPUT, FIELD 
**%NODE OUTPUT 
**%ELEMENT OUTPUT 
*OUTPUT, HISTORY,FREQUENCY=10000 
**%ELEMENT OUTPUT
*NODE PRINT, TOTAL=YES 
*MONITOR, NODE=1, DOF=1 
*END STEP 
**%
**% ====== SEISMIC WITH G-LOAD ====== 
**%
**% Note: Damping is address in the material properties 
**%
*STEP,INC=10000000,NLGEOM
*DYNAMIC, DIRECT 
 0.005,20.0,1.0E-08,0.005 
**%  BOUNDARY CONDITION SET 1
**%  RESTRAINT SET 1
**%
*BOUNDARY,OP=NEW
BS000002,    4, 6,      0.00000E+00 
 836,  4, 6,      0.00000E+00 
 837,  4, 6,      0.00000E+00 
 1045, 4, 6,   0.00000E+00 
 1047, 4, 6,      0.00000E+00 
*<<--H2_X_N552_TIME_HISTORY_INPUT-->> (KEY PHRASE USED IN SCRIPTING PROCESS)
BC_NS_X_N552, 1,,  1.0000E+00 
*<<--H2_X_N815_TIME_HISTORY_INPUT-->> (KEY PHRASE USED IN SCRIPTING PROCESS)
BC_NS_X_N815, 1,,  1.0000E+00 
*<<--V_Y_N552_TIME_HISTORY_INPUT-->> (KEY PHRASE USED IN SCRIPTING PROCESS)
BC_V_Y_N552, 2,,  1.0000E+00 
*<<--H1_Z_N542_TIME_HISTORY_INPUT-->> (KEY PHRASE USED IN SCRIPTING PROCESS)
BC_EW_Z_N542, 3,,  1.0000E+00 
**%  LOAD SET 1
*CLOAD,OP=NEW
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        890,    2, 7.2000E+03 
        889,    2, 7.8000E+03 
        891,    2, 7.8000E+03 
        892,    2, 7.8000E+03 
        871,    2, 8.1000E+03 
        883,    2, 8.4000E+03 
        867,    2, 8.7000E+03 
        874,    2, 8.9000E+03 
        877,    2, 9.0000E+03 
        887,    2, 9.6000E+03 
*DLOAD,OP=NEW
 ALL, GRAV, 386.09, 0.0,-1.0, 0.0 
*OUTPUT, FIELD ,FREQUENCY=1 
*NODE OUTPUT 
 U,V,A,RF 
*ELEMENT OUTPUT 
 NFORC,SF,S 
*OUTPUT, HISTORY,FREQUENCY=1 
***NODE OUTPUT, NSET=CRANEND 
** U,V,A 
***ELEMENT OUTPUT
** UC 
*NODE PRINT 
*MONITOR, NODE=1, DOF=1 
*END STEP 
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Appendix C.3 

Calculations Associated with Model 2-6-5 Seismic Evaluation 

Contents

PCS Line 1-17 Appendix C.3.1 

PCS Lines 1-13 through 1-16, 1-18 through 1-21, & 1-171 Appendix C.3.2 

PCS Lines 1-30, 1-31, & 1-48 Appendix C.3.3 

PCS Lines 1-43 & 1-47 Appendix C.3.4 

PCS Lines 1-44, 1-46, & 8-14 Appendix C.3.5 

PCS Line 1-45 Appendix C.3.6 

PCS Unlisted Components Appendix C.3.7 
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 Demand to Capacity Ratio Calculations for Components
Associated with Line 1-17 of ATR PCS Model 265

(NOTE:  Values represented here are shown for one realization (Nodal Force file =
LINE17_test_R1.dat and Element/Nodal order file = EL_17.xls ) and may or may not be consistent

with the 80th percentile results contained in Appendix C.4)
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Force Outputs from Abaqus

NF
...\LINES_17.dat

�� (N)odal (F)orces for the (M)edium (L)ines of
Model 3 

Defined Elemental and Corresponding Nodal Order

EL
...\EL_17(9-22-08).xls

�� Element and corresponding nodal order for the
(M)edium (L)ines of Model 3 

Time Boundaries

tinitial 1�� Initial time for which dynamic loading is applied

tfinal 21�� Final time for which dynamic loading stops

Seismic Scale Factor (Fa)

Fa 1�� Seismic scale factor

Allowable Design Stress Intensity Factor (Sm): Sm is defined below for SS304 at temperature 125oF and

SS304L at 125oF.

Sm_125 20ksi�� For SS304 at 125oF [2, pg 312-314] [3, pg 23]  

For SS304L at 125oF [2, pg 312-314] Applicable
only for portions of lines 1-28 and 1-29 closest to
reactor vessel [3, pg 23]

Sm_125L 16.7ksi��

Yield Strength (Sy): Sy is defined below for SS304 at temperature 125oF and SS304L at 125oF.

Sy_125 28.35ksi�� For SS304 at 125oF [2, pg 642-644] [3, pg 23]  

For SS304L at 125oF [2, pg 642-644] Applicable
only for portions of lines 1-28 and 1-29 closest to
reactor vessel  [3, pg 23]

Sy_125L 23.85ksi��

Maximum Strength Applicable for Equation 9 (S):  S is defined below for SS304 at temperature 125oF
and SS304L at 125oF.

S125 min 3 Sm_125� 2 Sy_125��� ��� Maximum allowable stress applied to SS304
piping [9, NB-3656]

S125 56.7 ksi�

S125L min 3 Sm_125L� 2 Sy_125L��� ��� Maximum allowable stress applied to SS304L
piping [9, NB-3656]

S125L 47.7 ksi�
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SUPPORTS
Supports Strategy:  Search based on the node for which the support acts.  If this node is a termination point
there will only be one node to evaluate.  If this node is in line with a section of pipe there will be two
representations of the same node (one for each element on each side of the node) to combine and the difference
between them is the force required of the support.  The D/C ratio for each support will be found by dividing the the
required force found above by the support capacity.

SupDC Pr Pc�� �
Pr

Pc
��

Support nf nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

Int15
Int25



�

�



0 0( )�

Prgj
nfindnfiCo0 1�

1� indndj
��

Prj
nfindnfiCo0 1�

1� i� indndj
� Prgj

�
�
�

��



Co2 0�
� Prgj

��

j 0 last indnd� ����for

PRi

0

j

n

Prn�
�

�

Int1' SupDC PRi Co0 0�
�


�
�



�

Int1 stack Int1' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int11
� Co0 0�

0��if

Int2' SupDC PRi Co1 0�
�


�
�



�

Int2 stack Int2' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int21
� Co1 0�

0��if

i 0 indnfo0
indnfi0

����for

Int1 Int2� �

��
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PR-6 Support (7x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. C.10.1]P1_PR6

0 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.10.1]

P2_PR6
11.256 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to 1, 2, and 3

Sup_Co_PR6

P1_PR6

P2_PR6

Fa

2

0

0


�
�
�
��

��
�
�
�


��

PR-6A (Node 876)
PR-6A vertically supports line 1-171 just east of Tfrom any upward movement supports EL(1-13A) on line
1-13.

nd876PR6A0
876�� Node associated with support

AL1PR6A_nd876 AL2PR6A_nd876� � Support NF nd876PR6A� Sup_Co_PR6� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node being
in the positive (AL1) and negative (AL2)
directions of the global coordinate
system)

AL1PR6A_nd876
T

0 0 0 0 0 0( )�

AL2PR6A_nd876
T

2.466 10 4�
� 2.775 10.04 876 86� ��

PR-6B (Node 885)
PR-6B vertically supports EL(1-14A) on line 1-14.

nd885PR6B0
885�� Node associated with support

AL1PR6B_nd885 AL2PR6B_nd885� � Support NF nd885PR6B� Sup_Co_PR6� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global
coordinate system) 

AL1PR6B_nd885
T

0 0 0 0 0 0( )�

AL2PR6B_nd885
T

2.405 10 4�
� 2.707 10.045 885 84� ��

PR-6C (Node 881)
PR-6C vertically supports EL(1-15A) on line 1-15.

nd881PR6C0
881�� Node associated with support

AL1PR6C_nd881 AL2PR6C_nd881� � Support NF nd881PR6C� Sup_Co_PR6� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PR6C_nd881
T

0 0 0 0 0 0( )�

AL2PR6C_nd881
T

2.267 10 4�
� 2.552 10.055 881 82� ��
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PR-6D (Node 879)
PR-6D vertically supports EL(1-16A) on line 1-16.

nd879PR6D0
879�� Node associated with support

AL1PR6D_nd879 AL2PR6D_nd879� � Support NF nd879PR6D� Sup_Co_PR6� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global
coordinate system) 

AL1PR6D_nd879
T

0 0 0 0 0 0( )�

AL2PR6D_nd879
T

2.289 10 4�
� 2.577 4.005 879 88� ��

PR-6E (Node 865)
PR-6E vertically supports EL(1-14A) on line 1-14.

nd865PR6E0
865�� Node associated with support

AL1PR6E_nd865 AL2PR6E_nd865� � Support NF nd865PR6E� Sup_Co_PR6� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global
coordinate system) 

AL1PR6E_nd865
T

0 0 0 0 0 0( )�

AL2PR6E_nd865
T

2.381 10 4�
� 2.68 4.005 865 80� ��

PR-6F (Node 869)
PR-6F vertically supports EL(1-15A) on line 1-15.

nd869PR6F0
869�� Node associated with support

AL1PR6F_nd869 AL2PR6F_nd869� � Support NF nd869PR6F� Sup_Co_PR6� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PR6F_nd869
T

0 0 0 0 0 0( )�

AL2PR6F_nd869
T

2.432 10 4�
� 2.737 7.66 869 78� ��

PR-6G (Node 863)
PR-6G vertically supports EL(1-16A) on line 1-16.

nd863PR6G0
863�� Node associated with support

AL1PR6G_nd863 AL2PR6G_nd863� � Support NF nd863PR6G� Sup_Co_PR6� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global
coordinate system) 

AL1PR6G_nd863
T

0 0 0 0 0 0( )�

AL2PR6G_nd863
T

2.584 10 4�
� 2.909 8.85 863 76� ��
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Writing Output Data for Supports Associated with Line 17
SA1 AL1PR6A_nd876

T
�� PR-6 Compression

SA2 AL2PR6A_nd876
T

�� PR-6 Tension

SB1 AL1PR6B_nd885
T

�� PR-6 Compression

SB2 AL2PR6B_nd885
T

�� PR-6 Tension

SC1 AL1PR6C_nd881
T

�� PR-6 Compression

SC2 AL2PR6C_nd881
T

�� PR-6 Tension

SD1 AL1PR6D_nd879
T

�� PR-6 Compression

SD2 AL2PR6D_nd879
T

�� PR-6 Tension

SE1 AL1PR6E_nd865
T

�� PR-6 Compression

SE2 AL2PR6E_nd865
T

�� PR-6 Tension

SF1 AL1PR6F_nd869
T

�� PR-6 Compression

SF2 AL2PR6F_nd869
T

�� PR-6 Tension

SG1 AL1PR6G_nd863
T

�� PR-6 Compression

SG2 AL2PR6G_nd863
T

�� PR-6 Tension

SupportsLine_17 WRITEPRN "SupLine_17.prn" SA1 SA2 SB1 SB2 SC1 SC2 SD1 SD2 SE1 SE2 SF1 SF2 SG1 S(�[��
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PIPE RUNS
Pipe Runs Strategy:  Search based on the nodes present in each run of pipe.  Find the maximum moment
combination among all of the nodes and apply to equation (9) of ASME III, Division I - NB - 3652 [9].  Use the
geometry of the pipe when applying (9).  The D/C ratio for each node will be determined by dividing the left side of
the equation by the right side of the equation.

PipeRunDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

PipeRun P Do� t� I� B1� B2� S� nf� el� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indel match el0 EL
0� 	

�

�

�

�

indel stack indel match eli EL
0� 	

�

�

�





�

�

��

�
�
��

i 1 last el( )���for rows el( ) 1�if

M Int5 last indel� ��

�

�



0 0( )�

Mrxg nfindnfiCo0 1�
2� indelj
��

Mryg nfindnfiCo1 1�
2� indelj
��

Mrzg nfindnfiCo2 1�
2� indelj
��

Mrxj
nfindnfiCo0 1�

2� i� indelj
� Mrxg�
�

�
��



Co3 0�
� Mrxg��

Mryj
nfindnfiCo1 1�

2� i� indelj
� Mryg�
�

�
��



Co3 0�
� Mryg��

Mrzj
nfindnfiCo2 1�

2� i� indelj
� Mrzg�
�

�
��



Co3 0�
� Mrzg��

M'j Mrxj


�

�



2
Mryj


�

�



2
� Mrzj



�

�



2
��

Int' j PipeRunDC P Do� t� I� B1� B2� M'j� S�� ��

H Int' j M' j nf
indnfiCo0 1�

1� i� 0� EL
indelj

0� EL
indelj

1� indel j
Mrx
�

�
�

Intk j� Hk�

k 0 5���for

Int' j Int0 j��if

j 0 last indel� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all pipe runs

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to 1, 2, and 3 and seismic factor

PipeRun_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Pipe Properties for Line 1-17
Define pertinent pipe variables

Do 30in�� Outside Diameter [127008]

t 0.438in�� Thickness [127008]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 4.445 103
� in

4
�

Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1.134�
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Pipe Run 1-17A (Elements 50, 54, 55, 456, & 57)
elP117A 50 54 55 456 57( )

T
��

ALP117A PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP117A� PipeRun_Co� EL�� ���

ALP117A
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

0.107 54.583·10 4.055 50 74 17

0.108 54.714·10 4.055 50 886 18

0.092 52.368·10 3.97 54 58 21

0.098 53.217·10 3.98 54 82 22

0.098 53.218·10 3.98 55 82 23

0.105 54.25·10 3.985 55 882 24

0.104 54.053·10 6.7 456 83 71

0.105 54.251·10 3.985 456 882 72

0.108 54.669·10 6.705 57 77 25

0.104 54.054·10 6.7 57 83 26

�

Pipe Run 1-17B (Elements 66, 735, & 68)
elP117B 66 735 68( )

T
��

ALP117B PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP117B� PipeRun_Co� EL�� ���

ALP117B
T

0.115

0.116

0.112

0.116

0.11

0.112

5.783 105
�

5.796 105
�

5.244 105
�

5.794 105
�

4.975 105
�

5.243 105
�

5.345

5.35

5.345

5.35

5.34

5.345

66

66

735

735

68

68

78

1.139 103
�

85

1.139 103
�

80

85

43

44

97

98

45

46



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-17C (Elements 71, 736, 72, & 74)
elP117C 71 736 72 74( )

T
��

ALP117C PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP117C� PipeRun_Co� EL�� ���

ALP117C
T

0.104

0.108

0.105

0.108

0.096

0.105

0.093

0.096

4.032 105
�

4.698 105
�

4.277 105
�

4.698 105
�

2.948 105
�

4.276 105
�

2.418 105
�

2.946 105
�

4.005

4

4.005

4

4.005

4.005

9.705

4.005

71

71

736

736

72

72

74

74

79

1.14 103
�

89

1.14 103
�

87

89

81

87

51

52

99

100

53

54

55

56



�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



�
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Writing Output Data for Pipe Runs Associated with Line 17
PR1 ALP117A

T
��

PR2 ALP117B
T

��

PR3 ALP117C
T

��

PR PR1 PR2 PR3( )��

PipeRunsLine_17 WRITEPRN "PRLine_17.prn" PR�( )��
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REDUCERS
Reducers Strategy:  Search based on the nodes comprising either end of the reducers.  SRSS combine the
three moments of each of the four node representations (one for each element connected by the node in
question).  Find the maximum of the moment combinations for each element and apply to equation (9) of ASME
III, Division I - NB - 3652 [9].  It is important to not combine the data from both nodes as the geometry for each
is different and (9) must be applied for each node.  The D/C ratio for each node will be determined by dividing the
left side of the equation by the right side of the equation and taking the max of the result.

ReducerDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Reducer P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j ReducerDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� �
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

��
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Int
Conditions applicable to all reducers

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to 1, 2, and 3 and seismic factor

Reducer_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Reducer Properties for Lines 1-17
Define pertinent reducer variables

Do 30in 20in( )
T

�� Outside Diameter  [4] [5] [6] [7]

t
1
2

in
1
2

in
�
�

��



T

�� Thickness  [4] [5] [6] [7]

P 253psi 253psi( )
T

�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I
5.042 103

�

1.457 103
�



�
�
�

�
�
�



in
4

�

Define primary stress indices

! atan
1in

9in

�
�

��



�� Angular slope of reducer

! 6.34 deg�

B1 0.5 ! 30deg if

1.0 30deg !� 60deg if

��

B1 primary stress indice [9, NB-3683.7] 

B1 0.5�

B2 1.0�� B2 primary stress indice [9, NB-3683.7] 

Reducer 1-17A (Nodes 932 & 132)

ndRD117A_L 932( )
T

�� Node associated with Large end of reducer

ALRD117A_L Reducer P0 Do0
� t0� I0� B1� B2� S125� NF� ndRD117A_L� Reducer_Co� EL�


�
�



��

ALRD117A_L
T

0.079 2.224 105
� 10.04 932 91 7.91� 104

� 2.066 104
� 2.068 105

�� ��
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ndRD117A_S 132( )
T

�� Node associated with Small end of reducer

ALRD117A_S Reducer P1 Do1
� t1� I1� B1� B2� S125� NF� ndRD117A_S� Reducer_Co� EL�


�
�



��

ALRD117A_S
T

0.07 2.087 105
� 10.04 132 64 2.694� 104

� 9.703 103
� 2.067 105

�� ��

Writing Output Data for Reducer Associated with Line 17

Red1 ALRD117A_L
TT

��

Red2 ALRD117A_S
TT

��

Red Red1 Red2( )��

ReducerLine_17 WRITEPRN "RedLine_17.prn" Red�( )��
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FORGED TEES AND FABRICATED BRANCH TEES
Tees Strategy:  Search based on the elements comprising the tee.  The input identifies which elements are
associated with the pipe run and which element is associated with the branch from the run.  The indices for the
defined common node for all three elements is identified and the associated SRSS moment is identified for each
time step.  The maximum moment for the elements comprising the pipe run is found and applied as Mr in
equation (9) of ASME III, Division I - NB - 3652 which is modified to represent tees.  The maximum moment for
the branch element is found and applied as Mb in equation (9) of ASME III, Division I - NB - 3652 [9].  The D/C
ratio will be determined by dividing the left side of the equation by the right side of the equation.

TeeDC P Do� Tr� B1� B2b� B2r� Mb� Mr� Zb� Zr� S�� �
B1

P Do�

2 Tr�
� B2b

Mb 1lbf in�( )�

Zb

�"
"�

�#
#�

�� B2r
Mr 1lbf in�( )�

Zr

�"
"�

�#
#�

��

S
��

Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S� nf� elR� elB� ndR� ndB� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indelR match elR0
EL

0� 	
�
�

�
��



�

indelR stack indelR match elRi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elR� ����for rowsif

EL'R
last EL 0� 	� � 0�

EL'RindelRi
EL

indelRi
1��

i 0 last indelR� ����for

indndR match ndR0
EL'R

0� 	
�
�

�
��



�

indndR stack indndR match ndRi
EL'R

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndR� ����for rif

indelB match elB0
EL

0� 	
�
�

�
��



�

indelB stack indelB match elBi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elB� ����for rowsif

EL'B
last EL 0� 	� � 0�

EL'BindelBi
EL

indelBi
1��

i 0 last indelB� ����for

indndB match ndB0
EL'B

0� 	
�
�

�
��



�

� �

��
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indndB stack indndB match ndBi
EL'B

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndB� ����for rif

MR MB Int0� � 0 0 0( )�

MrxgRj
nfindnfiCo0 1�

2� indndR j
��

MrygRj
nfindnfiCo1 1�

2� indndR j
��

MrzgRj
nfindnfiCo2 1�

2� indndR j
��

MrxRj
nfindnfiCo0 1�

2� i� indndR j
� MrxgRj

�
�
�

��



C��

MryRj
nfindnfiCo1 1�

2� i� indndR j
� MrygRj

�
�
�

��



C��

MrzRj
nfindnfiCo2 1�

2� i� indndR j
� MrzgRj

�
�
�

��



Co��

MRj
MrxRj


�

�



2
MryRj


�

�



2
� MrzRj



�

�



2
��

MrxgBj
nfindnfiCo0 1�

2� indndBk
��

MrygBj
nfindnfiCo1 1�

2� indndBk
��

MrzgBj
nfindnfiCo2 1�

2� indndBk
��

MrxBj
nfindnfiCo0 1�

2� i� indndBk
� MrxgBj

�
�
�

��



C��

MryBj
nfindnfiCo1 1�

2� i� indndBk
� MrygBj

�
�
�

��



C��

MrzBj
nfindnfiCo2 1�

2� i� indndBk
� MrzgBj

�
�
�

��



C��

MBj
MrxBj


�

�



2
MryBj


�

�



2
� MrzBj



�

�



2
��

Int' j TeeDC P Do� Tr� B1� B2b� B2r� MBj
� MR�


�
�

Int stack Int' j MRj
� MBj

� nf
indnfiCo0 1�

1� i�
�
�

�
�

R lt t k M M M M M


Int' j Int0�if

k 0 last indndB� ����for

j 0 last indndR� ����for

i 0 indnfo0
indnfi0

����for
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Result stack MRj
MBj
� MrxRj

� MryRj
� M�


�
�

M MR�

Int

Conditions applicable to forged tee

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to 1, 2, and 3 and seismic factor

Tee_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

TEE (Lines 1-13, 1-14, 1-15, and 1-16) attached to Line 1-17

Define pertinent tee variables

P 253psi�� Internal Pressure [3, pg 23]

Do 30in�� Outside Diameter [10]

B1 0.5�� B1 primary stress Indice for tees and branches
[9, NB-3683.9]

Tr 0.438in�� Nominal wall thickness of designated run pipe
[14]

Rm 15in�� Mean radius of designated run pipe [10]

Zr � Rm
2

� Tr��� Approximate section modulus of designated run
pipe [9, NB-3683.1(d)]

Zr 309.604 in
3

�

B2b 0.4
Rm

Tr


�
��

��
�


2
3

� 0.4
Rm

Tr


�
��

��
�


2
3

� 1�if

1 otherwise

��
B2b primary stress Indice for tees and branches
[9, NB-3683.9]

B2b 4.218�

T'b 0.312in�� Nominal wall thickness of attached branch pipe
[14]

r'm 10in�� Mean radius of attached branch pipe [10]
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Zb � r'm
2

� T'b��� Approximate section modulus of attached branch
pipe [9, NB-3683.1(d)]

Zb 98.018 in
3

�

B2r 0.5
Rm

Tr


�
��

��
�


2
3

� 0.5
Rm

Tr


�
��

��
�


2
3

� 1�if

1 otherwise

�� B2r primary stress Indice for tees and branches
[9, NB-3683.9]

B2r 5.273�

Tee 1-13 (Node 933)

elRTee113 602 110( )
T

�� Elements associated with pipe run

ndRTee113 933( )
T

�� Node between pipe run elements

elBTee113 603( )
T

�� Element associated with branch

ndBTee113 933( )
T

�� Node where branch intersects pipe run

ALTee113 Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S125� NF� elRTee113� elBTee113� ndRTee113� ndBTee113� Tee_C����

ALTee113
T

0.397 4.316 105
� 2.509 105

� 4.06 933 66 92 94� ��

Tee 1-14 (Node 59)

elRTee114 60 61( )
T

�� Elements associated with pipe run

ndRTee114 59( )
T

�� Node between pipe run elements

elBTee114 46( )
T

�� Element associated with branch

ndBTee114 59( )
T

�� Node where branch intersects pipe run

ALTee114 Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S125� NF� elRTee114� elBTee114� ndRTee114� ndBTee114� Tee_C����

ALTee114
T

0.4 4.547 105
� 2.469 105

� 4.06 59 31 33 9� ��
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Tee 1-15 (Node 61)

elRTee115 64 65( )
T

�� Elements associated with pipe run

ndRTee115 61( )
T

�� Node between pipe run elements

elBTee115 47( )
T

�� Element associated with branch

ndBTee115 61( )
T

�� Node where branch intersects pipe run

ALTee115 Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S125� NF� elRTee115� elBTee115� ndRTee115� ndBTee115� Tee_C����

ALTee115
T

0.373 3.261 105
� 2.622 105

� 9.265 61 39 41 11� ��

Tee 1-16 (Node 62)

elRTee116 75 76( )
T

�� Elements associated with pipe run

ndRTee116 62( )
T

�� Node between pipe run elements

elBTee116 48( )
T

�� Element associated with branch

ndBTee116 62( )
T

�� Node where branch intersects pipe run

ALTee116 Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S125� NF� elRTee116� elBTee116� ndRTee116� ndBTee116� Tee_C����

ALTee116
T

0.429 4.264 105
� 2.961 105

� 9.125 62 57 59 13� ��

TEE (Lines 1-18, 1-19, 1-20, and 1-21) attached to Line 1-17

Define pertinent tee variables

P 253psi�� Internal Pressure [3, pg 23]

Do 30in�� Outside Diameter [10]

B1 0.5�� B1 primary stress Indice for tees and branches
[9, NB-3683.9]

Tr 0.438in�� Nominal wall thickness of designated run pipe
[14]

Rm 15in�� Mean radius of designated run pipe [10]
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Zr � Rm
2

� Tr��� Approximate section modulus of designated run
pipe [9, NB-3683.1(d)]

Zr 309.604 in
3

�

B2b 0.4
Rm

Tr


�
��

��
�


2
3

� 0.4
Rm

Tr


�
��

��
�


2
3

� 1�if

1 otherwise

��
B2b primary stress Indice for tees and branches
[9, NB-3683.9]

B2b 4.218�

T'b 0.375in�� Nominal wall thickness of attached branch pipe
[14]

r'm 12in�� Mean radius of attached branch pipe [10]

Zb � r'm
2

� T'b��� Approximate section modulus of attached branch
pipe [9, NB-3683.1(d)]

Zb 169.646 in
3

�

B2r 0.5
Rm

Tr


�
��

��
�


2
3

� 0.5
Rm

Tr


�
��

��
�


2
3

� 1�if

1 otherwise

�� B2r primary stress Indice for tees and branches
[9, NB-3683.9]

B2r 5.273�

Tee 1-18 (Node 5)

elRTee118 457 51( )
T

�� Elements associated with pipe run

ndRTee118 5( )
T

�� Node between pipe run elements

elBTee118 15( )
T

�� Element associated with branch

ndBTee118 5( )
T

�� Node where branch intersects pipe run

ALTee118 Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S125� NF� elRTee118� elBTee118� ndRTee118� ndBTee118� Tee_C����

ALTee118
T

0.368 4.054 105
� 3.88 105

� 4.06 5 19 73 1� ��
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Tee 1-19 (Node 12)

elRTee119 58 59( )
T

�� Elements associated with pipe run

ndRTee119 12( )
T

�� Node between pipe run elements

elBTee119 44( )
T

�� Element associated with branch

ndBTee119 12( )
T

�� Node where branch intersects pipe run

ALTee119 Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S125� NF� elRTee119� elBTee119� ndRTee119� ndBTee119� Tee_C����

ALTee119
T

0.39 5.143 105
� 3.627 105

� 4.065 12 27 29 7� ��

Tee 1-20 (Node 19)

elRTee120 69 70( )
T

�� Elements associated with pipe run

ndRTee120 19( )
T

�� Node between pipe run elements

elBTee120 31( )
T

�� Element associated with branch

ndBTee120 19( )
T

�� Node where branch intersects pipe run

ALTee120 Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S125� NF� elRTee120� elBTee120� ndRTee120� ndBTee120� Tee_C����

ALTee120
T

0.346 3.419 105
� 3.798 105

� 9.265 19 47 49 3� ��

Tee 1-21 (Node 26)

elRTee121 604 78( )
T

�� Elements associated with pipe run

ndRTee121 26( )
T

�� Node between pipe run elements

elBTee121 39( )
T

�� Element associated with branch

ndBTee121 26( )
T

�� Node where branch intersects pipe run

ALTee121 Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S125� NF� elRTee121� elBTee121� ndRTee121� ndBTee121� Tee_C����

ALTee121
T

0.371 4.408 105
� 3.688 105

� 9.255 26 61 95 5� ��
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TEE (Lines 1-30) attached to Line 1-17

Define pertinent tee variables

P 253psi�� Internal Pressure [3, pg 23]

Do 30in�� Outside Diameter [10]

B1 0.5�� B1 primary stress Indice for tees and branches
[9, NB-3683.9]

Tr 0.438in�� Nominal wall thickness of designated run pipe
[14]

Rm 15in�� Mean radius of designated run pipe [10]

Zr � Rm
2

� Tr��� Approximate section modulus of designated run
pipe [9, NB-3683.1(d)]

Zr 309.604 in
3

�

B2b 0.4
Rm

Tr


�
��

��
�


2
3

� 0.4
Rm

Tr


�
��

��
�


2
3

� 1�if

1 otherwise

��
B2b primary stress Indice for tees and branches
[9, NB-3683.9]

B2b 4.218�

T'b 0.25in�� Nominal wall thickness of attached branch pipe
[14]

r'm 8in�� Mean radius of attached branch pipe [10]

Zb � r'm
2

� T'b��� Approximate section modulus of attached branch
pipe [9, NB-3683.1(d)]

Zb 50.265 in
3

�

B2r 0.5
Rm

Tr


�
��

��
�


2
3

� 0.5
Rm

Tr


�
��

��
�


2
3

� 1�if

1 otherwise

�� B2r primary stress Indice for tees and branches
[9, NB-3683.9]

B2r 5.273�
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Tee 1-30 (Node 60)

elRTee130 62 63( )
T

�� Elements associated with pipe run

ndRTee130 60( )
T

�� Node between pipe run elements

elBTee130 49( )
T

�� Element associated with branch

ndBTee130 60( )
T

�� Node where branch intersects pipe run

ALTee130 Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S125� NF� elRTee130� elBTee130� ndRTee130� ndBTee130� Tee_C����

ALTee130
T

0.771 5.842 105
� 3.507 105

� 6.835 60 35 37 15� ��

Writing Output Data for Tees Associated with Line 1-30) attached to Line 1-17

Tee1 ALTee113
T

��

Tee2 ALTee114
T

��

Tee3 ALTee115
T

��

Tee4 ALTee116
T

��

Tee5 ALTee118
T

��

Tee6 ALTee119
T

��

Tee7 ALTee120
T

��

Tee8 ALTee121
T

��

Tee9 ALTee130
T

��

Tee Tee1 Tee2 Tee3 Tee4 Tee5 Tee6 Tee7 Tee8 Tee9( )��

TeeLine_17 WRITEPRN "TeeLine_17.prn" Tee�( )��
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Appendix C.3.2

 Demand to Capacity Ratio Calculations for Components
Associated with Lines 1-13 though 1-16, 1-18 through 1-21, and 1-171

of ATR PCS Model 265

(NOTE:  Values represented here are shown for one realization (Nodal Force file =
LINES_13-16_18-21_171_test_R1.dat and Element/Nodal order file = EL_13-16_18-21_171.xls ) and

may or may not be consistent with the 80th percentile results contained in Appendix C.4)
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Force Outputs from Abaqus

NF
..\LINES_13-16_18-21_171.dat

�� (N)odal (F)orces for the (M)edium (L)ines of
Model 3 

Defined Elemental and Corresponding Nodal Order

EL
..\EL_13-16_18-21_171(9-22-08).xls

�� Element and corresponding nodal order for the
(M)edium (L)ines of Model 3 

Time Boundaries

tinitial 1�� Initial time for which dynamic loading is applied

tfinal 21�� Final time for which dynamic loading stops

Seismic Scale Factor (Fa)

Fa 1�� Seismic scale factor [30]

Allowable Design Stress Intensity Factor (Sm): Sm is defined below for SS304 at temperature 125oF and

SS304L at 125oF.

Sm_125 20ksi�� For SS304 at 125oF [2, pg 316-318] [3, pg 23]  

For SS304L at 125oF [2, pg 316-318] Applicable
only for portions of lines 1-28 and 1-29 closest to
reactor vessel [3, pg 23]

Sm_125L 16.7ksi��

Yield Strength (Sy): Sy is defined below for SS304 at temperature 125oF and SS304L at 125oF.

Sy_125 28.35ksi�� For SS304 at 125oF [2, pg 646-648] [3, pg 23]  

For SS304L at 125oF [2, pg 646-648] Applicable
only for portions of lines 1-28 and 1-29 closest to
reactor vessel  [3, pg 23]

Sy_125L 23.85ksi��

Maximum Strength Applicable for Equation 9 (S):  S is defined below for SS304 at temperature 125oF
and SS304L at 125oF.

S125 min 3 Sm_125� 2 Sy_125��� ��� Maximum allowable stress applied to SS304
piping [9, NB-3656]

S125 56.7 ksi�

S125L min 3 Sm_125L� 2 Sy_125L��� ��� Maximum allowable stress applied to SS304L
piping [9, NB-3656]

S125L 47.7 ksi�
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SUPPORTS
Supports Strategy:  Search based on the node for which the support acts.  If this node is a termination point
there will only be one node to evaluate.  If this node is in line with a section of pipe there will be two
representations of the same node (one for each element on each side of the node) to combine and the difference
between them is the force required of the support.  The D/C ratio for each support will be found by dividing the the
required force found above by the support capacity.

SupDC Pr Pc�� �
Pr

Pc
��

Support nf nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

Int15
Int25



�

�



0 0( )�

Prgj
nfindnfiCo0 1�

1� indndj
��

Prj
nfindnfiCo0 1�

1� i� indndj
� Prgj

�
�
�

��



Co2 0�
� Prgj

��

j 0 last indnd� ����for

PRi

0

j

n

Prn�
�

�

Int1' SupDC PRi Co0 0�
�


�
�



�

Int1 stack Int1' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int11
� Co0 0�

0��if

Int2' SupDC PRi Co1 0�
�


�
�



�

Int2 stack Int2' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int21
� Co1 0�

0��if

i 0 indnfo0
indnfi0

����for

Int1 Int2� �

��
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PS-20 Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. B.10.1]

P1_PS20
155.021 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.9.1]

P2_PS20
14.07 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_PS20

P1_PS20

P2_PS20

Fa

2

0

0


�
�
�
��

��
�
�
�


��

PS-20 (Node 828)
PS-20 vertically supports EL(1-171A) on line 1-171.

nd828PS200
828�� Node associated with support

AL1PS20_nd828 AL2PS20_nd828� � Support NF nd828PS20� Sup_Co_PS20� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PS20_nd828
T

0.076 1.178� 104
� 7.455 828 108� ��

AL2PS20_nd828
T

0.568 7.99 103
� 10.02 828 108� ��

PS-8 Support (4x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. C.9.1]P1_PS8

75.565 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.9.1]

P2_PS8
14.07 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_PS8

P1_PS8

P2_PS8

Fa

2

0

0


�
�
�
��

��
�
�
�


��

PS-8A (Node 829)
PS-8A vertically supports EL(1-13A) on line 1-13.

nd829PS8A0
829�� Node associated with support
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AL1PS8A_nd829 AL2PS8A_nd829� � Support NF nd829PS8A� Sup_Co_PS8� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PS8A_nd829
T

0.113 8.557� 103
� 6.14 829 106� ��

AL2PS8A_nd829
T

0.359 5.048 103
� 6.245 829 106� ��

PS-8B (Node 830)
PS-8B vertically supports EL(1-14A) on line 1-14.

nd830PS8B0
830�� Node associated with support

AL1PS8B_nd830 AL2PS8B_nd830� � Support NF nd830PS8B� Sup_Co_PS8� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global
coordinate system) 

AL1PS8B_nd830
T

0.16 1.211� 104
� 5.23 830 104� ��

AL2PS8B_nd830
T

0.64 9.012 103
� 4.035 830 104� ��

PS-8C (Node 831)
PS-8C vertically supports EL(1-15A) on line 1-15.

nd831PS8C0
831�� Node associated with support

AL1PS8C_nd831 AL2PS8C_nd831� � Support NF nd831PS8C� Sup_Co_PS8� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PS8C_nd831
T

0.13 9.797� 103
� 10.575 831 102� ��

AL2PS8C_nd831
T

0.519 7.303 103
� 6.7 831 102� ��

PS-8D (Node 832)
PS-8D vertically supports EL(1-16A) on line 1-16.

nd832PS8D0
832�� Node associated with support

AL1PS8D_nd832 AL2PS8D_nd832� � Support NF nd832PS8D� Sup_Co_PS8� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global
coordinate system) 

AL1PS8D_nd832
T

0.169 1.277� 104
� 10.26 832 100� ��

AL2PS8D_nd832
T

0.672 9.461 103
� 10.11 832 100� ��
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Writing Output Data for Supports Associated with Lines 1-13 to 1-16, 1-18 to 1-21,
and 1-171.

SA1 AL1PS20_nd828
T

�� PS-20 Compression

SA2 AL2PS20_nd828
T

�� PS-20 Tension

SB1 AL1PS8A_nd829
T

�� PS-8A Compression

SB2 AL2PS8A_nd829
T

�� PS-8A Tension

SC1 AL1PS8B_nd830
T

�� PS-8A Compression

SC2 AL2PS8B_nd830
T

�� PS-8A Tension

SD1 AL1PS8C_nd831
T

�� PS-8A Compression

SD2 AL2PS8C_nd831
T

�� PS-8A Tension

SE1 AL1PS8D_nd832
T

�� PS-8A Compression

SE2 AL2PS8D_nd832
T

�� PS-8A Tension

S SA1 SA2 SB1 SB2 SC1 SC2 SD1 SD2 SE1 SE2( )��

SupportsLines_13to16_18to21_171 WRITEPRN "SupLines_13to16_18to21_171.prn" S�( )��
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TERMINATION LOCATIONS
Termination Locations Strategy:  Search based on the node for which the termination location acts as well as
the next node inward.  The D/C ratio for each termination location will be found by dividing the the required force
found above by the support capacity.

TermDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Term P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j TermDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� Mr�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all terminations

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Constants associated with support's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Term_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Heat Exchanger Outlet (5x)
Define pertinent pipe variables

Outside Diameter [4]
Do 20in��

t 0.312in�� Thickness [4]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]
I 935.251 in

4
�

S S125�� Allowable design stress intensity value

Define primary stress indices

B1 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1�

1.0
1

X Y�
�

Do

t
50�if

�� B2 1.092�

Heat Exchanger 1-13 (Node 130)
nd130HX1130

130��

ALHX113_nd130 Term P Do� t� I� B1� B2� S125� NF� nd130HX113� Term_Co� EL�� ���

ALHX113_nd130
T

0.119 2.281 105
� 4.05 130 82 1.685 105

� 1.082 105
� 1.093� 105

�� ��
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Heat Exchanger 1-14 (Node 128)
nd128HX1140

128��

ALHX114_nd128 Term P Do� t� I� B1� B2� S125� NF� nd128HX114� Term_Co� EL�� ���

ALHX114_nd128
T

0.134 3.054 105
� 6.7 128 84 2.965� 105

� 5.114� 104
� 5.233� 104

�� ��

Heat Exchanger 1-15 (Node 129)

nd129HX1150
129��

ALHX115_nd129 Term P Do� t� I� B1� B2� S125� NF� nd129HX115� Term_Co� EL�� ���

ALHX115_nd129
T

0.133 2.984 105
� 6.695 129 86 2.94 105

� 3.442 104
� 3.725� 104

�� ��

Heat Exchanger 1-16 (Node 127)
nd127HX1160

127��

ALHX116_nd127 Term P Do� t� I� B1� B2� S125� NF� nd127HX116� Term_Co� EL�� ���

ALHX116_nd127
T

0.13 2.857 105
� 10.115 127 88 2.853� 105

� 7.425� 103
� 1.36� 104

�� ��

Heat Exchanger 1-171 (Node 139)
nd139HX11710

139��

ALHX1171_nd139 Term P Do� t� I� B1� B2� S125� NF� nd139HX1171� Term_Co� EL�� ���

ALHX1171_nd139
T

0.104 1.566 105
� 4.055 139 97 9.373 104

� 5.223 104
� 1.141 105

�� ��

Primary Pump Suction (4x)
Define pertinent pipe variables

Outside Diameter [5]
Do 18in��

t 0.3125in�� Thickness [5]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]
I 679.274 in

4
�

S S125�� Allowable design stress intensity value
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Define primary stress indices

B1 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1�

1.0
1

X Y�
�

Do

t
50�if

�� B2 1.048�

Primary Pump 1-18 (Node 1)
nd1PP1180

1��

ALPP118_nd1 Term P Do� t� I� B1� B2� S125� NF� nd1PP118� Term_Co� EL�� ���

ALPP118_nd1
T

0.338 1.118 106
� 9.26 1 1 1.084 106

� 1.721 105
� 2.16� 105

�� ��

Primary Pump 1-19 (Node 31)
nd31PP1190

31��

ALPP119_nd31 Term P Do� t� I� B1� B2� S125� NF� nd31PP119� Term_Co� EL�� ���

ALPP119_nd31
T

0.337 1.113 106
� 9.26 31 5 1.078 106

� 1.866 105
� 2.059� 105

�� ��

Primary Pump 1-20 (Node 15)

nd15PP1200
15��

ALPP120_nd15 Term P Do� t� I� B1� B2� S125� NF� nd15PP120� Term_Co� EL�� ���

ALPP120_nd15
T

0.33 1.086 106
� 4.05 15 9 8.54� 105

� 1.308� 105
� 6.58 105

�� ��

Primary Pump 1-21 (Node 22)
nd22PP1210

22��

ALPP121_nd22 Term P Do� t� I� B1� B2� S125� NF� nd22PP121� Term_Co� EL�� ���

ALPP121_nd22
T

0.36 1.208 106
� 10.26 22 13 1.469 105

� 6.434 104
� 1.197� 106

�� ��
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Writing Output Data for Terminations Associated with Lines 1-13 to 1-16, 1-18 to 1-21,
and 1-171.

T1 ALHX113_nd130
T


�
�

�� Heat Exchanger 1-13 (Node 130)

T2 ALHX114_nd128
T


�
�

�� Heat Exchanger 1-14 (Node 128)

T3 ALHX115_nd129
T


�
�

�� Heat Exchanger 1-15 (Node 129)

T4 ALHX116_nd127
T


�
�

�� Heat Exchanger 1-16 (Node 127)

T5 ALHX1171_nd139
T


�
�

�� Heat Exchanger 1-171 (Node 139)

T6 ALPP118_nd1
T


�
�

�� Primary Pump 1-18 (Node 1)

T7 ALPP119_nd31
T


�
�

�� Primary Pump 1-19 (Node 31)

T8 ALPP120_nd15
T


�
�

�� Primary Pump 1-20 (Node 15)

T9 ALPP121_nd22
T


�
�

�� Primary Pump 1-21 (Node 22)

T T1 T2 T3 T4 T5 T6 T7 T8 T9( )��

TerminationsLines_13to16_18to21_171 WRITEPRN "TermLines_13to16_18to21_171.prn" T�( )��
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PIPE RUNS
Pipe Runs Strategy:  Search based on the nodes present in each run of pipe.  Find the maximum moment
combination among all of the nodes and apply to equation (9) of ASME III, Division I - NB - 3652 [9].  Use the
geometry of the pipe when applying (9).  The D/C ratio for each node will be determined by dividing the left side of
the equation by the right side of the equation.

PipeRunDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

PipeRun P Do� t� I� B1� B2� S� nf� el� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indel match el0 EL
0� 	

�

�

�

�

indel stack indel match eli EL
0� 	

�

�

�





�

�

��

�
�
��

i 1 last el( )���for rows el( ) 1�if

M Int5 last indel� ��

�

�



0 0( )�

Mrxg nfindnfiCo0 1�
2� indelj
��

Mryg nfindnfiCo1 1�
2� indelj
��

Mrzg nfindnfiCo2 1�
2� indelj
��

Mrxj
nfindnfiCo0 1�

2� i� indelj
� Mrxg�
�

�
��



Co3 0�
� Mrxg��

Mryj
nfindnfiCo1 1�

2� i� indelj
� Mryg�
�

�
��



Co3 0�
� Mryg��

Mrzj
nfindnfiCo2 1�

2� i� indelj
� Mrzg�
�

�
��



Co3 0�
� Mrzg��

M'j Mrxj


�

�



2
Mryj


�

�



2
� Mrzj



�

�



2
��

Int' j PipeRunDC P Do� t� I� B1� B2� M'j� S�� ��

H Int' j M' j nf
indnfiCo0 1�

1� i� 0� EL
indelj

0� EL
indelj

1� indel j
Mrx
�

�
�

Intk j� Hk�

k 0 5���for

Int' j Int0 j��if

j 0 last indel� ����for

i 0 indnfo0
indnfi0

����for

��
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Int

Conditions applicable to all pipe runs

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

PipeRun_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Pipe Properties for Lines 1-13, 14, 15, 16, and 171
Define pertinent pipe variables

Do 20in�� Outside Diameter [4]

t 0.312in�� Thickness [4]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 935.251 in
4

�

Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1.102�
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Pipe Run 1-13A (Element 99)

elP113A 99( )
T

��

ALP113A PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP113A� PipeRun_Co� EL�� ���

ALP113A
T 0.116

0.119

2.141 105
�

2.281 105
�

4.05

4.05

99

99

123

130

81

82



�
�
�

�
�
�



�

Pipe Run 1-13B (Elements 91 & 92)

elP113B 91 92( )
T

��

ALP113B PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP113B� PipeRun_Co� EL�� ���

ALP113B
T

0.091

0.09

0.105

0.088

9.597 104
�

8.808 104
�

1.616 105
�

7.977 104
�

9.26

11.275

10.025

11.275

91

91

92

92

113

122

114

122

65

66

67

68



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-13C (Elements 81 & 79)

elP113C 81 79( )
T

��

ALP113C PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP113C� PipeRun_Co� EL�� ���

ALP113C
T

0.11

0.103

0.124

0.11

1.873 105
�

1.5 105
�

2.549 105
�

1.874 105
�

9.26

9.26

9.26

9.26

81

81

79

79

94

96

64

94

51

52

49

50



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-14A (Element 100)

elP114A 100( )
T

��

ALP114A PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP114A� PipeRun_Co� EL�� ���

ALP114A
T 0.125

0.135

2.561 105
�

3.054 105
�

6.7

6.7

100

100

125

128

83

84



�
�
�

�
�
�



�
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Pipe Run 1-14B (Elements 94 & 93)

elP114B 94 93( )
T

��

ALP114B PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP114B� PipeRun_Co� EL�� ���

ALP114B
T

0.119

0.099

0.098

0.099

2.277 105
�

1.34 105
�

1.284 105
�

1.339 105
�

6.7

4.05

4.055

4.05

94

94

93

93

115

121

112

121

71

72

69

70



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-14C (Elements 84 & 82)

elP114C 84 82( )
T

��

ALP114C PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP114C� PipeRun_Co� EL�� ���

ALP114C
T

0.111

0.109

0.122

0.11

1.906 105
�

1.828 105
�

2.419 105
�

1.829 105
�

5.805

9.26

9.26

9.26

84

84

82

82

97

98

65

98

55

56

53

54



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-15A (Element 101)

elP115A 101( )
T

��

ALP115A PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP115A� PipeRun_Co� EL�� ���

ALP115A
T 0.122

0.133

2.448 105
�

2.984 105
�

6.69

6.695

101

101

124

129

85

86



�
�
�

�
�
�



�

Pipe Run 1-15B (Elements 96 & 95)

elP115B 96 95( )
T

��

ALP115B PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP115B� PipeRun_Co� EL�� ���

ALP115B
T

0.12

0.095

0.097

0.095

2.312 105
�

1.152 105
�

1.208 105
�

1.152 105
�

6.695

10.425

6.69

10.425

96

96

95

95

116

120

111

120

75

76

73

74



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      R. K. Blandford Date:    09/30/2008

Calculation Sheet 
Page C.3.2-16 of C.3.2-43

Pipe Run 1-15C (Elements 87 & 85)

elP115C 87 85( )
T

��

ALP115C PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP115C� PipeRun_Co� EL�� ���

ALP115C
T

0.108

0.107

0.122

0.108

1.755 105
�

1.725 105
�

2.432 105
�

1.755 105
�

9.26

6.695

9.26

9.26

87

87

85

85

100

102

66

100

59

60

57

58



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-16A (Element 102)

elP116A 102( )
T

��

ALP116A PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP116A� PipeRun_Co� EL�� ���

ALP116A
T 0.118

0.131

2.235 105
�

2.857 105
�

10.11

10.115

102

102

126

127

87

88



�
�
�

�
�
�



�

Pipe Run 1-16B (Elements 98 & 97)

elP116B 98 97( )
T

��

ALP116B PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP116B� PipeRun_Co� EL�� ���

ALP116B
T

0.123

0.1

0.105

0.1

2.498 105
�

1.372 105
�

1.632 105
�

1.372 105
�

10.11

10.105

5.795

10.105

98

98

97

97

117

119

110

119

79

80

77

78



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-16C (Elements 90 & 88)

elP116C 90 88( )
T

��

ALP116C PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP116C� PipeRun_Co� EL�� ���

ALP116C
T

0.114

0.119

0.128

0.114

2.041 105
�

2.278 105
�

2.725 105
�

2.042 105
�

9.265

5.79

9.265

9.265

90

90

88

88

103

105

68

103

63

64

61

62



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�
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Pipe Run 1-171A (Element 109)

elP1171A 109( )
T

��

ALP1171A PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP1171A� PipeRun_Co� EL�� ���

ALP1171A
T 0.104

0.097

1.566 105
�

1.216 105
�

4.055

9.265

109

109

139

140

97

98



�
�
�

�
�
�



�

Pipe Run 1-171B (Elements 107 & 106)

elP1171B 107 106( )
T

��

ALP1171B PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP1171B� PipeRun_Co� EL�� ���

ALP1171B
T

0.103

0.091

0.09

0.091

1.534 105
�

9.156 104
�

8.69 104
�

9.151 104
�

10.02

10.035

3.96

10.035

107

107

106

106

138

141

136

141

95

96

93

94



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-171C (Elements 662 & 105)

elP1171C 662 105( )
T

��

ALP1171C PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP1171C� PipeRun_Co� EL�� ���

ALP1171C
T

0.093

0.095

0.103

0.095

1.041 105
�

1.136 105
�

1.496 105
�

1.137 105
�

6.9

4.195

10.04

4.195

662

662

105

105

135

1.064 103
�

143

1.064 103
�

186

187

91

92



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Properties for Line 1-18, 19, 20, 21 (A&B) 
Define pertinent pipe variables

Do 24in�� Outside Diameter [5]

t 0.375in�� Thickness [5]

P 253psi�� Internal Pressure [3, pg 23]



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      R. K. Blandford Date:    09/30/2008

Calculation Sheet 
Page C.3.2-18 of C.3.2-43

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 1.942 103
� in

4
�

Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1.101�

Pipe Run 1-18A (Element 646 and 14)
elP118A 646 14( )

T
��

ALP118A PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP118A� PipeRun_Co� EL�� ���

ALP118A
T

0.114

0.115

0.107

0.107

3.538 105
�

3.615 105
�

2.933 105
�

2.94 105
�

9.26

9.26

9.26

9.265

646

646

14

14

4

1.048 103
�

3

6

162

163

19

20



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-18B (Elements 655, 654, & 13)
elP118B 655 654 13( )

T
��

ALP118B PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP118B� PipeRun_Co� EL�� ���

ALP118B
T

0.102

0.113

0.145

0.113

0.19

0.145

2.568 105
�

3.449 105
�

6.16 105
�

3.451 105
�

9.893 105
�

6.162 105
�

4.055

4.055

4.205

4.055

9.26

4.205

655

655

654

654

13

13

7

1.057 103
�

1.056 103
�

1.057 103
�

30

1.056 103
�

172

173

170

171

17

18



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�
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Pipe Run 1-19A (Element 647 & 23)

elP119A 647 23( )
T

��

ALP119A PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP119A� PipeRun_Co� EL�� ���

ALP119A
T

0.116

0.117

0.11

0.11

3.692 105
�

3.77 105
�

3.179 105
�

3.194 105
�

9.26

9.26

9.265

9.265

647

647

23

23

11

1.049 103
�

10

13

164

165

27

28



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-19B (Elements 657, 656, & 22)

elP119B 657 656 22( )
T

��

ALP119B PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP119B� PipeRun_Co� EL�� ���

ALP119B
T

0.101

0.115

0.15

0.115

0.191

0.15

2.5 105
�

3.638 105
�

6.589 105
�

3.64 105
�

9.944 105
�

6.59 105
�

9.265

4.045

4.05

4.045

6.7

4.05

657

657

656

656

22

22

14

1.059 103
�

1.058 103
�

1.059 103
�

33

1.058 103
�

176

177

174

175

25

26



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-20A (Elements 648 and 30)

elP120A 648 30( )
T

��

ALP120A PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP120A� PipeRun_Co� EL�� ���

ALP120A
T

0.114

0.115

0.108

0.109

3.554 105
�

3.635 105
�

3.087 105
�

3.103 105
�

9.26

9.26

9.26

9.26

648

648

30

30

18

1.05 103
�

17

20

166

167

33

34



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�
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Pipe Run 1-20B (Elements 659, 658, & 29)

elP120B 659 658 29( )
T

��

ALP120B PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP120B� PipeRun_Co� EL�� ���

ALP120B
T

0.101

0.114

0.149

0.114

0.188

0.149

2.481 105
�

3.556 105
�

6.475 105
�

3.558 105
�

9.732 105
�

6.477 105
�

9.265

4.035

4.045

4.035

4.05

4.045

659

659

658

658

29

29

21

1.061 103
�

1.06 103
�

1.061 103
�

35

1.06 103
�

180

181

178

179

31

32



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-21A (Elements 649 & 38)

elP121A 649 38( )
T

��

ALP121A PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP121A� PipeRun_Co� EL�� ���

ALP121A
T

0.113

0.114

0.109

0.109

3.483 105
�

3.549 105
�

3.126 105
�

3.153 105
�

9.26

9.26

9.265

9.265

649

649

38

38

25

1.051 103
�

24

27

168

169

39

40



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-21B (Elements 661, 660, & 37)

elP121B 661 660 37( )
T

��

ALP121B PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP121B� PipeRun_Co� EL�� ���

ALP121B
T

0.103

0.122

0.16

0.122

0.201

0.16

2.608 105
�

4.193 105
�

7.383 105
�

4.195 105
�

1.078 106
�

7.384 105
�

9.265

10.115

10.115

10.115

10.26

10.115

661

661

660

660

37

37

28

1.063 103
�

1.062 103
�

1.063 103
�

37

1.062 103
�

184

185

182

183

37

38



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�
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Pipe Properties for Line 1-18, 19, 20, 21 (C)
Define pertinent pipe variables

Do 18in�� Outside Diameter [5]

t 0.3135in�� Thickness [5]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 681.333 in
4

�

Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1.055�

Pipe Run 1-18C (Element 1)
elP118C 1( )

T
��

ALP118C PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP118C� PipeRun_Co� EL�� ���

ALP118C
T 0.339

0.323

1.118 106
�

1.054 106
�

9.26

9.26

1

1

1

29

1

2



�
�
�

�
�
�



�

Pipe Run 1-19C (Element 3)
elP119C 3( )

T
��

ALP119C PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP119C� PipeRun_Co� EL�� ���

ALP119C
T 0.338

0.322

1.113 106
�

1.051 106
�

9.26

6.7

3

3

31

32

5

6



�
�
�

�
�
�



�
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Pipe Run 1-20C (Element 5)
elP120C 5( )

T
��

ALP120C PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP120C� PipeRun_Co� EL�� ���

ALP120C
T 0.331

0.317

1.086 106
�

1.03 106
�

4.05

4.05

5

5

15

34

9

10



�
�
�

�
�
�



�

Pipe Run 1-21C (Element 7)
elP121C 7( )

T
��

ALP121C PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP121C� PipeRun_Co� EL�� ���

ALP121C
T 0.361

0.345

1.208 106
�

1.143 106
�

10.26

10.26

7

7

22

36

13

14



�
�
�

�
�
�



�

Writing Output Data for Pipe Runs Associated with Lines 1-13 to 1-16,
1-18 to 1-21, and 1-171.

PR1 ALP113A
T


�
�

�� PR13 ALP118A

T

�

�

�� PR25 ALP1171A

T

�

�

��

PR2 ALP113B
T


�
�

�� PR14 ALP118B

T

�

�

�� PR26 ALP1171B

T

�

�

��

PR3 ALP113C
T


�
�

�� PR15 ALP118C

T

�

�

�� PR27 ALP1171C

T

�

�

��

PR4 ALP114A
T


�
�

�� PR16 ALP119A

T

�

�

��

PR5 ALP114B
T


�
�

�� PR17 ALP119B

T

�

�

��

PR6 ALP114C
T


�
�

�� PR18 ALP119C

T

�

�

��

PR7 ALP115A
T


�
�

�� PR19 ALP120A

T

�

�

��

PR8 ALP115B
T


�
�

�� PR20 ALP120B

T

�

�

��

PR9 ALP115C
T


�
�

�� PR21 ALP120C

T

�

�

��

PR10 ALP116A
T


�
�

�� PR22 ALP121A

T

�

�

��

PR11 ALP116B
T


�
�

�� PR23 ALP121B

T

�

�

��

PR12 ALP116C
T


�
�

�� PR24 ALP121C

T

�

�

��

P PR1 PR2 PR3 PR4 PR5 PR6 PR7 PR8 PR9 PR10 PR11 PR12 PR13 PR14 PR15 PR16 PR17 PR18 PR19 P(��

PipeRunsLines_13to16_18to21_171 WRITEPRN "PRLines_13to16_18to21_171.prn" P�( )��
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REDUCERS
Reducers Strategy:  Search based on the nodes comprising either end of the reducers.  SRSS combine the
three moments of each of the four node representations (one for each element connected by the node in
question).  Find the maximum of the moment combinations for each element and apply to equation (9) of ASME
III, Division I - NB - 3652 [9].  It is important to not combine the data from both nodes as the geometry for each
is different and (9) must be applied for each node.  The D/C ratio for each node will be determined by dividing the
left side of the equation by the right side of the equation and taking the max of the result.

ReducerDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Reducer P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j ReducerDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� �
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

��
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Int
Conditions applicable to all reducers

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Reducer_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Reducer Properties for Top of Lines 1-18, 1-19, 1-20, 1-21
Define pertinent reducer variables

Do 20in 18in( )
T

�� Outside Diameter  [5]

t
3
8

in
3
8

in
�
�

��



T

�� Thickness  [5]

P 253psi 253psi( )
T

�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 1.113 103
�

806.631


�
��

��
�


in
4

�

Define primary stress indices

! atan
1in

9in

�
�

��



�� Angular slope of reducer [5]

! 6.34 deg�

B1 0.5 ! 30deg if

1.0 30deg !� 60deg if

��

B1 primary stress Index [9, NB-3683.7] 

B1 0.5�

B2 1.0�� B2 primary stress Index [9, NB-3683.7] 

Reducer 1-18A (Nodes 30 & 29)

ndRD118A_L 30( )
T

�� Node associated with Large end of reducer

ALRD118A_L Reducer P0 Do0
� t0� I0� B1� B2� S125� NF� ndRD118A_L� Reducer_Co� EL�


�
�



��

ALRD118A_L
T

0.216 9.894 105
� 9.26 30 21 9.549� 105

� 1.721� 105
� 1.933 105

�� ��
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ndRD118A_S 29( )
T

�� Node associated with Small end of reducer

ALRD118A_S Reducer P1 Do1
� t1� I1� B1� B2� S125� NF� ndRD118A_S� Reducer_Co� EL�


�
�



��

ALRD118A_S
T

0.261 1.054 106
� 9.26 29 2 1.019� 106

� 1.721� 105
� 2.046 105

�� ��

Reducer 1-19A (Nodes 33 & 32)

ndRD119A_L 33( )
T

�� Node associated with Large end of reducer

ALRD119A_L Reducer P0 Do0
� t0� I0� B1� B2� S125� NF� ndRD119A_L� Reducer_Co� EL�


�
�



��

ALRD119A_L
T

0.217 9.945 105
� 6.7 33 23 7.922� 104

� 2.219� 103
� 9.913� 105

�� ��

ndRD119A_S 32( )
T

�� Node associated with Small end of reducer

ALRD119A_S Reducer P1 Do1
� t1� I1� B1� B2� S125� NF� ndRD119A_S� Reducer_Co� EL�


�
�



��

ALRD119A_S
T

0.26 1.051 106
� 6.7 32 7 8.456 104

� 2.22 103
� 1.047 106

�� ��

Reducer 1-20A (Nodes 35 & 34)

ndRD120A_L 35( )
T

�� Node associated with Large end of reducer

ALRD120A_L Reducer P0 Do0
� t0� I0� B1� B2� S125� NF� ndRD120A_L� Reducer_Co� EL�


�
�



��

ALRD120A_L
T

0.214 9.733 105
� 4.05 35 29 7.528 105

� 1.308 105
� 6.029� 105

�� ��

ndRD120A_S 34( )
T

�� Node associated with Small end of reducer

ALRD120A_S Reducer P1 Do1
� t1� I1� B1� B2� S125� NF� ndRD120A_S� Reducer_Co� EL�


�
�



��

ALRD120A_S
T

0.256 1.03 106
� 4.05 34 10 8.034 105

� 1.308 105
� 6.304� 105

�� ��

Reducer 1-21A (Nodes 37 & 36)

ndRD121A_L 37( )
T

�� Node associated with Large end of reducer

ALRD121A_L Reducer P0 Do0
� t0� I0� B1� B2� S125� NF� ndRD121A_L� Reducer_Co� EL�


�
�



��

ALRD121A_L
T

0.23 1.078 106
� 10.26 37 35 1.284� 105

� 6.434� 104
� 1.069 106

�� ��
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ndRD121A_S 36( )
T

�� Node associated with Small end of reducer

ALRD121A_S Reducer P1 Do1
� t1� I1� B1� B2� S125� NF� ndRD121A_S� Reducer_Co� EL�


�
�



��

ALRD121A_S
T

0.278 1.143 106
� 10.26 36 14 1.376� 105

� 6.434� 104
� 1.133 106

�� ��

Writing Output Data for Reducers Associated with Lines 1-13 to 1-16,
1-18 to 1-21, and 1-171.

RL1 ALRD118A_L
T

��

RS1 ALRD118A_S
T

��

RL2 ALRD119A_L
T

��

RS2 ALRD119A_S
T

��

RL3 ALRD120A_L
T

��

RS3 ALRD120A_S
T

��

RL4 ALRD121A_L
T

��

RS4 ALRD121A_S
T

��

R RL1 RS1 RL2 RS2 RL3 RS3 RL4 RS4( )��

ReducersLines_13to16_18to21_171 WRITEPRN "RedLines_13to16_18to21_171.prn" R�( )��
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ELBOWS
Elbows Strategy:  Search based on the two nodes comprising the ends of each elbow.  SRSS combine the
three moments of each of the four node representations (one for each element connected by the nodes in
question).  Find the maximum of the four moment combinations and apply to equation (9) of ASME III, Division I -
NB - 3652 [9]. The D/C ratio will be determined by dividing the left side of the equation by the right side of the
equation.

ElbowDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Elbow P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j ElbowDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� M�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Int

Conditions applicable to all elbows

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Elb_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Elbow Properties for Lines 1-13, 1-14, 1-15, and 1-16

Define pertinent elbow variables

Do 20in�� Outside Diameter  [4]

t 0.312in�� Thickness  [4]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 935.251 in
4

�

R 1.5 Do��� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.097� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0� B1 primary stress Index [9, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 6.175� B2 primary stress Index [9, NB-3683.7] 
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Elbow 1-13A (Nodes 123 & 114)

ndEL113A_1 123( )
T

��

ALEL113A_nd123 Elbow P Do� t� I� B1� B2� S125� NF� ndEL113A_1� Elb_Co� EL�� ���

ALEL113A_nd123
T

0.249 2.141 105
� 4.05 123 81 1.537� 105

� 8.248� 104
� 1.24 105

�� ��

ndEL113A_2 114( )
T

��

ALEL113A_nd114 Elbow P Do� t� I� B1� B2� S125� NF� ndEL113A_2� Elb_Co� EL�� ���

ALEL113A_nd114
T

0.188 1.616 105
� 10.025 114 118 5.982� 103

� 4.016 104
� 1.564 105

�� ��

Elbow 1-13B (Nodes 113 & 96)

ndEL113B_1 113( )
T

��

ALEL113B_nd113 Elbow P Do� t� I� B1� B2� S125� NF� ndEL113B_1� Elb_Co� EL�� ���

ALEL113B_nd113
T

0.112 9.597 104
� 9.26 113 65 7.568� 104

� 5.719 104
� 1.455� 104

�� ��

ndEL113B_2 96( )
T

��

ALEL113B_nd96 Elbow P Do� t� I� B1� B2� S125� NF� ndEL113B_2� Elb_Co� EL�� ���

ALEL113B_nd96
T

0.175 1.5 105
� 9.26 96 52 1.486 105

� 1.361 104
� 1.499� 104

�� ��

Elbow 1-14A (Nodes 125 & 115)

ndEL114A_1 125( )
T

��

ALEL114A_nd125 Elbow P Do� t� I� B1� B2� S125� NF� ndEL114A_1� Elb_Co� EL�� ���

ALEL114A_nd125
T

0.298 2.561 105
� 6.7 125 83 2.211 105

� 1.995 104
� 1.278 105

�� ��

ndEL114A_2 115( )
T

��

ALEL114A_nd115 Elbow P Do� t� I� B1� B2� S125� NF� ndEL114A_2� Elb_Co� EL�� ���

ALEL114A_nd115
T

0.265 2.277 105
� 6.7 115 124 920.416 8.159� 104

� 2.126 105
�� ��
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Elbow 1-14B (Nodes 112 & 97)

ndEL114B_1 112( )
T

��

ALEL114B_nd112 Elbow P Do� t� I� B1� B2� S125� NF� ndEL114B_1� Elb_Co� EL�� ���

ALEL114B_nd112
T

0.149 1.284 105
� 4.055 112 69 7.692 104

� 1.025� 105
� 6.933� 103

�� ��

ndEL114B_2 97( )
T

��

ALEL114B_nd97 Elbow P Do� t� I� B1� B2� S125� NF� ndEL114B_2� Elb_Co� EL�� ���

ALEL114B_nd97
T

0.222 1.906 105
� 5.805 97 55 1.448 105

� 2.854� 104
� 1.205� 105

�� ��

Elbow 1-15A (Nodes 124 & 116)

ndEL115A_1 124( )
T

��

ALEL115A_nd124 Elbow P Do� t� I� B1� B2� S125� NF� ndEL115A_1� Elb_Co� EL�� ���

ALEL115A_nd124
T

0.285 2.448 105
� 6.69 124 85 2.144� 105

� 6.562� 103
� 1.18 105

�� ��

ndEL115A_2 116( )
T

��

ALEL115A_nd116 Elbow P Do� t� I� B1� B2� S125� NF� ndEL115A_2� Elb_Co� EL�� ���

ALEL115A_nd116
T

0.269 2.313 105
� 6.695 116 130 7.601 103

� 8.811 104
� 2.137 105

�� ��

Elbow 1-15B (Nodes 111 & 102)

ndEL115B_1 111( )
T

��

ALEL115B_nd111 Elbow P Do� t� I� B1� B2� S125� NF� ndEL115B_1� Elb_Co� EL�� ���

ALEL115B_nd111
T

0.141 1.208 105
� 6.69 111 135 4.106 104

� 8.903� 104
� 7.059 104

�� ��

ndEL115B_2 102( )
T

��

ALEL115B_nd102 Elbow P Do� t� I� B1� B2� S125� NF� ndEL115B_2� Elb_Co� EL�� ���

ALEL115B_nd102
T

0.201 1.725 105
� 6.695 102 134 6.898� 104

� 6.15 104
� 1.457� 105

�� ��

Elbow 1-16A (Nodes 126 & 117)

ndEL116A_1 126( )
T

��



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      R. K. Blandford Date:    09/30/2008

Calculation Sheet 
Page C.3.2-31 of C.3.2-43

ALEL116A_nd126 Elbow P Do� t� I� B1� B2� S125� NF� ndEL116A_1� Elb_Co� EL�� ���

ALEL116A_nd126
T

0.26 2.235 105
� 10.11 126 87 1.984 105

� 1.796� 104
� 1.013 105

�� ��

ndEL116A_2 117( )
T

��

ALEL116A_nd117 Elbow P Do� t� I� B1� B2� S125� NF� ndEL116A_2� Elb_Co� EL�� ���

ALEL116A_nd117
T

0.291 2.499 105
� 10.11 117 136 2.823� 104

� 9.283� 104
� 2.303 105

�� ��

Elbow 1-16B (Nodes 110 & 105)

ndEL116B_1 110( )
T

��

ALEL116B_nd110 Elbow P Do� t� I� B1� B2� S125� NF� ndEL116B_1� Elb_Co� EL�� ���

ALEL116B_nd110
T

0.19 1.632 105
� 5.795 110 141 9.179 104

� 1.021� 105
� 8.829� 104

�� ��

ndEL116B_2 105( )
T

��

ALEL116B_nd105 Elbow P Do� t� I� B1� B2� S125� NF� ndEL116B_2� Elb_Co� EL�� ���

ALEL116B_nd105
T

0.265 2.278 105
� 5.79 105 140 1.52� 105

� 4.115 104
� 1.646 105

�� ��

Elbow Properties for Lines 1-18, 1-19, 1-20, and 1-21

Define pertinent elbow variables

Do 24in�� Outside Diameter  [5]

t 0.375in�� Thickness  [5]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 1.942 103
� in

4
�

R Do�� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.064� Characteristic bend parameter of a
curved pipe or butt welding elbow
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B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0� B1 primary stress Index [9, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 8.083� B2 primary stress Index [9, NB-3683.7] 

Elbow 1-18A (Nodes 6 & 7)

ndEL118A_1 6( )
T

��

ALEL118A_nd6 Elbow P Do� t� I� B1� B2� S125� NF� ndEL118A_1� Elb_Co� EL�� ���

ALEL118A_nd6
T

0.259 2.94 105
� 9.265 6 20 2.926� 105

� 2.599 104
� 1.16� 104

�� ��

ndEL118A_2 7( )
T

��

ALEL118A_nd7 Elbow P Do� t� I� B1� B2� S125� NF� ndEL118A_2� Elb_Co� EL�� ���

ALEL118A_nd7
T

0.226 2.568 105
� 4.055 7 172 1.348� 105

� 1.554 105
� 1.538� 105

�� ��

Elbow 1-19A (Nodes 13 & 14)

ndEL119A_1 13( )
T

��

ALEL119A_nd13 Elbow P Do� t� I� B1� B2� S125� NF� ndEL119A_1� Elb_Co� EL�� ���

ALEL119A_nd13
T

0.281 3.194 105
� 9.265 13 28 3.171� 105

� 3.774 104
� 7.535 103

�� ��

ndEL119A_2 14( )
T

��

ALEL119A_nd14 Elbow P Do� t� I� B1� B2� S125� NF� ndEL119A_2� Elb_Co� EL�� ���

ALEL119A_nd14
T

0.22 2.5 105
� 9.265 14 176 1.655 105

� 1.869� 105
� 1.325� 104

�� ��

Elbow 1-20A (Nodes 20 & 21)

ndEL120A_1 20( )
T

��

ALEL120A_nd20 Elbow P Do� t� I� B1� B2� S125� NF� ndEL120A_1� Elb_Co� EL�� ���
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ALEL120A_nd20
T

0.273 3.103 105
� 9.26 20 34 3.074� 105

� 4.274 104
� 1.231� 103

�� ��

ndEL120A_2 21( )
T

��

ALEL120A_nd21 Elbow P Do� t� I� B1� B2� S125� NF� ndEL120A_2� Elb_Co� EL�� ���

ALEL120A_nd21
T

0.219 2.481 105
� 9.265 21 180 1.59 105

� 1.892� 105
� 2.16� 104

�� ��

Elbow 1-21A (Nodes 27 & 28)

ndEL121A_1 27( )
T

��

ALEL121A_nd27 Elbow P Do� t� I� B1� B2� S125� NF� ndEL121A_1� Elb_Co� EL�� ���

ALEL121A_nd27
T

0.278 3.153 105
� 9.265 27 40 3.096� 105

� 5.58 104
� 2.136 104

�� ��

ndEL121A_2 28( )
T

��

ALEL121A_nd28 Elbow P Do� t� I� B1� B2� S125� NF� ndEL121A_2� Elb_Co� EL�� ���

ALEL121A_nd28
T

0.23 2.608 105
� 9.265 28 184 1.649 105

� 1.983� 105
� 3.896� 104

�� ��

Elbow Properties for Line 1-171 (Short Radius Elbow)

Define pertinent elbow variables

Do 20in�� Outside Diameter  [18]

t 0.312in�� Thickness  [18]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 935.251 in
4

�

R Do�� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices
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h
t R�

rm
2

�� h 0.064� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0� B1 primary stress Index [9, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 8.092� B2 primary stress Index [9, NB-3683.7] 

Elbow 1-171A (Nodes 140 & 138)

ndEL1171A_1 140( )
T

��

ALEL1171A_nd140 Elbow P Do� t� I� B1� B2� S125� NF� ndEL1171A_1� Elb_Co� EL�� ���

ALEL1171A_nd140
T

0.186 1.216 105
� 9.265 140 98 7.419 104

� 9.629 104
� 3.356� 103

�� ��

ndEL1171A_2 138( )
T

��

ALEL1171A_nd138 Elbow P Do� t� I� B1� B2� S125� NF� ndEL1171A_2� Elb_Co� EL�� ���

ALEL1171A_nd138
T

0.234 1.535 105
� 10.02 138 109 3.764� 104

� 1.09 104
� 1.484 105

�� ��

Elbow Properties for Line 1-171 (Long Radius Elbows)

Define pertinent elbow variables

Do 20in�� Outside Diameter  [18]

t 0.312in�� Thickness  [18]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 935.251 in
4

�

R Do�� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius
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Define primary stress indices

h
t R�

rm
2

�� h 0.064� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0� B1 primary stress Index [9, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 8.092� B2 primary stress Index [9, NB-3683.7] 

Elbow 1-171B (Nodes 136 & 135)
ndEL1171B_1 136( )

T
��

ALEL1171B_nd136 Elbow P Do� t� I� B1� B2� S125� NF� ndEL1171B_1� Elb_Co� EL�� ���

ALEL1171B_nd136
T

0.133 8.69 104
� 3.96 136 93 6.276� 104

� 5.054 104
� 3.251 104

�� ��

ndEL1171B_2 135( )
T

��

ALEL1171B_nd135 Elbow P Do� t� I� B1� B2� S125� NF� ndEL1171B_2� Elb_Co� EL�� ���

ALEL1171B_nd135
T

0.159 1.041 105
� 6.9 135 186 3.426 104

� 1.392� 103
� 9.833� 104

�� ��

Elbow 1-171C (Nodes 143 & 132)

ndEL1171C_1 143( )
T

��

ALEL1171C_nd143 Elbow P Do� t� I� B1� B2� S125� NF� ndEL1171C_1� Elb_Co� EL�� ���

ALEL1171C_nd143
T

0.228 1.496 105
� 10.04 143 117 4.16 104

� 1.675� 104
� 1.427 105

�� ��

ndEL1171C_2 132( )
T

��

ALEL1171C_nd132 Elbow P Do� t� I� B1� B2� S125� NF� ndEL1171C_2� Elb_Co� EL�� ���

ALEL1171C_nd132
T

0.318 2.087 105
� 10.04 132 90 2.694� 104

� 9.703 103
� 2.067 105

�� ��
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Writing Output Data for Elbows Associated with Lines 13 to 16, 18 to 21, and 171

EL1A ALEL113A_nd123
T


�
�

�� EL9A ALEL118A_nd6

T

�

�

��

EL1B ALEL113A_nd114
T


�
�

�� EL9B ALEL118A_nd7

T

�

�

��

EL2A ALEL113B_nd113
T


�
�

�� EL10A ALEL119A_nd13

T

�

�

��

EL2B ALEL113B_nd96
T


�
�

�� EL10B ALEL119A_nd14

T

�

�

��

EL3A ALEL114A_nd125
T


�
�

�� EL11A ALEL120A_nd20

T

�

�

��

EL3B ALEL114A_nd115
T


�
�

�� EL11B ALEL120A_nd21

T

�

�

��

EL4A ALEL114B_nd112
T


�
�

�� EL12A ALEL121A_nd27

T

�

�

��

EL4B ALEL114B_nd97
T


�
�

�� EL12B ALEL121A_nd28

T

�

�

��

EL5A ALEL115A_nd124
T


�
�

��

EL13A ALEL1171A_nd140
T


�
�

��

EL5B ALEL115A_nd116
T


�
�

��

EL13B ALEL1171A_nd138
T


�
�

��

EL6A ALEL115B_nd111
T


�
�

��

EL14A ALEL1171B_nd136
T


�
�

��

EL6B ALEL115B_nd102
T


�
�

��

EL14B ALEL1171B_nd135
T


�
�

��

EL7A ALEL116A_nd126
T


�
�

��

EL15A ALEL1171C_nd143
T


�
�

��

EL7B ALEL116A_nd117
T


�
�

��

EL8A ALEL116B_nd110
T


�
�

�� EL15B ALEL1171C_nd132

T

�

�

��

EL8B ALEL116B_nd105
T


�
�

��

vEL EL1A EL1B EL2A EL2B EL3A EL3B EL4A EL4B EL5A EL5B EL6A EL6B EL7A EL7B EL8A EL8B EL(��

ElbowLines_13to16_18to21_171 WRITEPRN "ElbowLines_13to16_18to21_171.prn" vEL�( )��
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FLANGES
Flange Strategy:  Search based on the nodes where flanges occur.  Find the maximum moment combination for
the node and apply to equation (9) of ASME III, Division I - NB - 3652 [9].  Use the geometry of the pipe when
applying (9).  The D/C ratio for each node will be determined by dividing the left side of the equation by the right
side of the equation and taking the max of the result.

FlangeDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Flange P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j FlangeDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� M�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all flanges

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Flange_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Pipe Properties of Line 1-13, 1-14, 1-15, and 1-16
Define pertinent pipe variables

Do 20in�� Outside Diameter  [4]

t 0.312in�� Thickness  [4]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 935.251 in
4

�

Define primary stress indices (Utilize girth weld characteristic associated with lap joint flanges in determining
values)

B1 0.5�� B1 for a girth weld [9, Table NB-3681(a)-1, pg 130] 

B2 1�� B2 for a girth weld [9, Table NB-3681(a)-1, pg 130] 

Flange (Heat Exchanger) 1-13A (Node 130)
ndFL113A 130( )

T
��

ALFL113A Flange P Do� t� I� B1� B2� S125� NF� ndFL113A� Flange_Co� EL�� ���

ALFL113A
T

0.115 2.281 105
� 4.05 130 82 1.685 105

� 1.082 105
� 1.093� 105

�� ��

Flange (Heat Exchanger) 1-14A (Node 128)
ndFL114B 128( )

T
��

ALFL114B Flange P Do� t� I� B1� B2� S125� NF� ndFL114B� Flange_Co� EL�� ���

ALFL114B
T

0.129 3.054 105
� 6.7 128 84 2.965� 105

� 5.114� 104
� 5.233� 104

�� ��



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      R. K. Blandford Date:    09/30/2008

Calculation Sheet 
Page C.3.2-39 of C.3.2-43

Flange (Heat Exchanger) 1-15A (Node 129)
ndFL115A 129( )

T
��

ALFL115A Flange P Do� t� I� B1� B2� S125� NF� ndFL115A� Flange_Co� EL�� ���

ALFL115A
T

0.128 2.984 105
� 6.695 129 86 2.94 105

� 3.442 104
� 3.725� 104

�� ��

Flange (Heat Exchanger) 1-16A (Node 127)
ndFL116B 127( )

T
��

ALFL116B Flange P Do� t� I� B1� B2� S125� NF� ndFL116B� Flange_Co� EL�� ���

ALFL116B
T

0.125 2.857 105
� 10.115 127 88 2.853� 105

� 7.425� 103
� 1.36� 104

�� ��

Pipe Properties Lower Portions of Lines 1-18, 1-19, 1-20, and 1-21
Define pertinent pipe variables

Do 24in�� Outside Diameter  [5]

t 0.375in�� Thickness  [5]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 1.942 103
� in

4
�

Define primary stress indices (Utilize girth weld characteristic associated with lap joint flanges in determining
values)

B1 0.5�� B1 for a girth weld [9, Table NB-3681(a)-1, pg 130] 

B2 1�� B2 for a girth weld [9, Table NB-3681(a)-1, pg 130] 

Flange (Gate Valves) 1-18A (Node 4)
ndFL118A 4( )

T
��

ALFL118A Flange P Do� t� I� B1� B2� S125� NF� ndFL118A� Flange_Co� EL�� ���

ALFL118A
T

0.11 3.538 105
� 9.26 4 162 2.928� 105

� 1.78� 105
� 8.813 104

�� ��
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Flange (Gate Valves) 1-18B (Node 3)
ndFL118B 3( )

T
��

ALFL118B Flange P Do� t� I� B1� B2� S125� NF� ndFL118B� Flange_Co� EL�� ���

ALFL118B
T

0.103 2.934 105
� 9.26 3 41 2.928� 105

� 1.036 104
� 1.607� 104

�� ��

Flange (Gate Valves) 1-19A (Node 11)
ndFL119A 11( )

T
��

ALFL119A Flange P Do� t� I� B1� B2� S125� NF� ndFL119A� Flange_Co� EL�� ���

ALFL119A
T

0.112 3.692 105
� 9.26 11 164 3.17� 105

� 1.742� 105
� 7.422 104

�� ��

Flange (Gate Valves) 1-19B (Node 10)
ndFL119B 10( )

T
��

ALFL119B Flange P Do� t� I� B1� B2� S125� NF� ndFL119B� Flange_Co� EL�� ���

ALFL119B
T

0.106 3.18 105
� 9.265 10 43 3.172� 105

� 2.258 104
� 3.294 103

�� ��

Flange (Gate Valves) 1-20A (Node 18)
ndFL120A 18( )

T
��

ALFL120A Flange P Do� t� I� B1� B2� S125� NF� ndFL120A� Flange_Co� EL�� ���

ALFL120A
T

0.11 3.554 105
� 9.26 18 166 3.075� 105

� 1.654� 105
� 6.628 104

�� ��

Flange (Gate Valves) 1-20B (Node 17)
ndFL120B 17( )

T
��

ALFL120B Flange P Do� t� I� B1� B2� S125� NF� ndFL120B� Flange_Co� EL�� ���

ALFL120B
T

0.105 3.088 105
� 9.26 17 45 3.075� 105

� 2.787 104
� 6.678� 103

�� ��

Flange (Gate Valves) 1-21A (Node 25)
ndFL121A 25( )

T
��

ALFL121A Flange P Do� t� I� B1� B2� S125� NF� ndFL121A� Flange_Co� EL�� ���

ALFL121A
T

0.109 3.483 105
� 9.26 25 168 3.09� 105

� 1.486� 105
� 6.147 104

�� ��
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Flange (Gate Valves) 1-21B (Node 24)
ndFL121B 24( )

T
��

ALFL121B Flange P Do� t� I� B1� B2� S125� NF� ndFL121B� Flange_Co� EL�� ���

ALFL121B
T

0.105 3.127 105
� 9.265 24 47 3.097� 105

� 4.131 104
� 1.442 104

�� ��

Pipe Properties of Upper Portion of Lines 1-18, 1-19, 1-20, and 1-21
Define pertinent pipe variables

Do 18in�� Outside Diameter  [5]

t 0.3125in�� Thickness  [5]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 679.274 in
4

�

Define primary stress indices (Utilize girth weld characteristic associated with lap joint flanges in determining
values)

B1 0.5�� B1 for a girth weld [9, Table NB-3681(a)-1, pg 130] 

B2 1�� B2 for a girth weld [9, Table NB-3681(a)-1, pg 130] 

Flange (Primary Pump) 1-18C (Node 1)
ndFL118C 1( )

T
��

ALFL118C Flange P Do� t� I� B1� B2� S125� NF� ndFL118C� Flange_Co� EL�� ���

ALFL118C
T

0.326 1.118 106
� 9.26 1 1 1.084 106

� 1.721 105
� 2.16� 105

�� ��

Flange (Primary Pump) 1-19C (Node 31)
ndFL119C 31( )

T
��

ALFL119C Flange P Do� t� I� B1� B2� S125� NF� ndFL119C� Flange_Co� EL�� ���

ALFL119C
T

0.324 1.113 106
� 9.26 31 5 1.078 106

� 1.866 105
� 2.059� 105

�� ��
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Flange (Primary Pump) 1-20C (Node 15)
ndFL120C 15( )

T
��

ALFL120C Flange P Do� t� I� B1� B2� S125� NF� ndFL120C� Flange_Co� EL�� ���

ALFL120C
T

0.318 1.086 106
� 4.05 15 9 8.54� 105

� 1.308� 105
� 6.58 105

�� ��

Flange (Primary Pump) 1-21C (Node 22)
ndFL121C 22( )

T
��

ALFL121C Flange P Do� t� I� B1� B2� S125� NF� ndFL121C� Flange_Co� EL�� ���

ALFL121C
T

0.347 1.208 106
� 10.26 22 13 1.469 105

� 6.434 104
� 1.197� 106

�� ��

Pipe Properties of Lines 1-171
Define pertinent pipe variables

Do 20in�� Outside Diameter  [18]

t 0.312in�� Thickness  [18]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 935.251 in
4

�

Define primary stress indices (Utilize girth weld characteristic associated with lap joint flanges in determining
values)

B1 0.5�� B1 for a girth weld [9, Table NB-3681(a)-1, pg 130] 

B2 1�� B2 for a girth weld [9, Table NB-3681(a)-1, pg 130] 

Flange (Heat Exchanger) 1-171A (Node 139)
ndFL1171A 139( )

T
��

ALFL1171A Flange P Do� t� I� B1� B2� S125� NF� ndFL1171A� Flange_Co� EL�� ���

ALFL1171A
T

0.101 1.566 105
� 4.055 139 97 9.373 104

� 5.223 104
� 1.141 105

�� ��
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Writing Output Data for Flanges Associated with Lines 1-13 to 1-16, 1-18 to 1-21,
and 1-171.

F1 ALFL113A
T


�
�

��

F2 ALFL114B
T


�
�

��

F3 ALFL115A
T


�
�

��

F4 ALFL116B
T


�
�

��

F5 ALFL118A
T


�
�

��

F6 ALFL118B
T


�
�

��

F7 ALFL119A
T

��

F8 ALFL119B
T


�
�

��

F9 ALFL120A
T


�
�

��

F10 ALFL120B
T


�
�

��

F11 ALFL121A
T


�
�

��

F12 ALFL121B
T


�
�

��

F13 ALFL118C
T


�
�

��

F14 ALFL119C
T


�
�

��

F15 ALFL120C
T


�
�

��

F16 ALFL121C
T


�
�

��

F17 ALFL1171A
T


�
�

��

F F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17( )��

FlangeLines_13to16_18to21_171 WRITEPRN "FlangeLines_13to16_18to21_171.prn" F�( )��
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Appendix C.3.3

 Demand to Capacity Ratio Calculations for Components
Associated with Line 1-30, 1-31, and 1-48 of ATR PCS Model 265

(NOTE:  Values represented here are shown for one realization (Nodal Force file =
LINES_30-31_48_test_R1.dat and Element/Nodal order file = EL_30-31_48.xls) and may or may not

be consistent with the 80th percentile results contained in Appendix C.4)
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Force Outputs from Abaqus

NF
...\LINES_30-31_48.dat

�� (N)odal (F)orces for the (M)edium (L)ines of
Model 3 

Defined Elemental and Corresponding Nodal Order

EL
..\EL_30-31_48(9-22-08).xls

�� Element and corresponding nodal order for the
(M)edium (L)ines of Model 3 

Time Boundaries

tinitial 1�� Initial time for which dynamic loading is applied

tfinal 21�� Final time for which dynamic loading stops

Seismic Scale Factor (Fa)

Fa 1�� Seismic scale factor [30]

Allowable Design Stress Intensity Factor (Sm): Sm is defined below for SS304 at temperature 125oF and

SS304L at 125oF.

Sm_125 20ksi�� For SS304 at 125oF [2, pg 316-318] [3, pg 23]  

For SS304L at 125oF [2, pg 316-318] Applicable
only for portions of lines 1-28 and 1-29 closest to
reactor vessel [3, pg 23]

Sm_125L 16.7ksi��

Yield Strength (Sy): Sy is defined below for SS304 at temperature 125oF and SS304L at 125oF.

Sy_125 28.35ksi�� For SS304 at 125oF [2, pg 646-648] [3, pg 23]  

For SS304L at 125oF [2, pg 646-648] Applicable
only for portions of lines 1-28 and 1-29 closest to
reactor vessel  [3, pg 23]

Sy_125L 23.85ksi��

Maximum Strength Applicable for Equation 9 (S):  S is defined below for SS304 at temperature 125oF
and SS304L at 125oF.

S125 min 3 Sm_125� 2 Sy_125��� ��� Maximum allowable stress applied to SS304
piping [9, NB-3656]

S125 56.7 ksi�

S125L min 3 Sm_125L� 2 Sy_125L��� ��� Maximum allowable stress applied to SS304L
piping [9, NB-3656]

S125L 47.7 ksi�
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SUPPORTS
Supports Strategy:  Search based on the node for which the support acts.  If this node is a termination point
there will only be one node to evaluate.  If this node is in line with a section of pipe there will be two
representations of the same node (one for each element on each side of the node) to combine and the difference
between them is the force required of the support.  The D/C ratio for each support will be found by dividing the the
required force found above by the support capacity.

SupDC Pr Pc�� �
Pr

Pc
��

Support nf nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

Int15
Int25



�

�



0 0( )�

Prgj
nfindnfiCo0 1�

1� indndj
��

Prj
nfindnfiCo0 1�

1� i� indndj
� Prgj

�
�
�

��



Co2 0�
� Prgj

��

j 0 last indnd� ����for

PRi

0

j

n

Prn�
�

�

Int1' SupDC PRi Co0 0�
�


�
�



�

Int1 stack Int1' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int11
� Co0 0�

0��if

Int2' SupDC PRi Co1 0�
�


�
�



�

Int2 stack Int2' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int21
� Co1 0�

0��if

i 0 indnfo0
indnfi0

����for

Int1 Int2� �

��
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RH-32 Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. C.9.1]P1_RH32

4.755 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.9.1]

P2_RH32
0 kip�

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_RH32

P1_RH32

P2_RH32

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-32 (Node 860)
RH-32 vertically supports line 1-30 just south of EL(1-30A) from any downward movement.

nd860RH320
860�� Node associated with support

AL1RH32_nd860 AL2RH32_nd860� � Support NF nd860RH32� Sup_Co_RH32� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH32_nd860
T

4.239 10 4�
� 2.016� 3.875 860 80� ��

AL2RH32_nd860
T

0 0 0 0 0 0( )�

RH-11 Support (2x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. C.9.1]P1_RH11

14.91 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.9.1]

P2_RH11
7.266 kip�

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_RH11

P1_RH11

P2_RH11

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-11A (Node 857)
RH-11A vertically supports line 1-30 just west of Fab Branch(1-30) from any downward movement.

nd857RH11A0
857�� Node associated with support
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AL1RH11A_nd857 AL2RH11A_nd857� � Support NF nd857RH11A� Sup_Co_RH11� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH11A_nd857
T

0.504 7.513� 103
� 6.835 857 82� ��

AL2RH11A_nd857
T

0.237 1.72 103
� 6.735 857 82� ��

RH-11B (Node 858)
RH-11B vertically supports line 1-30 between T(1-48) and T(1-31) from any downward movement.

nd858RH11B0
858�� Node associated with support

AL1RH11B_nd858 AL2RH11B_nd858� � Support NF nd858RH11B� Sup_Co_RH11� EL�� ���

AL1RH11B_nd858
T

0.312 4.646� 103
� 8.055 858 84� ��

AL2RH11B_nd858
T

0 0 0 0 0 0( )�

PS-4 Support (4x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. C.9.1]P1_PS4

87.941 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.9.1]

P2_PS4
0 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_PS4

P1_PS4

P2_PS4

Fa

2

0

0


�
�
�
��

��
�
�
�


��

PS-4A (Node 849)
PS-4A vertically supports line 1-30 at FL(1-30C) from any downward movement.

nd849PS4A0
849�� Node associated with support

AL1PS4A_nd849 AL2PS4A_nd849� � Support NF nd849PS4A� Sup_Co_PS4� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PS4A_nd849
T

0.112 9.892� 103
� 6.675 849 74� ��

AL2PS4A_nd849
T

0 0 0 0 0 0( )�
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PS-4B (Node 850)
PS-4B vertically supports line 1-30 at FL(1-30D) from any downward movement.

nd850PS4B0
850�� Node associated with support

AL1PS4B_nd850 AL2PS4B_nd850� � Support NF nd850PS4B� Sup_Co_PS4� EL�� ���

AL1PS4B_nd850
T

0.03 2.681� 103
� 10.955 850 76� ��

AL2PS4B_nd850
T

0 0 0 0 0 0( )�

PS-4C (Node 848)
PS-4C vertically supports line 1-31 at FL(1-31A) from any downward movement.

nd848PS4A0
848�� Node associated with support

AL1PS4A_nd848 AL2PS4A_nd848� � Support NF nd848PS4A� Sup_Co_PS4� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PS4A_nd848
T

0.222 1.948� 104
� 4.2 848 72� ��

AL2PS4A_nd848
T

0 0 0 0 0 0( )�

PS-4D (Node 847)
PS-4D vertically supports line 1-31 at FL(1-31B) from any downward movement.

nd847PS4B0
847�� Node associated with support

AL1PS4B_nd847 AL2PS4B_nd847� � Support NF nd847PS4B� Sup_Co_PS4� EL�� ���

AL1PS4B_nd847
T

0.086 7.529� 103
� 10.79 847 70� ��

AL2PS4B_nd847
T

0 0 0 0 0 0( )�

AIS Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. C.9.1]P1_AISX

18.435 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.9.1]

P2_AISX
13.254 kip�

lbf
�� Tension
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Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_AISX

P1_AISX

P2_AISX

Fa

3

0

0


�
�
�
��

��
�
�
�


��

Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. C.9.1]P1_AISZ

0.546 kip�

lbf
�� Flexure

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.9.1]

P2_AISZ
0.546 kip�

lbf
�� Flexure

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_AISZ

P1_AISZ

P2_AISZ

Fa

1

0

0


�
�
�
��

��
�
�
�


��

AIS (EW) (Node 842)
AIS supports line 1-48 at top side of EL(1-48B) from horizontal movement.

nd842AISX0
842�� Node associated with support

AL1AISX_nd842 AL2AISX_nd842� � Support NF nd842AISX� Sup_Co_AISX� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1AISX_nd842
T

1.288 10 4�
� 2.375� 12.62 842 119� ��

AL2AISX_nd842
T

1.557 10 4�
� 2.063 12.54 842 119� ��

AIS (NS) (Node 842)
AIS supports line 1-48 at top side of EL(1-48B) from horizontal movement.

nd842AISZ0
842�� Node associated with support

AL1AISZ_nd842 AL2AISZ_nd842� � Support NF nd842AISZ� Sup_Co_AISZ� EL�� ���

AL1AISZ_nd842
T

1.223 10 3�
� 0.668� 5.365 842 119� ��

AL2AISZ_nd842
T

1.446 10 3�
� 0.79 6.835 842 119� ��

RH-24 Support (2x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. C.9.1]P1_RH24

7.069 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.9.1]

P2_RH24
0.001 kip�

lbf
�� Compression

Doesn't experience uplift
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Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_RH24

P1_RH24

P2_RH24

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-24A (Node 816)
RH-24A vertically supports line 1-48 just north of EL(1-48A) from any downward movement.

nd816RH24A0
816�� Node associated with support

AL1RH24A_nd816 AL2RH24A_nd816� � Support NF nd816RH24A� Sup_Co_RH24� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH24A_nd816
T

0.069 490.226� 5.435 816 66( )�

AL2RH24A_nd816
T

0 0 0 0 0 0( )�

RH-24B (Node 815)
RH-24A vertically supports line 1-48 near the runs midpoint from any downward movement.

nd815RH24B0
815�� Node associated with support

AL1RH24B_nd815 AL2RH24B_nd815� � Support NF nd815RH24B� Sup_Co_RH24� EL�� ���

AL1RH24B_nd815
T

0.151 1.068� 103
� 10.825 815 68� ��

AL2RH24B_nd815
T

0 0 0 0 0 0( )�

Writing Output Data for Supports Associated with Lines 1-30, 31, & 48

SA1 AL1RH32_nd860
T

�� SE1 AL1PS4B_nd850
T

�� SI1 AL1AISZ_nd842
T

��

SA2 AL2RH32_nd860
T

�� SE2 AL2PS4B_nd850
T

�� SI2 AL2AISZ_nd842
T

��

SF1 AL1PS4A_nd848
T

�� SJ1 AL1RH24A_nd816
T

��
SB1 AL1RH11A_nd857

T
��

SF2 AL2PS4A_nd848
T

�� SJ2 AL2RH24A_nd816
T

��
SB2 AL2RH11A_nd857

T
��

SG1 AL1PS4B_nd847
T

�� SK1 AL1RH24B_nd815
T

��
SC1 AL1RH11B_nd858

T
��

SG2 AL2PS4B_nd847
T

�� SK2 AL2RH24B_nd815
T

��
SC2 AL2RH11B_nd858

T
��

SH1 AL1AISX_nd842
T

��
SD1 AL1PS4A_nd849

T
��

SH2 AL2AISX_nd842
T

��
SD2 AL2PS4A_nd849

T
��

S SA1 SA2 SB1 SB2 SC1 SC2 SD1 SD2 SE1 SE2 SF1 SF2 SG1 SG2 SH1 SH2 SI1 SI2 SJ1 SJ2 SK1 SK2( )��

SupportLines_30to31_48 WRITEPRN "SupLines_30to31_48.prn" S�( )��
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TERMINATION LOCATIONS
Termination Locations Strategy:  Search based on the node for which the termination location acts as well as
the next node inward.  The D/C ratio for each termination location will be found by dividing the the required force
found above by the support capacity.

TermDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Term P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j TermDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� Mr�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all terminations

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Constants associated with support's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Term_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Emergency Pump Suction (2x)
Define pertinent pipe variables

Outside Diameter [7] [10] 
Do 14in��

t 0.25in�� Thickness [7] [10]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]
I 255.3 in

4
�

S S125�� Allowable design stress intensity value

Define primary stress indices

B1 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1�

1.0
1

X Y�
�

Do

t
50�if

�� B2 1.037�
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Emergency Pump 1-30 (Node 160)
nd160EP1300

160��

ALEP130_nd160 Term P Do� t� I� B1� B2� S125� NF� nd160EP130� Term_Co� EL�� ���

ALEP130_nd160
T

0.197 2.677 105
� 6.485 160 27 9.971 103

� 2.18� 105
� 1.55� 105

�� ��

Emergency Pump 1-31 (Node 194)
nd194EP1310

194��

ALEP131_nd194 Term P Do� t� I� B1� B2� S125� NF� nd194EP131� Term_Co� EL�� ���

ALEP131_nd194
T

0.16 1.946 105
� 6.33 194 41 7.884 104

� 1.747 105
� 3.375 104

�� ��

North Wall Penetration 1-48 (1x)
Define pertinent pipe variables

Outside Diameter [17]
Do 4.5in��

t 0.237in�� Thickness [17]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]
I 7.233 in

4
�

S S125�� Allowable design stress intensity value

Define primary stress indices

B1 0.5��
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Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1�

1.0
1

X Y�
�

Do

t
50�if

�� B2 1�

North Wall Penetration 1-48 (Node 682)
nd682NWP1480

682��

ALNWP148_nd682 Term P Do� t� I� B1� B2� S125� NF� nd682NWP148� Term_Co� EL�� ���

ALNWP148_nd682
T

0.196 3.195 104
� 12.885 682 151 6.869� 103

� 3.104� 104
� 3.15 103

�� ��

Writing Output Data for Terminations Associated with Lines 1-30, 1-31, & 1-48

T1 ALEP130_nd160
T


�
�

�� Emergency Pump 1-30 (Node 160)

T2 ALEP131_nd194
T


�
�

�� Emergency Pump 1-31 (Node 194)

T3 ALNWP148_nd682
T


�
�

�� North Wall Penetration 1-48 (Node 682)

T T1 T2 T3( )��

TerminationsLines_30to31_48 WRITEPRN "TermLines_30to31_48.prn" T�( )��
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PIPE RUNS
Pipe Runs Strategy:  Search based on the nodes present in each run of pipe.  Find the maximum moment
combination among all of the nodes and apply to equation (9) of ASME III, Division I - NB - 3652 [9].  Use the
geometry of the pipe when applying (9).  The D/C ratio for each node will be determined by dividing the left side of
the equation by the right side of the equation.

PipeRunDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

PipeRun P Do� t� I� B1� B2� S� nf� el� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indel match el0 EL
0� 	

�

�

�

�

indel stack indel match eli EL
0� 	

�

�

�





�

�

��

�
�
��

i 1 last el( )���for rows el( ) 1�if

M Int5 last indel� ��

�

�



0 0( )�

Mrxg nfindnfiCo0 1�
2� indelj
��

Mryg nfindnfiCo1 1�
2� indelj
��

Mrzg nfindnfiCo2 1�
2� indelj
��

Mrxj
nfindnfiCo0 1�

2� i� indelj
� Mrxg�
�

�
��



Co3 0�
� Mrxg��

Mryj
nfindnfiCo1 1�

2� i� indelj
� Mryg�
�

�
��



Co3 0�
� Mryg��

Mrzj
nfindnfiCo2 1�

2� i� indelj
� Mrzg�
�

�
��



Co3 0�
� Mrzg��

M'j Mrxj


�

�



2
Mryj


�

�



2
� Mrzj



�

�



2
��

Int' j PipeRunDC P Do� t� I� B1� B2� M'j� S�� ��

H Int' j M' j nf
indnfiCo0 1�

1� i� 0� EL
indelj

0� EL
indelj

1� indel j
Mrx
�

�
�

k 0 5���for

Int' j Int0 j��if

j 0 last indel� ����for

i 0 indnfo0
indnfi0

����for

��
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Intk j� Hk�

Int

Conditions applicable to all pipe runs

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

PipeRun_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Pipe Properties for Line 1-30
Define pertinent pipe variables

Do 16in�� Outside Diameter [7]

t 0.25in�� Thickness [7]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 383.664 in
4

�

Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1.101�
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Pipe Run 1-30A (Element 653 and 111)
elP130A 653 111( )

T
��

ALP130A PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP130A� PipeRun_Co� EL�� ���

ALP130A
T

0.166

0.179

0.15

0.152

2.337 105
�

2.655 105
�

1.941 105
�

2 105
�

6.34

6.335

6.34

6.335

653

653

111

111

67

1.055 103
�

145

146

131

132

1

2



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-30B (Elements 112 & 113)

elP130B 112 113( )
T

��

ALP130B PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP130B� PipeRun_Co� EL�� ���

ALP130B
T

0.151

0.14

0.121

0.14

1.976 105
�

1.703 105
�

1.221 105
�

1.703 105
�

6.835

6.835

10.655

6.835

112

112

113

113

148

181

164

181

3

4

5

6



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-30C (Elements 114, 437, & 663)

elP130C 114 437 663( )
T

��

ALP130C PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP130C� PipeRun_Co� EL�� ���

ALP130C
T

0.112

0.144

0.144

0.139

0.163

0.139

9.934 104
�

1.786 105
�

1.795 105
�

1.671 105
�

2.269 105
�

1.671 105
�

10.655

6.835

6.835

5.365

5.365

5.365

114

114

437

437

663

663

165

851

851

1.065 103
�

177

1.065 103
�

7

8

77

78

133

134



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�
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Pipe Run 1-30D (Elements 120, 664, 123, 665, 666, 667, & 668)

elP130D 120 664 123 665 666 667 668( )
T

��

ALP130D PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP130D� PipeRun_Co� EL�� ���

ALP130D
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

10

11

12

13

0.185 52.796·10 5.695 120 175 13

0.193 53.009·10 10.815 120 31.066·10 14

0.202 53.22·10 10.815 664 172 135

0.193 53.009·10 10.815 664 31.066·10 136

0.202 53.222·10 10.815 123 172 15

0.187 52.849·10 10.82 123 31.067·10 16

0.187 52.849·10 10.82 665 31.067·10 137

0.175 52.561·10 10.82 665 31.068·10 138

0.175 52.561·10 10.82 666 31.068·10 139

0.164 52.297·10 10.815 666 31.069·10 140

0.164 52.296·10 10.815 667 31.069·10 141

0.155 52.063·10 6.345 667 31.07·10 142

0.146 51.841·10 10.805 668 166 143

0.155 52.063·10 6.345 668 31.07·10 144

�

Pipe Run 1-30E (Element 130, & 132)

elP130E 130 132( )
T

��

ALP130E PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP130E� PipeRun_Co� EL�� ���

ALP130E
T

0.113

0.094

0.128

0.094

1.018 105
�

5.67 104
�

1.394 105
�

5.67 104
�

4.215

6.835

10.955

6.835

130

130

132

132

154

162

156

162

19

20

21

22



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-30F (Element 133)

elP130F 133( )
T

��

ALP130F PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP130F� PipeRun_Co� EL�� ���

ALP130F
T 0.159

0.162

2.164 105
�

2.232 105
�

6.345

6.345

133

133

157

158

23

24



�
�
�

�
�
�



�
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Pipe Properties for Line 1-31
Define pertinent pipe variables

Do 16in�� Outside Diameter [10]

t 0.25in�� Thickness [10]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 383.664 in
4

�

Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1.101�

Pipe Run 1-31A (Elements 650, 139, & 357)

elP131A 650 139 357( )
T

��

ALP131A PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP131A� PipeRun_Co� EL�� ���

ALP131A
T

0.127

0.124

0.14

0.123

0.127

0.123

1.362 105
�

1.309 105
�

1.696 105
�

1.28 105
�

1.362 105
�

1.28 105
�

9.265

9.265

4.21

9.27

9.265

9.27

650

650

139

139

357

357

184

1.052 103
�

185

196

186

196

129

130

33

34

57

58



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�
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Pipe Run 1-31B (Elements 142 & 143)

elP131B 142 143( )
T

��

ALP131B PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP131B� PipeRun_Co� EL�� ���

ALP131B
T

0.159

0.212

0.121

0.119

2.155 105
�

3.464 105
�

1.227 105
�

1.172 105
�

4.215

4.2

9.27

9.27

142

142

143

143

188

189

190

192

35

36

37

38



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Properties for Line 1-48
Define pertinent pipe variables

Do 4.5in�� Outside Diameter [17]

t 0.237in�� Thickness [17]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 7.233 in
4

�

Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1�
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Pipe Run 1-48A (Elements 672, 671, 670, 669, 317, 676, 675, 674, 673, 314, & 301)

elP148A 672 671 670 669 317 676 675 674 673 314 301( )
T

��

ALP148A PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP148A� PipeRun_Co� EL�� ���

ALP148A
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

0.196 43.195·10 12.885 672 682 151

0.169 42.694·10 12.885 672 31.074·10 152

0.144 42.241·10 12.89 671 31.073·10 149

0.169 42.694·10 12.885 671 31.074·10 150

0.122 41.835·10 12.9 670 31.072·10 147

0.144 42.24·10 12.89 670 31.073·10 148

0.102 41.473·10 12.905 669 31.071·10 145

0.122 41.835·10 12.9 669 31.072·10 146

0.085 41.169·10 10.175 317 695 55

0.102 41.473·10 12.905 317 31.071·10 56

0.085 41.169·10 10.175 676 695 159

0.077 41.013·10 10.175 676 31.078·10 160

0.077 41.01·10 6.165 675 31.077·10 157

0.077 41.013·10 10.175 675 31.078·10 158

0.081 41.085·10 6.165 674 31.076·10 155

0.077 41.009·10 6.165 674 31.077·10 156

0.099 41.422·10 5.365 673 31.075·10 153

0.081 41.085·10 6.165 673 31.076·10 154

0.136 42.09·10 5.365 314 693 53

0.099 41.422·10 5.365 314 31.075·10 54

0.12 41.801·10 5.87 301 681 45

0.136 42.09·10 5.365 301 693 46

�

Pipe Run 1-48B (Elements 680, 679, 678, 677, & 310)

elP148B 680 679 678 677 310( )
T

��

ALP148B PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP148B� PipeRun_Co� EL�� ���

ALP148B
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

0.131 42.007·10 5.875 680 680 167

0.115 41.714·10 5.89 680 31.082·10 168

0.119 41.777·10 5.9 679 31.081·10 165

0.115 41.714·10 5.89 679 31.082·10 166

0.132 42.027·10 5.9 678 31.08·10 163

0.119 41.777·10 5.9 678 31.081·10 164

0.148 42.31·10 5.895 677 31.079·10 161

0.132 42.027·10 5.9 677 31.08·10 162

0.162 42.565·10 5.885 310 678 51

0.148 42.31·10 5.895 310 31.079·10 52

�
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Pipe Run 1-48C (Elements 684, 683, 682, 681, & 299)

elP148C 684 683 682 681 299( )
T

��

ALP148C PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP148C� PipeRun_Co� EL�� ���

ALP148C
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

0.161 42.547·10 5.885 684 677 175

0.138 42.132·10 5.885 684 31.086·10 176

0.125 41.893·10 6.165 683 31.085·10 173

0.138 42.132·10 5.885 683 31.086·10 174

0.113 41.682·10 6.16 682 31.084·10 171

0.125 41.893·10 6.165 682 31.085·10 172

0.102 41.469·10 6.155 681 31.083·10 169

0.113 41.682·10 6.16 681 31.084·10 170

0.097 41.38·10 12.9 299 675 43

0.102 41.469·10 6.155 299 31.083·10 44

�

Pipe Run 1-48D (Element 686, 685, & 303)

elP148D 686 685 303( )
T

��

ALP148D PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP148D� PipeRun_Co� EL�� ���

ALP148D
T

0.097

0.13

0.195

0.13

0.264

0.195

1.378 104
�

1.983 104
�

3.176 104
�

1.983 104
�

4.427 104
�

3.176 104
�

12.9

9.9

9.9

9.9

9.9

9.9

686

686

685

685

303

303

674

1.088 103
�

1.087 103
�

1.088 103
�

672

1.087 103
�

179

180

177

178

49

50



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�

Writing Output Data for Pipe Runs Associated with Lines 1-30, 1-31, & 1-48

PR1 ALP130A
T


�
�

�� PR5 ALP130E

T

�

�

�� PR9 ALP148A

T

�

�

��

PR2 ALP130B
T


�
�

�� PR6 ALP130F

T

�

�

�� PR10 ALP148B

T

�

�

��

PR3 ALP130C
T


�
�

�� PR7 ALP131A

T

�

�

�� PR11 ALP148C

T

�

�

��

PR4 ALP130D
T


�
�

�� PR8 ALP131B

T

�

�

�� PR12 ALP148D

T

�

�

��

PR PR1 PR2 PR3 PR4 PR5 PR6 PR7 PR8 PR9 PR10 PR11 PR12( )��

PipeRunsLines_30to31_48 WRITEPRN "PRLines_30to31_48.prn" PR�( )��
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REDUCERS
Reducers Strategy:  Search based on the nodes comprising either end of the reducers.  SRSS combine the
three moments of each of the four node representations (one for each element connected by the node in
question).  Find the maximum of the moment combinations for each element and apply to equation (9) of ASME
III, Division I - NB - 3652 [9].  It is important to not combine the data from both nodes as the geometry for each
is different and (9) must be applied for each node.  The D/C ratio for each node will be determined by dividing the
left side of the equation by the right side of the equation and taking the max of the result.

ReducerDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Reducer P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j ReducerDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� �
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

��
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Int
Conditions applicable to all reducers

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Reducer_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Reducer Properties for Lines 1-30 and 1-31
Define pertinent reducer variables

Do 16in 14in( )
T

�� Outside Diameter [7] [10]

t
1
4

in
1
4

in
�
�

��



T

�� Thickness [7] [10]

P 253psi 253psi( )
T

�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I
383.664

255.3


�
�

�
�



in
4

�

Define primary stress indices

! atan
1in

13.875in

�
�

��



�� Angular slope of reducer [7] [10]

! 4.122 deg�

B1 0.5 ! 30deg if

1.0 30deg !� 60deg if

��

B1 primary stress Index [9, NB-3683.7] 

B1 0.5�

B2 1.0�� B2 primary stress Index [9, NB-3683.7] 

Reducer 1-30A (Nodes 159 & 160)

ndRD130A_L 159( )
T

�� Node associated with Large end of reducer

ALRD130A_L Reducer P0 Do0
� t0� I0� B1� B2� S125� NF� ndRD130A_L� Reducer_Co� EL�


�
�



��

ALRD130A_L
T

0.155 2.27 105
� 6.485 159 25 5.451 103

� 1.685 105
� 1.52 105

�� ��
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ndRD130A_S 160( )
T

�� Node associated with Small end of reducer

ALRD130A_S Reducer P1 Do1
� t1� I1� B1� B2� S125� NF� ndRD130A_S� Reducer_Co� EL�


�
�



��

ALRD130A_S
T

0.192 2.677 105
� 6.485 160 27 9.971 103

� 2.18� 105
� 1.55� 105

�� ��

Reducer 1-31A (Nodes 193 & 194)

ndRD131A_L 193( )
T

�� Node associated with Large end of reducer

ALRD131A_L Reducer P0 Do0
� t0� I0� B1� B2� S125� NF� ndRD131A_L� Reducer_Co� EL�


�
�



��

ALRD131A_L
T

0.132 1.638 105
� 10.64 193 39 5.556 104

� 1.498 105
� 3.588 104

�� ��

ndRD131A_S 194( )
T

�� Node associated with Small end of reducer

ALRD131A_S Reducer P1 Do1
� t1� I1� B1� B2� S125� NF� ndRD131A_S� Reducer_Co� EL�


�
�



��

ALRD131A_S
T

0.157 1.946 105
� 6.33 194 41 7.884 104

� 1.747 105
� 3.375 104

�� ��

Writing Output Data for Reducers Associated with Lines 1-30, 1-31, & 1-48

RL1 ALRD130A_L
T

��

RS1 ALRD130A_S
T

��

RL2 ALRD131A_L
T

��

RS2 ALRD131A_S
T

��

R RL1 RS1 RL2 RS2( )��

ReducersLines_30to31_48 WRITEPRN "RedLines_30to31_48.prn" R�( )��



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      R. K. Blandford Date:    09/30/2008

Calculation Sheet 
Page C.3.3-24 of C.3.3-35

ELBOWS
Elbows Strategy:  Search based on the two nodes comprising the ends of each elbow.  SRSS combine the
three moments of each of the four node representations (one for each element connected by the nodes in
question).  Find the maximum of the four moment combinations and apply to equation (9) of ASME III, Division I -
NB - 3652 [9]. The D/C ratio will be determined by dividing the left side of the equation by the right side of the
equation.

ElbowDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Elbow P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j ElbowDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� M�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all elbows

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Elb_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Elbow Properties for Lines 1-30 and 1-31
Define pertinent elbow variables

Do 16in�� Outside Diameter [7] [10]

t 0.25in�� Thickness [7] [10]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 383.664 in
4

�

R 1 Do��� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.064� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0� B1 primary stress Index [9, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 8.083� B2 primary stress Index [9, NB-3683.7] 
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Elbow 1-30A (Nodes 146 & 148)
ndEL130A_1 146( )

T
��

ALEL130A_nd146 Elbow P Do� t� I� B1� B2� S125� NF� ndEL130A_1� Elb_Co� EL�� ���

ALEL130A_nd146
T

0.594 2 105
� 6.335 146 2 3.743� 104

� 1.917 105
� 4.295� 104

�� ��

ndEL130A_2 148( )
T

��

ALEL130A_nd148 Elbow P Do� t� I� B1� B2� S125� NF� ndEL130A_2� Elb_Co� EL�� ���

ALEL130A_nd148
T

0.587 1.976 105
� 6.835 148 87 6.008� 104

� 1.235 104
� 1.878 105

�� ��

Elbow 1-30B (Nodes 153 & 154)
ndEL130B_1 153( )

T
��

ALEL130B_nd153 Elbow P Do� t� I� B1� B2� S125� NF� ndEL130B_1� Elb_Co� EL�� ���

ALEL130B_nd153
T

0.354 1.192 105
� 10.805 153 18 1.044� 105

� 1.85 104
� 5.458� 104

�� ��

ndEL130B_2 154( )
T

��

ALEL130B_nd154 Elbow P Do� t� I� B1� B2� S125� NF� ndEL130B_2� Elb_Co� EL�� ���

ALEL130B_nd154
T

0.303 1.019 105
� 4.215 154 89 7.597� 104

� 2.799� 104
� 6.182 104

�� ��

Elbow 1-30C (Nodes 156 & 157)
ndEL130C_1 156( )

T
��

ALEL130C_nd156 Elbow P Do� t� I� B1� B2� S125� NF� ndEL130C_1� Elb_Co� EL�� ���

ALEL130C_nd156
T

0.414 1.394 105
� 10.955 156 97 1.04 105

� 1.897 104
� 9.085 104

�� ��

ndEL130C_2 157( )
T

��

ALEL130C_nd157 Elbow P Do� t� I� B1� B2� S125� NF� ndEL130C_2� Elb_Co� EL�� ���

ALEL130C_nd157
T

0.643 2.164 105
� 6.345 157 23 1.266� 105

� 5.108� 104
� 1.679� 105

�� ��

Elbow 1-31A (Nodes 184 & 185)
ndEL131A_1 184( )

T
��

ALEL131A_nd184 Elbow P Do� t� I� B1� B2� S125� NF� ndEL131A_1� Elb_Co� EL�� ���

ALEL131A_nd184
T

0.405 1.362 105
� 9.265 184 129 9.45� 104

� 9.758� 104
� 9.235 103

�� ��
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ndEL131A_2 185( )
T

��

ALEL131A_nd185 Elbow P Do� t� I� B1� B2� S125� NF� ndEL131A_2� Elb_Co� EL�� ���

ALEL131A_nd185
T

0.505 1.697 105
� 4.21 185 92 5.238� 104

� 1.141� 105
� 1.142 105

�� ��

Elbow 1-31B (Nodes 186 & 188)

ndEL131B_1 186( )
T

��

ALEL131B_nd186 Elbow P Do� t� I� B1� B2� S125� NF� ndEL131B_1� Elb_Co� EL�� ���

ALEL131B_nd186
T

0.405 1.362 105
� 9.265 186 57 6.13 104

� 1.191� 105
� 2.418 104

�� ��

ndEL131B_2 188( )
T

��

ALEL131B_nd188 Elbow P Do� t� I� B1� B2� S125� NF� ndEL131B_2� Elb_Co� EL�� ���

ALEL131B_nd188
T

0.641 2.155 105
� 4.215 188 35 6.574� 104

� 9.099 104
� 1.839 105

�� ��

Elbow 1-31C (Nodes 192 & 193)
ndEL131C_1 192( )

T
��

ALEL131C_nd192 Elbow P Do� t� I� B1� B2� S125� NF� ndEL131C_1� Elb_Co� EL�� ���

ALEL131C_nd192
T

0.348 1.172 105
� 9.27 192 100 9.62� 104

� 6.642� 104
� 7.711 103

�� ��

ndEL131C_2 193( )
T

��

ALEL131C_nd193 Elbow P Do� t� I� B1� B2� S125� NF� ndEL131C_2� Elb_Co� EL�� ���

ALEL131C_nd193
T

0.487 1.638 105
� 10.64 193 39 5.556 104

� 1.498 105
� 3.588 104

�� ��

Elbow Properties for Line 1-48

Define pertinent elbow variables

Do 4.5in�� Outside Diameter [17]

t 0.237in�� Thickness [17]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 7.233 in
4

�
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R 1.5 Do��� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.352� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0.041� B1 primary stress Index [9, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 2.607� B2 primary stress Index [9, NB-3683.7] 

Elbow 1-48A (Nodes 681 & 680)
ndEL148A_1 681( )

T
��

ALEL148A_nd681 Elbow P Do� t� I� B1� B2� S125� NF� ndEL148A_1� Elb_Co� EL�� ���

ALEL148A_nd681
T

0.259 1.801 104
� 5.87 681 45 3.511� 103

� 1.298� 104
� 1.199 104

�� ��

ndEL148A_2 680( )
T

��

ALEL148A_nd680 Elbow P Do� t� I� B1� B2� S125� NF� ndEL148A_2� Elb_Co� EL�� ���

ALEL148A_nd680
T

0.289 2.007 104
� 5.875 680 115 2.7� 103

� 1.475� 104
� 1.335 104

�� ��

Elbow 1-48B (Nodes 678 & 677)
ndEL148B_1 678( )

T
��

ALEL148B_nd678 Elbow P Do� t� I� B1� B2� S125� NF� ndEL148B_1� Elb_Co� EL�� ���

ALEL148B_nd678
T

0.369 2.565 104
� 5.885 678 51 1.476 104

� 1.56� 104
� 1.404� 104

�� ��

ndEL148B_2 677( )
T

��

ALEL148B_nd677 Elbow P Do� t� I� B1� B2� S125� NF� ndEL148B_2� Elb_Co� EL�� ���

ALEL148B_nd677
T

0.366 2.547 104
� 5.885 677 175 1.454� 104

� 1.547 104
� 1.408 104

�� ��
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Elbow 1-48C (Nodes 675 & 674)

ndEL148C_1 675( )
T

��

ALEL148C_nd675 Elbow P Do� t� I� B1� B2� S125� NF� ndEL148C_1� Elb_Co� EL�� ���

ALEL148C_nd675
T

0.199 1.38 104
� 12.9 675 113 1.367 104

� 1.598 103
� 1.015 103

�� ��

ndEL148C_2 674( )
T

��

ALEL148C_nd674 Elbow P Do� t� I� B1� B2� S125� NF� ndEL148C_2� Elb_Co� EL�� ���

ALEL148C_nd674
T

0.199 1.378 104
� 12.9 674 179 1.367 104

� 1.607 103
� 615.948� ��

Writing Output Data for Elbows Associated with Lines 1-30, 1-31, & 1-48

EL1A ALEL130A_nd146
T


�
�

�� EL6A ALEL131C_nd192

T

�

�

��

EL1B ALEL130A_nd148
T


�
�

�� EL6B ALEL131C_nd193

T

�

�

��

EL2A ALEL130B_nd153
T


�
�

�� EL7A ALEL148A_nd681

T

�

�

��

EL2B ALEL130B_nd154
T


�
�

�� EL7B ALEL148A_nd680

T

�

�

��

EL3A ALEL130C_nd156
T


�
�

�� EL8A ALEL148B_nd678

T

�

�

��

EL3B ALEL130C_nd157
T


�
�

�� EL8B ALEL148B_nd677

T

�

�

��

EL4A ALEL131A_nd184
T


�
�

��

EL9A ALEL148C_nd675
T


�
�

��

EL4B ALEL131A_nd185
T


�
�

��

EL9B ALEL148C_nd674
T


�
�

��

EL5A ALEL131B_nd186
T


�
�

��

EL5B ALEL131B_nd188
T


�
�

��

vEL EL1A EL1B EL2A EL2B EL3A EL3B EL4A EL4B EL5A EL5B EL6A EL6B EL7A EL7B EL8A EL8B EL(��

ElbowLines_30to31_48 WRITEPRN "ElbowLines_30to31_48.prn" vEL�( )��



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      R. K. Blandford Date:    09/30/2008

Calculation Sheet 
Page C.3.3-30 of C.3.3-35

FORGED TEES AND FABRICATED BRANCH TEES
Tees Strategy:  Search based on the elements comprising the tee.  The input identifies which elements are
associated with the pipe run and which element is associated with the branch from the run.  The indices for the
defined common node for all three elements is identified and the associated SRSS moment is identified for each
time step.  The maximum moment for the elements comprising the pipe run is found and applied as Mr in
equation (9) of ASME III, Division I - NB - 3652 which is modified to represent tees.  The maximum moment for
the branch element is found and applied as Mb in equation (9) of ASME III, Division I - NB - 3652 [9].  The D/C
ratio will be determined by dividing the left side of the equation by the right side of the equation.

TeeDC P Do� Tr� B1� B2b� B2r� Mb� Mr� Zb� Zr� S�� �
B1

P Do�

2 Tr�
� B2b

Mb 1lbf in�( )�

Zb

�"
"�

�#
#�

�� B2r
Mr 1lbf in�( )�

Zr

�"
"�

�#
#�

��

S
��

Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S� nf� elR� elB� ndR� ndB� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indelR match elR0
EL

0� 	
�
�

�
��



�

indelR stack indelR match elRi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elR� ����for rowsif

EL'R
last EL 0� 	� � 0�

EL'RindelRi
EL

indelRi
1��

i 0 last indelR� ����for

indndR match ndR0
EL'R

0� 	
�
�

�
��



�

indndR stack indndR match ndRi
EL'R

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndR� ����for rif

indelB match elB0
EL

0� 	
�
�

�
��



�

indelB stack indelB match elBi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elB� ����for rowsif

EL'B
last EL 0� 	� � 0�

EL'BindelBi
EL

indelBi
1��

i 0 last indelB� ����for

indndB match ndB0
EL'B

0� 	
�
�

�
��



�

��
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indndB stack indndB match ndBi
EL'B

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndB� ����for rif

MR MB Int0� � 0 0 0( )�

MrxgRj
nfindnfiCo0 1�

2� indndR j
��

MrygRj
nfindnfiCo1 1�

2� indndR j
��

MrzgRj
nfindnfiCo2 1�

2� indndR j
��

MrxRj
nfindnfiCo0 1�

2� i� indndR j
� MrxgRj

�
�
�

��



C��

MryRj
nfindnfiCo1 1�

2� i� indndR j
� MrygRj

�
�
�

��



C��

MrzRj
nfindnfiCo2 1�

2� i� indndR j
� MrzgRj

�
�
�

��



Co��

MRj
MrxRj


�

�



2
MryRj


�

�



2
� MrzRj



�

�



2
��

MrxgBj
nfindnfiCo0 1�

2� indndBk
��

MrygBj
nfindnfiCo1 1�

2� indndBk
��

MrzgBj
nfindnfiCo2 1�

2� indndBk
��

MrxBj
nfindnfiCo0 1�

2� i� indndBk
� MrxgBj

�
�
�

��



C��

MryBj
nfindnfiCo1 1�

2� i� indndBk
� MrygBj

�
�
�

��



C��

MrzBj
nfindnfiCo2 1�

2� i� indndBk
� MrzgBj

�
�
�

��



C��

MBj
MrxBj


�

�



2
MryBj


�

�



2
� MrzBj



�

�



2
��

Int' j TeeDC P Do� Tr� B1� B2b� B2r� MBj
� MR�


�
�

Int stack Int' j MRj
� MBj

� nf
indnfiCo0 1�

1� i�
�
�

�
�

Int' j Int0�if

k 0 last indndB� ����for

j 0 last indndR� ����for

i 0 indnfo0
indnfi0

����for
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Result stack MRj
MBj
� MrxRj

� MryRj
� M�


�
�

M MR�

Int

Conditions applicable to forged tee

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Tee_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

TEE (Line 1-31)
Define pertinent tee variables

P 253psi�� Internal Pressure [3, pg 23]

Do 16in�� Outside Diameter of Pipe Run [10]

do 16in�� Outside Diameter of Branch [10]

B1 0.5�� B1 primary stress Index for tees and branches
[9, NB-3683.9]

Tr 0.25in�� Nominal wall thickness of designated run pipe
[10]

Rm
Do Tr�

2
�� Mean radius of designated run pipe [10]

Zr � Rm
2

� Tr��� Approximate section modulus of designated run
pipe [9, NB-3683.1(d)]

Zr 48.707 in
3

�

T'b 0.25in�� Nominal wall thickness of attached branch pipe
[10]

r'm
do T'b�

2
�� Mean radius of attached branch pipe [10]

Zb � r'm
2

� T'b��� Approximate section modulus of attached branch
pipe [9, NB-3683.1(d)]

Zb 48.707 in
3

�
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C2b Secondary stress Index [9,NB-3683.8] 

C2b 1.5
Rm

Tr


�
��

��
�


2
3

r'm

Rm


�
��

��
�


1
2

T'b

Tr


�
��

��
�


r'm
do

2


�
�
��

��
�
�


� 1.5
Rm

Tr


�
��

��
�


2
3

r'm

Rm


�
��

��
�


1
2

T'b

Tr


�
��

��
�


�
r'm
do

2


�
�
��

��
�
�


1.5$if

1.5 otherwise

��

C2b 14.727�

C2r Secondary stress Index [9,NB-3683.8] 
Wall thickness of nozzle or branch connection
reinforcement associated with [9, NB-3643.4(A)-1,
sketch (d)]

tn T'b��

C2r 1.15
r'm

tn


�
��

��
�


1
4

� 1.15
r'm

tn


�
��

��
�


1
4

� 1.5$if

1.5 otherwise

��

C2r 2.724�

B2b 0.5 C2b� 0.5 C2b� 1$if

1 otherwise

��

B2b primary stress Index for branches [9,
NB-3683.8]

B2b 7.364�

B2r 0.75 C2r� 0.75 C2r� 1$if

1 otherwise

��

B2r primary stress Index for branches [9,
NB-3683.8]

B2r 2.043�

Tee 1-31 (Node 152)

elRTee131 136 129( )
T

�� Elements associated with pipe run

ndRTee131 152( )
T

�� Node between pipe run elements

elBTee131 138( )
T

�� Element associated with branch

ndBTee131 152( )
T

�� Node where branch intersects pipe run

ALTee131 Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S125� NF� elRTee131� elBTee131� ndRTee131� ndBTee131� Tee_C����

ALTee131
T

0.544 1.485 105
� 1.361 105

� 9.265 152 17 29 31� ��
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TEE (Line 1-48)
Define pertinent tee variables

P 253psi�� Internal Pressure [3, pg 23]

Do 16in�� Outside Diameter of Pipe Run [7]

do 4.5in�� Outside Diameter of Branch [17]

B1 0.5�� B1 primary stress Index for tees and branches
[9, NB-3683.9]

Tr 0.25in�� Nominal wall thickness of designated run pipe
[7]

Rm
Do Tr�

2
�� Mean radius of designated run pipe

Zr � Rm
2

� Tr��� Approximate section modulus of designated run
pipe [9, NB-3683.1(d)]

Zr 48.707 in
3

�

T'b 0.237in�� Nominal wall thickness of attached branch pipe
[17]

r'm
do T'b�

2
�� Mean radius of attached branch pipe 

Zb � r'm
2

� T'b��� Approximate section modulus of attached branch
pipe [9, NB-3683.1(d)]

Zb 3.383 in
3

�

C2b Secondary stress Index [9,NB-3683.8] 

C2b 1.5
Rm

Tr


�
��

��
�


2
3

r'm

Rm


�
��

��
�


1
2

T'b

Tr


�
��

��
�


r'm
do

2


�
�
��

��
�
�


� 1.5
Rm

Tr


�
��

��
�


2
3

r'm

Rm


�
��

��
�


1
2

T'b

Tr


�
��

��
�


�
r'm
do

2


�
�
��

��
�
�


1.5$if

1.5 otherwise

��

C2b 6.99�

C2r Secondary stress Index [9,NB-3683.8] 

Wall thickness of nozzle or branch connection
reinforcement associated with [9, NB-3643.4(A)-1,
sketch (d)]

tn T'b��
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C2r 1.15
r'm

tn


�
��

��
�


1
4

� 1.15
r'm

tn


�
��

��
�


1
4

� 1.5$if

1.5 otherwise

��

C2r 1.992�

B2b 0.5 C2b� 0.5 C2b� 1$if

1 otherwise

��

B2b primary stress Index for branches [9,
NB-3683.8]

B2b 3.495�

B2r 0.75 C2r� 0.75 C2r� 1$if

1 otherwise

��

B2r primary stress Index for branches [9,
NB-3683.8]

B2r 1.494�

Tee 1-48 (Node 176 for Pipe Run and 673 for Branch (NB 3683.8)

elRTee148 118 119( )
T

�� Elements associated with pipe run

ndRTee148 176( )
T

�� Node between pipe run elements

elBTee148 302( )
T

�� Element associated with branch

ndBTee148 672( )
T

�� Node where branch intersects pipe run

ALTee148 Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S125� NF� elRTee148� elBTee148� ndRTee148� ndBTee148� Tee_C����

ALTee148
T

0.918 7.445 104
� 4.427 104

� 9.9 176 9 12 48� ��

Writing Output Data for Tees Associated with Lines 1-30, 1-31, & 1-48

Tee1 ALTee131
T

��

Tee2 ALTee148
T

��

Tee Tee1 Tee2( )��

TeeLines22to26 WRITEPRN "TeeLines_30to31_48.prn" Tee�( )��
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Appendix C.3.4

 Demand to Capacity Ratio Calculations for Components
Associated with Lines 1-43 and 1-47 of ATR PCS Model 265

(NOTE:  Values represented here are shown for one realization (Nodal Force file =
LINES_43_47_test_R1.dat and Element/Nodal order file = EL_43_47 .xls) and may or may not be

consistent with the 80th percentile results contained in Appendix C.4)
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Force Outputs from Abaqus

NF
...\LINES_43_47.dat

�� (N)odal (F)orces for the (M)edium (L)ines of
Model 3 

Defined Elemental and Corresponding Nodal Order

EL
Y:\P...\EL_43_47(9-22-08).xls

�� Element and corresponding nodal order for the
(M)edium (L)ines of Model 3 

Time Boundaries

tinitial 1�� Initial time for which dynamic loading is applied

tfinal 21�� Final time for which dynamic loading stops

Seismic Scale Factor (Fa)

Fa 1�� Seismic scale factor [30]

Allowable Design Stress Intensity Factor (Sm): Sm is defined below for SS304 at temperature 125oF and

SS304L at 125oF.

Sm_125 20ksi�� For SS304 at 125oF [2, pg 316-318] [3, pg 23]  

For SS304L at 125oF [2, pg 316-318] Applicable
only for portions of lines 1-28 and 1-29 closest to
reactor vessel [3, pg 23]

Sm_125L 16.7ksi��

Yield Strength (Sy): Sy is defined below for SS304 at temperature 125oF and SS304L at 125oF.

Sy_125 28.35ksi�� For SS304 at 125oF [2, pg 646-648] [3, pg 23]  

For SS304L at 125oF [2, pg 646-648] Applicable
only for portions of lines 1-28 and 1-29 closest to
reactor vessel  [3, pg 23]

Sy_125L 23.85ksi��

Maximum Strength Applicable for Equation 9 (S):  S is defined below for SS304 at temperature 125oF
and SS304L at 125oF.

S125 min 3 Sm_125� 2 Sy_125��� ��� Maximum allowable stress applied to SS304
piping [9, NB-3656]

S125 56.7 ksi�

S125L min 3 Sm_125L� 2 Sy_125L��� ��� Maximum allowable stress applied to SS304L
piping [9, NB-3656]

S125L 47.7 ksi�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      R. K. Blandford Date:    09/30/2008

Calculation Sheet 
Page C.3.4-3 of C.3.4-40

SUPPORTS
Supports Strategy:  Search based on the node for which the support acts.  If this node is a termination point
there will only be one node to evaluate.  If this node is in line with a section of pipe there will be two
representations of the same node (one for each element on each side of the node) to combine and the difference
between them is the force required of the support.  The D/C ratio for each support will be found by dividing the the
required force found above by the support capacity.

SupDC Pr Pc�� �
Pr

Pc
��

Support nf nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

Int14
Int24



�

�



0 0( )�

Prgj
nfindnfiCo0 1�

1� indndj
��

Prj
nfindnfiCo0 1�

1� i� indndj
� Prgj

�
�
�

��



Co2 0�
� Prgj

��

j 0 last indnd� ����for

PRi

0

j

n

Prn�
�

�

Int1' SupDC PRi Co0 0�
�


�
�



�

Int1 stack Int1' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int11
� Co0 0�

0��if

Int2' SupDC PRi Co1 0�
�


�
�



�

Int2 stack Int2' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int21
� Co1 0�

0��if

i 0 indnfo0
indnfi0

����for

Int1 Int2� �

��
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RH-19 Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. C.9.1]P1_RH19

5.109 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.9.1]

P2_RH19
0 kip�

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_RH19

P1_RH19

P2_RH19

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-19 (Node 625)
RH-19 vertically supports line 1-43 just south of T(1-46A) from any downward movement.

nd625RH190
625�� Node associated with support

AL1RH19_nd625 AL2RH19_nd625� � Support NF nd625RH19� Sup_Co_RH19� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH19_nd625
T

1.824 9.32� 103
� 5.77 625 110� ��

AL2RH19_nd625
T

0 0 0 0 0( )�

RH-17 Support (2x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. C.9.1]P1_RH17

11.25 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.9.1]

P2_RH17
5.829 kip�

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_RH17

P1_RH17

P2_RH17

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-17A (Node 622)
RH-17A vertically supports line 1-43 just north of EL(1-43D) from any downward movement.

nd622RH17A0
622�� Node associated with support
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AL1RH17A_nd622 AL2RH17A_nd622� � Support NF nd622RH17A� Sup_Co_RH17� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH17A_nd622
T

0.534 6.011� 103
� 8.81 622 102� ��

AL2RH17A_nd622
T

0 0 0 0 0( )�

RH-17B (Node 833)
RH-17B vertically supports line 1-43 just south of GB(1-43B) from any downward movement.

nd833RH17B0
833�� Node associated with support

AL1RH17B_nd833 AL2RH17B_nd833� � Support NF nd833RH17B� Sup_Co_RH17� EL�� ���

AL1RH17B_nd833
T

0.456 5.134� 103
� 4.625 833 100� ��

AL2RH17B_nd833
T

0 0 0 0 0( )�

RH-30 Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. C.9.1]P1_RH30X

3.47 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.9.1]

P2_RH30X
21.648 kip�

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_RH30X

P1_RH30X

P2_RH30X

Fa

1

0

0


�
�
�
��

��
�
�
�


��

Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. C.9.1]P1_RH30Y

21.648 kip�

lbf
�� Flexure

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.9.1]

P2_RH30Y
21.648 kip�

lbf
�� Flexure

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_RH30Y

P1_RH30Y

P2_RH30Y

Fa

2

0

0


�
�
�
��

��
�
�
�


��
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Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. C.9.1]

P1_RH30Z
0.65 kip�

lbf
�� Flexure

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.9.1]

P2_RH30Z
0.65 kip�

lbf
�� Flexure

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_RH30Z

P1_RH30Z

P2_RH30Z

Fa

3

0

0


�
�
�
��

��
�
�
�


��

RH-30 (NS) (Node 927)
RH-30 supports line 1-43 at the bottom portion of P(1-43G) from movement in any direction.

nd927RH30X0
927�� Node associated with support

AL1RH30X_nd927 AL2RH30X_nd927� � Support NF nd927RH30X� Sup_Co_RH30X� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH30X_nd927
T

4.788 10 4�
� 1.661� 11.505 927 165� ��

AL2RH30X_nd927
T

3.954 10 5�
� 0.856 12.23 927 165� ��

RH-30 (V) (Node 927)
RH-30 supports line 1-43 at the bottom portion of P(1-43G) from movement in any direction.

nd927RH30Y0
927�� Node associated with support

AL1RH30Y_nd927 AL2RH30Y_nd927� � Support NF nd927RH30Y� Sup_Co_RH30Y� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH30Y_nd927
T

0 0 0 0 0( )�

AL2RH30Y_nd927
T

8.25 10 5�
� 1.786 5.28 927 165� ��

RH-30 (EW) (Node 927)
RH-30 supports line 1-43 at the bottom portion of P(1-43G) from movement in any direction.

nd927RH30Z0
927�� Node associated with support

AL1RH30Z_nd927 AL2RH30Z_nd927� � Support NF nd927RH30Z� Sup_Co_RH30Z� EL�� ���

AL1RH30Z_nd927
T

1.248 10 3�
� 0.811� 9.89 927 165� ��

AL2RH30Z_nd927
T

1.158 10 3�
� 0.752 9.515 927 165� ��
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RH-25 Support (2x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. C.9.1]P1_RH25

10.354 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.9.1]

P2_RH25
0 kip�

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_RH25

P1_RH25

P2_RH25

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-25A (Node 619)
RH-25A vertically supports line 1-43 between EL(1-43F) and EL(1-43G) from any downward movement.

nd619RH25A0
619�� Node associated with support

AL1RH25A_nd619 AL2RH25A_nd619� � Support NF nd619RH25A� Sup_Co_RH25� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH25A_nd619
T

0.485 5.021� 103
� 5.82 619 98� ��

AL2RH25A_nd619
T

0 0 0 0 0( )�

RH-25B (Node 617)
RH-25B vertically supports line 1-43 near the center of P(1-43J) from any downward movement.

nd617RH25B0
617�� Node associated with support

AL1RH25B_nd617 AL2RH25B_nd617� � Support NF nd617RH25B� Sup_Co_RH25� EL�� ���

AL1RH25B_nd617
T

0.571 5.908� 103
� 4.805 617 96� ��

AL2RH25B_nd617
T

0 0 0 0 0( )�

PS-10 Supports (3x)

Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. C.9.1]

P1_PS10
22.1 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.9.1]

P2_PS10
0kip

lbf
�� Tension
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Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_PS10

P1_PS10

P2_PS10

Fa

2

0

0


�
�
�
��

��
�
�
�


��

PS-10A (Node 641)
PS-10 vertically supports 1-47 just west of EL(1-47A).

nd641PS100
641�� Node associated with support

AL1PS10_nd641 AL2PS10_nd641� � Support NF nd641PS10� Sup_Co_PS10� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global
coordinate system) 

AL1PS10_nd641
T

0.874 1.932� 104
� 10.715 641 104� ��

AL2PS10_nd641
T

0 0 0 0 0( )�

PS-10B (Node 644)
PS-10 vertically supports 1-47 just south of FL(1-47A).

nd644PS100
644�� Node associated with support

AL1PS10_nd644 AL2PS10_nd644� � Support NF nd644PS10� Sup_Co_PS10� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and
negative (AL2) directions of the global
coordinate system) 

AL1PS10_nd644
T

0.609 1.346� 104
� 7.89 644 106� ��

AL2PS10_nd644
T

0 0 0 0 0( )�

PS-10C (Node 646)
PS-10 vertically supports 1-47 just north of FL(1-47B).

nd646PS100
646�� Node associated with support

AL1PS10_nd646 AL2PS10_nd646� � Support NF nd646PS10� Sup_Co_PS10� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and
negative (AL2) directions of the global
coordinate system) 

AL1PS10_nd646
T

0.253 5.582� 103
� 9.905 646 108� ��

AL2PS10_nd646
T

0 0 0 0 0( )�
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AIWS Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. C.9.1]

Downward
FlexureP1_AIWSY

1.539 kip�

lbf
��

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.9.1]

P2_AIWSY
1.539 kip�

lbf
�� Upward

Flexure

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_AIWSY

P1_AIWSY

P2_AIWSY

Fa

2

0

0


�
�
�
��

��
�
�
�


��

Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. C.9.1]

Westward
FlexureP1_AIWSZ

0 kip�

lbf
��

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.9.1]

P2_AIWSZ
0 kip�

lbf
�� Eastward

Flexure

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_AIWSZ

P1_AIWSZ

P2_AIWSZ

Fa

3

0

0


�
�
�
��

��
�
�
�


��

AIWS (V) (Node 836)
AIWS supports line 1-43 at the bottom portion of P(1-43G) from movement in the vertical and east/west
directions.

nd836AIWSY0
836�� Node associated with support

AL1AIWSY_nd836 AL2AIWSY_nd836� � Support NF nd836AIWSY� Sup_Co_AIWSY� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1AIWSY_nd836
T

0.688 1.059� 103
� 7.92 836 112� ��

AL2AIWSY_nd836
T

0.038 59.14 7.935 836 112( )�

AIWS (EW) (Node 836)
AIWS supports line 1-43 at the bottom portion of P(1-43G) from movement in the vertical and east/west
directions.

nd836AIWSZ0
836�� Node associated with support
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AL1AIWSZ_nd836 AL2AIWSZ_nd836� � Support NF nd836AIWSZ� Sup_Co_AIWSZ� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1AIWSZ_nd836
T

0 0 0 0 0( )�

AL2AIWSZ_nd836
T

0 0 0 0 0( )�

Writing Output Data for Supports Associated with Lines 43 and 47

SA1 AL1RH19_nd625
T

�� SH1 AL1RH25B_nd617
T

��

SA2 AL2RH19_nd625
T

�� SH2 AL2RH25B_nd617
T

��

SB1 AL1RH17A_nd622
T

�� SI1 AL1PS10_nd641
T

��

SB2 AL2RH17A_nd622
T

�� SI2 AL2PS10_nd641
T

��

SC1 AL1RH17B_nd833
T

�� SJ1 AL1PS10_nd644
T

��

SC2 AL2RH17B_nd833
T

�� SJ2 AL2PS10_nd644
T

��

SD1 AL1RH30X_nd927
T

�� SK1 AL1PS10_nd646
T

��

SD2 AL2RH30X_nd927
T

�� SK2 AL2PS10_nd646
T

��

SE1 AL1RH30Y_nd927
T

�� SL1 AL1AIWSY_nd836
T

��

SE2 AL2RH30Y_nd927
T

�� SL2 AL2AIWSY_nd836
T

��

SF1 AL1RH30Z_nd927
T

�� SM1 AL1AIWSZ_nd836
T

��

SF2 AL2RH30Z_nd927
T

�� SM2 AL2AIWSZ_nd836
T

��

SG1 AL1RH25A_nd619
T

��

SG2 AL2RH25A_nd619
T

��

S SA1 SA2 SB1 SB2 SC1 SC2 SD1 SD2 SE1 SE2 SF1 SF2 SG1 SG2 SH1 SH2 SI1 SI2 SJ1 SJ2 SK1 SK2(��

SupportsLines_43_47 WRITEPRN "SupLines_43_47.prn" S�( )��

TERMINATION LOCATIONS
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Termination Locations Strategy:  Search based on the node for which the termination location acts as well as
the next node inward.  The D/C ratio for each termination location will be found by dividing the the required force
found above by the support capacity.

TermDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Term P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j TermDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� Mr�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all terminations

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Constants associated with support's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Term_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

North Wall Penetration 1-43 (1x)
Define pertinent pipe variables

Outside Diameter [11]
Do 10.75in��

t 0.25in�� Thickness [11]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]
I 113.714 in

4
�

S S125�� Allowable design stress intensity value

Define primary stress indices

B1 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1�

1.0
1

X Y�
�

Do

t
50�if

�� B2 1�

North Wall Penetration 1-43 (Node 601)
nd601NWP1430

601��

ALNWP143_nd601 Term P Do� t� I� B1� B2� S125� NF� nd601NWP143� Term_Co� EL�� ���

ALNWP143_nd601
T


�
�

 0.2 1.829 105

� 5.405 601 166 5.355� 104
� 1.287 105

� 1.184� 105
�� ��



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      R. K. Blandford Date:    09/30/2008

Calculation Sheet 
Page C.3.4-13 of C.3.4-40

Pipe Termination 1-47 (1x)
Define pertinent pipe variables

Outside Diameter [15] [16]
Do 6.625in��

t 0.28in�� Thickness [15] [16]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]
I 28.142 in

4
�

S S125�� Allowable design stress intensity value

Define primary stress indices

B1 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1�

1.0
1

X Y�
�

Do

t
50�if

�� B2 1�

Pipe Termination 1-47 (Node 669)
nd669PT1470

669��

ALPT147_nd669 Term P Do� t� I� B1� B2� S125� NF� nd669PT147� Term_Co� EL�� ���

ALPT147_nd669
T

0.173 7.048 104
� 10.275 669 82 5.434� 103

� 6.874� 104
� 1.461 104

�� ��

Writing Output Data for Terminations Associated with Lines 1-43 & 1-47

T1 ALNWP143_nd601
T


�
�

�� North Wall Penetration 1-43 (Node 601)

T2 ALPT147_nd669
T


�
�

�� Pipe Termination 1-47 (Node 669)

T T1 T2( )��

TerminationsLines_43_47 WRITEPRN "TermLines_43_47.prn" T�( )��
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PIPE RUNS
Pipe Runs Strategy:  Search based on the nodes present in each run of pipe.  Find the maximum moment
combination among all of the nodes and apply to equation (9) of ASME III, Division I - NB - 3652 [9].  Use the
geometry of the pipe when applying (9).  The D/C ratio for each node will be determined by dividing the left side of
the equation by the right side of the equation.

PipeRunDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

PipeRun P Do� t� I� B1� B2� S� nf� el� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indel match el0 EL
0� 	

�

�

�

�

indel stack indel match eli EL
0� 	

�

�

�





�

�

��

�
�
��

i 1 last el( )���for rows el( ) 1�if

M Int5 last indel� ��

�

�



0 0( )�

Mrxg nfindnfiCo0 1�
2� indelj
��

Mryg nfindnfiCo1 1�
2� indelj
��

Mrzg nfindnfiCo2 1�
2� indelj
��

Mrxj
nfindnfiCo0 1�

2� i� indelj
� Mrxg�
�

�
��



Co3 0�
� Mrxg��

Mryj
nfindnfiCo1 1�

2� i� indelj
� Mryg�
�

�
��



Co3 0�
� Mryg��

Mrzj
nfindnfiCo2 1�

2� i� indelj
� Mrzg�
�

�
��



Co3 0�
� Mrzg��

M'j Mrxj


�

�



2
Mryj


�

�



2
� Mrzj



�

�



2
��

Int' j PipeRunDC P Do� t� I� B1� B2� M'j� S�� ��

H Int' j M' j nf
indnfiCo0 1�

1� i� 0� EL
indelj

0� EL
indelj

1� indel j
Mrx
�

�
�

I t H

k 0 5���for

Int' j Int0 j��if

j 0 last indel� ����for

i 0 indnfo0
indnfi0

����for

��
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Intk j� Hk�

Int

Conditions applicable to all pipe runs

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

PipeRun_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Pipe Properties for Line 1-43 (A-J)
Define pertinent pipe variables

Do 10.75in�� Outside Diameter [11]

t 0.25in�� Thickness [11]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 113.714 in
4

�

Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1�
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Pipe Run 1-43A (Element 167)
elP143A 167( )

T
��

ALP143A PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP143A� PipeRun_Co� EL�� ���

ALP143A
T 0.22

0.212

2.061 105
�

1.967 105
�

9.165

9.165

167

167

224

225

1

2



�
�
�

�
�
�



�

Pipe Run 1-43B (Elements 168)
elP143B 168( )

T
��

ALP143B PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP143B� PipeRun_Co� EL�� ���

ALP143B
T 0.205

0.182

1.887 105
�

1.607 105
�

8.88

8.885

168

168

226

228

3

4



�
�
�

�
�
�



�

Pipe Run 1-43C (Elements 172 & 174)
elP143C 172 174( )

T
��

ALP143C PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP143C� PipeRun_Co� EL�� ���

ALP143C
T

0.276

0.17

0.18

0.17

2.739 105
�

1.464 105
�

1.582 105
�

1.464 105
�

5.77

8.895

10.345

8.895

172

172

174

174

251

252

232

252

9

10

11

12



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-43D (Element 175)
elP143D 175( )

T
��

ALP143D PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP143D� PipeRun_Co� EL�� ���

ALP143D
T 0.176

0.19

1.531 105
�

1.7 105
�

10.345

8.03

175

175

233

262

13

14



�
�
�

�
�
�



�

Pipe Run 1-43E (Elements 211)

elP143E 211( )
T

��

ALP143E PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP143E� PipeRun_Co� EL�� ���

ALP143E
T 0.136

0.154

1.052 105
�

1.276 105
�

9.33

5.315

211

211

235

281

45

46



�
�
�

�
�
�



�
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Pipe Run 1-43F (Element 180)
elP143F 180( )

T
��

ALP143F PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP143F� PipeRun_Co� EL�� ���

ALP143F
T 0.182

0.181

1.604 105
�

1.6 105
�

5.305

5.305

180

180

237

620

19

20



�
�
�

�
�
�



�

Pipe Run 1-43G (Elements 182, 687, 688, 689, 690, & 188)
elP143G 182 687 688 689 690 188( )

T
��

ALP143G PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP143G� PipeRun_Co� EL�� ���

ALP143G
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

10

11

0.197 51.789·10 9.295 182 260 23

0.176 51.537·10 9.3 182 31.089·10 24

0.176 51.537·10 9.3 687 31.089·10 170

0.156 51.292·10 9.3 687 31.09·10 171

0.156 51.291·10 9.3 688 31.09·10 172

0.146 51.171·10 15.57 688 31.091·10 173

0.146 51.171·10 15.57 689 31.091·10 174

0.174 51.509·10 15.565 689 31.092·10 175

0.213 51.984·10 15.56 690 254 176

0.174 51.509·10 15.565 690 31.092·10 177

0.168 51.44·10 15.565 188 239 25

0.213 51.98·10 15.56 188 254 26

�

Pipe Run 1-43H (Elements 190 & 691)
elP143H 190 691( )

T
��

ALP143H PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP143H� PipeRun_Co� EL�� ���

ALP143H
T

0.167

0.131

0.124

0.131

1.431 105
�

9.953 104
�

9.111 104
�

9.953 104
�

15.565

15.57

9.84

15.57

190

190

691

691

240

1.093 103
�

241

1.093 103
�

29

30

178

179



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-43I (Elements 192)
elP143I 192( )

T
��

ALP143I PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP143I� PipeRun_Co� EL�� ���

ALP143I
T 0.13

0.13

9.824 104
�

9.825 104
�

9.84

15.53

192

192

242

244

31

32



�
�
�

�
�
�



�
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Pipe Run 1-43J (Elements 193, 198, 692, 693, 694, & 695)

elP143J 193 198 692 693 694 695( )
T

��

ALP143J PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP143J� PipeRun_Co� EL�� ���

ALP143J
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

10

11

0.13 49.802·10 15.53 193 245 33

0.123 48.946·10 9.87 193 273 34

0.123 48.948·10 9.87 198 273 35

0.119 48.489·10 9.875 198 31.094·10 36

0.119 48.49·10 9.875 692 31.094·10 180

0.116 48.188·10 9.875 692 31.095·10 181

0.116 48.189·10 9.875 693 31.095·10 182

0.116 48.216·10 9.875 693 31.096·10 183

0.116 48.217·10 9.875 694 31.096·10 184

0.125 49.262·10 9.485 694 31.097·10 185

0.142 51.131·10 9.485 695 247 186

0.125 49.263·10 9.485 695 31.097·10 187

�

Pipe Run 1-43K (Elements 201 & 203)

elP143K 201 203( )
T

��

ALP143K PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP143K� PipeRun_Co� EL�� ���

ALP143K
T

0.132

0.159

0.137

0.159

1.014 105
�

1.334 105
�

1.065 105
�

1.334 105
�

15.555

9.89

9.89

9.89

201

201

203

203

250

265

264

265

37

38

39

40



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-43L (Elements 205, 696, 697, 698, & 210)

elP143L 205 696 697 698 210( )
T

��

ALP143L PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP143L� PipeRun_Co� EL�� ���

ALP143L
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

0.132 51.014·10 9.895 205 263 41

0.135 51.046·10 9.89 205 31.098·10 42

0.135 51.046·10 9.89 696 31.098·10 188

0.144 51.157·10 9.88 696 31.099·10 189

0.144 51.157·10 9.88 697 31.099·10 190

0.159 51.337·10 9.86 697 31.1·10 191

0.179 51.567·10 9.855 698 268 192

0.159 51.337·10 9.86 698 31.1·10 193

0.191 51.718·10 5.405 210 249 43

0.179 51.567·10 9.855 210 268 44

�
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Pipe Run 1-43M (Element 607)
elP143M 607( )

T
��

ALP143M PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP143M� PipeRun_Co� EL�� ���

ALP143M
T 0.2

0.192

1.829 105
�

1.727 105
�

5.405

5.405

607

607

601

934

166

167



�
�
�

�
�
�



�

Pipe Properties for Line 1-43 (N-O)
Define pertinent pipe variables

Do 6.625in�� Outside Diameter [11]

t 0.28in�� Thickness [11]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 28.142 in
4

�

Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1�

Pipe Run 1-43N (Element 380)

elP143N 380( )
T

��

ALP143N PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP143N� PipeRun_Co� EL�� ���

ALP143N
T 0.231

0.233

9.853 104
�

9.972 104
�

15.195

15.19

380

380

805

1.054 103
�

87

88



�
�
�

�
�
�



�
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Pipe Run 1-43O (Element 227)

elP143O 227( )
T

��

ALP143O PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP143O� PipeRun_Co� EL�� ���

ALP143O
T 0.166

0.198

6.727 104
�

8.26 104
�

15.205

15.195

227

227

299

349

51

52



�
�
�

�
�
�



�

Pipe Properties for Line 1-47
Define pertinent pipe variables

Do 10.75in�� Outside Diameter [15] [16]

t 0.25in�� Thickness [15] [16]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 113.714 in
4

�

Define primary stress indices
B1PR 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      R. K. Blandford Date:    09/30/2008

Calculation Sheet 
Page C.3.4-21 of C.3.4-40

Pipe Run 1-47A (Elements 272, 699, & 700)
elP147A 272 699 700( )

T
��

ALP147A PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP147A� PipeRun_Co� EL�� ���

ALP147A
T

0.18

0.114

0.114

0.089

0.142

0.089

1.581 105
�

7.977 104
�

7.976 104
�

4.937 104
�

1.127 105
�

4.937 104
�

9.585

9.575

9.575

8.87

8.87

8.87

272

272

699

699

700

700

626

1.101 103
�

1.101 103
�

1.102 103
�

629

1.102 103
�

59

60

194

195

196

197



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-47B (Elements 273, 276,& 277)

elP147B 273 276 277( )
T

��

ALP147B PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP147B� PipeRun_Co� EL�� ���

ALP147B
T

0.148

0.164

0.168

0.115

0.09

0.115

1.2 105
�

1.386 105
�

1.444 105
�

8.027 104
�

5.019 104
�

8.025 104
�

9.775

9.775

9.775

9.775

5.055

9.775

273

273

276

276

277

277

630

637

637

638

632

638

61

62

67

68

69

70



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-47C (Elements 274 & 281)

elP147C 274 281( )
T

��

ALP147C PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP147C� PipeRun_Co� EL�� ���

ALP147C
T

0.098

0.119

0.1

0.122

6.034 104
�

8.468 104
�

6.285 104
�

8.916 104
�

7.89

7.89

7.89

7.89

274

274

281

281

633

642

634

642

63

64

71

72



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�
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Pipe Run 1-47D (Element 275)

elP147D 275( )
T

��

ALP147D PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP147D� PipeRun_Co� EL�� ���

ALP147D
T 0.095

0.096

5.59 104
�

5.766 104
�

7.845

7.84

275

275

635

636

65

66



�
�
�

�
�
�



�

Pipe Run 1-47E (Element 284)

elP147E 284( )
T

��

ALP147E PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP147E� PipeRun_Co� EL�� ���

ALP147E
T 0.093

0.09

5.342 104
�

5.06 104
�

7.845

8.04

284

284

648

649

73

74



�
�
�

�
�
�



�

Pipe Run 1-47F (Elements 285, 701, 702, 703, 704, 705, 706, & 295)

elP147F 285 701 702 703 704 705 706 295( )
T

��

ALP147F PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP147F� PipeRun_Co� EL�� ���

ALP147F
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

0.091 45.132·10 8.04 285 651 75

0.093 45.346·10 8.04 285 31.103·10 76

0.093 45.346·10 8.04 701 31.103·10 198

0.089 44.966·10 8.035 701 31.104·10 199

0.089 44.965·10 8.035 702 31.104·10 200

0.083 44.16·10 8.875 702 31.105·10 201

0.083 44.16·10 8.875 703 31.105·10 202

0.076 43.413·10 8.875 703 31.106·10 203

0.076 43.413·10 8.875 704 31.106·10 204

0.071 42.819·10 10.225 704 31.107·10 205

0.071 42.819·10 10.225 705 31.107·10 206

0.08 43.867·10 7.86 705 31.108·10 207

0.094 45.556·10 7.86 706 653 208

0.08 43.869·10 7.86 706 31.108·10 209

0.091 45.187·10 9.445 295 653 83

0.1 46.249·10 7.87 295 661 84

�
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Pipe Run 1-47G (Elements 292 & 337)

elP147G 292 337( )
T

��

ALP147G PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP147G� PipeRun_Co� EL�� ���

ALP147G
T

0.098

0.085

0.072

0.085

6.008 104
�

4.405 104
�

2.903 104
�

4.405 104
�

7.87

7.86

7.84

7.86

292

292

337

337

662

703

665

703

77

78

85

86



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-47H (Elements 293, 707, 708, 709, & 710)

elP147H 293 707 708 709 710( )
T

��

ALP147H PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP147H� PipeRun_Co� EL�� ���

ALP147H
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

0.069 42.575·10 7.84 293 664 79

0.065 42.061·10 8.56 293 31.109·10 80

0.065 42.061·10 8.56 707 31.109·10 210

0.069 42.473·10 11.35 707 31.11·10 211

0.069 42.473·10 11.35 708 31.11·10 212

0.077 43.453·10 11.35 708 31.111·10 213

0.077 43.453·10 11.35 709 31.111·10 214

0.087 44.718·10 10.265 709 31.112·10 215

0.101 46.367·10 10.27 710 667 216

0.087 44.718·10 10.265 710 31.112·10 217

�

Pipe Run 1-47I (Element 294)

elP147I 294( )
T

��

ALP147I PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP147I� PipeRun_Co� EL�� ���

ALP147I
T 0.106

0.107

6.996 104
�

7.048 104
�

10.275

10.275

294

294

668

669

81

82



�
�
�

�
�
�



�
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Writing Output Data for Pipe Runs Associated with Lines 1-43 & 1-47

PR1 ALP143A
T


�
�

�� PR13 ALP143M

T

�

�

��

PR2 ALP143B
T


�
�

�� PR14 ALP143N

T

�

�

��

PR3 ALP143C
T


�
�

�� PR15 ALP143O

T

�

�

��

PR4 ALP143D
T


�
�

�� PR16 ALP147A

T

�

�

��

PR5 ALP143E
T


�
�

�� PR17 ALP147B

T

�

�

��

PR6 ALP143F
T


�
�

�� PR18 ALP147C

T

�

�

��

PR7 ALP143G
T


�
�

�� PR19 ALP147D

T

�

�

��

PR8 ALP143H
T


�
�

�� PR20 ALP147E

T

�

�

��

PR9 ALP143I
T


�
�

�� PR21 ALP147F

T

�

�

��

PR10 ALP143J
T


�
�

�� PR22 ALP147G

T

�

�

��

PR11 ALP143K
T


�
�

�� PR23 ALP147H

T

�

�

��

PR12 ALP143L
T


�
�

�� PR24 ALP147I

T

�

�

��

P PR1 PR2 PR3 PR4 PR5 PR6 PR7 PR8 PR9 PR10 PR11 PR12 PR13 PR14 PR15 PR16 PR17 PR18 PR19 P(��

PipeRunsLines_43_47 WRITEPRN "PRLines_43_47.prn" P�( )��
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ELBOWS
Elbows Strategy:  Search based on the two nodes comprising the ends of each elbow.  SRSS combine the
three moments of each of the four node representations (one for each element connected by the nodes in
question).  Find the maximum of the four moment combinations and apply to equation (9) of ASME III, Division I -
NB - 3652 [9]. The D/C ratio will be determined by dividing the left side of the equation by the right side of the
equation.

ElbowDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Elbow P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j ElbowDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� M�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all elbows

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Elb_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Elbow Properties for Line 1-43

Define pertinent elbow variables

Do 10.75in�� Outside Diameter [11]

t 0.25in�� Thickness [11]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 113.714 in
4

�

R 1.5 Do��� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.146� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0� B1 primary stress Index [9, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 4.683� B2 primary stress Index [9, NB-3683.7] 
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Elbow 1-43A (Nodes 224 & 226)
ndEL143A_1 224( )

T
��

ALEL143A_nd224 Elbow P Do� t� I� B1� B2� S125� NF� ndEL143A_1� Elb_Co� EL�� ���

ALEL143A_nd224
T

0.805 2.061 105
� 9.165 224 1 1.394� 105

� 9.123� 104
� 1.214 105

�� ��

ndEL143A_2 226( )
T

��

ALEL143A_nd226 Elbow P Do� t� I� B1� B2� S125� NF� ndEL143A_2� Elb_Co� EL�� ���

ALEL143A_nd226
T

0.737 1.887 105
� 8.88 226 114 6.742 104

� 1.502 105
� 9.217� 104

�� ��

Elbow 1-43B (Nodes 228 & 229)
ndEL143B_1 228( )

T
��

ALEL143B_nd228 Elbow P Do� t� I� B1� B2� S125� NF� ndEL143B_1� Elb_Co� EL�� ���

ALEL143B_nd228
T

0.628 1.607 105
� 8.885 228 116 5.525 104

� 1.504� 105
� 1.249� 104

�� ��

ndEL143B_2 229( )
T

��

ALEL143B_nd229 Elbow P Do� t� I� B1� B2� S125� NF� ndEL143B_2� Elb_Co� EL�� ���

ALEL143B_nd229
T

0.627 1.606 105
� 9.165 229 5 1.185� 105

� 7.611 104
� 7.711 104

�� ��

Elbow 1-43C (Nodes 232 & 233)

ndEL143C_1 232( )
T

��

ALEL143C_nd232 Elbow P Do� t� I� B1� B2� S125� NF� ndEL143C_1� Elb_Co� EL�� ���

ALEL143C_nd232
T

0.618 1.582 105
� 10.345 232 119 1.142 105

� 1.039 105
� 3.468 104

�� ��

ndEL143C_2 233( )
T

��

ALEL143C_nd233 Elbow P Do� t� I� B1� B2� S125� NF� ndEL143C_2� Elb_Co� EL�� ���

ALEL143C_nd233
T

0.598 1.531 105
� 10.345 233 120 1.203� 105

� 9.064� 104
� 2.735� 104

���

Elbow 1-43D (Nodes 281 & 237)
ndEL143D_1 281( )

T
��

ALEL143D_nd281 Elbow P Do� t� I� B1� B2� S125� NF� ndEL143D_1� Elb_Co� EL�� ���

ALEL143D_nd281
T

0.498 1.276 105
� 5.315 281 123 2.702� 104

� 1.247� 105
� 514.231� ��

ndEL143D_2 237( )
T

��

ALEL143D_nd237 Elbow P Do� t� I� B1� B2� S125� NF� ndEL143D_2� Elb_Co� EL�� ���

ALEL143D_nd237
T

0.626 1.604 105
� 5.305 237 122 5.752 104

� 1.467 105
� 3.021 104

�� ��



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      R. K. Blandford Date:    09/30/2008

Calculation Sheet 
Page C.3.4-28 of C.3.4-40

Elbow 1-43E (Nodes 244 & 245)
ndEL143E_1 244( )

T
��

ALEL143E_nd244 Elbow P Do� t� I� B1� B2� S125� NF� ndEL143E_1� Elb_Co� EL�� ���

ALEL143E_nd244
T

0.384 9.825 104
� 15.53 244 32 5.501 104

� 6.705� 104
� 4.617� 104

�� ��

ndEL143E_2 245( )
T

��

ALEL143E_nd245 Elbow P Do� t� I� B1� B2� S125� NF� ndEL143E_2� Elb_Co� EL�� ���

ALEL143E_nd245
T

0.383 9.802 104
� 15.53 245 126 5.104 104

� 6.4� 104
� 5.391� 104

�� ��

Elbow 1-43F (Nodes 247 & 250)

ndEL143F_1 247( )
T

��

ALEL143F_nd247 Elbow P Do� t� I� B1� B2� S125� NF� ndEL143F_1� Elb_Co� EL�� ���

ALEL143F_nd247
T

0.442 1.131 105
� 9.485 247 128 1.008� 105

� 4.656� 104
� 2.145 104

�� ��

ndEL143F_2 250( )
T

��

ALEL143F_nd250 Elbow P Do� t� I� B1� B2� S125� NF� ndEL143F_2� Elb_Co� EL�� ���

ALEL143F_nd250
T

0.396 1.014 105
� 15.555 250 37 8.376 104

� 5.695 104
� 4.642� 103

�� ��

Elbow 1-43G (Nodes 264 & 263)

ndEL143G_1 264( )
T

��

ALEL143G_nd264 Elbow P Do� t� I� B1� B2� S125� NF� ndEL143G_1� Elb_Co� EL�� ���

ALEL143G_nd264
T

0.416 1.065 105
� 9.89 264 132 1.045 105

� 1.91 104
� 6.895� 103

�� ��

ndEL143G_2 263( )
T

��

ALEL143G_nd263 Elbow P Do� t� I� B1� B2� S125� NF� ndEL143G_2� Elb_Co� EL�� ���

ALEL143G_nd263
T

0.396 1.014 105
� 9.895 263 41 1.009 105

� 1.017 104
� 963.507� ��
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Elbow Properties for Line 1-47
Define pertinent elbow variables

Do 6.625in�� Outside Diameter [15] [16]

t 0.28in�� Thickness [15] [16]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]
I 28.142 in

4
�

R 1.5 Do��� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.276� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0.011� B1 primary stress Index [9, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 3.063� B2 primary stress Index [9, NB-3683.7] 

Elbow 1-47A (Nodes 629 & 630)
ndEL147A_1 629( )

T
��

ALEL147A_nd629 Elbow P Do� t� I� B1� B2� S125� NF� ndEL147A_1� Elb_Co� EL�� ���

ALEL147A_nd629
T

0.717 1.127 105
� 8.87 629 134 1.058� 105

� 1.325� 104
� 3.653� 104

�� ��

ndEL147A_2 630( )
T

��

ALEL147A_nd630 Elbow P Do� t� I� B1� B2� S125� NF� ndEL147A_2� Elb_Co� EL�� ���

ALEL147A_nd630
T

0.764 1.201 105
� 9.775 630 135 1.152 105

� 1.375 104
� 3.079 104

�� ��
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Elbow 1-47B (Nodes 632 & 633)
ndEL147B_1 632( )

T
��

ALEL147B_nd632 Elbow P Do� t� I� B1� B2� S125� NF� ndEL147B_1� Elb_Co� EL�� ���

ALEL147B_nd632
T

0.32 5.019 104
� 5.055 632 69 2.137� 103

� 1.89 104
� 4.645� 104

�� ��

ndEL147B_2 633( )
T

��

ALEL147B_nd633 Elbow P Do� t� I� B1� B2� S125� NF� ndEL147B_2� Elb_Co� EL�� ���

ALEL147B_nd633
T

0.384 6.034 104
� 7.89 633 63 1.134 103

� 2.752 104
� 5.369� 104

�� ��

Elbow 1-47C (Nodes 636 & 648)
ndEL147C_1 636( )

T
��

ALEL147C_nd636 Elbow P Do� t� I� B1� B2� S125� NF� ndEL147C_1� Elb_Co� EL�� ���

ALEL147C_nd636
T

0.369 5.788 104
� 7.84 636 140 3.855� 103

� 5.348 104
� 2.18� 104

�� ��

ndEL147C_2 648( )
T

��

ALEL147C_nd648 Elbow P Do� t� I� B1� B2� S125� NF� ndEL147C_2� Elb_Co� EL�� ���

ALEL147C_nd648
T

0.34 5.342 104
� 7.845 648 73 127.51� 5.198 104

� 1.233� 104
�� ��

Elbow 1-47D (Nodes 649 & 651)
ndEL147D_1 649( )

T
��

ALEL147D_nd649 Elbow P Do� t� I� B1� B2� S125� NF� ndEL147D_1� Elb_Co� EL�� ���

ALEL147D_nd649
T

0.322 5.06 104
� 8.04 649 143 2.309 103

� 4.179� 104
� 2.844 104

�� ��

ndEL147D_2 651( )
T

��

ALEL147D_nd651 Elbow P Do� t� I� B1� B2� S125� NF� ndEL147D_2� Elb_Co� EL�� ���

ALEL147D_nd651
T

0.327 5.132 104
� 8.04 651 75 3.361 103

� 4.088� 104
� 3.084 104

�� ��

Elbow 1-47E (Nodes 661 & 662)
ndEL147E_1 661( )

T
��

ALEL147E_nd661 Elbow P Do� t� I� B1� B2� S125� NF� ndEL147E_1� Elb_Co� EL�� ���

ALEL147E_nd661
T

0.398 6.25 104
� 7.87 661 152 5.424 103

� 6.225� 104
� 1.295 103

�� ��

ndEL147E_2 662( )
T

��

ALEL147E_nd662 Elbow P Do� t� I� B1� B2� S125� NF� ndEL147E_2� Elb_Co� EL�� ���

ALEL147E_nd662
T

0.383 6.008 104
� 7.87 662 153 4� 103

� 5.988 104
� 2.694� 103

�� ��
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Elbow 1-47F (Nodes 665 & 664)
ndEL147F_1 665( )

T
��

ALEL147F_nd665 Elbow P Do� t� I� B1� B2� S125� NF� ndEL147F_1� Elb_Co� EL�� ���

ALEL147F_nd665
T

0.185 2.903 104
� 7.84 665 147 5.965� 103

� 2.827� 104
� 2.87 103

�� ��

ndEL147F_2 664( )
T

��

ALEL147F_nd664 Elbow P Do� t� I� B1� B2� S125� NF� ndEL147F_2� Elb_Co� EL�� ���

ALEL147F_nd664
T

0.164 2.575 104
� 7.84 664 79 7.251� 103

� 2.449� 104
� 3.333 103

�� ��

Elbow 1-47G (Nodes 667 & 668)
ndEL147G_1 667( )

T
��

ALEL147G_nd667 Elbow P Do� t� I� B1� B2� S125� NF� ndEL147G_1� Elb_Co� EL�� ���

ALEL147G_nd667
T

0.405 6.367 104
� 10.27 667 149 4.005 103

� 6.35 104
� 2.475� 103

�� ��

ndEL147G_2 668( )
T

��

ALEL147G_nd668 Elbow P Do� t� I� B1� B2� S125� NF� ndEL147G_2� Elb_Co� EL�� ���

ALEL147G_nd668
T

0.445 6.996 104
� 10.275 668 81 5.789 103

� 6.874 104
� 1.167� 104

�� ��

Writing Output Data for Elbows Associated with Lines 43 and 47

EL1A ALEL143A_nd224
T


�
�

�� EL5B ALEL143E_nd245

T

�

�

�� EL10A ALEL147C_nd636

T

�

�

��

EL1B ALEL143A_nd226
T


�
�

�� EL6A ALEL143F_nd247

T

�

�

�� EL10B ALEL147C_nd648

T

�

�

��

EL2A ALEL143B_nd228
T


�
�

�� EL6B ALEL143F_nd250

T

�

�

�� EL11A ALEL147D_nd649

T

�

�

��

EL2B ALEL143B_nd229
T


�
�

�� EL7A ALEL143G_nd264

T

�

�

�� EL11B ALEL147D_nd651

T

�

�

��

EL3A ALEL143C_nd232
T


�
�

�� EL7B ALEL143G_nd263

T

�

�

�� EL12A ALEL147E_nd661

T

�

�

��

EL3B ALEL143C_nd233
T


�
�

�� EL8A ALEL147A_nd629

T

�

�

�� EL12B ALEL147E_nd662

T

�

�

��

EL4A ALEL143D_nd281
T


�
�

�� EL8B ALEL147A_nd630

T

�

�

�� EL13A ALEL147F_nd665

T

�

�

��

EL4B ALEL143D_nd237
T


�
�

�� EL9A ALEL147B_nd632

T

�

�

�� EL13B ALEL147F_nd664

T

�

�

��

EL5A ALEL143E_nd244
T


�
�

�� EL9B ALEL147B_nd633

T

�

�

�� EL14A ALEL147G_nd667

T

�

�

��

EL14B ALEL147G_nd668
T


�
�

��

vEL EL1A EL1B EL2A EL2B EL3A EL3B EL4A EL4B EL5A EL5B EL6A EL6B EL7A EL7B EL8A EL8B EL(��

ElbowLines_43_47 WRITEPRN "ElbowLines_43_47.prn" vEL�( )��
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FORGED TEES AND FABRICATED BRANCH TEES
Tees Strategy:  Search based on the elements comprising the tee.  The input identifies which elements are
associated with the pipe run and which element is associated with the branch from the run.  The indices for the
defined common node for all three elements is identified and the associated SRSS moment is identified for each
time step.  The maximum moment for the elements comprising the pipe run is found and applied as Mr in
equation (9) of ASME III, Division I - NB - 3652 which is modified to represent tees.  The maximum moment for
the branch element is found and applied as Mb in equation (9) of ASME III, Division I - NB - 3652 [9].  The D/C
ratio will be determined by dividing the left side of the equation by the right side of the equation.

TeeDC P Do� Tr� B1� B2b� B2r� Mb� Mr� Zb� Zr� S�� �
B1

P Do�

2 Tr�
� B2b

Mb 1lbf in�( )�

Zb

�"
"�

�#
#�

�� B2r
Mr 1lbf in�( )�

Zr

�"
"�

�#
#�

��

S
��

Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S� nf� elR� elB� ndR� ndB� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indelR match elR0
EL

0� 	
�
�

�
��



�

indelR stack indelR match elRi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elR� ����for rowsif

EL'R
last EL 0� 	� � 0�

EL'RindelRi
EL

indelRi
1��

i 0 last indelR� ����for

indndR match ndR0
EL'R

0� 	
�
�

�
��



�

indndR stack indndR match ndRi
EL'R

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndR� ����for rif

indelB match elB0
EL

0� 	
�
�

�
��



�

indelB stack indelB match elBi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elB� ����for rowsif

EL'B
last EL 0� 	� � 0�

EL'BindelBi
EL

indelBi
1��

i 0 last indelB� ����for

indndB match ndB0
EL'B

0� 	
�
�

�
��



�

��
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� 


indndB stack indndB match ndBi
EL'B

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndB� ����for rif

MR MB Int0� � 0 0 0( )�

MrxgRj
nfindnfiCo0 1�

2� indndR j
��

MrygRj
nfindnfiCo1 1�

2� indndR j
��

MrzgRj
nfindnfiCo2 1�

2� indndR j
��

MrxRj
nfindnfiCo0 1�

2� i� indndR j
� MrxgRj

�
�
�

��



C��

MryRj
nfindnfiCo1 1�

2� i� indndR j
� MrygRj

�
�
�

��



C��

MrzRj
nfindnfiCo2 1�

2� i� indndR j
� MrzgRj

�
�
�

��



Co��

MRj
MrxRj


�

�



2
MryRj


�

�



2
� MrzRj



�

�



2
��

MrxgBj
nfindnfiCo0 1�

2� indndBk
��

MrygBj
nfindnfiCo1 1�

2� indndBk
��

MrzgBj
nfindnfiCo2 1�

2� indndBk
��

MrxBj
nfindnfiCo0 1�

2� i� indndBk
� MrxgBj

�
�
�

��



C��

MryBj
nfindnfiCo1 1�

2� i� indndBk
� MrygBj

�
�
�

��



C��

MrzBj
nfindnfiCo2 1�

2� i� indndBk
� MrzgBj

�
�
�

��



C��

MBj
MrxBj


�

�



2
MryBj


�

�



2
� MrzBj



�

�



2
��

Int' j TeeDC P Do� Tr� B1� B2b� B2r� MBj
� MR�


�
�

Int stack Int' j MRj
� MBj

� nf
indnfiCo0 1�

1� i�
�
�

�
�

Int' j Int0�if

k 0 last indndB� ����for

j 0 last indndR� ����for

i 0 indnfo0
indnfi0

����for
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Result stack MRj
MBj
� MrxRj

� MryRj
� M�


�
�

M MR�

Int

Conditions applicable to forged tee

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Tee_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

TEES (Line 1-43 and Lines 1-46 & 1-47 attached to Line 1-43)
Define pertinent tee variables

P 253psi�� Internal Pressure [3, pg 23]

Do 10.75in�� Outside Diameter of Pipe Run [11]

do 6.625in�� Outside Diameter of Branch [11]

B1 0.5�� B1 primary stress Index for tees and branches
[9, NB-3683.9]

Tr 0.25in�� Nominal wall thickness of designated run pipe
[11]

Rm
Do Tr�

2
�� Mean radius of designated run pipe

Zr � Rm
2

� Tr��� Approximate section modulus of designated run
pipe [9, NB-3683.1(d)]

Zr 21.6475 in
3

�

T'b 0.28in�� Nominal wall thickness of attached branch pipe
[11]

r'm
do T'b�

2
�� Mean radius of attached branch pipe 

Zb � r'm
2

� T'b��� Approximate section modulus of attached branch
pipe [9, NB-3683.1(d)]

Zb 8.853 in
3

�
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C2b Secondary stress Index [9,NB-3683.8] 

C2b 1.5
Rm

Tr


�
��

��
�


2
3

r'm

Rm


�
��

��
�


1
2

T'b

Tr


�
��

��
�


r'm
do

2


�
�
��

��
�
�


� 1.5
Rm

Tr


�
��

��
�


2
3

r'm

Rm


�
��

��
�


1
2

T'b

Tr


�
��

��
�


�
r'm
do

2


�
�
��

��
�
�


1.5$if

1.5 otherwise

��

C2b 9.52�

C2r Secondary stress Index [9,NB-3683.8] 

Wall thickness of nozzle or branch connection
reinforcement associated with [9, NB-3643.4(A)-1,
sketch (d)]

tn T'b��

C2r 1.15
r'm

tn


�
��

��
�


1
4

� 1.15
r'm

tn


�
��

��
�


1
4

� 1.5$if

1.5 otherwise

��

C2r 2.11�

B2b 0.5 C2b� 0.5 C2b� 1$if

1 otherwise

��

B2b primary stress Index for branches [9,
NB-3683.8]

B2b 4.76�

B2r 0.75 C2r� 0.75 C2r� 1$if

1 otherwise

��

B2r primary stress Index for branches [9,
NB-3683.8]B2r 1.582�

Tee 1-43 (Node 238)

elRTee143 181 270( )
T

�� Elements associated with pipe run

ndRTee143 238( )
T

�� Node between pipe run elements

elBTee143 225( )
T

�� Element associated with branch

ndBTee143 238( )
T

�� Node where branch intersects pipe run

ALTee143 Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S125� NF� elRTee143� elBTee143� ndRTee143� ndBTee143� Tee_C����

ALTee143
T

1.224 1.588 105
� 1.025 105

� 15.185 238 21 55 49� ��
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Tee 1-46 (Node 230)

elRTee146 170 171( )
T

�� Elements associated with pipe run

ndRTee146 230( )
T

�� Node between pipe run elements

elBTee146 212( )
T

�� Element associated with branch

ndBTee146 230( )
T

�� Node where branch intersects pipe run

ALTee146 Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S125� NF� elRTee146� elBTee146� ndRTee146� ndBTee146� Tee_C����

ALTee146
T

1.15 1.34 105
� 9.805 104

� 9.175 230 6 7 47� ��

Tee 1-47 (Node 261)

elRTee147 176 177( )
T

�� Elements associated with pipe run

ndRTee147 261( )
T

�� Node between pipe run elements

elBTee147 271( )
T

�� Element associated with branch

ndBTee147 261( )
T

�� Node where branch intersects pipe run

ALTee147 Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S125� NF� elRTee147� elBTee147� ndRTee147� ndBTee147� Tee_C����

ALTee147
T

1.809 9.799 104
� 1.724 105

� 9.585 261 15 18 57� ��

Writing Output Data for Tees Associated with Lines 1-43 & 1-47

Tee1 ALTee143
T


�
�

��

Tee2 ALTee146
T


�
�

��

Tee3 ALTee147
T


�
�

��

Tee Tee1 Tee2 Tee3( )��

TeeLines_43_47 WRITEPRN "TeeLines_43_47.prn" Tee�( )��
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FLANGES
Flange Strategy:  Search based on the nodes where flanges occur.  Find the maximum moment combination for
the node and apply to equation (9) of ASME III, Division I - NB - 3652 [9].  Use the geometry of the pipe when
applying (9).  The D/C ratio for each node will be determined by dividing the left side of the equation by the right
side of the equation and taking the max of the result.

FlangeDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Flange P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j FlangeDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� M�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all flanges

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Flange_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Pipe Properties of Lines 1-43
Define pertinent pipe variables

Do 10.75in�� Outside Diameter [11]

t 0.25in�� Thickness [11]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 113.714 in
4

�

Define primary stress indices (Utilize girth weld characteristic associated with lap joint flanges in determining
values)

B1 0.5�� B1 for a girth weld [9, Table NB-3681(a)-1, pg 130] 

B2 1�� B2 for a girth weld [9, Table NB-3681(a)-1, pg 130] 

Flange (Gate Valve) 1-43A (Node 234)
ndFL143A 234( )

T
��

ALFL143A Flange P Do� t� I� B1� B2� S125� NF� ndFL143A� Flange_Co� EL�� ���

ALFL143A
T

0.13 9.79 104
� 9.595 234 17 8.9� 104

� 3.468� 104
� 2.146� 104

�� ��

Flange (Gate Valve) 1-43B (Node 235)
ndFL143B 235( )

T
��

ALFL143B Flange P Do� t� I� B1� B2� S125� NF� ndFL143B� Flange_Co� EL�� ���

ALFL143B
T

0.136 1.052 105
� 9.33 235 45 2.997 104

� 9.943� 104
� 1.653 104

�� ��
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Flange (Gate Valve) 1-43C (Node 239)
ndFL143C 239( )

T
��

ALFL143C Flange P Do� t� I� B1� B2� S125� NF� ndFL143C� Flange_Co� EL�� ���

ALFL143C
T

0.168 1.44 105
� 15.565 239 25 5.878 104

� 1.733� 104
� 1.304 105

�� ��

Flange (Gate Valve) 1-43D (Node 240)
ndFL143D 240( )

T
��

ALFL143D Flange P Do� t� I� B1� B2� S125� NF� ndFL143D� Flange_Co� EL�� ���

ALFL143D
T

0.167 1.431 105
� 15.565 240 28 5.879 104

� 1.77� 104
� 1.292 105

�� ��

Flange (Gate Valve) 1-43E (Node 241)
ndFL143E 241( )

T
��

ALFL143E Flange P Do� t� I� B1� B2� S125� NF� ndFL143E� Flange_Co� EL�� ���

ALFL143E
T

0.124 9.111 104
� 9.84 241 178 5.751 104

� 6.883� 104
� 1.598 104

�� ��

Flange (Gate Valve) 1-43F (Node 242)
ndFL143F 242( )

T
��

ALFL143F Flange P Do� t� I� B1� B2� S125� NF� ndFL143F� Flange_Co� EL�� ���

ALFL143F
T

0.13 9.824 104
� 9.84 242 160 5.775 104

� 7.872� 104
� 1.098� 104

�� ��

Flange (Gate Valve) 1-43G (Node 249)
ndFL143G 249( )

T
��

ALFL143G Flange P Do� t� I� B1� B2� S125� NF� ndFL143G� Flange_Co� EL�� ���

ALFL143G
T

0.191 1.718 105
� 5.405 249 53 5.355 104

� 1.248� 105
� 1.051 105

�� ��

Flange (Gate Valve) 1-43H (Node 934)
ndFL143H 934( )

T
��

ALFL143H Flange P Do� t� I� B1� B2� S125� NF� ndFL143H� Flange_Co� EL�� ���

ALFL143H
T

0.192 1.727 105
� 5.405 934 167 5.355 104

� 1.252� 105
� 1.063 105

�� ��
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Pipe Properties of Line 1-47
Define pertinent pipe variables

Do 6.625in�� Outside Diameter [15] [16]

t 0.28in�� Thickness [15] [16]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 28.142 in
4

�

Define primary stress indices (Utilize girth weld characteristic associated with lap joint flanges in determining
values)

B1 0.5�� B1 for a girth weld [9, Table NB-3681(a)-1, pg 130] 

B2 1�� B2 for a girth weld [9, Table NB-3681(a)-1, pg 130] 

Flange (Gate Valve) 1-47A (Node 634)
ndFL147A 634( )

T
��

ALFL147A Flange P Do� t� I� B1� B2� S125� NF� ndFL147A� Flange_Co� EL�� ���

ALFL147A
T

0.157 6.287 104
� 7.89 634 93 7.031 103

� 3.465 104
� 5.198� 104

�� ��

Flange (Gate Valve) 1-47B (Node 635)
ndFL147B 635( )

T
��

ALFL147B Flange P Do� t� I� B1� B2� S125� NF� ndFL147B� Flange_Co� EL�� ���

ALFL147B
T

0.142 5.59 104
� 7.845 635 65 2.76� 103

� 5.057 104
� 2.367� 104

�� ��

Writing Output Data for Flanges Associated with Lines 43 and 47

F1 ALFL143A
T


�
�

�� F6 ALFL143F

T

�

�

��

F2 ALFL143B
T


�
�

�� F7 ALFL143G

T

�

�

��

F3 ALFL143C
T


�
�

�� F8 ALFL143H

T

�

�

��

F4 ALFL143D
T


�
�

�� F9 ALFL147A

T

�

�

��

F5 ALFL143E
T


�
�

�� F10 ALFL147B

T

�

�

��

F F1 F2 F3 F4 F5 F6 F7 F8 F9 F10( )��

FlangeLines_43_47 WRITEPRN "FlangeLines_43_47.prn" F�( )��
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Appendix C.3.5

 Demand to Capacity Ratio Calculations for Components
Associated with Lines 1-44, 1-46, and 8-14 of ATR PCS Model 265

(NOTE:  Values represented here are shown for one realization (Nodal Force file =
LINES_44_46_814_test_R1.dat and Element/Nodal order file = EL_44_46_814.xls) and may or may

not be consistent with the 80th percentile results contained in Appendix C.4)
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Force Outputs from Abaqus

NF
...\LINES_44_46_814.dat

�� (N)odal (F)orces for the (M)edium (L)ines of
Model 3 

Defined Elemental and Corresponding Nodal Order

EL
..\EL_44_46_814(9-22-08).xls

�� Element and corresponding nodal order for the
(M)edium (L)ines of Model 3 

Time Boundaries

tinitial 1�� Initial time for which dynamic loading is applied

tfinal 21�� Final time for which dynamic loading stops

Seismic Scale Factor (Fa)

Fa 1�� Seismic scale factor [30]

Allowable Design Stress Intensity Factor (Sm): Sm is defined below for SS304 at temperature 125oF and

SS304L at 125oF.

Sm_125 20ksi�� For SS304 at 125oF [2, pg 316-318] [3, pg 23]  

For SS304L at 125oF [2, pg 316-318] Applicable
only for portions of lines 1-28 and 1-29 closest to
reactor vessel [3, pg 23]

Sm_125L 16.7ksi��

Yield Strength (Sy): Sy is defined below for SS304 at temperature 125oF and SS304L at 125oF.

Sy_125 28.35ksi�� For SS304 at 125oF [2, pg 646-648] [3, pg 23]  

For SS304L at 125oF [2, pg 646-648] Applicable
only for portions of lines 1-28 and 1-29 closest to
reactor vessel  [3, pg 23]

Sy_125L 23.85ksi��

Maximum Strength Applicable for Equation 9 (S):  S is defined below for SS304 at temperature 125oF
and SS304L at 125oF.

S125 min 3 Sm_125� 2 Sy_125��� ��� Maximum allowable stress applied to SS304
piping [9, NB-3656]

S125 56.7 ksi�

S125L min 3 Sm_125L� 2 Sy_125L��� ��� Maximum allowable stress applied to SS304L
piping [9, NB-3656]

S125L 47.7 ksi�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      R. K. Blandfod Date:    09/30/2008

Calculation Sheet 
Page C.3.5-3 of C.3.5-33

SUPPORTS
Supports Strategy:  Search based on the node for which the support acts.  If this node is a termination point
there will only be one node to evaluate.  If this node is in line with a section of pipe there will be two
representations of the same node (one for each element on each side of the node) to combine and the difference
between them is the force required of the support.  The D/C ratio for each support will be found by dividing the the
required force found above by the support capacity.

SupDC Pr Pc�� �
Pr

Pc
��

Support nf nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

Int14
Int24



�

�



0 0( )�

Prgj
nfindnfiCo0 1�

1� indndj
��

Prj
nfindnfiCo0 1�

1� i� indndj
� Prgj

�
�
�

��



Co2 0�
� Prgj

��

j 0 last indnd� ����for

PRi

0

j

n

Prn�
�

�

Int1' SupDC PRi Co0 0�
�


�
�



�

Int1 stack Int1' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int11
� Co0 0�

0��if

Int2' SupDC PRi Co1 0�
�


�
�



�

Int2 stack Int2' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int21
� Co1 0�

0��if

i 0 indnfo0
indnfi0

����for

Int1 Int2� �

��
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RH-22A Support (x) Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. C.9.1]P1_RH22A

0.524 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.9.1]

P2_RH22A
0.691 kip�

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_RH22A

P1_RH22A

P2_RH22A

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-22A (Node 931)
RH-22A vertically supports line 1-44 just south of T(1-44) from any downward movement.

nd931RH22A0
931�� Node associated with support

AL1RH22A_nd931 AL2RH22A_nd931� � Support NF nd931RH22A� Sup_Co_RH22A� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH22A_nd931
T

7.191 10 4�
� 0.377� 5.785 931 115� ��

AL2RH22A_nd931
T

3.333 10 3�
� 2.303 9.635 931 115� ��

RH-22B Support (x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. C.9.1]P1_RH22B

0.524 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.9.1]

P2_RH22B
5.32 kip�

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_RH22B

P1_RH22B

P2_RH22B

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-22B (Node 930)
RH-22B vertically supports line 1-44 just south of EL(1-44B) from any downward movement.

nd930RH22B0
930�� Node associated with support

AL1RH22B_nd930 AL2RH22B_nd930� � Support NF nd930RH22B� Sup_Co_RH22B� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH22B_nd930
T

0 0 0 0 0( )�

AL2RH22B_nd930
T

2.347 10 4�
� 1.248 5.73 930 117� ��
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PS-7 Support (1x) Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. C.9.1]P1_PS7_NS

6.686 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.9.1]

P2_PS7_NS
3.37 kip�

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_PS7_NS

P1_PS7_NS

P2_PS7_NS

Fa

1

0

0


�
�
�
��

��
�
�
�


��

Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. C.9.1]P1_PS7_V

2.2 kip�

lbf
�� Flexure

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.9.1]

P2_PS7_V
2.2 kip�

lbf
�� Flexure

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_PS7_V

P1_PS7_V

P2_PS7_V

Fa

2

0

0


�
�
�
��

��
�
�
�


��

PS-7 (NS) (Node 608)
PS-7 supports line 1-44 at the bottom portion of P(1-44G) from movement in the vertical and east/west
directions.

nd608PS7X0
608�� Node associated with support

AL1PS7X_nd608 AL2PS7X_nd608� � Support NF nd608PS7X� Sup_Co_PS7_NS� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PS7X_nd608
T

0.154 1.033� 103
� 4.84 608 109� ��

AL2PS7X_nd608
T

0.296 998.455 6.005 608 109( )�

PS-7 (V) (Node 608)
PS-7 supports line 1-44 at the bottom portion of P(1-44G) from movement in the vertical and east/west
directions.

nd608PS7Y0
608�� Node associated with support

AL1PS7Y_nd608 AL2PS7Y_nd608� � Support NF nd608PS7Y� Sup_Co_PS7_V� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PS7Y_nd608
T

1.746 3.841� 103
� 5.29 608 109� ��

AL2PS7Y_nd608
T

0 0 0 0 0( )�
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RH-16 Support (2x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. C.9.1]

Tension
P1_RH16

1.047 kip�

lbf
��

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.9.1]

P2_RH16
0.397 kip�

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_RH16

P1_RH16

P2_RH16

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-16A (Node 606)
RH-16A vertically supports line 1-44 just east of EL(1-44D) from any downward movement.

nd606RH16A0
606�� Node associated with support

AL1RH16A_nd606 AL2RH16A_nd606� � Support NF nd606RH16A� Sup_Co_RH16� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH16A_nd606
T

0.882 923.918� 5.5 606 64( )�

AL2RH16A_nd606
T

0.897 355.988 5.3 606 64( )�

RH-16B (Node 605)
RH-16B vertically supports line 1-44 just south of EL(1-44E) from any downward movement.

nd605RH16B0
605�� Node associated with support

AL1RH16B_nd605 AL2RH16B_nd605� � Support NF nd605RH16B� Sup_Co_RH16� EL�� ���

AL1RH16B_nd605
T

0 0 0 0 0( )�

AL2RH16B_nd605
T

8.804 10 3�
� 3.495 5.26 605 62� ��

RH-26x Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. C.9.1]

Tension
P1_RH26x

28.14 kip�

lbf
��

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.9.1]

Compression
P2_RH26x

0 kip�

lbf
��
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Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_RH26x

P1_RH26x

P2_RH26x

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-26x (Node 222)
RH-26x vertically supports line 8-14 south of EL(8-14B) from any downward movement.

nd222RH26x0
222�� Node associated with support

AL1RH26x_nd222 AL2RH26x_nd222� � Support NF nd222RH26x� Sup_Co_RH26x� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH26x_nd222
T

0.039 1.107� 103
� 8.535 222 65� ��

AL2RH26x_nd222
T

0 0 0 0 0( )�

RH-13 Support (2x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. C.9.1]P1_RH13

14.91 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.9.1]

P2_RH13
6.123 kip�

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_RH13

P1_RH13

P2_RH13

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-13A (Node 822)
RH-13A vertically supports line 8-14 west of EL(8-14B) from any downward movement.

nd822RH13A0
822�� Node associated with support

AL1RH13A_nd822 AL2RH13A_nd822� � Support NF nd822RH13A� Sup_Co_RH13� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate

AL1RH13A_nd822
T

0.094 1.397� 103
� 5.43 822 72� ��

AL2RH13A_nd822
T

0 0 0 0 0( )�
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system)
RH-13B (Node 820)
RH-13A vertically supports line 8-14 east of Fab Branch(1-30) from any downward movement.

nd820RH13B0
820�� Node associated with support

AL1RH13B_nd820 AL2RH13B_nd820� � Support NF nd820RH13B� Sup_Co_RH13� EL�� ���

AL1RH13B_nd820
T

0.132 1.962� 103
� 6.83 820 70� ��

AL2RH13B_nd820
T

0 0 0 0 0( )�

Writing Output Data for Supports Associated with Lines 44, 46, and 8-14

SA1 AL1RH22A_nd931
T

�� SF1 AL1RH16B_nd605
T

��

SA2 AL2RH22A_nd931
T

�� SF2 AL2RH16B_nd605
T

��

SG1 AL1RH26x_nd222
T

��
SB1 AL1RH22B_nd930

T
��

SG2 AL2RH26x_nd222
T

��
SB2 AL2RH22B_nd930

T
��

SH1 AL1RH13A_nd822
T

��
SC1 AL1PS7X_nd608

T
��

SH2 AL2RH13A_nd822
T

��
SC2 AL2PS7X_nd608

T
��

SD1 AL1PS7Y_nd608
T

�� SI1 AL1RH13B_nd820
T

��

SD2 AL2PS7Y_nd608
T

�� SI2 AL2RH13B_nd820
T

��

SE1 AL1RH16A_nd606
T

��

SE2 AL2RH16A_nd606
T

��

S SA1 SA2 SB1 SB2 SC1 SC2 SD1 SD2 SE1 SE2 SF1 SF2 SG1 SG2 SH1 SH2 SI1 SI2( )��

SupportsLines_44_46_814 WRITEPRN "SupLines_44_46_814.prn" S�( )��
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TERMINATION LOCATIONS
Termination Locations Strategy:  Search based on the node for which the termination location acts as well as
the next node inward.  The D/C ratio for each termination location will be found by dividing the the required force
found above by the support capacity.

TermDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Term P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j TermDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� Mr�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all terminations
Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Constants associated with support's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Term_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

West Floor Penetration 1-44 (1x)
Define pertinent pipe variables

Outside Diameter [12] [13]
Do 6.625in��

t 0.28in�� Thickness [12] [13]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]
I 28.142 in

4
�

S S125�� Allowable design stress intensity value

Define primary stress indices

B1 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1�

1.0
1

X Y�
�

Do

t
50�if

�� B2 1�

West Floor Penetration 1-44 (Node 345)
nd345WFP1440

345��

ALWFP144_nd345 Term P Do� t� I� B1� B2� S125� NF� nd345WFP144� Term_Co� EL�� ���

ALWFP144_nd345
T

0.123 4.664 104
� 5.99 345 97 2.638� 103

� 1.293 103
� 4.654 104

�� ��
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East Ceiling Penetration 8-14 (1x)
Define pertinent pipe variables

Outside Diameter [19]
Do 10.75in��

t 0.25in�� Thickness [19]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]
I 113.714 in

4
�

S S125�� Allowable design stress intensity value

Define primary stress indices
B1 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1�

1.0
1

X Y�
�

Do

t
50�if

�� B2 1�

East Ceiling Penetration 8-14 (Node 888)
nd888ECP8140

888��

ALECP814_nd888 Term P Do� t� I� B1� B2� S125� NF� nd888ECP814� Term_Co� EL�� ���

ALECP814_nd888
T

0.097 5.862 104
� 10.625 888 68 1.209� 103

� 5.832� 104
� 5.792� 103

�� ��

Writing Output Data for Terminations Associated with Lines 1-44, 1-46, & 8-14

T1 ALWFP144_nd345
T


�
�

�� West Floor Penetration 1-44 (Node 345)

T2 ALECP814_nd888
T


�
�

�� East Ceiling Penetration 8-14 (Node 888)

T T1 T2( )��

TerminationsLines_44_46_814 WRITEPRN "TermLines_44_46_814.prn" T�( )��



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      R. K. Blandfod Date:    09/30/2008

Calculation Sheet 
Page C.3.5-12 of C.3.5-33

PIPE RUNS
Pipe Runs Strategy:  Search based on the nodes present in each run of pipe.  Find the maximum moment
combination among all of the nodes and apply to equation (9) of ASME III, Division I - NB - 3652 [9].  Use the
geometry of the pipe when applying (9).  The D/C ratio for each node will be determined by dividing the left side of
the equation by the right side of the equation.

PipeRunDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

PipeRun P Do� t� I� B1� B2� S� nf� el� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indel match el0 EL
0� 	

�

�

�

�

indel stack indel match eli EL
0� 	

�

�

�





�

�

��

�
�
��

i 1 last el( )���for rows el( ) 1�if

M Int5 last indel� ��

�

�



0 0( )�

Mrxg nfindnfiCo0 1�
2� indelj
��

Mryg nfindnfiCo1 1�
2� indelj
��

Mrzg nfindnfiCo2 1�
2� indelj
��

Mrxj
nfindnfiCo0 1�

2� i� indelj
� Mrxg�
�

�
��



Co3 0�
� Mrxg��

Mryj
nfindnfiCo1 1�

2� i� indelj
� Mryg�
�

�
��



Co3 0�
� Mryg��

Mrzj
nfindnfiCo2 1�

2� i� indelj
� Mrzg�
�

�
��



Co3 0�
� Mrzg��

M'j Mrxj


�

�



2
Mryj


�

�



2
� Mrzj



�

�



2
��

Int' j PipeRunDC P Do� t� I� B1� B2� M'j� S�� ��

H Int' j M' j nf
indnfiCo0 1�

1� i� 0� EL
indelj

0� EL
indelj

1� indel j
Mrx
�

�
�

I t H

k 0 5���for

Int' j Int0 j��if

j 0 last indel� ����for

i 0 indnfo0
indnfi0

����for

��
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Intk j� Hk�

Int
Conditions applicable to all pipe runs

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

PipeRun_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Pipe Properties for Line 1-44
Define pertinent pipe variables

Do 16in�� Outside Diameter [12] [13]

t 0.25in�� Thickness [12] [13]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 383.664 in
4

�

Define primary stress indices
B1PR 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1.101�

Pipe Run 1-44A (Element 224)

elP144A 224( )
T

��

ALP144A PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP144A� PipeRun_Co� EL�� ���

ALP144A
T 0.11

0.109

9.574 104
�

9.275 104
�

10.325

10.325

224

224

301

305

25

26



�
�
�

�
�
�



�
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Pipe Run 1-44B (Elements 228, 711, 712, 713, & 263)
elP144B 228 711 712 713 263( )

T
��

ALP144B PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP144B� PipeRun_Co� EL�� ���

ALP144B
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

0.109 49.176·10 5.685 228 302 27

0.103 47.687·10 5.68 228 31.113·10 28

0.103 47.687·10 5.68 711 31.113·10 120

0.097 46.387·10 5.675 711 31.114·10 121

0.097 46.387·10 5.675 712 31.114·10 122

0.097 46.314·10 11.405 712 31.115·10 123

0.098 46.601·10 11.41 713 306 124

0.097 46.314·10 11.405 713 31.115·10 125

0.098 46.608·10 11.41 263 306 53

0.098 46.659·10 11.41 263 324 54

�

Pipe Run 1-44C (Elements 235, 714, 239, & 715)
elP144C 235 714 239 715( )

T
��

ALP144C PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP144C� PipeRun_Co� EL�� ���

ALP144C
T

0.101

0.094

0.088

0.094

0.088

0.092

0.101

0.092

7.384 104
�

5.517 104
�

4.167 104
�

5.517 104
�

4.167 104
�

5.211 104
�

7.426 104
�

5.212 104
�

9.345

9.345

9.35

9.345

9.35

5.515

5.515

5.515

235

235

714

714

239

239

715

715

325

1.116 103
�

326

1.116 103
�

326

1.117 103
�

330

1.117 103
�

29

30

126

127

31

32

128

129



�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



�
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Pipe Run 1-44D (Elements 242, 243, 716, 717, 718, & 249)
elP144D 242 243 716 717 718 249( )

T
��

ALP144D PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP144D� PipeRun_Co� EL�� ���

ALP144D
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

10

11

0.11 49.54·10 9.34 242 331 33

0.13 51.448·10 9.345 242 332 34

0.126 51.337·10 9.985 243 332 35

0.111 49.713·10 9.985 243 31.118·10 36

0.111 49.713·10 9.985 716 31.118·10 130

0.098 46.475·10 5.695 716 31.119·10 131

0.098 46.475·10 5.695 717 31.119·10 132

0.086 43.666·10 6.31 717 31.12·10 133

0.079 41.799·10 5.5 718 333 134

0.086 43.666·10 6.31 718 31.12·10 135

0.075 37.709·10 9.36 249 315 37

0.079 41.799·10 5.5 249 333 38

�

Pipe Run 1-44E (Element 250)

elP144E 250( )
T

��

ALP144E PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP144E� PipeRun_Co� EL�� ���

ALP144E
T 0.076

0.078

1.102 104
�

1.628 104
�

9.345

6.305

250

250

316

317

39

40



�
�
�

�
�
�



�

Pipe Run 1-44F (Elements 252, 719, 256, 720, & 261)

elP144F 252 719 256 720 261( )
T

��

ALP144F PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP144F� PipeRun_Co� EL�� ���

ALP144F
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

0.078 41.635·10 6.305 252 318 43

0.079 41.884·10 6.305 252 31.121·10 44

0.079 41.913·10 6.305 719 339 136

0.079 41.884·10 6.305 719 31.121·10 137

0.079 41.913·10 6.305 256 339 45

0.079 41.912·10 5.99 256 31.122·10 46

0.079 41.824·10 5.995 720 602 138

0.079 41.912·10 5.99 720 31.122·10 139

0.079 41.798·10 5.995 261 320 51

0.079 41.843·10 5.99 261 602 52

�
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Pipe Run 1-44G (Elements 257 & 259)

elP144G 257 259( )
T

��

ALP144G PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP144G� PipeRun_Co� EL�� ���

ALP144G
T

0.077

0.078

0.088

0.078

1.408 104
�

1.747 104
�

4.224 104
�

1.747 104
�

6.23

5.98

5.99

5.98

257

257

259

259

321

346

344

346

47

48

49

50



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Properties for Line 1-46
Define pertinent pipe variables

Do 16in�� Outside Diameter [12] [13]

t 0.25in�� Thickness [12] [13]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 383.664 in
4

�

Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1.101�
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Pipe Run 1-46A (Elements 652, 213, 721, 217, and 722 )

elP146A 652 213 721 217 722( )
T

��

ALP146A PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP146A� PipeRun_Co� EL�� ���

ALP146A
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

0.104 47.963·10 9.17 652 284 118

0.108 48.929·10 9.175 652 31.053·10 119

0.1 47.177·10 9.17 213 283 9

0.089 44.432·10 5.105 213 31.123·10 10

0.084 43.201·10 5.69 721 291 140

0.089 44.431·10 5.105 721 31.123·10 141

0.084 43.204·10 5.69 217 291 11

0.088 44.107·10 8.83 217 31.124·10 12

0.098 46.457·10 10.345 722 287 142

0.088 44.107·10 8.83 722 31.124·10 143

�

Pipe Run 1-46B (Element 218)

elP146B 218( )
T

��

ALP146B PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP146B� PipeRun_Co� EL�� ���

ALP146B
T 0.097

0.094

6.321 104
�

5.556 104
�

9.185

6.015

218

218

290

295

13

14



�
�
�

�
�
�



�

Pipe Properties for Line 8-14
Define pertinent pipe variables

Do 20in�� Outside Diameter [17]

t 0.312in�� Thickness [17]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 935.251 in
4

�

Define primary stress indices

B1PR 0.5��
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Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X 1.3 0.006
Do

t
���

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1.102�

Pipe Run 8-14A (Element 470)
elP814A 470( )

T
��

ALP814A PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP814A� PipeRun_Co� EL�� ���

ALP814A
T 0.084

0.084

5.85 104
�

5.862 104
�

10.625

10.625

470

470

200

888

67

68



�
�
�

�
�
�



�

Pipe Run 8-14B (Elements 724, 723, 165, & 160)
elP814B 724 723 165 160( )

T
��

ALP814B PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP814B� PipeRun_Co� EL�� ���

ALP814B
T

0.082

0.08

0.077

0.08

0.079

0.077

0.081

0.079

5.278 104
�

3.915 104
�

2.681 104
�

3.914 104
�

3.476 104
�

2.68 104
�

4.486 104
�

3.476 104
�

10.63

10.95

10.95

10.95

6.855

10.95

6.71

6.855

724

724

723

723

165

165

160

160

201

1.126 103
�

1.125 103
�

1.126 103
�

207

1.125 103
�

202

207

146

147

144

145

7

8

5

6



�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



�
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Pipe Run 8-14C (Elements 725, 159, 730, 729, 728, 727, 726, 151, 488, 731, 732, 733,
& 734)

elP814C 725 159 730 729 728 727 726 151 488 731 732 733 734( )
T

��

ALP814C PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP814C� PipeRun_Co� EL�� ���

ALP814C
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

0.08 43.96·10 10.6 725 203 148

0.078 42.892·10 10.61 725 31.127·10 149

0.079 43.568·10 10.81 159 208 3

0.078 42.892·10 10.61 159 31.127·10 4

0.079 43.599·10 10.81 730 208 158

0.083 45.353·10 6.485 730 31.134·10 159

0.087 47.519·10 6.485 729 31.133·10 156

0.083 45.355·10 6.485 729 31.134·10 157

0.09 49.077·10 6.485 728 31.132·10 154

0.087 47.52·10 6.485 728 31.133·10 155

0.092 49.892·10 6.485 727 31.131·10 152

0.09 49.078·10 6.485 727 31.132·10 153

0.092 51.003·10 6.485 726 31.13·10 150

0.092 49.892·10 6.485 726 31.131·10 151

0.092 49.778·10 6.485 151 150 1

0.092 51.003·10 6.485 151 31.13·10 2

0.092 49.766·10 6.485 488 150 73

0.089 48.318·10 6.48 488 31.135·10 74

0.089 48.317·10 6.48 731 31.135·10 160

0.086 46.857·10 6.48 731 31.136·10 161

0.086 46.856·10 6.48 732 31.136·10 162

0.084 46.133·10 6.34 732 31.137·10 163

0.084 46.133·10 6.34 733 31.137·10 164

0.086 47.137·10 3.88 733 31.138·10 165

0.093 51.012·10 6.845 734 149 166

0.086 47.136·10 3.88 734 31.138·10 167

�

Writing Output Data for Pipe Runs Associated with Lines 1-44, 1-46, & 8-14

PR1 ALP144A
T


�
�

�� PR5 ALP144E

T

�

�

�� PR9 ALP146B

T

�

�

��

PR2 ALP144B
T


�
�

�� PR6 ALP144F

T

�

�

�� PR10 ALP814A

T

�

�

��

PR3 ALP144C
T


�
�

�� PR7 ALP144G

T

�

�

�� PR11 ALP814B

T

�

�

��

PR4 ALP144D
T


�
�

�� PR8 ALP146A

T

�

�

�� PR12 ALP814C

T

�

�

��

P PR1 PR2 PR3 PR4 PR5 PR6 PR7 PR8 PR9 PR10 PR11 PR12( )��

PipeRunsLines_44_46_814 WRITEPRN "PRLines_44_46_814.prn" P�( )��
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ELBOWS
Elbows Strategy:  Search based on the two nodes comprising the ends of each elbow.  SRSS combine the
three moments of each of the four node representations (one for each element connected by the nodes in
question).  Find the maximum of the four moment combinations and apply to equation (9) of ASME III, Division I -
NB - 3652 [9]. The D/C ratio will be determined by dividing the left side of the equation by the right side of the
equation.

ElbowDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Elbow P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j ElbowDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� M�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all elbows

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Elb_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Elbow Properties for Lines 1-44 and 1-46
Define pertinent elbow variables

Do 6.625in�� Outside Diameter [12] [13] [14]

t 0.28in�� Thickness [12] [13] [14]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 28.142 in
4

�

R 1.5 Do��� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.276� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0.011� B1 primary stress Index [9, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 3.063� B2 primary stress Index [9, NB-3683.7] 
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Elbow 1-44A (Nodes 301 & 302)
ndEL144A_1 301( )

T
��

ALEL144A_nd301 Elbow P Do� t� I� B1� B2� S125� NF� ndEL144A_1� Elb_Co� EL�� ���

ALEL144A_nd301
T

0.609 9.574 104
� 10.325 301 25 3.283� 104

� 8.772� 104
� 1.985� 104

�� ��

ndEL144A_2 302( )
T

��

ALEL144A_nd302 Elbow P Do� t� I� B1� B2� S125� NF� ndEL144A_2� Elb_Co� EL�� ���

ALEL144A_nd302
T

0.584 9.176 104
� 5.685 302 27 4.328 104

� 6.624 104
� 4.647 104

�� ��

Elbow 1-44B (Nodes 324 & 325)
ndEL144B_1 324( )

T
��

ALEL144B_nd324 Elbow P Do� t� I� B1� B2� S125� NF� ndEL144B_1� Elb_Co� EL�� ���

ALEL144B_nd324
T

0.424 6.659 104
� 11.41 324 99 1.494 104

� 1.621 104
� 6.283 104

�� ��

ndEL144B_2 325( )
T

��

ALEL144B_nd325 Elbow P Do� t� I� B1� B2� S125� NF� ndEL144B_2� Elb_Co� EL�� ���

ALEL144B_nd325
T

0.47 7.384 104
� 9.345 325 100 3.181� 104

� 3.116 104
� 5.89 104

�� ��

Elbow 1-44C (Nodes 330 & 331)
ndEL144C_1 330( )

T
��

ALEL144C_nd330 Elbow P Do� t� I� B1� B2� S125� NF� ndEL144C_1� Elb_Co� EL�� ���

ALEL144C_nd330
T

0.473 7.427 104
� 5.515 330 102 5.992 104

� 2.149 104
� 3.825� 104

�� ��

ndEL144C_2 331( )
T

��

ALEL144C_nd331 Elbow P Do� t� I� B1� B2� S125� NF� ndEL144C_2� Elb_Co� EL�� ���

ALEL144C_nd331
T

0.607 9.54 104
� 9.34 331 33 6.246� 104

� 3.955� 103
� 7.2 104

�� ��

Elbow 1-44D (Nodes 315 & 316)
ndEL144D_1 315( )

T
��

ALEL144D_nd315 Elbow P Do� t� I� B1� B2� S125� NF� ndEL144D_1� Elb_Co� EL�� ���

ALEL144D_nd315
T

0.05 7.709 103
� 9.36 315 37 3.617� 103

� 659.622 6.775� 103
�� ��

ndEL144D_2 316( )
T

��

ALEL144D_nd316 Elbow P Do� t� I� B1� B2� S125� NF� ndEL144D_2� Elb_Co� EL�� ���

ALEL144D_nd316
T

0.071 1.102 104
� 9.345 316 39 6.011 103

� 363.374� 9.231 103
�� ��
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Elbow 1-44E (Nodes 320 & 321)
ndEL144E_1 320( )

T
��

ALEL144E_nd320 Elbow P Do� t� I� B1� B2� S125� NF� ndEL144E_1� Elb_Co� EL�� ���

ALEL144E_nd320
T

0.115 1.798 104
� 5.995 320 51 7.064� 103

� 2.807 103
� 1.63� 104

�� ��

ndEL144E_2 321( )
T

��

ALEL144E_nd321 Elbow P Do� t� I� B1� B2� S125� NF� ndEL144E_2� Elb_Co� EL�� ���

ALEL144E_nd321
T

0.09 1.408 104
� 6.23 321 94 3.566� 103

� 688.326 1.36 104
�� ��

Elbow 1-44F (Nodes 344 & 345)
ndEL144F_1 344( )

T
��

ALEL144F_nd344 Elbow P Do� t� I� B1� B2� S125� NF� ndEL144F_1� Elb_Co� EL�� ���

ALEL144F_nd344
T

0.269 4.224 104
� 5.99 344 96 4.182 103

� 3.211� 103
� 4.191� 104

�� ��

ndEL144F_2 345( )
T

��

ALEL144F_nd345 Elbow P Do� t� I� B1� B2� S125� NF� ndEL144F_2� Elb_Co� EL�� ���

ALEL144F_nd345
T

0.297 4.664 104
� 5.99 345 97 2.638� 103

� 1.293 103
� 4.654 104

�� ��

Elbow 1-46A (Nodes 284 & 283)
ndEL146A_1 284( )

T
��

ALEL146A_nd284 Elbow P Do� t� I� B1� B2� S125� NF� ndEL146A_1� Elb_Co� EL�� ���

ALEL146A_nd284
T

0.507 7.963 104
� 9.17 284 82 2.163� 104

� 7.279� 104
� 2.398� 104

�� ��

ndEL146A_2 283( )
T

��

ALEL146A_nd283 Elbow P Do� t� I� B1� B2� S125� NF� ndEL146A_2� Elb_Co� EL�� ���

ALEL146A_nd283
T

0.457 7.177 104
� 9.17 283 9 1.325� 104

� 6.507� 104
� 2.724� 104

�� ��

Elbow 1-46B (Nodes 287 & 288)
ndEL146B_1 287( )

T
��

ALEL146B_nd287 Elbow P Do� t� I� B1� B2� S125� NF� ndEL146B_1� Elb_Co� EL�� ���

ALEL146B_nd287
T

0.411 6.457 104
� 10.345 287 84 1.101 104

� 6.15� 104
� 1.634� 104

�� ��

ndEL146B_2 288( )
T

��

ALEL146B_nd288 Elbow P Do� t� I� B1� B2� S125� NF� ndEL146B_2� Elb_Co� EL�� ���

ALEL146B_nd288
T

0.447 7.016 104
� 9.185 288 87 7.183 103

� 6.258 104
� 3.09� 104

�� ��
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Elbow 1-46C (Nodes 288 & 290)
ndEL146C_1 288( )

T
��

ALEL146C_nd288 Elbow P Do� t� I� B1� B2� S125� NF� ndEL146C_1� Elb_Co� EL�� ���

ALEL146C_nd288
T

0.447 7.016 104
� 9.185 288 87 7.183 103

� 6.258 104
� 3.09� 104

�� ��

ndEL146C_2 290( )
T

��

ALEL146C_nd290 Elbow P Do� t� I� B1� B2� S125� NF� ndEL146C_2� Elb_Co� EL�� ���

ALEL146C_nd290
T

0.403 6.321 104
� 9.185 290 88 2.072� 104

� 4.82� 104
� 3.525 104

�� ��

Elbow Properties for Line 8-14A
Define pertinent elbow variables

Do 10.75in�� Outside Diameter [19]

t 0.25in�� Thickness [19]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]
I 113.714 in

4
�

R 1 Do��� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.098� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0� B1 primary stress Index [9, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 6.137� B2 primary stress Index [9, NB-3683.7] 
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Elbow 8-14A (Nodes 200 & 201)

ndEL814A_1 200( )
T

��

ALEL814A_nd200 Elbow P Do� t� I� B1� B2� S125� NF� ndEL814A_1� Elb_Co� EL�� ���

ALEL814A_nd200
T

0.299 5.85 104
� 10.625 200 67 2.726� 103

� 5.832 104
� 3.598 103

�� ��

ndEL814A_2 201( )
T

��

ALEL814A_nd201 Elbow P Do� t� I� B1� B2� S125� NF� ndEL814A_2� Elb_Co� EL�� ���

ALEL814A_nd201
T

0.27 5.278 104
� 10.63 201 77 8.932� 103

� 5.197 104
� 2.306� 103

�� ��

Elbow Properties for Line 8-14B

Define pertinent elbow variables

Do 10.75in�� Outside Diameter [19]

t 0.25in�� Thickness [19]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 113.714 in
4

�

R 1.5 Do��� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.146� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0� B1 primary stress Index [9, NB-3683.7] 
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B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 4.683� B2 primary stress Index [9, NB-3683.7] 

Elbow 8-14B (Nodes 202 & 203)

ndEL814B_1 202( )
T

��

ALEL814B_nd202 Elbow P Do� t� I� B1� B2� S125� NF� ndEL814B_1� Elb_Co� EL�� ���

ALEL814B_nd202
T

0.175 4.486 104
� 6.71 202 5 3.966 103

� 4.364 104
� 9.581� 103

�� ��

ndEL814B_2 203( )
T

��

ALEL814B_nd203 Elbow P Do� t� I� B1� B2� S125� NF� ndEL814B_2� Elb_Co� EL�� ���

ALEL814B_nd203
T

0.155 3.96 104
� 10.6 203 80 6.585� 103

� 3.904� 104
� 873.419� ��

Writing Output Data for Elbows Associated with Lines 13 to 16, 18 to 21, and 171

EL1A ALEL144A_nd301
T


�
�

�� EL5A ALEL144E_nd320

T

�

�

�� EL9A ALEL146C_nd288

T

�

�

��

EL1B ALEL144A_nd302
T


�
�

�� EL5B ALEL144E_nd321

T

�

�

�� EL9B ALEL146C_nd290

T

�

�

��

EL2A ALEL144B_nd324
T


�
�

�� EL6A ALEL144F_nd344

T

�

�

�� EL10A ALEL814A_nd200

T

�

�

��

EL2B ALEL144B_nd325
T


�
�

�� EL6B ALEL144F_nd345

T

�

�

�� EL10B ALEL814A_nd201

T

�

�

��

EL3A ALEL144C_nd330
T


�
�

�� EL7A ALEL146A_nd284

T

�

�

�� EL11A ALEL814B_nd202

T

�

�

��

EL3B ALEL144C_nd331
T


�
�

�� EL7B ALEL146A_nd283

T

�

�

�� EL11B ALEL814B_nd203

T

�

�

��

EL4A ALEL144D_nd315
T


�
�

�� EL8A ALEL146B_nd287

T

�

�

��

EL4B ALEL144D_nd316
T


�
�

�� EL8B ALEL146B_nd288

T

�

�

��

vEL EL1A EL1B EL2A EL2B EL3A EL3B EL4A EL4B EL5A EL5B EL6A EL6B EL7A EL7B EL8A EL8B EL(��

ElbowLines_44_46_814 WRITEPRN "ElbowLines_44_46_814.prn" vEL�( )��
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FORGED TEES AND FABRICATED BRANCH TEES
Tees Strategy:  Search based on the elements comprising the tee.  The input identifies which elements are
associated with the pipe run and which element is associated with the branch from the run.  The indices for the
defined common node for all three elements is identified and the associated SRSS moment is identified for each
time step.  The maximum moment for the elements comprising the pipe run is found and applied as Mr in
equation (9) of ASME III, Division I - NB - 3652 which is modified to represent tees.  The maximum moment for
the branch element is found and applied as Mb in equation (9) of ASME III, Division I - NB - 3652 [9].  The D/C
ratio will be determined by dividing the left side of the equation by the right side of the equation.

TeeDC P Do� Tr� B1� B2b� B2r� Mb� Mr� Zb� Zr� S�� �
B1

P Do�

2 Tr�
� B2b

Mb 1lbf in�( )�

Zb

�"
"�

�#
#�

�� B2r
Mr 1lbf in�( )�

Zr

�"
"�

�#
#�

��

S
��

Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S� nf� elR� elB� ndR� ndB� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indelR match elR0
EL

0� 	
�
�

�
��



�

indelR stack indelR match elRi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elR� ����for rowsif

EL'R
last EL 0� 	� � 0�

EL'RindelRi
EL

indelRi
1��

i 0 last indelR� ����for

indndR match ndR0
EL'R

0� 	
�
�

�
��



�

indndR stack indndR match ndRi
EL'R

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndR� ����for rif

indelB match elB0
EL

0� 	
�
�

�
��



�

indelB stack indelB match elBi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elB� ����for rowsif

EL'B
last EL 0� 	� � 0�

EL'BindelBi
EL

indelBi
1��

i 0 last indelB� ����for

indndB match ndB0
EL'B

0� 	
�
�

�
��



�

� �

��
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indndB stack indndB match ndBi
EL'B

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndB� ����for rif

MR MB Int0� � 0 0 0( )�

MrxgRj
nfindnfiCo0 1�

2� indndR j
��

MrygRj
nfindnfiCo1 1�

2� indndR j
��

MrzgRj
nfindnfiCo2 1�

2� indndR j
��

MrxRj
nfindnfiCo0 1�

2� i� indndR j
� MrxgRj

�
�
�

��



C��

MryRj
nfindnfiCo1 1�

2� i� indndR j
� MrygRj

�
�
�

��



C��

MrzRj
nfindnfiCo2 1�

2� i� indndR j
� MrzgRj

�
�
�

��



Co��

MRj
MrxRj


�

�



2
MryRj


�

�



2
� MrzRj



�

�



2
��

MrxgBj
nfindnfiCo0 1�

2� indndBk
��

MrygBj
nfindnfiCo1 1�

2� indndBk
��

MrzgBj
nfindnfiCo2 1�

2� indndBk
��

MrxBj
nfindnfiCo0 1�

2� i� indndBk
� MrxgBj

�
�
�

��



C��

MryBj
nfindnfiCo1 1�

2� i� indndBk
� MrygBj

�
�
�

��



C��

MrzBj
nfindnfiCo2 1�

2� i� indndBk
� MrzgBj

�
�
�

��



C��

MBj
MrxBj


�

�



2
MryBj


�

�



2
� MrzBj



�

�



2
��

Int' j TeeDC P Do� Tr� B1� B2b� B2r� MBj
� MR�


�
�

Int stack Int' j MRj
� MBj

� nf
indnfiCo0 1�

1� i�
�
�

�
�

R lt t k M M M M M


Int' j Int0�if

k 0 last indndB� ����for

j 0 last indndR� ����for

i 0 indnfo0
indnfi0

����for
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Result stack MRj
MBj
� MrxRj

� MryRj
� M�


�
�

M MR�

Int

Conditions applicable to forged tee

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Tee_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

TEE (Line 1-44)
Define pertinent tee variables

P 253psi�� Internal Pressure [3, pg 23]

Do 6.625in�� Outside Diameter of Pipe Run [12]

do 6.625in�� Outside Diameter of Branch [12]

B1 0.5�� B1 primary stress Index for tees and branches
[9, NB-3683.9]

Tr 0.28in�� Nominal wall thickness of designated run pipe [
[12]

Rm
Do Tr�

2
�� Mean radius of designated run pipe

Zr � Rm
2

� Tr��� Approximate section modulus of designated run
pipe [9, NB-3683.1(d)]

Zr 8.8534 in
3

�

B2b 0.4
Rm

Tr


�
��

��
�


2
3

� 0.4
Rm

Tr


�
��

��
�


2
3

� 1�if

1 otherwise

��
B2b primary stress Index for tees and branches
[9, NB-3683.9]

B2b 2.018�

T'b 0.28in�� Nominal wall thickness of attached branch pipe [
[12]

r'm
do T'b�

2
�� Mean radius of attached branch pipe

Zb � r'm
2

� T'b��� Approximate section modulus of attached branch
pipe [9, NB-3683.1(d)]

Zb 8.853 in
3

�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      R. K. Blandfod Date:    09/30/2008

Calculation Sheet 
Page C.3.5-30 of C.3.5-33

B2r 0.5
Rm

Tr


�
��

��
�


2
3

� 0.5
Rm

Tr


�
��

��
�


2
3

� 1�if

1 otherwise

�� B2r primary stress Index for tees and branches [9,
NB-3683.9]

B2r 2.522�

Tee 1-44 (Node 297)

elRTee144 220 221( )
T

�� Elements associated with pipe run

ndRTee144 297( )
T

�� Node between pipe run elements

elBTee144 223( )
T

�� Element associated with branch

ndBTee144 297( )
T

�� Node where branch intersects pipe run

ALTee144 Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S125� NF� elRTee144� elBTee144� ndRTee144� ndBTee144� Tee_C����

ALTee144
T

0.733 6.688 104
� 9.218 104

� 10.32 297 17 19 23� ��

Writing Output Data for Tees Associated with Lines 1-44, 1-46, & 8-14

Tee1 ALTee144
T

��

Tee Tee1( )��

TeeLines_44_46_814 WRITEPRN "TeeLines_44_46_814.prn" Tee�( )��
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FLANGES
Flange Strategy:  Search based on the nodes where flanges occur.  Find the maximum moment combination for
the node and apply to equation (9) of ASME III, Division I - NB - 3652 [9].  Use the geometry of the pipe when
applying (9).  The D/C ratio for each node will be determined by dividing the left side of the equation by the right
side of the equation and taking the max of the result.

FlangeDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Flange P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j FlangeDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� M�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all flanges

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Flange_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Pipe Properties of Lines 1-44
Define pertinent pipe variables

Do 6.625in�� Outside Diameter [12]

t 0.28in�� Thickness [12]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 28.142 in
4

�

Define primary stress indices (Utilize girth weld characteristic associated with lap joint flanges in determining
values)

B1 0.5�� B1 for a girth weld [9, Table NB-3681(a)-1, pg 130] 

B2 1�� B2 for a girth weld [9, Table NB-3681(a)-1, pg 130] 

Flange (Gate Valve) 1-44A (Node 299)
ndFL144A 299( )

T
��

ALFL144A Flange P Do� t� I� B1� B2� S125� NF� ndFL144A� Flange_Co� EL�� ���

ALFL144A
T

0.166 6.727 104
� 15.205 299 57 2.334 104

� 5.793� 104
� 2.499� 104

�� ��

Flange (Gate Valve) 1-44B (Node 298)
ndFL144B 298( )

T
��

ALFL144B Flange P Do� t� I� B1� B2� S125� NF� ndFL144B� Flange_Co� EL�� ���

ALFL144B
T

0.122 4.606 104
� 15.23 298 55 2.25 104

� 4.006� 104
� 3.253 103

�� ��
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Flange (Gate Valve) 1-44C (Node 296)
ndFL144C 296( )

T
��

ALFL144C Flange P Do� t� I� B1� B2� S125� NF� ndFL144C� Flange_Co� EL�� ���

ALFL144C
T

0.157 6.289 104
� 6 296 112 2.913� 103

� 5.988� 104
� 1.9 104

�� ��

Flange (Gate Valve) 1-44D (Node 295)
ndFL144D 295( )

T
��

ALFL144D Flange P Do� t� I� B1� B2� S125� NF� ndFL144D� Flange_Co� EL�� ���

ALFL144D
T

0.142 5.556 104
� 6.015 295 14 5.073� 103

� 5.089� 104
� 2.169 104

�� ��

Flange (Gate Valve) 1-44E (Node 317)
ndFL144E 317( )

T
��

ALFL144E Flange P Do� t� I� B1� B2� S125� NF� ndFL144E� Flange_Co� EL�� ���

ALFL144E
T

0.06 1.629 104
� 6.305 317 41 7.499 103

� 950.289� 1.442 104
�� ��

Flange (Gate Valve) 1-44F (Node 318)
ndFL144F 318( )

T
��

ALFL144F Flange P Do� t� I� B1� B2� S125� NF� ndFL144F� Flange_Co� EL�� ���

ALFL144F
T

0.06 1.635 104
� 6.305 318 43 7.501 103

� 960.497� 1.449 104
�� ��

Writing Output Data for Flanges Associated with Lines 1-44, 1-46, & 8-14

F1 ALFL144A
T


�
�

��

F2 ALFL144B
T


�
�

��

F3 ALFL144C
T


�
�

��

F4 ALFL144D
T


�
�

��

F5 ALFL144E
T


�
�

��

F6 ALFL144F
T


�
�

��

F F1 F2 F3 F4 F5 F6( )��

FlangeLines_13to16_18to21_171 WRITEPRN "FlangeLines_44_46_814.prn" F�( )��
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Appendix C.3.6

 Demand to Capacity Ratio Calculations for Components
Associated with Lines 1-45 of ATR PCS Model 265

(NOTE:  Values represented here are shown for one realization (Nodal Force file =
LINES_45_test_R1.dat and Element/Nodal order file = EL_45.xls) and may or may not be

consistent with the 80th percentile results contained in Appendix C.4)
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Force Outputs from Abaqus

NF
...\LINES_45.dat

�� (N)odal (F)orces for the (M)edium (L)ines of
Model 3 

Defined Elemental and Corresponding Nodal Order

EL
...\EL_45(9-22-08).xls

�� Element and corresponding nodal order for the
(M)edium (L)ines of Model 3 

Time Boundaries

tinitial 1�� Initial time for which dynamic loading is applied

tfinal 21�� Final time for which dynamic loading stops

Seismic Scale Factor (Fa)

Fa 1�� Seismic scale factor [30]

Allowable Design Stress Intensity Factor (Sm): Sm is defined below for SS304 at temperature 125oF and

SS304L at 125oF.

Sm_125 20ksi�� For SS304 at 125oF [2, pg 316-318] [3, pg 23]  

For SS304L at 125oF [2, pg 316-318] Applicable
only for portions of lines 1-28 and 1-29 closest to
reactor vessel [3, pg 23]

Sm_125L 16.7ksi��

Yield Strength (Sy): Sy is defined below for SS304 at temperature 125oF and SS304L at 125oF.

Sy_125 28.35ksi�� For SS304 at 125oF [2, pg 646-648] [3, pg 23]  

For SS304L at 125oF [2, pg 646-648] Applicable
only for portions of lines 1-28 and 1-29 closest to
reactor vessel  [3, pg 23]

Sy_125L 23.85ksi��

Maximum Strength Applicable for Equation 9 (S):  S is defined below for SS304 at temperature 125oF
and SS304L at 125oF.

S125 min 3 Sm_125� 2 Sy_125��� ��� Maximum allowable stress applied to SS304
piping [9, NB-3656]

S125 56.7 ksi�

S125L min 3 Sm_125L� 2 Sy_125L��� ��� Maximum allowable stress applied to SS304L
piping [9, NB-3656]

S125L 47.7 ksi�
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SUPPORTS
Supports Strategy:  Search based on the node for which the support acts.  If this node is a termination point
there will only be one node to evaluate.  If this node is in line with a section of pipe there will be two
representations of the same node (one for each element on each side of the node) to combine and the difference
between them is the force required of the support.  The D/C ratio for each support will be found by dividing the the
required force found above by the support capacity.

SupDC Pr Pc�� �
Pr

Pc
��

Support nf nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

Int15
Int25



�

�



0 0( )�

Prgj
nfindnfiCo0 1�

1� indndj
��

Prj
nfindnfiCo0 1�

1� i� indndj
� Prgj

�
�
�

��



Co2 0�
� Prgj

��

j 0 last indnd� ����for

PRi

0

j

n

Prn�
�

�

Int1' SupDC PRi Co0 0�
�


�
�



�

Int1 stack Int1' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int11
� Co0 0�

0��if

Int2' SupDC PRi Co1 0�
�


�
�



�

Int2 stack Int2' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int21
� Co1 0�

0��if

i 0 indnfo0
indnfi0

����for

Int1 Int2� �

��
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U-Bolt Detail 2 Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. B.10.1]P1_UB2Y

4.937 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.9.1]

P2_UB2Y
4.937 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_UB2Y

P1_UB2Y

P2_UB2Y

Fa

2

0

0


�
�
�
��

��
�
�
�


��

Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. C.9.1]P1_UB2Z

0.143 kip�

lbf
�� Flexure

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.9.1]

P2_UB2Z
0.143 kip�

lbf
�� Flexure

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_UB2Z

P1_UB2Z

P2_UB2Z

Fa

3

0

0


�
�
�
��

��
�
�
�


��

U-Bolt Detail 2 (V) (Node 1045)
U-Bolt Detail 2 supports line 1-45 at the south portion of P(1-45E) from movement in the vertical and
east/west directions.

nd1045UB2Y0
1045�� Node associated with support

AL1UB2Y_nd1045 AL2UB2Y_nd1045� � Support NF nd1045UB2Y� Sup_Co_UB2Y� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1UB2Y_nd1045
T

0.094 464.437� 5.42 1.045 103
� 64� ��

AL2UB2Y_nd1045
T

0 0 0 0 0 0( )�
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U-Bolt Detail 2 (EW) (Node 1045)
U-Bolt Detail 2 supports line 1-45 at the south portion of P(1-45E) from movement in the vertical and
east/west directions.

nd1045UB2Z0
1045�� Node associated with support

AL1UB2Z_nd1045 AL2UB2Z_nd1045� � Support NF nd1045UB2Z� Sup_Co_UB2Z� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1UB2Z_nd1045
T

0.265 37.922� 7.965 1.045 103
� 64� ��

AL2UB2Z_nd1045
T

1.014 145.063 9.425 1.045 103
� 64� ��

Pending U-Bolt Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. C.9.1]P1_PUBY

4.522 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.9.1]

P2_PUBY
4.522 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_PUBY

P1_PUBY

P2_PUBY

Fa

2

0

0


�
�
�
��

��
�
�
�


��

Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. C.9.1]P1_PUBZ

0.507 kip�

lbf
�� Flexure

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. C.9.1]

P2_PUBZ
0.507 kip�

lbf
�� Flexure

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_PUBZ

P1_PUBZ

P2_PUBZ

Fa

3

0

0


�
�
�
��

��
�
�
�


��
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Pending U-Bolt (V) (Node 1047)
The pending U-Bolt support supports line 1-45 at the north portion of P(1-45E) from movement in the
vertical and east/west directions.

nd1047PUBY0
1047�� Node associated with support

AL1PUBY_nd1047 AL2PUBY_nd1047� � Support NF nd1047PUBY� Sup_Co_PUBY� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PUBY_nd1047
T

0.185 834.699� 8.535 1.047 103
� 62� ��

AL2PUBY_nd1047
T

0 0 0 0 0 0( )�

Pending U-Bolt (EW) (Node 1047)
The pending U-Bolt support supports line 1-45 at the north portion of P(1-45E) from movement in the
vertical and east/west directions.

nd1047PUBZ0
1047�� Node associated with support

AL1PUBZ_nd1047 AL2PUBZ_nd1047� � Support NF nd1047PUBZ� Sup_Co_PUBZ� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PUBZ_nd1047
T

0.46 233.308� 8.53 1.047 103
� 62� ��

AL2PUBZ_nd1047
T

0.322 163.249 6.89 1.047 103
� 62� ��

Writing Output Data for Supports Associated with Line 45

SA1 AL1UB2Y_nd1045
T

�� SC1 AL1PUBY_nd1047
T

��

SA2 AL2UB2Y_nd1045
T

�� SC2 AL2PUBY_nd1047
T

��

SB1 AL1UB2Z_nd1045
T

�� SD1 AL1PUBZ_nd1047
T

��

SB2 AL2UB2Z_nd1045
T

�� SD2 AL2PUBZ_nd1047
T

��

S SA1 SA2 SB1 SB2 SC1 SC2 SD1 SD2( )��

SupportsLine_45 WRITEPRN "SupLine_45.prn" S�( )��
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TERMINATION LOCATIONS
Termination Locations Strategy:  Search based on the node for which the termination location acts as well as
the next node inward.  The D/C ratio for each termination location will be found by dividing the the required force
found above by the support capacity.

TermDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Term P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j TermDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� Mr�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all terminations

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Constants associated with support's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Term_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Surge Tank Connection 1-45 (1x)
Define pertinent pipe variables

Outside Diameter [33]
Do 6.625in��

t 0.28in�� Thickness [33]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]
I 28.142 in

4
�

S S125�� Allowable design stress intensity value

Define primary stress indices

B1 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1�

1.0
1

X Y�
�

Do

t
50�if

�� B2 1�
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Surge Tank Connection 1-45 (Node 1006)
nd1006ST1450

1006��

ALST145_nd1006 Term P Do� t� I� B1� B2� S125� NF� nd1006ST145� Term_Co� EL�� ���

ALST145_nd1006
T

0.067 1.969 104
� 6.89 1.006 103

� 19 1.41� 103
� 1.911 104

� 4.549� 10���

Writing Output Data for Terminations Associated with Line 1-45

T1 ALST145_nd1006
T


�
�

�� Surge Tank Connection 1-45 (Node 1006)

T T1( )��

TerminationsLine_45 WRITEPRN "TermLine_45.prn" T�( )��
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PIPE RUNS
Pipe Runs Strategy:  Search based on the nodes present in each run of pipe.  Find the maximum moment
combination among all of the nodes and apply to equation (9) of ASME III, Division I - NB - 3652 [9].  Use the
geometry of the pipe when applying (9).  The D/C ratio for each node will be determined by dividing the left side of
the equation by the right side of the equation.

PipeRunDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

PipeRun P Do� t� I� B1� B2� S� nf� el� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indel match el0 EL
0� 	

�

�

�

�

indel stack indel match eli EL
0� 	

�

�

�





�

�

��

�
�
��

i 1 last el( )���for rows el( ) 1�if

M Int5 last indel� ��

�

�



0 0( )�

Mrxg nfindnfiCo0 1�
2� indelj
��

Mryg nfindnfiCo1 1�
2� indelj
��

Mrzg nfindnfiCo2 1�
2� indelj
��

Mrxj
nfindnfiCo0 1�

2� i� indelj
� Mrxg�
�

�
��



Co3 0�
� Mrxg��

Mryj
nfindnfiCo1 1�

2� i� indelj
� Mryg�
�

�
��



Co3 0�
� Mryg��

Mrzj
nfindnfiCo2 1�

2� i� indelj
� Mrzg�
�

�
��



Co3 0�
� Mrzg��

M'j Mrxj


�

�



2
Mryj


�

�



2
� Mrzj



�

�



2
��

Int' j PipeRunDC P Do� t� I� B1� B2� M'j� S�� ��

H Int' j M' j nf
indnfiCo0 1�

1� i� 0� EL
indelj

0� EL
indelj

1� indel j
Mrx
�

�
�

Intk j Hk�

k 0 5���for

Int' j Int0 j��if

j 0 last indel� ����for

i 0 indnfo0
indnfi0

����for

��
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Intk j� Hk�

Int

Conditions applicable to all pipe runs

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

PipeRun_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Pipe Properties for Line 1-45
Define pertinent pipe variables

Do 6.625in�� Outside Diameter [33]

t 0.281in�� Thickness [33]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 28.23 in
4

�

Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1�
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Pipe Run 1-45 (Element 614)

elP145A 614( )
T

��

ALP145A PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP145A� PipeRun_Co� EL�� ���

ALP145A
T 0.057

0.057

1.473 104
�

1.485 104
�

7.455

4.055

614

614

1.007 103
�

1.019 103
�

7

8



�
�
�

�
�
�



�

Pipe Run 1-45B (Element 615)

elP145B 615( )
T

��

ALP145B PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP145B� PipeRun_Co� EL�� ���

ALP145B
T 0.062

0.061

1.745 104
�

1.693 104
�

7.455

7.455

615

615

1.008 103
�

1.009 103
�

9

10



�
�
�

�
�
�



�

Pipe Run 1-45C (Elements 616 & 627)

elP145C 616 627( )
T

��

ALP145C PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP145C� PipeRun_Co� EL�� ���

ALP145C
T

0.055

0.044

0.047

0.044

1.365 104
�

8.657 103
�

1.012 104
�

8.657 103
�

7.455

4.205

10.02

4.205

616

616

627

627

1.01 103
�

1.032 103
�

1.015 103
�

1.032 103
�

11

12

39

40



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-45D (Elements 617 & 628)

elP145D 617 628( )
T

��

ALP145D PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP145D� PipeRun_Co� EL�� ���

ALP145D
T

0.048

0.049

0.049

0.049

1.048 104
�

1.11 104
�

1.109 104
�

1.11 104
�

10.02

8.53

8.53

8.53

617

617

628

628

1.016 103
�

1.033 103
�

1.017 103
�

1.033 103
�

13

14

41

42



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�
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Pipe Run 1-45E (Elements 618, 629, 631, & 632 )

elP145E 618 629 631 632( )
T

��

ALP145E PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP145E� PipeRun_Co� EL�� ���

ALP145E
T

0.048

0.047

0.047

0.039

0.039

0.057

0.049

0.057

1.055 104
�

9.84 103
�

9.782 103
�

6.235 103
�

6.237 103
�

1.501 104
�

1.108 104
�

1.503 104
�

8.53

8.53

8.53

8.525

8.525

5.81

9.885

5.81

618

618

629

629

631

631

632

632

1.018 103
�

1.034 103
�

1.034 103
�

1.035 103
�

1.035 103
�

1.037 103
�

1.011 103
�

1.037 103
�

15

16

43

44

45

46

47

48



�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-45F (Elements 619 & 633)

elP145F 619 633( )
T

��

ALP145F PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP145F� PipeRun_Co� EL�� ���

ALP145F
T

0.046

0.038

0.061

0.038

9.721 103
�

5.494 103
�

1.665 104
�

5.494 103
�

7.455

10.01

10.015

10.01

619

619

633

633

1.012 103
�

1.038 103
�

1.013 103
�

1.038 103
�

17

18

49

50



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-45G (Element 620)

elP145G 620( )
T

��

ALP145G PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP145G� PipeRun_Co� EL�� ���

ALP145G
T 0.067

0.067

1.969 104
�

1.95 104
�

6.89

6.89

620

620

1.006 103
�

1.014 103
�

19

20



�
�
�

�
�
�



�
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Writing Output Data for Pipe Runs Associated with Line 1-45

PR1 ALP145A
T


�
�

��

PR2 ALP145B
T


�
�

��

PR3 ALP145C
T


�
�

��

PR4 ALP145D
T


�
�

��

PR5 ALP145E
T


�
�

��

PR6 ALP145F
T


�
�

��

PR7 ALP145G
T


�
�

��

P PR1 PR2 PR3 PR4 PR5 PR6 PR7( )��

PipeRunsLine_45 WRITEPRN "PRLine_45.prn" P�( )��
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ELBOWS
Elbows Strategy:  Search based on the two nodes comprising the ends of each elbow.  SRSS combine the
three moments of each of the four node representations (one for each element connected by the nodes in
question).  Find the maximum of the four moment combinations and apply to equation (9) of ASME III, Division I -
NB - 3652 [9]. The D/C ratio will be determined by dividing the left side of the equation by the right side of the
equation.

ElbowDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Elbow P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j ElbowDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� M�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all elbows

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Elb_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Elbow Properties for Line 1-45
Define pertinent elbow variables

Do 6.625in�� Outside Diameter [33]

t 0.28in�� Thickness [33]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 28.142 in
4

�

R 1.5 Do��� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.276� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0.011� B1 primary stress Index [9, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 3.063� B2 primary stress Index [9, NB-3683.7] 
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Elbow 1-45A (Nodes 1007 & 1008)

ndEL145A_1 1007( )
T

��

ALEL145A_nd1007 Elbow P Do� t� I� B1� B2� S125� NF� ndEL145A_1� Elb_Co� EL�� ���

ALEL145A_nd1007
T

0.094 1.473 104
� 7.455 1.007 103

� 21 1.038� 104
� 1.997 103

� 1.026���

ndEL145A_2 1008( )
T

��

ALEL145A_nd1008 Elbow P Do� t� I� B1� B2� S125� NF� ndEL145A_2� Elb_Co� EL�� ���

ALEL145A_nd1008
T

0.112 1.745 104
� 7.455 1.008 103

� 9 4.525� 103
� 2.8 103

� 1.662� 10���

Elbow 1-45B (Nodes 1009 & 1010)

ndEL145B_1 1009( )
T

��

ALEL145B_nd1009 Elbow P Do� t� I� B1� B2� S125� NF� ndEL145B_1� Elb_Co� EL�� ���

ALEL145B_nd1009
T

0.108 1.693 104
� 7.455 1.009 103

� 24 1.154� 103
� 3.053 103

� 1.662���

ndEL145B_2 1010( )
T

��

ALEL145B_nd1010 Elbow P Do� t� I� B1� B2� S125� NF� ndEL145B_2� Elb_Co� EL�� ���

ALEL145B_nd1010
T

0.087 1.365 104
� 7.455 1.01 103

� 11 3.095 103
� 3.256 103

� 1.289� 1���

Elbow 1-45C (Nodes 1015 & 1016)

ndEL145C_1 1015( )
T

��

ALEL145C_nd1015 Elbow P Do� t� I� B1� B2� S125� NF� ndEL145C_1� Elb_Co� EL�� ���

ALEL145C_nd1015
T

0.065 1.012 104
� 10.02 1.015 103

� 27 483.463 4.716� 103
� 8.946 103

���

ndEL145C_2 1016( )
T

��

ALEL145C_nd1016 Elbow P Do� t� I� B1� B2� S125� NF� ndEL145C_2� Elb_Co� EL�� ���

ALEL145C_nd1016
T

0.067 1.048 104
� 10.02 1.016 103

� 13 402.268 4.889� 103
� 9.256 103

���
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Elbow 1-45D (Nodes 1017 & 1018)

ndEL145D_1 1017( )
T

��

ALEL145D_nd1017 Elbow P Do� t� I� B1� B2� S125� NF� ndEL145D_1� Elb_Co� EL�� ���

ALEL145D_nd1017
T

0.071 1.109 104
� 8.53 1.017 103

� 30 2.495 103
� 4.436� 103

� 9.851 1���

ndEL145D_2 1018( )
T

��

ALEL145D_nd1018 Elbow P Do� t� I� B1� B2� S125� NF� ndEL145D_2� Elb_Co� EL�� ���

ALEL145D_nd1018
T

0.068 1.055 104
� 8.53 1.018 103

� 15 2.78 103
� 4.699� 103

� 9.028 10���

Elbow 1-45E (Nodes 1011 & 1012)

ndEL145E_1 1011( )
T

��

ALEL145E_nd1011 Elbow P Do� t� I� B1� B2� S125� NF� ndEL145E_1� Elb_Co� EL�� ���

ALEL145E_nd1011
T

0.071 1.108 104
� 9.885 1.011 103

� 47 2.014� 103
� 1.079� 104

� 1.56 ���

ndEL145E_2 1012( )
T

��

ALEL145E_nd1012 Elbow P Do� t� I� B1� B2� S125� NF� ndEL145E_2� Elb_Co� EL�� ���

ALEL145E_nd1012
T

0.062 9.722 103
� 7.455 1.012 103

� 34 12.487 9.718� 103
� 280.162�� ��

Elbow 1-45F (Nodes1013 & 1014)

ndEL145F_1 1013( )
T

��

ALEL145F_nd1013 Elbow P Do� t� I� B1� B2� S125� NF� ndEL145F_1� Elb_Co� EL�� ���

ALEL145F_nd1013
T

0.106 1.665 104
� 10.015 1.013 103

� 36 433.903� 1.622 104
� 3.728 10���

ndEL145F_2 1014( )
T

��

ALEL145F_nd1014 Elbow P Do� t� I� B1� B2� S125� NF� ndEL145F_2� Elb_Co� EL�� ���

ALEL145F_nd1014
T

0.125 1.95 104
� 6.89 1.014 103

� 20 1.88 103
� 1.911� 104

� 3.377 103
���



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      R. K. Blandford Date:    09/30/2008

Calculation Sheet 
Page C.3.6-19 of C.3.6-26

Writing Output Data for Elbows Associated with Line 1-45

EL1A ALEL145A_nd1007
T


�
�

��

EL1B ALEL145A_nd1008
T


�
�

��

EL2A ALEL145B_nd1009
T


�
�

��

EL2B ALEL145B_nd1010
T


�
�

��

EL3A ALEL145C_nd1015
T


�
�

��

EL3B ALEL145C_nd1016
T


�
�

��

EL4A ALEL145D_nd1017
T


�
�

��

EL4B ALEL145D_nd1018
T


�
�

��

EL5A ALEL145E_nd1011
T


�
�

��

EL5B ALEL145E_nd1012
T


�
�

��

EL6A ALEL145F_nd1013
T


�
�

��

EL6B ALEL145F_nd1014
T


�
�

��

vEL EL1A EL1B EL2A EL2B EL3A EL3B EL4A EL4B EL5A EL5B EL6A EL6B( )��

ElbowLine_45 WRITEPRN "ElbowLine_45.prn" vEL�( )��
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FORGED TEES AND FABRICATED BRANCH TEES
Tees Strategy:  Search based on the elements comprising the tee.  The input identifies which elements are
associated with the pipe run and which element is associated with the branch from the run.  The indices for the
defined common node for all three elements is identified and the associated SRSS moment is identified for each
time step.  The maximum moment for the elements comprising the pipe run is found and applied as Mr in
equation (9) of ASME III, Division I - NB - 3652 which is modified to represent tees.  The maximum moment for
the branch element is found and applied as Mb in equation (9) of ASME III, Division I - NB - 3652 [9].  The D/C
ratio will be determined by dividing the left side of the equation by the right side of the equation.

TeeDC P Do� Tr� B1� B2b� B2r� Mb� Mr� Zb� Zr� S�� �
B1

P Do�

2 Tr�
� B2b

Mb 1lbf in�( )�

Zb

�"
"�

�#
#�

�� B2r
Mr 1lbf in�( )�

Zr

�"
"�

�#
#�

��

S
��

Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S� nf� elR� elB� ndR� ndB� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indelR match elR0
EL

0� 	
�
�

�
��



�

indelR stack indelR match elRi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elR� ����for rowsif

EL'R
last EL 0� 	� � 0�

EL'RindelRi
EL

indelRi
1��

i 0 last indelR� ����for

indndR match ndR0
EL'R

0� 	
�
�

�
��



�

indndR stack indndR match ndRi
EL'R

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndR� ����for rif

indelB match elB0
EL

0� 	
�
�

�
��



�

indelB stack indelB match elBi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elB� ����for rowsif

EL'B
last EL 0� 	� � 0�

EL'BindelBi
EL

indelBi
1��

i 0 last indelB� ����for

indndB match ndB0
EL'B

0� 	
�
�

�
��



�

� �

��
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indndB stack indndB match ndBi
EL'B

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndB� ����for rif

MR MB Int0� � 0 0 0( )�

MrxgRj
nfindnfiCo0 1�

2� indndR j
��

MrygRj
nfindnfiCo1 1�

2� indndR j
��

MrzgRj
nfindnfiCo2 1�

2� indndR j
��

MrxRj
nfindnfiCo0 1�

2� i� indndR j
� MrxgRj

�
�
�

��



C��

MryRj
nfindnfiCo1 1�

2� i� indndR j
� MrygRj

�
�
�

��



C��

MrzRj
nfindnfiCo2 1�

2� i� indndR j
� MrzgRj

�
�
�

��



Co��

MRj
MrxRj


�

�



2
MryRj


�

�



2
� MrzRj



�

�



2
��

MrxgBj
nfindnfiCo0 1�

2� indndBk
��

MrygBj
nfindnfiCo1 1�

2� indndBk
��

MrzgBj
nfindnfiCo2 1�

2� indndBk
��

MrxBj
nfindnfiCo0 1�

2� i� indndBk
� MrxgBj

�
�
�

��



C��

MryBj
nfindnfiCo1 1�

2� i� indndBk
� MrygBj

�
�
�

��



C��

MrzBj
nfindnfiCo2 1�

2� i� indndBk
� MrzgBj

�
�
�

��



C��

MBj
MrxBj


�

�



2
MryBj


�

�



2
� MrzBj



�

�



2
��

Int' j TeeDC P Do� Tr� B1� B2b� B2r� MBj
� MR�


�
�

Int stack Int' j MRj
� MBj

� nf
indnfiCo0 1�

1� i�
�
�

�
�

R lt t k M M M M M


Int' j Int0�if

k 0 last indndB� ����for

j 0 last indndR� ����for

i 0 indnfo0
indnfi0

����for
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Result stack MRj
MBj
� MrxRj

� MryRj
� M�


�
�

M MR�

Int

Conditions applicable to forged tee

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Tee_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

TEE (Line 1-45)
Define pertinent tee variables

P 253psi�� Internal Pressure [3, pg 23]

Do 20in�� Outside Diameter of Pipe Run [4]

do 6.625in�� Outside Diameter of Branch [33]

B1 0.5�� B1 primary stress Index for tees and branches
[9, NB-3683.9]

Tr 0.312in�� Nominal wall thickness of designated run pipe
[4]

Rm
Do Tr�

2
�� Mean radius of designated run pipe

Zr � Rm
2

� Tr��� Approximate section modulus of designated run
pipe [9, NB-3683.1(d)]

Zr 94.9834 in
3

�

T'b 0.28in�� Nominal wall thickness of attached branch pipe
[33]

r'm
do T'b�

2
�� Mean radius of attached branch pipe

Zb � r'm
2

� T'b��� Approximate section modulus of attached branch
pipe [9, NB-3683.1(d)]

Zb 8.853 in
3

�
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C2b Secondary stress Index [9,NB-3683.8] 

C2b 1.5
Rm

Tr


�
��

��
�


2
3

r'm

Rm


�
��

��
�


1
2

T'b

Tr


�
��

��
�


r'm
do

2


�
�
��

��
�
�


� 1.5
Rm

Tr


�
��

��
�


2
3

r'm

Rm


�
��

��
�


1
2

T'b

Tr


�
��

��
�


�
r'm
do

2


�
�
��

��
�
�


1.5$if

1.5 otherwise

��

C2b 7.308�

C2r Secondary stress Index [9,NB-3683.8] 

Wall thickness of nozzle or branch connection
reinforcement associated with [9, NB-3643.4(A)-1,
sketch (d)]

tn T'b��

C2r 1.15
r'm

tn


�
��

��
�


1
4

� 1.15
r'm

tn


�
��

��
�


1
4

� 1.5$if

1.5 otherwise

��

C2r 2.11�

B2b 0.5 C2b� 0.5 C2b� 1$if

1 otherwise

��
B2b primary stress Index for branches [9,
NB-3683.8]

B2b 3.654�

B2r 0.75 C2r� 0.75 C2r� 1$if

1 otherwise

��
B2r primary stress Index for branches [9,
NB-3683.8]

B2r 1.582�

Tee 1-45 (Nodes 122 & 1019)

elRTee145 91 92( )
T

�� Elements associated with pipe run

ndRTee145 122( )
T

�� Node between pipe run elements

elBTee145 613( )
T

�� Element associated with branch

ndBTee145 1019( )
T

�� Node where branch intersects pipe run

ALTee145 Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S125� NF� elRTee145� elBTee145� ndRTee145� ndBTee145� Tee_C����

ALTee145
T

0.196 5.554 104
� 1.485 104

� 4.055 122 2 4 6� ��
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Writing Output Data for Tees Associated with Lines 1-44, 1-46, & 8-14

Tee1 ALTee145
T

��

Tee Tee1( )��

TeeLine_45 WRITEPRN "TeeLine_45.prn" Tee�( )��
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FLANGES
Flange Strategy:  Search based on the nodes where flanges occur.  Find the maximum moment combination for
the node and apply to equation (9) of ASME III, Division I - NB - 3652 [9].  Use the geometry of the pipe when
applying (9).  The D/C ratio for each node will be determined by dividing the left side of the equation by the right
side of the equation and taking the max of the result.

FlangeDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Flange P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j FlangeDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� M�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all flanges

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Flange_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Pipe Properties of Lines 1-45
Define pertinent pipe variables

Do 6.625in�� Outside Diameter  [33]

t 0.28in�� Thickness  [33]

P 253psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 28.142 in
4

�

Define primary stress indices (Utilize girth weld characteristic associated with lap joint flanges in determining
values)

B1 0.5�� B1 for a girth weld [9, Table NB-3681(a)-1, pg 130] 

B2 1�� B2 for a girth weld [9, Table NB-3681(a)-1, pg 130] 

Flange (Gate Valve) 1-45A (Node 1006)
ndFL145A 1006( )

T
��

ALFL145A Flange P Do� t� I� B1� B2� S125� NF� ndFL145A� Flange_Co� EL�� ���

ALFL145A
T

0.067 1.969 104
� 6.89 1.006 103

� 19 1.41� 103
� 1.911 104

� 4.549� 103
�� ��

Writing Output Data for Flanges Associated with Lines 1-44, 1-46, & 8-14

F1 ALFL145A
T


�
�

��

F F1( )��

FlangeLine_45 WRITEPRN "FlangeLine_45.prn" F�( )��
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Appendix C.3.7

 Demand to Capacity Ratio Calculations for Components
Associated with Unlisted Components of ATR PCS Model 265

(NOTE:  Values represented here are shown for one realization (Nodal Force file =
UNLIST_COMPS_test_R1.dat and Element/Nodal order file = EL_Unlist_Comps.xls )and may or

may not be consistent with the 80th percentile results contained in Appendix C.4)
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Force Outputs from Abaqus

NF
...\UNLIST_COMPS.dat

�� (N)odal (F)orces for the (M)edium (L)ines of
Model 3 

Defined Elemental and Corresponding Nodal Order

EL
...\EL_UNLIST_COMPS(9-22-08).xls

�� Element and corresponding nodal order for the
(M)edium (L)ines of Model 3 

Time Boundaries

tinitial 1�� Initial time for which dynamic loading is applied

tfinal 21�� Final time for which dynamic loading stops

Seismic Scale Factor (Fa)

Fa 1�� Seismic scale factor [30]

Allowable Design Stress Intensity Factor (Sm): Sm is defined below for SS304 at temperature 125oF and

SS304L at 125oF.

Sm_125 20ksi�� For SS304 at 125oF [2, pg 316-318] [3, pg 23]  

For SS304L at 125oF [2, pg 316-318] Applicable
only for portions of lines 1-28 and 1-29 closest to
reactor vessel [3, pg 23]

Sm_125L 16.7ksi��

Yield Strength (Sy): Sy is defined below for SS304 at temperature 125oF and SS304L at 125oF.

Sy_125 28.35ksi�� For SS304 at 125oF [2, pg 646-648] [3, pg 23]  

For SS304L at 125oF [2, pg 646-648] Applicable
only for portions of lines 1-28 and 1-29 closest to
reactor vessel  [3, pg 23]

Sy_125L 23.85ksi��

Maximum Strength Applicable for Equation 9 (S):  S is defined below for SS304 at temperature 125oF
and SS304L at 125oF.

S125 min 3 Sm_125� 2 Sy_125��� ��� Maximum allowable stress applied to SS304
piping [9, NB-3656]

S125 56.7 ksi�

S125L min 3 Sm_125L� 2 Sy_125L��� ��� Maximum allowable stress applied to SS304L
piping [9, NB-3656]

S125L 47.7 ksi�
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REDUCERS
Reducers Strategy:  Search based on the nodes comprising either end of the reducers.  SRSS combine the
three moments of each of the four node representations (one for each element connected by the node in
question).  Find the maximum of the moment combinations for each element and apply to equation (9) of ASME
III, Division I - NB - 3652 [9].  It is important to not combine the data from both nodes as the geometry for each
is different and (9) must be applied for each node.  The D/C ratio for each node will be determined by dividing the
left side of the equation by the right side of the equation and taking the max of the result.

ReducerDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Reducer P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j ReducerDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� �
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

��
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Int
Conditions applicable to all reducers

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(North), y(Up), and z(East) correspond
to positive 1, 2, and 3 and seismic factor

Reducer_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Reducer Properties for Top of Lines 1-17 to 1-43
Define pertinent reducer variables

Do 30in 10.75in( )
T

�� Outside Diameter [4] [11]

t 0.438in
1
4

in
�
�

��



T

�� Thickness [4] [11]

P 253psi 253psi( )
T

�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 4.445 103
�

113.714


�
��

��
�


in
4

�

Define primary stress indices
B1 4.484��

with cont elements See Appendix F
B2 0.213��

Fab Red 1-17 (Nodes 63 & 225)
ndFabRed117_L 63( )

T
�� Node associated with Large end of reducer

ALFabRed117_L Reducer P0 Do0
� t0� I0� B1� B2� S125� NF� ndFabRed117_L� Reducer_Co� EL�


�
�



��

ALFabRed117_L
T

0.688 1.85 105
� 10.345 63 4 1.443 105

� 4.488 104
� 1.067� 105

�� ��

ndFabRed117_S 225( )
T

�� Node associated with Small end of reducer

ALFabRed117_S Reducer P1 Do1
� t1� I1� B1� B2� S125� NF� ndFabRed117_S� Reducer_Co� EL�


�
�



��

ALFabRed117_S
T

0.465 1.967 105
� 9.165 225 10 1.34� 105

� 7.741� 104
� 1.214 105

�� ��

Writing Output Data for Fabricated Reducers Associated with Lines 1-17 and 1-43

FRL1 ALFabRed117_L
T

�� FRS1 ALFabRed117_S
T

��

FabReducer WRITEPRN "FabReducer.prn" FRL1 FRS1( )�[ ]��
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FORGED TEES AND FABRICATED BRANCH TEES
Tees Strategy:  Search based on the elements comprising the tee.  The input identifies which elements are
associated with the pipe run and which element is associated with the branch from the run.  The indices for the
defined common node for all three elements is identified and the associated SRSS moment is identified for each
time step.  The maximum moment for the elements comprising the pipe run is found and applied as Mr in
equation (9) of ASME III, Division I - NB - 3652 which is modified to represent tees.  The maximum moment for
the branch element is found and applied as Mb in equation (9) of ASME III, Division I - NB - 3652 [9].  The D/C
ratio will be determined by dividing the left side of the equation by the right side of the equation.

TeeDC P Do� Tr� B1� B2b� B2r� Mb� Mr� Zb� Zr� S�� �
B1

P Do�

2 Tr�
� B2b

Mb 1lbf in�( )�

Zb

�"
"�

�#
#�

�� B2r
Mr 1lbf in�( )�

Zr

�"
"�

�#
#�

��

S
��

Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S� nf� elR� elB� ndR� ndB� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indelR match elR0
EL

0� 	
�
�

�
��



�

indelR stack indelR match elRi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elR� ����for rowsif

EL'R
last EL 0� 	� � 0�

EL'RindelRi
EL

indelRi
1��

i 0 last indelR� ����for

indndR match ndR0
EL'R

0� 	
�
�

�
��



�

indndR stack indndR match ndRi
EL'R

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndR� ����for rif

indelB match elB0
EL

0� 	
�
�

�
��



�

indelB stack indelB match elBi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elB� ����for rowsif

EL'B
last EL 0� 	� � 0�

EL'BindelBi
EL

indelBi
1��

i 0 last indelB� ����for

indndB match ndB EL'B
0� 	

�
�
�

��



�

��
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ndB B0� 


indndB stack indndB match ndBi
EL'B

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndB� ����for rif

MR MB Int0� � 0 0 0( )�

MrxgRj
nfindnfiCo0 1�

2� indndR j
��

MrygRj
nfindnfiCo1 1�

2� indndR j
��

MrzgRj
nfindnfiCo2 1�

2� indndR j
��

MrxRj
nfindnfiCo0 1�

2� i� indndR j
� MrxgRj

�
�
�

��



C��

MryRj
nfindnfiCo1 1�

2� i� indndR j
� MrygRj

�
�
�

��



C��

MrzRj
nfindnfiCo2 1�

2� i� indndR j
� MrzgRj

�
�
�

��



Co��

MRj
MrxRj


�

�



2
MryRj


�

�



2
� MrzRj



�

�



2
��

MrxgBj
nfindnfiCo0 1�

2� indndBk
��

MrygBj
nfindnfiCo1 1�

2� indndBk
��

MrzgBj
nfindnfiCo2 1�

2� indndBk
��

MrxBj
nfindnfiCo0 1�

2� i� indndBk
� MrxgBj

�
�
�

��



C��

MryBj
nfindnfiCo1 1�

2� i� indndBk
� MrygBj

�
�
�

��



C��

MrzBj
nfindnfiCo2 1�

2� i� indndBk
� MrzgBj

�
�
�

��



C��

MBj
MrxBj


�

�



2
MryBj


�

�



2
� MrzBj



�

�



2
��

Int' j TeeDC P Do� Tr� B1� B2b� B2r� MBj
� MR�


�
�

Int stack Int' j MRj
� MBj

� nf
indnfiCo 1� i�

�
�
�

�

Int' j Int0�if

k 0 last indndB� ����for

j 0 last indndR� ����for

i 0 indnfo0
indnfi0

����for
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o0 1��
Result stack MRj

MBj
� MrxRj

� MryRj
� M�


�
�

M MR�

Int

Conditions applicable to forged tee

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(North), y(Up), and z(East) correspond
to positive 1, 2, and 3 and seismic factor

Tee_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

TEE (Lines 1-30 with 8-14)
Define pertinent tee variables

P 253psi�� Internal Pressure [3, pg 23]

Do 16in�� Outside Diameter of Pipe Run [7]

do 10.75in�� Outside Diameter of Branch [19]

B1 5.122�� TOM'S CALCS See Appendix F

Tr 0.25in�� Nominal wall thickness of designated run pipe [
[7]

Rm
Do Tr�

2
�� Mean radius of designated run pipe

Zr � Rm
2

� Tr��� Approximate section modulus of designated run
pipe [9, NB-3683.1(d)]

Zr 48.707 in
3

�

B2b 1.921�� TOM'S CALCS See Appendix F

T'b 0.25in�� Nominal wall thickness of attached branch pipe [
[19]

r'm
do T'b�

2
�� Mean radius of attached branch pipe

Zb � r'm
2

� T'b��� Approximate section modulus of attached branch
pipe [9, NB-3683.1(d)]

Zb 21.648 in
3

�

B2r 3.141�� TOM'S CALCS See Appendix F
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Fab Branch 1-30 (Node 893 for Pipe Run (Elbow) and Node 149 for Branch)

elRFabBr130 514 515( )
T

�� Elements associated with pipe run

ndRFabBr130 893( )
T

�� Node between pipe run elements

elBFabBr130 489( )
T

�� Element associated with branch

ndBFabBr130 893( )
T

�� Node where branch intersects pipe run

ALFabBr130 Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S125� NF� elRFabBr130� elBFabBr130� ndRFabBr130� ndBFabB����

ALFabBr130
T

1.022 9.238 104
� 1.187 105

� 6.845 893 22 26 18� ��

Writing Output Data for Fabricated Branch on line 1-30

FB ALFabBr130
T

�� Fabricated Branch (Node 130)

FabBranch WRITEPRN "FabBranch.prn" FB( )�[ ]��
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Appendix C.4

 80th Percentile Results of All 32 Realizations 
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LOGIC USED TO GATHER DATA FROM ALL 32 REALIZATIONS
a "Y:\PCS2\Automated_Evaluation\Model_265\Real"��

ReadData b( )

dk 1� READPRN concat a num2str k( )� b�( )( )�

Dk 1� j� dk 1�� �
0 j�

�

j 0 length dk 1�� �T

�

�

 1����for

k 1 32���for��

R stack 1 2� 3� 4� 5� 6� 7� 8� 9� 10� 11� 12� 13� 14� 15� 16� 17� 18� 19� 20� 21� 22� 23� 24� 25� 26� 27� 28� 29� 30� 31� 32�( )��

LOGIC USED TO SORT DATA BASED ON D/C RATIOS OF ALL 32 REALIZATIONS
C_S v R�( )

a0 j� v j i�� �T

�

�



k� 	�"
�

�#
�

T

�

A a0 j�� j 0=if

A stack A a0 j��� �� j 0�if

j 0 rows v( ) 1����for

bk i� stack AT RT�� �T�

Sortedk i� reverse csort bk i� 0�� �� ��

k 0 rows v0 i�� � 1����for

i 0 cols v( ) 1����for

Sorted

��

LOGIC USED TO JOIN RESULTS FROM EITHER END OF REDUCERS AND ELBOWS
INTO ONE MATRIX

RED_EL80th RE( ) k 0�

j 2 i��

RE80THi k�
stack RE0 j�

T

�

�



6� 	T

RE0 j 1��
T


�
�



6� 	T

�


�
�

�
�

�

i 0
cols RE( ) 1�

2
���for

��



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      B. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.4-3 of C.4-56

LOGIC USED TO CONCATINATE 80TH PERCENTILE RESULTS OF PIPE RUNS INTO
ONE MATRIX

PR80th PM( )

ki 0�

ki ki 1�� PMj i� 0�if

j 0 rows PM i� 	� � 1����for

PM80thm i�
PMm i�

T

�

�



6� 	T

�

m 0 ki 1����for

pm80th0 i�
PM80th0 i�

�

pm80th0 i�
stack pm80th0 i�

PM80thn i�
�


�
�



�

n 1 ki 1����for

i 0 cols PM( ) 1����for��

LOGIC USED TO DETERMINE 80TH PERCENTILE RESULTS OF SUPPORTS & TEES

T80th T( )

T80th0 i�
T0 i�

T

�

�



6� 	T

�

i 0 cols T( ) 1����for��
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SUPPORTS
Support output is ordered as (D/C,demand force, occurrence time, defined node, associated index for the
reaction force at the selected node being collinear (AL1) and apposing (AL2) the positive directionality of the
global coordinate system, and realization number) 

EVALUATION OF SUPPORTS ON LINES 1-13 TO 1-16, 1-18 TO 1-21, AND 1-171 FOR
ALL 32 REALIZATIONS

VSA ReadData "\SupLines_13to16_18to21_171.prn"� ���

SA C_S VSA R�( )��

PS-20 Support (1x)
PS-20 (Node 828)
PS-20 vertically supports EL(1-171A) on line 1-171.

Compression SA0 0�
T


�
�



6� 	T

0.081 1.252� 104
� 7.455 828 108 22� ��

Tension SA0 1�
T


�
�



6� 	T

0.657 9.25 103
� 10.02 828 108 11� ��

PS-8 Support (4x)
PS-8A (Node 829)
PS-8A vertically supports EL(1-13A) on line 1-13.

Compression SA0 2�
T


�
�



6� 	T

0.122 9.195� 103
� 6.14 829 106 15� ��

Tension SA0 3�
T


�
�



6� 	T

0.409 5.754 103
� 6.25 829 106 27� ��

PS-8B (Node 830)
PS-8B vertically supports EL(1-14A) on line 1-14.

Compression SA0 4�
T


�
�



6� 	T

0.177 1.339� 104
� 5.23 830 104 7� ��

Tension SA0 5�
T


�
�



6� 	T

0.747 1.051 104
� 4.04 830 104 19� ��

PS-8C (Node 831)
PS-8C vertically supports EL(1-15A) on line 1-15.

Compression SA0 6�
T


�
�



6� 	T

0.141 1.065� 104
� 10.58 831 102 19� ��
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Tension SA0 7�
T


�
�



6� 	T

0.536 7.54 103
� 6.705 831 102 7� ��

PS-8D (Node 832)
PS-8D vertically supports EL(1-16A) on line 1-16.

Compression SA0 8�
T


�
�



6� 	T

0.178 1.348� 104
� 10.26 832 100 22� ��

Tension SA0 9�
T


�
�



6� 	T

0.732 1.03 104
� 9.12 832 100 12� ��

EVALUATION OF SUPPORTS ON LINE 1-17 FOR ALL 32 REALIZATIONS
VSB ReadData "\SupLine_17.prn"� ���

SB C_S VSB R�( )��

The PR-6 Supports were softened to the point of no influence on the model due to the loading observed by
initial model iterations.  See main body for treatment/recommendations regarding theses supports.

PR-6 Support (7x)
PR-6A (Node 876)
PR-6A vertically supports line 1-171 just east of T from any upward movement supports EL(1-13A) on line
1-13.

Compression
SB0 0�

T

�

�



6� 	T

0 0 0 0 0 0 27( )�

Tension SB0 1�
T


�
�



6� 	T

2.76 10 4�
� 3.106 10.04 876 86 7� ��

PR-6B (Node 885)
PR-6B vertically supports EL(1-14A) on line 1-14.

Compression
SB0 2�

T

�

�



6� 	T

0 0 0 0 0 0 27( )�

Tension SB0 3�
T


�
�



6� 	T

2.631 10 4�
� 2.961 4.045 885 84 2� ��

PR-6C (Node 881)
PR-6C vertically supports EL(1-15A) on line 1-15.

Compression
SB0 4�

T

�

�



6� 	T

0 0 0 0 0 0 27( )�

Tension SB0 5�
T


�
�



6� 	T

2.458 10 4�
� 2.767 10.06 881 82 3� ��
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PR-6D (Node 879)
PR-6D vertically supports EL(1-16A) on line 1-16.

Compression
SB0 6�

T

�

�



6� 	T

0 0 0 0 0 0 27( )�

Tension SB0 7�
T


�
�



6� 	T

2.541 10 4�
� 2.86 4.01 879 88 25� ��

PR-6E (Node 865)
PR-6E vertically supports EL(1-14A) on line 1-14.

Compression
SB0 8�

T

�

�



6� 	T

0 0 0 0 0 0 27( )�

Tension SB0 9�
T


�
�



6� 	T

2.633 10 4�
� 2.963 4.005 865 80 25� ��

PR-6F (Node 869)
PR-6F vertically supports EL(1-15A) on line 1-15.

Compression
SB0 10�

T

�

�



6� 	T

0 0 0 0 0 0 27( )�

Tension SB0 11�
T


�
�



6� 	T

2.655 10 4�
� 2.988 8.84 869 78 26� ��

PR-6G (Node 863)
PR-6G vertically supports EL(1-16A) on line 1-16.

Compression SB0 12�
T


�
�



6� 	T

0 0 0 0 0 0 27( )�

Tension SB0 13�
T


�
�



6� 	T

2.799 10 4�
� 3.151 10.41 863 76 28� ��
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EVALUATION OF SUPPORTS ON LINES 1-30 TO 1-31 AND 1-48 FOR ALL 32
REALIZATIONS

VSC ReadData "\SupLines_30to31_48.prn"� ���

truncate VSD( )

vsd0 i� VSDj k�� �
0 i�

�

i 0 4���for

vsdmj k� vsd�

k 0 length VSDT� � 0� 	�
�

�
� 1����for

j 0 length VSD 0� 	� � 1����for

vsdm

��

Logic Used to truncate result

VSC truncate VSC( )��

SC C_S VSC R�( )��

RH-32 Support (1x)
RH-32 (Node 860)
RH-32 vertically supports line 1-30 just south of EL(1-30A) from any downward movement.

Tension
SC0 0�

T

�

�



6� 	T

4.778 10 4�
� 2.272� 3.875 860 80 27� ��

Compression SC0 1�
T


�
�



6� 	T

0 0 0 0 0 27( )�

RH-11 Support (2x)
RH-11A (Node 857)
RH-11A vertically supports line 1-30 just west of Fab Branch(1-30) from any downward movement.

Tension SC0 2�
T


�
�



6� 	T

0.513 7.656� 103
� 6.85 857 82 25� ��

SC0 3�
T


�
�



6� 	T

0.329 2.388 103
� 5.365 857 82 22� ��Compression

RH-11B (Node 858)
RH-11B vertically supports line 1-30 between T(1-48) and T(1-31) from any downward movement.

Tension SC0 4�
T


�
�



6� 	T

0.323 4.811� 103
� 5.345 858 84 27� ��

Compression SC0 5�
T


�
�



6� 	T

0 0 0 0 0 27( )�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      B. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.4-8 of C.4-56

PS-4 Support (4x)
PS-4A (Node 849)
PS-4A vertically supports line 1-30 at FL(1-30C) from any downward movement.

Compression SC0 6�
T


�
�



6� 	T

0.116 1.023� 104
� 6.62 849 74 24� ��

Tension SC0 7�
T


�
�



6� 	T

0 0 0 0 0 27( )�

PS-4B (Node 850)
PS-4B vertically supports line 1-30 at FL(1-30D) from any downward movement.

Compression SC0 8�
T


�
�



6� 	T

0.033 2.914� 103
� 10.96 850 76 19� ��

Tension SC0 9�
T


�
�



6� 	T

0 0 0 0 0 27( )�

PS-4C (Node 848)
PS-4C vertically supports line 1-31 at FL(1-31A) from any downward movement.

Compression SC0 10�
T


�
�



6� 	T

0.234 2.06� 104
� 4.19 848 72 28� ��

Tension SC0 11�
T


�
�



6� 	T

0 0 0 0 0 27( )�

PS-4D (Node 847)
PS-4D vertically supports line 1-31 at FL(1-31B) from any downward movement.

Compression SC0 12�
T


�
�



6� 	T

0.093 8.166� 103
� 4.145 847 70 7� ��

SC0 13�
T


�
�



6� 	T

0 0 0 0 0 27( )�Tension

AIS Support (1x)
The AIS Support was released in the model due to the loading observed by initial model iterations.  See
main body for treatment/recommendations regarding this support.

AIS (EW) (Node 842)
AIS supports line 1-48 at top side of EL(1-48B) from horizontal movement.

Compression SC0 14�
T


�
�



6� 	T

1.426 10 4�
� 2.628� 12.62 842 119 18� ��

Tension SC0 15�
T


�
�



6� 	T

1.897 10 4�
� 2.514 15.06 842 119 27� ��
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AIS (NS) (Node 842)
AIS supports line 1-48 at top side of EL(1-48B) from horizontal movement.

Flexure
SC0 16�

T

�

�



6� 	T

1.437 10 3�
� 0.785� 4.07 842 119 22� ��

Flexure SC0 17�
T


�
�



6� 	T

1.736 10 3�
� 0.948 6.84 842 119 11� ��

RH-24 Support (2x)
RH-24A (Node 816)
RH-24A vertically supports line 1-48 just north of EL(1-48A) from any downward movement.

Tension
SC0 18�

T

�

�



6� 	T

0.148 1.048� 103
� 5.755 816 66 16� ��

Compression SC0 19�
T


�
�



6� 	T

0 0 0 0 0 27( )�

RH-24B (Node 815)
RH-24A vertically supports line 1-48 near the runs midpoint from any downward movement.

Tension
SC0 20�

T

�

�



6� 	T

0.158 1.118� 103
� 6.09 815 68 19� ��

Compression SC0 21�
T


�
�



6� 	T

0 0 0 0 0 27( )�

EVALUATION OF SUPPORTS ON LINES 1-43 AND 1-47 FOR ALL 32 REALIZATIONS

VSD ReadData "\SupLines_43_47.prn"� ���

SD C_S VSD R�( )��

RH-19 Support (1x)

RH-19 (Node 625)
RH-19 vertically supports line 1-43 just south of T(1-46A) from any downward movement.

Tension SD0 0�
T


�
�



6� 	T

1.968 1.006� 104
� 5.775 625 110 22� ��

Refer to Main Body for Recommendations Regarding this Challenged Support

Compression SD0 1�
T


�
�



6� 	T

0 0 0 0 0 27( )�
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RH-17 Support (2x)
RH-17A (Node 622)
RH-17A vertically supports line 1-43 just north of EL(1-43D) from any downward movement.

Tension
SD0 2�

T

�

�



6� 	T

0.546 6.147� 103
� 8.8 622 102 15� ��

Compression SD0 3�
T


�
�



6� 	T

0 0 0 0 0 27( )�

RH-17B (Node 833)
RH-17B vertically supports line 1-43 just south of GB(1-43B) from any downward movement.

Tension SD0 4�
T


�
�



6� 	T

0.466 5.247� 103
� 4.635 833 100 7� ��

Compression SD0 5�
T


�
�



6� 	T

0 0 0 0 0 27( )�

RH-30 Support (1x)
The RH-30 Support was released in the model due to the loading observed by initial model iterations.  See
main body for treatment/recommendations regarding this support.

RH-30 (NS) (Node 927)
RH-30 supports line 1-43 at the bottom portion of P(1-43G) from movement in any direction.

Tension SD0 6�
T


�
�



6� 	T

5.175 10 4�
� 1.796� 11.49 927 165 6� ��

SD0 7�
T


�
�



6� 	T

5.726 10 5�
� 1.24 12.22 927 165 17� ��Compression

RH-30 (V) (Node 927)
RH-30 supports line 1-43 at the bottom portion of P(1-43G) from movement in any direction.

Downward
Flexure SD0 8�

T

�

�



6� 	T

0 0 0 0 0 27( )�

Upward
Flexure SD0 9�

T

�

�



6� 	T

8.265 10 5�
� 1.789 5.27 927 165 28� ��

RH-30 (EW) (Node 927)
RH-30 supports line 1-43 at the bottom portion of P(1-43G) from movement in any direction.

Flexure
SD0 10�

T

�

�



6� 	T

1.324 10 3�
� 0.86� 9.9 927 165 6� ��

Flexure SD0 11�
T


�
�



6� 	T

1.335 10 3�
� 0.868 10.14 927 165 12� ��
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RH-25 Support (2x)
RH-25A (Node 619)
RH-25A vertically supports line 1-43 between EL(1-43F) and EL(1-43G) from any downward movement.

Tension SD0 12�
T


�
�



6� 	T

0.484 5.012� 103
� 5.815 619 98 17� ��

SD0 13�
T


�
�



6� 	T

0 0 0 0 0 27( )�Compression

RH-25B (Node 617)
RH-25B vertically supports line 1-43 near the center of P(1-43J) from any downward movement.

Tension SD0 14�
T


�
�



6� 	T

1.062 1.1� 104
� 4.795 617 96 31� ��

This challenged support will be evaluated using a ductility factor approach.  The supporting
calculations for this treatment are included in Appendix E.7 for all supports for which this approach
is applicable.  The below function writes this information to the Appendix E.7 file.

DucRH25B WRITEPRN "Y:\PCS2\PCS Documentation\App_E\E7 DUCTILITY CALCS\RH25B.prn" SD0 14�
T


�
�



6� 	T

�


�
�

�


��

Compression SD0 15�
T


�
�



6� 	T

0 0 0 0 0 27( )�

PS-10 Supports (3x)
PS-10A (Node 641)
PS-10 vertically supports 1-47 just west of EL(1-47A).

Compression SD0 16�
T


�
�



6� 	T

0.89 1.967� 104
� 9.73 641 104 11� ��

Tension SD0 17�
T


�
�



6� 	T

0 0 0 0 0 27( )�

PS-10B (Node 644)
PS-10 vertically supports 1-47 just south of FL(1-47A).

Compression SD0 18�
T


�
�



6� 	T

0.843 1.864� 104
� 9.615 644 106 23� ��

Tension SD0 19�
T


�
�



6� 	T

0 0 0 0 0 27( )�
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PS-10C (Node 646)
PS-10 vertically supports 1-47 just north of FL(1-47B).

Compression SD0 20�
T


�
�



6� 	T

0.547 1.21� 104
� 10.07 646 108 6� ��

Tension SD0 21�
T


�
�



6� 	T

0 0 0 0 0 27( )�

AIWS Support (1x)
AIWS (V) (Node 836)
AIWS supports line 1-43 at the bottom portion of P(1-43G) from movement in the vertical and east/west
directions.

Downward
Flexure SD0 22�

T

�

�



6� 	T

0.829 1.276� 103
� 7.94 836 112 29� ��

Upward
Flexure SD0 23�

T

�

�



6� 	T

0.292 449.9 10.13 836 112 19( )�

AIWS (EW) (Node 836)
AIWS supports line 1-43 at the bottom portion of P(1-43G) from movement in the vertical and east/west
directions.

Westward
Flexure SD0 24�

T

�

�



6� 	T

0 0 0 0 0 27( )�

Eastward
Flexure SD0 25�

T

�

�



6� 	T

0 0 0 0 0 27( )�

EVALUATION OF SUPPORTS ON LINES 1-44, 1-46, AND 8-14 FOR ALL 32
REALIZATIONS
VSE ReadData "\SupLines_44_46_814.prn"� ���

SE C_S VSE R�( )��

RH-22 Support (2x)
The RH-22 Supports were released in the model due to the loading observed by initial model iterations.
See main body for treatment/recommendations regarding these supports.

RH-22 (Node 931)
RH-22 vertically supports line 1-44 just south of T(1-44) from any downward movement.

Tension
SE0 0�

T

�

�



6� 	T

9.924 10 4�
� 0.52� 5.78 931 115 15� ��

SE0 1�
T


�
�



6� 	T

3.594 10 3�
� 2.483 9.64 931 115 12� ��Compression
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RH-22 (Node 930)
RH-22 vertically supports line 1-44 just south of EL(1-44B) from any downward movement.

Tension
SE0 2�

T

�

�



6� 	T

0 0 0 0 0 27( )�

SE0 3�
T


�
�



6� 	T

2.518 10 4�
� 1.339 5.7 930 117 28� ��Compression

PS-7 Support (1x)
PS-7 (NS) (Node 608)
PS-7 supports line 1-43 at the bottom portion of P(1-43G) from movement in the vertical and east/west
directions.

Tension
SE0 4�

T

�

�



6� 	T

0.174 1.166� 103
� 4.84 608 109 7� ��

Compression SE0 5�
T


�
�



6� 	T

0.351 1.182 103
� 6.005 608 109 7� ��

PS-7 (V) (Node 608)
PS-7 supports line 1-43 at the bottom portion of P(1-43G) from movement in the vertical and east/west
directions.

Flexure
SE0 6�

T

�

�



6� 	T

1.803 3.966� 103
� 5.295 608 109 12� ��

Flexure SE0 7�
T


�
�



6� 	T

0 0 0 0 0 27( )�

The gang support and anchorage insufficiency aspects of the PS-7 support are be addressed in
the main body of the report from the loads reported in Appendix E.9 for all associated lines.

PS7_N WRITEPRN "Y:\PCS2\PCS Documentation\App_E\E9 PS-7\PS7_N_M6.prn" SE0 4��� ���

PS7_S WRITEPRN "Y:\PCS2\PCS Documentation\App_E\E9 PS-7\PS7_S_M6.prn" SE0 5��� ���

PS7_D WRITEPRN "Y:\PCS2\PCS Documentation\App_E\E9 PS-7\PS7_D_M6.prn" SE0 6��� ���

PS7_U WRITEPRN "Y:\PCS2\PCS Documentation\App_E\E9 PS-7\PS7_U_M6.prn" SE0 7��� ���

RH-16 Support (2x)
RH-16A (Node 606)
RH-16A vertically supports line 1-44 just east of EL(1-44D) from any downward movement.

Tension SE0 8�
T


�
�



6� 	T

0.89 931.7� 5.555 606 64 30( )�

Compression SE0 9�
T


�
�



6� 	T

0.988 392.4 5.3 606 64 7( )�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      B. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.4-14 of C.4-56

RH-16B was released in the model due to the loading observed by initial model iterations.  See main body
for treatment/recommendations regarding this support.

RH-16B (Node 605)
RH-16B vertically supports line 1-44 just south of EL(1-44E) from any downward movement.

Tension
SE0 10�

T

�

�



6� 	T

0 0 0 0 0 27( )�

Compression SE0 11�
T


�
�



6� 	T

8.817 10 3�
� 3.5 6.145 605 62 10� ��

RH-26x Support (1x)
RH-26x (Node 222)
RH-26x vertically supports line 8-14 south of EL(8-14B) from any downward movement.

Tension SE0 12�
T


�
�



6� 	T

0.04 1.132� 103
� 5.26 222 65 12� ��

This support will be evaluated in combination with RH-21x supporting lines 1-7 and 8-14.  The
supporting calculations for this treatment are included in Appendix E.9 for all supports for which this
approach is applicable.  The below function writes this information to the Appendix E.8 file.

SRSSRH26x814 WRITEPRN "Y:\PCS2\PCS Documentation\App_E\E8 Common Anchorage Combinations\RH-26x814.p


�
���

Compression SE0 13�
T


�
�



6� 	T

0 0 0 0 0 27( )�

RH-13 Support (2x)
RH-13A (Node 822)
RH-13A vertically supports line 8-14 west of EL(8-14B) from any downward movement.

Tension SE0 14�
T


�
�



6� 	T

0.102 1.515� 103
� 5.425 822 72 23� ��

SE0 15�
T


�
�



6� 	T

0 0 0 0 0 27( )�Compression

RH-13B (Node 820)
RH-13A vertically supports line 8-14 east of Fab Branch(1-30) from any downward movement.

Tension SE0 16�
T


�
�



6� 	T

0.139 2.077� 103
� 5.22 820 70 12� ��

Compression SE0 17�
T


�
�



6� 	T

0 0 0 0 0 27( )�
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EVALUATION OF SUPPORTS ON LINE 1-45 FOR ALL 32 REALIZATIONS
VSF ReadData "\SupLine_45.prn"� ���

truncate VSD( )

vsd0 i� VSDj k�� �
0 i�

�

i 0 4���for

vsdmj k� vsd�

k 0 length VSDT� � 0� 	�
�

�
� 1����for

j 0 length VSD 0� 	� � 1����for

vsdm

��

Logic Used to truncate result

VSF truncate VSF( )��

SF C_S VSF R�( )��

U-Bolt Detail 2 Support (1x)
U-Bolt Detail 2 (V) (Node 1045)
U-Bolt Detail 2 supports line 1-45 at the south portion of P(1-45E) from movement in the vertical and
east/west directions.

Compression SF0 0�
T


�
�



6� 	T

0.12 592� 4.335 1.045 103
� 64 24� ��

SF0 1�
T


�
�



6� 	T

0 0 0 0 0 27( )�Tension

U-Bolt Detail 2 (EW) (Node 1045)
U-Bolt Detail 2 supports line 1-45 at the south portion of P(1-45E) from movement in the vertical and
east/west directions.

Flexure SF0 2�
T


�
�



6� 	T

0.38 54.33� 5.82 1.045 103
� 64 25� ��

Flexure SF0 3�
T


�
�



6� 	T

1.265 180.9 9.1 1.045 103
� 64 28� ��

Refer to Main Body Regarding Treatment/Recommendations Related to This Support

Pending U-Bolt Support (1x)
Pending U-Bolt (V) (Node 1047)
The pending U-Bolt support supports line 1-45 at the north portion of P(1-45E) from movement in the
vertical and east/west directions.

Compression SF0 4�
T


�
�



6� 	T

0.185 834.7� 8.535 1.047 103
� 62 1� ��

SF0 5�
T


�
�



6� 	T

0 0 0 0 0 27( )�Tension
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Pending U-Bolt (EW) (Node 1047)
The pending U-Bolt support supports line 1-45 at the north portion of P(1-45E) from movement in the
vertical and east/west directions.

Flexure SF0 6�
T


�
�



6� 	T

0.541 274.3� 7.98 1.047 103
� 62 10� ��

Flexure SF0 7�
T


�
�



6� 	T

0.346 175.5 6.89 1.047 103
� 62 7� ��

TERMINATIONS
Termination output is ordered as (max D/C ratio, max total applied moment, time when max values occur,
element(s) retrieved for calculations, index of element(s), moments about the x, y, and z axes, and realization
number) 

EVALUATION OF TERMINATIONS ON LINES 1-13 TO 1-16, 1-18 TO 1-21, AND
1-171 FOR ALL 32 REALIZATIONS

VTA ReadData "\TermLines_13to16_18to21_171.prn"� ���

TA C_S VTA R�( )��

Heat Exchanger Outlet (5x)
Heat Exchanger 1-13 (Node 130)

TA0 0�
T


�
�



6� 	T

0.125 2.571 105
� 10.02 130 82 2.397 105

� 7.194 104
� 5.877� 104

� 27� ��

Heat Exchanger 1-14 (Node 128)

TA0 1�
T


�
�



6� 	T

0.137 3.193 105
� 6.7 128 84 3.111� 105

� 5.406� 104
� 4.776� 104

� 7� ��

Heat Exchanger 1-15 (Node 129)

TA0 2�
T


�
�



6� 	T

0.137 3.168 105
� 6.695 129 86 3.119 105

� 3.775 104
� 4.089� 104

� 28� ��

Heat Exchanger 1-16 (Node 127)

TA0 3�
T


�
�



6� 	T

0.134 3.051 105
� 10.12 127 88 3.042� 105

� 1.695� 104
� 1.559� 104

� 12� ��

Heat Exchanger 1-171 (Node 139)

TA0 4�
T


�
�



6� 	T

0.107 1.724 105
� 10.01 139 97 4.067 104

� 9.161 103
� 1.673 105

� 22� ��
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Primary Pump Suction (4x)
Primary Pump 1-18 (Node 1)

TA0 5�
T


�
�



6� 	T

0.356 1.193 106
� 9.26 1 1 1.141 106

� 1.899 105
� 2.901� 105

� 19� ��

Primary Pump 1-19 (Node 31)

TA0 6�
T


�
�



6� 	T

0.362 1.216 106
� 4.05 31 5 8.179� 105

� 1.49� 105
� 8.875 105

� 11� ��

Primary Pump 1-20 (Node 15)

TA0 7�
T


�
�



6� 	T

0.36 1.207 106
� 4.05 15 9 9.028� 105

� 1.337� 105
� 7.893 105

� 19� ��

Primary Pump 1-21 (Node 22)

TA0 8�
T


�
�



6� 	T

0.385 1.31 106
� 10.26 22 13 1.548 105

� 6.791 104
� 1.299� 106

� 28� ��

THERE ARE NOT ANY TERMINATIONS ARE NOT PRESENTE ON LINE 1-17

EVALUATION OF TERMINATIONS ON LINES 1-30 TO 1-31 AND 1-48 FOR ALL 32
REALIZATIONS

VTC ReadData "\TermLines_30to31_48.prn"� ���

TC C_S VTC R�( )��

Emergency Pump Suction (2x)

Emergency Pump 1-30 (Node 160)

TC0 0�
T


�
�



6� 	T

0.232 3.381 105
� 6.485 160 27 6.376 103

� 2.761� 105
� 1.951� 105

� 22� ��

Emergency Pump 1-31 (Node 194)

TC0 1�
T


�
�



6� 	T

0.18 2.335 105
� 6.335 194 41 1.181 105

� 1.99 105
� 3.072 104

� 11� ��

North Wall Penetration 1-48 (1x)
North Wall Penetration 1-48 (Node 682)

TC0 2�
T


�
�



6� 	T

0.204 3.327 104
� 13.09 682 151 8.074 103

� 3.216 104
� 2.82 103

� 25� ��
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EVALUATION OF TERMINATIONS ON LINES 1-43 AND 1-47 FOR ALL 32
REALIZATIONS

VTD ReadData "\TermLines_43_47.prn"� ���

TD C_S VTD R�( )��

North Wall Penetration 1-43 (1x)
North Wall Penetration 1-43 (Node 601)

TD0 0�
T


�
�



6� 	T

0.289 2.888 105
� 4.79 601 166 4.54� 104

� 4.97 104
� 2.808� 105

� 31� ��

Pipe Termination 1-47 (1x)
Pipe Termination 1-47 (Node 669)

TD0 1�
T


�
�



6� 	T

0.182 7.514 104
� 10.27 669 82 6.808� 103

� 7.221� 104
� 1.962 104

� 19� ��

EVALUATION OF TERMINATIONS ON LINES 1-44, 1-46, AND 8-14 FOR ALL 32
REALIZATIONS

VTE ReadData "\TermLines_44_46_814.prn"� ���

TE C_S VTE R�( )��

West Floor Penetration 1-44 (1x)
West Floor Penetration 1-44 (Node 345)

TE0 0�
T


�
�



6� 	T

0.132 5.083 104
� 5.995 345 97 3.721� 103

� 1.37 103
� 5.067 104

� 3� ��

East Ceiling Penetration 8-14 (1x)
East Ceiling Penetration 8-14 (Node 888)

TE0 1�
T


�
�



6� 	T

0.102 6.506 104
� 10.63 888 68 1.293� 103

� 6.474� 104
� 6.306� 103

� 19� ��

EVALUATION OF TERMINATIONS ON LINES 1-44, 1-46, AND 8-14 FOR ALL 32
REALIZATIONS
VTF ReadData "\TermLine_45.prn"� ���

TF C_S VTF R�( )��

Surge Tank Connection 1-45 (1x)
Surge Tank Connection 1-45 (Node 1006)

TF0 0�
T


�
�



6� 	T

0.073 2.245 104
� 10.02 1.006 103

� 19 3.685� 103
� 2.214� 104

� 567.5 22� ��



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      B. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.4-19 of C.4-56

PIPE RUNS
Termination output is ordered as (max D/C ratio, max total applied moment, time when max values occur,
element(s) retrieved for calculations, indices of element(s), moments about the x, y, and z axes, and realization
number)  

EVALUATION OF PIPE RUNS ON LINES 1-13 TO 1-16, 1-18 TO 1-21, AND 1-171
FOR ALL 32 REALIZATIONS

VPRA ReadData "\PRLines_13to16_18to21_171.prn"� ���

PRA C_S VPRA R�( )��

PRA80TH PR80th PRA( )��

Pipe Properties for Line 1-13
Pipe Run 1-13A (Element 99)

PRA80TH0 0�

0.121

0.125

2.39 105
�

2.571 105
�

4.05

10.02

99

99

123

130

81

82

19

27



�
�
�

�
�
�



�

Pipe Run 1-13B (Elements 91 & 92)

PRA80TH0 1�

0.093

0.09

0.109

0.089

1.043 105
�

9.035 104
�

1.8 105
�

8.25 104
�

12.72

10.04

10.02

12.56

91

91

92

92

113

122

114

122

65

66

67

68

27

12

22

24


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-13C (Elements 81 & 79)

PRA80TH0 2�

0.115

0.106

0.13

0.115

2.069 105
�

1.65 105
�

2.804 105
�

2.07 105
�

9.26

9.26

9.255

9.26

81

81

79

79

94

96

64

94

51

52

49

50

22

28

27

22


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Properties for Line 1-14
Pipe Run 1-14A (Element 100)

PRA80TH0 3�

0.126

0.138

2.643 105
�

3.193 105
�

6.705

6.7

100

100

125

128

83

84

10

7



�
�
�

�
�
�



�
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Pipe Run 1-14B (Elements 93 & 94)

PRA80TH0 4�

0.123

0.103

0.102

0.103

2.481 105
�

1.508 105
�

1.472 105
�

1.508 105
�

4.04

4.05

5.815

4.05

94

94

93

93

115

121

112

121

71

72

69

70

28

19

26

19


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-14C (Elements 84 & 82)

PRA80TH0 5�

0.116

0.114

0.126

0.114

2.128 105
�

2.037 105
�

2.636 105
�

2.038 105
�

5.225

9.26

9.26

9.26

84

84

82

82

97

98

65

98

55

56

53

54

25

19

22

19


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Properties for Line 1-15
Pipe Run 1-15A (Element 101)

PRA80TH0 6�

0.129

0.137

2.76 105
�

3.168 105
�

4.04

6.695

101

101

124

129

85

86

11

28



�
�
�

�
�
�



�

Pipe Run 1-15B (Elements 95 & 96)

PRA80TH0 7�

0.122

0.098

0.099

0.098

2.433 105
�

1.257 105
�

1.307 105
�

1.257 105
�

6.695

10.43

6.695

10.43

96

96

95

95

116

120

111

120

75

76

73

74

28

27

7

27


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-15C (Elements 87 & 85)

PRA80TH0 8�

0.111

0.11

0.125

0.111

1.904 105
�

1.863 105
�

2.6 105
�

1.905 105
�

9.26

10.6

9.265

9.26

87

87

85

85

100

102

66

100

59

60

57

58

27

19

25

27


�
�
�
�
�
��

��
�
�
�
�
�


�
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Pipe Properties for Line 1-16
Pipe Run 1-16A (Element 102)

PRA80TH0 9�

0.123

0.135

2.491 105
�

3.051 105
�

7.53

10.12

102

102

126

127

87

88

27

12



�
�
�

�
�
�



�

Pipe Run 1-16B (Elements 98 & 97)

PRA80TH0 10�

0.126

0.102

0.108

0.102

2.638 105
�

1.449 105
�

1.767 105
�

1.449 105
�

5.06

10.1

5.8

10.1

98

98

97

97

117

119

110

119

79

80

77

78

24

19

13

19


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-16C (Elements 90 & 88)

PRA80TH0 11�

0.118

0.124

0.133

0.118

2.253 105
�

2.52 105
�

2.966 105
�

2.253 105
�

9.265

5.8

9.265

9.265

90

90

88

88

103

105

68

103

63

64

61

62

26

24

26

26


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Properties for Line 1-18
Pipe Run 1-18A (Element 646 and 14)

PRA80TH0 12�

0.117

0.118

0.109

0.109

3.766 105
�

3.871 105
�

3.157 105
�

3.169 105
�

9.26

10.62

9.265

9.265

646

646

14

14

4

1.048 103
�

3

6

162

163

19

20

27

6

19

19


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-18B (Elements 655, 654, & 13)

PRA80TH0 13�

0.105

0.118

0.154

0.118

0.198

0.154

2.831 105
�

3.874 105
�

6.869 105
�

3.876 105
�

1.056 106
�

6.871 105
�

4.05

4.06

4.205

4.06

9.26

4.205

655

655

654

654

13

13

7

1.057 103
�

1.056 103
�

1.057 103
�

30

1.056 103
�

172

173

170

171

17

18

25

6

28

6

19

28



�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�



�
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Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      B. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.4-22 of C.4-56

Pipe Run 1-18C (Element 1)

PRA80TH0 14�

0.357

0.34

1.193 106
�

1.124 106
�

9.26

9.26

1

1

1

29

1

2

19

19



�
�
�

�
�
�



�

Pipe Properties for Line 1-19
Pipe Run 1-19A (Element 647 & 23)

PRA80TH0 15�

0.119

0.12

0.113

0.113

3.971 105
�

4.056 105
�

3.426 105
�

3.443 105
�

9.265

9.265

9.265

9.265

647

647

23

23

11

1.049 103
�

10

13

164

165

27

28

19

19

19

19


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-19B (Elements 657, 656, & 22)

PRA80TH0 16�

0.104

0.121

0.16

0.121

0.202

0.16

2.706 105
�

4.111 105
�

7.365 105
�

4.113 105
�

1.092 106
�

7.369 105
�

9.265

4.045

4.05

4.045

4.05

4.045

657

657

656

656

22

22

14

1.059 103
�

1.058 103
�

1.059 103
�

33

1.058 103
�

176

177

174

175

25

26

19

19

19

19

11

28



�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-19C (Element 3)

PRA80TH0 17�

0.363

0.348

1.216 106
�

1.154 106
�

4.05

4.05

3

3

31

32

5

6

11

11



�
�
�

�
�
�



�

Pipe Properties for Line 1-20
Pipe Run 1-20A (Elements 648 and 30)

PRA80TH0 18�

0.117

0.118

0.111

0.111

3.805 105
�

3.891 105
�

3.281 105
�

3.298 105
�

9.26

9.26

9.26

9.26

648

648

30

30

18

1.05 103
�

17

20

166

167

33

34

27

27

27

27


�
�
�
�
�
��

��
�
�
�
�
�


�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      B. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.4-23 of C.4-56

Pipe Run 1-20B (Elements 659, 658, & 29)

PRA80TH0 19�

0.104

0.119

0.158

0.119

0.201

0.158

2.677 105
�

3.99 105
�

7.25 105
�

3.992 105
�

1.083 106
�

7.252 105
�

9.265

4.04

4.045

4.04

4.05

4.045

659

659

658

658

29

29

21

1.061 103
�

1.06 103
�

1.061 103
�

35

1.06 103
�

180

181

178

179

31

32

26

19

19

19

19

19



�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-20C (Element 5)

PRA80TH0 20�

0.361

0.345

1.207 106
�

1.145 106
�

4.05

4.05

5

5

15

34

9

10

19

19



�
�
�

�
�
�



�

Pipe Properties for Line 1-21
Pipe Run 1-21A (Elements 649 & 38)

PRA80TH0 21�

0.116

0.117

0.111

0.111

3.692 105
�

3.766 105
�

3.282 105
�

3.309 105
�

9.26

9.26

9.265

9.265

649

649

38

38

25

1.051 103
�

24

27

168

169

39

40

27

27

27

27


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-21B (Elements 33, 34, 35, 36, & 37)

PRA80TH0 22�

0.105

0.124

0.166

0.124

0.212

0.166

2.768 105
�

4.386 105
�

7.853 105
�

4.388 105
�

1.171 106
�

7.855 105
�

9.27

10.13

10.12

10.13

10.27

10.12

661

661

660

660

37

37

28

1.063 103
�

1.062 103
�

1.063 103
�

37

1.062 103
�

184

185

182

183

37

38

26

12

7

12

28

7



�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-21C (Element 7)

PRA80TH0 23�

0.386

0.369

1.31 106
�

1.241 106
�

10.26

10.27

7

7

22

36

13

14

28

28



�
�
�

�
�
�



�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      B. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.4-24 of C.4-56

Pipe Properties for Line 1-171
Pipe Run 1-171A (Element 109)

PRA80TH0 24�

0.107

0.099

1.724 105
�

1.329 105
�

10.01

9.26

109

109

139

140

97

98

22

26



�
�
�

�
�
�



�

Pipe Run 1-171B (Elements 107, & 106)

PRA80TH0 25�

0.108

0.093

0.091

0.093

1.745 105
�

1.058 105
�

9.352 104
�

1.058 105
�

10.02

10.04

3.95

10.04

107

107

106

106

138

141

136

141

95

96

93

94

11

27

15

27


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-171C (Elements 662 & 105)

PRA80TH0 26�

0.095

0.098

0.105

0.098

1.132 105
�

1.266 105
�

1.62 105
�

1.267 105
�

6.905

4.195

10.04

4.195

662

662

105

105

135

1.064 103
�

143

1.064 103
�

186

187

91

92

3

25

11

25


�
�
�
�
�
��

��
�
�
�
�
�


�

EVALUATION OF PIPE RUNS ON LINE 1-17 FOR ALL 32 REALIZATIONS
VPRB ReadData "\PRLine_17.prn"� ���

PRB C_S VPRB R�( )��

PRB80TH PR80th PRB( )��

Pipe Properties for Line 1-17
Pipe Run 1-17A (Elements 50, 54, 55, 456, & 57)

PRB80TH0 0�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

0.109 54.879·10 4.055 50 74 17 25

0.11 54.991·10 4.055 50 886 18 25

0.093 52.477·10 3.965 54 58 21 27

0.098 53.258·10 3.985 54 82 22 26

0.098 53.259·10 3.985 55 82 23 26

0.106 54.347·10 3.99 55 882 24 26

0.105 54.17·10 6.7 456 83 71 27

0.106 54.348·10 3.99 456 882 72 26

0.109 54.887·10 6.7 57 77 25 27

0.105 54.172·10 6.7 57 83 26 27

�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      B. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.4-25 of C.4-56

Pipe Run 1-17B (Elements 66, 735, & 68)

PRB80TH0 1�

0.119

0.119

0.115

0.119

0.113

0.115

6.315 105
�

6.265 105
�

5.698 105
�

6.262 105
�

5.405 105
�

5.696 105
�

5.35

5.35

5.35

5.35

5.345

5.35

66

66

735

735

68

68

78

1.139 103
�

85

1.139 103
�

80

85

43

44

97

98

45

46

4

19

19

19

19

19



�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-17C (Elements 71, 736, 72, & 74)

PRB80TH0 2�

0.106

0.11

0.107

0.11

0.097

0.107

0.094

0.097

4.389 105
�

4.968 105
�

4.531 105
�

4.967 105
�

3.104 105
�

4.53 105
�

2.57 105
�

3.102 105
�

4.01

4.005

4.005

4.005

4

4.005

9.7

4

71

71

736

736

72

72

74

74

79

1.14 103
�

89

1.14 103
�

87

89

81

87

51

52

99

100

53

54

55

56

25

22

22

22

22

22

19

22



�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�



�

EVALUATION OF PIPE RUNS ON LINES 1-30 TO 1-31 AND 1-48 FOR ALL 32
REALIZATIONS

VPRC ReadData "\PRLines_30to31_48.prn"� ���

PRC C_S VPRC R�( )��

PRC80TH PR80th PRC( )��

Pipe Properties for Line 1-30
Pipe Run 1-30A (Element 653 and 111)

PRC80TH0 0�

0.18

0.194

0.163

0.167

2.684 105
�

3.038 105
�

2.265 105
�

2.352 105
�

6.34

6.335

6.34

6.335

653

653

111

111

67

1.055 103
�

145

146

131

132

1

2

28

28

19

26


�
�
�
�
�
��

��
�
�
�
�
�


�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      B. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.4-26 of C.4-56

Pipe Run 1-30B (Elements 112 & 113)

PRC80TH0 1�

0.159

0.147

0.127

0.147

2.157 105
�

1.877 105
�

1.377 105
�

1.877 105
�

6.84

6.335

6.345

6.335

112

112

113

113

148

181

164

181

3

4

5

6

28

28

6

28


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-30C (Elements 114, 437, & 663)

PRC80TH0 2�

0.115

0.146

0.147

0.152

0.181

0.152

1.067 105
�

1.852 105
�

1.859 105
�

1.989 105
�

2.719 105
�

1.989 105
�

10.65

6.84

6.84

5.365

6.51

5.365

114

114

437

437

663

663

165

851

851

1.065 103
�

177

1.065 103
�

7

8

77

78

133

134

22

25

25

28

7

28



�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-30D (Elements 120, 664, 123, 665, 666, 667, & 668)

PRC80TH0 3�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

10

11

12

13

0.211 53.454·10 6.505 120 175 13 11

0.219 53.644·10 6.185 120 31.066·10 14 28

0.221 53.689·10 6.5 664 172 135 27

0.219 53.643·10 6.185 664 31.066·10 136 28

0.221 53.688·10 6.5 123 172 15 27

0.214 53.522·10 6.495 123 31.067·10 16 19

0.214 53.522·10 6.495 665 31.067·10 137 19

0.199 53.149·10 6.495 665 31.068·10 138 19

0.199 53.149·10 6.495 666 31.068·10 139 19

0.178 52.641·10 6.345 666 31.069·10 140 19

0.178 52.64·10 6.345 667 31.069·10 141 19

0.168 52.376·10 6.35 667 31.07·10 142 11

0.155 52.079·10 10.81 668 166 143 19

0.168 52.377·10 6.35 668 31.07·10 144 7

�

Pipe Run 1-30E (Element 130, & 132)

PRC80TH0 4�

0.118

0.099

0.141

0.099

1.15 105
�

6.914 104
�

1.727 105
�

6.923 104
�

4.22

5.695

6.35

5.695

130

130

132

132

154

162

156

162

19

20

21

22

26

28

7

28


�
�
�
�
�
��

��
�
�
�
�
�


�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      B. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.4-27 of C.4-56

Pipe Run 1-30F (Element 133)

PRC80TH0 5�

0.176

0.179

2.59 105
�

2.659 105
�

6.35

6.35

133

133

157

158

23

24

7

7



�
�
�

�
�
�



�

Pipe Properties for Line 1-31
Pipe Run 1-31A (Elements 650, 139, & 357)

PRC80TH0 6�

0.131

0.129

0.149

0.128

0.131

0.128

1.465 105
�

1.413 105
�

1.919 105
�

1.404 105
�

1.466 105
�

1.403 105
�

9.265

9.265

4.21

4.21

9.265

4.21

650

650

139

139

357

357

184

1.052 103
�

185

196

186

196

129

130

33

34

57

58

3

3

26

28

3

28



�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-31B (Elements 142 & 143)

PRC80TH0 7�

0.171

0.228

0.126

0.125

2.464 105
�

3.875 105
�

1.347 105
�

1.33 105
�

4.22

4.205

4.21

10.95

142

142

143

143

188

189

190

192

35

36

37

38

22

26

27

26


�
�
�
�
�
��

��
�
�
�
�
�


�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      B. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.4-28 of C.4-56

Pipe Properties for Line 1-48
Pipe Run 1-48A (Elements 672, 671, 670, 669, 317, 676, 675, 674, 673, 314, & 301)

PRC80TH0 8�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

0.204 43.327·10 13.09 672 682 151 25

0.173 42.776·10 12.89 672 31.074·10 152 22

0.148 42.312·10 12.9 671 31.073·10 149 19

0.173 42.776·10 12.89 671 31.074·10 150 22

0.126 41.903·10 12.9 670 31.072·10 147 17

0.148 42.312·10 12.9 670 31.073·10 148 19

0.107 41.557·10 10.18 669 31.071·10 145 22

0.126 41.903·10 12.9 669 31.072·10 146 17

0.092 41.285·10 6.17 317 695 55 8

0.107 41.557·10 10.18 317 31.071·10 56 22

0.092 41.285·10 6.17 676 695 159 8

0.083 41.121·10 10.18 676 31.078·10 160 22

0.083 41.134·10 6.17 675 31.077·10 157 11

0.083 41.121·10 10.18 675 31.078·10 158 22

0.09 41.261·10 6.175 674 31.076·10 155 11

0.083 41.133·10 6.17 674 31.077·10 156 11

0.107 41.565·10 5.365 673 31.075·10 153 27

0.09 41.261·10 6.175 673 31.076·10 154 11

0.146 42.27·10 5.37 314 693 53 27

0.107 41.565·10 5.365 314 31.075·10 54 27

0.134 42.058·10 5.86 301 681 45 22

0.146 42.27·10 5.37 301 693 46 27

�

Pipe Run 1-48B (Elements 680, 679, 678, 677, & 310)

PRC80TH0 9�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

0.144 42.248·10 5.87 680 680 167 22

0.122 41.836·10 5.89 680 31.082·10 168 22

0.124 41.881·10 5.9 679 31.081·10 165 22

0.122 41.835·10 5.89 679 31.082·10 166 22

0.14 42.169·10 5.9 678 31.08·10 163 19

0.124 41.88·10 5.9 678 31.081·10 164 22

0.16 42.53·10 5.89 677 31.079·10 161 26

0.14 42.169·10 5.9 677 31.08·10 162 19

0.177 42.842·10 5.885 310 678 51 26

0.16 42.53·10 5.89 310 31.079·10 52 26

�

Pipe Run 1-48C (Elements 684, 683, 682, 681, & 299)

PRC80TH0 10�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

0.176 42.823·10 5.885 684 677 175 26

0.153 42.403·10 6.17 684 31.086·10 176 19

0.139 42.154·10 6.165 683 31.085·10 173 19

0.153 42.403·10 6.17 683 31.086·10 174 19

0.124 41.878·10 6.165 682 31.084·10 171 19

0.139 42.154·10 6.165 682 31.085·10 172 19

0.108 41.588·10 6.16 681 31.083·10 169 22

0.124 41.878·10 6.165 681 31.084·10 170 19

0.101 41.452·10 12.9 299 675 43 17

0.108 41.589·10 6.16 299 31.083·10 44 22

�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      B. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.4-29 of C.4-56

EVALUATION OF PIPE RUNS ON LINES 1-43 AND 1-47 FOR ALL 32 REALIZATIONS
VPRD ReadData "\PRLines_43_47.prn"� ���

PRD C_S VPRD R�( )��

PRD80TH PR80th PRD( )��

Pipe Properties for Line 1-43 (A-J)
Pipe Run 1-43A (Element 167)

PRD80TH0 0�

0.242

0.235

2.327 105
�

2.245 105
�

10.33

10.33

167

167

224

225

1

2

30

30



�
�
�

�
�
�



�

Pipe Run 1-43B (Elements 168 & 169)

PRD80TH0 1�

0.212

0.187

1.968 105
�

1.668 105
�

8.88

8.88

168

168

226

228

3

4

30

5



�
�
�

�
�
�



�

Pipe Run 1-43C (Elements 172 & 174)

PRD80TH0 2�

0.297

0.177

0.194

0.177

2.987 105
�

1.55 105
�

1.756 105
�

1.55 105
�

5.775

10.36

10.33

10.36

172

172

174

174

251

252

232

252

9

10

11

12

22

7

17

7


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-43D (Element 175)

PRD80TH0 3�

0.189

0.194

1.687 105
�

1.751 105
�

10.35

8.02

175

175

233

262

13

14

7

14



�
�
�

�
�
�



�

Pipe Run 1-43E (Elements 211)

PRD80TH0 4�

0.14

0.162

1.108 105
�

1.37 105
�

5.31

5.305

211

211

235

281

45

46

13

7



�
�
�

�
�
�



�

Pipe Run 1-43F (Element 180)

PRD80TH0 5�

0.192

0.191

1.723 105
�

1.72 105
�

5.305

5.295

180

180

237

620

19

20

13

6



�
�
�

�
�
�



�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      B. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.4-30 of C.4-56

Pipe Run 1-43G (Elements 182, 687, 688, 689, 690, & 188)

PRD80TH0 6�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

10

11

0.201 51.833·10 9.3 182 260 23 28

0.178 51.562·10 9.305 182 31.089·10 24 27

0.178 51.562·10 9.305 687 31.089·10 170 27

0.157 51.306·10 9.3 687 31.09·10 171 7

0.157 51.306·10 9.3 688 31.09·10 172 7

0.148 51.204·10 15.57 688 31.091·10 173 27

0.148 51.204·10 15.57 689 31.091·10 174 27

0.176 51.535·10 15.57 689 31.092·10 175 12

0.216 52.013·10 15.57 690 254 176 25

0.176 51.535·10 15.57 690 31.092·10 177 12

0.17 51.463·10 15.56 188 239 25 22

0.215 52.008·10 15.57 188 254 26 25

�

Pipe Run 1-43H (Elements 190 & 691)

PRD80TH0 7�

0.169

0.133

0.126

0.133

1.453 105
�

1.018 105
�

9.344 104
�

1.018 105
�

15.57

15.57

9.85

15.57

190

190

691

691

240

1.093 103
�

241

1.093 103
�

29

30

178

179

22

19

19

19


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-43I (Elements 192)

PRD80TH0 8�

0.132

0.133

1.005 105
�

1.017 105
�

9.835

9.85

192

192

242

244

31

32

22

17



�
�
�

�
�
�



�

Pipe Run 1-43J (Elements 193, 198, 692, 693, 694, & 695)

PRD80TH0 9�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

10

11

0.133 51.018·10 15.52 193 245 33 27

0.124 49.156·10 15.52 193 273 34 12

0.124 49.157·10 15.52 198 273 35 12

0.119 48.553·10 9.88 198 31.094·10 36 28

0.119 48.554·10 9.88 692 31.094·10 180 28

0.117 48.227·10 9.88 692 31.095·10 181 28

0.117 48.228·10 9.88 693 31.095·10 182 28

0.117 48.25·10 9.87 693 31.096·10 183 7

0.117 48.251·10 9.87 694 31.096·10 184 7

0.129 49.746·10 9.48 694 31.097·10 185 27

0.147 51.189·10 9.485 695 247 186 28

0.129 49.747·10 9.48 695 31.097·10 187 27

�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      B. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.4-31 of C.4-56

Pipe Run 1-43K (Elements 201 & 203)

PRD80TH0 10�

0.135

0.16

0.139

0.16

1.041 105
�

1.339 105
�

1.095 105
�

1.34 105
�

15.56

9.885

15.57

9.885

201

201

203

203

250

265

264

265

37

38

39

40

17

27

27

27


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-43L (Elements 205, 696, 697, 698, & 210)

PRD80TH0 11�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

0.136 51.056·10 5.29 205 263 41 7

0.137 51.071·10 9.89 205 31.098·10 42 28

0.137 51.071·10 9.89 696 31.098·10 188 28

0.146 51.181·10 9.875 696 31.099·10 189 25

0.146 51.181·10 9.875 697 31.099·10 190 25

0.164 51.387·10 9.855 697 31.1·10 191 27

0.185 51.646·10 9.85 698 268 192 7

0.164 51.387·10 9.855 698 31.1·10 193 27

0.252 52.441·10 4.79 210 249 43 31

0.185 51.646·10 9.85 210 268 44 7

�

Pipe Run 1-43M (Element 607)

PRD80TH0 12�

0.289

0.255

2.888 105
�

2.479 105
�

4.79

4.79

607

607

601

934

166

167

31

31



�
�
�

�
�
�



�

Pipe Properties for Line 1-43 (N-O)
Pipe Run 1-43N (Element 380)

PRD80TH0 13�

0.235

0.238

1.006 105
�

1.021 105
�

15.17

15.17

380

380

805

1.054 103
�

87

88

12

12



�
�
�

�
�
�



�

Pipe Run 1-43O (Element 227)

PRD80TH0 14�

0.169

0.201

6.874 104
�

8.414 104
�

15.2

15.18

227

227

299

349

51

52

17

19



�
�
�

�
�
�



�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      B. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.4-32 of C.4-56

Pipe Properties for Line 1-47
Pipe Run 1-47A (Elements  272, 699, & 700)

PRD80TH0 15�

0.19

0.119

0.119

0.09

0.147

0.09

1.698 105
�

8.576 104
�

8.576 104
�

4.991 104
�

1.184 105
�

4.992 104
�

9.585

9.58

9.58

8.86

8.03

8.865

272

272

699

699

700

700

626

1.101 103
�

1.101 103
�

1.102 103
�

629

1.102 103
�

59

60

194

195

196

197

17

28

28

14

25

14



�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-47B (Elements 273, 276,& 277)

PRD80TH0 16�

0.154

0.17

0.175

0.12

0.093

0.12

1.266 105
�

1.461 105
�

1.527 105
�

8.599 104
�

5.383 104
�

8.599 104
�

9.79

9.805

9.79

9.79

11.04

9.79

273

273

276

276

277

277

630

637

637

638

632

638

61

62

67

68

69

70

19

24

19

11

22

28



�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-47C (Elements 274 &  281)

PRD80TH0 17�

0.102

0.123

0.102

0.125

6.425 104
�

9.02 104
�

6.478 104
�

9.294 104
�

5.07

7.865

10.03

4.235

274

274

281

281

633

642

634

642

63

64

71

72

3

17

11

19


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-47D (Element 275)

PRD80TH0 18�

0.095

0.097

5.607 104
�

5.852 104
�

7.845

7.85

275

275

635

636

65

66

29

10



�
�
�

�
�
�



�

Pipe Run 1-47E (Element 284)

PRD80TH0 19�

0.093

0.093

5.432 104
�

5.418 104
�

8.045

8.04

284

284

648

649

73

74

25

26



�
�
�

�
�
�



�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      B. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.4-33 of C.4-56

Pipe Run 1-47F (Elements 285, 701, 702, 703, 704, 705, 706, & 295)

PRD80TH0 20�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

0.093 45.441·10 8.045 285 651 75 25

0.095 45.619·10 4.41 285 31.103·10 76 19

0.095 45.617·10 4.41 701 31.103·10 198 19

0.094 45.518·10 8.035 701 31.104·10 199 10

0.094 45.518·10 8.035 702 31.104·10 200 10

0.092 45.301·10 10.12 702 31.105·10 201 18

0.092 45.302·10 10.12 703 31.105·10 202 18

0.091 45.117·10 9.735 703 31.106·10 203 32

0.091 45.119·10 9.735 704 31.106·10 204 32

0.085 44.427·10 10.1 704 31.107·10 205 27

0.085 44.427·10 10.1 705 31.107·10 206 27

0.08 43.874·10 7.625 705 31.108·10 207 3

0.096 45.726·10 7.855 706 653 208 3

0.08 43.876·10 7.625 706 31.108·10 209 3

0.093 45.41·10 9.45 295 653 83 11

0.102 46.513·10 7.865 295 661 84 19

�

Pipe Run 1-47G (Elements 292 & 337)

PRD80TH0 21�

0.1

0.086

0.074

0.086

6.245 104
�

4.596 104
�

3.16 104
�

4.596 104
�

7.87

7.855

7.845

7.855

292

292

337

337

662

703

665

703

77

78

85

86

11

25

28

25


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-47H (Elements 293, 707, 708, 709, & 710)

PRD80TH0 22�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

0.072 42.87·10 7.84 293 664 79 27

0.069 42.483·10 5.065 293 31.109·10 80 4

0.069 42.485·10 5.065 707 31.109·10 210 4

0.071 42.713·10 10.25 707 31.11·10 211 24

0.071 42.713·10 10.25 708 31.11·10 212 24

0.079 43.698·10 10.26 708 31.111·10 213 27

0.079 43.698·10 10.26 709 31.111·10 214 27

0.092 45.229·10 10.26 709 31.112·10 215 7

0.106 46.907·10 10.27 710 667 216 28

0.092 45.229·10 10.26 710 31.112·10 217 7

�

Pipe Run 1-47I (Element 294)

PRD80TH0 23�

0.11

0.111

7.46 104
�

7.514 104
�

10.27

10.27

294

294

668

669

81

82

28

19



�
�
�

�
�
�



�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      B. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.4-34 of C.4-56

EVALUATION OF PIPE RUNS ON LINES 1-44, 1-46, AND 8-14 FOR ALL 32
REALIZATIONS

VPRE ReadData "\PRLines_44_46_814.prn"� ���

PRE C_S VPRE R�( )��

PRE80TH PR80th PRE( )��

Pipe Properties for Line 1-44
Pipe Run 1-44A (Element 224)

PRE80TH0 0�

0.114

0.113

1.055 105
�

1.024 105
�

10.34

10.32

224

224

301

305

25

26

11

28



�
�
�

�
�
�



�

Pipe Run 1-44B (Elements 228, 711, 712, 713, & 263)

PRE80TH0 1�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

0.112 51.006·10 10.32 228 302 27 28

0.105 48.271·10 5.68 228 31.113·10 28 25

0.105 48.271·10 5.68 711 31.113·10 120 25

0.099 46.828·10 5.675 711 31.114·10 121 13

0.099 46.828·10 5.675 712 31.114·10 122 13

0.098 46.488·10 11.4 712 31.115·10 123 7

0.099 46.831·10 11.4 713 306 124 7

0.098 46.488·10 11.4 713 31.115·10 125 7

0.099 46.838·10 11.4 263 306 53 7

0.099 46.909·10 11.41 263 324 54 10

�

Pipe Run 1-44C (Elements 235, 714, 239, & 715)

PRE80TH0 2�

0.102

0.094

0.089

0.094

0.089

0.093

0.103

0.093

7.456 104
�

5.616 104
�

4.434 104
�

5.616 104
�

4.434 104
�

5.403 104
�

7.774 104
�

5.404 104
�

9.345

9.34

5.695

9.34

5.695

5.51

5.51

5.51

235

235

714

714

239

239

715

715

325

1.116 103
�

326

1.116 103
�

326

1.117 103
�

330

1.117 103
�

29

30

126

127

31

32

128

129

7

5

28

5

28

13

27

13



�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�



�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      B. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.4-35 of C.4-56

Pipe Run 1-44D (Elements 242, 243, 716, 717, 718, & 249)

PRE80TH0 3�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

10

11

0.111 49.751·10 9.34 242 331 33 25

0.132 51.496·10 9.34 242 332 34 13

0.129 51.416·10 5.69 243 332 35 13

0.114 51.049·10 5.69 243 31.118·10 36 28

0.114 51.049·10 5.69 716 31.118·10 130 28

0.1 47.071·10 5.69 716 31.119·10 131 13

0.1 47.071·10 5.69 717 31.119·10 132 13

0.087 43.937·10 5.69 717 31.12·10 133 24

0.079 41.824·10 5.5 718 333 134 26

0.087 43.937·10 5.69 718 31.12·10 135 24

0.075 38.077·10 6.64 249 315 37 24

0.079 41.824·10 5.5 249 333 38 26

�

Pipe Run 1-44E (Element 250 )

PRE80TH0 4�

0.076

0.078

1.156 104
�

1.64 104
�

9.36

6.295

250

250

316

317

39

40

11

32



�
�
�

�
�
�



�

Pipe Run 1-44F (Elements 252, 719, 256, 720, & 261)

PRE80TH0 5�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

0.078 41.646·10 6.295 252 318 43 32

0.079 41.892·10 5.355 252 31.121·10 44 27

0.08 42.055·10 6.345 719 339 136 24

0.079 41.892·10 5.355 719 31.121·10 137 27

0.08 42.055·10 6.345 256 339 45 24

0.08 42.113·10 5.99 256 31.122·10 46 28

0.079 41.982·10 5.995 720 602 138 19

0.08 42.113·10 5.99 720 31.122·10 139 28

0.079 41.953·10 5.995 261 320 51 3

0.08 42.004·10 5.995 261 602 52 19

�

Pipe Run 1-44G (Elements 257 & 259)

PRE80TH0 6�

0.078

0.079

0.09

0.079

1.553 104
�

1.918 104
�

4.608 104
�

1.918 104
�

5.87

5.99

5.985

5.99

257

257

259

259

321

346

344

346

47

48

49

50

28

7

22

7


�
�
�
�
�
��

��
�
�
�
�
�


�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      B. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.4-36 of C.4-56

Pipe Properties for Line 1-46
Pipe Run 1-46A (Elements  652, 213, 721, 217, and 722)

PRE80TH0 7�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

0.104 48.159·10 10.34 652 284 118 27

0.109 49.177·10 9.18 652 31.053·10 119 6

0.101 47.351·10 9.18 213 283 9 7

0.09 44.683·10 5.1 213 31.123·10 10 27

0.085 43.4·10 5.695 721 291 140 22

0.09 44.683·10 5.1 721 31.123·10 141 27

0.085 43.402·10 5.695 217 291 11 22

0.088 44.151·10 8.825 217 31.124·10 12 15

0.099 46.914·10 10.35 722 287 142 7

0.088 44.151·10 8.825 722 31.124·10 143 15

�

Pipe Run 1-46B (Elements 218)

PRE80TH0 8�

0.098

0.095

6.488 104
�

5.907 104
�

9.185

6.01

218

218

290

295

13

14

7

25



�
�
�

�
�
�



�

Pipe Properties for Line 8-14
Pipe Run 8-14A (Element 470)

PRE80TH0 9�

0.085

0.085

6.497 104
�

6.506 104
�

10.63

10.63

470

470

200

888

67

68

19

19



�
�
�

�
�
�



�

Pipe Run 8-14B (Elements 724, 723, 165, & 160)

PRE80TH0 10�

0.084

0.081

0.078

0.081

0.079

0.078

0.082

0.079

5.961 104
�

4.433 104
�

3.008 104
�

4.432 104
�

3.689 104
�

3.007 104
�

4.825 104
�

3.688 104
�

10.95

10.95

10.95

10.95

6.85

10.95

10.6

6.85

724

724

723

723

165

165

160

160

201

1.126 103
�

1.125 103
�

1.126 103
�

207

1.125 103
�

202

207

146

147

144

145

7

8

5

6

22

28

19

19

27

19

28

27



�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�



�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      B. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.4-37 of C.4-56

Pipe Run 8-14C (Elements 725,159,730,729,728,727,726,151,488,731,732,733, & 734)

PRE80TH0 11�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

0.081 44.404·10 6.715 725 203 148 24

0.078 43.228·10 10.62 725 31.127·10 149 19

0.08 43.874·10 10.8 159 208 3 25

0.078 43.227·10 10.62 159 31.127·10 4 19

0.08 43.909·10 10.8 730 208 158 25

0.083 45.577·10 6.48 730 31.134·10 159 25

0.088 47.779·10 6.485 729 31.133·10 156 25

0.083 45.579·10 6.48 729 31.134·10 157 25

0.091 49.437·10 6.485 728 31.132·10 154 25

0.088 47.781·10 6.485 728 31.133·10 155 25

0.093 51.034·10 6.49 727 31.131·10 152 9

0.091 49.438·10 6.485 727 31.132·10 153 25

0.093 51.051·10 6.49 726 31.13·10 150 22

0.093 51.034·10 6.49 726 31.131·10 151 9

0.093 51.04·10 6.49 151 150 1 3

0.093 51.051·10 6.49 151 31.13·10 2 22

�

EVALUATION OF PIPE RUNS ON LINES 1-44, 1-46, AND 8-14 FOR ALL 32
REALIZATIONS

VPRF ReadData "\PRLine_45.prn"� ���

PRF C_S VPRF R�( )��

PRF80TH PR80th PRF( )��

Pipe Properties for Line 1-45
Pipe Run 1-45 (Element 614)

PRF80TH0 0�

0.06

0.06

1.632 104
�

1.646 104
�

6.13

5.42

614

614

1.007 103
�

1.019 103
�

7

8

28

14



�
�
�

�
�
�



�

Pipe Run 1-45B (Element 615)

PRF80TH0 1�

0.066

0.065

1.899 104
�

1.872 104
�

9.88

9.88

615

615

1.008 103
�

1.009 103
�

9

10

10

10



�
�
�

�
�
�



�

Pipe Run 1-45C (Elements 616 & 627)

PRF80TH0 2�

0.058

0.048

0.051

0.048

1.551 104
�

1.068 104
�

1.204 104
�

1.068 104
�

9.88

4.205

10.03

4.205

616

616

627

627

1.01 103
�

1.032 103
�

1.015 103
�

1.032 103
�

11

12

39

40

10

22

12

22


�
�
�
�
�
��

��
�
�
�
�
�


�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      B. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.4-38 of C.4-56

Pipe Run 1-45D (Elements 617 & 628)

PRF80TH0 3�

0.052

0.05

0.05

0.05

1.24 104
�

1.142 104
�

1.159 104
�

1.142 104
�

8.53

8.53

8.53

8.53

617

617

628

628

1.016 103
�

1.033 103
�

1.017 103
�

1.033 103
�

13

14

41

42

15

14

14

14


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-45E (Elements 618, 629, 631, & 632 )

PRF80TH0 4�

0.05

0.051

0.051

0.042

0.042

0.059

0.052

0.059

1.139 104
�

1.189 104
�

1.188 104
�

7.817 103
�

7.818 103
�

1.597 104
�

1.233 104
�

1.599 104
�

8.53

6.27

6.27

5.185

5.185

10.79

7.455

10.79

618

618

629

629

631

631

632

632

1.018 103
�

1.034 103
�

1.034 103
�

1.035 103
�

1.035 103
�

1.037 103
�

1.011 103
�

1.037 103
�

15

16

43

44

45

46

47

48

25

24

24

14

14

6

22

6



�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-45F (Elements 619 & 633)

PRF80TH0 5�

0.049

0.039

0.066

0.039

1.088 104
�

6.353 103
�

1.913 104
�

6.354 103
�

9.89

10.02

10.02

10.02

619

619

633

633

1.012 103
�

1.038 103
�

1.013 103
�

1.038 103
�

17

18

49

50

28

25

22

25


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-45G (Element 620)

PRF80TH0 6�

0.073

0.073

2.245 104
�

2.234 104
�

10.02

10.02

620

620

1.006 103
�

1.014 103
�

19

20

22

22



�
�
�

�
�
�



�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      B. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.4-39 of C.4-56

REDUCERS
Termination output is ordered as (max D/C ratio, max total applied moment, time when max values occur,
element(s) retrieved for calculations, index of element(s), moments about the x, y, and z axes, and realization
number)  

EVALUATION OF REDUCERS ON LINES 1-13 TO 1-16, 1-18 TO 1-21, AND 1-171
FOR ALL 32 REALIZATIONS
VRA ReadData "\RedLines_13to16_18to21_171.prn"� ���

RA C_S VRA R�( )��

RA80TH RED_EL80th RA( )��

Reducer Properties for Top of Lines 1-18, 1-19, 1-20, 1-21
Reducer 1-18A (Nodes 30 & 29)

RA80TH0

0.227

0.275

1.056 106
�

1.124 106
�

9.26

9.26

30

29

21

2

1.005� 106
�

1.073� 106
�

1.899� 105
�

1.899� 105
�

2.616 105
�

2.758 105
�

19

19



�
�
�

�
�
�



�

Reducer 1-19A (Nodes 33 & 32)

RA80TH1

0.233

0.281

1.092 106
�

1.154 106
�

4.05

4.05

33

32

23

6

7.198 105
�

7.688 105
�

1.49 105
�

1.49 105
�

8.08� 105
�

8.478� 105
�

11

11



�
�
�

�
�
�



�

Reducer 1-20A (Nodes 35 & 34)

RA80TH2

0.231

0.279

1.083 106
�

1.145 106
�

4.05

4.05

35

34

29

10

7.97 105
�

8.499 105
�

1.337 105
�

1.337 105
�

7.211� 105
�

7.552� 105
�

19

19



�
�
�

�
�
�



�

Reducer 1-21A (Nodes 37 & 36)

RA80TH3

0.245

0.298

1.171 106
�

1.241 106
�

10.27

10.27

37

36

35

14

9.913� 104
�

1.071� 105
�

6.383� 104
�

6.382� 104
�

1.165 106
�

1.234 106
�

28

28



�
�
�

�
�
�



�

EVALUATION OF REDUCERS ON LINE 1-17 FOR ALL 32 REALIZATIONS
VRB ReadData "\RedLine_17.prn"� ���

RB C_S VRB R�( )��

RB80TH RED_EL80th RB( )��

Reducer Properties for Lines 1-17
Reducer 1-17A (Nodes 932 & 132)

RB80TH0

0.08

0.072

6

11


�
�

�
�



�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      B. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.4-40 of C.4-56

EVALUATION OF REDUCERS ON LINES 1-30 TO 1-31 AND 1-48 FOR ALL 32
REALIZATIONS

VRC ReadData "\RedLines_30to31_48.prn"� ���

RC C_S VRC R�( )��

RC80TH RED_EL80th RC( )��

Reducer Properties for Lines 1-30 and 1-31

Reducer 1-30A (Nodes 159 & 160)

RC80TH0

0.177

0.226

2.87 105
�

3.381 105
�

6.49

6.485

159

160

25

27

2.215 104
�

6.376 103
�

2.133 105
�

2.761� 105
�

1.907 105
�

1.951� 105
�

22

22



�
�
�

�
�
�



�

Reducer 1-31A (Nodes 193 & 194)

RC80TH1

0.139

0.175

1.85 105
�

2.335 105
�

6.33

6.335

193

194

39

41

7.238� 104
�

1.181 105
�

1.67� 105
�

1.99 105
�

3.329� 104
�

3.072 104
�

19

11



�
�
�

�
�
�



�

THERE ARE NOT ANY REDUCERS ON LINES 1-43 AND 1-47 

THERE ARE NOT ANY REDUCERS ON LINES 1-44, 1-46, AND 8-14

THERE ARE NOT ANY REDUCERS ON LINE 1-45

ELBOWS
Elbow output is ordered as (max D/C ratio, max total applied moment, time when max values occur, element(s)
retrieved for calculations, index of element(s), moments about the x, y, and z axes, and realization number) 

EVALUATION OF ELBOWS ON LINES 1-13 TO 1-16, 1-18 TO 1-21, AND 1-171
FOR ALL 32 REALIZATIONS

VELA ReadData "\ElbowLines_13to16_18to21_171.prn"� ���

ELA C_S VELA R�( )��

ELA80TH RED_EL80th ELA( )��

Elbow Properties for Lines 1-13, 1-14, 1-15, and 1-16
Elbow 1-13A (Nodes 123 & 114)

ELA80TH0

0.278

0.21

2.39 105
�

1.8 105
�

4.05

10.02

123

114

81

118

1.71� 105
�

1.008� 104
�

8.717� 104
�

4.205 104
�

1.424 105
�

1.747 105
�

19

22



�
�
�

�
�
�



�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      B. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.4-41 of C.4-56

Elbow 1-13B (Nodes 113 & 96)

ELA80TH1

0.121

0.192

1.043 105
�

1.65 105
�

12.72

9.26

113

96

65

52

7.65� 104
�

1.616 105
�

7.074 104
�

2.126 104
�

4.189� 103
�

2.574� 104
�

27

28



�
�
�

�
�
�



�

Elbow 1-14A (Nodes 125 & 115)

ELA80TH2

0.308

0.288

2.645 105
�

2.477 105
�

6.705

4.04

125

115

83

124

2.282 105
�

5.54� 104
�

2.226 104
�

1.094� 105
�

1.319 105
�

2.153 105
�

3

19



�
�
�

�
�
�



�

Elbow 1-14B (Nodes 112 & 97)

ELA80TH3

0.172

0.248

1.474 105
�

2.128 105
�

4.055

5.225

112

97

69

55

8.613 104
�

1.075 105
�

1.187� 105
�

5.457� 104
�

1.449� 104
�

1.754� 105
�

27

25



�
�
�

�
�
�



�

Elbow 1-15A (Nodes 124 & 116)

ELA80TH4

0.321

0.283

2.76 105
�

2.432 105
�

4.04

6.7

124

116

85

130

2.107� 105
�

5.189 103
�

7.678� 104
�

9.318 104
�

1.609 105
�

2.245 105
�

11

7



�
�
�

�
�
�



�

Elbow 1-15B (Nodes 111 & 102)

ELA80TH5

0.152

0.217

1.307 105
�

1.863 105
�

6.695

10.6

111

102

135

60

4.358 104
�

1.479� 105
�

9.542� 104
�

2.73 104
�

7.801 104
�

1.098� 105
�

7

19



�
�
�

�
�
�



�

Elbow 1-16A (Nodes 126 & 117)

ELA80TH6

0.29

0.307

2.491 105
�

2.64 105
�

7.53

10.12

126

117

87

136

1.952� 105
�

3.17� 104
�

2.792� 104
�

9.497� 104
�

1.522� 105
�

2.442 105
�

27

12



�
�
�

�
�
�



�

Elbow 1-16B (Nodes 110 & 105)

ELA80TH7

0.206

0.293

1.767 105
�

2.52 105
�

5.8

5.8

110

105

141

140

1.001 105
�

1.734� 105
�

1.15� 105
�

5.21 104
�

8.925� 104
�

1.752 105
�

13

24



�
�
�

�
�
�



�

Elbow Properties for Lines 1-18, 1-19, 1-20, and 1-21
Elbow 1-18A (Nodes 6 & 7)

ELA80TH8

0.279

0.249

3.169 105
�

2.831 105
�

9.265

4.05

6

7

20

172

3.147� 105
�

1.467� 105
�

3.483 104
�

1.742 105
�

1.394� 104
�

1.681� 105
�

19

25



�
�
�

�
�
�



�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      B. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.4-42 of C.4-56

Elbow 1-19A (Nodes 13 & 14)

ELA80TH9

0.303

0.238

3.443 105
�

2.706 105
�

9.265

9.265

13

14

28

176

3.414� 105
�

1.789 105
�

4.31 104
�

2.03� 105
�

1.146 104
�

2.356 103
�

19

19



�
�
�

�
�
�



�

Elbow 1-20A (Nodes 20 & 21)

ELA80TH10

0.29

0.236

3.298 105
�

2.677 105
�

9.26

9.265

20

21

34

180

3.268� 105
�

1.716 105
�

4.434 104
�

2.041� 105
�

361.2�

2.288� 104
�

27

26



�
�
�

�
�
�



�

Elbow 1-21A (Nodes 27 & 28)

ELA80TH11

0.292

0.244

3.309 105
�

2.768 105
�

9.265

9.27

27

28

40

184

3.252� 105
�

1.728 105
�

5.642 104
�

2.108� 105
�

2.408 104
�

4.811� 104
�

27

26



�
�
�

�
�
�



�

Elbow Properties for Line 1-171 (Short Radius Elbow)

Elbow 1-171A (Nodes 140 & 138)

ELA80TH12

0.203

0.266

1.329 105
�

1.745 105
�

9.26

10.02

140

138

98

109

8.747 104
�

4.538� 104
�

1 105
�

7.127 103
�

2.601� 103
�

1.684 105
�

26

11



�
�
�

�
�
�



�

Elbow Properties for Line 1-171 (Long Radius Elbows)

Elbow 1-171B (Nodes 136 & 135)

ELA80TH13

0.143

0.173

9.352 104
�

1.132 105
�

3.95

6.905

136

135

93

113

6.411� 104
�

3.86� 104
�

5.07 104
�

878.5

4.546 104
�

1.064 105
�

15

3



�
�
�

�
�
�



�

Elbow 1-171C (Nodes 143 & 132)

ELA80TH14

0.247

0.341

1.621 105
�

2.235 105
�

10.04

10.04

143

132

117

90

3.158 104
�

3.392� 104
�

2.209� 104
�

7.361 103
�

1.574 105
�

2.208 105
�

11

11



�
�
�

�
�
�



�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      B. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.4-43 of C.4-56

THERE ARE NOT ANY ELBOWS PRESENT ON LINE 1-17

EVALUATION OF ELBOWS ON LINES 1-30 TO 1-31 AND 1-48 FOR ALL 32
REALIZATIONS

VELC ReadData "\ElbowLines_30to31_48.prn"� ���

ELC C_S VELC R�( )��

ELC80TH RED_EL80th ELC( )��

Elbow Properties for Lines 1-30 and 1-31
Elbow 1-30A (Nodes 146 & 148)

ELC80TH0

0.699

0.641

2.352 105
�

2.157 105
�

6.335

6.84

146

148

2

87

4.631� 104
�

5.688� 104
�

2.238 105
�

1.967 103
�

5.52� 104
�

2.08 105
�

26

28



�
�
�

�
�
�



�

Elbow 1-30B (Nodes 153 & 154)

ELC80TH1

0.421

0.342

1.415 105
�

1.15 105
�

6.485

4.22

153

154

18

89

8.604 104
�

8.638� 104
�

9.378� 103
�

3.237� 104
�

1.12 105
�

6.874 104
�

4

26



�
�
�

�
�
�



�

Elbow 1-30C (Nodes 156 & 157)

ELC80TH2

0.513

0.77

1.727 105
�

2.59 105
�

6.35

6.35

156

157

97

23

4.435� 104
�

1.357� 105
�

1.578� 104
�

6.157� 104
�

1.662� 105
�

2.118� 105
�

7

7



�
�
�

�
�
�



�

Elbow 1-31A (Nodes 184 & 185)

ELC80TH3

0.436

0.571

1.466 105
�

1.919 105
�

9.265

4.21

184

185

129

92

1.012� 105
�

5.938� 104
�

1.056� 105
�

1.283� 105
�

9.975 103
�

1.298 105
�

26

26



�
�
�

�
�
�



�

Elbow 1-31B (Nodes 186 & 188)

ELC80TH4

0.436

0.732

1.466 105
�

2.464 105
�

9.265

4.22

186

188

57

95

6.52 104
�

6.899 104
�

1.286� 105
�

1.008� 105
�

2.671 104
�

2.14� 105
�

3

22



�
�
�

�
�
�



�

Elbow 1-31C (Nodes 192 & 193)

ELC80TH5

0.396

0.55

1.33 105
�

1.85 105
�

10.95

6.33

192

193

100

39

7.668 104
�

7.238� 104
�

9.136 104
�

1.67� 105
�

5.895 104
�

3.329� 104
�

26

19



�
�
�

�
�
�



�

Elbow Properties for Line 1-48
Elbow 1-48A (Nodes 681 & 680)

ELC80TH6

0.296

0.323

2.058 104
�

2.248 104
�

5.86

5.87

681

680

45

167

2.568� 103
�

2.475 103
�

1.234� 104
�

1.495 104
�

1.627 104
�

1.661� 104
�

22

22



�
�
�

�
�
�



�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      B. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.4-44 of C.4-56

Elbow 1-48B (Nodes 678 & 677)

ELC80TH7

0.408

0.406

2.842 104
�

2.823 104
�

5.885

5.885

678

677

51

126

1.602 104
�

1.581 104
�

1.639� 104
�

1.625� 104
�

1.681� 104
�

1.682� 104
�

26

26



�
�
�

�
�
�



�

Elbow 1-48C (Nodes 675 & 674)

ELC80TH8

0.209

0.209

1.452 104
�

1.446 104
�

12.9

12.9

675

674

113

179

1.43 104
�

1.427 104
�

1.96 103
�

2.064 103
�

1.559 103
�

1.107 103
�

17

17



�
�
�

�
�
�



�

EVALUATION OF ELBOWS ON LINES 1-43 AND 1-47 FOR ALL 32 REALIZATIONS
VELD ReadData "\ElbowLines_43_47.prn"� ���

ELD C_S VELD R�( )��

ELD80TH RED_EL80th ELD( )��

Elbow Properties for Line 1-43
Elbow 1-43A (Nodes 224 & 226)

ELD80TH0

0.909

0.768

2.327 105
�

1.968 105
�

10.33

8.88

224

226

1

114

1.747 105
�

7.209 104
�

8.882 104
�

1.541 105
�

1.256� 105
�

9.897� 104
�

30

30



�
�
�

�
�
�



�

Elbow 1-43B (Nodes 228 & 229)

ELD80TH1

0.651

0.683

1.668 105
�

1.75 105
�

8.88

10.32

228

229

116

5

5.924 104
�

1.506 105
�

1.555� 105
�

6.367� 104
�

1.223� 104
�

6.23� 104
�

5

30



�
�
�

�
�
�



�

Elbow 1-43C (Nodes 232 & 233)

ELD80TH2

0.686

0.659

1.756 105
�

1.687 105
�

10.33

10.35

232

233

119

120

1.264 105
�

1.323� 105
�

1.113 105
�

9.88� 104
�

4.97 104
�

3.457� 104
�

17

7



�
�
�

�
�
�



�

Elbow 1-43D (Nodes 281 & 237)

ELD80TH3

0.535

0.673

1.37 105
�

1.723 105
�

5.305

5.3

281

237

123

122

2.622� 104
�

5.948 104
�

1.34� 105
�

1.599 105
�

1.012 104
�

2.394 104
�

7

7



�
�
�

�
�
�



�

Elbow 1-43E (Nodes 244 & 245)

ELD80TH4

0.397

0.397

1.017 105
�

1.018 105
�

15.53

15.52

244

245

125

126

5.576� 104
�

4.802 104
�

7.145 104
�

6.956� 104
�

4.624 104
�

5.671� 104
�

22

27



�
�
�

�
�
�



�

Elbow 1-43F (Nodes 247 & 250)

ELD80TH5

0.464

0.406

1.189 105
�

1.041 105
�

9.485

15.56

247

250

128

37

1.062� 105
�

8.559 104
�

5.156� 104
�

5.915 104
�

1.454 104
�

2.024� 103
�

28

17



�
�
�

�
�
�



�
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Calculation Sheet 
Page C.4-45 of C.4-56

Elbow 1-43G (Nodes 264 & 263)

ELD80TH6

0.428

0.412

1.095 105
�

1.056 105
�

15.57

5.29

264

263

132

41

9.783 104
�

1.048 105
�

4.761 104
�

1.137 104
�

1.276� 104
�

5.231 103
�

27

7



�
�
�

�
�
�



�

Elbow Properties for Line 1-47
Elbow 1-47A (Nodes 629 & 630)

ELD80TH7

0.754

0.806

1.184 105
�

1.266 105
�

8.03

9.79

629

630

134

135

1.132� 105
�

1.196 105
�

2.197� 104
�

1.886 104
�

2.722� 104
�

3.697 104
�

25

19



�
�
�

�
�
�



�

Elbow 1-47B (Nodes 632 & 633)

ELD80TH8

0.343

0.409

5.383 104
�

6.425 104
�

11.04

5.07

632

633

69

63

1.997� 104
�

2.502� 104
�

1.792 104
�

1.688� 104
�

4.666� 104
�

5.673 104
�

22

3



�
�
�

�
�
�



�

Elbow 1-47C (Nodes 636 & 648)

ELD80TH9

0.373

0.346

5.852 104
�

5.432 104
�

7.85

8.045

636

648

66

73

5.371� 103
�

218.2�

5.824� 104
�

4.724� 104
�

1.995� 103
�

2.681 104
�

10

25



�
�
�

�
�
�



�

Elbow 1-47D (Nodes 649 & 651)

ELD80TH10

0.345

0.347

5.418 104
�

5.441 104
�

8.04

8.045

649

651

143

75

4.117 103
�

3.323 103
�

4.453� 104
�

4.42� 104
�

3.058 104
�

3.156 104
�

26

25



�
�
�

�
�
�



�

Elbow 1-47E (Nodes 661 & 662)

ELD80TH11

0.415

0.398

6.519 104
�

6.245 104
�

7.86

7.87

661

662

152

153

7.812 103
�

7.578� 103
�

6.468� 104
�

6.195 104
�

2.291� 103
�

2.291� 103
�

23

11



�
�
�

�
�
�



�

Elbow 1-47F (Nodes 665 & 664)

ELD80TH12

0.202

0.183

3.16 104
�

2.87 104
�

7.845

7.84

665

664

147

146

3.341� 103
�

5.157 103
�

3.143� 104
�

2.818 104
�

104.5

1.686� 103
�

28

27



�
�
�

�
�
�



�

Elbow 1-47G (Nodes 667 & 668)

ELD80TH13

0.44

0.475

6.907 104
�

7.46 104
�

10.27

10.27

667

668

149

150

3.181 103
�

4.717� 103
�

6.896 104
�

7.415� 104
�

2.179 103
�

6.67 103
�

28

28



�
�
�

�
�
�



�
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EVALUATION OF ELBOWS ON LINES 1-44, 1-46, AND 8-14 FOR ALL 32 REALIZATIONS
VELE ReadData "\ElbowLines_44_46_814.prn"� ���

ELE C_S VELE R�( )��

ELE80TH RED_EL80th ELE( )��

Elbow Properties for Lines 1-44 and 1-46
Elbow 1-44A (Nodes 301 & 302)

ELE80TH0

0.672

0.64

1.055 105
�

1.006 105
�

10.34

5.685

301

302

25

27

3.614� 104
�

4.785 104
�

9.665� 104
�

7.508 104
�

2.207� 104
�

4.676 104
�

11

6



�
�
�

�
�
�



�

Elbow 1-44B (Nodes 324 & 325)

ELE80TH1

0.44

0.475

6.909 104
�

7.453 104
�

11.41

9.345

324

325

54

100

1.751� 104
�

3.21� 104
�

1.428� 104
�

3.098 104
�

6.529� 104
�

5.971 104
�

10

3



�
�
�

�
�
�



�

Elbow 1-44C (Nodes 330 & 331)

ELE80TH2

0.496

0.622

7.786 104
�

9.766 104
�

5.51

9.34

330

331

102

33

6.302 104
�

6.477� 104
�

2.274 104
�

1.615� 103
�

3.967� 104
�

7.307 104
�

28

13



�
�
�

�
�
�



�

Elbow 1-44D (Nodes 315 & 316)

ELE80TH3

0.052

0.074

8.078 103
�

1.156 104
�

6.64

9.36

315

316

90

91

3.409 103
�

6.911� 103
�

5.326 103
�

1.443 103
�

5.026 103
�

9.158� 103
�

24

11



�
�
�

�
�
�



�

Elbow 1-44E (Nodes 320 & 321)

ELE80TH4

0.125

0.099

1.953 104
�

1.553 104
�

5.995

5.88

320

321

51

94

6.997� 103
�

2.988� 103
�

3.271 103
�

565.8�

1.794� 104
�

1.523 104
�

3

22



�
�
�

�
�
�



�

Elbow 1-44F (Nodes 344 & 345)

ELE80TH5

0.294

0.324

4.608 104
�

5.083 104
�

5.985

5.995

344

345

96

97

5.791 103
�

3.721� 103
�

3.487� 103
�

1.37 103
�

4.558� 104
�

5.067 104
�

22

3



�
�
�

�
�
�



�

Elbow 1-46A (Nodes 284 & 283)

ELE80TH6

0.519

0.468

8.16 104
�

7.351 104
�

9.175

9.18

284

283

82

9

2.176� 104
�

1.306� 104
�

7.487� 104
�

6.688� 104
�

2.409� 104
�

2.756� 104
�

7

7



�
�
�

�
�
�



�
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Elbow 1-46B (Nodes 287 & 288)

ELE80TH7

0.44

0.478

6.914 104
�

7.512 104
�

10.35

10.35

287

288

84

87

1.147 104
�

2.423 103
�

6.637� 104
�

7.406� 104
�

1.56� 104
�

1.237� 104
�

7

7



�
�
�

�
�
�



�

Elbow 1-46C (Nodes 288 & 290)

ELE80TH8

0.478

0.413

7.512 104
�

6.488 104
�

10.35

9.185

288

290

87

88

2.423 103
�

2.138� 104
�

7.406� 104
�

4.97� 104
�

1.237� 104
�

3.58 104
�

7

7



�
�
�

�
�
�



�

Elbow Properties for Line 8-14
Elbow 8-14A (Nodes 200 & 201)

ELE80TH9

0.332

0.305

6.497 104
�

5.961 104
�

10.63

10.95

200

201

67

77

2.966� 103
�

1.013� 104
�

6.481 104
�

5.874 104
�

3.461 103
�

461.5

19

22



�
�
�

�
�
�



�

Elbow 8-14B (Nodes 202 & 203)

ELE80TH10

0.188

0.172

4.825 104
�

4.404 104
�

10.6

6.715

202

203

79

80

1.028 104
�

4.92 103
�

4.713 104
�

4.195 104
�

1.05 103
�

1.248� 104
�

28

24



�
�
�

�
�
�



�

EVALUATION OF ELBOWS ON LINES 1-45 FOR ALL 32 REALIZATIONS
VELF ReadData "\ElbowLine_45.prn"� ���

ELF C_S VELF R�( )��

ELF80TH RED_EL80th ELF( )��

Elbow Properties for Line 1-45

Elbow 1-45A (Nodes 1007 & 1008)

ELF80TH0

0.104

0.121

1.632 104
�

1.899 104
�

6.13

9.88

1.007 103
�

1.008 103
�

7

9

1.233 104
�

2.787� 103
�

2.15� 103
�

3.788 103
�

1.048 104
�

1.84� 104
�

28

10



�
�
�

�
�
�



�

Elbow 1-45B (Nodes 1009 & 1010)

ELF80TH1

0.12

0.099

1.872 104
�

1.551 104
�

9.88

9.88

1.009 103
�

1.01 103
�

24

11

741

5.257 103
�

3.407 103
�

2.581 103
�

1.839� 104
�

1.437� 104
�

10

10



�
�
�

�
�
�



�

Elbow 1-45C (Nodes 1015 & 1016)

ELF80TH2

0.077

0.079

1.204 104
�

1.24 104
�

10.03

8.53

1.015 103
�

1.016 103
�

27

13

1.155� 103
�

5.596 103
�

6.467� 103
�

2.388� 103
�

1.009 104
�

1.081 104
�

12

15



�
�
�

�
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Elbow 1-45D (Nodes 1017 & 1018)

ELF80TH3

0.074

0.073

1.159 104
�

1.139 104
�

8.53

8.53

1.017 103
�

1.018 103
�

30

15

2.315 103
�

3.421 103
�

4.963� 103
�

8.075� 103
�

1.021 104
�

7.276 103
�

14

25



�
�
�

�
�
�



�

Elbow 1-45E (Nodes 1011 & 1012)

ELF80TH4

0.079

0.07

1.233 104
�

1.088 104
�

7.455

9.89

1.011 103
�

1.012 103
�

47

34

1.733� 103
�

67.2�

1.21� 104
�

1.088� 104
�

1.661 103
�

181.1

22

28



�
�
�

�

Elbow 1-45F (Nodes1013 & 1014)

ELF80TH5

0.122

0.143

1.913 104
�

2.234 104
�

10.02

10.02

1.013 103
�

1.014 103
�

36

20

494�

2.931 103
�

1.865 104
�

2.214 104
�

4.197 103
�

701.9

22

22



�
�
�

�
�
�



�

TEES
Tees output is ordered as (max D/C ratio, applied pipe run moment when D/C ratio is highest, applied branch
moment when D/C ratio is highest, time when max values occur, pipe run node retrieved for calculations, indices
of pipe run nodes, Index of branch node, and realization number) 

THERE ARE NOT ANY TEES ON LINES 1-13 TO 1-16, 1-18 TO 1-21, AND 1-171 

EVALUATION OF TEES ON LINE 1-17 FOR ALL 32 REALIZATIONS
VTeeB ReadData "\TeeLine_17.prn"� ���

TeeB C_S VTeeB R�( )��

TEE (Lines 1-13, 1-14, 1-15, and 1-16) attached to Line 1-17
Tee 1-13 (Node 933)

TeeB0 0�
T


�
�



6� 	T

0.424 4.607 105
� 2.758 105

� 4.06 933 66 92 94 22� ��

Tee 1-14 (Node 59)

TeeB0 1�
T


�
�



6� 	T

0.433 5.185 105
� 2.641 105

� 4.065 59 31 33 9 19� ��

Tee 1-15 (Node 61)

TeeB0 2�
T


�
�



6� 	T

0.393 3.388 105
� 2.83 105

� 9.27 61 39 41 11 12� ��

Tee 1-16 (Node 62)

TeeB0 3�
T


�
�



6� 	T

0.446 4.165 105
� 3.226 105

� 9.265 62 57 59 13 26� ��
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TEE (Lines 1-18, 1-19, 1-20, and 1-21) attached to Line 1-17
Tee 1-18 (Node 5)

TeeB0 4�
T


�
�



6� 	T

0.391 4.325 105
� 4.203 105

� 4.055 5 19 73 1 25� ��

Tee 1-19 (Node 12)

TeeB0 5�
T


�
�



6� 	T

0.419 5.653 105
� 3.943 105

� 4.065 12 27 29 7 19� ��

Tee 1-20 (Node 19)

TeeB0 6�
T


�
�



6� 	T

0.367 3.758 105
� 4.04 105

� 9.265 19 47 49 3 22� ��

Tee 1-21 (Node 26)

TeeB0 7�
T


�
�



6� 	T

0.391 4.696 105
� 3.951 105

� 9.26 26 61 95 5 19� ��

TEE (Lines 1-30) attached to Line 1-17
Tee 1-30 (Node 60)

TeeB0 8�
T


�
�



6� 	T

0.839 6.32 105
� 3.871 105

� 6.84 60 35 37 15 22� ��

EVALUATION OF TEES ON LINES 1-30 TO 1-31 AND 1-48 FOR ALL 32 REALIZATIONS
VTeeC ReadData "\TeeLines_30to31_48.prn"� ���

TeeC C_S VTeeC R�( )��

TEE (Line 1-31)
Tee 1-31 (Node 152)

TeeC0 0�
T


�
�



6� 	T

0.601 1.126 105
� 1.675 105

� 4.215 152 17 29 31 26� ��

TEE (Line 1-48)

Tee 1-48 (Node 176 for Pipe Run and 673 for Branch (NB 3683.8)

TeeC0 1�
T


�
�



6� 	T

0.998 7.545 104
� 4.859 104

� 9.9 176 9 12 48 27� ��

Refer to main body for evaluation of this branch even though it falls below unity.
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EVALUATION OF TEES ON LINES 1-43 AND 1-47 FOR ALL 32 REALIZATIONS
VTeeD ReadData "\TeeLines_43_47.prn"� ���

TeeD C_S VTeeD R�( )��

TEE (Line 1-43)
Tee 1-43 (Node 238)

TeeD0 0�
T


�
�



6� 	T

1.263 1.678 105
� 1.053 105

� 15.17 238 21 55 49 12� ��

Refer to main body for evaluation of this tee

TEE (Line 1-46) attached to Line 1-43
Tee 1-46 (Node 230)

TeeD0 1�
T


�
�



6� 	T

1.205 1.684 105
� 9.907 104

� 10.35 230 6 7 47 7� ��

Refer to main body for evaluation of this tee

TEE (Line 1-47)
Tee 1-47 (Node 261)

TeeD0 2�
T


�
�



6� 	T

1.939 9.966 104
� 1.859 105

� 9.59 261 15 18 57 17� ��

Refer to main body for evaluation of this tee

EVALUATION OF TEES ON LINES 1-44, 1-46, AND 8-14 FOR ALL 32 REALIZATIONS
VTeeE ReadData "\TeeLines_44_46_814.prn"� ���

TeeE C_S VTeeE R�( )��

TEE (Line 1-44)
Tee 1-44 (Node 297)

TeeE0 0�
T


�
�



6� 	T

0.805 7.334 104
� 1.021 105

� 10.32 297 17 19 23 19� ��

EVALUATION OF TEES ON LINES 1-45 FOR ALL 32 REALIZATIONS
VTeeF ReadData "\TeeLine_45.prn"� ���

TeeF C_S VTeeF R�( )��

TEE (Line 1-45)
Tee 1-45 (Nodes 122 & 1019)

TeeF0 0�
T


�
�



6� 	T

0.21 8.63 104
� 1.557 104

� 10.03 122 2 4 6 27� ��
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FLANGES
Flange output is ordered as (max D/C ratio, max total applied moment, time when max values occur, element(s)
retrieved for calculations, index of element(s), moments about the x, y, and z axes, and realization number)

EVALUATION OF FLANGES ON LINES 1-13 TO 1-16, 1-18 TO 1-21, AND 1-171
FOR ALL 32 REALIZATIONS

VFLA ReadData "\FlangeLines_13to16_18to21_171.prn"� ���

FLA C_S VFLA R�( )��

Pipe Properties of Line 1-13, 1-14, 1-15, and 1-16
Flange (Heat Exchanger) 1-13A (Node 130)

FLA0 0�
T


�
�



6� 	T

0.12 2.571 105
� 10.02 130 82 2.397 105

� 7.194 104
� 5.877� 104

� 27� ��

Flange (Heat Exchanger) 1-14A (Node 128)

FLA0 1�
T


�
�



6� 	T

0.132 3.193 105
� 6.7 128 84 3.111� 105

� 5.406� 104
� 4.776� 104

� 7� ��

Flange (Heat Exchanger) 1-15A (Node 129)

FLA0 2�
T


�
�



6� 	T

0.131 3.168 105
� 6.695 129 86 3.119 105

� 3.775 104
� 4.089� 104

� 28� ��

Flange (Heat Exchanger) 1-16A (Node 127)

FLA0 3�
T


�
�



6� 	T

0.129 3.051 105
� 10.12 127 88 3.042� 105

� 1.695� 104
� 1.559� 104

� 12� ��

Pipe Properties Lower Portions of Lines 1-18, 1-19, 1-20, and 1-21
Flange (Gate Valves) 1-18A (Node 4)

FLA0 4�
T


�
�



6� 	T

0.112 3.764 105
� 9.26 4 162 3.145� 105

� 1.821� 105
� 9.777 104

� 19� ��

Flange (Gate Valves) 1-18B (Node 3)

FLA0 5�
T


�
�



6� 	T

0.106 3.159 105
� 9.265 3 41 3.148� 105

� 1.902 104
� 1.705� 104

� 19� ��

Flange (Gate Valves) 1-19A (Node 11)

FLA0 6�
T


�
�



6� 	T

0.115 3.971 105
� 9.265 11 164 3.416� 105

� 1.84� 105
� 8.43 104

� 19� ��

Flange (Gate Valves) 1-19B (Node 10)

FLA0 7�
T


�
�



6� 	T

0.109 3.427 105
� 9.265 10 43 3.415� 105

� 2.683 104
� 7.988 103

� 19� ��
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Flange (Gate Valves) 1-20A (Node 18)

FLA0 8�
T


�
�



6� 	T

0.113 3.805 105
� 9.26 18 166 3.27� 105

� 1.778� 105
� 7.908 104

� 27� ��

Flange (Gate Valves) 1-20B (Node 17)

FLA0 9�
T


�
�



6� 	T

0.107 3.282 105
� 9.26 17 45 3.269� 105

� 2.844 104
� 4.842� 103

� 27� ��

Flange (Gate Valves) 1-21A (Node 25)

FLA0 10�
T


�
�



6� 	T

0.112 3.692 105
� 9.26 25 168 3.253� 105

� 1.62� 105
� 6.543 104

� 27� ��

Flange (Gate Valves) 1-21B (Node 24)

FLA0 11�
T


�
�



6� 	T

0.107 3.284 105
� 9.265 24 47 3.253� 105

� 4.096 104
� 1.739 104

� 27� ��

Pipe Properties of Upper Portion of Lines 1-18, 1-19, 1-20, and 1-21
Flange (Primary Pump) 1-18C (Node 1)

FLA0 12�
T


�
�



6� 	T

0.343 1.193 106
� 9.26 1 1 1.141 106

� 1.899 105
� 2.901� 105

� 19� ��

Flange (Primary Pump) 1-19C (Node 31)

FLA0 13�
T


�
�



6� 	T

0.348 1.216 106
� 4.05 31 5 8.179� 105

� 1.49� 105
� 8.875 105

� 11� ��

Flange (Primary Pump) 1-20C (Node 15)

FLA0 14�
T


�
�



6� 	T

0.346 1.207 106
� 4.05 15 9 9.028� 105

� 1.337� 105
� 7.893 105

� 19� ��

Flange (Primary Pump) 1-21C (Node 22)

FLA0 15�
T


�
�



6� 	T

0.37 1.31 106
� 10.26 22 13 1.548 105

� 6.791 104
� 1.299� 106

� 28� ��

Pipe Properties of Lines 1-171
Flange (Gate Valve) 1-171A (Node 139)

FLA0 16�
T


�
�



6� 	T

0.104 1.724 105
� 10.01 139 97 4.067 104

� 9.161 103
� 1.673 105

� 22� ��



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      B. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.4-53 of C.4-56

THERE ARE NOT ANY FLANGES ON LINE 1-17

EVALUATION OF FLANGES ON LINES 1-30 TO 1-31 AND 1-48 FOR ALL 32
REALIZATIONS

VFLC ReadData "\FlangeLines_30to31_48.prn"� ���

FLC C_S VFLC R�( )��

Pipe Properties of Lines 1-30 and 1-31
Flange (Check Valve) 1-30A (Node 67)

FLC0 0�
T


�
�



6� 	T

0.17 2.684 105
� 6.34 67 131 1.396 105

� 2.256 105
� 4.044 104

� 28� ��

Flange (Check Valve) 1-30B (Node 145)

FLC0 1�
T


�
�



6� 	T

0.155 2.265 105
� 6.34 145 124 2.098 103

� 2.248 105
� 2.733� 104

� 19� ��

Flange (Gate Valve) 1-30C (Node 158)

FLC0 2�
T


�
�



6� 	T

0.169 2.662 105
� 6.35 158 61 1.459� 105

� 6.764� 104
� 2.122� 105

� 7� ��

Flange (Gate Valve) 1-30D (Node 159)

FLC0 3�
T


�
�



6� 	T

0.177 2.87 105
� 6.49 159 25 2.215 104

� 2.133 105
� 1.907 105

� 22� ��

Flange (Emergency Pump) 1-30E (Node 160)

FLC0 4�
T


�
�



6� 	T

0.196 3.381 105
� 6.485 160 27 6.376 103

� 2.761� 105
� 1.951� 105

� 22� ��

Flange (Gate Valve) 1-31A (Node 189)

FLC0 5�
T


�
�



6� 	T

0.214 3.882 105
� 4.205 189 63 8.355� 104

� 6.513 104
� 3.734 105

� 26� ��

Flange (Gate Valve) 1-31B (Node 190)

FLC0 6�
T


�
�



6� 	T

0.121 1.347 105
� 4.21 190 122 8.295 104

� 1.559 104
� 1.05� 105

� 27� ��

Flange (Emergency Pump) 1-31C (Node 194)
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FLC0 7�
T


�
�



6� 	T

0.157 2.335 105
� 6.335 194 41 1.181 105

� 1.99 105
� 3.072 104

� 11� ��

EVALUATION OF FLANGES ON LINES 1-43 AND 1-47 FOR ALL 32 REALIZATIONS
VFLD ReadData "\FlangeLines_43_47.prn"� ���

FLD C_S VFLD R�( )��

Pipe Properties of Lines 1-43
Flange (Gate Valve) 1-43A (Node 234)

FLD0 0�
T


�
�



6� 	T

0.133 1.022 105
� 9.59 234 17 9.253� 104

� 3.888� 104
� 1.907� 104

� 28� ��

Flange (Gate Valve) 1-43B (Node 235)

FLD0 1�
T


�
�



6� 	T

0.14 1.108 105
� 5.31 235 45 288.7 1.107� 105

� 3.77 103
� 13� ��

Flange (Gate Valve) 1-43C (Node 239)

FLD0 2�
T


�
�



6� 	T

0.17 1.463 105
� 15.56 239 25 5.968 104

� 1.92� 104
� 1.322 105

� 22� ��

Flange (Gate Valve) 1-43D (Node 240)

FLD0 3�
T


�
�



6� 	T

0.169 1.453 105
� 15.57 240 28 6.009 104

� 1.821� 104
� 1.31 105

� 22� ��

Flange (Gate Valve) 1-43E (Node 241)

FLD0 4�
T


�
�



6� 	T

0.126 9.344 104
� 9.85 241 91 5.876� 104

� 7.042 104
� 1.787� 104

� 19� ��

Flange (Gate Valve) 1-43F (Node 242)

FLD0 5�
T


�
�



6� 	T

0.132 1.005 105
� 9.835 242 160 6.039 104

� 7.887� 104
� 1.54� 104

� 22� ��

Flange (Gate Valve) 1-43G (Node 249)

FLD0 6�
T


�
�



6� 	T

0.252 2.441 105
� 4.79 249 43 4.54� 104

� 4.835 104
� 2.349� 105

� 31� ��

Flange (Gate Valve) 1-43H (Node 934)

FLD0 7�
T


�
�



6� 	T

0.255 2.479 105
� 4.79 934 54 4.54� 104

� 4.846 104
� 2.389� 105

� 31� ��

Pipe Properties of Line 1-47
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Flange (Gate Valve) 1-47A (Node 634)

FLD0 8�
T


�
�



6� 	T

0.161 6.483 104
� 10.03 634 93 3.652� 104

� 1.322� 104
� 5.191 104

� 11� ��

Flange (Gate Valve) 1-47B (Node 635)

FLD0 9�
T


�
�



6� 	T

0.143 5.607 104
� 7.845 635 162 6.246 103

� 5.183� 104
� 2.046 104

� 29� ��

EVALUATION OF FLANGES ON LINES 1-44, 1-46, AND 8-14 FOR ALL 32
REALIZATIONS
VFLE ReadData "\FlangeLines_44_46_814.prn"� ���

FLE C_S VFLE R�( )��

Pipe Properties of Lines 1-44
Flange (Gate Valve) 1-44A (Node 299)

FLE0 0�
T


�
�



6� 	T

0.169 6.874 104
� 15.2 299 57 2.348 104

� 5.967� 104
� 2.476� 104

� 17� ��

Flange (Gate Valve) 1-44B (Node 298)

FLE0 1�
T


�
�



6� 	T

0.129 4.943 104
� 10.18 298 55 9.852 103

� 4.539� 104
� 1.692 104

� 25� ��

Flange (Gate Valve) 1-44C (Node 296)

FLE0 2�
T


�
�



6� 	T

0.17 6.921 104
� 6.01 296 112 3.214� 103

� 6.608� 104
� 2.033 104

� 19� ��

Flange (Gate Valve) 1-44D (Node 295)

FLE0 3�
T


�
�



6� 	T

0.149 5.907 104
� 6.01 295 14 3.315� 103

� 5.451� 104
� 2.25 104

� 25� ��

Flange (Gate Valve) 1-44E (Node 317)

FLE0 4�
T


�
�



6� 	T

0.06 1.64 104
� 6.295 317 41 7.696 103

� 181.5� 1.449 104
� 32� ��

Flange (Gate Valve) 1-44F (Node 318)

FLE0 5�
T


�
�



6� 	T

0.061 1.646 104
� 6.295 318 43 7.698 103

� 190.1� 1.455 104
� 32� ��

EVALUATION OF FLANGES ON LINES 1-45 FOR ALL 32 REALIZATIONS
VFLF ReadData "\FlangeLine_45.prn"� ���

FLF C_S VFLF R�( )��

Pipe Properties of Lines 1-45
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Flange (Gate Valve) 1-45A (Node 1006)

FLF0 0�
T


�
�



6� 	T

0.073 2.245 104
� 10.02 1.006 103

� 19 3.685� 103
� 2.214� 104

� 567.5 22� ��

FABRICATED REDUCER
Support output is ordered as (max D/C ratio, max total applied moment, time when max values occur, element(s)
retrieved for calculations, index of element(s), and moments about the x, y, and z axes) 

EVALUATION OF FABRICATED REDUCER

VFR ReadData "\FabReducer.prn"� ���

FR C_S VFR R�( )��

FR80TH RED_EL80th FR( )��

Fab Red 1-17 (Nodes 63 & 224)
Fab Red 1-17 (Nodes 63 & 225)

FR80TH0

0.688

0.47

2.093 105
�

2.241 105
�

10.34

10.34

63

225

4

10

1.655 105
�

1.765 105
�

5.459 104
�

7.582 104
�

1.159� 105
�

1.155� 105
�

19

7



�
�
�

�
�
�



�

FABRICATED BRANCH
Support output is ordered as (max D/C ratio, applied pipe run moment when D/C ratio is highest, applied branch
moment when D/C ratio is highest, time when max values occur, pipe run node retrieved for calculations, indices
of pipe run node, and indices of branch node) 

EVALUATION OF FABRICATED BRANCH
VFB ReadData "\FabBranch.prn"� ���

FB C_S VFB R�( )��

FABRICATED BRANCH (LINE 1-30)
Fab Br 1-30 (Node 893)

FB0 0�
T


�
�



6� 	T

1.057 1.022 105
� 1.339 105

� 6.845 893 22 26 18 22� ��

Refer to main body for evaluation of this branch
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Appendix C.5

 Spring Profiles for Supports Exibiting Nonlinear Behavior
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SPRING STIFFNESS CALCULATIONS FOR SUPPORTS THAT EXHIBIT NONLINEAR
BEHAVIOR (UPLIFT, GAPS, AND DIRECTIONALLY VARYING STIFFNESSES)

Modulus of Elasticity for supports (A7
steel)E 29000ksi��

Note:  Photos referenced in calculations are included at the ends of the support section.

RH-24 (Pipe allowed to slide up the threaded rod to a certain point given upward loading

RH-24 Stiffness

Welded Beam Attachment section

Width of RH-24's welded beam
attachment section [24, ph-33]
[M3-1-47-N49-CSUG-DSCN2775]

WRH29_wba 2in��

Thickness of both legs of RH-24's welded
beam attachment section [24, ph-33]
[M3-1-47-N49-CSUG-DSCN2775]

TRH29_wba
1
2

in��

ARH29_wba WRH29_wba TRH29_wba��� Cross sectional area of welded beam
attachment

ARH29_wba 1 in2
�

LRH29_wba 2in�� Length of welded beam attachment
section [24, ph-33] scaled from
[M3-1-47-N49-CSUG-DSCN2775]

KRH29_wba
ARH29_wba E�

LRH29_wba
��

Stiffness of welded beam
attachment portion of RH-24

KRH29_wba 1.45 107
�

lbf
in

�

Rod section

Diameter of rod comprising RH-24
[20]DRH29_rod

5
8

in��

ARH29_rod
� DRH29_rod

2
�

4
�� Cross Sectional area of rod comprising

RH-24
ARH29_rod 0.307 in2

�

Length of rod section scaled from
[M3-1-47-N49-CSUG-DSCN2775]LRH29_rod 1

3

4
in��
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KRH29_rod
ARH29_rod E�

LRH29_rod
��

Stiffness of rod portion of RH-24

KRH29_rod 5.084 106
�

lbf
in

�

Adjustable Clevis section (will apply smaller cross section of the lower and upper portions of the
clevis and use the distance from the pipe to where the clamp mates with the rod as the length of
this cross section)

WRH29_AC 1
1

4
in�� Width of the lower section of RH-24's

adjustable clevis [24, ph-12]

TRH29_AC
3
16

in�� Thickness of lower section of RH-24's
adjustable clevis [24, ph-12]

ARH29_AC WRH29_AC TRH29_AC��� Cross sectional area of welded beam
attachment

ARH29_AC 0.234 in2
�

Length of adjustable clevis section [24,
ph-12]LRH29_AC 1

3

4
in��

KRH29_AC
ARH29_AC E�

LRH29_AC
��

Stiffness of adjustable clevis
portion of RH-24

KRH29_AC 3.884 106
�

lbf
in

�

Combined stiffness of support (NOTE: springs in series combine as reciprocals)

KRH29
1

1
KRH29_wba

1
KRH29_rod

�
1

KRH29_AC
�

��

KRH29 1.912 106
�

lbf
in

�

RH-24 Stiffness Profile

RH-24 gap scaled from
[M3-1-47-N49-CSUG-DSCN2775]GRH29

5
8

in��

FRH29 106
� 0 0 106� �lbf

T
�� Force profile applied
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DisRH29

FRH290

KRH29
GRH29�


�
�
�

��
�



GRH29� 0in
FRH293

KRH29

�"
"
�

�#
#
�

T

��
Corresponding Displacement
profile to applied Force profile

DisRH29
T 1.14813� 0.625� 0 0.52313( ) in�

Resulting Force Displacement profile for RH-24

1.2 1 0.8 0.6 0.4 0.2 0 0.2 0.4 0.6
1 �106

5 �105

0

5 �105

1 �106

FRH29

lbf

DisRH29

in

Photo [M3-1-47-N49-CSUG-DSCN2775]
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PS-10 (Doesn't resist any uplift)
PS-10 (Doesn't resist any uplift)

PS-10 Stiffness
Cross sectional area of PS-10 support
[20] [8, Table 1-14 pg 1-99]APS10 0.75in2

��

LPS10 8in�� Length of PS-10 support [20]

KPS10
APS10 E�

LPS10
��

Stiffness of PS-10

KPS10 2.719 106
�

lbf
in

�

PS-10 Stiffness Profile

FPS10 106
� 0 0� �lbf

T
�� Force profile applied

Corresponding Displacement profile to
applied Force profile where 5in. is used
to represent the uplift displacement
response trend for upward force

DisPS10

FPS100

KPS10
0in 0.5in


�
�
�

��
�



T

��

DisPS10
T 0.36782� 0 0.5( ) in�

Resulting Force Displacement profile for PS-10

0.4 0.3 0.2 0.1 0 0.1 0.2 0.3 0.4 0.5
1 �106

8 �105

6 �105

4 �105

2 �105

0

FPS10

lbf

DisPS10

in
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RH-19 (Any upward movement causes uplift for this support)
RH-19 Stiffness

Diameter of rods comprising RH-19 
[20]DRH19

5
8

in��

ARH19
� DRH19

2
�

4
�� Cross Sectional area of rods comprising RH-19

ARH19 0.307 in2
�

Length between RH-19's lower connections and
area ceiling (the lower connection is assumed to
be even with the top of the line 1-27 pipe [26,
(E8)] [25, (Det 26)]

LRH19 37.125in��

KRH19
ARH19 E�

LRH19
��

Stiffness of one leg of RH-19

KRH19 2.397 105
�

lbf
in

�

KRH19_2 KRH19 KRH19���
Stiffness of entire support (NOTE: Springs add in
parallel)

KRH19_2 4.793 105
�

lbf
in

�

RH-19 Stiffness Profile

FRH19_2 0 0 106� �lbf
T

�� Force profile applied

Corresponding Displacement profile to applied
Force profile where 5in. is used to represent the
uplift displacement response trend for upward
force

DisRH19_2 2� in 0in
FRH19_22

KRH19_2


�
�
�

��
�



T

��

2 DisRH19_2
T
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Resulting Force Displacement profile for RH-19

2 1.5 1 0.5 0 0.5 1 1.5 2 2.5
0

2 �105

4 �105

6 �105

8 �105

1 �106

FRH19_2

lbf

DisRH19_2

in
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PS-8 (Doesn't resist any uplift)
PS-8 (Doesn't resist any uplift)

PS-8 Stiffness Cross sectional area of PS-8 support [22,
Det 31] [8, Table 1-14 pg 1-99]APS8 2.97in2

��

LPS8 78in�� Length of PS-8 support [20]

KPS8
APS8 E�

LPS8
��

Stiffness of PS-8

KPS8 1.104 106
�

lbf
in

�

PS-8 Stiffness Profile

FPS8 106
� 0 0� �lbf

T
�� Force profile applied

Corresponding Displacement profile to
applied Force profile where 5in. is used
to represent the uplift displacement
response trend for upward force

DisPS8

FPS80

KPS8
0in 0.5in


�
�
�

��
�



T

��

DisPS8
T 0.90561� 0 0.5( ) in�

Resulting Force Displacement profile for PS-8

1 0.8 0.6 0.4 0.2 0 0.2 0.4 0.6
1 �106

8 �105

6 �105

4 �105

2 �105

0

FPS8

lbf

DisPS8

in
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PS-20 (Doesn't resist any uplift)
PS-20 (Doesn't resist any uplift)

PS-20 Stiffness Cross sectional area of PS-20 support
[22, Det 55] [8, Table 1-14 pg 1-99]APS20 7.85in2

��

LPS20 81in�� Length of PS-20 support [22, Det 55]

KPS20
APS20 E�

LPS20
��

Stiffness of PS-20

KPS20 2.81 106
�

lbf
in

�

PS-20 Stiffness Profile

FPS20 106
� 0 0� �lbf

T
�� Force profile applied

Corresponding Displacement profile to
applied Force profile where 5in. is used
to represent the uplift displacement
response trend for upward force

DisPS20

FPS200

KPS20
0in 0.2in


�
�
�

��
�



T

��

2 DisPS20
T

Resulting Force Displacement profile for PS-20

0.4 0.3 0.2 0.1 0 0.1 0.2
1 �106

8 �105

6 �105

4 �105

2 �105

0

FPS20

lbf

DisPS20

in
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PS-4 (Doesn't resist any uplift)
PS-4 (Doesn't resist any uplift)

PS-4 Stiffness Cross sectional area of PS-4 support [25,
Det 12] [8, Table 1-14 pg 1-99]APS4 2.97in2

��

LPS4 12in�� Length of PS-4 support [20]

KPS4
APS4 E�

LPS4
��

Stiffness of PS-4

KPS4 7.178 106
�

lbf
in

�

PS-4 Stiffness Profile

FPS4 106
� 0 0� �lbf

T
�� Force profile applied

Corresponding Displacement profile to
applied Force profile where 5in. is used
to represent the uplift displacement
response trend for upward force

DisPS4

FPS40

KPS4
0in 0.2in


�
�
�

��
�



T

��

DisPS4
T 0.13932� 0 0.2( ) in�

Resulting Force Displacement profile for PS-4

0.15 0.1 0.05 0 0.05 0.1 0.15
1 �106

8 �105

6 �105

4 �105

2 �105

0

FPS4

lbf

DisPS4

in
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RH-26x (portion supporting 8-14) (Any upward movement causes uplift for this support)
RH-26x (line 8-14) Stiffness

Diameter of rods comprising RH-26x (line 8-14) 
[20]DRH26x814 1in��

ARH26x814
� DRH26x814

2
�

4
�� Cross Sectional area of rods comprising RH-26x

(line 8-14)
ARH26x814 0.785 in2

�

Length between RH-26x (line 8-14)'s lower
connections and area ceiling (the lower
connection is assumed to be even with the top of
the line 1-27 pipe [26, (E8)] [25, (Det 26)]

LRH26x814 37.125in��

KRH26x814
ARH26x814 E�

LRH26x814
��

Stiffness of one leg of RH-26x (line 8-14)

KRH26x814 6.135 105
�

lbf
in

�

KRH26x814_2 KRH26x814 KRH26x814���
Stiffness of entire support (NOTE: Springs add in
parallel)

KRH26x814_2 1.227 106
�

lbf
in

�

RH-26x (line 8-14) Stiffness Profile

FRH26x814_2 0 0 106� �lbf
T

�� Force profile applied

Corresponding Displacement profile to applied
Force profile where 5in. is used to represent the
uplift displacement response trend for upward
force

DisRH26x814_2 2� in 0in
FRH26x814_22

KRH26x814_2


�
�
�

��
�



T

��

DisRH26x814_2
T 2� 0 0.81498( ) in�
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Resulting Force Displacement profile for RH-26x (line 8-14)

2 1.5 1 0.5 0 0.5 1
0

2 �105

4 �105

6 �105

8 �105

1 �106

FRH26x814_2

lbf

DisRH26x814_2

in
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RH-32 (portion supporting 8-14) (Any upward movement causes uplift for this support)
RH-32 Stiffness

Diameter of rods comprising RH-32 
[20]DRH32

5
8

in��

ARH32
� DRH32

2
�

4
�� Cross Sectional area of rods comprising RH-32

ARH32 0.307 in2
�

Length between RH-32's connections (the lower
connection is assumed to be even with the
bottom portion of the angle iron section below the
pipe [22, Det 32], [7], [24, ph 33]

LRH32 39in��

KRH32
ARH32 E�

LRH32
��

Stiffness of one leg of RH-32

KRH32 2.281 105
�

lbf
in

�

KRH32_2 KRH32 KRH32���
Stiffness of entire support (NOTE: Springs add in
parallel)

KRH32_2 4.563 105
�

lbf
in

�

RH-32 Stiffness Profile

FRH32_2 0 0 106� �lbf
T

�� Force profile applied

Corresponding Displacement profile to applied
Force profile where 5in. is used to represent the
uplift displacement response trend for upward
force

DisRH32_2 2� in 0in
FRH32_22

KRH32_2


�
�
�

��
�



T

��

2 DisRH32_2
T
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Resulting Force Displacement profile for RH-32
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PR-6 (Any downward movement is not resisted by this support)
PR-6 Stiffness

Diameter of rods comprising PR-6 
[20]DPR6

5
8

in��

APR6
� DPR6

2
�

4
�� Cross Sectional area of rods comprising PR-6

APR6 0.307 in2
�

Length between PR-6's lower connections and
area ceiling (the lower connection is assumed to
be even with the top of the line 1-27 pipe [26,
(E8)] [25, (Det 26)]

LPR6 37.125in��

KPR6
APR6 E�

LPR6
��

Stiffness of one leg of PR-6

KPR6 2.397 105
�

lbf
in

�

KPR6_2 KPR6 KPR6���
Stiffness of entire support (NOTE: Springs add in
parallel)

KPR6_2 4.793 105
�

lbf
in

�

PR-6 Stiffness Profile

FPR6_2 0 0 106� �lbf
T

�� Force profile applied

Corresponding Displacement profile to applied
Force profile where 5in. is used to represent the
uplift displacement response trend for upward
force

DisPR6_2 2� in 0in
FPR6_22

KPR6_2


�
�
�

��
�



T

��

DisPR6_2
T 2� 0 2.08636( ) in�
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Resulting Force Displacement profile for PR-6
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Appendix C.6 

Dimensions Associated with Supports, Spring Hangers,
Terminations, Reducers, Elbows, Tees,

Fabricated Branch & Reducer, Flanges, and Valves of Model 2-6-5 

(NOTE:  Photos referenced in tables are included in Appendix C.9.2)    
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Table 1.  Dimensions Associated with Supports on Line 1-13 of Model 2-6-5 
Supports (1-13) Reference

Length from elbow top to floor 30" + 3.5" + (7'-1.5") = 119" [22, Det 31]
Length from connection to floor (7'-1.5") = 85.5" [22, Det 31]

Nonlinear spring profile See Appendix C.5

Dimensions

PS-8A

Table 2.  Dimensions Associated with Supports on Line 1-14 of Model 2-6-5 
Supports (1-14) Reference

Length from elbow top to floor 30" + 3.5" + (7'-1.5") = 119" [22, Det 31]
Length from connection to floor (7'-1.5") = 85.5" [22, Det 31]

Nonlinear spring profile See Appendix C.5

Dimensions

PS-8B

Table 3.  Dimensions Associated with Supports on Line 1-15 of Model 2-6-5 
Supports (1-15) Reference

Length from elbow top to floor 30" + 3.5" + (7'-1.5") = 119" [22, Det 31]
Length from connection to floor (7'-1.5") = 85.5" [22, Det 31]

Nonlinear spring profile See Appendix C.5
PS-8C

Dimensions

Table 4.  Dimensions Associated with Supports on Line 1-16 of Model 2-6-5 
Supports (1-16) Reference

Length from elbow top to floor 30" + 3.5" + (7'-1.5") = 119" [22, Det 31]
Length from connection to floor (7'-1.5") = 85.5" [22, Det 31]

Nonlinear spring profile See Appendix C.5

Dimensions

PS-8D

Table 5.  Dimensions Associated with Supports on Line 1-17 of Model 2-6-5 
Supports (1-17) Reference

Length connection to anchorage 5' + 30"/2 = 75" [23]
Distance from (Reference) 22.5" from T(1-18) M2-1-17-N84-FSUG-DSCN2708

Nonlinear spring profile See Appendix C.5

Length connection to anchorage 5' + 30"/2 = 75" [23]
Distance from (Reference) 30" east of SPS-2C P3-M2-DSCN0003 

Nonlinear spring profile See Appendix C.5

Length connection to anchorage 5' + 30"/2 = 75" [23]
Distance from (Reference) 27" east of T(1-19) P3-M2-DSCN0001

Nonlinear spring profile See Appendix C.5

Length connection to anchorage 5' + 30"/2 = 75" [23]
Distance from (Reference) 53" east of SPS-5A P2-M2-DSCN0002

Nonlinear spring profile See Appendix C.5

Length connection to anchorage 5' + 30"/2 = 75" [23]
Distance from (Reference) 40" east of T(1-20) P2-M2-DSCN0001

Nonlinear spring profile See Appendix C.5

Length connection to anchorage 5' + 30"/2 = 75" [23]
Distance from (Reference) 62" west of T(1-20) P1-M2-DSCN0004

Nonlinear spring profile See Appendix C.5

Length connection to anchorage 5' + 30"/2 = 75" [23]
Distance from (Reference) 53" east of T(1-21) P1-M2-DSCN0002-1

Nonlinear spring profile See Appendix C.5

Dimensions

PR-6E

PR-6F

PR-6G

PR-6A

PR-6B

PR-6C

PR-6D
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Table 6.  Dimensions Associated with Supports on Line 1-30 of Model 2-6-5 
Supports (1-30) Reference

Length connection to anchorage (2'-10") +16"/2 - 2" = 40" [22, Det 32], [7], [24, ph 33]
Distance from (Reference) 6.75" from EL(1-30A) M2-1-30-N62-CSUF-DSCN2738

Nonlinear spring profile See Appendix C.5

Length of clamp cantilever 12" [25, Det 18]
Size of cantilever 5" x 3" x 1/2" angle iron [25, Det 18]

Length connection to anchorage (2'-10") - 10.25" - 3" = 20.75" [12094422

Distance from (Reference)
Located directly over line 1-24 which is 18' 

= 216" west of RH-13 (above line 1-23 
(defined below))

[21, G8-10], M2-1-13-N30-CSUG-
DSCN2764

Length of anchorage cantilever 12" [25, Det 18]
Size of cantilever 5" x 3" x 1/2" angle iron [25, Det 18]

Length connection to anchorage (2'-10") - 10.25" - 3" = 20.75" [22, Det 32], [25, Det 18]

Distance from (Reference)
Located directly over line 1-25 which is 18' 

= 216" west of RH-11 (above line 1-24 
(defined above))

[21, G5-7]

Length from flange to floor 12" [20]
Distance from (Reference) At FL(1-30C) [21, FG3-4]

Nonlinear spring profile See Appendix C.5

Length from flange to floor 12" [20]
Distance from (Reference) At FL(1-30D) [21, FG3-4]

Nonlinear spring profile See Appendix C.5

RH-32

Dimensions

RH-11A

RH-11B

PS-4A

PS-4B

Table 7.  Dimensions Associated with Supports on Line 1-31 of Model 2-6-5 
Supports (1-31) Reference

Length from flange to floor 12" [20]
Distance from (Reference) At FL(1-31A) [21, FG3-4]

Nonlinear spring profile See Appendix C.5

Length from flange to floor 12" [20]
Distance from (Reference) At FL(1-31B) [21, FG3-4]

Nonlinear spring profile See Appendix C.5
PS-4D

Dimensions

PS-4C
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Table 8.  Dimensions Associated with Supports on Line 1-43 of Model 2-6-5 
Supports (1-43) Reference

Length from bottom of pipe to ceiling 
connection

16.5" + 5" + 12" + 10.75"/2 - 1.75"  = 
37.125"

Scaled from M6-1-44-N61-CSUG-
DSCN2687, [24, ph-18], [12], [11]

Distance from (Reference) 20" from T(1-46A) Scaled from M6-1-43-N6-CBRG-
DSCN2840

Nonlinear spring profile See Appendix C.5

Length from clamp to ceiling 16.5" + 5" + 12" - 7.4375" - 1.75" = 
24.3125"

Scaled from M6-1-44-N61-CSUG-
DSCN2687, [24, ph-18], [12], [11]

Distance from (Reference) 1.5" from EL(1-43D) Scaled from M6-1-44-N43-CSUG-
DSCN2844 

Nonlinear spring profile See Appendix C.5

Length from clamp to ceiling 16.5" + 5" + 12" - 7.4375" - 1.75" = 
24.3125"

Scaled from M6-1-44-N61-CSUG-
DSCN2687, [24, ph-18], [12], [11]

Distance from (Reference) 12.625" north of RH-22 [25, Det 11], [25, det 20], [25], [24, ph-
18]

Nonlinear spring profile See Appendix C.5

Length from clamp to wall 4.5" [25, Det 24]

Conservative approximation  of 
cantilever portion of angle 4" x 4.5" x 1/2" [25, Det 24]

Distance from (Reference) 30" from EL(1-43) M6-1-43-N21-WSUG-DSCN2819

Nonlinear spring profile See Appendix C.5

Length between connections 98' - 79' -6' -10' - 7.4375" - 1.75"  = 
28.5625" [26, H15-J15], [24, ph-18, 33] 

Distance from (Reference) 28" from EL(1-43G) on P(1-43I) [24, ph-18], Scaled from M6-1-43-N26-
CSUG-DSCN2818

Nonlinear spring profile See Appendix C.5

Length from clamp to ceiling 98' - 79' -6' -10' - 7.4375" - 1.75"  = 
28.5625" [26, H15-J15], [24, ph-18, 33] 

Distance from (Reference) 31.5" from NWP(1-43) [24, ph-18], Scaled from M6-1-43-N27-
CSUG-DSC00032

Nonlinear spring profile See Appendix C.5

RH-17B

RH-19

RH-17A

RH-25A

RH-30

Dimensions

RH-25B
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Table 9.  Dimensions Associated with Supports on Line 1-44 of Model 2-6-5 
Supports (1-44) Reference

Length of Plate Portion of Cantilever 4" M6-1-44-N43-CSUA-DSCN2845 [25, 
Detail 11]

Length of Angle Iron Portion of 
Cantilever 6.625" M6-1-44-N43-CSUA-DSCN2845 [25, 

Detail 11]

Length from clamp to ceiling 14" + (2'-9") = 47" [12], Scaled from M6-1-44-N61-CSUG-
DSCN2687

Distance from (Reference) 4" from T(1-44) toward GT(1-46B) Scaled from M6-1-44-N43-CSUG-
DSCN2844

Nonlinear spring profile See Appendix C.5

Length Angle Iron Cantilever 10.625" [25, Det 11]

Length from clamp to ceiling 14" Scaled from M6-1-44-N61-CSUG-
DSCN2687 

Distance from (Reference) 21" + 18.375" - 30" = 9.375" from EL(1-
44B) on P(1-44B)

[25, Det 11], [25, det 20], [25], [24, ph-
18]

Nonlinear spring profile See Appendix C.5

Length connection to anchorage 18.375" [25, Det 20]
Support Shape Fabricated Plate [25, Det 20]

Distance from (Reference) 24" from EL(1-44C) M6-1-44-N68-WSUG-DSCN2814  

Length between connections 98' - 79' - 6' - 7' - 5" - 1.75" = 65.25" [27, J2-3], [24, ph-18, 33]

Distance from (Reference) 26" from EL(1-44D) on P(1-44D) [24, ph-18], Scaled from M6-1-44-N71-
CSUG-DSCN2691

Support rod details 0.625" diameter rod

Length between connections 98' - 79' - 6' - 7' - 5" - 1.75" = 65.25" [27, J2-3], [24, ph-18, 33]

Distance from (Reference) 6" from EL(1-44E) on P(1-44E) [24, ph-18], Scaled from M6-1-44-N71-
CSUG-DSCN2691

Support rod details 0.625" diameter rod

RH-22B

Dimensions

PS-7

RH-16A

RH-16B

RH-22A

Table 10.  Dimensions Associated with Supports on Line 1-47 of Model 2-6-5 
Supports (1-47) Reference

Length from bottom of pipe to floor 8" [28], [25, Det 8]

Distance from (Reference) 4" from EL(1-17A) (25, Det 8), Scaled from M6-1-47-N54-
FSUG-DSCN2828

Nonlinear spring profile See Appendix C.5

Length from bottom of pipe to floor 8" [28], [25, Det 8]

Distance from (Reference) 4" south from GT(1-46B) (127036), Scaled from M6-1-47-N57-
FSUG-DSCN2827 

Nonlinear spring profile See Appendix C.5

Length from bottom of pipe to floor 8" [28], [25, Det 8]

Distance from (Reference) 8" north from GT(1-46B) [16], Scaled from M6-1-47-N57-FSUG-
DSCN2827 

Nonlinear spring profile See Appendix C.5

Dimensions of Angle Iron Structure [25, Detail 15] 
Size of angle iron composition 1.5" x 1.5" x 3/16" [25, Detail 15]
Length from bottom of pipe to 

anchorage 8" [25, Detail 15] 

Distance from (Reference) 40" + 2" - 6" - 9" = 27" south of EL(1-47E) P9-M4-M6-DSCN0005, [25, Detail 15] 

PS-10C

AIWS

Dimensions

PS-10A

PS-10B
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Table 11.  Dimensions Associated with Supports on Line 1-47 of Model 2-6-5 
Supports (1-48) Reference

Length pipe center to ceiling 9.375" M3-1-47-N49-CSUG-DSCN2775
Distance from (Reference) (6'-6")+(6'-0") = 150" from EL(1-48A) [21,CD7]

Nonlinear spring profile See Appendix C.5

Length pipe center to ceiling 9.375" M3-1-47-N49-CSUG-DSCN2775
Distance from (Reference) 11" from EL(1-48A) M2-1-48-N47-CSUG-DSCN2774

Nonlinear spring profile See Appendix C.5

Cantilever properties 1.75" X 1.75" X 0.25" M2-1-48-N44-WSUG-DSCN2773 
Length connection to anchorage 4.5" from pipe face M2-1-48-N44-WSUG-DSCN2773 

Distance from (Reference) At top side of EL(1-48C) M2-1-48-N44-WSUG-DSCN2773 

RH-24A

RH-24B

AIS

Dimensions

Table 12.  Dimensions Associated with Supports on Line 8-14 of Model 2-6-5 
Supports (8-14) Reference

Length connection to anchorage 71" - EL(8-14B) = 56" M3-1-27-N370-CSUG-DSCN2941
Distance from (Reference) (2'-10") - 10.25"/2 - 3" = 20.75" [22, Det 32], [25, Det 18]

Nonlinear spring profile See Appendix C.5

Length of anchorage cantilever 12" [25, Det 18]
Size of cantilever 5" x 3" x 1/2" angle iron [25, Det 18]

Length connection to anchorage (2'-10") - 7.4375" - 3" = 23.5625" [25, Det 25]

Distance from (Reference) Located directly over line 1-22 which is 7' 
east of  line 1-18

[21, G12-13], M2-8-14-N7-CSUG-
DSCN2742

Length of clamp cantilever 12" [25, Det 18]
Size of cantilever 5" x 3" x 1/2" angle iron [25, Det 18]

Length connection to anchorage (2'-10") - 10.75"/2 - 3" = 23.5625" [25, Det 25]

Distance from (Reference)
Located directly over line 1-23 which is 18' 
= 216" west of  previous RH-13 (above line 

1-22)

[21,G10-12], M2-8-14-N9-CSUG-
DSCN2741

RH-13B

Dimensions

RH-26x

RH-13A

Table 13.  Dimensions Associated with Supports on Line 1-171 of Model 2-6-5 
Supports (8-14) Reference

Length connection to anchorage 71" - EL(8-14B) = 56" M3-1-27-N370-CSUG-DSCN2941
Distance from (Reference) (2'-10") - 10.25"/2 - 3" = 20.75" [22, Det 32], [25, Det 18]

Nonlinear spring profile See Appendix C.5

Length of anchorage cantilever 12" [25, Det 18]
Size of cantilever 5" x 3" x 1/2" angle iron [25, Det 18]

Length connection to anchorage (2'-10") - 7.4375" - 3" = 23.5625" [25, Det 25]

Distance from (Reference) Located directly over line 1-22 which is 7' 
east of  line 1-18

[21, G12-13], M2-8-14-N7-CSUG-
DSCN2742

Length of clamp cantilever 12" [25, Det 18]
Size of cantilever 5" x 3" x 1/2" angle iron [25, Det 18]

Length connection to anchorage (2'-10") - 10.75"/2 - 3" = 23.5625" [25, Det 25]

Distance from (Reference)
Located directly over line 1-23 which is 18' 
= 216" west of  previous RH-13 (above line 

1-22)

[21,G10-12], M2-8-14-N9-CSUG-
DSCN2741

RH-13B

Dimensions

RH-26x

RH-13A
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Table 14.  Dimensions Associated with Supports on Line 1-171 of Model 2-6-5 
Spring Pipe 

Support (1-17) Reference

Location Line 1-17 [20]
Dist from Ref 4.5" west of PR-6A M2-1-17-N84-FSUG-DSCN2708

Load 9600 [20]

Location Line 1-17 [20]
Dist from Ref 84" east of PR-6C P3-M2-DSCN0002

Load 8400 [20]

Location Line 1-17 [20]
Dist from Ref 45" west of T(1-19) P2-M2-DSCN0003 

Load 8700 [20]

Location Line 1-17 [20]
Dist from Ref 28" east of PR-6E P2-M2-DSCN0001

Load 9000 [20]

Location Line 1-17 [20]
Dist from Ref 13.5" east of PR-6F P1-M2-DSCN0004

Load 8100 [20]

Location Line 1-17 [20]
Dist from Ref 28" west of PR-6G P1-M2-DSCN0002-1

Load 8900 [20]

Dimensions

SPS-2D

SPS-2C

SPS-5A

SPS-5B

SPS-2B

SPS-2A

Table 15.  Dimensions Associated with Supports on Line 1-171 of Model 2-6-5 
Spring Pipe 

Support (1-18) Reference

Location Line 1-18 [21]
Dist from Ref At FL(1-18B) [21, F12]

Load 7800 [20]

Dimensions

SPS-1A
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Table 16.  Dimensions Associated with Spring Hangers & Spring Supports on Line 1-17 of Model 2-6-5 
Spring Pipe 

Support (1-17) Reference

Location Line 1-17 [20]
Dist from Ref 4.5" west of PR-6A M2-1-17-N84-FSUG-DSCN2708

Load 9600 [20]

Location Line 1-17 [20]
Dist from Ref 84" east of PR-6C P3-M2-DSCN0002

Load 8400 [20]

Location Line 1-17 [20]
Dist from Ref 45" west of T(1-19) P2-M2-DSCN0003 

Load 8700 [20]

Location Line 1-17 [20]
Dist from Ref 28" east of PR-6E P2-M2-DSCN0001

Load 9000 [20]

Location Line 1-17 [20]
Dist from Ref 13.5" east of PR-6F P1-M2-DSCN0004

Load 8100 [20]

Location Line 1-17 [20]
Dist from Ref 28" west of PR-6G P1-M2-DSCN0002-1

Load 8900 [20]

Dimensions

SPS-2D

SPS-2C

SPS-5A

SPS-5B

SPS-2B

SPS-2A

Table 17.  Dimensions Associated with Spring Hangers & Spring Supports on Line 1-18 of Model 2-6-5 
Spring Pipe 

Support (1-18) Reference

Location Line 1-18 [21]
Dist from Ref At FL(1-18B) [21, F12]

Load 7800 [20]

Dimensions

SPS-1A

Table 18.  Dimensions Associated with Spring Hangers & Spring Supports on Line 1-19 of Model 2-6-5 
Spring Pipe 

Support (1-19) Reference

Location Line 1-19 [21]
Dist from Ref At FL(1-19B) [21, F10]

Load 7200 [20]

Dimensions

SPS-1B

Table 19.  Dimensions Associated with Spring Hangers & Spring Supports on Line 1-20 of Model 2-6-5 
Spring Pipe 

Support (1-20) Reference

Location Line 1-20 [21]
Dist from Ref At FL(1-20B) [21, F7]

Load 7800 [20]

Dimensions

SPS-1C



Calculation Sheet 
Page C.6-9 of C.6-43 

Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: R. K. Blandford Date: 09/30/08

Table 20.  Dimensions Associated with Spring Hangers & Spring Supports on Line 1-21 of Model 2-6-5 
Spring Pipe 

Support (1-21) Reference

Location Line 1-21 [21]
Dist from Ref At FL(1-21B) [21, F5]

Load 7800 [20]

Dimensions

SPS-1D

Table 21.  Location Associated with Termination on Line 1-13 of Model 2-6-5 
Termination (1-13) Reference

HX(1-13) Location Where line 1-13 connects to heat exchanger [4]
Dimensions

Table 22.  Location Associated with Termination on Line 1-14 of Model 2-6-5 
Termination (1-14) Reference

HX(1-14) Location Where line 1-14 connects to heat exchanger [4]
Dimensions

Table 23.  Location Associated with Termination on Line 1-15 of Model 2-6-5 
Termination (1-15) Reference

HX(1-15) Location Where line 1-15 connects to heat exchanger [4]
Dimensions

Table 24.  Location Associated with Termination on Line 1-16 of Model 2-6-5 
Termination (1-16) Reference

HX(1-16) Location Where line 1-15 connects to heat exchanger [4]
Dimensions

Table 25.  Location Associated with Termination on Line 1-171 of Model 2-6-5 
Termination (1-171) Reference

HX(1-171) Location Where line 1-171 connects to heat exchanger [18]
Dimensions

Table 26.  Location Associated with Termination on Line 1-18 of Model 2-6-5 
Termination (1-18) Reference

PP(1-18) Location Where line 1-18 connects to primary pump [5]
Dimensions

Table 27.  Location Associated with Termination on Line 1-19 of Model 2-6-5 
Termination (1-19) Reference

PP(1-19) Location Where line 1-19 connects to primary pump [5]
Dimensions

Table 28.  Location Associated with Termination on Line 1-20 of Model 2-6-5 
Termination (1-20) Reference

PP(1-20) Location Where line 1-20 connects to primary pump [5]
Dimensions

Table 29.  Location Associated with Termination on Line 1-21 of Model 2-6-5 
Termination (1-21) Reference

PP(1-21) Location Where line 1-21 connects to primary pump [5]
Dimensions

Table 30.  Location Associated with Termination on Line 1-30 of Model 2-6-5 
Termination (1-30) Reference

EP(1-30) Location Where line 1-30 connects to emergency pump [7]
Dimensions
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Table 31.  Location Associated with Termination on Line 1-31 of Model 2-6-5 
Termination (1-31) Reference

EP(1-31) Location Where line 1-31 connects to emergency pump [10]
Dimensions

Table 32.  Location Associated with Termination on Line 1-43 of Model 2-6-5 
Termination (1-43) Reference

NWP(1-43) Location Where line 1-43 penetrates the north wall [11]
Dimensions

Table 33.  Location Associated with Termination on Line 1-44 of Model 2-6-5 
Termination (1-44) Reference

WFP(1-44) Location Where line 1-44 pentrates the floor just below west wall [13]
Dimensions

Table 34.  Location Associated with Termination on Line 1-47 of Model 2-6-5 
Termination (1-47) Reference

PT(1-47) Location Where line 1-47 tees into underside of pipe1-35 [16]
Dimensions

Table 35.  Location Associated with Termination on Line 1-48 of Model 2-6-5 
Termination (1-48) Reference

NWP(1-48) Location Where line 1-48 penetrates the north wall [17]
Dimensions

Table 36.  Location Associated with Termination on Line 8-14 of Model 2-6-5 
Termination (8-14) Reference

ECP(8-14) Location Where line 8-14 penetrates concrete ceiling by east wall [19]
Dimensions

Table 37.  Location Associated with Termination on Line 1-45 of Model 2-6-5 
Termination (1-45) Reference

ST(1-45) Location Where line 1-45 connects to surge tank [33]
Dimensions

Table 38.  Dimensions Associated with Pipe Runs on Line 1-13 of Model 2-6-5 
Pipe Run (1-13) Reference

Pipe Diameter 20" [4]
Pipe Thickness 0.312" [4]
Pipe Material SS304 [4]

Pipe Diameter 20" [4]
Pipe Thickness 0.312" [4]
Pipe Material SS304 [4]

Pipe Diameter 20" [4]
Pipe Thickness 0.312" [4]
Pipe Material SS304 [4]

[4]

[4]

Dimensions

Length between (3'-3.25") - EL(1-13A)                                           = 
9.25" [4]

P (1-13A)

P (1-13B)

P (1-13C)
Length between (11'-9.0625) - EL(1-13B) - T(1-13)                      = 

86.9375"

Length between        (9'-6") - EL(1-13A) - EL(1-13B)                    = 
54"
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Table 39.  Dimensions Associated with Pipe Runs on Line 1-14 of Model 2-6-5 
Pipe Run (1-14) Reference

Pipe Diameter 20" [4]
Pipe Thickness 0.312" [4]
Pipe Material SS304 [4]

Pipe Diameter 20" [4]
Pipe Thickness 0.312" [4]
Pipe Material SS304 [4]

Pipe Diameter 20" [4]
Pipe Thickness 0.312" [4]
Pipe Material SS304 [4]

(9'-6") - EL(1-14A) - EL(1-14B)                            = 
54" [4]

Length between (3'-3.25") - EL(1-14A)                                           = 
9.25" [4]

Dimensions

P (1-14A)

Length between 

P (1-14B)

(11'-9.0625) - EL(1-14B) - T(1-14)                      = 
86.9375" [4]

P (1-14C)

Length between 

Table 40.  .  Dimensions Associated with Pipe Runs on Line 1-15 of Model 2-6-5 
Pipe Run (1-15) Reference

Pipe Diameter 20" [4]
Pipe Thickness 0.312" [4]
Pipe Material SS304 [4]

Pipe Diameter 20" [4]
Pipe Thickness 0.312" [4]
Pipe Material SS304 [4]

Pipe Diameter 20" [4]
Pipe Thickness 0.312" [4]
Pipe Material SS304 [4]

P (1-15B)
(9'-6") - EL(1-15A) - EL(1-15B)                           = 

54"

Length between (11'-9.0625) - EL(1-15B) - T(1-15)                      = 
86.9375"

Dimensions

P (1-15A)
Length between (3'-3.25") - EL(1-14A)                                          = 

9.25" [4]

Length between [4]

[4]
P (1-15C)
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Table 41.  Dimensions Associated with Pipe Runs on Line 1-16 of Model 2-6-5 
Pipe Run (1-16) Reference

Pipe Diameter 20" [4]
Pipe Thickness 0.312" [4]
Pipe Material SS304

Pipe Diameter 20" [4]
Pipe Thickness 0.312" [4]
Pipe Material SS304 [4]

Pipe Diameter 20" [4]
Pipe Thickness 0.312" [4]
Pipe Material SS304 [4]

Dimensions

P (1-16A)
Length between (3'-3.25") - EL(1-14A)                                         = 

9.25" [4]

P (1-16B)
Length between (9'-6") - EL(1-15A) - EL(1-15B)                           = 

54" [4]

P (1-16C)
Length between (11'-9.0625) - EL(1-15B) - T(1-15)                      = 

86.9375" [4]

Table 42.  Dimensions Associated with Pipe Runs on Line 1-17 of Model 2-6-5 
Pipe Run (1-17) Reference

Pipe Diameter 30" [4]
Pipe Thickness 0.438" [4]
Pipe Material SS304 [4]

Pipe Diameter 30" [4]
Pipe Thickness 0.438" [4]
Pipe Material SS304 [4]

Pipe Diameter 30" [4]
Pipe Thickness 0.438" [4]
Pipe Material SS304 [4]P (1-17C)

Length between (15'-2.9375") - T(1-20)Leg2 - T(1-16)Leg1        
= 139" [4]

[4]

P (1-17B)
Length between (9'-8.9375") -T(1-15)Leg2 - T(1-10)Leg1         

= 68.9375" [4]

Dimensions

P (1-17A)
Length between (18') -T(1-18)Leg2 - T(1-19)Leg1                         = 

172.5313"
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Table 43.  Dimensions Associated with Pipe Runs on Line 1-18 of Model 2-6-5 
Pipe Run (1-18) Reference

Pipe Diameter 20" [5]
Pipe Thickness 0.375" [5]
Pipe Material SS304 [5]

Pipe Diameter 20" [5]
Pipe Thickness 0.375" [5]
Pipe Material SS304 [5]

Pipe Diameter 18" [5]
Pipe Thickness 0.3125" [5]
Pipe Material SS304 [5]

* Since [5] doesn't define the distance between the Primary Pump suction and the reducer the value was assumed to be 
the same as that between the Primary Pump discharge and reducer in [5].

[5]

P (1-18B)
Length between EL(1-18A)   

and RED(1-18A)
(16'-9.875") - RED(1-18A) - 9"                              = 

183.875" [5]

Dimensions

P (1-18A)
Length between GT(1-18)    

and EL(1-18A)
(2'-2.375") + (0.125") - EL(1-18A)               

= 2.5"

9" * [5]
P (1-18C)

Length between RED(1-18A) 
and PP(1-18)

Table 44.  Dimensions Associated with Pipe Runs on Line 1-19 of Model 2-6-5 
Pipe Run (1-19) Reference

Pipe Diameter 20" [5]
Pipe Thickness 0.375" [5]
Pipe Material SS304 [5]

Pipe Diameter 20" [5]
Pipe Thickness 0.375" [5]
Pipe Material SS304 [5]

Pipe Diameter 18" [5]
Pipe Thickness 0.3125" [5]
Pipe Material SS304 [5]

* Since [[5]] doesn't define the distance between the Primary Pump suction and the reducer the value was assumed to 
be the same as that between the Primary Pump discharge and reducer in [5]

P (1-19A)
Length between GT(1-19)    

and EL(1-19A)
(2'-2.375") + (0.125") - EL(1-19A)               

= 2.5" [5]

Dimensions

Length between EL(1-19A)   
and RED(1-19A)

(16'-9.875") - RED(1-19A) - 9"                 
= 183.875" [5]

P (1-19B)

P (1-19C)
Length between RED(1-19A) 

and PP(1-19) 9" * [5]
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Table 45.  Dimensions Associated with Pipe Runs on Line 1-20 of Model 2-6-5 
Pipe Run (1-20) Reference

Pipe Diameter 20" [5]
Pipe Thickness 0.375" [5]
Pipe Material SS304 [5]

Pipe Diameter 20" [5]
Pipe Thickness 0.375" [5]
Pipe Material SS304 [5]

Pipe Diameter 18" [5]
Pipe Thickness 0.3125" [5]
Pipe Material SS304 [5]

Dimensions

9" * [5]

* Since [[5]] doesn't define the distance between the Primary Pump suction and the reducer the value was assumed to 
be the same as that between the Primary Pump discharge and reducer in  [5]

P (1-20A)
Length between GT(1-20)    

and EL(1-20A)
(2'-2.375") + (0.125") - EL(1-20A)                         = 

2.5" [5]

P (1-20B)
Length between EL(1-20A)   

and RED(1-20A)
(16'-9.875") - RED(1-20A) - 9"                              = 

183.875" [5]

P (1-20C)
Length between RED(1-20A) 

and PP(1-20)

Table 46.  Dimensions Associated with Pipe Runs on Line 1-21 of Model 2-6-5 
Pipe Run (1-21) Reference

Pipe Diameter 20" [5]
Pipe Thickness 0.375" [5]
Pipe Material SS304 [5]

Pipe Diameter 20" [5]
Pipe Thickness 0.375" [5]
Pipe Material SS304 [5]

Pipe Diameter 18" [5]
Pipe Thickness 0.3125" [5]
Pipe Material SS304 [5]

* Since [[5]] doesn't define the distance between the Primary Pump suction and the reducer the value was assumed to 
be the same as that between the Primary Pump discharge and reducer in  [5]

Dimensions

P (1-21C)
Length between RED(1-21A) 

and PP(1-21) 9" * [5]

P (1-21B)
Length between EL(1-21A)   

and RED(1-21A)
(16'-9.875") - RED(1-21A) - 9"                             = 

183.875" [5]

P (1-21A)
Length between GT(1-21)    

and EL(1-21A)
(2'-2.375") + (0.125") - EL(1-21A)               

= 2.5" [5]

Table 47.  Dimensions Associated with Pipe Runs on Line 1-30 of Model 2-6-5 
Pipe Run (1-33) Reference

Pipe Diameter 14" [17]
Pipe Thickness 0.25" [17]
Pipe Material SS304 [17]

[17]
P (1-33A)

Length between CK(1-33)      
and EL(1-33A)

(1'-9.125") - EL(1-33A)                    
= 7.125"

Dimensions
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Table 48.  Dimensions Associated with Pipe Runs on Line 1-31 of Model 2-6-5 
Pipe Run (1-49) Reference

Pipe Diameter 14" [17]
Pipe Thickness 0.25" [17]
Pipe Material SS304 [17]

Pipe Diameter 14" [17]
Pipe Thickness 0.25" [17]
Pipe Material SS304 [17]

Pipe Diameter 14" [17]
Pipe Thickness 0.25" [17]
Pipe Material SS304 [17]

Pipe Diameter 14" [17]
Pipe Thickness 0.25" [17]
Pipe Material SS304 [17]

[17]
P (1-49D)

Length between EL(1-49A)     
and EL(1-49B)

(5'-11.9375") - EL(1-49B) - EL(1-49C)        
= 63.4375" [17]

P (1-49C)

Length between EL(1-49A)     
and FAB(1-32)

(3'-10.375") + (1'-1") - EL(1-49C) - FAB(1-32)  
= 49.875"

[17]
P (1-49B)

Length between North Wall 
Termination and EL(1-49A)

(24'-2") - EL(1-49A)
= 284" [17]

P (1-49A)

Length between EL(1-49A)     
and EL(1-49B)

(6'-0") - EL(1-49A) - EL(1-49B)              
= 60"

Dimensions
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Table 49.  Dimensions Associated with Pipe Runs on Line 1-43 of Model 2-6-5 
Pipe Run (1-43) Reference

Pipe Diameter 10.75" [11]
Pipe Thickness 0.25" [11]
Pipe Material SS304 [11]

Pipe Diameter 10.75" [11]
Pipe Thickness 0.25" [11]
Pipe Material SS304 [11]

Pipe Diameter 10.75" [11]
Pipe Thickness 0.25" [11]
Pipe Material SS304 [11]

Pipe Diameter 10.75" [11]
Pipe Thickness 0.25" [11]
Pipe Material SS304 [11]

Pipe Diameter 10.75" [11]
Pipe Thickness 0.25" [11]
Pipe Material SS304 [11]

Pipe Diameter 10.75" [11]
Pipe Thickness 0.25" [11]
Pipe Material SS304 [11]

Pipe Diameter 10.75" [11]
Pipe Thickness 0.25" [11]
Pipe Material SS304 [11]

Pipe Diameter 10.75" [11]
Pipe Thickness 0.25" [11]
Pipe Material SS304 [11]

Dimensions

P (1-43A)

Length between 4.375" M6-1-43-N1-PBRG-
DSCN2833

P (1-43B)

Length between (4'-0") - EL(1-43B)                                           = 33" [11]

P (1-43C)

Length between (12'-6") - (3'-0.4375") -EL(1-43D) - T(1-46)Leg2    
= 78.5625" [11]

P (1-43D)

Length between (6'-6.75") - (1'-6.375") - EL(1-43C) - T(1-47)Leg1 = 
21.25" [11]

P (1-43E)

Length between (2'-1") - EL(1-43D)                           
= 10" [11]

P (1-43F)

Length between (1'-11.4375") - EL(1-43D) - T(1-43)Leg2          
= 2 (1.5*) [11]

P (1-43G)

Length between (18'-11.625") - (1'-11.4375") + (0.5*)- T(1-43)Leg1 
= 178.6638" [11]

P (1-43H)

Length between 3'-4.625" [11]
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Pipe Diameter 10.75" [11]
Pipe Thickness 0.25" [11]
Pipe Material SS304 [11]

Pipe Diameter 10.75" [11]
Pipe Thickness 0.25" [11]
Pipe Material SS304 [11]

Pipe Diameter 10.75" [11]
Pipe Thickness 0.25" [11]
Pipe Material SS304 [11]

Pipe Diameter 10.75" [11]
Pipe Thickness 0.25" [11]
Pipe Material SS304 [11]

Pipe Diameter 10.75" [11]
Pipe Thickness 0.25" [11]
Pipe Material SS304 [11]

Pipe Diameter 6.625" [11]
Pipe Thickness 0.28" [11]
Pipe Material SS304 [11]

Pipe Diameter 6.625" [11]
Pipe Thickness 0.28" [11]
Pipe Material SS304 [11]

P (1-43L)

Length between (14'-4") - EL(1-43G)                                              = 
165.975" [11]

P (1-43K)

Length between (6'-11.4375") - EL(1-43F) - EL(1-43G)           
= 62.4125" [11]

P (1-43M)

Length between 4" M6-1-43-N28-WPG-
DSCN2816

(2'-0.5") - T(1-43) -EL(1-43H)                  
= 9.875" 

[11], [12]

[11]

P (1-43I)

Length between (2'-1") - EL(1-43E)                           
= 10" [11]

P (1-43J)

Length between (18'-9") - EL(1-43E) - EL(1-43F)                
= 195" [11]

P (1-43O)

Length between (1'-5") - 9" + 0.125"                                              = 
8.125"

P (1-43N)

Length between 

*The dimensions associated with lines 1-43 (11), 1-46 (14), and 1-44 (12) appear to contradict each other by a half an 
inch where the most significant effect is the location of T(1-43).  It is believed this is due to the inclusion of four 1/8" 
dimensions to accomodate the valve/flange connection which will be included in this model.  Therefore based on this 
premise 12 places T(1-43) 0.5" closer to EL(1-43D) and reducing the 2" length of P(1-43F) calculated above. 
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Table 50.  Dimensions Associated with Pipe Runs on Line 1-44 of Model 2-6-5 
Pipe Run (1-44) Reference

Pipe Diameter 6.625" [12]
Pipe Thickness 0.28" [12]
Pipe Material SS304 [12]

Pipe Diameter 6.625" [12]
Pipe Thickness 0.28" [12]
Pipe Material SS304 [12]

Pipe Diameter 6.625" [12]
Pipe Thickness 0.28" [12]
Pipe Material SS304 [12]

Pipe Diameter 6.625" [12]
Pipe Thickness 0.28" [12]
Pipe Material SS304 [12]

Pipe Diameter 6.625" [12]
Pipe Thickness 0.28" [12]
Pipe Material SS304 [12]

Pipe Diameter 6.625" [12]
Pipe Thickness 0.28" [12]
Pipe Material SS304 [12]

Pipe Diameter 6.625" [13]
Pipe Thickness 0.28" [13]
Pipe Material SS304 [13]P (1-44G)

Length between (6'-3") - EL(1-44F)                                             = 
71.25" [13]

[12]

[12]

[12]

Dimensions

Length between (2'-9") - T(1-44)Branch - EL(1-44A)             
= 18.375"

P (1-44A)

P (1-44C)

Length between (14'-9") - EL(1-44B) - EL(1-44C)                
= 117"

P (1-44B)

Length between (12'-9.5") - EL(1-44A) - EL(1-44B)                      = 
114.5"

P (1-44D)

Length between (18'-7.375") - EL(1-44C) - EL(1-44D)            
= 184.375" [12]

P (1-44E)

Length between (3'-0") - EL(1-44D)                                               = 
27" [12]

P (1-44F)

Length between (10'-7.625") - EL(1-44E)                                    = 
118.625" [12]
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Table 51.  .  Dimensions Associated with Pipe Runs on Line 1-46 of Model 2-6-5 
Pipe Run (1-46) Reference

Pipe Diameter 6.625" [14]
Pipe Thickness 0.28" [14]
Pipe Material SS304 [14]

Pipe Diameter 6.625" [14]
Pipe Thickness 0.28" [14]
Pipe Material SS304 [14]

Dimensions

P (1-46A)

Length between (5'-7.625") + (3'-10") - EL(1-46A) - EL(1-46B)      = 
106.125" [14]

P (1-46B)

Length between (1'-5") + (0.125") - 9"                                          = 
8.125" [14], [12]
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Table 52.  Dimensions Associated with Pipe Runs on Line 1-47 of Model 2-6-5 
Pipe Run (1-47) Reference

Pipe Diameter 6.625" [15]
Pipe Thickness 0.28" [15]
Pipe Material SS304 [15]

Pipe Diameter 6.625" [15]
Pipe Thickness 0.28" [15]
Pipe Material SS304 [15]

Pipe Diameter 6.625" [15]
Pipe Thickness 0.28" [15]
Pipe Material SS304 [15]

Pipe Diameter 6.625" [15]
Pipe Thickness 0.28" [15]
Pipe Material SS304 [15]

Pipe Diameter 6.625" [15]
Pipe Thickness 0.28" [15]
Pipe Material SS304 [15]

Pipe Diameter 6.625" [15]
Pipe Thickness 0.28" [15]
Pipe Material SS304 [15]

Pipe Diameter 6.625" [15]
Pipe Thickness 0.28" [15]
Pipe Material SS304 [15]

Pipe Diameter 6.625" [15]
Pipe Thickness 0.28" [15]
Pipe Material SS304 [15]

[16]

P (1-47H)

Length between (13'-0.5") -EL(1-47E) - EL(1-47F)               
= 143.75" [16]

P (1-47G)

Dimensions

P (1-47E)

Length between (11.375")*(2^0.5) - EL(1-47C) - EL(1-47D)        
= 8.586679"

Length between (4'-5.25") - EL(1-47E) - EL(1-47F)               
= 40.5"

P (1-47F)

Length between (21'-11.5") - EL(1-47D) -EL(1-47E)              
= 250.75" [16]

[16]

P (1-47D)

Length between (1'-5") - EL(1-47C)                                           = 
13.25" [16]

P (1-47A)

Length between (9'-3") - T(1-47) - EL(1-47A)                             = 
90.625" [16]

P (1-47B)

Length between (6'-2.125") - EL(1-47A) - EL(1-47B)             
= 56.125" [16]

P (1-47C)

Length between (1'-5") - EL(1-47B)                           
= 8" [16]
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Table 53.  Dimensions Associated with Pipe Runs on Line 1-48 of Model 2-6-5 
Pipe Run (1-48) Reference

Pipe Diameter 4.5" [17]
Pipe Thickness 0.237 [17]
Pipe Material SS304 [17]

Pipe Diameter 4.5" [17]
Pipe Thickness 0.237 [17]
Pipe Material SS304 [17]

Pipe Diameter 4.5" [17]
Pipe Thickness 0.237 [17]
Pipe Material SS304 [17]

Pipe Diameter 4.5" [17]
Pipe Thickness 0.237 [17]
Pipe Material SS304 [17]

Dimensions

P (1-48A)

Length between (7'-3.5") - T(1-48) - EL(1-48C)                             = 
73.5" [17]

P (1-48B)

Length between (9'-11.5") - EL(1-48C) - EL(1-48B)                     = 
114.5" [17]

P (1-48C)

Length between (11'-9.5") - EL(1-48B) - EL(1-48A)              
= 133" [17]

P (1-48D)

Length between (24'-2") - EL(1-48A)                                          = 
284" [17]

Table 54.  Dimensions Associated with Pipe Runs on Line 1-171 of Model 2-6-5 
Pipe Run (1-171) Reference

Pipe Diameter 20" [18]
Pipe Thickness 0.3125" [18]
Pipe Material SS304 [18]

Pipe Diameter 20" [18]
Pipe Thickness 0.3125" [18]
Pipe Material SS304 [18]

Pipe Diameter 20" [18]
Pipe Thickness 0.3125" [18]
Pipe Material SS304 [18]

Dimensions

P (1-171A)

Length between (2'-8") - EL(1-171A)                                            = 
12" [18]

P (1-171B)

Length between (9'-6") - EL(1-171A) - EL(1-171B)                      = 
64" [18]

P (1-171C)

Length between (10'-2.25") - EL(1-171B) - EL(1-171C)           
= 62.25" [18]
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Table 55.  Dimensions Associated with Pipe Runs on Line 8-14 of Model 2-6-5 
Pipe Run (8-14) Reference

Pipe Diameter 10.75" [19]
Pipe Thickness 0.25" [19]
Pipe Material SS304 [19]

Pipe Diameter 10.75" [19]
Pipe Thickness 0.25" [19]
Pipe Material SS304 [19]

Pipe Diameter 10.75" [19]
Pipe Thickness 0.25" [19]
Pipe Material SS304 [19]

Dimensions

P (8-14A)

Length between 6" between ceiling penetration and EL(8-14A) M2-8-14-N1-CPG-
DSCN2745 

P (8-14B)

Length between (15'-0") - EL(8-14A) - EL(8-14B)                        = 
155" [19]

P (8-14C)

Length between (35'-1") - EL(8-14B) - FAB BRANCH(1-30)        
= 406" [19]

Table 56.  Dimensions Associated with Pipe Runs on Line 1-20 of Model 2-6-5 
Pipe Run (1-20) Reference

Pipe Diameter 20" [5]
Pipe Thickness 0.375" [5]
Pipe Material SS304 [5]

Pipe Diameter 20" [5]
Pipe Thickness 0.375" [5]
Pipe Material SS304 [5]

Pipe Diameter 18" [5]
Pipe Thickness 0.3125" [5]
Pipe Material SS304 [5]

Dimensions

9" * [5]

* Since [[5]] doesn't define the distance between the Primary Pump suction and the reducer the value was assumed to 
be the same as that between the Primary Pump discharge and reducer in  [5]

P (1-20A)
Length between GT(1-20)    

and EL(1-20A)
(2'-2.375") + (0.125") - EL(1-20A)                         = 

2.5" [5]

P (1-20B)
Length between EL(1-20A)   

and RED(1-20A)
(16'-9.875") - RED(1-20A) - 9"                              = 

183.875" [5]

P (1-20C)
Length between RED(1-20A) 

and PP(1-20)
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Table 57.  Dimensions Associated with Pipe Runs on Line 1-45 of Model 2-6-5 
Pipe Run (1-45) Reference

Pipe Diameter 6.625" [33]
Pipe Thickness 0.28" [33]
Pipe Material SS304 [33]

Pipe Diameter 6.625" [33]
Pipe Thickness 0.28" [33]
Pipe Material SS304 [33]

Pipe Diameter 6.625" [33]
Pipe Thickness 0.28" [33]
Pipe Material SS304 [33]

Pipe Diameter 6.625" [33]
Pipe Thickness 0.28" [33]
Pipe Material SS304 [33]

Pipe Diameter 6.625" [33]
Pipe Thickness 0.28" [33]
Pipe Material SS304 [33]

Pipe Diameter 6.625" [33]
Pipe Thickness 0.28" [33]
Pipe Material SS304 [33]P (1-45F)

Length between (7'-9") - EL(1-45E) - EL(1-45F)                 
= 75" [33]

P (1-45E)

Length between (13'-0.875") - EL(1-45D) - EL(1-45E)            
= 144.125" [33]

P (1-45D)

Length between (4'-3.0625") - EL(1-45C) - EL(1-45D)            
= 43.5" [33]

P (1-45C)

Length between (4'-1") - EL(1-45B) - EL(1-45C)                             = 
36.25" [33]

[33]

P (1-45B)

Length between (2') - EL(1-45A) - EL(1-45B)                                  = 
6" [33]

Dimensions

P (1-45A)

Length between (2'-3") - EL(1-45A) - T(1-45)(branch)            
= 8"

Table 58.  Dimensions Associated with Reducers on Line 1-22 of Model 2-6-5 
Reducers (1-17) Reference

Small Diameter 20" [18]
Large Diameter 30" [18]

Length 1'-8" [18]
Thickness 0.5" [18]

Eccentric Offset 0" [18]

Dimensions

RED(1-17A)
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Table 59.  Dimensions Associated with Reducers on Line 1-17 of Model 2-6-5 
Reducers (1-18) Reference

Small Diameter 18" [5]
Large Diameter 20" [5]

Length 9" * [6]
Thickness 0.375" [5]

Eccentric Offset 0" [5]

Dimensions

RED(1-18A)

* Since [5] doesn't define the length of RED(1-18A) it is assumed to be 
of the same length as RED(1-25A) of Model 3

Table 60.  Dimensions Associated with Reducers on Line 1-18 of Model 2-6-5 
Reducers (1-24) Reference

Small Diameter 18" [5]
Large Diameter 20" [5]

Length 9" [5]
Thickness 3/8" [5]

Eccentric Offset 0" [5]

RED(1-24)

Dimensions

Table 61.  Dimensions Associated with Reducers on Line 1-19 of Model 2-6-5 
Reducers (1-19) Reference

Small Diameter 18" [5]
Large Diameter 20" [5]

Length 9" * [6]
Thickness 0.375" [5]

Eccentric Offset 0" [5]

RED(1-19A)

Dimensions

* Since [5] doesn't define the length of RED(1-19A) it is assumed to be 
of the same length as RED(1-25A) of Model 3

Table 62.  Dimensions Associated with Reducers on Line 1-20 of Model 2-6-5 
Reducers (1-20) Reference

Small Diameter 18" [5]
Large Diameter 20" [5]

Length 9" * [6]
Thickness 0.375" [5]

Eccentric Offset 0" [5]

RED(1-20A)

Dimensions

* Since [5] doesn't define the length of RED(1-20A) it is assumed to be 
of the same length as RED(1-25A) of Model 3
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Table 63.  Dimensions Associated with Reducers on Line 1-21 of Model 2-6-5 
Reducers (1-21) Reference

Small Diameter 18" [5]
Large Diameter 20" [5]

Length 9" * [6]
Thickness 0.375" [5]

Eccentric Offset 0" [5]

RED(1-21A)

* Since [5] doesn't define the length of RED(1-21A) it is assumed to be 
of the same length as RED(1-25A) of Model 3

Dimensions

Table 64.  Dimensions Associated with Reducers on Line 1-30 of Model 2-6-5 
Reducers (1-30) Reference

Small Diameter 14" [7]
Large Diameter 16" [7]

Length 1'-4.5" [7]
Thickness 0.25" [7]

Eccentric Offset 1" [7]

RED(1-30A)

Dimensions

Table 65.  Dimensions Associated with Reducers on Line 1-31 of Model 2-6-5 
Reducers (1-31) Reference

Small Diameter 14" [10]
Large Diameter 16" [10]

Length 13.875" [10]
Thickness 0.25" [10]

Eccentric Offset 1" [10]

RED(1-31A)

Dimensions

Table 66.  Dimensions Associated with Elbows on Line 1-13 of Model 2-6-5 
Elbows (1-13) Reference

Pipe Diameter 20" [4]
Pipe Thickness 0.312" [4]

Elbow Type 90º Long Radius [4]
Elbow Leg Lengths 30" [29, pg 9]

Pipe Diameter 20" [4]
Pipe Thickness 0.312" [4]

Elbow Type 90º Long Radius [4]
Elbow Leg Lengths 30" [29, pg 9]

Dimensions

EL (1-13A)

EL (1-13B)
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Table 67.  Dimensions Associated with Elbows on Line 1-14 of Model 2-6-5 
Elbows (1-14) Reference

Pipe Diameter 20" [4]
Pipe Thickness 0.312" [4]

Elbow Type 90º Long Radius [4]
Elbow Leg Lengths 30" [29, pg 9]

Pipe Diameter 20" [4]
Pipe Thickness 0.312" [4]

Elbow Type 90º Long Radius [4]
Elbow Leg Lengths 30" [29, pg 9]

Dimensions

EL (1-14A)

EL (1-14B)

Table 68.  .  Dimensions Associated with Elbows on Line 1-15 of Model 2-6-5 
Elbows (1-15) Reference

Pipe Diameter 20" [4]
Pipe Thickness 0.312" [4]

Elbow Type 90º Long Radius [4]
Elbow Leg Lengths 30" [29, pg 9]

Pipe Diameter 20" [4]
Pipe Thickness 0.312" [4]

Elbow Type 90º Long Radius [4]
Elbow Leg Lengths 30" [29, pg 9]

EL (1-15B)

EL (1-15A)

Dimensions

Table 69.  Dimensions Associated with Elbows on Line 1-16 of Model 2-6-5 
Elbows (1-16) Reference

Pipe Diameter 20" [4]
Pipe Thickness 0.312" [4]

Elbow Type 90º Long Radius [4]
Elbow Leg Lengths 30" [29, pg 9]

Pipe Diameter 20" [4]
Pipe Thickness 0.312" [4]

Elbow Type 90º Long Radius [4]
Elbow Leg Lengths 30" [29, pg 9]

EL (1-16B)

Dimensions

EL (1-16A)

Table 70.  Dimensions Associated with Elbows on Line 1-18 of Model 2-6-5 
Elbows (1-18) Reference

Pipe Diameter 24" [5]
Pipe Thickness 0.375" [5]

Elbow Type 90º Short Radius [5]
Elbow Leg Lengths 24" [29, pg 9]

Dimensions

EL (1-18A)
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Table 71.  Dimensions Associated with Elbows on Line 1-19 of Model 2-6-5 
Elbows (1-19) Reference

Pipe Diameter 24" [5]
Pipe Thickness 0.375" [5]

Elbow Type 90º Short Radius [5]
Elbow Leg Lengths 24" [29, pg 9]

Dimensions

EL (1-19A)

Table 72.  Dimensions Associated with Elbows on Line 1-20 of Model 2-6-5 
Elbows (1-20) Reference

Pipe Diameter 24" [5]
Pipe Thickness 0.375" [5]

Elbow Type 90º Short Radius [5]
Elbow Leg Lengths 24" [29, pg 9]

Dimensions

EL (1-20A)

Table 73.  Dimensions Associated with Elbows on Line 1-21 of Model 2-6-5 
Elbows (1-21) Reference

Pipe Diameter 24" [5]
Pipe Thickness 0.375" [5]

Elbow Type 90º Short Radius [5]
Elbow Leg Lengths 24" [29, pg 9]

Dimensions

EL (1-21A)

Table 74.  Dimensions Associated with Elbows on Line 1-30 of Model 2-6-5 
Elbows (1-30) Reference

Pipe Diameter 16" [7]
Pipe Thickness 0.25" [7]

Elbow Type 90º Short Radius [7]
Elbow Leg Lengths 16" [29, pg 9]

Pipe Diameter 16" [7]
Pipe Thickness 0.25" [7]

Elbow Type 90º Short Radius [7]
Elbow Leg Lengths 16" [29, pg 9]

Pipe Diameter 16" [7]
Pipe Thickness 0.25" [7]

Elbow Type 90º Short Radius [7]
Elbow Leg Lengths 16" [29, pg 9]

EL (1-30A)

EL (1-30B)

EL (1-30C)

Dimensions
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Table 75.  Dimensions Associated with Elbows on Line 1-31 of Model 2-6-5 
Elbows (1-31) Reference

Pipe Diameter 16" [7]
Pipe Thickness 0.25" [7]

Elbow Type 90º Short Radius [7]
Elbow Leg Lengths 16" [29, pg 9]

Pipe Diameter 16" [10]
Pipe Thickness 0.25" [10]

Elbow Type 90º Short Radius [10]
Elbow Leg Lengths 16" [29, pg 9]

Pipe Diameter 16" [10]
Pipe Thickness 0.25" [10]

Elbow Type 90º Short Radius [10]
Elbow Leg Lengths 16" [29, pg 9]

EL (1-31C)

EL (1-31B)

EL (1-31A)

Dimensions
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Table 76.  Dimensions Associated with Elbows on Line 1-43 of Model 2-6-5 
Elbows (1-43) Reference

Pipe Diameter 10.75" [11]
Pipe Thickness 0.25" [11]

Elbow Type 90º Long Radius [11]
Elbow Leg Lengths 15" [29, pg 9]

Pipe Diameter 10.75" [11]
Pipe Thickness 0.25" [11]

Elbow Type 90º Long Radius [11]
Elbow Leg Lengths 15" [29, pg 9]

Pipe Diameter 10.75" [11]
Pipe Thickness 0.25" [11]

Elbow Type 90º Long Radius [11]
Elbow Leg Lengths 15" [29, pg 9]

Pipe Diameter 10.75" [11]
Pipe Thickness 0.25" [11]

Elbow Type 90º Long Radius [11]
Elbow Leg Lengths 15" [29, pg 9]

Pipe Diameter 10.75" [11]
Pipe Thickness 0.25" [11]

Elbow Type 90º Long Radius [11]
Elbow Leg Lengths 15" [29, pg 9]

Pipe Diameter 10.75" [11]
Pipe Thickness 0.25" [11]

Elbow Type 90º Long Radius [11]
Elbow Leg Lengths 15" [29, pg 9]

Pipe Diameter 10.75" [11]
Pipe Thickness 0.28" [11]

Elbow Type 90º Long Radius [11]
Elbow Leg Lengths 6.025" [29, pg 23]

Pipe Diameter 6.625" [11]
Pipe Thickness 0.25" [11]

Elbow Type 90º Long Radius [11]
Elbow Leg Lengths 9" [29, pg 9]

EL (1-43D)

EL (1-43E)

EL (1-43F)

EL (1-43G)

EL (1-43H)

Dimensions

EL (1-43A)

EL (1-43B)

EL (1-43C)
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Table 77.  Dimensions Associated with Elbows on Line 1-44 of Model 2-6-5 
Elbows (1-44) Reference

Pipe Diameter 6.625" [12]
Pipe Thickness 0.28" [12]

Elbow Type 90º Long Radius [12]
Elbow Leg Lengths 9" [29, pg 9]

Pipe Diameter 6.625" [12]
Pipe Thickness 0.28" [12]

Elbow Type 90º 30" Radius [12]
Elbow Leg Lengths 30" [12]

Pipe Diameter 6.625" [12]
Pipe Thickness 0.28" [12]

Elbow Type 90º 30" Radius [12]
Elbow Leg Lengths 30" [12]

Pipe Diameter 6.625" [12]
Pipe Thickness 0.28" [12]

Elbow Type 90º Long Radius [12]
Elbow Leg Lengths 9" [29, pg 9]

Pipe Diameter 6.625" [12]
Pipe Thickness 0.28" [12]

Elbow Type 90º Long Radius [12]
Elbow Leg Lengths 9" [29, pg 9]

Pipe Diameter 6.625" [13]
Pipe Thickness 0.28" [13]

Elbow Type 45º Long Radius [13]
Elbow Leg Lengths 3.75" [29, pg 23]

EL (1-44D)

EL (1-44E)

EL (1-44F)

EL (1-44C)

Dimensions

EL (1-44B)

EL (1-44A)

Table 78.  Dimensions Associated with Elbows on Line 1-46 of Model 2-6-5 
Elbows (1-46) Reference

Pipe Diameter 6.625" [14]
Pipe Thickness 0.28" [14]

Elbow Type 45º Long Radius [14]
Elbow Leg Lengths 3.75" [29, pg 23]

Pipe Diameter 6.625" [14]
Pipe Thickness 0.28" [14]

Elbow Type 45º Long Radius [14]
Elbow Leg Lengths 3.75" [29, pg 9]

Pipe Diameter 6.625" [14]
Pipe Thickness 0.28" [14]

Elbow Type 90º Long Radius [14]
Elbow Leg Lengths 9" [29, pg 23]

Dimensions

EL (1-46A)

EL (1-46B)

EL (1-46C)
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Table 79.  Dimensions Associated with Elbows on Line 1-47 of Model 2-6-5 
Elbows (1-47) Reference

Pipe Diameter 6.625" [16]
Pipe Thickness 0.28" [16]

Elbow Type 90º Long Radius [16]
Elbow Leg Lengths 9" [29, pg 9]

Pipe Diameter 6.625" [16]
Pipe Thickness 0.28" [16]

Elbow Type 90º Long Radius [16]
Elbow Leg Lengths 9" [29, pg 9]

Pipe Diameter 6.625" [16]
Pipe Thickness 0.28" [16]

Elbow Type 45º Long Radius [16]
Elbow Leg Lengths 3.75" [29, pg 23]

Pipe Diameter 6.625" [16]
Pipe Thickness 0.28" [16]

Elbow Type 45º Long Radius [16]
Elbow Leg Lengths 3.75" [29, pg 23]

Pipe Diameter 6.625" [16]
Pipe Thickness 0.28" [16]

Elbow Type 90º Long Radius [16]
Elbow Leg Lengths 9" [29, pg 9]

Pipe Diameter 6.625" [16]
Pipe Thickness 0.28" [16]

Elbow Type 90º Long Radius [16]
Elbow Leg Lengths 9" [29, pg 9]

Pipe Diameter 6.625" [16]
Pipe Thickness 0.28" [16]

Elbow Type 90º Long Radius [16]
Elbow Leg Lengths 9" [29, pg 9]

EL (1-47D)

EL (1-47E)

EL (1-47F)

EL (1-47G)

EL (1-47B)

EL (1-47C)

Dimensions

EL (1-47A)
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Table 80.  Dimensions Associated with Elbows on Line 1-48 of Model 2-6-5 
Elbows (1-48) Reference

Pipe Diameter 4.5" [17]
Pipe Thickness 0.237" [17]

Elbow Type 45º Long Radius [17]
Elbow Leg Lengths 2.5" [29, pg 23]

Pipe Diameter 4.5" [17]
Pipe Thickness 0.237" [17]

Elbow Type 45º Long Radius [17]
Elbow Leg Lengths 2.5" [29, pg 23]

Pipe Diameter 4.5" [17]
Pipe Thickness 0.237" [17]

Elbow Type 90º Long Radius [17]
Elbow Leg Lengths 6" [29, pg 9]

Dimensions

EL (1-48A)

EL (1-48B)

EL (1-48C)

Table 81.  Dimensions Associated with Elbows on Line 1-171 of Model 2-6-5 
Elbows (1-171) Reference

Pipe Diameter 20" [18]
Pipe Thickness 0.3125" [18]

Elbow Type 90º Short Radius [18]
Elbow Leg Lengths 20" [29, pg 19]

Pipe Diameter 20" [18]
Pipe Thickness 0.3125" [18]

Elbow Type 90º Long Radius [18]
Elbow Leg Lengths 30" [29, pg 9]

Pipe Diameter 20" [18]
Pipe Thickness 0.3125" [18]

Elbow Type 90º Long Radius [18]
Elbow Leg Lengths 30" [29, pg 9]

Dimensions

EL (1-171A)

EL (1-171B)

EL (1-171C)

Table 82.  Dimensions Associated with Elbows on Line 8-14 of Model 2-6-5 
Elbows (8-14) Reference

Pipe Diameter 10.75" [19]
Pipe Thickness 0.25" [19]

Elbow Type 90º Short Radius [19]
Elbow Leg Lengths 10" [29, pg 19]

Pipe Diameter 10.75" [19]
Pipe Thickness 0.25" [19]

Elbow Type 90º Long Radius [19]
Elbow Leg Lengths 15" [29, pg 9]

EL (8-14B)

Dimensions

EL (8-14A)
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Table 83.  Dimensions Associated with Elbows on Line 1-45 of Model 2-6-5 
Elbows (1-45) Reference

Pipe Diameter 6.625" [33]
Pipe Thickness 0.28" [33]

Elbow Type 90º Long Radius [33]
Elbow Leg Lengths 9" [29, pg 19]

Pipe Diameter 6.625" [33]
Pipe Thickness 0.28" [33]

Elbow Type 90º Long Radius [33]
Elbow Leg Lengths 9" [29, pg 19]

Pipe Diameter 6.625" [33]
Pipe Thickness 0.28" [33]

Elbow Type 45º Long Radius [33]
Elbow Leg Lengths 3.75" [29, pg 23]

Pipe Diameter 6.625" [33]
Pipe Thickness 0.28" [33]

Elbow Type 45º Long Radius [33]
Elbow Leg Lengths 3.75" [29, pg 23]

Pipe Diameter 6.625" [33]
Pipe Thickness 0.28" [33]

Elbow Type 90º Long Radius [33]
Elbow Leg Lengths 9" [29, pg 19]

Pipe Diameter 6.625" [33]
Pipe Thickness 0.28" [33]

Elbow Type 90º Long Radius [33]
Elbow Leg Lengths 9" [29, pg 19]

EL (1-45D)

EL (1-45E)

EL (1-45F)

Dimensions

EL (1-45A)

EL (1-45B)

EL (1-45C)

Table 84.  Dimensions Associated with Tees on Line 1-13 of Model 2-6-5 
Tees (1-13) Reference

Run Diameter 30" [4]
Run Thickness 0.438" [4]

Run Leg1 Length 22" [4]
Run Leg2 Length 10.4375" Result of FE Modeling
Branch Diameter 20" [4]
Branch Thickness 0.312" [4]

Branch Length 24.125" Result of FE Modeling

Dimensions

T(1-13)
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Table 85.  Dimensions Associated with Tees on Line 1-14 of Model 2-6-5 
Tees (1-14) Reference

Run Diameter 30" [4]
Run Thickness 0.438" [4]

Run Leg1 Length 5.9375" Result of FE Modeling
Run Leg2 Length 12.0314" Result of FE Modeling
Branch Diameter 20" [4]
Branch Thickness 0.312" [4]

Branch Length 24.125" Result of FE Modeling

T(1-14)

Dimensions

Table 86.  Dimensions Associated with Tees on Line 1-15 of Model 2-6-5 
Tees (1-15) Reference

Run Diameter 30" [4]
Run Thickness 0.438" [4]

Run Leg1 Length 4.0625" Result of FE Modeling
Run Leg2 Length 24" Result of FE Modeling
Branch Diameter 20" [4]
Branch Thickness 0.312" [4]

Branch Length 24.125" Result of FE Modeling

T(1-15)

Dimensions

Table 87.  Dimensions Associated with Tees on Line 1-16 of Model 2-6-5 
Tees (1-16) Reference

Run Diameter 30" [4]
Run Thickness 0.438" [4]

Run Leg1 Length 24" Result of FE Modeling
Run Leg2 Length 24" Result of FE Modeling
Branch Diameter 20" [4]
Branch Thickness 0.312" [4]

Branch Length 24.125" Result of FE Modeling

T(1-16)

Dimensions

Table 88.  Dimensions Associated with Tees on Line 1-18 of Model 2-6-5 
Tees (1-18) Reference

Run Diameter 30" [4]
Run Thickness 0.438" [4]

Run Leg1 Length 18" Result of FE Modeling
Run Leg2 Length 16.46874" Result of FE Modeling
Branch Diameter 24" [5]
Branch Thickness 0.375" [5]

Branch Length 24.375" [4]

T(1-18)

Dimensions

Table 89.  Dimensions Associated with Tees on Line 1-19 of Model 2-6-5 
Tees (1-19) Reference

Run Diameter 30" [4]
Run Thickness 0.438" [4]

Run Leg1 Length 27" Result of FE Modeling
Run Leg2 Length 45" Result of FE Modeling
Branch Diameter 24" [5]
Branch Thickness 0.375" [5]

Branch Length 24.375" [4]

T(1-19)

Dimensions



Calculation Sheet 
Page C.6-35 of C.6-43 

Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: R. K. Blandford Date: 09/30/08

Table 90.  Dimensions Associated with Tees on Line 1-20 of Model 2-6-5 
Tees (1-20) Reference

Run Diameter 30" [4]
Run Thickness 0.438" [4]

Run Leg1 Length 24" Result of FE Modeling
Run Leg2 Length 24" Result of FE Modeling
Branch Diameter 24" [5]
Branch Thickness 0.375" [5]

Branch Length 24.375" [4]

T(1-20)

Dimensions

Table 91.  Dimensions Associated with Tees on Line 1-21 of Model 2-6-5 
Tees (1-21) Reference

Run Diameter 30" [4]
Run Thickness 0.438" [4]

Run Leg1 Length 25" Result of FE Modeling
Run Leg2 Length 22" Result of FE Modeling
Branch Diameter 24" [5]
Branch Thickness 0.375" [5]

Branch Length 24.375" [4]

Dimensions

T(1-21)

Table 92.  Dimensions Associated with Tees on Line 1-30 of Model 2-6-5 
Tees (1-30) Reference

Run Diameter 30" [4]
Run Thickness 0.438" [4]

Run Leg1 Length 12.0311" Result of FE Modeling
Run Leg2 Length 20" Result of FE Modeling
Branch Diameter 16" [7]
Branch Thickness 0.25" [7]

Branch Length 24.75" [4]

T(1-30)

Dimensions

Table 93.  Dimensions Associated with Tees on Line 1-31 of Model 2-6-5 
Tees (1-31) Reference

Run Diameter 16" [7]
Run Thickness 0.25" [7]

Run Leg1 Length 12" Result of FE Modeling
Run Leg2 Length 12" [7]
Branch Diameter 16" [7]
Branch Thickness 0.25" [7]

Branch Length 20" [7]

T(1-31)

Dimensions

Table 94.  Dimensions Associated with Tees on Line 1-43 of Model 2-6-5 
Tees (1-43) Reference

Run Diameter 10.75" [11]
Run Thickness 0.25" [11]

Run Leg1 Length 26.02372" Result of FE Modeling
Run Leg2 Length 6.4375" Result of FE Modeling
Branch Diameter 6.625" [11]
Branch Thickness 0.28" [11]

Branch Length 5.625" Result of FE Modeling

T(1-43)

Dimensions
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Table 95.  Dimensions Associated with Tees on Line 1-44 of Model 2-6-5 
Tees (1-44) Reference

Run Diameter 6.625" [12]
Run Thickness 0.28" [12]

Run Leg1 Length 5.625" Result of FE Modeling
Run Leg2 Length 5.625" Result of FE Modeling
Branch Diameter 6.625" [12]
Branch Thickness 0.28" [12]

Branch Length 5.625" Result of FE Modeling

T(1-44)

Dimensions

Table 96.  Dimensions Associated with Tees on Line 1-46 of Model 2-6-5 
Tees (1-46) Reference

Run Diameter 10.75" [11]
Run Thickness 0.25" [11]

Run Leg1 Length 21.4375" Result of FE Modeling
Run Leg2 Length 20" Result of FE Modeling
Branch Diameter 6.625" [14]
Branch Thickness 0.28" [14]

Branch Length 13.22056" Result of FE Modeling

T(1-46)

Dimensions

Table 97.  Dimensions Associated with Tees on Line 1-47 of Model 2-6-5 
Tees (1-47) Reference

Run Diameter 10.75" [11]
Run Thickness 0.25" [11]

Run Leg1 Length 24.125" Result of FE Modeling
Run Leg2 Length 18.375" [11]
Branch Diameter 6.625" [15]
Branch Thickness 0.28" [15]

Branch Length 11.375" Result of FE Modeling

T(1-47)

Dimensions

Table 98.  Dimensions Associated with Tees on Line 1-48 of Model 2-6-5 
Tees (1-48) Reference

Run Diameter 16" [7]
Run Thickness 0.25" [7]

Run Leg1 Length 28.25" Result of FE Modeling
Run Leg2 Length 30.625" Result of FE Modeling
Branch Diameter 4.5" [17]
Branch Thickness 0.237" [17]

Branch Length 8" Result of FE Modeling

T(1-48)

Dimensions

Table 99.  Dimensions Associated with Tees on Line 1-45 of Model 2-6-5 
Tees (1-45) Reference

Run Diameter 20" [4]
Run Thickness 0.312" [4]

Run Leg1 Length 18" Result of FE Modeling
Run Leg2 Length 36" Result of FE Modeling
Branch Diameter 6.625" [33]
Branch Thickness 0.28" [33]

Branch Length 10" Result of FE Modeling

Dimensions

T(1-45)
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Table 100.  Dimensions Associated with Fabricated Branch Connecting Lines 1-30 & 8-14 of Model 2-6-5 
Fabricated Comp Reference

Pipe Diameter 16" [7]
Pipe Thickness 0.25" [7]

Elbow Type 90º Long Radius [7]
Elbow Leg Lengths 24" [29, pg 9]
Branch Diameter 10.75" [19]
Branch Thickness 0.25" [19]

Branch Length from Centerline 
of Northern Elbow Leg 

0" (First node)    14" 
(Second node) 

Result of FE Modeling 
[7]

Dimensions

FAB BRANCH      
(1-30 & 8-14)

Table 101.  Dimensions Associated with Fabricated Reducer Connecting Lines 1-17 & 1-43 of Model 2-6-5 
Large Diameter 30" [4]

Large Diameter Thickness 0.438 [4]
Small Diameter 10.75" [4]

Small Diameter Thickness 0.25" [4]
Length 11" Result of FE Modeling

Eccentric Offset 0" [4]

RED(1-17 & 1-43)

Table 102.  Dimensions Associated with Flanges on Line 1-13 of Model 2-6-5 
Flanges (1-13) Reference

Location At heat exchanger nozzel
Mass Neglected due to fixation of nozzels

Dimensions

FL (1-13A)

Table 103.  Dimensions Associated with Flanges on Line 1-14 of Model 2-6-5 
Flanges (1-14) Reference

Location At heat exchanger nozzel
Mass Neglected due to fixation of nozzels

FL (1-14A)

Dimensions

Table 104.  Dimensions Associated with Flanges on Line 1-15 of Model 2-6-5 
Flanges (1-15) Reference

Location At heat exchanger nozzel
Mass Neglected due to fixation of nozzels

FL (1-15A)

Dimensions

Table 105.  Dimensions Associated with Flanges on Line 1-16 of Model 2-6-5 
Flanges (1-16) Reference

Location At heat exchanger nozzel
Mass Neglected due to fixation of nozzels

Dimensions

FL (1-16A)
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Table 106.  Dimensions Associated with Flanges on Line 1-18 of Model 2-6-5 
Flanges (1-18) Reference

Location At point where T(1-18) and GT(1-18) meet
Mass 478 lbm = 1.238 lbf.s^2/in [29, pg 99]

Location At point where GT(1-18) and P(1-18A) meet
Mass 478 lbm = 1.238 lbf.s^2/in [29, pg 99]

Location At primary pump suction nozzel
Mass Neglected due to fixation of nozzels

Dimensions

FL (1-18A)

FL (1-18B)

FL (1-18C)

Table 107.  Dimensions Associated with Flanges on Line 1-19 of Model 2-6-5 
Flanges (1-19) Reference

Location At point where T(1-19) and GT(1-19) meet
Mass 478 lbm = 1.238 lbf.s^2/in [29, pg 99]

Location At point where GT(1-19) and P(1-19A) meet
Mass 478 lbm = 1.238 lbf.s^2/in [29, pg 99]

Location At primary pump suction nozzel
Mass Neglected due to fixation of nozzels

FL (1-19C)

FL (1-19A)

FL (1-19B)

Dimensions

Table 108.  Dimensions Associated with Flanges on Line 1-20 of Model 2-6-5 
Flanges (1-20) Reference

Location At point where T(1-20) and GT(1-20) meet
Mass 478 lbm = 1.238 lbf.s^2/in [29, pg 99]

Location At point where GT(1-20) and P(1-20A) meet
Mass 478 lbm = 1.238 lbf.s^2/in [29, pg 99]

Location At primary pump suction nozzel
Mass Neglected due to fixation of nozzels

FL (1-20A)

FL (1-20B)

FL (1-20C)

Dimensions

Table 109.  Dimensions Associated with Flanges on Line 1-21 of Model 2-6-5 
Flanges (1-21) Reference

Location At point where T(1-21) and GT(1-21) meet
Mass 478 lbm = 1.238 lbf.s^2/in [29, pg 99]

Location At point where GT(1-21) and P(1-21A) meet
Mass 478 lbm = 1.238 lbf.s^2/in [29, pg 99]

Location At primary pump suction nozzel
Mass Neglected due to fixation of nozzels

FL (1-21A)

FL (1-21B)

FL (1-21C)

Dimensions
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Table 110.  Dimensions Associated with Flanges on Line 1-30 of Model 2-6-5 
Flanges (1-30) Reference

Location At point where T(1-30) and CK(1-30) meet
Mass 208 lbm = 0.539 lbf.s^2/in [29, pg 99]

Location At point where CK(1-30) and P(1-30A) meet
Mass 208 lbm = 0.539 lbf.s^2/in [29, pg 99]

Location At point where P(1-30F) and GT(1-30) meet
Mass 208 lbm = 0.539 lbf.s^2/in [29, pg 99]

Location At point where GT(1-30) and RED(1-30A) meet
Mass 208 lbm = 0.539 lbf.s^2/in [29, pg 99]

Location At emergency pump suction nozzel
Mass Neglected due to fixation of nozzels

FL (1-30A)

FL (1-30B)

FL (1-30C)

FL (1-30D)

FL (1-30E)

Dimensions

Table 111.  Dimensions Associated with Flanges on Line 1-31 of Model 2-6-5 
Flanges (1-31) Reference

Location At point where the north side of P(1-31C) and GT(1-31) meet
Mass 208 lbm = 0.539 lbf.s^2/in [29, pg 99]

Location At point where GT(1-31) and and the south side of P(1-31C) meet
Mass 208 lbm = 0.539 lbf.s^2/in [29, pg 99]

Location At emergency pump suction nozzel
Mass Neglected due to fixation of nozzels

FL (1-31C)

FL (1-31B)

FL (1-31A)

Dimensions
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Table 112.  Dimensions Associated with Flanges on Line 1-43 of Model 2-6-5 
Flanges (1-43) Reference

Location At point where P(1-43D) and GT(1-43A) meet
Mass 78 lbm = 0.202 lbf.s^2/in [29, pg 99]

Location At point where GT(1-43A) and P(1-43E) meet
Mass 78 lbm = 0.202 lbf.s^2/in [29, pg 99]

Location At point where the north side of P(1-43G) ends
Mass 78 lbm = 0.202 lbf.s^2/in [29, pg 99]

Location At point where south side of P(1-43H) ends
Mass 78 lbm = 0.202 lbf.s^2/in [29, pg 99]

Location At point where the north side of P(1-43G) and GB(1-43B) meet
Mass 78 lbm = 0.202 lbf.s^2/in [29, pg 99]

Location At point where GB(1-43B) and the south side of P(1-43H) meet
Mass 78 lbm = 0.202 lbf.s^2/in [29, pg 99]

Location At point where the north side of P(1-43L) ends
Mass 78 lbm = 0.202 lbf.s^2/in [29, pg 99]

Location At point where GB(1-43B) and the south side of P(1-43M) ends
Mass 78 lbm = 0.202 lbf.s^2/in [29, pg 99]

*Note that the distance between FL(1-43C) and FL(1-43D) is 3/8" (127030)

FL (1-43H)

FL (1-43A)

FL (1-43B)

FL (1-43C)*

FL (1-43D)*

FL (1-43E)

FL (1-43F)

FL (1-43G)

Dimensions

Table 113.  Dimensions Associated with Flanges on Line 1-46 of Model 2-6-5 
Flanges (1-46) Reference

Location At point where P(1-43H) and GT(1-44A) meet
Mass 39 lbm = 0.101 lbf.s^2/in [29, pg 99]

Location At point where GT(1-44A) and T(1-44) meet
Mass 39 lbm = 0.101 lbf.s^2/in [29, pg 99]

Location At point where T(1-44) and GT(1-44B) meet
Mass 39 lbm = 0.101 lbf.s^2/in [29, pg 99]

Location At point where GT(1-44B) and P(1-46B) meet
Mass 39 lbm = 0.101 lbf.s^2/in [29, pg 99]

Location At point where north end of P(1-44E) ends
Mass 41 lbm = 0.106 lbf.s^2/in  (Welded Neck Flange) [29, pg 99]

Location At point where south end of P(1-44F) ends
Mass 41 lbm = 0.106 lbf.s^2/in (Welded Neck Flange) [29, pg 99]

*Note that the distance between FL(1-44E) and FL(1-44F) is 3/8" (127031)

FL (1-44E)*

FL (1-44F)*

FL (1-44A)

FL (1-44B)

FL (1-44C)

FL (1-44D)

Dimensions
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Table 114.  Dimensions Associated with Flanges on Line 1-47 of Model 2-6-5 
Flanges (1-47) Reference

Location At point where south side of P(1-47C) and GT(1-47) meet
Mass 39 lbm = 0.101 lbf.s^2/in [29, pg 99]

Location At point where GT(1-47) and north side of P(1-47C) meet
Mass 39 lbm = 0.101 lbf.s^2/in [29, pg 99]

FL (1-47A)

FL (1-47B)

Dimensions

Table 115.  Dimensions Associated with Flanges on Line 1-171 of Model 2-6-5 
Flanges (1-171) Reference

Location At heat exchanger nozzel
Mass Neglected due to fixation of nozzels

FL (1-171A)

Dimensions

Table 116.  Dimensions Associated with Flanges on Line 1-45 of Model 2-6-5 
Flanges (1-45) Reference

Location At surge tank nozzel
Mass Neglected due to fixation of nozzels

Dimensions

FL (1-45A)

Table 117.  Dimensions Associated with Valves on Line 1-18 of Model 2-6-5 
Valves (1-18) Reference

Pipe/Valve Diameter 24" [5]
Pipe Thickness 0.375" [5]

Equiv Valve Thickness 1.258" [5]
Valve Lengths 3' - 9.25" [5]
Valve Name GT-A-1-1-24 in. [5], [3, pg B-2]
Valve Mass 6715 lb =  17.392 lbf*s^2/in [3, pg B-2]

Dimensions

GT (1-18)

Table 118.  Dimensions Associated with Valves on Line 1-19 of Model 2-6-5 
Valves (1-19) Reference

Pipe/Valve Diameter 24" [5]
Pipe Thickness 0.375" [5]

Equiv Valve Thickness 1.258" [5]
Valve Lengths 3' - 9.25" [5]
Valve Name GT-A-1-4-24 in. [5], [3, pg B-2]
Valve Mass 6715 lb =  17.392 lbf*s^2/in [3, pg B-2]

Dimensions

GT (1-19)

Table 119.  Dimensions Associated with Valves on Line 1-20 of Model 2-6-5 
Valves (1-20) Reference

Pipe/Valve Diameter 24" [5]
Pipe Thickness 0.375" [5]

Equiv Valve Thickness 1.258" [5]
Valve Lengths 3' - 9.25" [5]
Valve Name GT-A-1-7-24 in. [5], [3, pg B-2]
Valve Mass 6715 lb =  17.392 lbf*s^2/in [3, pg B-2]

GT (1-20)

Dimensions
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Table 120.  Dimensions Associated with Valves on Line 1-21 of Model 2-6-5 
Valves (1-21) Reference

Pipe/Valve Diameter 24" [5]
Pipe Thickness 0.375" [5]

Equiv Valve Thickness 1.258" [5]
Valve Lengths 3' - 9.25" [5]
Valve Name GT-A-1-10-24 in. [5], [3, pg B-2]
Valve Mass 6715 lb =  17.392 lbf*s^2/in [3, pg B-2]

Dimensions

GT (1-21)

Table 121.  Dimensions Associated with Valves on Line 1-30 of Model 2-6-5 
Valves (1-30) Reference

Pipe/Valve Diameter 16" [7]
Pipe Thickness 0.25" [7]

Equiv Valve Thickness 0.838" App C.7
Valve Lengths 2' - 9.25" [7]
Valve Name GT-B-1-16-16 in. [7], [3, pg B-3]
Valve Mass 2500 lb = 6.475  lbf*s^2/in   [3, pg B-3]

Pipe/Valve Diameter 16" [7]
Pipe Thickness 0.25" [7]

Equiv Valve Thickness 0.838" App C.7
Valve Lengths 2' - 9.25" [7]
Valve Name CK-B-1-15-16 in. [7], [3, pg B-3]
Valve Mass 3100 lb =  8.029 lbf*s^2/in [3, pg B-3]

CK (1-30)

GT (1-30)

Dimensions

Table 122.  Dimensions Associated with Valves on Line 1-31 of Model 2-6-5 
Valves (1-31) Reference

Pipe/Valve Diameter 16" [10]
Pipe Thickness 0.25" [10]

Equiv Valve Thickness 0.838" App C.7
Valve Lengths 2' - 9.25" [10]
Valve Name GT-B-1-19-16 in. [10], [3, pg B-3]
Valve Mass 2500 lb = 6.475  lbf*s^2/in   [3, pg B-3]

Dimensions

GT (1-31)
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Table 123.  Dimensions Associated with Valves on Line 1-43 of Model 2-6-5 
Valves (1-43) Reference

Pipe/Valve Diameter 10.75" [11]
Pipe Thickness 0.25" [11]

Equiv Valve Thickness 0.902" App C.7
Valve Lengths 1' - 6.25" [11]
Valve Name GT-D-1-35-10 in. [11], [3, pg B-3]
Valve Mass 1096 lb = 2.839 lbf*s^2/in   [3, pg B-3]

Pipe/Valve Diameter 10.75" [11]
Pipe Thickness 0.25" [11]

Equiv Valve Thickness 0.902" App C.7
Valve Lengths 2' -0.75" [11]
Valve Name GB-A-1-36-10 in [11]

Valve Mass 1.356 * 1096 lb = 3.85 lbf*s^2/in   

Assumed = 1.356 * GT(1-43A) 
where 1.356 is the ratio between 
the lengths of       GB(1-43B) and 

GT(1-43A)

Dimensions

GT (1-43A)

GB (1-43B)

Table 124.  Dimensions Associated with Valves on Line 1-46 of Model 2-6-5 
Valves (1-46) Reference

Pipe/Valve Diameter 6.625" [12]
Pipe Thickness 0.280" [12]

Equiv Valve Thickness 1.417" App C.7
Valve Lengths 1' - 4.125" [12]
Valve Name GT-D-37-6 in. [12], [3, pg 3]
Valve Mass 491 lb = 1.272 lbf*s^2/in [3, pg B-3]

Pipe/Valve Diameter 6.625" [12]
Pipe Thickness 0.280" [12]

Equiv Valve Thickness 1.417" App C.7
Valve Lengths 1' - 4.125" [12]
Valve Name - Assumed same as GT(1-44A)
Valve Mass 491 lb = 1.272 lbf*s^2/in Assumed same as GT(1-44A)

Dimensions

GT (1-44A)

GT (1-44B)

Table 125.  Dimensions Associated with Valves on Line 1-47 of Model 2-6-5 
Valves (1-47) Reference

Pipe/Valve Diameter 6.625" [16]
Pipe Thickness 0.280" [16]

Equiv Valve Thickness 1.417" App C.7
Valve Lengths 1' - 4.125" [16]
Valve Name GT-D-33-6 in. [16], [3, pg B-3]
Valve Mass 491 lb = 1.272 lbf*s^2/in [3, pg B-3]

GT (1-47)

Dimensions



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      R. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.7-1 of C.7-4

Appendix C.7

 Calculations of Pipe Thickness to Mimic Valve Behavior in Model
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Valve Thickness Calculations 

According to Nu-Pipe the moment of inertia of the pipe valves is to be three times that of the pipe for which it is
attached to.  [34, 2-21]

GATE AND CHECK VALVES ASSOCIATED WITH LINES 1-18 THROUGH 1-21
GT1-18, GT1-19, GT1-20, GT1-21

The above four gate valves are located one elbow below the suction of each of the four primary coolant pumps.

tPP 0.375in�� Thickness of PCS pipe below primary
coolant pumps [5]

odPP 24in�� Outer diameter of PCS pipe below
primary coolant pumps [5]

idPP odPP 2 tPP����
Inner diameter of PCS pipe below primary
coolant pumps

idPP 23.25 in�

IPP
� odPP

4 idPP
4

�

�

�

�

4
�� Moment of inertia of PCS pipe below

primary coolant pumps [8, Table 17-27,
pg 17-39]

IPP 3.108 104
� in4

�
Thickness of pipe representing valve if
outer diameter is to remain consistent
with attached pipe where equation is
modification of moment of inertia equation
for a pipe thickness as the output and the
moment of inertia for the valve
represented by 3 times the value of the
moment of inertia of the pipe [8, Table
17-27, pg 17-39]

TPP_GT

4 3 IPP�� ��

�
� odPP

4
�

�
"
�

�
#
�

0.25

odPP�

2�

�
"
"
"
�

�
#
#
#
�

��

TPP_GT 1.258 in�

CHECK AND GATE VALVES ASSOCIATED WITH LINES 1-30 THROUGH 1-31
GT1-30, CK1-30 , and GT1-31

GT1-30 is located one reducer from the emergency pump connected to line 1-30. CK1-30 is located immediately
after the tee connecting lines 1-17 to line 1-30 on line 1-30.  GT1-31 is located one elbow away from the emergency
pump connected to line 1-31. 

tEP 0.25in�� Thickness of PCS pipe below primary
coolant pumps [10]

odEP 16in�� Outer diameter of PCS pipe below
primary coolant pumps [10]

idEP odEP 2 tEP����
Inner diameter of PCS pipe below primary
coolant pumps

idEP 15.5 in�
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IEP
� odEP

4 idEP
4

�

�

�

�

4
�� Moment of inertia of PCS pipe below

primary coolant pumps [8, Table 17-27,
pg 17-39]

IEP 6.139 103
� in4

�

Thickness of pipe representing valve if
outer diameter is to remain consistent
with attached pipe where equation is
modification of moment of inertia equation
for a pipe thickness as the output and the
moment of inertia for the valve
represented by 3 times the value of the
moment of inertia of the pipe [8, Table
17-27, pg 17-39]

TEP_GT

4 3 IEP�� ��

�
� odEP

4
�

�
"
�

�
#
�

0.25

odEP�

2�

�
"
"
"
�

�
#
#
#
�

��

TEP_GT 0.838 in�

GATE VALVES ASSOCIATED WITH LINE 1-43
GT1-43A and GB1-43B

GT1-43A is located between T1-46B and T1-47 on line 1-43.  GB1-43B is located between T1-47 and EL1-43E on line
1-43.

tNW 0.25in�� Thickness of PCS pipe below primary
coolant pumps [11]

odNW 10.75in�� Outer diameter of PCS pipe below
primary coolant pumps [11]

idNW odNW 2 tNW����
Inner diameter of PCS pipe below primary
coolant pumps

idNW 10.25 in�

INW
� odNW

4 idNW
4

�

�

�

�

4
�� Moment of inertia of PCS pipe below

primary coolant pumps [8, Table 17-27,
pg 17-39]

INW 1.819 103
� in4

�

Thickness of pipe representing valve if
outer diameter is to remain consistent
with attached pipe where equation is
modification of moment of inertia equation
for a pipe thickness as the output and the
moment of inertia for the valve
represented by 3 times the value of the
moment of inertia of the pipe [8, Table
17-27, pg 17-39]

TNW_GT

4 3 INW�� ��

�
� odNW

4
�

�
"
�

�
#
�

0.25

odNW�

2�

�
"
"
"
�

�
#
#
#
�

��

TNW_GT 0.902 in�
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GATE VALVES ASSOCIATED WITH LINES  1-44 AND 1-47
GT1-44A, GT1-44B, and GT1-47

GT1-44A and GT1-44B are located on the north and south sides of T1-44.  GT1-47 is located just north of EL1-47B.

tCL 0.28in�� Thickness of PCS pipe below primary
coolant pumps [12]

odCL 6.625in�� Outer diameter of PCS pipe below
primary coolant pumps [12]

idCL odCL 2 tCL����
Inner diameter of PCS pipe below primary
coolant pumps

idCL 6.065 in�

ICL
� odCL

4 idCL
4

�

�

�

�

4
�� Moment of inertia of PCS pipe below

primary coolant pumps [8, Table 17-27,
pg 17-39]

ICL 450.275 in4
�

Thickness of pipe representing valve if
outer diameter is to remain consistent
with attached pipe where equation is
modification of moment of inertia equation
for a pipe thickness as the output and the
moment of inertia for the valve
represented by 3 times the value of the
moment of inertia of the pipe [8, Table
17-27, pg 17-39]

TCL_GT

4 3 ICL�� ��

�
� odCL

4
�

�
"
�

�
#
�

0.25

odCL�

2�

�
"
"
"
�

�
#
#
#
�

��

TCL_GT 1.417 in�
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Appendix C.8

 Elbow Stiffness and Water Filled Pipe Density Calculations
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MATERIAL PROPERTIES USED IN ELBOW STIFFNESS CALCULATIONS
Stainless Steel Material Properties
The material properties below represent reasonable values that could be used in an analysis.

Es 2.8 107
� psi��� Modulus of elasticity @ 125 Fahrenheit

[2, Table TM]

%s 0.30�� Poisson's ratio [9, NB-3683.1(b)]

Gs
Es

2 1 %s�� ��
��

Shear modulus [35, Eq 2-19]

Gs 1.077 107
� psi�

&s 0.28
lb

in3
�� Mass density [35]

Steel Material Properties
The material properties below represent reasonable values that could be used in an analysis.

Ec 3.0 107
� psi��� Modulus of elasticity [35, Table A-5] 

%c 0.29�� Poisson's ratio [35]

&c 0.282
lb

in3
�� Mass density [35]

Water Material Properties
The material properties below represent reasonable values that could be used in an analysis.

&w 62.3
lb

ft3
���

Mass density [36, Table A]

&w 0.0361
lb

in3
�
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FLEXIBILITY FACTOR FUNCTION AND CALCULATIONS APPROACH 
Flexibility Factor

(a)  R/r is not less than 1.7 [9, NB-3686.2] 

(b)  center line length R! is greater than 2r [9, NB-3686.2] 

(c)  there are no flanges or other similar stiffeners within a distance r
from either end of the curved section of pipe or from the ends of
welding elbows. [9, NB-3686.2] 

k do t� P� R�� � di do 2 t���

r
1
4

do di�� ���

h t R� r 2�
��

Xk 6
r
t



�
�
�
�



4

3
�

R
r



�
�

�
�



1

3
��

ko 0�

ko
1.65

h
1

1
P r�
t Es�



�
�

�
�



Xk��

��
R
r

1.7$if

ko

��

[9, NB-3686.2] 

'nom1 = R
E I� 0

'

!M1
(
)
*

d� 'ab1 = k 'nom1� = k R�
E I� 0

'

!M1
(
)
*

d�

'nom2 = R
E I� 0

'

!M2
(
)
*

d� 'ab2 = k 'nom2� = k R�
E I� 0

'

!M2
(
)
*

d�

'nom3 = R
G J� 0

'

!M3
(
)
*

d� 'ab3 = 'nom3 = R
G J� 0

'

!M3
(
)
*

d�
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To address the flexibility factor in the finite
element model, an effective area moment of
inertia will be established:

x

zy

Ie = I
k

Therefore:
!

'ab1 = R
E Ie� 0

'

!M1
(
)
*

d�

R

'ab2 = R
E Ie� 0

'

!M2
(
)
*

d�

'ab3 = R
G J� 0

'

!M3
(
)
*

d�

FLEXIBILITY FACTOR AND MOMENT OF INERTIA CALCULATIONS FOR MODEL 265
Pipe 30 Inch Diameter and 0.438 Thickness

d30 30 in��� Pipe outside diameter.

t30 0.438 in��� Pipe thickness.

p253 253 psi��� Internal pressure. [3]

rs30 d30��
Radius for short radius elbow.

rs30 30 in�

rl30 1.5 rs30���
Radius for long radius elbow.

rl30 45 in�

A30
�

4
d30

2 d30 2 t30��� �2��
�

�
����

Pipe cross section area.

A30 40.6778 in2
�

Ai30
�

4
d30 2 t30��� �2���

Pipe internal area.

Ai30 666.2 in2
�
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&sw30
A30 &s� Ai30 &w��

A30
��

Mass density for the pipe with water.

&sw30 2.255 10 3�
�

lbf sec2
�

in4
�

I30
�

64
d30

4 d30 2 t30��� �4��
�

�
����

Pipe area moment of inertia.

I30 4444.58 in4
�

J30
�

32
d30

4 d30 2 t30��� �4��
�

�
����

Pipe polar moment of inertia.

J30 8889.2 in4
�

ks30 k d30 t30� p253� rs30�� ���
Flexibility factor for short radius.

ks30 21.902�

Ies30
I30

ks30
��

Effective moment of inertia for short
radius.

Ies30 202.932 in4
�

kl30 k d30 t30� p253� rl30�� ���
Flexibility factor for long radius.

kl30 14.187�

Iel30
I30

kl30
��

Effective moment of inertia for long
radius.

Iel30 313.282 in4
�

Pipe 24 Inch Diameter and 0.375 Thickness
d24 24 in��� Pipe outside diameter.

t24 0.375 in��� Pipe thickness.
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p253 253 psi� Internal pressure. [3]

rs24 d24��
Radius for short radius elbow.

rs24 24 in�

rl24 1.5 rs24���
Radius for long radius elbow.

rl24 36 in�

A24
�

4
d24

2 d24 2 t24��� �2��
�

�
����

Pipe cross section area.

A24 27.8325 in2
�

Ai24
�

4
d24 2 t24��� �2���

Pipe internal area.

Ai24 424.6 in2
�

&sw24
A24 &s� Ai24 &w��

A24
��

Mass density for the pipe with water.

&sw24 2.15 10 3�
�

lbf sec2
�

in4
�

I24
�

64
d24

4 d24 2 t24��� �4��
�

�
����

Pipe area moment of inertia.

I24 1942.30 in4
�

J24
�

32
d24

4 d24 2 t24��� �4��
�

�
����

Pipe polar moment of inertia.

J24 3884.6 in4
�

ks24 k d24 t24� p253� rs24�� ���
Flexibility factor for short radius.

ks24 21.052�

Ies24
I24

ks24
��

Effective moment of inertia for short
radius.

Ies24 92.264 in4
�
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kl24 k d24 t24� p253� rl24�� ���
Flexibility factor for long radius.

kl24 13.684�

Iel24
I24

kl24
��

Effective moment of inertia for long
radius.

Iel24 141.942 in4
�

Pipe 20 Inch Diameter and 0.3125 Thickness

d20 20 in��� Pipe outside diameter.

t20 0.3125 in��� Pipe thickness.

p253 253 psi� Internal pressure. [3]

rs20 d20��
Radius for short radius elbow.

rs20 20 in�

rl20 1.5 rs20���
Radius for long radius elbow.

rl20 30 in�

A20
�

4
d20

2 d20 2 t20��� �2��
�

�
����

Pipe cross section area.

A20 19.3282 in2
�

Ai20
�

4
d20 2 t20��� �2���

Pipe internal area.

Ai20 294.8 in2
�

&sw20
A20 &s� Ai20 &w��

A20
��

Mass density for the pipe with water.

&sw20 2.15 10 3�
�

lbf sec2
�

in4
�
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I20
�

64
d20

4 d20 2 t20��� �4��
�

�
����

Pipe area moment of inertia.

I20 936.68 in4
�

J20
�

32
d20

4 d20 2 t20��� �4��
�

�
����

Pipe polar moment of inertia.

J20 1873.4 in4
�

ks20 k d20 t20� p253� rs20�� ���
Flexibility factor for short radius.

ks20 21.052�

Ies20
I20

ks20
��

Effective moment of inertia for short
radius.

Ies20 44.494 in4
�

kl20 k d20 t20� p253� rl20�� ���
Flexibility factor for long radius.

kl20 13.684�

Iel20
I20

kl20
��

Effective moment of inertia for long
radius.

Iel20 68.452 in4
�

Pipe 16 Inch Diameter and 0.25 Thickness

d16 16 in��� Pipe outside diameter.

t16 0.25 in��� Pipe thickness.

p253 253 psi� Internal pressure. [3]

rs16 d16��
Radius for short radius elbow.

rs16 16 in�

rl16 1.5 rs16���
Radius for long radius elbow.

rl16 24 in�
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A16
�

4
d16

2 d16 2 t16��� �2��
�

�
����

Pipe cross section area.

A16 12.37 in2
�

Ai16
�

4
d16 2 t16��� �2���

Pipe internal area.

Ai16 188.7 in2
�

&sw16
A16 &s� Ai16 &w��

A16
��

Mass density for the pipe with water.

&sw16 2.15 10 3�
�

lbf sec2
�

in4
�

I16
�

64
d16

4 d16 2 t16��� �4��
�

�
����

Pipe area moment of inertia.

I16 383.66 in4
�

J16
�

32
d16

4 d16 2 t16��� �4��
�

�
����

Pipe polar moment of inertia.

J16 767.3 in4
�

ks16 k d16 t16� p253� rs16�� ���
Flexibility factor for short radius.

ks16 21.052�

Ies16
I16

ks16
��

Effective moment of inertia for short
radius.

Ies16 18.225 in4
�

kl16 k d16 t16� p253� rl16�� ���
Flexibility factor for long radius.

kl16 13.684�
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Iel16
I16

kl16
��

Effective moment of inertia for long
radius.

Iel16 28.038 in4
�

Pipe 10 Inch Diameter (Actually 10.75 Inch OD) and 0.25 Thickness

d10 10.75 in��� Pipe outside diameter.

t10 0.25 in��� Pipe thickness.

p253 253 psi� Internal pressure. [3]

rs10 10in��
Radius for short radius elbow.

rs10 10 in�

rl10 1.5 rs10���
Radius for long radius elbow.

rl10 15 in�

A10
�

4
d10

2 d10 2 t10��� �2��
�

�
����

Pipe cross section area.

A10 8.2467 in2
�

Ai10
�

4
d10 2 t10��� �2���

Pipe internal area.

Ai10 82.5 in2
�

&sw10
A10 &s� Ai10 &w��

A10
��

Mass density for the pipe with water.

&sw10 1.66 10 3�
�

lbf sec2
�

in4
�

I10
�

64
d10

4 d10 2 t10��� �4��
�

�
����

Pipe area moment of inertia.

I10 113.71 in4
�
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J10
�

32
d10

4 d10 2 t10��� �4��
�

�
����

Pipe polar moment of inertia.

J10 227.4 in4
�

ks10 k d10 t10� p253� rs10�� ���
Flexibility factor for short radius.

ks10 16.816�

Ies10
I10

ks10
��

Effective moment of inertia for short
radius.

Ies10 6.762 in4
�

kl10 k d10 t10� p253� rl10�� ���
Flexibility factor for long radius.

kl10 11.09�

Iel10
I10

kl10
��

Effective moment of inertia for long
radius.

Iel10 10.254 in4
�

Pipe 6 Inch Diameter (Actually 6.625 Inch OD) and 0.28 Thickness
d6 6.625 in��� Pipe outside diameter.

t6 0.28 in��� Pipe thickness.

p253 253 psi� Internal pressure. [3]

rs6 6in��
Radius for short radius elbow.

rs6 6 in�

rl6 1.5 rs6���
Radius for long radius elbow.

rl6 9 in�

rxl6 30in��
Radius for 30" extra long radius elbow

rxl6 30 in�
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A6
�

4
d6

2 d6 2 t6��� �2��
�

�
����

Pipe cross section area.

A6 5.5814 in2
�

Ai6
�

4
d6 2 t6��� �2���

Pipe internal area.

Ai6 28.9 in2
�

&sw6
A6 &s� Ai6 &w��

A6
��

Mass density for the pipe with water.

&sw6 1.209 10 3�
�

lbf sec2
�

in4
�

I6
�

64
d6

4 d6 2 t6��� �4��
�

�
����

Pipe area moment of inertia.

I6 28.14 in4
�

J6
�

32
d6

4 d6 2 t6��� �4��
�

�
����

Pipe polar moment of inertia.

J6 56.3 in4
�

ks6 k d6 t6� p253� rs6�� ���
Flexibility factor for short radius.

ks6 9.698�

Ies6
I6

ks6
��

Effective moment of inertia for short
radius.

Ies6 2.902 in4
�

kl6 k d6 t6� p253� rl6�� ���
Flexibility factor for long radius.

kl6 6.447�
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Iel6
I6
kl6

��
Effective moment of inertia for long
radius.

Iel6 4.365 in4
�

kxl6 k d6 t6� p253� rxl6�� ���
Flexibility factor for 30" long radius

kxl6 1.914�

Iexl6
I6

kxl6
��

Effective moment of inertia for 30" extra
long radius.

Iexl6 14.705 in4
�

Pipe 4 Inch Diameter (Actually 4.5 Inch OD) and 0.237 Thickness

d4 4.5 in��� Pipe outside diameter.

t4 0.237 in��� Pipe thickness.

p376 376 psi��� Internal pressure. [3]

rs4 4in��
Radius for short radius elbow.

rs4 4 in�

rl4 1.5 rs4���
Radius for long radius elbow.

rl4 6 in�

A4
�

4
d4

2 d4 2 t4��� �2��
�

�
����

Pipe cross section area.

A4 3.174 in2
�

Ai4
�

4
d4 2 t4��� �2���

Pipe internal area.

Ai4 12.7 in2
�
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&sw4
A4 &s� Ai4 &w��

A4
��

Mass density for the pipe with water.

&sw4 1.1 10 3�
�

lbf sec2
�

in4
�

I4
�

64
d4

4 d4 2 t4��� �4��
�

�
����

Pipe area moment of inertia.

I4 7.23 in4
�

J4
�

32
d4

4 d4 2 t4��� �4��
�

�
����

Pipe polar moment of inertia.

J4 14.5 in4
�

ks4 k d4 t4� p376� rs4�� ���
Flexibility factor for short radius.

ks4 7.778�

Ies4
I4

ks4
��

Effective moment of inertia for short
radius.

Ies4 0.93 in4
�

kl4 k d4 t4� p376� rl4�� ���
Flexibility factor for long radius.

kl4 5.173�

Iel4
I4
kl4

��
Effective moment of inertia for long
radius.

Iel4 1.398 in4
�
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SUMMARY OF RESULTS
Pipe 30 Inch Diameter and 0.438 Thickness

ks30 21.902� Flexibility factor for short radius.

Effective moment of inertia for short
radius.Ies30 202.932 in4

�

kl30 14.187� Flexibility factor for long radius.

Effective moment of inertia for long
radius.Iel30 313.282 in4

�

Pipe 24 Inch Diameter and 0.375 Thickness
ks24 21.052� Flexibility factor for short radius.

Effective moment of inertia for short
radius.Ies24 92.264 in4

�

kl24 13.684� Flexibility factor for long radius.

Effective moment of inertia for long
radius.Iel24 141.942 in4

�

Pipe 20 Inch Diameter and 0.3125 Thickness
Flexibility factor for short radius.

ks20 21.052�

Effective moment of inertia for short
radius.Ies20 44.494 in4

�

kl20 13.684� Flexibility factor for long radius.

Effective moment of inertia for long
radius.Iel20 68.452 in4

�

Pipe 16 Inch Diameter and 0.25 Thickness

ks16 21.052� Flexibility factor for short radius.

Effective moment of inertia for short
radius.Ies16 18.225 in4

�

kl16 13.684� Flexibility factor for long radius.

Effective moment of inertia for long
radius.Iel16 28.038 in4

�
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Pipe 10 Inch Diameter (Actually 10.75 Inch OD) and 0.25 Thickness

ks10 16.816� Flexibility factor for short radius.

Effective moment of inertia for short
radius.Ies10 6.762 in4

�

kl10 11.09� Flexibility factor for long radius.

Effective moment of inertia for long
radius.Iel10 10.254 in4

�

Pipe 6 Inch Diameter (Actually 6.625 Inch OD) and 0.28 Thickness

ks6 9.698� Flexibility factor for short radius.

Effective moment of inertia for short
radius.Ies6 2.902 in4

�

kl6 6.447� Flexibility factor for long radius.

Effective moment of inertia for long
radius.Iel6 4.365 in4

�

kxl6 1.914� Flexibility factor for 30" long radius

Effective moment of inertia for 30" extra
long radius.Iexl6 14.705 in4

�

Pipe 4 Inch Diameter (Actually 4.5 Inch OD) and 0.237 Thickness
ks4 7.778� Flexibility factor for short radius.

Effective moment of inertia for short
radius.Ies4 0.93 in4

�

kl4 5.173� Flexibility factor for long radius.

Effective moment of inertia for long
radius.Iel4 1.398 in4

�
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WATER FILLED PIPE DENSITY CALCULATIONS

&s 0.28
lb

in3
� Mass density of Stainless Steel [54]

&w 0.0361
lb

in3
� Mass density of Water [55, Table A]

Pipe Sections

The density of the pipe sections will be calculated by taking the density associated with the steel
and the water and multiplying the value by the cross sectional area that each will have as well as a
common length variable (L).  The resulting weight will be divided by the cross sectional area of the
pipe section and the L multiplier.  The L multiplier will cancel from the top and bottom of the
equation and the result will be the density that the pipe would need to be to represent the weight of
the steel and water simultaneously in the beam model.

i 1 8���� Ranges used to iterate
through data

j 0 7����

PipeDt

"Diameter"

30

24

20

18

16

10.75

6.625

4.5

"Thickness"

0.438

0.375

0.312

0.312

0.25

0.25

0.28

0.237


�
�
�
�
�
�
�
�
�
�
�
��

��
�
�
�
�
�
�
�
�
�
�
�


��

Di_pi 1� PipeDti 0�
2 PipeDti 1�
��� �in��

Di_pT 29.124 23.25 19.376 17.376 15.5 10.25 6.065 4.026( ) in�

Aw_pj

� Di_pj� �2�

4
��

Aw_p
T 666.181 424.557 294.862 237.132 188.692 82.516 28.89 12.73( ) in2
�
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As_pi 1�

� PipeDti 0�
in�� �2�

4
Aw_pi 1�

�

�
"
"
�

�
#
#
�

��

As_p
T 40.678 27.833 19.298 17.337 12.37 8.247 5.581 3.174( ) in2
�

Eq_&_p j 1�

&s As_pj
� &w Aw_pj

��

As_pj

��

Eq_&_p 0� 	

"30 x 0.438"

"24 x 0.375"

"20 x 0.312"

"18 x 0.312"

"16 x 0.25"

"10.75 x 0.25"

"6.625 x 0.28"

"4.5 x 0.237"



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�� Eq_&_p

"30 x 0.438"

"24 x 0.375"

"20 x 0.312"

"18 x 0.312"

"16 x 0.25"

"10.75 x 0.25"

"6.625 x 0.28"

"4.5 x 0.237"

2.255 10 3�
�

2.15 10 3�
�

2.152 10 3�
�

2.002 10 3�
�

2.15 10 3�
�

1.66 10 3�
�

1.209 10 3�
�

1.1 10 3�
�


�
�
�
�
�
�
�
�
�
�
�
�
�
��

��
�
�
�
�
�
�
�
�
�
�
�
�
�


lbf s2
�

in4
�
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Reducers

The density of the reducers will be calculated by first considering the reducer to be two beams
connected in the middle of the reducer where one beam has dimensions associated with the large
open end and the other beam has dimensions associated with the small open end.  The method
used to determine the density of each section will be the same as that for the pipe sections
described above.

i 1 6���� Ranges used to iterate
through data

j 0 5����

RedDt

"Diameter"

30

20

24

18

16

14

"Thickness"

0.5

0.5

0.375

0.312

0.25

0.25


�
�
�
�
�
�
�
�
��

��
�
�
�
�
�
�
�
�


��

Di_ri 1� RedDti 0�
2 RedDti 1�
��� �in��

Di_rT 29 19 23.25 17.376 15.5 13.5( ) in�

Aw_rj

� Di_rj� �2�

4
��

Aw_r
T 660.52 283.529 424.557 237.132 188.692 143.139( ) in2
�

As_ri 1�

� RedDti 0�
in�� �2�

4
Aw_ri 1�

�

�
"
"
�

�
#
#
�

��

As_r
T 46.338 30.631 27.833 17.337 12.37 10.799( ) in2
�
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Eq_&_r j 1�

&s As_rj
� &w Aw_rj

��

As_rj

��

Eq_&_r 0� 	

"30x20 lg"

"30x20 sm"

"24x18 lg"

"24x18 sm"

"16x14 lg"

"16x14 sm"



�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�



�� Eq_&_r

"30x20 lg"

"30x20 sm"

"24x18 lg"

"24x18 sm"

"16x14 lg"

"16x14 sm"

2.056 10 3�
�

1.59 10 3�
�

2.15 10 3�
�

2.002 10 3�
�

2.15 10 3�
�

1.963 10 3�
�


�
�
�
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�



lbf s2
�

in4
�
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Elbows

The density of the Elbows will be considered to be the same as that of the pipe with the same
dimensions as an relatively close approximation.

Tees and Branches

The density of the Tees will be calculated by observing that the run and branch are both comprised
of the same pipe type and one density will be associated with that pipe type.  The Branches will be
calculated by considering the run and branch as two separate components and a density for each
will be calculated.  The method used to determine the density of each section will be the same as
that for the pipe sections described above.

i 1 14���� Ranges used to iterate
through data

j 0 13����

T_BrDt

"Diameter"

16

6.625

30

24

30

20

30

16

20

6.625

16

4.5

10.75

6.625

"Thickness"

0.25

0.28

0.438

0.375

0.438

0.312

0.438

0.25

0.312

0.28

0.25

0.237

0.25

0.28


�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
��

��
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�


��

Di_TBi 1� T_BrDti 0�
2 T_BrDti 1�
��� �in��

Di_TBT 0 1 2 3 4 5 6 7 8

0 15.5 6.065 29.124 23.25 29.124 19.376 29.124 15.5 19.376
in�
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Aw_TBj

� Di_TBj� �2�

4
��

Aw_TB
T 0 1 2 3 4 5 6 7

0 188.692 28.89 666.181 424.557 666.181 294.862 666.181 188.692
in2

�

As_TBi 1�

� T_BrDti 0�
in�� �2�

4
Aw_TBi 1�

�

�
"
"
�

�
#
#
�

��

As_TB
T 0 1 2 3 4 5 6 7 8

0 12.37 5.581 40.678 27.833 40.678 19.298 40.678 12.37 19.298
in2

�

Eq_&_TBj 1�

&s As_TBj
� &w Aw_TBj

��

As_TBj

��

Eq_&_TB 0� 	

"T 16"

"T 6"

"Br 30x24_r"

"Br 30x24 br"

"Br 30x20 r"

"Br 30x20 br"

"Br 30x16 r"

"Br 30x16 br"

"Br 20x6 r"

"Br 20x6 br"

"Br 16x4 r"

"Br 16x4 br"

"Br 10x6 r"

"Br 10x6 br"



�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



�� Eq_&_TB

0 1

0

1

2

3

4

5

6

7

8

9

10

11

12

13

"T 16" -32.15·10

"T 6" -31.209·10

"Br 30x24_r" -32.255·10

"Br 30x24 br" -32.15·10

"Br 30x20 r" -32.255·10

"Br 30x20 br" -32.152·10

"Br 30x16 r" -32.255·10

"Br 30x16 br" -32.15·10

"Br 20x6 r" -32.152·10

"Br 20x6 br" -31.209·10

"Br 16x4 r" -32.15·10

"Br 16x4 br" -31.1·10

"Br 10x6 r" -31.66·10

"Br 10x6 br" -31.209·10

lbf s2
�

in4
�
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Valves

The density of the Valves will be calculated by observing that the approach adopted by this project
was to approximate the valves influence by increasing the thickness of the pipe until the moment of
inertia was increased to 3 times that of the connecting pipe.  However, since a lump mass
representing the mass of the valve was included in the model the density of the valves will be
adjusted such that it is only 10% of the mass of the pipe run that the valve intermediates.

i 1 4���� Ranges used to iterate
through data

j 0 3����

PRDt

"Pipe Diameter"

24

16

10.75

6.625

"Pipe Thickness"

0.375

0.25

0.25

0.28


�
�
�
�
�
��

��
�
�
�
�
�


�� ValveDt

"Valve Diameter"

24

16

10.75

6.625

"Valve Thickness"

1.258

0.838

0.902

1.417


�
�
�
�
�
��

��
�
�
�
�
�


��

As_PRi 1�

� PRDti 0�� �2�

4

� PRDti 0�
2 PRDti 1�
��� �2�

4
�

�
"
"
�

�
#
#
�

��

As_PR
T 4.314 104

� 1.917 104
� 1.278 104

� 8.651 103
�� � 1

m2
in2

�

As_Vi 1�

� ValveDti 0�� �2�

4

� ValveDti 0�
2 ValveDti 1�
��� �2�

4
�

�
"
"
�

�
#
#
�

��

As_V
T 1.393 105

� 6.187 104
� 4.326 104

� 3.594 104
�� � 1

m2
in2

�

Eq_&_Vj 1�

0.1 &s� As_PRj
�

As_Vj

��

Eq_&_V 0� 	

"24in Pipe Run"

"16in Pipe Run"

"10.75in Pipe Run"

"6.625in Pipe Run"



�
�
�
�
�

�
�
�
�
�



�� Eq_&_V

"24in Pipe Run"

"16in Pipe Run"

"10.75in Pipe Run"

"6.625in Pipe Run"

2.246 10 5�
�

2.247 10 5�
�

2.143 10 5�
�

1.746 10 5�
�


�
�
�
�
�
�
�

��
�
�
�
�
�



lbf s2
�

in4
�
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Appendix C.9 

Support / Anchorage Capacities 

Note:  Limiting capacities for each appendix are highlighted yellow in their respective summary sections

Contents

Capacity Table for Supports/Anchorages Associated with Model 2-6-5 Appendix C.9.1 

Photos Used in Acquiring Geometry of Following Supports  Appendix C.9.2 

AIS Capacities Appendix C.9.3 

PR-6 Capacities Appendix C.9.4 

RH-11, 13, 16, 17, 22 & PR-8 Capacities Appendix C.9.5 

RH-19 Capacities Appendix C.9.6 

Anchorage Refinements for RH-13, RH-11, and PR7/8 Appendix C.9.7  
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Appendix C.9.1 

Capacity Table for Supports / Anchorage Associated with Model 2-6-5 
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PCS Support/Anchorage Capacities for Models 2, 6, & 5

Support Line # Direction Capacity 
Type

Calculated 
Anchorage 

Capacity (kips)

Anchorage 
Reference

Calculated 
Support 
Capacity 

(kips)

Support 
Reference

PR-6A* 1-17 V (+Y) TEN 11.256 [37, App E7] 32.094 App C.9.4
PR-6B* 1-17 V (+Y) TEN 11.256 [37, App E7] 32.094 App C.9.4
PR-6C* 1-17 V (+Y) TEN 11.256 [37, App E7] 32.094 App C.9.4
PR-6D* 1-17 V (+Y) TEN 11.256 [37, App E7] 32.094 App C.9.4
PR-6E* 1-17 V (+Y) TEN 11.256 [37, App E7] 32.094 App C.9.4
PR-6F* 1-17 V (+Y) TEN 11.256 [37, App E7] 32.094 App C.9.4
PR-6G* 1-17 V (+Y) TEN 11.256 [37, App E7] 32.094 App C.9.4

1-45 V (+Y) TEN 4.937 [37, App E6] 11.9 [37, App D12]
1-45 V (-Y) COM 4.937 [37, App E6] 5.37 [37, App D12]
1-45 EW(Z) LATERAL 0.143 [37, App E6] 0.853 [37, App D12]
1-45 V (+Y) TEN 4.522 [37, App E6] 20.709 [37, App D5]
1-45 V (-Y) COM 4.522 [37, App E6] 25.434 [37, App D5]
1-45 EW(Z) LATERAL 0.507 [37, App E6] 0.853 [37, App D5]

1-171 V (-Y) COM NA 155.021 [37, App D3]
1-172 V(+Y) TEN 14.07 [37, App E6]
1-13A V (-Y) COM NA 75.565 [37, App D3]
1-13A V(+Y) TEN 14.07 [37, App E6]
1-14A V (-Y) COM NA 75.565 [37, App D3]
1-14A V(+Y) TEN 14.07 [37, App E6]
1-15A V (-Y) COM NA 75.565 [37, App D3]
1-15A V(+Y) TEN 14.07 [37, App E6]
1-16A V (-Y) COM NA 75.565 [37, App D3]
1-16A V(+Y) TEN 14.07 [37, App E6]

RH-32* 1-30 V (-Y) TEN 4.755 [37, App E6] 20.709 [37, App D10]
1-30 V (-Y) TEN 28.14 App C.9.7 14.91 App C.9.5
1-30 V (+Y) COM NA 7.266 [32, App D4]
1-30 V (-Y) TEN 28.14 App C.9.7 14.91 App C.9.5
1-30 V (+Y) COM NA 7.266 [32, App D4]

PS-4A 1-30 V (-Y) COM NA 87.941 [37, App D3]
PS-4B 1-30 V (-Y) COM NA 87.941 [37, App D3]
PS-4C 1-30 V (-Y) COM NA 87.941 [37, App D3]
PS-4D 1-30 V (-Y) COM NA 87.941 [37, App D3]

1-48 E (+Z) TEN 24.16 App C.9.3 13.254 App C.9.3
1-48 W (-Z) COM NA 18.435 App C.9.3
1-48 NS (X) FLEXURE 0.815 App C.9.3 0.815 App C.9.3

RH-24A 1-48 V (-Y) TEN 11.25 [37, App E5] 7.069 App B.10.10 
RH-24B 1-48 V (-Y) TEN 11.25 [37, App E5] 7.069 App B.10.10 
RH-19 1-43 V (-Y) TEN 22.5 [37, App E5] 5.109 App C.9.6

1-43 V (-Y) TEN 11.25 [37, App E5] 14.91 [37, App D7]
1-43 V (+Y) COM NA 5.829 App C.9.5
1-43 V (-Y) TEN 11.25 [37, App E5] 14.91 [37, App D7]
1-43 V (+Y) COM NA 5.829 App C.9.5
1-43 S (-X) TEN 3.47 [37, App E6] 19.491 [37, App D6]
1-43 N (+X) COM NA 21.648 [37, App D6]
1-43 EW (X) FLEXURE 3.086 [37, App E6] 0.65 [37, App D6]

RH-25A 1-43 V (-Y) TEN 11.25 10.354 [37, App D7]
RH-25B 1-43 V (-Y) TEN 11.25 10.354 [37, App D7]
PS-10A 1-47 V (-Y) COM NA 22.1 [37, App D3]
PS-10B 1-47 V (-Y) COM NA 22.1 [37, App D3]
PS-10C 1-47 V (-Y) COM NA 22.1 [37, App D3]

PS-8D

PS-20

PS-8A

PS-8B

PS-8C

U-Bolt Det 2

Pending      
U-Bolt

RH-11A

RH-11B

AIS*

RH-17A

RH-17B

RH-30*

Table continued on next page 
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Table continued from previous page 
1-47 V (Y) FLEXURE 2.924 [37, App E5] 1.539 [37, App D18]
1-47 EW (X) FLEXURE 2.275 [37, App E5] 0.853 [37, App D18]
1-44 V (-Y) TEN 1.071 [37, App E5] 0.524 [37, App D11]
1-44 V (+Y) COM NA 0.691 App C.9.5
1-44 V (-Y) TEN 1.071 [37, App E5] 0.524 [37, App D11]
1-44 V (+Y) COM NA 0.691 App C.9.5
1-44 V(+Y) FLEXURE 2.2 [37, App E6]
1-44 V(-Y) FLEXURE 2.2 [37, App E6]
1-44 N(+X) TEN 6.686 [37, App E6] 3.37 ` App E.6
1-44 S(-X) COM NA [37, App E6] 3.37 ` App E.6
1-44 V (-Y) TEN 1.047 [37, App E5] 10.354 [37, App D4]
1-44 V (+Y) COM NA 0.397 App C.9.5
1-44 V (-Y) TEN 1.047 [37, App E5] 10.354 [37, App D4]
1-44 V (+Y) COM NA 0.397 App C.9.5

RH-26x 8-14 V (-Y) TEN Combined (28.14) [37, App E5] 52.747 App B.10.10 
8-14 V (+Y) TEN NA 6.123 App C.9.5
8-14 V (-Y) COM 28.14 App C.9.7 14.91 [32, App D4]
8-14 V (+Y) TEN NA 6.123 App C.9.5
8-14 V (-Y) COM 28.14 App C.9.7 14.91 [32, App D4]

See Breakout Evaluation        (App 
E.9) for Recommendations

* PR-6, RH-32, AIS, RH-30, AIWS, and RH-22 were released in at least one direction or soften to the point of no 
influence in the model due to overloading observations from a preliminary iteration (See main body of report for 
treatment/recommendations regarding each of these individual components)

PS-7

AIWS*

RH-22A*

RH-22B*

Combined (28.14) - Indicates that the support shares a common anchorage with another support and the stated 
value is a place holder with the extended evaluation is shown in App E.8

RH-16A

RH-16B*

RH-13A

RH-13B

` U-Bolt analysis in App. E was implemented resulting in a higher u-bolt capacity and thus initiating an alternate 
controlling capacity component
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Appendix C.9.2 

Photos Associated with Following Supports 
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Figure C.9.2- 1.  Photo M6-1-44-N71-CSUG-DSCN2691 (RH-16) 

Figure C.9.2- 2.  Photo M6-1-44-N74-CSUG-DSCN2807  (RH-16) 
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Figure C.9.2- 3.  Photo M6-1-44-N68-WSUG-DSCN2814 (PS-7) 

Figure C.9.2- 4.  Photo M6-1-44-N43-CSUA-DSCN2848 (RH-22 & RH-17) 
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Figure C.9.2- 5.  Photo M6-1-44-N61-CSUG-DSCN2687 (RH-22) 



Calculation Sheet 
Page C.9.2-5 of C.9.2-22 

Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: R. K. Blandford Date: 09/30/08

Figure C.9.2- 6.  Photo M6-1-43-N27-CSUG-DSC00032 (RH-25) 

Figure C.9.2- 7. Photo M6-1-44-N43-CSUG-DSCN2844 (RH-25) 



Calculation Sheet 
Page C.9.2-6 of C.9.2-22 

Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: R. K. Blandford Date: 09/30/08

Figure C.9.2- 8.  Photo M6-1-43-N13-CSUG-DSCN2824 (Rh-17) 

Figure C.9.2- 9.  Photo M6-1-43-N6-CBRG-DSCN2840 (RH-19) 
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Figure C.9.2- 10.  Photo M6-1-47-N54-FSUG-DSCN2828 (PS-10) 

Figure C.9.2- 11.  Photo P9-M4-M6-DSCN0002 (PS-10) 
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Figure C.9.2- 12.  Photo M6-1-47-N57-FSUG-DSCN2827 (PS-10) 

Figure C.9.2- 13. Photo P9-M4-M6-DSCN0002 (AIWS, first and second sections of wall strap spacing between GT(1-
47) and AIWS (3”(strap) + 36”(concrete)) 
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Figure C.9.2- 14.  Photo P9-M4-M6-DSCN0003 (AIWS, second and third sections of wall strap spacing between GT(1-
47) and AIWS (3”(strap) + 36”(concrete)) 

Figure C.9.2- 15.  Photo P9-M4-M6-DSCN0004 (AIWS, second, third, and fourth sections of wall strap spacing 
between GT(1-47) and AIWS (3”(strap) + 36”(concrete)) 
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Figure C.9.2- 16.  Photo P9-M4-M6-DSCN0005 P9-M4-M6-DSCN0004 (AIWS, third and fourth sections of wall strap 
spacing between GT(1-47) and AIWS (3”(strap) + 36”(concrete)) 

Figure C.9.2- 17.  Photo M6-1-47-N1035-WSUA-DSCN2830
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Figure C.9.2- 18.  Photo M2-1-48-N44-WSUG-DSCN2773  

Figure C.9.2- 19.  Photo M2-1-13-N30-CSUG-DSCN2764 (RH-11) 
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Figure C.9.2- 20.  Photo M2-1-30-N62-CSUF-DSCN2738 (RH-32) 

Figure C.9.2- 21.  Photo P1-M2-DSCN0002-1 
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Figure C.9.2- 22.  Photo P1-M2-DSCN0004 

Figure C.9.2- 23.  Photo P2-M2-DSCN0001 
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Figure C.9.2- 24.  Photo P2-M2-DSCN0003 

Figure C.9.2- 25.  Photo P2-M2-DSCN0002 
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Figure C.9.2- 26.  Photo P3-M2-DSCN0001 

Figure C.9.2- 27.  Photo P3-M2-DSCN0002 
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Figure C.9.2- 28.  Photo P3-M2-DSCN0003

Figure C.9.2- 29.  Photo M2-1-17-N84-FSUG-DSCN2708 
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Figure C.9.2- 30.  Photo M2-8-14-N1-CPG-DSCN2745 (8-14 ceiling penetration) 

Figure C.9.2- 31.  Photo M2-1-48-N47-CSUG-DSCN2774 
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Figure C.9.2- 32.  Photo M6-1-43-N21-WSUG-DSCN2819 

Figure C.9.2- 33.  Photo M6-1-44-N43-CSUA-DSCN2845 
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Figure C.9.2- 34.  Photo M3-1-27-N370-CSUG-DSCN2941 

Figure C.9.2- 35.  Photo M6-1-43-N1-PBRG-DSCN2833 
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Figure C.9.2- 36.  Photo M5-1-45-N8-WSUW-DSCN3298 

Figure C.9.2- 37.  Photo M5-1-45-N10-WSUA-DSCN3319 
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Figure C.9.2- 38.  Photo M5-1-45-N11-PSYG-DSCN2855 

Figure C.9.2- 39.  Photo M1-1-2-N10-PRF-DSC00076 
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Figure C.9.2- 40.  Photo M1-1-1L-N4-CSPG-DSCN2896 

Figure C.9.2- 41.  Photo M1-1-170-N131-CSUPC-DSC00028
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Appendix C.9.3

 Capacity of AIS
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Angle Iron Support CAPACITY
The Angle Iron Support is comprised of an angle iron section horizontally
protruding eastward from an I beam and is fabricated such that its
geometry interlocks with the angle iron section interfacing with the
vertically traveling PCS pipe.  A U-bolt is attached to the interfacing angle
iron section to secure the pipe.  The capacities for these components and
anchorage welds are shown below.

Component Capacity Overview:
- Westward Loading:
  - Compression capacity of angle iron section
- Eastward Loading:
  - Tension capacity of angle iron section
  - Tension capacity of u-bolt
 - Longitudinal shear capacity of anchorage weld

- Lateral (South) Loading:
  - Flexure capacity of angle iron section
  - Shear capacity of angle iron section
  - Lateral capacity of u-bolt
  - Shear + Torsion capacity of weld
- Lateral (North) Loading:
  - Flexure capacity of angle iron section
  - Shear capacity of angle iron section
  - Lateral capacity of u-bolt
  - Shear + Torsion capacity of weld

(Procedures from AISC 13th Edition (applying LRFD))

View is in the down/south direction

[M2-1-48-N44-WSUG-DSCN2773]

M2-1-48-N44-WSUA-DSCN2772

Assigned indices corresponding to number of
support types associated with these calculationsi 0��

Support =            0 
                (U-Bolt Support)

Relationship between support and corresponding
indices

Geometric and Material Properties of Support Components
ANGLE IRON SECTION [M2-1-48-N44-WSUA-DSCN2772]

Material Properties of Angle Iron Section as Defined in the Material Section of this Report:

FyAngle 33ksi�� Yield Strength for A7 Carbon Steel

FuAngle 60ksi�� Ultimate Strength for A7 Carbon Steel

EAngle 29000ksi�� Modulus of Elasticity for A7 Carbon Steel
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Section Properties:

Length of wall leg of angle section as scaled from
photo [M2-1-48-N44-WSUG-DSCN2773] L1Angle 1

3

4
in
�

�
��



T
��

Length of protruding side leg of angle iron section
as scaled from photo
[M2-1-48-N44-WSUG-DSCN2773] and
recognizing section to have equal size legs

L2Angle 1
3

4
in
�

�
��



T
��

Thickness of angle iron section as scaled from
photo [M2-1-48-N44-WSUG-DSCN2773]tAngle

1
4

in
�
�

��



T
��

AAnglei
L1Anglei

tAnglei
� L2Anglei

�

�

�



tAnglei
���

Cross sectional area of angle iron section
AAngle

T 0.812( ) in2
�

Length of angle iron section from point where weld
to I-beam ends to point where lower leg of
horizontal angle iron section and interfacing angle
iron section meet as scaled from photo
[M2-1-48-N44-WSUG-DSCN2773]

LAngle 2
3

4
in
�

�
��



T
��

Free length between pipe loading and anchorage
[M2-1-48-N44-WSUG-DSCN2773] [17]LFree LAngle L2Angle�

4.5in
2

�
1
4

in�
�
�

��



T
��

LFree0
7( ) in�

IAngleX 0.227in4� �T�� Moment of Inertia [41, pg 1-51]

rAngle_gyration 0.529in( )T�� Radius of gyration [41, 1-51]

Distance from geometric face to neutral axis
[41, 1-51]yAngle 0.529in( )T��

U-BOLT (U-Bolt 4")

Note: In this analysis the tensile capacity of the u-bolt will be calculated based on the cross sectional area of
both u-bolt legs straddling the pipe.  Refer to Appendix E.6 for a full calculation of it lateral capacity.

Geometric Properties of U-bolt:
Diameter of pipe which the u-bolt
supports [17] Dub 4.5in( )T��

Diameter of u-bolt rod 
[17] [24, Fig 137 ph-55]dub

1
2

in
�
�

��



T
��
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ANCHORAGE WELDS

Properties of welds:

FEXX 60ksi�� E6013 weld material ultimate strength
[43, pg I-9]

' transverse
�

2
�� Angle between loading and traverse

welds

Fw_transverse 0.60 FEXX� 1.0 0.5 sin ' transverse� �1.5
��


�
�

��� (J2-5)

Nominal Shear Strength of transverse
weldsFw_transverse 54 ksi�

' longitudinal 0�� Angle between loading and traverse
welds

Fw_longitudinal 0.60 FEXX� 1.0 0.5 sin ' longitudinal� �1.5
��


�
�

��� (J2-5)

Nominal Shear Strength of longitudinal
weldsFw_longitudinal 36 ksi�

Conservatively applied miniumum size of
fillet given that thinner joined part (plate)
= 1/4" [8, Table J2.4, pg 16.1-96]
[M2-1-48-N44-WSUG-DSCN2773]

+
1
8

in
�
�

��



T
��

Lw_traverse 2 L1Angle tAngle�� � L2Angle��� ��
T�� Traverse length of three traverse welds

[M2-1-48-N44-WSUG-DSCN2773]

Lw_longitudinal 2 1.5� in( )T�� Longitudal length of weld longitudinal
welds [M2-1-48-N44-WSUG-DSCN2773]

Aw_traversei
Lw_traversei

0.707 + i���
Effective area of weld throat of traverse
welds

Aw_traverse 0.42( ) in2
�

Aw_longitudinali
Lw_longitudinali

0.707 + i���
Effective area of weld throat of traverse
welds

Aw_longitudinal 0.265( ) in2
�
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Capacities For Westward Loading
ANGLE IRON SECTION

Compression, capacity of angle iron section [8, Ch. E pg 16.1-32 thru 43]

E1. General Provisions

,c 0.9�� Resistance factor for compression

E2. Slenderness Limitations and Effective Length

Apply E5 to determine the slenderness ratio (KL/r) for single angles

E5. Single Angle Compression Members

The nominal compressive strength of single angle members shall be determined in accordance with
Section E3 (compressive Strength for Flexural Buckling of Members Without Slender Elements) or
Section E7 (Members with Slender Elements), as appropriate, for axially loaded members, as well as
those subject to the slenderness modification of Section E5(a) or E5(b), provided the members meet the
criteria imposed.

The effects of eccentricity on single angle members are permitted to be neglected when the members are
evaluated as axially loaded compression members using on e of the effective slenderness ratios specified
below, provided that : (1) members are loaded at the ends in compression through the same one leg; (2)
members are attached by welding or by minimum two-bolt connections; and (3) there are not intermediate
transverse loads.

Determine if supports are compact (1), non-compact (2),  or slender (3) to determine if it is appropriate to
apply E3 or E7

B4. Classification of sections for local buckling (See Case 15 of Table B4.1 )

b2ti

L1Anglei

tAnglei

��

Width to thickness ratio

b2tT 7( )�

Definition of -p and -r from Table B4.1 Case 6 (Flexure in legs of single angles) to be applied in
classification logic. -p is the separation point between a compact and noncompact member. -r
is separation point between a noncompact and slender member.

-p 0.54
EAngle
FyAngle

��� -r 0.91
EAngle
FyAngle

���

Classificationi 1 b2ti -p if

2 -p b2ti� -r if

3 -r b2ti�if

��

ClassificationT 1( )�

Since the angle iron sections are determined to be compact E3 is applicable
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(a) For equal-leg angles or unequal leg angles connected through the longer leg that are individual members
or are web members of planar trusses with adjacent web members attached to the same side of the gusset
plate or chord: 

L2ri

LAnglei

rAngle_gyrationi

�� Length to radius of gyration ratio

KLri 72 0.75 L2ri�� L2ri 80 if

32 1.25 L2ri�� L2ri 80�if

�� (E5-1)

(E5-2)

E3. Compressive Strength for Flexural Buckling of Members Without Slender Elements (verified through
classification)

Fei

�
2
EAngle

KLri� �2
�� Fe is the elastic critical buckling stress (E3-4) 

Fe
T 49.685( ) ksi�

Calculating the variables Limit, Op1, and Op2 to be utilized in logic to determine flexural buckling stress .

Limit 4.71
EAngle
FyAngle

���

Op1i 0.658

FyAngle

Fei



�
�
�

�
�
�

FyAngle�� Op2i 0.877 Fei

���Limit 139.625�

Fcri
Op1i KLri Limit if

Op2i KLri Limit�if

�� (E3-2)
Fcr is the flexural buckling stress 

(E3-3)

Fcr
T 24.991( ) ksi�

,Pn_SLi
,c Fcri
� AAnglei

���

,Pn_SL
T 18.275( ) kip� Design compressive strength
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Capacities For Eastward Loading
ANGLE IRON SECTION

Tension, capacity of angle iron section [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D2. Tensile Strength

Must apply section D3. "Area Determination" prior to applying D2. "Tensile Strength"

D3. Area Determination

1. Gross Area

Ag_Anglei
AAnglei

�� Gross area

2. Net Area

An_Anglei
Ag_Anglei

�� Net area

3. Effective Net Area

Shear lag factor
[8, Table D3.1 (case 8) pg 16.1-29]UAngle 0.8��

Ae_Anglei
An_Anglei

UAngle��� Effective net area (D3-1)

(a) For tensile yielding in the gross section:

Pn_Angle_tyi
FyAngle Ag_Anglei

��� Nominal axial strength (Pn)
(D2-1)

,t_ty 0.9�� Resistance factor for tension (,t)

,Pn_Angle_ty_ULi
,t_ty Pn_Angle_tyi

���

,Pn_Angle_ty_UL
T 24.131( ) kip� Design tensile strength

(b) For tensile rupture in the net section:

Pn_Angle_tri
FuAngle Ae_Anglei

��� Nominal axial strength (Pn)
(D2-2)

,t_tr 0.75�� Resistance factor for tension (,t)

,Pn_Angle_tr_ULi
,t_tr Pn_Angle_tri

���

,Pn_Angle_tr_UL
T 29.25( ) kip� Design tensile strength
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U-BOLT

Tension, capacity of u-bolt [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

Nominal unthreaded body area
for BOTH bolts in combinationAubi

2 �

dubi

2



�
�

�
�



2

�

�
"
"
�

�
#
#
�

���

Nominal tensile stress (A307) [8, Table J3.2  pg
16.1-104], A307 was selected as a conservative
bolt treatmentFnv_ub 45ksi��

Rnv_ubi
Fnv_ub Aubi

��� Nominal strength (Rn)
(J3-1)

,b_sr 0.75�� Resistance factor

,Rnv_ub_ULi
,b_sr Rnv_ubi

���

,Rnv_ub_UL
T 13.254( ) kip� Design tensile strength

ANCHORAGE WELD

Shear capacity of anchorage weld [8, Ch. J pg 16.1-90 thru 121]

J2.  Welds

4.  Strength

,weld 0.75�� Resistance factor of weld

Rn_weldi
,weld Fw_transverse Aw_traversei

� Fw_longitudinal Aw_longitudinali
��


�
�



��� (J2-4)

Rn_weld 24.16( ) kip� Nominal shear strength of weld
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Capacities For Lateral (South) Loading
ANGLE IRON SECTION

Flexure, capacity of angle iron section [8, Ch. F pg 16.1-44 thru 63]

F1. General Provisions

Given resistance factor for shear
,b 0.9��

Calculate the lateral-torsional buckling modification factor for a nonuniform moment loading on the beam
caused by eastward loading of the pipe 

Absolute value of maximum moment in the
unbraced segmentMmax F Length�( ) F Length���

Absolute value of moment at quarter point
of the unbraced segmentMA F Length�( )

3
4

F� Length���

Absolute value of moment at centerline
of the unbraced segmentMB F Length�( )

1
2

F� Length���

Absolute value of moment at three-
quarter point of the unbraced segmentMC F Length�( )

1
4

F� Length���

Cross-section monosymmetry parameter
(value of 1.0 is assigned because it
correlates to singly symmetric members
subjected to single curvature bending)

Rm 1.0��

Cb F Length�( )
12.5 Mmax F Length�( )�

2.5 Mmax F Length�( )� 3 MA F Length�( )�� 4 MB F Length�( )�� 3 MC F Length�( )��
Rm�



�
�

�
�



��

Cb F LFreei
�


�
�



1.6666666666666666667.

F10. Single Angles

First determine value between geometric axis of rotation and extreme fiber to determine yielding moment 
[8, Table 17-27 pg 17-42]

Extremei max L2Anglei
yAnglei

�

�

�



yAnglei
��

�
�
�

�� Point farthest from the neutral axis

ExtremeT 1.221( ) in�

Equation to calculate yielding moment from
moment of inertia and Extreme values [44,
Equation 6-74 pg 454]

Myi

FyAngle IAngleXi
�

Extremei
��

My
T 6.135( ) kip in�� Yielding Moment
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1. Yielding

Mny 1.5 My���

Nominal flexural strength (F10-1)
Mny

T 9.203( ) kip in��

,Mny_EL ,b Mny���

,Mny_EL
T 8.282( ) kip in�� Design flexural strength

Converting flexural strength to strength at applied
load by dividing the design flexural strength by the
moment arm comprised of the angle iron length,
the leg length of the horizontal angle iron section,
and the radius of the pipe to which the clamp is
connected.

,Fny_EL_Toti

,Mny_ELi

LAnglei
L1Anglei

�

Dubi

2
�

��

Total design strength of angle iron
section given flexural loading,Fny_EL_Tot

T 1.227( ) kip�

2. Lateral-Torsional Buckling

Calculate the lateral-torsional buckling moment

(i) For bending about one of the geometric axes of an equal-leg angle with no
lateral-torsional restraint

(a) With Maximum compression at the toe (applies here for eastward loading)

CbLTBi
min Cb F LAnglei

�

�

�



1.5�

�

�



�� Lateral torsional buckling modification
factor with an upper limit of 1.5

bF10.2i
L2Anglei

�� Geometric property of angle iron [8,
Table B4.1 (case 6) pg 16.1-16]

Mei

0.66 EAngle� bF10.2i


�

�



4
� tAnglei

� CbLTBi
�

LAnglei


�

�



2
1 0.78

LAnglei
tAnglei
�

bF10.2i


�

�



2

�"
"
"�

�#
#
#�

2

�� 1�

�
"
"
"
�

�
#
#
#
�

��

(F10-4a)
Me

T 173.265( ) kip in�� Elastic lateral-torsional buckling moment

My shall be taken as 0.80 times the yield moment calculated using the geometric
section modulus as applied to this section.

Myii
0.80 Myi

���
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For single angles without continuous lateral-torsional restraint along the length

(a & b) calculation

MnLTBi
0.92

0.17 Mei
�

Myii

�


�
�
�

�
�
�



Mei
� Mei

Myii
 if

1.92 1.17
Myii
Mei

��


�
�
�

�
�
�



Myii
� Mei

Myii
�if

1.5 Myii
� 1.5 Myii

1.92 1.17
Myii
Mei

��


�
�
�

�
�
�



Myii
� if Mei

Myii
�if

�� (F10-2)

(F10-3)

MnLTB
T 7.362( ) kip in�� Nominal flexural strength

,MnLTB_EL ,b MnLTB���

,MnLTB_EL
T 6.626( ) kip in�� Design flexural strength

Converting flexural strength to strength
at applied load by dividing the design
flexural strength by the moment arm
comprised of the angle iron length, the
leg length of the horizontal angle iron
section, and the radius of the pipe to
which the clamp is connected.

,FnLTB_EL_Toti

,MnLTB_ELi

LAnglei
L1Anglei

�

Dubi

2
�

��

Total design strength of angle iron
section given flexural loading,FnLTB_EL_Tot

T 0.982( ) kip�

3. Leg Local Buckling

This mode is applicable since the toe of the leg is in compression

Determine if supports are compact (1), non-compact (2),  or slender (3)

B4. Classification of sections for local buckling (See Case 15 of Table B4.1 )

b2ti

bF10.2i

tAnglei

��

Width to thickness ratio

b2tT 7( )�
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Definition of -p and -r from Table B4.1 Case 6 (Flexure in legs of single angles)
to be applied in classification logic.  -p is the separation point between a
compact and noncompact member. -r is separation point between a
noncompact and slender member.

-p 0.54
EAngle
FyAngle

��� -r 0.91
EAngle
FyAngle

���

Classificationi 1 b2ti -p if

2 -p b2ti� -r if

3 -r b2ti�if

��

ClassificationT 1( )�

(a) For compact sections, the limit state of leg local buckling does not apply .

Shear, capacity of angle iron cross section [8, Ch. G pg 16.1-64 thru 69]

G1. General Provisions

,v 0.9�� Resistance factor for shear

G4. Single Angles

The nominal shear strength, Vn, of a single angle leg shall be determined using equation G2-1 with C v =
1.0, Aw = bt where b = width of the leg resisting the shear force, in. (mm) and kv = 1.2.

Cv 1 1 1( )T�� Web shear coefficient

Awi
bF10.2i

tAnglei
��� Web area

kv 1.2 1.2 1.2( )�� Web plate buckling coefficient

Vni
0.6 FyAngle� Awi

� Cvi
��� (G2-1)

Vn
T 8.662( ) kip� Nominal shear strength

,Vn_EL ,v Vn���

,Vn_EL
T 7.796( ) kip� Design shear strength

U-BOLT
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Lateral, capacity of u-bolt [Appendix E.9]

Relationship between vertical
and horizontal capacity of 6"
u-bolt [Appendix E.9]

,Vnv_ub_SL 3.534kip��

,Vnv_ub_SL 3.534 kip� Design lateral strength

ANCHORAGE WELD

 - Shear & Torsion capacity of anchorage weld [42, Section 7.4]

For conservatism only the three horizontal welds were considered and two vertical welds on either side of
the vertically travelling angle iron leg were neglected in this evaluation.  The AISC manual was initially
investigated in order to perform this calculation, however, since the table applicable for this particular
loading [8, Table 8-8, pg 8-90] only applied to a maximum eccentricity of 3 times that of the north/south
weld length it was unapplicable here where the eccentricy was approximately 4.5 that of the north/south
weld length.  A comparison was performed between that of the AISC table calculation approach [8] and that
of Blodgett [42] where a maximum capacity deviation of 30% was calculated and this value will be
additionally be applied to the end of this calculation to match the conservatism inherintly contained in the
AISC calculations to the following Blodgett cacluations.

b 1.5in�� Length of horizontal east/west welds connecting
angle iron to I-Beam
[M2-1-48-N44-WSUG-DSCN2773]b 1.5 in�

d L1Angle�� Length of horizontal north/south weld connecting
angle iron to I-Beam
[M2-1-48-N44-WSUG-DSCN2773]d 1.75( ) in�

Jw
2 b� d�( )3

12
b2 b d�( )2
�

2 b� d�
��� Polar moment of inertia for weld forming a C

shape [42, Table 5, pg 7.4-7]

Jw 3.928( ) in3
�

Aw 2 b� d��� Total effective area of weld throat treated as a line

Aw 4.75( ) in�

cv
L1Angle

2
�� Vertical c along east/west line between east/west

welds symetrically dividing weld alignment
cv 0.875( ) in�
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ch

b
2


�
�

��



b� +�
b
2


�
�

��



b� +�� b( ) d� +��

b +� b +�� d +��
�� Horizontal c calculated from point between

east/west welds closest to pipe [Statics, pg 211]

ch 1.026 in�

Lloading LFree0
ch���

Distance from load to center of gravity

Lloading 8.026( ) in�

fr min Fw_transverse Fw_longitudinal�� ��� Conservative minimum nominal stress in welds

fr 3.6 104
� psi�

, 0.75�� Resistance factor [8, pg 16.1-100]

,Rn
, fr� +�

Lloading ch�

Jw



�
�

�
�



2 Lloading cv�

Jw

1
Aw

�


�
�

�
�



2

�

��

Design strength of weld [42, 7.4-11]

,Rn 1.165 103
� lbf�

,Rn_Blog2AISC ,Rn 1 0.30�( )���
Design strength of weld considering 30%
nockdown factor to acquire AISC conservatism in
above Blodgett calculation.,Rn_Blog2AISC 815.478 lbf�
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Capacities For Lateral (North) Loading
ANGLE IRON SECTION

Flexure, capacity of angle iron section [8, Ch. F pg 16.1-44 thru 63]

F1. General Provisions

Given resistance factor for shear

,b 0.9��

Calculate the lateral-torsional buckling modification factor for a nonuniform moment loading on the beam
caused by westward loading of the pipe 

Absolute value of maximum moment in the
unbraced segmentMmax F Length�( ) F Length���

Absolute value of moment at quarter point
of the unbraced segmentMA F Length�( )

3
4

F� Length���

Absolute value of moment at centerline
of the unbraced segmentMB F Length�( )

1
2

F� Length���

Absolute value of moment at three-
quarter point of the unbraced segmentMC F Length�( )

1
4

F� Length���

Cross-section monosymmetry parameter
(value of 1.0 is assigned because it
correlates to singly symmetric members
subjected to single curvature bending)

Rm 1.0��

Cb F Length�( )
12.5 Mmax F Length�( )�

2.5 Mmax F Length�( )� 3 MA F Length�( )�� 4 MB F Length�( )�� 3 MC F Length�( )��
Rm�



�
�

�
�



��

Cb F LFreei
�


�
�



1.6666666666666666667.

F10. Single Angles

First determine value between geometric axis of rotation and extreme fiber to determine yielding moment 
[8, Table 17-27 pg 17-42]

Extremei max L2Anglei
yAnglei

�

�

�



yAnglei
��

�
�
�

�� Point farthest from the neutral axis

ExtremeT 1.221( ) in�

Equation to calculate yielding moment from
moment of inertia and Extreme values
[Mechanics of Materials, Equation 6-74 pg 454]

Myi

FyAngle IAngleXi
�

Extremei
��

My
T 6.135( ) kip in�� Yielding Moment
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1. Yielding

Mny 1.5 My���

Nominal flexural strength (F10-1)
Mny

T 9.203( ) kip in��

,Mny_WL ,b Mny���

Design flexural strength
,Mny_WL

T 8.282( ) kip in��

Converting flexural strength to strength at applied
load by dividing the design flexural strength by the
moment arm comprised of the angle iron length,
the leg length of the horizontal angle iron section,
and the radius of the pipe to which the clamp is
connected.

,Fny_WL_Toti

,Mny_WLi

LAnglei
L1Anglei

�

Dubi

2
�

��

Total design strength of angle iron
section given flexural loading,Fny_WL_Tot

T 1.227( ) kip�

2. Lateral-Torsional Buckling

Calculate the lateral-torsional buckling moment

(i) For bending about one of the geometric axes of an equal-leg angle with no
lateral-torsional restraint

(a) With maximum tension at the toe (applies here for west loading)

CbLTBi
min Cb F LAnglei

�

�

�



1.5�

�

�



�� Lateral torsional buckling modification
factor with an upper limit of 1.5

bF10.2i
L2Anglei

�� Geometric property of angle iron        [8,
Table B4.1 (case 6) pg 16.1-16]

Mei

0.66 EAngle� bF10.2i


�

�



4
� tAnglei

� CbLTBi
�

LAnglei


�

�



2
1 0.78

LAnglei
tAnglei
�

bF10.2i


�

�



2

�"
"
"�

�#
#
#�

2

�� 1�

�
"
"
"
�

�
#
#
#
�

��

(F10-4a)
Me

T 1.798 104
�� � kip in�� Elastic lateral-torsional buckling moment

My shall be taken as 0.80 times the yield moment calculated using the geometric
section modulus as applied to this section.

Myii
0.80 Myi

���
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For single angles without continuous lateral-torsional restraint along the length

(a & b) calculation

MnLTBi
0.92

0.17 Mei
�

Myii

�


�
�
�

�
�
�



Mei
� Mei

Myii
 if

1.92 1.17
Myii
Mei

��


�
�
�

�
�
�



Myii
� Mei

Myii
�if

1.5 Myii
� 1.5 Myii

1.92 1.17
Myii
Mei

��


�
�
�

�
�
�



Myii
� if Mei

Myii
�if

�� (F10-2)

(F10-3)

MnLTB
T 7.362( ) kip in�� Nominal flexural strength

,MnLTB_WL ,b MnLTB���

,MnLTB_WL
T 6.626( ) kip in�� Design flexural strength

Converting flexural strength to
strength at applied load by
dividing the design flexural
strength by the moment arm
comprised of the angle iron
length, the leg length of the
horizontal angle iron section,
and the radius of the pipe to
which the clamp is connected.

,FnLTB_WL_Toti

,MnLTB_WLi

LAnglei
L1Anglei

�

Dubi

2
�

��

Total design strength of angle iron
section given flexural loading,FnLTB_WL_Tot

T 0.982( ) kip�

Shear, capacity of angle iron cross section [8, Ch. G pg 16.1-64 thru 69]

G1. General Provisions

,v 0.9�� Resistance factor for shear

G4. Single Angles

The nomial shear strength, Vn, of a single angle leg shall be determined using equation G2-1 with C v = 1.0,
Aw = bt where b = width of the leg resisting the shear force, in. (mm) and kv = 1.2.

Cv 1 1 1( )T�� Web shear coefficient

Aweldi
bF10.2i

tAnglei
��� Web area
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kv 1.2 1.2 1.2( )�� Web plate buckling coefficient

Vni
0.6 FyAngle� Aweldi

� Cvi
��� (G2-1)

Vn
T 8.662( ) kip� Nominal shear strength

,Vn_WL ,v Vn���

,Vn_WL
T 7.796( ) kip� Design shear strength

U-BOLT

Lateral, capacity of u-bolt [Appendix E.9]
Relationship between vertical
and horizontal capacity of 6"
u-bolt [Appendix E.9]

,Vnv_ub_NL 3.534kip��

,Vnv_ub_NL 3.534 kip� Design lateral strength

ANCHORAGE WELD

 - Shear & Torsion capacity of anchorage weld [42, Section 7.4]

For conservatism only the three horizontal welds were considered and two vertical welds on either side of
the vertically travelling angle iron leg were neglected in this evaluation.  The AISC manual was initially
investigated in order to perform this calculation, however, since the table applicable for this particular
loading [8, Table 8-8, pg 8-90] only applied to a maximum eccentricity of 3 times that of the north/south
weld length it was unapplicable here where the eccentricy was approximately 4.5 that of the north/south
weld length.  A comparison was performed between that of the AISC table calculation approach [??] and
that of Blodgett [42] where a maximum capacity deviation of 30% was calculated and this value will be
additionally be applied to the end of this calculation to match the conservatism inherintly contained in the
AISC calculations to the following Blodgett cacluations.

b 1.5in�� Length of horizontal east/west welds connecting
angle iron to I-Beam
[M2-1-48-N44-WSUG-DSCN2772]b 1.5 in�

d L1Angle�� Length of horizontal north/south weld connecting
angle iron to I-Beam
[M2-1-48-N44-WSUG-DSCN2772]d 1.75( ) in�

Jw
2 b� d�( )3

12
b2 b d�( )2
�

2 b� d�
��� Polar moment of inertia for weld forming a C

shape [42, Table 5, pg 7.4-7]

Jw 3.928( ) in3
�

Aw 2 b� d��� Total effective area of weld throat treated as a line

Aw 4.75( ) in�
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cv
L1Angle

2
�� Vertical c along east/west line between east/west

welds symetrically dividing weld alignment
cv 0.875( ) in�

ch

b
2


�
�

��



b� +�
b
2


�
�

��



b� +�� b( ) d� +��

b +� b +�� d +��
�� Horizontal c calculated from point between

east/west welds closest to pipe [Statics, pg 211]

ch 1.026 in�

Lloading LFree0
ch���

Distance from load to center of gravity

Lloading 8.026( ) in�

fr min Fw_transverse Fw_longitudinal�� ��� Conservative minimum nominal stress in welds

fr 3.6 104
� psi�

, 0.75�� Resistance factor [8, pg 16.1-100]

,Rn
, fr� +�

Lloading ch�

Jw



�
�

�
�



2 Lloading cv�

Jw

1
Aw

�


�
�

�
�



2

�

��

Design strength of weld [42, 7.4-11]

,Rn 1.165 103
� lbf�

,Rn_Blog2AISC ,Rn 1 0.30�( )���
Design strength of weld considering 30%
nockdown factor to acquire AISC conservatism in
above Blodgett calculation.,Rn_Blog2AISC 815.478 lbf�
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SUMMARY OF RESULTS
Capacities For Westward Loading
ANGLE IRON SECTION

Compression, capacity of angle iron section [8, Ch. E pg 16.1-32 thru 43]

E1. General Provisions

E2. Slenderness Limitations and Effective Length

E5. Single Angle Compression Members

E3. Compressive Strength for Flexural Buckling of Members Without Slender Elements (verified through classificatio

,Pn_SL
T 18.275( ) kip� Design compressive strength

Capacities For Eastward Loading
ANGLE IRON SECTION

Tension, capacity of angle iron section [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D2. Tensile Strength

(a) For tensile yielding in the gross section:

,Pn_Angle_ty_UL
T 24.131( ) kip� Design tensile strength

(b) For tensile rupture in the net section:

,Pn_Angle_tr_UL
T 29.25( ) kip� Design tensile strength

U-BOLT

Tension, capacity of u-bolt [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

,Rnv_ub_UL
T 13.254( ) kip� Design tensile strength

ANCHORAGE WELD

Shear capacity of anchorage weld [8, Ch. J pg 16.1-90 thru 121]

Rn_weld 24.16( ) kip� Nominal shear strength of weld
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Capacities For Lateral (South) Loading
ANGLE IRON SECTION

Flexure, capacity of angle iron section [8, Ch. F pg 16.1-44 thru 63]

F1. General Provisions

F10. Single Angles

1. Yielding

Total design strength of angle iron
section given flexural loading,Fny_EL_Tot

T 1.227( ) kip�

2. Lateral-Torsional Buckling

Total design strength of angle iron
section given flexural loading,FnLTB_EL_Tot

T 0.982( ) kip�

3. Leg Local Buckling

(a) For compact sections, the limit state of leg local buckling does not apply .

Shear, capacity of angle iron cross section [8, Ch. G pg 16.1-64 thru 69]

G1. General Provisions

G4. Single Angles

,Vn_EL
T 7.796( ) kip� Design shear strength

U-BOLT

Lateral, capacity of u-bolt [Appendix E.9]

,Vnv_ub_SL 3.534 kip� Design lateral strength

ANCHORAGE WELD

 - Shear & Torsion capacity of anchorage weld [42, Section 7.4]

Design strength of weld
considering 30% nockdown
factor to acquire 8 conservatism
in above Blodgett calculation.

,Rn_Blog2AISC 0.815 kip�

Capacities For Lateral (North) Loading
ANGLE IRON SECTION

Flexure, capacity of angle iron section [8, Ch. F pg 16.1-44 thru 63]

F1. General Provisions

F10. Single Angles

1. Yielding

Total design strength of angle iron
section given flexural loading,Fny_WL_Tot

T 1.227( ) kip�
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2. Lateral-Torsional Buckling

Total design strength of angle iron
section given flexural loading,FnLTB_WL_Tot

T 0.982( ) kip�

Shear, capacity of angle iron cross section [8, Ch. G pg 16.1-64 thru 69]

G1. General Provisions

G4. Single Angles

,Vn_WL
T 7.796( ) kip� Design shear strength

U-BOLT

Lateral, capacity of u-bolt [Appendix E.9]

,Vnv_ub_NL 3.534 kip� Design lateral strength

ANCHORAGE WELD

 - Shear & Torsion capacity of anchorage weld [42, Section 7.4]

Design strength of weld
considering 30% nockdown factor
to acquire AISC conservatism in
above Blodgett calculation.

,Rn_Blog2AISC 815.478 lbf�
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Appendix C.9.4

 Capacity of PR-6
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PR-6 CAPACITY
The PR-6 supports are composed of two pairs of short angle iron sections
anchored to the floor, a horizontal bolt connecting each pair to a vertically
oriented eye rod, and a pair of channel iron sections spaning across the
top of a horizontally travelling PCS pipe preventing upward movment.  The
capacities for these components are calculated below, however, are
contained in [37, Appendix E7]

Component Capacity Overview:

- Upward Loading: 
  - Flexure capacity of channel iron sections
  - Shear capacity of channel iron sections
  - Tension capacity of eye rods
  - Tension capacity of double angle iron tie downs 
  - Shear capacity of double angle iron tie downs' bolts

Procedures from AISC 13th Edition (Applying LRFD)

NOTE:  These calculations encompass the 7 identical PR-6 supports.

Assigned indices corresponding to number of
support types associated with these calculationsi 0��

Support =      0 
                (PR-6)

Relationship between support and corresponding
indices

Geometric and Material Properties of Support Components
CHANNEL IRON SECTIONS (5 C 9.0 x 3' - 1.5" lg [23])

Material Properties of Channel Iron Sections:

Fy_Ch 33ksi�� Yield Strength ASTM (A7)

Fu_Ch 60ksi�� Ultimate Strength ASTM (A7)

ECh 29000ksi�� Modulus of Elasticity AISC Symbols definition

Geometric Properties of Channel Iron Sections:

Thickness of channel iron section web [8, Table 1-5, pg
1-34], [23, Detail 29]tCh_web 0.325in( )T��

Thickness of channel iron section flange [8, Table 1-5, pg
1-34], [23, Detail 29]tCh_flange 0.320in( )T��

Width of upper portion of angle iron [8, Table 1-5, pg
1-34], [23, Detail 29]wCh_flange 1.89in( )T��
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Depth of channel iron sections [8, Table 1-5, pg 1-34], [23,
Detail 29] depthCh 5in( )T��

hCh_web 3.5in( )T�� Height of channel iron web [8, Table 1-5, pg 1-34], [23,
Detail 29]

ACh 2.64in2� �T�� Area of channel iron sections [8, Table 1-5, pg 1-34], [23,
Detail 29]

Lb_Ch 31
1

2
in
�

�
��



T
�� Length of channel iron between eye rods [23, Detail 29]

Radius of gyration of channel iron sections about their
horizontal axis [8, Table 1-5, pg 1-34], [23, Detail 29] rgyrationX_Ch 1.83in( )T��

Radius of gyration of channel iron sections about their
vertical axis [8, Table 1-5, pg 1-34], [23, Detail 29] rgyrationY_Ch 0.486in( )T��

Plastic section modulus about the x-axis [8, Table 1-5, pg
1-34], [23, Detail 29]Zx_Ch 4.39in3� �T��

Elastic section modulus about the x-axis [8, Table 1-5, pg
1-34], [23, Detail 29]Sx_Ch 3.56in3� �T��

Warping constant [8, Table 1-5, pg 1-34], [23, Detail 29] 
Cw_Ch 2.93in6� �T��

Moment of inertia about y axis [8, Table 1-5, pg 1-34], [23,
Detail 29 Iy_Ch 0.624in4� �T��

ho_Ch 4.68in( )T��

rts_Ch 0.617in( )T��

JCh 0.109in4� �T��

EYE RODS (Welded Eye Rod FIG 278 1" [20])

Material Properties of Upper Eye Rod:

Fy_I 33ksi�� Yield Strength, ksi ASTM (A7)

Fu_I 60ksi�� Ultimate Strength, ksi ASTM (A7)

EI 29000ksi�� Modulus of Elasticity, ksi AISC Symbols definition
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Geometric Properties of Upper Eye Rod:

Unthreaded diameter of eye rod, in. (mm)
[24, Fig 278]dI 1in( )T��

Plastic section modulus about the axis of
bending, in.3 (mm3)  [24, Table 17-27]ZIi

dIi

�

�



3

6
��

ANGLE IRON ANCHORS  (Angle Iron 3" x 4" x 3/8" [23])

Material Properties of Angle Iron:

FyAngle 33ksi�� Yield Strength ASTM (A7)

FuAngle 60ksi�� Ultimate Strength ASTM (A7)

EAngle 29000ksi�� Modulus of Elasticity AISC Symbols definition

Geometric Properties of Angle Iron 

The holes in the angle iron sections will be conservatively treated to be 1/16" larger than that specified in
drawing [23, detail 29] and the bolt will be treated as 1/8" less than that specified for 1" eye rods. 

tAngle
3
8

in
�
�

��



T
�� Scaled thickness of angle iron section

L1Angle 3in( )T�� Length of horizontal portion of angle iron

L2Angle 4in( )T�� Length of vertical portion of angle iron

Width of angle iron [23, detail 29]
wAngle 3in( )T��

AAnglei
tAnglei

wAnglei
���

Cross sectional area of vertical leg of angle iron sections
AAngle 1.125( ) in2

�

Conservative diameter of bolt [23, detail 29]
dAngle_bolt 1in( )T��

Conservative diameter of vertical leg of angle iron
section bolt hole [23, detail 29]dAngle_hole 1

1

8
in
�

�
��



T
��

Shortest distance from edge of the bolt hole to
the edge of the member measured parallel to the
direction of the force, in. (mm) hand calculated
from [23, detail 29]

aparrallel_Angle
9
16

in
�
�

��



T
��
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anormal_Anglei

wAnglei
dAngle_holei

�

2
�� Shortest distance from edge of bolt hole to the

edge of the member measured normal to the
direction of the force, in. (mm) [24, Fig 212]anormal_Angle

T 0.937( ) in�

Capacities For Upward Loading

CHANNEL IRON SECTIONS

Flexure, capacity of channel iron sections [8, Ch. F pg 16.1-44 thru 63]

To evaluate the flexural capacity of the channel iron sections in parrallel each section will be divided into two parts
and treated as cantilever channel iron sections.  Since this will result in four cantilever channel iron sections the
resulting flexural capacity will be multiplied by a factor or 4 at the point where the moment capacity is converted
into a force capacity.

F1. General Provisions

Given resistance factor for shear

,b 0.9��

Calculate the lateral-torsional buckling modification factor for a nonuniform moment loading on the beam
caused by downward loading of the pipe 

Absolute value of maximum moment in the
unbraced segmentMmax F Length�( ) F Length���

Absolute value of moment at quarter point
of the unbraced segmentMA F Length�( )

3
4

F� Length���

Absolute value of moment at centerline
of the unbraced segmentMB F Length�( )

1
2

F� Length���

Absolute value of moment at three-
quarter point of the unbraced segmentMC F Length�( )

1
4

F� Length���

Cross-section monosymmetry parameter
(value of 1.0 is assigned because it
correlates to singly symmetric members
subjected to single curvature bending)

Rm 1.0��

Cb F Length�( )
12.5 Mmax F Length�( )�

2.5 Mmax F Length�( )� 3 MA F Length�( )�� 4 MB F Length�( )�� 3 MC F Length�( )��
Rm�



�
�

�
�



��

(F1-1)

Cb F LAnglei
�


�
�



1.6666666666666666667.
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Determine if channel FLANGES are compact (1), non-compact (2),  or slender (3)

B4. Classification of sections for local buckling (See Case 1 of Table B4.1 )

b2ti

wCh_flangei

tCh_flangei

��

Width to thickness ratio

b2tT 5.906( )�

Definition of -p and -r from Table B4.1 Case 6 (Flexure in legs of single angles) to be applied in
classification logic. -p is the separation point between a compact and noncompact member. -r
is separation point between a noncompact and slender member.

-p 0.38
EAngle
FyAngle

��� -r 1
EAngle
FyAngle

���

Classificationi 1 b2ti -p if

2 -p b2ti� -r if

3 -r b2ti�if

��

ClassificationT 1( )�

Determine if channel WEBS are compact (1), non-compact (2),  or slender (3)

B4. Classification of sections for local buckling (See Case 9 of Table B4.1 )

b2ti

hCh_webi

tCh_webi

��

Width to thickness ratio

b2tT 10.769( )�

Definition of -p and -r from Table B4.1 Case 6 (Flexure in legs of single angles) to be applied in
classification logic. -p is the separation point between a compact and noncompact member. -r
is separation point between a noncompact and slender member.

-p 3.76
EAngle
FyAngle

��� -r 5.7
EAngle
FyAngle

���
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Classificationi 1 b2ti -p if

2 -p b2ti� -r if

3 -r b2ti�if

��

ClassificationT 1( )�

Since flanges and webs are both compact F2 is applicable

F2. Doubly Symmetric Compact I-Shaped Members and Channels Bent About Their Major Axis

1. Yielding

Mp Fy_Ch Zx_Ch���

Nominal flexural strength (F2-1)
Mny Mp��

Mny
T 144.87( ) kip in��

,Mny ,b Mny���

,Mny
T

130.383( ) kip in�� Design flexural strength

Converting design flexural strength for
representative member into corresponding design
strength for both angle iron sections comprising
total section 

,Fny_Toti
4

,Mnyi

Lb_Ch

2



�
�
�
�

�
�
�
�



���

,Fny_Toti
T

33.113( ) kip� Total design strength of angle iron section given
flexural loading

2. Lateral-Torsional Buckling

Calculated length values used to distinguish between moment associated with lateral torsional buckling

Lp is the lower limit

Lp_Ch 1.76 rgyrationY_Ch�
ECh

Fy_Ch
���

(F2-2)
Lp_Ch 25.357( ) in�

Lr is the upper limit

cCh
ho_Ch

2

Iy_Ch
Cw_Ch

���



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      R. K. Blandford Date:    09/30/2008 

Calculation Sheet 
Page C.9.4-8 of C.9.4-14

Lr_Ch 1.95 rts_Ch�
ECh

0.7 Fy_Ch�
�

JCh cCh�

Sx_Ch ho_Ch�
� 1 1 6.76

0.7 Fy_Ch�

ECh

Sx_Ch ho_Ch�

JCh cCh�
�



�
�

�
�



2

������

Lr_Ch 181.424( ) in�

Mnltb 1.667 Mp Mp 0.7 Fy_Ch� Sx_Ch��� �
Lb_Ch Lp_Ch�

Lr_Ch Lp_Ch�



�
�

�
�



��
�
"
�

�
#
�

���

Mnltb 237.388( ) kip in��

,Mnltb ,b Mnltb���

,Mnltb
T

213.649( ) kip in�� Design flexural strength

Converting design flexural strength for
representative member into corresponding design
strength for both angle iron sections comprising
total section 

,Fnltb_Toti
4

,Mnltbi

Lb_Ch

2



�
�
�
�

�
�
�
�



���

,Fnltb_Toti
T

54.26( ) kip� Total design strength of angle iron section given
flexural loading

EYE RODS

NOTE:It was observed during inspection that all of the applicable eye rods have welded eyes even though they
indicate otherwise on Drawing 120925, thus all eye rods in these calculations will be treated as welded eye rods.
Since both eye rods are implemented during upward loading the tension results will be multiplied by a factor of 2
at the point where the resistance factor is implemented.

Tension, capacity of lower eye rod [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

Ab_Ii
�

dIi
2



�
�

�
�



2

��� Nominal unthreaded body area

Nominal tensile stress (A307) [8, Table J3.2] [8,
Table J3.2 pg 16.1-104], A307 was selected as a
conservative bolt treatment

Fnt_I 45ksi��
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Rnt_Ii
Fnt_I Ab_Ii

��� Nominal strength (Rn)
(J3-1)

,b_tr 0.75�� Resistance factor

,Rnt_Ii
2 ,b_tr� Rnt_Ii

��� Factor of 2 incorporated to account for both
components

,Rnt_I
T

53.014( ) kip� Design tension strength

ANGLE IRON SECTIONS

Shear, capacity of double angle iron tie down bolts  [8, Ch. J pg 16.1-90 thru 121]

Since both angle iron tie down bolts are implemented during upward loading the tension results will be multiplied
by a factor of 2 at the point where the resistance factor is implemented.

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

AAngle_bolti
�

dAngle_bolti
2



�
�

�
�



2

��� Nominal unthreaded body area

Applicable area for this case since the bolt
is in double shearAAngle_bolt_dsi

2 AAngle_bolti
���

Nominal shear stress in bearing type
connections (A307) [8, Table J3.2 pg 16.1-104],
A307 was selected as a conservative bolt
treatment and includes an allowance for threads
in the shear plane

Fnv_Angle_bolt 24ksi��

Rnv_Angle_bolti
Fnv_Angle_bolt AAngle_bolt_dsi

��� Nominal strength (Rn)
(J3-1)

,b_sr 0.75�� Resistance factor

,Rnv_Angle_bolti
2 ,b_sr� Rnv_Angle_bolti

��� Factor of 2 incorporated to account for both
components

,Rnv_Angle_bolt
T

56.549( ) kip� Design shear strength

Tension, failure of angle iron sections AISC, Ch. D pg 16.1-26 thru 31]

Since all four angle iron sections are implemented during upward loading the tension results will be multiplied by a
factor of 4 at the point where the resistance factor is implemented.

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension
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D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

bcli
2 tAnglei


�

�



0.63in���

bcl
T 1.38( ) in�

beff is an effective length calculated as
(2t + 0.63in) which can not be larger than
the actual distance from the edge of the
hole to the edge of the part measured in
the direction normal to the applied force 

beff_Anglei
min bcli

anormal_Anglei
�


�
�



��

beff_Angle
T 0.937( ) in�

Pn_Angle_trpi
2 tAnglei
� beff_Anglei

� FuAngle��� Nominal axial strength (Pn)

(D5-1)
,n_trp 0.75�� Resistance factor for tension (,t)

,Pn_Angle_trpi
4 ,n_trp� Pn_Angle_trpi

��� Factor of 4 incorporated to account for all 4
components

,Pn_Angle_trp
T

126.562( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

Asf_Anglei
2 tAnglei


�

�



aparrallel_Anglei

dAngle_bolti
2

�


�
�

�
�



���

Asf_Angle
T 0.797( ) in2
� Effective area

Pn_Angle_srpi
0.6 FuAngle� Asf_Anglei

��� Nominal axial strength (Pn)

,n_srp 0.75�� Resistance factor for tension (,t)

,Pn_Angle_srpi
4 ,n_srp� Pn_Angle_srpi

��� Factor of 4 incorporated to
account for all 4 components (D5-2)

,Pn_Angle_srp
T

86.062( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_Anglei
dAngle_bolti

tAnglei


�

�



��� Projected bearing area in.2 (mm2)

Rn_Angle_bsi
1.8 FyAngle� Apd_Anglei

��� Nominal bearing strength

, 0.75�� Resistance factor
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,Rn_Angle_bsi
4 ,� Rn_Angle_bsi

��� Factor of 4 incorporated to account
for all 4 components

,Rn_Angle_bs
T

66.825( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1 

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination

1. Gross Area

Ag_Anglei
AAnglei

�� Gross area
(D3-1)

(a) For tensile yielding in the gross section:

Pn_Angle_tyi
FyAngle Ag_Anglei

��� Nominal axial strength (Pn) (D2-1)

,t_ty 0.9�� Resistance factor for tension (,t)

,Pn_Angle_tyi
4 ,t_ty� Pn_Angle_tyi

��� Factor of 4 incorporated to
account for all 4 components

,Pn_Angle_ty
T

133.65( ) kip� Design tensile strength

Shear, failure of channel iron cross section [8, Ch. G pg 16.1-64 thru 65]

G2. Members with Unstiffened of Stiffened Webs

,v 1.0�� Resistance factor for shear

h2tChi

hCh_webi

tCh_webi

��
Ratio of web length to web thickness

h2tCh 10.769( )�

kv 5�� Given kv value since h2t < 260
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Cvi
1.0 h2tChi

1.10 kv
ECh

Fy_Ch
� if

1.10 kv
ECh

Fy_Ch
�

h2tChi

1.10 kv
ECh

Fy_Ch
� h2tChi

� 1.37 kv
ECh

Fy_Ch
� if

1.51 ECh� kv�

h2tChi


�

�



2 Fy_Ch�
1.37 kv

ECh
Fy_Ch

�� h2tChi
�if

��

Cv 1( )�

ACh_webi
depthChi

tCh_webi
���

Vn_Chi
0.6 Fy_Ch� 2� ACh_webi

� Cvi
���

Nominal shear strength of each section of
channel iron, factor of 2 incorporated in equation
to account for double shear. Vn_Ch 64.35( ) kip�

,Vn_Chi
2 ,v� Vn_Chi

���
Design shear strength, factor of 2 incorporated in
equation to account for both sections

,Vn_Ch 128.7( ) kip�
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SUMMARY OF RESULTS

Capacities For Upward Loading

CHANNEL IRON SECTIONS

Flexure, capacity of channel iron sections [8, Ch. F pg 16.1-44 thru 63]

F1. General Provisions

F2. Doubly Symmetric Compact I-Shaped Members and Channels Bent About Their Major Axis

1. Yielding

,Fny_Toti
T

33.113( ) kip� Total design strength of angle iron section given
flexural loading

2. Lateral-Torsional Buckling

,Fnltb_Toti
T

54.26( ) kip� Total design strength of angle iron section given
flexural loading

EYE RODS

,Rnt_I
T

53.014( ) kip� Design tension strength

ANGLE IRON SECTIONS

Shear, capacity of double angle iron tie down bolts  [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

,Rnv_Angle_bolt
T

56.549( ) kip� Design shear strength

Tension, failure of angle iron sections AISC, Ch. D pg 16.1-26 thru 31]
D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

,Pn_Angle_trp
T

126.562( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

,Pn_Angle_srp
T

86.062( ) kip� Design tensile strength
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(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

,Rn_Angle_bs
T

66.825( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1 

D2. Tensile Strength

(a) For tensile yielding in the gross section:

,Pn_Angle_ty
T

133.65( ) kip� Design tensile strength

Shear, failure of channel iron cross section [8, Ch. G pg 16.1-64 thru 65]

G2. Members with Unstiffened of Stiffened Webs

,Vn_Ch 128.7( ) kip� Design shear strength, factor of 2 incorporated in
equation to account for both sections
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Appendix C.9.5

 Compression Capacity of RH-11, 13, 16, 17, 22 & PR-8
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RH-11, 17, 22, 16, 13 & PR-8 COMPRESSION  CAPACITY
RH-11, 17, 22, 16, and 13 primarily support the PCS piping system from
downward loading and PR-8 is primarily designed to be a tie down.
However, the effects of the 32 seismic events applied to the support
provides some upward (downward for PR-8) loading therefore capacity in
the associated compression direction is calculated below.

Component Capacity Overview:
- Upward Loading: 
  - Compression capacity in eye rod sections

(Procedures from AISC 13th Edition (applying LRFD))

Assigned indices corresponding to
number of support types associated
with these calculations

i 0 1� 6����

Geometric and Material Properties of Support Components
PIPE SECTION

Material Properties as Defined in the Material Section of this Report:

Fy 33ksi�� Yield Strength for A7 Carbon Steel

Fu 60ksi�� Ultimate Strength for A7 Carbon Steel

E 29000ksi�� Modulus of Elasticity for A7 Carbon Steel

L

20.75

23.5625

65.25

24.3125

49.5

16.5

26.8125

86.5



�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�



in�� D

0.75in

0.75in

0.625in

0.75in

0.625in

0.625in

0.625in

1.125in



�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�



�� rgyration
D
4

�� A �
D
2


�
�

��



2
���

RH11

RH13

RH16

RH17

RH22A

RH22B

RH24

PR8


�
�
�
�
�
�
�
�
�
�
�
��

��
�
�
�
�
�
�
�
�
�
�
�


See Appendix C.6 for references related to dimensions of these supports
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Capacities for Upward Loading

Compression, capacity in rod hangers [AISC, Ch. E pg 16.1-32 thru 43]

E1. General Provisions

,c 0.9�� Resistance factor for compression

E2. Slenderness Limitations and Effective Length
Effective length in accordance with C2.b1,
[AISC, comm.C2 (Table C-C2.2) (case d) pg
16.1-240] Case d was chosen because the
support was allowed to rotate on the top as well
as on the bottom. 

K 1.0��

The Slenderness ratio KL/r should preferably not exceed 200

KLri

K Li�

rgyrationi



�
�
�

�
�
�



��

The below KLr values verify that all supports do not exceed the 200 recommended limitation

KLrT 110.667 125.667 417.6 129.667 316.8 105.6 171.6( )�

E3. Compressive Strength for Flexural Buckling of Members Without Slender
Elements (verified through classification)

Fei

�
2
E

KLri� �2
�� Fe is the elastic critical buckling stress (E3-4) 

Fe
T 23.37 18.124 1.641 17.023 2.852 25.667 9.72( ) ksi�

Calculating the variables Limit, Op1, and Op2 to be utilized in logic to determine flexural buckling stress .

Limit 4.71
E
Fy

��� Op1i 0.658

Fy

Fei



�
�
�

�
�
�

Fy�� Op2i 0.877 Fei

���

Limit 139.625�

Calculating the flexural buckling stress

Fcri
Op1i KLri Limit if

Op2i KLri Limit�if

�� (E3-2)

(E3-3)

Fcr
T 18.274 15.401 1.439 14.66 2.501 19.267 8.524( ) ksi�
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,Pni
,c Fcri
� Ai��� Design compressive strength

,Pn
T

7.266 6.123 0.397 5.829 0.691 5.32 2.354( ) kip�

,Pn

7.266

6.123

0.397

5.829

0.691

5.32

2.354


�
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�



kip�

RH_11

RH_13

RH_16

RH_17

RH_22A

RH_22B

RH_24


�
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
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Appendix C.9.6

Capacity of RH-19
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RH-19 CAPACITY
RH-19 restricts seismic motion in the downward direction of the horizontally
oriented PCS piping traveling in the north/south direction.  RH-19 is
comprised of two welded beam attachments, two eye rods hanging from the
welded beam attachments by bolts, and an angle iron section spanning
between the bottom of the two eye bolts and under the PCS pipe.   The
anchorage assembly capacities and the associated capacities of the wall
embedment are found in the anchorage and embedment portions of this
report while the capacities for the remainder of the previously mentioned
components are calculated below.

Component Capacity Overview:
- Downward Loading: 
 - Flexure capacity of angle iron sections

  - Shear capacity of angle iron sections
  - Tension capacity of eye rod
  - Tension capacity of welded beam attachment 
  - Shear capacity of welded beam attachment's bolt

(Procedures from AISC 13th Edition (LRFD))

M6-1-43-N29-CSUG-DSCN2836

Assigned indices corresponding to number of
support types associated with these calculationsi 0��

Support =    0
                (RH-19)

Relationship between support and corresponding
indices

Geometric and Material Properties of Support Components
ANGLE IRON ANCHOR  (Angle Iron 2" x 2" x 3/8" [20])

Material Properties of Angle Iron Section as Defined in the Material Section of this Report:

FyAngle 33ksi�� Yield Strength for A7 Carbon Steel

FuAngle 60ksi�� Ultimate Strength for A7 Carbon Steel

EAngle 29000ksi�� Modulus of Elasticity for A7 Carbon Steel

Geometric Properties of Angle Iron: 

tAngle
3
8

in
�
�

��



T
�� Scaled thickness of angle iron section [20]
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L1Angle 2in( )T�� Width of upper portion of angle iron [20]

L2Angle 2.in( )T�� Width of lower portion of angle iron  [20]

AAnglei
1.36in2� �T�� Cross sectional area of angle iron [8, Table 1-7,

pg 1-46]

LAngle 12in( )T�� Length between rods [20]

Moment of inertia about the horizontal X-axis [8,
Table 1-7, pg 1-46]IAngleX 0.476in4� �T��

rgyration_AngleX 0.591in�� Radius of gyration about the horizontal X-axis
[8, Table 1-7, pg 1-46]

yAngle 0.632in( )T�� Distance from nuetral axis to top of angle iron
[8, Table 1-7, pg 1-46] 

EYE RODS (Welded Eye Rod FIG 278 5/8")

Material Properties of Welded Eye Rod as Defined in the Material Section of this Report:

Fy_cl 33ksi�� Yield Strength for A7 Carbon Steel

Fu_cl 60ksi�� Ultimate Strength for A7 Carbon Steel

Ecl 29000ksi�� Modulus of Elasticity for A7 Carbon Steel

Geometric Properties of Eye Rod:

Unthreaded diameter of eye rod, in. (mm)
[20] [24, Fig 278]dI

5
8

in
�
�

��



T
��

Plastic section modulus about the axis of
bending, in.3 (mm3)  [8, Table 17-27 pg17-39]ZIi

dIi

�

�



3

6
��

WELDED BEAM ATTACHMENT (Welded Beam Attachment FIG 66 5/8" Rod)

Material Properties of Welded Beam Attachment as Defined in the Material Section of this Report:

Fy_wba 33ksi�� Yield Strength for A7 Carbon Steel

Fu_wba 60ksi�� Ultimate Strength for A7 Carbon Steel

Ewba 29000ksi�� Modulus of Elasticity for A7 Carbon Steel

Geometric Properties of Welded Beam Attachment:

Combined thickness of welded beam attachment
[24, Fig 66] twba 2

1
4

in
�
�

��



��"
�

�#
�

T
��



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      R. K. Blandford Date:    09/30/2008

Calculation Sheet 
Page C.9.6-4 of C.9.6-12

Width of welded beam attachment
[24, Fig 66]wwba 2in( )T��

Awbai
twbai

wwbai
���

Cross sectional area of welded beam attachment
Awba 1( ) in2

�

Diameter of welded beam attachment bolt [24,
Fig 212]dwba_bolt

3
4

in
�
�

��



T
��

Diameter of welded beam attachment bolt hole
[24, Fig 66], [8, Table J3.3]dwba_hole

13
16

in
�
�

��



T
��

Shortest distance from edge of the bolt hole to
the edge of the member measured parallel to the
direction of the force, in. (mm) hand calculated
from dwba_hole and [24, Fig 212] data

aparrallel_wba
15
32

in
�
�

��



T
��

anormal_wbai

wwbai
dwba_holei

�

2
�� Shortest distance from edge of bolt hole to the

edge of the member measured normal to the
direction of the force, in. (mm) [24, Fig 212]anormal_wba

T 0.594( ) in�

Capacities For Downward Loading
ANGLE IRON SECTION

Flexure, failure of angle iron section [8, Ch. F pg 16.1-44 thru 63]

For these calculations the angle iron section will be divided into two sections based on the symmetric bending
behavior about the midplane of the total section's length.  This results in two sections of angle iron for which the
capacity of each is equivelent.  A representative section of both sections was analysed treating one end as free
with a load applied to it and the other end being fixed in a local coordinate frame.

F1. General Provisions

Given resistance factor for shear

,b 0.9��

Calculate the lateral-torsional buckling modification factor for a nonuniform moment loading on the beam
caused by downward loading of the pipe 

Absolute value of maximum moment in the
unbraced segmentMmax F Length�( ) F Length���

Absolute value of moment at quarter point
of the unbraced segmentMA F Length�( )

3
4

F� Length���

Absolute value of moment at centerline
of the unbraced segmentMB F Length�( )

1
2

F� Length���

Absolute value of moment at three-
quarter point of the unbraced segmentMC F Length�( )

1
4

F� Length���
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Cross-section monosymmetry parameter
(value of 1.0 is assigned because it
correlates to singly symmetric members
subjected to single curvature bending)

Rm 1.0��

Cb F Length�( )
12.5 Mmax F Length�( )�

2.5 Mmax F Length�( )� 3 MA F Length�( )�� 4 MB F Length�( )�� 3 MC F Length�( )��
�



�
�

��

(F1-1)

Cb F LAnglei
�


�
�



1.6666666666666666667.

F10. Single Angles

First determine value between geometric axis of rotation and extreme fiber 
[8, Table 17-27]

Extremei max L2Anglei
yAnglei

�

�

�



yAnglei
��

�
�
�

�� Point farthest from the neutral axis

ExtremeT 1.368( ) in�

Equation to calculate yielding moment from
moment of inertia and Extreme values [44,
Equation 6-74]

Myi

FyAngle IAngleXi
�

Extremei
��

My
T 11.482( ) kip in�� Yielding Moment

1. Yielding

Mny 1.5 My���

Nominal flexural strength (F10-1)
Mny

T 17.224( ) kip in��

,Mny ,b Mny���

,Mny
T

15.501( ) kip in�� Design flexural strength

Converting design flexural strength for
representative member into corresponding design
strength for both angle iron sections comprising
total section 

,Fny_Toti
2

,Mnyi

LAngle

2



�
�
�
�

�
�
�
�



���

,Fny_Toti
T

5.167( ) kip� Total design strength of angle iron section given
flexural loading
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2. Lateral-Torsional Buckling

Calculate the lateral-torsional buckling moment

(i) For bending about one of the goemetric axes of an equal-leg angle with no
lateral-torsional restraint

(a) With maximum tension at the toe (applies here for downward loading)

CbLTBi
min Cb F LAnglei

�

�

�



1.5�

�

�



�� Lateral torsional buckling modification
factor with an upper limit of 1.5

bF10.2i
L2Anglei

�� Geometric property of angle iron
[8, Table B4.1]

Mei

0.66 EAngle� bF10.2i


�

�



4
� tAnglei

� CbLTBi
�

LAnglei


�

�



2
1 0.78

LAnglei
tAnglei
�

bF10.2i


�

�



2

�"
"
"�

�

�

��

�
"
"
"
�

��

(F10-4a)

Me
T 2.883 103

�� � kip in�� Elastic lateral-torsional buckling moment

My shall be taken as 0.80 times the yield moment calculated using the
geometric section modulus as applied to this section.

Myii
0.80 Myi

���

For single angles without continuous lateral-torsional restraint along the length

(a & b) calculation

MnLTBi
0.92

0.17 Mei
�

Myii

�


�
�
�

�
�
�



Mei
� Mei

Myii
 if

1.92 1.17
Myii
Mei

��


�
�
�

�
�
�



Myii
� Mei

Myii
�if

1.5 Myii
� 1.5 Myii

1.92 1.17
Myii
Mei

��


�
�
�

�
�
�



Myii
�$if

�� (F10-2)

(F10-3)

Nominal flexural strength

MnLTB
T 17.03( ) kip in��

,MnLTB_WL ,b MnLTB���
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Design flexural strength of the
representative angle iron section,MnLTB_WL

T
15.327( ) kip in��

,FnLTB_WL_Toti
2

,MnLTB_WLi

LAngle

2



�
�
�
�

�
�
�
�



���

,FnLTB_WL_Toti
T

5.109( ) kip� Total design strength of angle iron
section given flexural loading

Shear, failure of angle iron cross section [8, Ch. G pg 16.1-64 thru 79]

G1. General Provisions

,v 0.9�� Resistance factor for shear

G4. Single Angles

The nomial shear strength, Vn, of a single angle leg shall be determined using equation G2-1 with C v = 1.0,
Aw = bt where b = width of the leg resisting the shear force, in. (mm) and kv = 1.2.

Cv 1( )T�� Web shear coefficient

Awi
2 bF10.2i

tAnglei
�


�
�



�� Web area (2 incorporated to account for double
shear)

kv 1.2( )T�� Web plate buckling coefficient

Vn_Anglei
0.6 FyAngle� Awi

� Cvi
��� (G2-1)

Vn_Angle
T 29.7( ) kip� Nominal shear strength

,Vn_Angle ,v Vn_Angle���

,Vn_Angle
T

26.73( ) kip� Design shear strength
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EYE RODS

NOTE:It was observed that all of the applicable eye rods have welded eyes even though they indicate otherwise
on Drawing 20, thus all eye rods in these calculations are treated as welded eye rods

Tension, failure of eye rods [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

Ab_Ii
�

dIi
2



�
�

�
�



2

��� Nominal unthreaded body area

Fnt_I 45ksi�� Nominal tensile stress (A307)
[8, Table J3.2]

Rnt_Ii
Fnt_I Ab_Ii

��� Nominal strength (Rn)
(J3-1)

,b_tr 0.75�� Resistance factor

,Rnt_Ii
2 ,b_tr� Rnt_Ii

��� A 2 is incorporated to account for both eye rods

,Rnt_I
T

20.709( ) kip� Design tension strength

WELDED BEAM ATTACHMENT

Tension, failure of welded beam attachment [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

bi 2 twbai
0.63in���

beff is an effective length calculated as
(2t + 0.63in) for which can not be larger
than the actual distance fro the edge of
the hole to the edge of th part measured
in the direction normal to the applied
force

bT 1.63( ) in�

beff i
min bi anormal_wbai

�

�

�



��

beff
T 0.594( ) in�

Pn_wba_trpi
2 twbai
� beff i

� Fu_wba��� Nominal axial strength (Pn)
(D5-1)

,n_trp 0.75�� Resistance factor for tension (,t)
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,Pn_wba_trpi
2 ,n_trp� Pn_wba_trpi

��� A 2 is incorporated to account for both
welded beam attachments

,Pn_wba_trp
T

53.438( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

Asf_wbai
2 twbai
� aparrallel_wbai

dwba_holei

2
�



�
�

�
�



���

Asf_wba
T 0.875( ) in2
� Effective area

Pn_wba_srpi
0.6 Fu_wba� Asf_wbai

��� Nominal axial strength (Pn)
(D5-2)

,n_srp 0.75�� Resistance factor for tension (,t)

,Pn_wba_srpi
2 ,n_srp� Pn_wba_srpi

��� A 2 is incorporated to account for both
welded beam attachments

,Pn_wba_srp
T

47.25( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_wbai
dwba_bolti

twbai
��� Projected bearing area in.2 (mm2)

Rn_wba_bsi
1.8 Fy_wba� Apd_wbai

��� Nominal bearing strength (J7-1)

, 0.75�� Resistance factor

,Rn_wba_bsi
2 ,� Rn_wba_bsi

��� A 2 is incorporated to account for both
welded beam attachments

,Rn_wba_bs
T

33.412( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination

1. Gross Area

Ag_wbai
Awbai

�� Gross area
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(a) For tensile yielding in the gross section:

Pn_wba_tyi
Fy_wba Ag_wbai

��� Nominal axial strength (Pn)
(D2-1)

,t_ty 0.9�� Resistance factor for tension (,t)

,Pn_wba_tyi
2 ,t_ty� Pn_wba_tyi

��� A 2 is incorporated to account for both
welded beam attachments

,Pn_wba_ty
T

59.4( ) kip� Design tensile strength

Shear, failure of welded beam attachment's bolt [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

Awba_bolti
�

dwba_bolti
2



�
�

�
�



2

��� Nominal unthreaded body area

Applicable area for this case since the
bolt is in double shearAwba_bolt_dsi

2 Awba_bolti
���

Nominal shear stress in bearing type
connections (A307) [8, Table J3.2]Fnv_wba_bolt 24ksi��

Rnv_wba_bolti
Fnv_wba_bolt Awba_bolt_dsi

��� Nominal strength (Rn)
(J3-1)

,b_sr 0.75�� Resistance factor

,Rnv_wba_bolti
2 ,b_sr� Rnv_wba_bolti

��� A 2 is incorporated to account for both
welded beam attachment bolts

,Rnv_wba_bolt
T

31.809( ) kip� Design shear strength
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Summary of Results
Capacities For Downward Loading
ANGLE IRON SECTION

Flexure, failure of angle iron section [8, Ch. F pg 16.1-44 thru 63]

F1. General Provisions

F10. Single Angles

1. Yielding

,Fny_Toti
T

5.167( ) kip� Total design strength of angle iron
section given flexural loading

2. Lateral-Torsional Buckling

,FnLTB_WL_Toti
T

5.109( ) kip� Total design strength of angle iron
section given flexural loading

Shear, failure of angle iron cross section [8, Ch. G pg 16.1-64 thru 79]

G1. General Provisions

G4. Single Angles

,Vn_Angle
T

26.73( ) kip� Design shear strength

EYE RODS

Tension, failure of eye rods [8, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

,Rnt_I
T

20.709( ) kip� Design tension strength

WELDED BEAM ATTACHMENT

Tension, failure of welded beam attachment [8, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

,Pn_wba_trp
T

53.438( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

,Pn_wba_srp
T

47.25( ) kip� Design tensile strength
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(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

,Rn_wba_bs
T

33.412( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

,Pn_wba_ty
T

59.4( ) kip� Design tensile strength

Shear, failure of welded beam attachment's bolt [8 , Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

,Rnv_wba_bolt
T

31.809( ) kip� Design shear strength
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Appendix C.9.7

Anchorage Refinements for RH-11, RH-13, and PR-7/8 Anchor Bolts
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Anchorage Refinement

The purpose of this section is to perform analysis refinement of select anchorage
capacities, previously determined in a previous analysis [37, Appendix E7].
Reference numbering (shown following) corresponds to references as defined in
previous analysis [37]. 

From previous capacity analysis [37, Appendices E4 & E7].  Will depict references as
{xx}, using different brackets.

Common Weld parameters
Fycs 33 ksi��� Fucs 60 ksi��� Minimum yield and tensile strengths of ASTM

A7 [1] carbon steel, used to evaluate support
and anchorage structures.

Fexx 60 ksi��� E6010 & E6011 weld filler electrode ultimate strength {2} 

Fya36 36 ksi��� Minimum material yield and tensile strengths of ASTM A36
{17}carbon steel, used to evaluate some anchorage
structures.Fua36 58 ksi���

,fw 0.75�� Fillet weld resistance factor {3, Table J2.5]

Fw = 0.6 Fexx� 1.0 0.5 sin '� �1.5
��� �� Nominal strength of the weld metal

{3, eqn J2-5] 

For => ' 0 deg���
Nominal strength for
longitudinal loaded fillet
welds

Fwl 0.6 Fexx� 1.0 0.5 sin '� �1.5
��� ���

�
�
��� Fwl 36ksi�

For => ' 90 deg���
Nominal strength for
transversely loaded fillet
welds

Fwt 0.6 Fexx� 1.0 0.5 sin '� �1.5
��� ���

�
�
��� Fwt 54ksi�

Rtw
Fwt
Fwl

�� Rtw 1.5� Strength capacity ratio of transverse to longitudinal
welds

As indicated above, transverse welds provide 50% strength capacity increase
over that of longitudinal welds.

Note - If there are combinations of longitudinal and transverse segments within
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g g
the same weld pattern, Fwl (longitudinal nominal strength) will be used to
determine corresponding weld capacities.  Also, if the weld is loaded in differing
orthogonal directions, Fwl is used to determine weld capacities.

Aw
2

2
1
16
� in2��� Aw 0.044 in2� Area of 1/16-in fillet per inch of weld

Let => Rnw Fwl Aw��� Rnw 1.591kip� Nominal strength of weld {3, eqn
J2-4] to be used for longitudinal and
mixed weld patterns.

Vnw ,fw Rnw��� Vnw 1.19kip� Nominal shear strength of
longitudinal & mixed fillet per
1/16-in of weld per inch {3, Table
J2.5]

Vntw Rtw Vnw��� Vntw 1.79kip� Nominal shear strength of
transverse fillet per 1/16-in of
weld per inch {3, Table J2.5]

Steel Plate Embed parameters
wemb 4 in��� temb 0.5 in��� Width and thickness of steel plate embed

{4, det. 25] that anchorage welds are
attached to.

When the load acts in same direction as the axis of the weld, the base metal (or
steel plate embed) capacity must also be considered to determine which
condition is limiting.

,Fcs 0.9 0.6� Fycs��� ,Fcs 17.82ksi� Nominal shear strength of steel
plate embed (or base material)
{30, p. 345].

Rnemb wemb temb� ,Fcs��� Nominal shear strength of steel plate embed
along width {30, eqn 7.23].

Rnemb 35.64kip�

When the resultant load acts in differing directions (i.e., out of plane) to the weld
axis, the steel plate embed anchorage governs the design strength capacity of
weld.  All weld resultant loads are SRSS using methods as defined by Blodgett
{6, p. 7.4-7].

,temb 11.25 kip��� Design pull-out strength of steel plate embed's anchor in
tension and shear, obtained from Appendix C.

,semb 12.188 kip���

Lembanc 1 ft��� Anchor spacing along steel plate embed 
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n,temb 9.38 kip��� Design axial and shear capacity for a group of steel
plate embed anchors remote from edges, obtained from
Appendix C.  The "n" corresponds to number of anchors
overlapped.

n,semb 12.188 kip���

RH-13 (Type 29) & RH-11 (Type 30) Anchorage
Anchorage for supports RH-13 and RH-11 {4, det. 18] connect to a 5 x 3 x 1/2
angle that is fillet welded along its shortened leg, to the steel plate embed.  The
steel plate embed is reinforced by a single channel, which supports up to three
different supports.

Initially {37], it was thought that the angle cantilevers to one side and that the
support's drawing detail was wrong (see following picture of RH-13B).  As
evaluated in this condition, these supports are loaded vertically; thus, their
anchoring weld is loaded in tension and bending (due to the cantilevered angle
arrangement).

Further inspection using better equipped cameras (with greater lighting and range
capabilities) indicated that RH-13 and RH-11 supports are reflective of their
drawing detail {4, det. 18], however; the detail does not reflect added structural
features which changes the weld anchorage evaluation approach for these
supports.
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Anchorage for RH-13 and RH-11 styles are similar, but there are slight differences.
As shown following, RH-11A and RH-11B are reinforced by two channels that are
both skip-welded to steel embed plates.

As shown following, RH-13A and RH-13B is similar to RH-11, but with slight
differences.
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The main difference between RH-11 and RH-13 anchorage styles is that RH-11
has a little more weld on its reinforced side to Channel 2.  Channel 2's estimated
length is 8-ft minimum, with Channel1 significantly longer {38].

As shown following, both RH-11 and RH-13 anchorage styles are extended
through Channel 1 (as one piece) and heavily welded on both sides of the
Channel 1. 
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The two anchorage styles (RH-11 and RH-13) are evaluated the same.  Both
supports' reinforced sides are firmly supported by both channels (attached to steel
embeds) and in conjunction with the channels, are pressing upward into the
concrete ceiling.  Hence, the supports' main weld (as shown in its drawing) acts as
a pivot to a force couple and places this weld in tension only.  The two supports'
drawing weld {4, det. 18] is conservatively evaluated for tension, without
contributions from the other channels, steel embeds, and substantial reinforced
welding.

t1311 0.5 in��� dhole_1311 1 in��� Angle thickness and hole diameter

Lc1311 12 in��� Le1311 2 in��� Angle cantilever length and distance
from hole center to bottom edge of
longer leg 

t1311
temb

1� Let => ts_1311 t1311�� Fillet size for RH-13 & RN-11
weld anchorage

Maximum design transverse fillet
strength capacity RH-13 & RH-11
anchor welds, based on support
loaded in tension

Vntw1311 Rtw Vnw� ts_1311�
16
in


�
�

��



�
wemb

in
���

Vntw1311 57.28kip� Weld area accounts for one of two weld segments, since
tension load is directly over and in-line with the single
weld segment on the angle's backside.

Accounting for only one weld segment (of two segment weld) could be
considered to be conservative, since both support types (RH-13 and RH-11) are
held firmly between two anchored channels and transmits load to both weld
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y
segments.  Will continue as is, for steel plate embeds (shown following) limit
supports' weld capacity.

Based on multiple supports on
channel reinforced embed, will
approximate three minimum embed
anchors for each support anchorage.

Let => n1311 3��
,temb
n,temb

1.199�

Vntw1311
n1311 n,temb�

2.035� Vntw1311 n1311 n,temb��� Vntw1311 28.14kip�

Maximum design shear strength capacity of these anchor welds are limited,
based on steel plate embed anchors loaded in tension (vertical direction).

Determine maximum load that may be placed on weld, due to tension:

Let => fntw1311
Vntw1311

wemb
�� fntw1311 7.035

kip
in

� Unit force capacity of
weld

Aw1311 wemb�� Aw1311 4 in� Line area of single segment weld

Pntw1311
Aw1311

= fnw1311 Tension loading (vertical direction)

Pntw1311 fntw1311 Aw1311��� Maximum tension capacity (vertical direction)
for these supports' anchor weld

Pntw1311 28.14kip�
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PR-7 / PR-8 Anchorage Capacity
The purpose of this section is to determine the anchorage capacity of supports
PR-7 and PR-8.  Anchorage capacities for PR-7 and PR-8 were overlooked from
previous capacity analysis [x1, Appendix E].  Both support anchorage are loaded
in tension only.  Anchorage of both supports are identical and share   common
results. (Reference table is shown at bottom of calculation)

As shown in the pictures below, PR-8 anchorage (representing both supports)
consists of four anchors that extend through a 1/2-in plate [x2, det. 52], built-up
grout, and into the concrete floor.

PR-8 pictures and drawing
detail do not agree.  The
drawing calls for 1-in thick
grout, but the above
pictures indicate more
grout as proportioned to
the 1/2-in plate.

The grout thickness
inaccuracy is further
reaffirmed due to anchor
embedment inspections,
shown in Appendix B.
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From Appendix B of capacity analysis [x1],  the actual anchor concrete
embedment for PR-7 and PR-8 are determined. 

L7stud 3.619 3.684 3.631 3.605( )T in��� UT recorded PR-7 stud length 

L7surf 2.87 2.62 3.00 2.87( )T in��� Distance between top of stud and
concrete surface

L7emb L7stud L7surf��� L7emb
T 0.749 1.064 0.631 0.735( ) in�

min L7emb� � 0.631 in�

L7emb�
4

0.795 in� PR-7 minimum and average
concrete anchor embedment

L8stud 3.638 3.596 3.535 3.622( )T in��� UT recorded PR-8 stud length 

L8surf 3.12 2.62 3.25 3.06( )T in��� Distance between top of stud and
concrete surface

L8emb L8stud L8surf��� L8emb
T 0.518 0.976 0.285 0.562( ) in�

min L8emb� � 0.285 in�

L8emb�
4

0.585 in� PR-8 minimum and average
concrete anchor embedment

From drawing, PR-7 and PR-8 use 5/8-in cinch anchors.  This anchor is assumed
to be a Ramset Trubolt style anchor, which is used in other areas of the PCS.    A
5/8-in Ramset Trubolt expansion anchor that has a pull-out capacity of 8-kips in
4000-psi with a minimum embedment of 2.75-inches [x3].  Using DOE/EH-0545
[x4] as a guide for pull-out capacity determination, Section 6.3.3.1 defines any
embedment less than 2.75-in an outliner and is outside its determination scope.

Lembmin 2.75 in��� Minimum embedment depth
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min L8emb� �
min L7emb� � 0.452� <

L8emb�
4

L7emb�
4

0.736� PR-7 and PR-8
comparative concrete
anchor embedment
lengths

min L8emb� �
min L7emb� �

Lembmin
1
in
�

0.164� <

L8emb�
4

L7emb�
4

Lembmin
1
in
�

0.268� <  1.0

Without anchor spacing, concrete strength, and other reduction factors
considered, the PR-7 and PR-8 anchorage pull-out capacities are insignificant
and for this evalaution are considered to have a pull-out capacity of zero.

x1. D. Clark and et all, ECAR EDF-8366, "ATR Primary Coolant System
Piping Support and Anchorage Capacity Evaluation," Rev. 0, Sept. 27, 2007.

x2. INL drawing 120963, "Primary Coolant System Pipe Hangers, Sh 8,"
May, 1967.

x3. ITW Ramset/Red Head Company, Spec Data, May 1990.

x4. DOE/EH-0545, "Seismic Evaluation Procedure for Equipment in
Department of Energy Facilities, March, 1997.
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Identified Components Associated with Model 1-4
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Figure D.1- 1.  Supports Associated with Model 1 [1]
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Figure D.1- 2.  Spring Pipe Supports Associated with Model 1 [1]
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Figure D.1- 3.  Terminations Associated with Model 1 [1]
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Figure D.1- 4.  Pipe Runs Associated with Model 1 [1]
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Figure D.1- 5.  Reducers Associated with Model 1 [1]
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Figure D.1- 6.  Elbows Associated with Model 1 [1]
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Figure D.1- 7.  Tees Associated with Model 1 [1]
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Figure D.1- 8.  Fabricated Components Associated with Model 1 [1]
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Figure D.1- 9.  Flanges Associated with Model 1 [1]



Calculation Sheet 
Page D.1-11 of D.1-22 

Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Figure D.1- 10.  Valves Associated with Model 1 [1]
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Figure D.1- 11.  Supports Associated with Model 4 [1]
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Figure D.1- 12.  Spring Hangers Associated with Model 4 [1]
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Figure D.1- 13.  Terminations Associated with Model 4 [1]
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Figure D.1- 14.  Pipe Runs Associated with Model 4 [1]
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Figure D.1- 15.  Reducers Associated with Model 4 [1]
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Figure D.1- 16.  Elbows Associated with Model 4 [1]
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Figure D.1- 17.  Reducing Elbows Associated with Model 4 [1]
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Figure D.1- 18.  Tees Associated with Model 4 [1]
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Figure D.1- 19.  Fabricated Branch Associated with Model 4 [1]
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Figure D.1- 20.  Flanges Associated with Model 4 [1]
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Figure D.1- 21.  Valves Associated with Model 4 [1]
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Appendix D.2 

I-DEAS Model of Model 1-4 
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Figure D.2-1.  Complete Model 1-4 Piping System
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Figure D.2-2.  Components Associated With Lines 1L, 2L, 3L, and 4L of Model 1
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Figure D.2-3.  Components Associated With Lines 5, 6, and 7 of Model 1
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Figure D.2-4.  Components Associated Lines 8, 9, 10, 11, 12, and 170 of Model 1
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Figure D.2-5. Components Associated With Lines 34 and 67 of Model 4
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Figure D.2-6. Components Associated With Lines 39 and 40 of Model 4 
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Figure D.2-7. Components Associated With Lines 41 and 77 of Model 4 
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Figure D.2-8. Components Associated With Line 42 of Model 4
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Figure D.2-9. Nonstandard Elbow of Model 1
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Figure D.2-10. Eastern Fabricated Branch Connecting on Model 1

Figure D.2-11. Western Fabricated Branch Connecting on Model 1 
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Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

**%   ============================================================ 
**%
**%              NX I-deas 5.0 ABAQUS STANDARD TRANSLATOR
**%                     FOR ABAQUS VERSION 6.x
**%
**%          MODEL FILE: Y:\PCS2\Model_1-4_IDEAS\Current_model1-4_9-20-2008.mf1 
**%          INPUT FILE: C:\M14_9-24-2008b.inp 
**%            EXPORTED: AT 20:09:22 ON 24-Sep-08 
**%                PART: Part1 
**%                 FEM: Model_1-4 
**%
**%               UNITS: IN-Inch (pound f) 
**%                     ... LENGTH : inch 
**%                     ... TIME   : sec 
**%                     ... MASS   : lbf-sec**2/in 
**%                     ... FORCE  : pound (lbf) 
**%                     ... TEMPERATURE : deg Fahrenheit 
**%
**%         COORDINATE SYSTEM: PART 
**%
**%             SUBSET EXPORT: OFF 
**%
**%       NODE ZERO TOLERANCE: OFF 
**%
**%   ============================================================ 
**%
**%
*HEADING
SDRC I-DEAS ABAQUS FILE TRANSLATOR  24-Sep-08   20:09:22 
**%==========================================
**%          MODAL DATA
**%==========================================
*NODE, NSET=ALLNODES, SYSTEM=R 
         15, 3.1675000E+02, 5.3099998E+02,-4.9999998E+01 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
       1701, 1.5019600E+03, 7.8200791E+02,-9.1200003E+02 
*SYSTEM
 0.0000E+00, 0.0000E+00, 0.0000E+00, 1.0000E+00, 0.0000E+00, 0.0000E+00 
 0.0000E+00, 1.0000E+00, 0.0000E+00 
*NODE, NSET=ALLNODES, SYSTEM=R 
        755, 9.1287500E+02, 7.5000790E+02, 4.6932800E-06 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
        868, 1.2812500E+03, 9.7449982E+02,-8.9689861E+02 
*NSET,NSET=TR000001, GENERATE 
       755,      756,        1 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
       863,      868,        5 
*TRANSFORM,NSET=TR000001,TYPE=R
 1.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 1.0000E+00, 0.0000E+00 
*ELEMENT, TYPE=B31     , ELSET=BEAM 
    448,   1100,   1105 
*ELEMENT, TYPE=B31     , ELSET=BEAM_1 
    449,   1101,   1106 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    452,   1104,   1109 
*ELEMENT, TYPE=B31     , ELSET=BEAM_2 
    695,   1271,   1356 
*ELEMENT, TYPE=B31     , ELSET=BEAM_3 
    672,   1334,   1337 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    677,   1323,   1336 
*ELEMENT, TYPE=B31     , ELSET=BEAM_4 
    670,   1321,   1339 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    675,   1332,   1342 
*ELEMENT, TYPE=B31     , ELSET=BEAM_5 
    678,   1336,   1341 
    679,   1335,   1342 
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*ELEMENT, TYPE=B31     , ELSET=BEAM_6 
    680,   1339,   1338 
    681,   1340,   1337 
*ELEMENT, TYPE=B31     , ELSET=BEAM_7 
    758,   1400,   1401 
*ELEMENT, TYPE=B31     , ELSET=BEAM_8 
    463,   1110,   1113 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    466,   1122,   1123 
*ELEMENT, TYPE=B31     , ELSET=BEAM_9 
    685,   1249,   1346 
    686,   1257,   1347 
*ELEMENT, TYPE=B31     , ELSET=BEAM_10
    687,   1261,   1348 
*ELEMENT, TYPE=B31     , ELSET=BEAM_11
    694,   1355,   1270 
*ELEMENT, TYPE=B31     , ELSET=BEAM_12
    746,   1245,   1393 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    749,   1393,   1390 
*ELEMENT, TYPE=B31     , ELSET=BEAM_13
    761,   1403,   1405 
*ELEMENT, TYPE=B31     , ELSET=BEAM_14
    762,   1405,   1406 
*ELEMENT, TYPE=B31     , ELSET=BEAM_15
    846,   1443,   1444 
*ELEMENT, TYPE=B31     , ELSET=BEAM_16
    763,   1405,   1407 
*ELEMENT, TYPE=B31     , ELSET=BEAM_17
    768,   1412,   1413 
*ELEMENT, TYPE=B31     , ELSET=BEAM_18
    774,   1419,   1418 
*ELEMENT, TYPE=B31     , ELSET=BEAM_19
    771,   1415,   1416 
*ELEMENT, TYPE=B31     , ELSET=BEAM_20
    827,   1432,   1431 
*ELEMENT, TYPE=B31     , ELSET=BEAM_21
    828,   1432,   1309 
    829,   1431,   1308 
*ELEMENT, TYPE=B31     , ELSET=BEAM_22
    860,   1446,   1019 
*ELEMENT, TYPE=B31     , ELSET=BEAM_23
    859,   1445,   1034 
*ELEMENT, TYPE=B31     , ELSET=BEAM_24
    130,    748,   1480 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    907,   1481,    644 
*ELEMENT, TYPE=B31     , ELSET=PIPE 
     87,    662,   1493 
    919,   1493,   1494 
    920,   1494,    942 
*ELEMENT, TYPE=B31     , ELSET=PIPE_1 
     84,     56,   1399 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    918,   1492,   1411 
*ELEMENT, TYPE=B31     , ELSET=PIPE_2 
    772,   1417,    592 
*ELEMENT, TYPE=B31     , ELSET=PIPE_3 
    111,    678,    607 
    113,    677,    604 
*ELEMENT, TYPE=B31     , ELSET=PIPE_4 
    117,    620,    619 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    932,   1635,    621 
*ELEMENT, TYPE=B31     , ELSET=PIPE_5 
    110,    679,    610 
    112,    680,    613 
    115,    683,    684 



Calculation Sheet 
Page D.2-14 of D.2-60 

Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

*ELEMENT, TYPE=B31     , ELSET=PIPE_6 
    114,    614,   1636 
    439,   1096,    682 
    933,   1636,   1096 
*ELEMENT, TYPE=B31     , ELSET=PIPE_7 
    406,    681,    614 
*ELEMENT, TYPE=B31     , ELSET=PIPE_8 
    581,   1240,   1007 
*ELEMENT, TYPE=B31     , ELSET=PIPE_9 
    476,   1011,   1015 
*ELEMENT, TYPE=B31     , ELSET=PIPE_10
    474,   1002,   1240 
*ELEMENT, TYPE=B31     , ELSET=PIPE_11
    472,   1128,   1306 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    646,   1307,   1003 
*ELEMENT, TYPE=B31     , ELSET=PIPE_12
    384,   1045,    745 
    385,   1044,    746 
*ELEMENT, TYPE=B31     , ELSET=PIPE_13
    392,    745,   1081 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    423,   1082,    573 
*ELEMENT, TYPE=B31     , ELSET=PIPE_14
    388,    656,   1051 
*ELEMENT, TYPE=B31     , ELSET=PIPE_15
    386,    655,   1050 
*ELEMENT, TYPE=B31     , ELSET=PIPE_16
     78,    637,    648 
*ELEMENT, TYPE=B31     , ELSET=PIPE_17
    255,    626,   1454 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    881,   1455,    629 
*ELEMENT, TYPE=B31     , ELSET=PIPE_18
     70,    559,   1314 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    905,   1479,    882 
*ELEMENT, TYPE=B31     , ELSET=PIPE_19
     80,    639,    650 
*ELEMENT, TYPE=B31     , ELSET=PIPE_20
     62,    625,   1452 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    879,   1453,    630 
*ELEMENT, TYPE=B31     , ELSET=PIPE_21
    389,   1051,    573 
*ELEMENT, TYPE=B31     , ELSET=PIPE_22
    387,   1050,    572 
*ELEMENT, TYPE=B31     , ELSET=PIPE_23
     94,    594,   1097 
*ELEMENT, TYPE=B31     , ELSET=PIPE_24
     97,    595,   1098 
*ELEMENT, TYPE=B31     , ELSET=PIPE_25
    407,    597,    681 
*ELEMENT, TYPE=B31     , ELSET=PIPE_26
    162,    803,    953 
*ELEMENT, TYPE=B31     , ELSET=PIPE_27
    155,    761,   1683 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    984,   1687,    862 
*ELEMENT, TYPE=B31     , ELSET=PIPE_28
    154,    763,    762 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    986,   1689,   1127 
*ELEMENT, TYPE=B31     , ELSET=PIPE_29
    171,    805,    816 
    197,    816,   1442 
*ELEMENT, TYPE=B31     , ELSET=PIPE_30
    168,    799,    798 



Calculation Sheet 
Page D.2-15 of D.2-60 

Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

*ELEMENT, TYPE=B31     , ELSET=PIPE_31
    159,    780,    779 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    969,   1673,    967 
*ELEMENT, TYPE=B31     , ELSET=PIPE_32
    844,   1442,    755 
*ELEMENT, TYPE=B31     , ELSET=PIPE_33
    261,    879,    549 
    262,    878,    548 
*ELEMENT, TYPE=B31     , ELSET=PIPE_34
    263,    876,    546 
    264,    877,    547 
*ELEMENT, TYPE=B31     , ELSET=PIPE_35
    259,    625,    879 
    260,    624,    878 
*ELEMENT, TYPE=B31     , ELSET=PIPE_36
    257,    627,    876 
    258,    626,    877 
*ELEMENT, TYPE=B31     , ELSET=PIPE_37
    382,   1043,   1044 
    383,   1042,   1045 
*ELEMENT, TYPE=B31     , ELSET=PIPE_38
    132,    646,    925 
    295,    925,     39 
*ELEMENT, TYPE=B31     , ELSET=PIPE_39
    133,    647,    926 
    296,    926,     15 
*ELEMENT, TYPE=B31     , ELSET=PIPE_40
     55,     39,     57 
*ELEMENT, TYPE=B31     , ELSET=PIPE_41
     56,     15,     58 
*ELEMENT, TYPE=B31     , ELSET=PIPE_42
     57,     57,     53 
     92,    592,    664 
*ELEMENT, TYPE=B31     , ELSET=PIPE_43
     58,     58,     52 
     93,    593,    663 
*ELEMENT, TYPE=B31     , ELSET=PIPE_44
     59,     53,     51 
     90,    591,    593 
*ELEMENT, TYPE=B31     , ELSET=PIPE_45
     61,     51,     56 
     89,    586,    591 
*ELEMENT, TYPE=B31     , ELSET=PIPE_46
     60,     52,     51 
     91,    591,   1417 
*ELEMENT, TYPE=B31     , ELSET=PIPE_47
    101,    664,    595 
*ELEMENT, TYPE=B31     , ELSET=PIPE_48
    100,    663,    594 
*ELEMENT, TYPE=B31     , ELSET=PIPE_49
    481,   1027,   1269 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    993,   1696,   1194 
*ELEMENT, TYPE=B31     , ELSET=PIPE_50
    479,   1019,   1690 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    995,   1698,   1039 
*ELEMENT, TYPE=B31     , ELSET=PIPE_51
    486,   1141,   1142 
*ELEMENT, TYPE=B31     , ELSET=PIPE_52
    506,   1164,   1700 
    997,   1700,   1163 
*ELEMENT, TYPE=B31     , ELSET=PIPE_53
    501,   1160,   1162 
    515,   1175,   1179 
*ELEMENT, TYPE=B31     , ELSET=PIPE_54
    500,   1162,   1161 
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(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    565,   1234,   1238 
*ELEMENT, TYPE=B31     , ELSET=PIPE_55
    498,   1157,   1001 
    555,   1213,   1227 
    557,   1212,   1224 
*ELEMENT, TYPE=B31     , ELSET=PIPE_56
    499,   1161,   1701 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    998,   1701,   1158 
*ELEMENT, TYPE=B31     , ELSET=PIPE_57
    566,   1237,   1236 
    568,   1238,   1235 
*ELEMENT, TYPE=B31     , ELSET=PIPE_58
    567,   1236,   1223 
    569,   1235,   1222 
*ELEMENT, TYPE=B31     , ELSET=PIPE_59
    496,    977,   1022 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    841,   1436,    977 
*ELEMENT, TYPE=B31     , ELSET=PIPE_60
    867,   1447,   1251 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    870,   1450,    668 
*ELEMENT, TYPE=B31     , ELSET=PIPE_61
    102,    600,   1447 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    105,    598,   1450 
*ELEMENT, TYPE=B31     , ELSET=PIPE_62
     95,    599,   1092 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    440,   1097,    599 
*ELEMENT, TYPE=B31     , ELSET=PIPE_63
     98,    601,   1093 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    441,   1098,    601 
*ELEMENT, TYPE=B31     , ELSET=PIPE_64
     88,    588,    590 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    922,   1496,    588 
*ELEMENT, TYPE=B31     , ELSET=PIPE_65
    319,    953,    589 
*ELEMENT, TYPE=B31     , ELSET=PIPE_66
    153,    588,    946 
*ELEMENT, TYPE=B31     , ELSET=PIPE_67
    502,    999,   1160 
    503,   1159,    999 
*ELEMENT, TYPE=B31     , ELSET=PIPE_68
    871,   1451,   1211 
*ELEMENT, TYPE=B31     , ELSET=PIPE_69
    556,    999,   1451 
*ELEMENT, TYPE=B31     , ELSET=PIPE_70
    576,   1180,   1426 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    821,   1428,    760 
*ELEMENT, TYPE=B31     , ELSET=PIPE_71
    572,   1001,   1422 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    815,   1422,   1213 
*ELEMENT, TYPE=B31     , ELSET=PIPE_72
    570,   1217,   1420 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    818,   1425,    992 
*ELEMENT, TYPE=B31     , ELSET=PIPE_73
    579,   1129,   1429 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    823,   1430,   1130 
*ELEMENT, TYPE=B31     , ELSET=ELBOW
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    876,    961,   1642 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    941,   1644,   1303 
*ELEMENT, TYPE=B31     , ELSET=ELBOW_1
    507,   1165,   1205 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    996,   1699,   1208 
*ELEMENT, TYPE=B31     , ELSET=ELBOW_2
    497,    977,   1435 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_3
    136,    658,    706,    657 
    137,    659,    708,    660 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_4
    138,    661,    710,    662 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_5
    147,    676,    732,    677 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_6
    151,    621,    716,    620 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_7
    140,    682,    738,    683 
    141,    684,    740,    623 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_8
    142,    665,    718,    672 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    149,    667,    726,    670 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_9
    144,    673,    722,    679 
    145,    674,    724,    678 
    146,    675,    730,    680 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_10 
    150,    623,    714,    622 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_11 
    523,   1003,   1005,   1002 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_12 
    524,   1010,   1013,   1011 
    525,   1015,   1017,   1014 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_13 
    526,   1007,   1009,   1006 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_14 
    528,   1133,   1184,   1128 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_15 
    390,    652,   1054,    655 
    391,    653,   1055,    656 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_16 
    126,    650,    742,    651 
    127,    648,    744,    649 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_17 
    122,    641,    694,    642 
    123,    640,    698,    643 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_18 
    118,    631,    686,    632 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    121,    629,    690,    635 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_19 
    128,    638,    700,    639 
    129,    636,    696,    637 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_20 
    181,    761,    793,    762 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_21 
    180,    765,    795,    764 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_22 
    182,    763,    794,    756 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_23 
    177,    783,    792,    782 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_24 
    178,    781,    791,    780 
    527,   1127,   1183,   1133 
    765,    803,   1410,    802 
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*ELEMENT, TYPE=B32     , ELSET=ELBOW_25 
    179,    778,    790,    779 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_26 
    172,    805,    806,    804 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_27 
    174,    796,    800,    798 
    175,    799,    801,    797 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_28 
    173,    767,    784,    766 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_29 
    176,    775,    788,    774 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_30 
    187,    772,    787,    773 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_31 
    183,    768,    785,    769 
    184,    770,    786,    771 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_32 
    185,    776,    789,    777 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_33 
    134,    645,    702,    646 
    135,    644,    704,    647 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_34 
    517,   1034,   1037,   1035 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_35 
    480,   1018,   1056,   1019 
    534,   1038,   1041,   1039 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_36 
    530,   1174,   1189,   1171 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_37 
    532,   1165,   1168,   1164 
    533,   1163,   1169,   1159 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_38 
    493,   1151,   1155,   1152 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_39 
    842,   1139,   1441,   1141 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_40 
    495,   1022,   1025,   1023 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_41 
    492,   1136,   1156,   1137 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_42 
    490,   1147,   1150,   1148 
    843,   1142,   1439,   1143 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_43 
    482,   1030,   1033,   1031 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_44 
    483,   1027,   1135,   1026 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_45 
    531,   1158,   1192,   1157 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_46 
    553,   1224,   1232,   1225 
    554,   1227,   1231,   1226 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_47 
    529,   1172,   1188,   1174 
*ELEMENT, TYPE=B32     , ELSET=ELBOW_48 
    317,    586,    951,    589 
    318,    589,    952,    590 
*MPC
 BEAM,   1072,    912 
*MPC
 BEAM,   1078,    912 
*MPC
 BEAM,   1071,    902 
*MPC
 BEAM,   1077,    902 
*MPC
 BEAM,   1073,    892 
*MPC
 BEAM,   1076,    892 
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*MPC
 BEAM,   1074,    882 
*MPC
 BEAM,   1075,    882 
*MPC
 BEAM,   1079,    921 
*MPC
 BEAM,   1080,    922 
*MPC
 BEAM,   1084,   1082 
*MPC
 BEAM,   1083,   1081 
*MPC
 BEAM,   1085,    930 
*MPC
 BEAM,   1086,    926 
*MPC
 BEAM,   1087,    925 
*MPC
 BEAM,   1091,    942 
*MPC
 BEAM,   1089,    952 
*MPC
 BEAM,   1088,    710 
*MPC
 BEAM,   1095,   1092 
*MPC
 BEAM,   1094,   1093 
*MPC
 BEAM,   1099,   1096 
*MPC
 BEAM,   1100,    716 
*MPC
 BEAM,   1101,    722 
*MPC
 BEAM,   1102,    724 
*MPC
 BEAM,   1103,    730 
*MPC
 BEAM,   1104,    732 
*MPC
 BEAM,   1110,    706 
*MPC
 BEAM,   1112,    933 
*MPC
 BEAM,   1116,    936 
*MPC
 BEAM,    939,   1122 
*MPC
 BEAM,   1118,   1119 
*MPC
 BEAM,    811,   1242 
*MPC
 BEAM,   1244,    813 
*MPC
 BEAM,   1245,    812 
*MPC
 BEAM,   1247,    833 
*MPC
 BEAM,   1248,   1249 
*MPC
 BEAM,   1252,    823 
*MPC
 BEAM,   1253,   1251 
*MPC
 BEAM,   1255,   1254 
*MPC
 BEAM,    819,   1257 
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*MPC
 BEAM,   1256,   1259 
*MPC
 BEAM,    967,   1261 
*MPC
 BEAM,   1262,    769 
*MPC
 BEAM,   1263,    770 
*MPC
 BEAM,   1270,   1269 
*MPC
 BEAM,   1271,   1030 
*MPC
 BEAM,   1273,   1176 
*MPC
 BEAM,   1275,   1274 
*MPC
 BEAM,   1289,   1287 
*MPC
 BEAM,   1288,   1286 
*MPC
 BEAM,   1293,    959 
*MPC
 BEAM,   1291,    860 
*MPC
 BEAM,   1294,    859 
*MPC
 BEAM,   1298,   1299 
*MPC
 BEAM,   1297,   1296 
*MPC
 BEAM,   1300,    863 
*MPC
 BEAM,   1304,   1303 
*MPC
 BEAM,   1302,   1301 
*MPC
 BEAM,   1305,    868 
*MPC
 BEAM,   1308,   1306 
*MPC
 BEAM,   1309,   1307 
*MPC
 BEAM,   1311,   1310 
*MPC
 BEAM,   1313,    960 
*MPC
 BEAM,   1332,   1314 
*MPC
 BEAM,   1331,   1319 
*MPC
 BEAM,   1333,   1320 
*MPC
 BEAM,   1334,   1315 
*MPC
 BEAM,   1351,   1018 
*MPC
 BEAM,   1352,    774 
*MPC
 BEAM,   1367,    854 
*MPC
 BEAM,   1395,   1203 
*MPC
 BEAM,   1396,    782 
*MPC
 BEAM,   1398,     51 
*MPC
 BEAM,   1400,   1399 
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*MPC
 BEAM,   1412,   1411 
*MPC
 BEAM,   1415,   1414 
*MPC
 BEAM,   1419,   1417 
*MPC
 BEAM,    961,   1443 
*ELEMENT, TYPE=SPRINGA , ELSET=TUNNEL_RES_SPRING
    470,   1126,    927 
*ELEMENT, TYPE=SPRINGA , ELSET=WALL PENTRATION GAP
    621,   1205,   1279 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    624,   1208,   1280 
*ELEMENT, TYPE=SPRINGA , ELSET=PS10_SPRING
    692,   1353,   1351 
    693,   1354,   1352 
*ELEMENT, TYPE=SPRINGA , ELSET=PS-23
    696,   1247,   1345 
*ELEMENT, TYPE=SPRINGA , ELSET=PS-11
    716,   1273,   1369 
    717,   1275,   1368 
*ELEMENT, TYPE=SPRINGA , ELSET=PS-7 
    759,   1402,   1398 
*ELEMENT, TYPE=SPRINGA , ELSET=PS14_BASE_SPRING 
    830,   1431,   1433 
    831,   1432,   1434 
*ELEMENT, TYPE=SPRINGA , ELSET=PS-20AV
    727,    862,   1388 
*ELEMENT, TYPE=SPRINGA , ELSET=PS-20AH
    726,    862,   1381 
*ELEMENT, TYPE=SPRINGA , ELSET=RH33A_SPRING 
    847,   1343,   1242 
*ELEMENT, TYPE=SPRINGA , ELSET=RH33B_SPRING 
    848,   1344,   1244 
*ELEMENT, TYPE=SPRINGA , ELSET=RH34_SPRING
    849,   1253,   1252 
*ELEMENT, TYPE=SPRINGA , ELSET=RH35_SPRING
    850,   1311,   1255 
    851,   1313,   1259 
*ELEMENT, TYPE=SPRINGA , ELSET=RH14A_SPRING 
    852,   1302,   1304 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    855,   1288,   1289 
*ELEMENT, TYPE=SPRINGA , ELSET=RH20_SPRING
    865,   1395,   1396 
*ELEMENT, TYPE=SPRINGA , ELSET=RH27A_UBOLT_SPRING 
    863,   1285,   1159 
*ELEMENT, TYPE=SPRINGA , ELSET=RH27B_UBOLT_SPRING 
    864,   1284,   1158 
*ELEMENT, TYPE=SPRINGA , ELSET=RH12 
    861,   1349,   1262 
*ELEMENT, TYPE=SPRINGA , ELSET=WTS_SPRING 
    862,   1403,   1276 
*ELEMENT, TYPE=SPRINGA , ELSET=RH22X_SPRING 
    866,   1120,   1119 
*ELEMENT, TYPE=SPRINGA , ELSET=RH14_SPRING
    712,   1365,   1305 
    713,   1363,   1294 
    714,   1364,   1300 
*ELEMENT, TYPE=SPRINGA , ELSET=RH-20_SPRING 
    689,   1263,   1350 
*ELEMENT, TYPE=SPRING1 , ELSET=ROTATIONAL SPRING60
    999,   1222 
   1000,   1223 
*ELEMENT, TYPE=SPRING1 , ELSET=ROTATIONAL SPRING60_1
    872,   1222 
    873,   1223 
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*ELEMENT, TYPE=MASS    , ELSET=LMASS18LAP 
    775,    556 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    790,    576 
*ELEMENT, TYPE=MASS    , ELSET=LMASS6LAP
    795,    759 
    796,    760 
*ELEMENT, TYPE=MASS    , ELSET=LMASS4LAP
    797,   1180 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    812,   1129 
*ELEMENT, TYPE=MASS    , ELSET=LMASS6GT 
    824,   1428 
    825,   1427 
    826,   1426 
*ELEMENT, TYPE=MASS    , ELSET=LMASS4GT 
    833,   1425 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    839,   1429 
*ELEMENT, TYPE=MASS    , ELSET=LMASS4CK 
    832,   1424 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    838,   1430 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE6_625X0_28
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=BEAM,
 SECTION=PIPE 
 0.33125E+01, 0.28000E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=A7_STEEL
*ELASTIC,TYPE=ISOTROPIC
 3.00000E+07,  2.90000E-01 
*DENSITY
 7.31737E-04, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE4_5X0_237
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=BEAM_1,
 SECTION=PIPE 
 0.22500E+01, 0.23700E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: CIRC0_625
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=BEAM_2,
 SECTION=CIRC 
 0.31250E+00, 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: CIRC1_25
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=BEAM_3,
 SECTION=CIRC 
 0.62500E+00, 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: CIRC1_25
**%
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*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=BEAM_4,
 SECTION=CIRC 
 0.62500E+00, 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE2_5X5
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=BEAM_5,
 SECTION=PIPE 
 0.14400E+01, 0.20500E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE2_5X5
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=BEAM_6,
 SECTION=PIPE 
 0.14400E+01, 0.20500E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: MS2
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=BEAM_7,
 SECTION=CIRC 
 0.30000E+01, 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: ROD1_75
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=BEAM_8,
 SECTION=CIRC 
 0.87500E+00, 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: ANGLENN
**%
*BEAM GENERAL SECTION, 
 ELSET=BEAM_9,
 DENSITY= 0.73174E-03, 
 ZERO= 0.00000E+00 
 0.21245E+01, 0.71727E+00, 0.00000E+00, 0.27393E+01, 0.10785E+00, 0, 0.00000E+00 
 0.00000E+00,-0.70710E+00,-0.70710E+00 
 0.30000E+08, 0.11628E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00,-0.97372E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**%INFO: THE ABOVE CROSS SECTION CANNOT BE TRANSLATED TO AN 
**%INFO: ABAQUS LIBRARY SECTION AND HENCE IS WRITTEN AS BEAM 
**%INFO: GENERAL SECTION (SECTION=GENERAL). 
**%
**%
**% I-DEAS BEAM CROSS SECTION: HSS_PS19
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=BEAM_10 ,
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 SECTION=BOX 
 0.30000E+01, 0.40000E+01, 0.29100E+00, 0.29100E+00, 0.29100E+00, 0.29100E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: ANGLE3_0X4_375X0_375
**%
*BEAM GENERAL SECTION, 
 ELSET=BEAM_11 ,
 DENSITY= 0.73174E-03, 
 ZERO= 0.00000E+00 
 0.26401E+01, 0.11131E+01, 0.00000E+00, 0.58469E+01, 0.13202E+00, 0, 0.00000E+00 
 0.00000E+00,-0.90772E+00, 0.41956E+00 
 0.30000E+08, 0.11628E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
-0.89261E+00,-0.10186E+01
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**%INFO: THE ABOVE CROSS SECTION CANNOT BE TRANSLATED TO AN 
**%INFO: ABAQUS LIBRARY SECTION AND HENCE IS WRITTEN AS BEAM 
**%INFO: GENERAL SECTION (SECTION=GENERAL). 
**%
**%
**% I-DEAS BEAM CROSS SECTION: HORIZONTAL_SUP3_0X4_0X0_25
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=BEAM_12 ,
 SECTION=BOX 
 0.30000E+01, 0.40000E+01, 0.25000E+00, 0.25000E+00, 0.25000E+00, 0.25000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: ANGLE2_5X2_5X0_25
**%
*BEAM GENERAL SECTION, 
 ELSET=BEAM_13 ,
 DENSITY= 0.73174E-03, 
 ZERO= 0.00000E+00 
 0.11942E+01, 0.28548E+00, 0.00000E+00, 0.11021E+01, 0.26511E-01, 0, 0.00000E+00 
 0.00000E+00,-0.70710E+00,-0.70710E+00 
 0.30000E+08, 0.11628E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00,-0.82582E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**%INFO: THE ABOVE CROSS SECTION CANNOT BE TRANSLATED TO AN 
**%INFO: ABAQUS LIBRARY SECTION AND HENCE IS WRITTEN AS BEAM 
**%INFO: GENERAL SECTION (SECTION=GENERAL). 
**%
**%
**% I-DEAS BEAM CROSS SECTION: ANGLE1_5X1_5X0_25
**%
*BEAM GENERAL SECTION, 
 ELSET=BEAM_14 ,
 DENSITY= 0.73174E-03, 
 ZERO= 0.00000E+00 
 0.69421E+00, 0.56902E-01, 0.00000E+00, 0.21279E+00, 0.16095E-01, 0, 0.00000E+00 
-0.70710E+00,-0.70710E+00, 0.00000E+00 
 0.30000E+08, 0.11628E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00,-0.47253E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
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**%INFO: THE ABOVE CROSS SECTION CANNOT BE TRANSLATED TO AN 
**%INFO: ABAQUS LIBRARY SECTION AND HENCE IS WRITTEN AS BEAM 
**%INFO: GENERAL SECTION (SECTION=GENERAL). 
**%
**%
**% I-DEAS BEAM CROSS SECTION: ANGLE1_5X1_5X0_25
**%
*BEAM GENERAL SECTION, 
 ELSET=BEAM_15 ,
 DENSITY= 0.73174E-03, 
 ZERO= 0.00000E+00 
 0.69421E+00, 0.56902E-01, 0.00000E+00, 0.21279E+00, 0.16095E-01, 0, 0.00000E+00 
 0.00000E+00,-0.70710E+00,-0.70710E+00 
 0.30000E+08, 0.11628E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00,-0.47253E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**%INFO: THE ABOVE CROSS SECTION CANNOT BE TRANSLATED TO AN 
**%INFO: ABAQUS LIBRARY SECTION AND HENCE IS WRITTEN AS BEAM 
**%INFO: GENERAL SECTION (SECTION=GENERAL). 
**%
**%
**% I-DEAS BEAM CROSS SECTION: ANGLE1_5X1_5X0_25
**%
*BEAM GENERAL SECTION, 
 ELSET=BEAM_16 ,
 DENSITY= 0.73174E-03, 
 ZERO= 0.00000E+00 
 0.69421E+00, 0.56902E-01, 0.00000E+00, 0.21279E+00, 0.16095E-01, 0, 0.00000E+00 
 0.70710E+00,-0.61394E+00,-0.35082E+00 
 0.30000E+08, 0.11628E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00,-0.47253E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**%INFO: THE ABOVE CROSS SECTION CANNOT BE TRANSLATED TO AN 
**%INFO: ABAQUS LIBRARY SECTION AND HENCE IS WRITTEN AS BEAM 
**%INFO: GENERAL SECTION (SECTION=GENERAL). 
**%
**%
**% I-DEAS BEAM CROSS SECTION: MS6
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=BEAM_17 ,
 SECTION=CIRC 
 0.30000E+01, 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: MS4
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=BEAM_18 ,
 SECTION=CIRC 
 0.30000E+01, 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: MS3
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=BEAM_19 ,
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 SECTION=CIRC 
 0.25000E+01, 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: CHANNEL_PS14
**%
*BEAM GENERAL SECTION, 
 ELSET=BEAM_20 ,
 DENSITY= 0.73174E-03, 
 ZERO= 0.00000E+00 
 0.33590E+01, 0.15956E+01, 0.00000E+00, 0.32526E+02, 0.11065E+00, 0, 0.16155E+02 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
 0.30000E+08, 0.11628E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00,-0.13299E+01 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**%INFO: THE ABOVE CROSS SECTION CANNOT BE TRANSLATED TO AN 
**%INFO: ABAQUS LIBRARY SECTION AND HENCE IS WRITTEN AS BEAM 
**%INFO: GENERAL SECTION (SECTION=GENERAL). 
**%
**%
**% I-DEAS BEAM CROSS SECTION: PS14_PIPE_SECTION
**%
*BEAM SECTION, 
 MATERIAL=A7_STEEL,
 ELSET=BEAM_21 ,
 SECTION=PIPE 
 0.95000E+00, 0.14500E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: TIEBACK_APPROX
**%
*BEAM GENERAL SECTION, 
 ELSET=BEAM_22 ,
 DENSITY= 0.73174E-03, 
 ZERO= 0.00000E+00 
 0.18951E+01, 0.68450E+00, 0.00000E+00, 0.44699E+01, 0.42550E-01, 0, 0.16898E+01 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
 0.30000E+08, 0.11628E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00,-0.11609E+01 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**%INFO: THE ABOVE CROSS SECTION CANNOT BE TRANSLATED TO AN 
**%INFO: ABAQUS LIBRARY SECTION AND HENCE IS WRITTEN AS BEAM 
**%INFO: GENERAL SECTION (SECTION=GENERAL). 
**%
**%
**% I-DEAS BEAM CROSS SECTION: TIEBACK_APPROX
**%
*BEAM GENERAL SECTION, 
 ELSET=BEAM_23 ,
 DENSITY= 0.73174E-03, 
 ZERO= 0.00000E+00 
 0.18951E+01, 0.68450E+00, 0.00000E+00, 0.44699E+01, 0.42550E-01, 0, 0.16898E+01 
 0.00000E+00,-0.10000E+01, 0.00000E+00 
 0.30000E+08, 0.11628E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00,-0.11609E+01 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
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**%INFO: THE ABOVE CROSS SECTION CANNOT BE TRANSLATED TO AN 
**%INFO: ABAQUS LIBRARY SECTION AND HENCE IS WRITTEN AS BEAM 
**%INFO: GENERAL SECTION (SECTION=GENERAL). 
**%
**%
**% I-DEAS BEAM CROSS SECTION: PIPE24_0X0_375
**%
*BEAM SECTION, 
 MATERIAL=SST304L_24X0375 ,
 ELSET=BEAM_24 ,
 SECTION=PIPE 
 0.12000E+02, 0.37500E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=SST304L_24X0375
*ELASTIC,TYPE=ISOTROPIC
 2.77000E+07,  3.00000E-01 
*DENSITY
 2.15200E-03, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE36_0X0_5
**%
*BEAM SECTION, 
 MATERIAL=SST304_36X05,
 ELSET=PIPE,
 SECTION=PIPE 
 0.18000E+02, 0.50000E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_36X05
*ELASTIC,TYPE=ISOTROPIC
 2.77000E+07,  3.00000E-01 
*DENSITY
 2.33900E-03, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3
**%
**% I-DEAS BEAM CROSS SECTION: PIPE36_0X0_5
**%
*BEAM SECTION, 
 MATERIAL=SST304_36X05,
 ELSET=PIPE_1,
 SECTION=PIPE 
 0.18000E+02, 0.50000E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: TEE37_75X1_375
**%
*BEAM SECTION, 
 MATERIAL=SST304_36X05,
 ELSET=PIPE_2,
 SECTION=PIPE 
 0.18875E+02, 0.13750E+01 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE20_0X0_312
**%
*BEAM SECTION, 
 MATERIAL=SST304_20X0312,
 ELSET=PIPE_3,
 SECTION=PIPE 
 0.10000E+02, 0.31200E+00 
-0.70710E+00, 0.00000E+00,-0.70710E+00 
*MATERIAL,NAME=SST304_20X0312
*ELASTIC,TYPE=ISOTROPIC
 2.77000E+07,  3.00000E-01 
*DENSITY
 2.15400E-03, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
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**% I-DEAS BEAM CROSS SECTION: PIPE20_0X0_312
**%
*BEAM SECTION, 
 MATERIAL=SST304_20X0312,
 ELSET=PIPE_4,
 SECTION=PIPE 
 0.10000E+02, 0.31200E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE20_0X0_312
**%
*BEAM SECTION, 
 MATERIAL=SST304_20X0312,
 ELSET=PIPE_5,
 SECTION=PIPE 
 0.10000E+02, 0.31200E+00 
 0.70710E+00, 0.00000E+00,-0.70710E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE20_0X0_312
**%
*BEAM SECTION, 
 MATERIAL=SST304_20X0312,
 ELSET=PIPE_6,
 SECTION=PIPE 
 0.10000E+02, 0.31200E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: RED20_0X0_5
**%
*BEAM SECTION, 
 MATERIAL=SST304_20X0312,
 ELSET=PIPE_7,
 SECTION=PIPE 
 0.10000E+02, 0.50000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE4_5X0_237
**%
*BEAM SECTION, 
 MATERIAL=SST304_4X0237 ,
 ELSET=PIPE_8,
 SECTION=PIPE 
 0.22500E+01, 0.23700E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=SST304_4X0237
*ELASTIC,TYPE=ISOTROPIC
 2.77000E+07,  3.00000E-01 
*DENSITY
 1.10000E-03, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE4_5X0_237
**%
*BEAM SECTION, 
 MATERIAL=SST304_4X0237 ,
 ELSET=PIPE_9,
 SECTION=PIPE 
 0.22500E+01, 0.23700E+00 
 0.00000E+00, 0.93632E+00,-0.35112E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE4_5X0_237
**%
*BEAM SECTION, 
 MATERIAL=SST304_4X0237 ,
 ELSET=PIPE_10 ,
 SECTION=PIPE 
 0.22500E+01, 0.23700E+00 
 0.17600E-02, 0.22100E-01,-0.99975E+00 
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**%
**% I-DEAS BEAM CROSS SECTION: PIPE4_5X0_237
**%
*BEAM SECTION, 
 MATERIAL=SST304_4X0237 ,
 ELSET=PIPE_11 ,
 SECTION=PIPE 
 0.22500E+01, 0.23700E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE24_0X0_375
**%
*BEAM SECTION, 
 MATERIAL=SST304L_RED24X0375,
 ELSET=PIPE_12 ,
 SECTION=PIPE 
 0.12000E+02, 0.37500E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=SST304L_RED24X0375
*ELASTIC,TYPE=ISOTROPIC
 2.77000E+07,  3.00000E-01 
*DENSITY
 2.15200E-03, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3
**%
**% I-DEAS BEAM CROSS SECTION: BRANCH25_25X1_0
**%
*BEAM SECTION, 
 MATERIAL=SST304L_RED24X0375,
 ELSET=PIPE_13 ,
 SECTION=PIPE 
 0.12625E+02, 0.10000E+01 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE18_0X0_312
**%
*BEAM SECTION, 
 MATERIAL=SST304L_18X0312 ,
 ELSET=PIPE_14 ,
 SECTION=PIPE 
 0.90000E+01, 0.31200E+00 
-0.19817E+00, 0.83300E+00,-0.51655E+00 
*MATERIAL,NAME=SST304L_18X0312
*ELASTIC,TYPE=ISOTROPIC
 2.77000E+07,  3.00000E-01 
*DENSITY
 2.00400E-03, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE18_0X0_312
**%
*BEAM SECTION, 
 MATERIAL=SST304L_18X0312 ,
 ELSET=PIPE_15 ,
 SECTION=PIPE 
 0.90000E+01, 0.31200E+00 
-0.43029E+00,-0.29583E+00,-0.85283E+00
**%
**% I-DEAS BEAM CROSS SECTION: PIPE18_0X0_312
**%
*BEAM SECTION, 
 MATERIAL=SST304L_18X0312 ,
 ELSET=PIPE_16 ,
 SECTION=PIPE 
 0.90000E+01, 0.31200E+00 
-0.70710E+00, 0.00000E+00,-0.70710E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE18_0X0_312
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**%
*BEAM SECTION, 
 MATERIAL=SST304L_18X0312 ,
 ELSET=PIPE_17 ,
 SECTION=PIPE 
 0.90000E+01, 0.31200E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE18_0X0_312
**%
*BEAM SECTION, 
 MATERIAL=SST304L_18X0312 ,
 ELSET=PIPE_18 ,
 SECTION=PIPE 
 0.90000E+01, 0.31200E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE18_0X0_312
**%
*BEAM SECTION, 
 MATERIAL=SST304L_18X0312 ,
 ELSET=PIPE_19 ,
 SECTION=PIPE 
 0.90000E+01, 0.31200E+00 
 0.70710E+00, 0.00000E+00,-0.70710E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE18_0X0_312
**%
*BEAM SECTION, 
 MATERIAL=SST304L_18X0312 ,
 ELSET=PIPE_20 ,
 SECTION=PIPE 
 0.90000E+01, 0.31200E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: BR_25_5X1_UNLISTED_BRANCH
**%
*BEAM GENERAL SECTION, 
 ELSET=PIPE_21 ,
 DENSITY= 0.20040E-02, 
 ZERO= 0.00000E+00 
 0.17337E+02, 0.19894E+03, 0.00000E+00, 0.41372E+03, 0.53680E+03, 0, 0.00000E+00 
-0.70688E+00, 0.48529E+00, 0.51459E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: BR_25_5X1_UNLISTED_BRANCH
**%
*BEAM GENERAL SECTION, 
 ELSET=PIPE_22 ,
 DENSITY= 0.20040E-02, 
 ZERO= 0.00000E+00 
 0.17337E+02, 0.19894E+03, 0.00000E+00, 0.41372E+03, 0.53680E+03, 0, 0.00000E+00 
-0.71142E+00, 0.47728E+00,-0.51582E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE30_0X0_4375
**%
*BEAM SECTION, 
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 MATERIAL=SST304_30X04375 ,
 ELSET=PIPE_23 ,
 SECTION=PIPE 
 0.15000E+02, 0.43750E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_30X04375
*ELASTIC,TYPE=ISOTROPIC
 2.77000E+07,  3.00000E-01 
*DENSITY
 2.25900E-03, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE30_0X0_4375
**%
*BEAM SECTION, 
 MATERIAL=SST304_30X04375 ,
 ELSET=PIPE_24 ,
 SECTION=PIPE 
 0.15000E+02, 0.43750E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: RED30_0X0_5
**%
*BEAM SECTION, 
 MATERIAL=SST304_30X04375 ,
 ELSET=PIPE_25 ,
 SECTION=PIPE 
 0.15000E+02, 0.50000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE6_625X0_28
**%
*BEAM SECTION, 
 MATERIAL=SST304_6X028,
 ELSET=PIPE_26 ,
 SECTION=PIPE 
 0.33125E+01, 0.28000E+00 
-0.70710E+00, 0.00000E+00,-0.70710E+00 
*MATERIAL,NAME=SST304_6X028
*ELASTIC,TYPE=ISOTROPIC
 2.77000E+07,  3.00000E-01 
*DENSITY
 1.20900E-03, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE6_625X0_28
**%
*BEAM SECTION, 
 MATERIAL=SST304_6X028,
 ELSET=PIPE_27 ,
 SECTION=PIPE 
 0.33125E+01, 0.28000E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE6_625X0_28
**%
*BEAM SECTION, 
 MATERIAL=SST304_6X028,
 ELSET=PIPE_28 ,
 SECTION=PIPE 
 0.33125E+01, 0.28000E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE6_625X0_28
**%
*BEAM SECTION, 
 MATERIAL=SST304_6X028,
 ELSET=PIPE_29 ,
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 SECTION=PIPE 
 0.33125E+01, 0.28000E+00 
 0.00000E+00, 0.44721E+00,-0.89442E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE6_625X0_28
**%
*BEAM SECTION, 
 MATERIAL=SST304_6X028,
 ELSET=PIPE_30 ,
 SECTION=PIPE 
 0.33125E+01, 0.28000E+00 
 0.70710E+00, 0.00000E+00,-0.70710E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE6_625X0_28
**%
*BEAM SECTION, 
 MATERIAL=SST304_6X028,
 ELSET=PIPE_31 ,
 SECTION=PIPE 
 0.33125E+01, 0.28000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: BR_36X6_BRANCH
**%
*BEAM GENERAL SECTION, 
 ELSET=PIPE_32 ,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.55810E+01, 0.87720E+01, 0.00000E+00, 0.30387E+02, 0.56284E+02, 0, 0.00000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE16_0X0_312
**%
*BEAM SECTION, 
 MATERIAL=SST304L_RED16X0312,
 ELSET=PIPE_33 ,
 SECTION=PIPE 
 0.80000E+01, 0.31200E+00 
 0.00000E+00,-0.99122E+00,-0.13216E+00 
*MATERIAL,NAME=SST304L_RED16X0312
*ELASTIC,TYPE=ISOTROPIC
 2.77000E+07,  3.00000E-01 
*DENSITY
 1.85500E-03, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE16_0X0_312
**%
*BEAM SECTION, 
 MATERIAL=SST304L_RED16X0312,
 ELSET=PIPE_34 ,
 SECTION=PIPE 
 0.80000E+01, 0.31200E+00 
 0.00000E+00, 0.99122E+00,-0.13216E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE18_0X0_312
**%
*BEAM SECTION, 
 MATERIAL=SST304L_RED18X0312,
 ELSET=PIPE_35 ,
 SECTION=PIPE 
 0.90000E+01, 0.31200E+00 
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 0.00000E+00,-0.99122E+00,-0.13216E+00 
*MATERIAL,NAME=SST304L_RED18X0312
*ELASTIC,TYPE=ISOTROPIC
 2.77000E+07,  3.00000E-01 
*DENSITY
 2.00400E-03, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE18_0X0_312
**%
*BEAM SECTION, 
 MATERIAL=SST304L_RED18X0312,
 ELSET=PIPE_36 ,
 SECTION=PIPE 
 0.90000E+01, 0.31200E+00 
 0.00000E+00, 0.99122E+00,-0.13216E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE18_0X0_375
**%
*BEAM SECTION, 
 MATERIAL=SST304L_RED18X0375,
 ELSET=PIPE_37 ,
 SECTION=PIPE 
 0.90000E+01, 0.37500E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=SST304L_RED18X0375
*ELASTIC,TYPE=ISOTROPIC
 2.77000E+07,  3.00000E-01 
*DENSITY
 1.77800E-03, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3
**%
**% I-DEAS BEAM CROSS SECTION: PIPE24_0X0_375
**%
*BEAM SECTION, 
 MATERIAL=SST304_24X0375,
 ELSET=PIPE_38 ,
 SECTION=PIPE 
 0.12000E+02, 0.37500E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_24X0375
*ELASTIC,TYPE=ISOTROPIC
 2.77000E+07,  3.00000E-01 
*DENSITY
 2.15200E-03, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3
**%
**% I-DEAS BEAM CROSS SECTION: PIPE24_0X0_375
**%
*BEAM SECTION, 
 MATERIAL=SST304_24X0375,
 ELSET=PIPE_39 ,
 SECTION=PIPE 
 0.12000E+02, 0.37500E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE24_0X0_5
**%
*BEAM SECTION, 
 MATERIAL=SST304_RED24X05 ,
 ELSET=PIPE_40 ,
 SECTION=PIPE 
 0.12000E+02, 0.50000E+00 
 0.00000E+00,-0.97014E+00,-0.24253E+00 
*MATERIAL,NAME=SST304_RED24X05
*ELASTIC,TYPE=ISOTROPIC
 2.77000E+07,  3.00000E-01 
*DENSITY
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 2.15200E-03, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3
**%
**% I-DEAS BEAM CROSS SECTION: PIPE24_0X0_5
**%
*BEAM SECTION, 
 MATERIAL=SST304_RED24X05 ,
 ELSET=PIPE_41 ,
 SECTION=PIPE 
 0.12000E+02, 0.50000E+00 
 0.00000E+00, 0.97014E+00,-0.24253E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE36_0X0_5
**%
*BEAM SECTION, 
 MATERIAL=SST304_RED36X05 ,
 ELSET=PIPE_42 ,
 SECTION=PIPE 
 0.18000E+02, 0.50000E+00 
 0.00000E+00,-0.97014E+00,-0.24253E+00 
*MATERIAL,NAME=SST304_RED36X05
*ELASTIC,TYPE=ISOTROPIC
 2.77000E+07,  3.00000E-01 
*DENSITY
 2.33900E-03, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3
**%
**% I-DEAS BEAM CROSS SECTION: PIPE36_0X0_5
**%
*BEAM SECTION, 
 MATERIAL=SST304_RED36X05 ,
 ELSET=PIPE_43 ,
 SECTION=PIPE 
 0.18000E+02, 0.50000E+00 
 0.00000E+00, 0.97014E+00,-0.24253E+00 
**%
**% I-DEAS BEAM CROSS SECTION: TEE37_75X1_375
**%
*BEAM SECTION, 
 MATERIAL=SST304_T3775X1375 ,
 ELSET=PIPE_44 ,
 SECTION=PIPE 
 0.18875E+02, 0.13750E+01 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_T3775X1375
*ELASTIC,TYPE=ISOTROPIC
 2.77000E+07,  3.00000E-01 
*DENSITY
 1.29800E-03, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3
**%
**% I-DEAS BEAM CROSS SECTION: TEE37_75X1_375
**%
*BEAM SECTION, 
 MATERIAL=SST304_T3775X1375 ,
 ELSET=PIPE_45 ,
 SECTION=PIPE 
 0.18875E+02, 0.13750E+01 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: TEE37_75X1_375
**%
*BEAM SECTION, 
 MATERIAL=SST304_T3775X1375 ,
 ELSET=PIPE_46 ,
 SECTION=PIPE 
 0.18875E+02, 0.13750E+01 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
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**%
**% I-DEAS BEAM CROSS SECTION: PIPE30_0X0_5
**%
*BEAM SECTION, 
 MATERIAL=SST304_RED30X05 ,
 ELSET=PIPE_47 ,
 SECTION=PIPE 
 0.15000E+02, 0.50000E+00 
 0.00000E+00,-0.97014E+00,-0.24253E+00 
*MATERIAL,NAME=SST304_RED30X05
*ELASTIC,TYPE=ISOTROPIC
 2.77000E+07,  3.00000E-01 
*DENSITY
 2.05800E-03, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3
**%
**% I-DEAS BEAM CROSS SECTION: PIPE30_0X0_5
**%
*BEAM SECTION, 
 MATERIAL=SST304_RED30X05 ,
 ELSET=PIPE_48 ,
 SECTION=PIPE 
 0.15000E+02, 0.50000E+00 
 0.00000E+00, 0.97014E+00,-0.24253E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE6_625X0_28
**%
*BEAM SECTION, 
 MATERIAL=SST304_6X028_125F ,
 ELSET=PIPE_49 ,
 SECTION=PIPE 
 0.33125E+01, 0.28000E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_6X028_125F
*ELASTIC,TYPE=ISOTROPIC
 2.77000E+07,  3.00000E-01 
*DENSITY
 1.20900E-03, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE6_625X0_28
**%
*BEAM SECTION, 
 MATERIAL=SST304_6X028_125F ,
 ELSET=PIPE_50 ,
 SECTION=PIPE 
 0.33125E+01, 0.28000E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE6_625X0_28
**%
*BEAM SECTION, 
 MATERIAL=SST304_6X028_125F ,
 ELSET=PIPE_51 ,
 SECTION=PIPE 
 0.33125E+01, 0.28000E+00 
 0.00000E+00, 0.49954E+00,-0.86629E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE6_625X0_28
**%
*BEAM SECTION, 
 MATERIAL=SST304_6X028_125F ,
 ELSET=PIPE_52 ,
 SECTION=PIPE 
 0.33125E+01, 0.28000E+00 
 0.75150E+00,-0.27769E+00,-0.59843E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE6_625X0_28
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**%
*BEAM SECTION, 
 MATERIAL=SST304_RED6X028_125F,
 ELSET=PIPE_53 ,
 SECTION=PIPE 
 0.33125E+01, 0.28000E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=SST304_RED6X028_125F
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.20900E-03, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3
**%
**% I-DEAS BEAM CROSS SECTION: PIPE4_5X0_237
**%
*BEAM SECTION, 
 MATERIAL=SST304_RED4X0237_125F ,
 ELSET=PIPE_54 ,
 SECTION=PIPE 
 0.22500E+01, 0.23700E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=SST304_RED4X0237_125F
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.10000E-03, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3
**%
**% I-DEAS BEAM CROSS SECTION: PIPE4_5X0_237
**%
*BEAM SECTION, 
 MATERIAL=SST304_4X0237_125F,
 ELSET=PIPE_55 ,
 SECTION=PIPE 
 0.22500E+01, 0.23700E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_4X0237_125F
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.10000E-03, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3
**%
**% I-DEAS BEAM CROSS SECTION: PIPE4_5X0_237
**%
*BEAM SECTION, 
 MATERIAL=SST304_4X0237_125F,
 ELSET=PIPE_56 ,
 SECTION=PIPE 
 0.22500E+01, 0.23700E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE2_375X0_154
**%
*BEAM SECTION, 
 MATERIAL=SST304_RED2X0154_125F ,
 ELSET=PIPE_57 ,
 SECTION=PIPE 
 0.11875E+01, 0.15400E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=SST304_RED2X0154_125F
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.01700E-03, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
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**% I-DEAS BEAM CROSS SECTION: PIPE2_375X0_154
**%
*BEAM SECTION, 
 MATERIAL=SST304_2X0154_125F,
 ELSET=PIPE_58 ,
 SECTION=PIPE 
 0.11875E+01, 0.15400E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=SST304_2X0154_125F
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.01700E-03, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3
**%
**% I-DEAS BEAM CROSS SECTION: PIPE6_625X0_28
**%
*BEAM SECTION, 
 MATERIAL=SST304_T6625X028_125F ,
 ELSET=PIPE_59 ,
 SECTION=PIPE 
 0.33125E+01, 0.28000E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=SST304_T6625X028_125F
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.20900E-03, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3
**%
**% I-DEAS BEAM CROSS SECTION: PIPE20_0X0_312
**%
*BEAM SECTION, 
 MATERIAL=SST304_B20X0312_BR,
 ELSET=PIPE_60 ,
 SECTION=PIPE 
 0.10000E+02, 0.31200E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=SST304_B20X0312_BR
*ELASTIC,TYPE=ISOTROPIC
 2.77000E+07,  3.00000E-01 
*DENSITY
 2.15400E-03, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3
**%
**% I-DEAS BEAM CROSS SECTION: BR_30X20_BRANCH
**%
*BEAM GENERAL SECTION, 
 ELSET=PIPE_61 ,
 DENSITY= 0.21540E-02, 
 ZERO= 0.00000E+00 
 0.19298E+02, 0.32379E+02, 0.00000E+00, 0.14610E+03, 0.13652E+04, 0, 0.00000E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE30_0X0_4375
**%
*BEAM SECTION, 
 MATERIAL=SST304_B30X04375_R,
 ELSET=PIPE_62 ,
 SECTION=PIPE 
 0.15000E+02, 0.43750E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
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*MATERIAL,NAME=SST304_B30X04375_R
*ELASTIC,TYPE=ISOTROPIC
 2.77000E+07,  3.00000E-01 
*DENSITY
 2.25900E-03, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3
**%
**% I-DEAS BEAM CROSS SECTION: PIPE30_0X0_4375
**%
*BEAM SECTION, 
 MATERIAL=SST304_B30X04375_R,
 ELSET=PIPE_63 ,
 SECTION=PIPE 
 0.15000E+02, 0.43750E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE36_0X0_5
**%
*BEAM SECTION, 
 MATERIAL=SST304_B36X05_R ,
 ELSET=PIPE_64 ,
 SECTION=PIPE 
 0.18000E+02, 0.50000E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
*MATERIAL,NAME=SST304_B36X05_R
*ELASTIC,TYPE=ISOTROPIC
 2.77000E+07,  3.00000E-01 
*DENSITY
 2.33900E-03, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3
**%
**% I-DEAS BEAM CROSS SECTION: BR_36X6_BRANCH
**%
*BEAM GENERAL SECTION, 
 ELSET=PIPE_65 ,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.55810E+01, 0.87720E+01, 0.00000E+00, 0.30387E+02, 0.56284E+02, 0, 0.00000E+00 
 0.00000E+00,-0.10000E+01, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: BR_36X6_BRANCH
**%
*BEAM GENERAL SECTION, 
 ELSET=PIPE_66 ,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.55810E+01, 0.87720E+01, 0.00000E+00, 0.30387E+02, 0.56284E+02, 0, 0.00000E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE6_625X0_28
**%
*BEAM SECTION, 
 MATERIAL=SST304_B6X028_R_125F,
 ELSET=PIPE_67 ,
 SECTION=PIPE 
 0.33125E+01, 0.28000E+00 
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 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=SST304_B6X028_R_125F
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.20900E-03, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE4_5X0_237
**%
*BEAM SECTION, 
 MATERIAL=SST304_B6X028_R_125F,
 ELSET=PIPE_68 ,
 SECTION=PIPE 
 0.22500E+01, 0.23700E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: BR_6X4_BRANCH
**%
*BEAM GENERAL SECTION, 
 ELSET=PIPE_69 ,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.31740E+01, 0.34200E+00, 0.00000E+00, 0.12020E+01, 0.14465E+02, 0, 0.00000E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: VALVE6_625X1_417
**%
*BEAM SECTION, 
 MATERIAL=SST304_V6_215F,
 ELSET=PIPE_70 ,
 SECTION=PIPE 
 0.33125E+01, 0.14170E+01 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
*MATERIAL,NAME=SST304_V6_215F
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.74600E-05, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: VALVE_4_5_ACTUAL5_5X1_235
**%
*BEAM SECTION, 
 MATERIAL=SST304_V4_215F,
 ELSET=PIPE_71 ,
 SECTION=PIPE 
 0.27500E+01, 0.12350E+01 
-0.10000E+01, 0.00000E+00,-0.20000E-04 
*MATERIAL,NAME=SST304_V4_215F
*ELASTIC,TYPE=ISOTROPIC
 2.80000E+07,  3.00000E-01 
*DENSITY
 1.39100E-05, 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: VALVE_4_5_ACTUAL5_5X1_235
**%
*BEAM SECTION, 
 MATERIAL=SST304_V4_215F,
 ELSET=PIPE_72 ,
 SECTION=PIPE 
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 0.27500E+01, 0.12350E+01 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: VALVE_4_5_ACTUAL5_5X1_235
**%
*BEAM SECTION, 
 MATERIAL=SST304_V4_215F,
 ELSET=PIPE_73 ,
 SECTION=PIPE 
 0.27500E+01, 0.12350E+01 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE6_625X0_28
**%
*BEAM SECTION, 
 MATERIAL=SST304_6X028,
 ELSET=ELBOW ,
 SECTION=PIPE 
 0.33125E+01, 0.28000E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE6_625X0_28
**%
*BEAM SECTION, 
 MATERIAL=SST304_6X028_125F ,
 ELSET=ELBOW_1 ,
 SECTION=PIPE 
 0.33125E+01, 0.28000E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: PIPE6_625X0_28
**%
*BEAM SECTION, 
 MATERIAL=SST304_T6625X028_125F ,
 ELSET=ELBOW_2 ,
 SECTION=PIPE 
 0.33125E+01, 0.28000E+00 
 0.00000E+00, 0.00000E+00,-0.10000E+01 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW36_0X0_5R36P272
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_3 ,
 DENSITY= 0.23390E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.39820E+03, 0.00000E+00, 0.39820E+03, 0.17572E+05, 0, 0.00000E+00 
-0.70710E+00, 0.70710E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW36_0X0_5R36P272
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_4 ,
 DENSITY= 0.23390E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.39820E+03, 0.00000E+00, 0.39820E+03, 0.17572E+05, 0, 0.00000E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
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**%
**% I-DEAS BEAM CROSS SECTION: ELBOW20_0X0_3125R30P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_5 ,
 DENSITY= 0.21540E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.68452E+02, 0.00000E+00, 0.68452E+02, 0.17572E+05, 0, 0.00000E+00 
 0.81649E+00, 0.57735E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW20_0X0_3124R20P272
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_6 ,
 DENSITY= 0.21540E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.45178E+02, 0.00000E+00, 0.45178E+02, 0.18734E+04, 0, 0.00000E+00 
 0.70710E+00, 0.70710E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW20_0X0_3125R30P272
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_7 ,
 DENSITY= 0.21540E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.69625E+02, 0.00000E+00, 0.69625E+02, 0.18734E+04, 0, 0.00000E+00 
 0.00000E+00, 0.10000E+01, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW20_0X0_3125R30P272
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_8 ,
 DENSITY= 0.21540E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.69625E+02, 0.00000E+00, 0.69625E+02, 0.18734E+04, 0, 0.00000E+00 
 0.70710E+00, 0.70710E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW20_0X0_3125R30P272
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_9 ,
 DENSITY= 0.21540E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.69625E+02, 0.00000E+00, 0.69625E+02, 0.18734E+04, 0, 0.00000E+00 
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 0.81649E+00, 0.57735E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW20_0X0_3125R30P272
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_10,
 DENSITY= 0.21540E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.69625E+02, 0.00000E+00, 0.69625E+02, 0.18734E+04, 0, 0.00000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW4_5X0_237R6P272
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_11,
 DENSITY= 0.11000E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.13910E+01, 0.00000E+00, 0.13910E+01, 0.14500E+02, 0, 0.00000E+00 
-0.99681E+00, 0.79740E-01, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW4_5X0_237R6P272
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_12,
 DENSITY= 0.11000E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.13910E+01, 0.00000E+00, 0.13910E+01, 0.14500E+02, 0, 0.00000E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW4_5X0_237R20P272
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_13,
 DENSITY= 0.11000E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.46680E+01, 0.00000E+00, 0.46680E+01, 0.14500E+02, 0, 0.00000E+00 
-0.99681E+00, 0.79740E-01, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
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**% I-DEAS BEAM CROSS SECTION: ELBOW4_5X0_237R9P272
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_14,
 DENSITY= 0.11000E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.20910E+01, 0.00000E+00, 0.20910E+01, 0.14500E+02, 0, 0.00000E+00 
 0.00000E+00, 0.10000E+01, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW18_0X0_3125R27P272
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_15,
 DENSITY= 0.20040E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.53542E+02, 0.00000E+00, 0.53542E+02, 0.13565E+04, 0, 0.00000E+00 
-0.24227E+00, 0.97020E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW18_0X0_3125R27P272
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_16,
 DENSITY= 0.20040E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.53542E+02, 0.00000E+00, 0.53542E+02, 0.13565E+04, 0, 0.00000E+00 
 0.00000E+00, 0.10000E+01, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW18_0X0_3125R27P272
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_17,
 DENSITY= 0.20040E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.53542E+02, 0.00000E+00, 0.53542E+02, 0.13565E+04, 0, 0.00000E+00 
 0.70710E+00, 0.70710E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW18_0X0_3125R27P272
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_18,
 DENSITY= 0.20040E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.53542E+02, 0.00000E+00, 0.53542E+02, 0.13565E+04, 0, 0.00000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
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 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW18_0X0_312R18P272
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_19,
 DENSITY= 0.20040E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.34913E+02, 0.00000E+00, 0.34913E+02, 0.13565E+04, 0, 0.00000E+00 
 0.81649E+00, 0.57735E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28R9P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_20,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.31741E+01, 0.43650E+01, 0.00000E+00, 0.43650E+01, 0.14465E+02, 0, 0.00000E+00 
 0.00000E+00,-0.10000E+01, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28R9P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_21,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.31741E+01, 0.43650E+01, 0.00000E+00, 0.43650E+01, 0.14465E+02, 0, 0.00000E+00 
 0.00000E+00, 0.10000E+01, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28R9P253
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_22,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.31741E+01, 0.43650E+01, 0.00000E+00, 0.43650E+01, 0.14465E+02, 0, 0.00000E+00 
 0.70710E+00,-0.70710E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28R9P272
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**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_23,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.43730E+01, 0.00000E+00, 0.43730E+01, 0.56300E+02, 0, 0.00000E+00 
-0.70710E+00, 0.70710E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28R9P272
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_24,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.43730E+01, 0.00000E+00, 0.43730E+01, 0.56300E+02, 0, 0.00000E+00 
 0.00000E+00, 0.10000E+01, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28R9P272
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_25,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.43730E+01, 0.00000E+00, 0.43730E+01, 0.56300E+02, 0, 0.00000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28R9P376
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_26,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.44110E+01, 0.00000E+00, 0.44110E+01, 0.56300E+02, 0, 0.00000E+00 
-0.66667E+00, 0.74535E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28R9P376
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_27,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.44110E+01, 0.00000E+00, 0.44110E+01, 0.56300E+02, 0, 0.00000E+00 
 0.00000E+00,-0.10000E+01, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
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*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28R9P376
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_28,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.44110E+01, 0.00000E+00, 0.44110E+01, 0.56300E+02, 0, 0.00000E+00 
 0.00000E+00, 0.10000E+01, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28R9P376
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_29,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.44110E+01, 0.00000E+00, 0.44110E+01, 0.56300E+02, 0, 0.00000E+00 
 0.70710E+00, 0.70710E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28R9P376
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_30,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.44110E+01, 0.00000E+00, 0.44110E+01, 0.56300E+02, 0, 0.00000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28R30P376
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_31,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.14934E+02, 0.00000E+00, 0.14934E+02, 0.56300E+02, 0, 0.00000E+00 
 0.00000E+00,-0.10000E+01, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28R30P272
**%
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*BEAM GENERAL SECTION, 
 ELSET=ELBOW_32,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.14741E+02, 0.00000E+00, 0.14741E+02, 0.56300E+02, 0, 0.00000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW24_0X0_375R36P272
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_33,
 DENSITY= 0.21520E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.14438E+03, 0.00000E+00, 0.14438E+03, 0.38846E+04, 0, 0.00000E+00 
 0.00000E+00, 0.10000E+01, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28R9P376
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_34,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.44110E+01, 0.00000E+00, 0.44110E+01, 0.56300E+02, 0, 0.00000E+00 
-0.70710E+00,-0.70710E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28R9P376
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_35,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.44110E+01, 0.00000E+00, 0.44110E+01, 0.56300E+02, 0, 0.00000E+00 
-0.70710E+00, 0.70710E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28R9P376
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_36,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.44110E+01, 0.00000E+00, 0.44110E+01, 0.56300E+02, 0, 0.00000E+00 
-0.92387E+00, 0.38268E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
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 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28R9P376
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_37,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.44110E+01, 0.00000E+00, 0.44110E+01, 0.56300E+02, 0, 0.00000E+00 
 0.13169E+00, 0.99129E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28R9P376
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_38,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.44110E+01, 0.00000E+00, 0.44110E+01, 0.56300E+02, 0, 0.00000E+00 
 0.38268E+00,-0.92388E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28R9P376
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_39,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.44110E+01, 0.00000E+00, 0.44110E+01, 0.56300E+02, 0, 0.00000E+00 
 0.65476E+00, 0.75583E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28R9P376
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_40,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.44110E+01, 0.00000E+00, 0.44110E+01, 0.56300E+02, 0, 0.00000E+00 
 0.70710E+00,-0.70710E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28R9P376
**%
*BEAM GENERAL SECTION, 
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 ELSET=ELBOW_41,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.44110E+01, 0.00000E+00, 0.44110E+01, 0.56300E+02, 0, 0.00000E+00 
 0.92387E+00,-0.38268E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28R9P376
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_42,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.44110E+01, 0.00000E+00, 0.44110E+01, 0.56300E+02, 0, 0.00000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28R30P376
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_43,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.14934E+02, 0.00000E+00, 0.14934E+02, 0.56300E+02, 0, 0.00000E+00 
 0.00000E+00, 0.10000E+01, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW6_625X0_28R30P376
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_44,
 DENSITY= 0.12090E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.14934E+02, 0.00000E+00, 0.14934E+02, 0.56300E+02, 0, 0.00000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW4_5X0_237R6P376
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_45,
 DENSITY= 0.11000E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.13980E+01, 0.00000E+00, 0.13980E+01, 0.14500E+02, 0, 0.00000E+00 
 0.00000E+00, 0.10000E+01, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
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*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW4_5X0_237R6P376
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_46,
 DENSITY= 0.11000E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.13980E+01, 0.00000E+00, 0.13980E+01, 0.14500E+02, 0, 0.00000E+00 
 0.10000E+01, 0.00000E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW4_5X0_237R9P376
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_47,
 DENSITY= 0.11000E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.21030E+01, 0.00000E+00, 0.21030E+01, 0.14500E+02, 0, 0.00000E+00 
-0.38268E+00, 0.92387E+00, 0.00000E+00 
 0.28000E+08, 0.10769E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
**%
**% I-DEAS BEAM CROSS SECTION: ELBOW36_0X0_5R36P272
**%
*BEAM GENERAL SECTION, 
 ELSET=ELBOW_48,
 DENSITY= 0.23390E-02, 
 ZERO= 0.00000E+00 
 0.55763E+02, 0.39820E+03, 0.00000E+00, 0.39820E+03, 0.17572E+05, 0, 0.00000E+00 
-0.10000E+01, 0.00000E+00, 0.00000E+00 
 0.27700E+08, 0.10654E+08, 0.10000E-34 
*CENTROID
 0.00000E+00, 0.00000E+00 
*SHEAR CENTER 
 0.00000E+00, 0.00000E+00 
*DAMPING, ALPHA=0.7026, BETA=1.711E-3 
*SPRING, ELSET=TUNNEL_RES_SPRING, NONLINEAR

  -1.0000E+6, -0.2686968 
   0.0000E+0, 0.0000E+0 
   1.0000E+6, 0.6717423519 
*SPRING, ELSET=WALL PENTRATION GAP, NONLINEAR

  -1.0000E+6, -0.9000E+0 
   0.0000E+0, -0.7500E+0 
   0.0000E+0, 0.7500E+0 
   1.0000E+6, 0.9000E+0 
*SPRING, ELSET=PS10_SPRING, NONLINEAR

  -1.0000E+6, -0.36782 
   0.0000E+0, 0.0000E+0 
*SPRING, ELSET=PS-23, NONLINEAR

  -1.0000E+6, -2.96552 
   0.0000E+0, 0.0000E+0 
*SPRING, ELSET=PS-11, NONLINEAR
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  -1.0000E+6, -1.1954 
   0.0000E+0, 0.0000E+0 
*SPRING, ELSET=PS-7 

  1.0000E+01, 
*SPRING, ELSET=PS14_BASE_SPRING, NONLINEAR 

  -1.0000E+6, -0.1 
   0.0000E+0, 0.0000E+0 
*SPRING, ELSET=PS-20AV, NONLINEAR

  -1.0000E+6, -2.26375 
   0.0000E+0, 0.0000E+0 
   1.0000E+6, 2.62059 
*SPRING, ELSET=PS-20AH

  1.5800E+05, 
*SPRING, ELSET=RH33A_SPRING, NONLINEAR 

  -1.0000E+6, -13.10585 
   0.0000E+0, -0.8125 
   0.0000E+0, 0.0000E+0 
   1.0000E+6, 12.29335 
*SPRING, ELSET=RH33B_SPRING, NONLINEAR 

  -1.0000E+6, -16.26699 
   0.0000E+0, -0.8125 
   0.0000E+0, 0.0000E+0 
   1.0000E+6, 15.45449 
*SPRING, ELSET=RH34_SPRING, NONLINEAR 

  -1.0000E+6, -9.11929 
   0.0000E+0, -0.8125 
   0.0000E+0, 0.0000E+0 
   1.0000E+6, 8.30679 
*SPRING, ELSET=RH35_SPRING, NONLINEAR

  -1.0000E+6, -31.28514 
   0.0000E+0, -1.625 
   0.0000E+0, 0.0000E+0 
   1.0000E+6, 29.66014 
*SPRING, ELSET=RH14A_SPRING, NONLINEAR 

  -1.0000E+6, -7.18862 
   0.0000E+0, -1.625 
   0.0000E+0, 0.0000E+0 
   1.0000E+6, 5.56362 
*SPRING, ELSET=RH20_SPRING, NONLINEAR

  -1.0000E+6, -1.13058 
   0.0000E+0, -0.8125 
   0.0000E+0, 0.0000E+0 
   1.0000E+6, 0.31808 
*SPRING, ELSET=RH27A_UBOLT_SPRING, NONLINEAR 

  -1.0000E+6, -9.5665 
   0.0000E+0, -1.625 
   0.0000E+0, 0.0000E+0 
   1.0000E+6, 7.9415 
*SPRING, ELSET=RH27B_UBOLT_SPRING, NONLINEAR 

  -1.0000E+6, -9.89403 
   0.0000E+0, -1.625 
   0.0000E+0, 0.0000E+0 
   1.0000E+6, 8.26903 
*SPRING, ELSET=RH12, NONLINEAR 
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  -1.0000E+6, -7.18862 
   0.0000E+0, -1.625 
   0.0000E+0, 0.0000E+0 
   1.0000E+6, 5.56362 
*SPRING, ELSET=WTS_SPRING, NONLINEAR 

  -1.0000E+6, -4.40294 
   0.0000E+0, -0.8125 
   0.0000E+0, 0.0000E+0 
   1.0000E+6, 3.59044 
*SPRING, ELSET=RH22X_SPRING, NONLINEAR 

   0.0000E+0, 0.0000E+0 
   1.0000E+6, 7.399     
*SPRING, ELSET=RH14_SPRING, NONLINEAR 

  -1.0000E+6, -14.58053 
   0.0000E+0, -0.25 
   0.0000E+0, 0.0000E+0 
   1.0000E+6, 14.33053 
*SPRING, ELSET=RH-20_SPRING, NONLINEAR 

  -1.0000E+6, -9.86763 
   0.0000E+0, -0.1875 
   0.0000E+0, 0.0000E+0 
   1.0000E+6, 9.68013 
*SPRING, ELSET=ROTATIONAL SPRING60, NONLINEAR
  6, 
  -30970, -5.00000 
  -30970, -0.005E+0 
   30970, 0.005E+00 
   30970, 5.00000 
*SPRING, ELSET=ROTATIONAL SPRING60_1, NONLINEAR
  4, 
  -30970, -5.00000 
  -30970, -0.005E+0 
   30970, 0.005E+00 
   30970, 5.00000 
*MASS, ALPHA=0.7026, 
 ELSET=LMASS18LAP 
  6.68000E-01, 
*MASS, ALPHA=0.7026, 
 ELSET=LMASS6LAP
  1.01000E-01, 
*MASS, ALPHA=0.7026, 
 ELSET=LMASS4LAP
  5.69700E-02, 
*MASS, ALPHA=0.7026, 
 ELSET=LMASS6GT 
  1.27200E+00, 
*MASS, ALPHA=0.7026, 
 ELSET=LMASS4GT 
  7.08000E-01, 
*MASS, ALPHA=0.7026, 
 ELSET=LMASS4CK 
  5.27000E-01, 
**%
*ELSET, ELSET=ALLELEMENTS 
 BEAM,
 BEAM_1,
 BEAM_2,
 BEAM_3,
 BEAM_4,
 BEAM_5,
 BEAM_6,
 BEAM_7,
 BEAM_8,
 BEAM_9,
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 BEAM_10 ,
 BEAM_11 ,
 BEAM_12 ,
 BEAM_13 ,
 BEAM_14 ,
 BEAM_15 ,
 BEAM_16 ,
 BEAM_17 ,
 BEAM_18 ,
 BEAM_19 ,
 BEAM_20 ,
 BEAM_21 ,
 BEAM_22 ,
 BEAM_23 ,
 BEAM_24 ,
 PIPE,
 PIPE_1,
 PIPE_2,
 PIPE_3,
 PIPE_4,
 PIPE_5,
 PIPE_6,
 PIPE_7,
 PIPE_8,
 PIPE_9,
 PIPE_10 ,
 PIPE_11 ,
 PIPE_12 ,
 PIPE_13 ,
 PIPE_14 ,
 PIPE_15 ,
 PIPE_16 ,
 PIPE_17 ,
 PIPE_18 ,
 PIPE_19 ,
 PIPE_20 ,
 PIPE_21 ,
 PIPE_22 ,
 PIPE_23 ,
 PIPE_24 ,
 PIPE_25 ,
 PIPE_26 ,
 PIPE_27 ,
 PIPE_28 ,
 PIPE_29 ,
 PIPE_30 ,
 PIPE_31 ,
 PIPE_32 ,
 PIPE_33 ,
 PIPE_34 ,
 PIPE_35 ,
 PIPE_36 ,
 PIPE_37 ,
 PIPE_38 ,
 PIPE_39 ,
 PIPE_40 ,
 PIPE_41 ,
 PIPE_42 ,
 PIPE_43 ,
 PIPE_44 ,
 PIPE_45 ,
 PIPE_46 ,
 PIPE_47 ,
 PIPE_48 ,
 PIPE_49 ,
 PIPE_50 ,
 PIPE_51 ,
 PIPE_52 ,
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 PIPE_53 ,
 PIPE_54 ,
 PIPE_55 ,
 PIPE_56 ,
 PIPE_57 ,
 PIPE_58 ,
 PIPE_59 ,
 PIPE_60 ,
 PIPE_61 ,
 PIPE_62 ,
 PIPE_63 ,
 PIPE_64 ,
 PIPE_65 ,
 PIPE_66 ,
 PIPE_67 ,
 PIPE_68 ,
 PIPE_69 ,
 PIPE_70 ,
 PIPE_71 ,
 PIPE_72 ,
 PIPE_73 ,
 ELBOW ,
 ELBOW_1 ,
 ELBOW_2 ,
 ELBOW_3 ,
 ELBOW_4 ,
 ELBOW_5 ,
 ELBOW_6 ,
 ELBOW_7 ,
 ELBOW_8 ,
 ELBOW_9 ,
 ELBOW_10,
 ELBOW_11,
 ELBOW_12,
 ELBOW_13,
 ELBOW_14,
 ELBOW_15,
 ELBOW_16,
 ELBOW_17,
 ELBOW_18,
 ELBOW_19,
 ELBOW_20,
 ELBOW_21,
 ELBOW_22,
 ELBOW_23,
 ELBOW_24,
 ELBOW_25,
 ELBOW_26,
 ELBOW_27,
 ELBOW_28,
 ELBOW_29,
 ELBOW_30,
 ELBOW_31,
 ELBOW_32,
 ELBOW_33,
 ELBOW_34,
 ELBOW_35,
 ELBOW_36,
 ELBOW_37,
 ELBOW_38,
 ELBOW_39,
 ELBOW_40,
 ELBOW_41,
 ELBOW_42,
 ELBOW_43,
 ELBOW_44,
 ELBOW_45,
 ELBOW_46,
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 ELBOW_47,
 ELBOW_48,
 LMASS18LAP,
 TUNNEL_RES_SPRING ,
 WALL PENTRATION GAP ,
 PS10_SPRING ,
 PS-23 ,
 PS-11 ,
 PS-7,
 LMASS6LAP ,
 LMASS4LAP ,
 LMASS6GT,
 PS14_BASE_SPRING,
 LMASS4GT,
 LMASS4CK,
 PS-20AV ,
 PS-20AH ,
 RH33A_SPRING,
 RH33B_SPRING,
 RH34_SPRING ,
 RH35_SPRING ,
 RH14A_SPRING,
 RH20_SPRING ,
 RH27A_UBOLT_SPRING,
 RH27B_UBOLT_SPRING,
 RH12,
 WTS_SPRING,
 RH22X_SPRING,
 RH14_SPRING ,
 ROTATIONAL SPRING60 ,
 ROTATIONAL SPRING60_1 ,
 RH-20_SPRING,
**%
*NSET,NSET=ALL
      15,      39,      51,      52,      53,      56,      57,      58,     546,     547,     548 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    1698,    1699,    1700,    1701 
*NSET,NSET=SUP_ELB_TEE_RED_FABBR
      15,      39,      51,      52,      53,      56,      57,      58 
*NSET,NSET=ALL_NODES
      15,      39,      51,      52,      53,      56,      57,      58,     546,     547,     548 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    1444,    1445,    1446 
*NSET,NSET=MODEL1
      15,      39,      51,      52,      53,      56,      57,      58,     546,     547,     548 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    1337,    1338,    1339,    1340,    1341,    1342,    1398,    1399,    1400,    1401,    1402 
*NSET,NSET=LINE1-77
     990,     991,     992,     996,     999,    1001,    1038,    1039,    1041,    1157,    1158 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    1407,    1420,    1421,    1422,    1423,    1424,    1425 
*NSET,NSET=LINE1-39
     758,     983,     987,     989,     990,    1034,    1035,    1175,    1176,    1177,    1178 
    1179,    1180,    1372,    1373,    1426,    1427 
*NSET,NSET=LINE1-40
     586,     589,     590,     758,     776,     777,     778,     779,     780,     781,     782 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    1304,    1310,    1313,    1396,    1410,    1426 
*NSET,NSET=LINE1-41
     977,     983,     987,    1018,    1019,    1022,    1023,    1026,    1027,    1030,    1031 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    1355,    1356,    1377,    1378,    1395,    1427 
*NSET,NSET=MODEL4
     760,     977,     983,     987,     989,     990,     991,     992,     996,     999,    1001 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    1231,    1232,    1233,    1234,    1235,    1236,    1237,    1238 
*NSET,NSET=LINE1-42
     755,     759,     760,     766,     767,     768,     769,     770,     771,     772,     773 
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     774,     775,     785,     786,     787,     788,     796,     797,     798,     799,     800 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    1665,    1666,    1667,    1668,    1669,    1672,    1673,    1674,    1675,    1676,    1677 
*NSET,NSET=LINE1-34_67
     588,     590,     756,     761,     762,     763,     764,     765,     793,     794,     795 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    1682,    1683,    1684,    1685,    1686,    1687,    1688,    1689 
*NSET,NSET=LINE1-41_77
     977,     983,     991,     992,     996,     999,    1001,    1018,    1019,    1022,    1023 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    1697,    1698,    1699,    1700,    1701 
*NSET,NSET=LINE1-1_2_3_4
     546,     547,     548,     549,     554,     555,     556,     557,     558,     559,     560 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    1469,    1470,    1471,    1472,    1473,    1474,    1475,    1476,    1477,    1478,    1479 
*NSET,NSET=LINE1-5_6_7
      15,      39,      51,      52,      53,      56,      57,      58,     586,     588,     589 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    1489,    1490,    1491,    1492,    1493,    1494,    1495,    1496 
*NSET,NSET=LINE1-8_9_10_11_12_170
     586,     591,     592,     593,     594,     595,     596,     597,     598,     599,     600 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    1627,    1628,    1629,    1630,    1631,    1632,    1633,    1634,    1635,    1636 
*NSET,NSET=LINE1-39_40
     586,     589,     590,     758,     776,     777,     778,     779,     780,     781,     782 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    1642,    1643,    1644 
*NSET,NSET=UNLIST_COMPS_M1-4
     568,     571,     572,     573,     579,     586,     588,     589,     590,     591,     592 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    1084,    1089 
*NSET,NSET=BC_NS_X_N315
     604,     607,     610,     613,     619,    1105,    1106,    1107,    1108,    1109,    1126 
    1222,    1223,    1278,    1279,    1280,    1281,    1321,    1322,    1323,    1324,    1345 
    1353,    1354,    1368,    1369,    1401,    1402,    1446 
*NSET,NSET=BC_NS_X_N547
     974,    1148,    1284,    1285,    1406,    1407,    1431,    1432,    1433,    1434 
*NSET,NSET=BC_NS_X_N552
     755,    1347,    1348,    1349,    1350,    1363,    1364,    1365,    1381,    1388,    1444 
*NSET,NSET=BC_NS_X_N1340
    1355, 
*NSET,NSET=BC_NS_X_N542
    1113,    1114,    1117,    1120,    1123,    1343,    1344,    1346,    1391,    1416 
*NSET,NSET=BC_NS_X_N1577
     546,     547,     548,     549 
*NSET,NSET=BC_V_Y_N892
    1363,    1364,    1365 
*NSET,NSET=BC_V_Y_N4119
     604,     607,     610,     613,     619,    1105,    1106,    1107,    1108,    1109,    1120 
    1123,    1343,    1344,    1345,    1391,    1416 
*NSET,NSET=BC_V_Y_N552
     755, 
*NSET,NSET=BC_V_Y_N1577
     546,     547,     548,     549,    1113,    1114,    1117,    1126,    1321,    1322,    1323 
    1324,    1349,    1350,    1381,    1388,    1401,    1402 
*NSET,NSET=BC_V_Y_N547
     974,    1148,    1222,    1223,    1278,    1279,    1280,    1281,    1284,    1285,    1348 
    1353,    1354,    1368,    1369,    1407,    1433,    1434,    1445 
*NSET,NSET=BC_EW_Z_N547
     604,     607,     610,     613,     619,     974,    1105,    1106,    1107,    1108,    1109 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
    1416,    1431,    1432,    1433,    1434 
*NSET,NSET=BC_EW_Z_N1577
     546,     547,     548,     549 
*NSET,NSET=BC_EW_Z_N552
     755, 
*NSET,NSET=BC_EW_Z_N315
    1126,    1222,    1223,    1278,    1279,    1280,    1281,    1321,    1322,    1323,    1324 
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    1353,    1354,    1368,    1369,    1401,    1402,    1445,    1446 
*ELSET,ELSET=ALL, GENERATE 
        55,       63,        1 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
       967,      998,        1 
*ELSET,ELSET=SUPPORT_RELEASE_1
     463,     464,     465,     466,     672,     673,     674,     675,     687,     746,     758 
     771, 
*ELSET,ELSET=SUP_ELB_TEE_RED_FABBR, GENERATE 
        55,       61,        1 
*ELSET,ELSET=MODEL1, GENERATE 
        55,       63,        1 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
       755,      759,        1 
*ELSET,ELSET=LINE1-77
     498,     499,     500,     501,     502,     503,     506,     507,     508,     509,     511 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     814,     815,     816,     817,     818,     832,     833,     834,     835,     836,     837 
*ELSET,ELSET=LINE1-39
     512,     513,     514,     515,     516,     517,     518,     519,     521,     522,     576 
     577,     797,     798,     799,     800,     819,     820,     825,     826 
*ELSET,ELSET=LINE1-40
     157,     158,     159,     160,     162,     177,     178,     179,     185,     233,     234 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     798,     819,     826 
*ELSET,ELSET=LINE1-41
     479,     480,     481,     482,     483,     485,     486,     489,     490,     491,     492 
     493,     494,     495,     496,     497,     521,     539,     545,     577,     612,     613 
     614,     694,     695,     751,     799,     800,     820,     825 
*ELSET,ELSET=MODEL4
     479,     480,     481,     482,     483,     485,     486,     489,     490,     491,     492 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     573,     574,     575,     577 
*ELSET,ELSET=LINE1-42
     163,     164,     168,     169,     170,     171,     172,     173,     174,     175,     176 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     962,     963,     964,     965,     967,     968,     969,     970,     971,     972,     973 
*ELSET,ELSET=LINE1-34_67
      88,     153,     154,     155,     180,     181,     182,     236,     239,     242,     243 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     986, 
*ELSET,ELSET=LINE1-41_77
     479,     480,     481,     482,     483,     485,     486,     489,     490,     491,     492 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     992,     993,     994,     995,     996,     997,     998 
*ELSET,ELSET=LINE1-1_2_3_4
      62,      63,      70,      71,      72,      73,      75,      78,      79,      80,      81 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     901,     902,     903,     904,     905 
*ELSET,ELSET=LINE1-5_6_7
      55,      56,      57,      58,      59,      60,      61,      84,      85,      86,      87 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     917,     918,     919,     920,     921,     922 
*ELSET,ELSET=LINE1-8_9_10_11_12_170
      89,      90,      91,      92,      93,      94,      95,      96,      97,      98,      99 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     928,     929,     930,     931,     932,     933 
*ELSET,ELSET=LINE1-39_40
     157,     158,     159,     160,     162,     177,     178,     179,     185,     233,     234 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     940,     941 
*ELSET,ELSET=UNLIST_COMPS_M1-4
      82,      83,      88,      89,      90,      91,     130,     131,     153,     162,     316 
(INTERMEDIATE DATA OMITTED TO CONDENSE APPENDIX) 
     425,     433 
**%
<<--Replace Time History-->> (KEY PHRASE USED IN SCRIPTING PROCESS) 
**%
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*NSET,NSET=BS000001
1105,1106,1107,1108,1109,1113,1114,1117,1120,1123,1126,1278,1279,1280,1281
1284,1285,1321,1322,1323,1324,1343,1344,1345,1349,1350,1353,1354,1363,1364
1365,1368,1369,1381,1388,1402,1416,1433,1434
*NSET,NSET=BS000002
546,547,548,549,604,607,610,613,619,755,974,1148,1407
*RELEASE
SUPPORT_RELEASE_1, S1, M1-M2 
**%
**% ====== STABILIZED STATIC G-LOAD ====== 
**%
**% Note: Nodes vertical is possitive z 
**%       Elements vertical is possitive y 
**%
*STEP,INC=1000000,NLGEOM
*STATIC, STABILIZE, FACTOR=0.01 
 0.005,1.0,1.0E-08,1.0 
**%  STATIC PLUS SEISMIC
**%  RESTRAINT SET 3
*BOUNDARY,OP=NEW
       1346,  1,,       0.00000E+00 
       1347,  1,,       0.00000E+00 
       1444,  1,,       0.00000E+00 
       1431,  1,,       0.00000E+00 
       1431,  3,,       0.00000E+00 
       1432,  1,,       0.00000E+00 
       1432,  3,,       0.00000E+00 
       1446,  1,,       0.00000E+00 
       1446,  3,,       0.00000E+00 
       1445,  2, 3,      0.00000E+00 
BS000001,    1, 3,      0.00000E+00 
       1222,  1, 3,      0.00000E+00 
       1222,  5,,       0.00000E+00 
       1223,  1, 3,      0.00000E+00 
       1223,  5,,       0.00000E+00 
       1401,  1, 5,      0.00000E+00 
       1348,  1, 2,      0.00000E+00 
       1348,  5, 6,      0.00000E+00 
       1391,  1, 3,      0.00000E+00 
       1391,  5, 6,      0.00000E+00 
       1355,  1, 2,      0.00000E+00 
       1355,  4, 6,      0.00000E+00 
       1406,  1,,       0.00000E+00 
       1406,  3, 6,      0.00000E+00 
BS000002,    1, 6,      0.00000E+00 
**%  LOAD SET 1
*CLOAD,OP=NEW
       1367,    2, 8.5000E+02 
       1080,    2, 2.9000E+03 
       1099,    2, 3.1000E+03 
       1075,    2, 3.4500E+03 
       1078,    2, 3.4500E+03 
       1074,    2, 3.5000E+03 
       1079,    2, 3.5000E+03 
       1077,    2, 3.5500E+03 
       1072,    2, 3.6000E+03 
       1073,    2, 3.6000E+03 
       1076,    2, 3.6000E+03 
       1071,    2, 3.7000E+03 
       1095,    2, 4.5000E+03 
       1094,    2, 5.6000E+03 
       1084,    2, 5.7000E+03 
       1083,    2, 6.0000E+03 
       1091,    2, 6.5000E+03 
       1085,    2, 9.2000E+03 
       1086,    2, 9.6000E+03 
       1087,    2, 9.6000E+03 
       1088,    2, 1.0100E+04 
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       1089,    2, 1.7100E+04 
*DLOAD,OP=NEW
 ALL, GRAV, 386.09, 0.0,-1.0, 0.0 
**%OUTPUT, FIELD 
**%NODE OUTPUT 
**%ELEMENT OUTPUT 
*OUTPUT, HISTORY,FREQUENCY=10000 
**%ELEMENT OUTPUT
*NODE PRINT, TOTAL=YES 
*MONITOR, NODE=589, DOF=1 
*END STEP 
**%
**% ====== SEISMIC WITH G-LOAD ====== 
**%
**% Note: Damping is address in the material properties 
**%
*STEP,INC=10000000,NLGEOM
*DYNAMIC, DIRECT 
 0.005,20.0,1.0E-08,0.005 
**%  BOUNDARY CONDITION SET 1
**%  RESTRAINT SET 1
**%
*BOUNDARY,OP=NEW
BS000002,    4, 6,      0.00000E+00 
       1222,  5,,       0.00000E+00 
       1223,  5,,       0.00000E+00 
       1401,  4, 5,      0.00000E+00 
       1391,  5, 6,      0.00000E+00 
       1348,  5, 6,      0.00000E+00 
       1355,  4, 6,      0.00000E+00 
       1406,  4, 6,      0.00000E+00 
*<<--H2_X_N315_TIME_HISTORY_INPUT-->>   (KEY PHRASE USED IN SCRIPTING PROCESS) 
BC_NS_X_N315, 1,,  1.0000E+00 
*<<--H2_X_N547_TIME_HISTORY_INPUT-->>   (KEY PHRASE USED IN SCRIPTING PROCESS)
BC_NS_X_N547, 1,,  1.0000E+00 
*<<--H2_X_N552_TIME_HISTORY_INPUT-->>   (KEY PHRASE USED IN SCRIPTING PROCESS)
BC_NS_X_N552, 1,,  1.0000E+00 
*<<--H2_X_N1577_TIME_HISTORY_INPUT-->>  (KEY PHRASE USED IN SCRIPTING PROCESS)
BC_NS_X_N1577, 1,, 1.0000E+00 
*<<--H2_X_N542_TIME_HISTORY_INPUT-->>   (KEY PHRASE USED IN SCRIPTING PROCESS)
BC_NS_X_N542, 1,,  1.0000E+00 
*<<--V_Y_N547_TIME_HISTORY_INPUT-->>   (KEY PHRASE USED IN SCRIPTING PROCESS)
BC_V_Y_N547, 2,,  1.0000E+00 
*<<--V_Y_N552_TIME_HISTORY_INPUT-->>   (KEY PHRASE USED IN SCRIPTING PROCESS)
BC_V_Y_N552, 2,,  1.0000E+00 
*<<--V_Y_N4014_TIME_HISTORY_INPUT-->>   (KEY PHRASE USED IN SCRIPTING PROCESS)
BC_V_Y_N4014, 2,,  1.0000E+00 
*<<--V_Y_N4119_TIME_HISTORY_INPUT-->>   (KEY PHRASE USED IN SCRIPTING PROCESS)
BC_V_Y_N4119, 2,,  1.0000E+00 
*<<--V_Y_N1577_TIME_HISTORY_INPUT-->>   (KEY PHRASE USED IN SCRIPTING PROCESS)
BC_V_Y_N1577, 2,,  1.0000E+00 
*<<--H1_Z_N315_TIME_HISTORY_INPUT-->>   (KEY PHRASE USED IN SCRIPTING PROCESS)
BC_EW_Z_N315, 3,,  1.0000E+00 
*<<--H1_Z_N542_TIME_HISTORY_INPUT-->>   (KEY PHRASE USED IN SCRIPTING PROCESS)
BC_EW_Z_N542, 3,,  1.0000E+00 
*<<--H1_Z_N1577_TIME_HISTORY_INPUT-->>  (KEY PHRASE USED IN SCRIPTING PROCESS)
BC_EW_Z_N1577, 3,, 1.0000E+00 
*<<--H1_Z_N319_TIME_HISTORY_INPUT-->>   (KEY PHRASE USED IN SCRIPTING PROCESS)
**%  LOAD SET 1
*CLOAD,OP=NEW
       1367,    2, 8.5000E+02 
       1080,    2, 2.9000E+03 
       1099,    2, 3.1000E+03 
       1075,    2, 3.4500E+03 
       1078,    2, 3.4500E+03 
       1074,    2, 3.5000E+03 
       1079,    2, 3.5000E+03 
       1077,    2, 3.5500E+03 
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       1072,    2, 3.6000E+03 
       1073,    2, 3.6000E+03 
       1076,    2, 3.6000E+03 
       1071,    2, 3.7000E+03 
       1095,    2, 4.5000E+03 
       1094,    2, 5.6000E+03 
       1084,    2, 5.7000E+03 
       1083,    2, 6.0000E+03 
       1091,    2, 6.5000E+03 
       1085,    2, 9.2000E+03 
       1086,    2, 9.6000E+03 
       1087,    2, 9.6000E+03 
       1088,    2, 1.0100E+04 
       1089,    2, 1.7100E+04 
*DLOAD,OP=NEW
 ALL, GRAV, 386.09, 0.0,-1.0, 0.0 
*OUTPUT, FIELD ,FREQUENCY=1 
*NODE OUTPUT 
 U,V,A,RF 
*ELEMENT OUTPUT 
 NFORC,SF,S 
*OUTPUT, HISTORY,FREQUENCY=1 
***NODE OUTPUT, NSET=CRANEND 
** U,V,A 
***ELEMENT OUTPUT
** UC 
*NODE PRINT 
*MONITOR, NODE=589, DOF=1 
*END STEP 
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Appendix D.3 

Calculations Associated with Model 1-4 Seismic Evaluation 

Contents

PCS Lines 1-1, 1-2, 1-3, and 1-4 Appendix D.3.1 

PCS Lines 1-5, 1-6, and 1-7 Appendix D.3.2 

PCS Lines 1-8, 1-9, 1-10, 1-11, 1-12, and 1-170 Appendix D.3.3 

PCS Lines 1-34 and 1-67 Appendix D.3.4 

PCS Lines 1-39 and 1-40 Appendix D.3.5 

PCS Lines 1-41 and 1-77 Appendix D.3.6 

PCS Lines 1-42 Appendix D.3.7 

PCS Unlisted Components for Model 1-4 Appendix D.3.8 
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Appendix D.3.1

 Demand to Capacity Ratio Calculations for Components
Associated with Lines 1-1, 1-2, 1-3, and 1-4 of ATR PCS Model 1-4

(NOTE:  Values represented here are shown for one realization (Nodal Force file =
LINE1-1_2_3_4_test_R1.dat and Element/Nodal order file = EL1- 1_2_3_4_test_R1.xls) and may or

may not be consistent with the 80th percentile results contained in Appendix D.4)
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Force Outputs from Abaqus

NF
...\LINE1-1_2_3_4.dat

�� (N)odal (F)orces for Model 1-4 

Defined Elemental and Corresponding Nodal Order

EL
..\EL_1_2_3_4(9-22-08).xls

�� Element and corresponding nodal order for
Model 1-4 

Time Boundaries

tinitial 1�� Initial time for which dynamic loading is applied

tfinal 21�� Final time for which dynamic loading stops

Seismic Scale Factor (Fa)

Fa 1�� Seismic scale factor [9]

Allowable Design Stress Intensity Factor (Sm): Sm is defined below for SS304 at temperature 125oF and

SS304L at 125oF.

Sm_125 20ksi�� For SS304 at 125oF [2, pg 316-318] [3, pg 23]  

For SS304L at 125oF [2, pg 316-318] Applicable
only for portions of lines 1-1, 1-2, 1-3, 1-4, 1-5,
and 1-6 closest to reactor vessel [3, pg 23] 

Sm_125L 16.7ksi��

Sm_167 20ksi�� For SS304 at 167oF [2, pg 316-318] [3, pg 23]  

For SS304L at 167oF [2, pg 316-318] Applicable
only for portions of lines 1-1, 1-2, 1-3, 1-4, 1-5,
and 1-6 closest to reactor vessel [3, pg 23]

Sm_167L 16.7ksi��

Yield Strength (Sy): Sy is defined below for SS304 at temperature 125oF and SS304L at 125oF.

Sy_125 28.35ksi�� For SS304 at 125oF [2, pg 646-648] [3, pg 23]  

For SS304L at 125oF [2, pg 646-648] Applicable
only for portions of lines 1-1, 1-2, 1-3, 1-4, 1-5,
and 1-6 closest to reactor vessel [3, pg 23] 

Sy_125L 23.85ksi��

Sy_167 26.12ksi�� For SS304 at 167oF [2, pg 646-648] [3, pg 23]  

For SS304L at 167oF [2, pg 646-648] Applicable
only for portions of lines 1-1, 1-2, 1-3, 1-4, 1-5,
and 1-6 closest to reactor vessel [3, pg 23] 

Sy_167L 22.26ksi��



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. D. Landon Date:    09/30/2008

Calculation Sheet 
Page D.3.1-3 of D.3.1-35

Maximum Strength Applicable for Equation 9 (S):  S is defined below for SS304 at temperature 125oF
and SS304L at 125oF.

S125 min 3 Sm_125� 2 Sy_125��� ��� Maximum allowable stress applied to SS304
piping [4, NB-3656]

S125 56.7 ksi�

S125L min 3 Sm_125L� 2 Sy_125L��� ��� Maximum allowable stress applied to SS304L
piping [4, NB-3656]

S125L 47.7 ksi�

S167 min 3 Sm_167� 2 Sy_167��� ��� Maximum allowable stress applied to SS304
piping [4, NB-3656]

S167 52.24 ksi�

S167L min 3 Sm_167L� 2 Sy_167L��� ��� Maximum allowable stress applied to SS304L
piping [4, NB-3656]

S167L 44.52 ksi�
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SUPPORTS
Supports Strategy:  Search based on the node for which the support acts.  If this node is a termination point
there will only be one node to evaluate.  If this node is in line with a section of pipe there will be two
representations of the same node (one for each element on each side of the node) to combine and the difference
between them is the force required of the support.  The D/C ratio for each support will be found by dividing the the
required force found above by the support capacity.
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i 1 last nd( )���for rows nd( ) 1�if

Int14
Int24



�

�



0 0( )�

Prgj
nfindnfiCo0 1�

1� indndj
��

Prj
nfindnfiCo0 1�

1� i� indndj
� Prgj

�
�
�

��



Co2 0�
� Prgj

��

j 0 last indnd� ����for

PRi

0

j

n

Prn�
�

�

Int1' SupDC PRi Co0 0�
�


�
�



�

Int1 stack Int1' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int11
� Co0 0�

0��if

Int2' SupDC PRi Co1 0�
�


�
�



�

Int2 stack Int2' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int21
� Co1 0�

0��if

i 0 indnfo0
indnfi0

����for

Int1 Int2� �

��
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PR-2A East Support
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]P1_PR2A_E

3.188 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

Compression
P2_PR2A_E

17.939 kip�

lbf
��

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_PR2A_E

P1_PR2A_E

P2_PR2A_E

Fa

3

0

0


�
�
�
��

��
�
�
�


��

PR-2A (Node 1323)
PR-2A Horizontally supports the midsection of P(1-1LC).

nd1323PR2A0
1323�� Node associated with support

AL1PR2A_nd1323 AL2PR2A_nd1323� � Support NF nd1323PR2A� Sup_Co_PR2A_E� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PR2A_nd1323
T 1.829 5.83� 103

� 7.03 1.323 103
� 151� ��

AL2PR2A_nd1323
T 0.267 4.785 103

� 7.13 1.323 103
� 151� ��

PR-2B East Support Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]P1_PR2B_E

7.132 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

Compression
P2_PR2B_E

17.939 kip�

lbf
��

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_PR2B_E

P1_PR2B_E

P2_PR2B_E

Fa

3

0

0


�
�
�
��

��
�
�
�


��

PR-2B (Node 1324)
PR-2B Horizontally supports the midsection of P(1-2LC).

nd1324PR2B0
1324�� Node associated with support

AL1PR2B_nd1324 AL2PR2B_nd1324� � Support NF nd1324PR2B� Sup_Co_PR2B_E� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PR2B_nd1324
T 0.49 3.495� 103

� 7.04 1.324 103
� 149� ��

AL2PR2B_nd1324
T 0.15 2.697 103

� 6.93 1.324 103
� 149� ��
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PR-2C West Support
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]P1_PR2C_W

17.939 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_PR2C_W
7.132 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_PR2C_W

P1_PR2C_W

P2_PR2C_W

Fa

3

0

0


�
�
�
��

��
�
�
�


��

PR-2C (Node 1322)
PR-2C Horizontally supports the midsection of P(1-3LC).

nd1322PR2C0
1322�� Node associated with support

AL1PR2C_nd1322 AL2PR2C_nd1322� � Support NF nd1322PR2C� Sup_Co_PR2C_W� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PR2C_nd1322
T 0.165 2.957� 103

� 7.845 1.322 103
� 147� ��

AL2PR2C_nd1322
T 0.392 2.796 103

� 7.235 1.322 103
� 147� ��

PR-2D West Support
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_PR2D_W
17.939 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_PR2D_W
3.188 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_PR2D_W

P1_PR2D_W

P2_PR2D_W

Fa

3

0

0


�
�
�
��

��
�
�
�


��

PR-2D (Node 1321)
PR-2D Horizontally supports the midsection of P(1-3LC).

nd1321PR2D0
1321�� Node associated with support

AL1PR2D_nd1321 AL2PR2D_nd1321� � Support NF nd1321PR2D� Sup_Co_PR2D_W� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PR2D_nd1321
T 0.254 4.551� 103

� 7.845 1.321 103
� 145� ��

AL2PR2D_nd1321
T 1.591 5.074 103

� 7.255 1.321 103
� 145� ��



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. D. Landon Date:    09/30/2008

Calculation Sheet 
Page D.3.1-7 of D.3.1-35

Writing Output Data for Supports Associated with Lines 1-1, 1-2, 1-3, & 1-4

SA1 AL1PR2A_nd1323
T

�� PR-2A Tension

SA2 AL2PR2A_nd1323
T

�� PR-2A Compression

SB1 AL1PR2B_nd1324
T

�� PR-2B Tension

SB2 AL2PR2B_nd1324
T

�� PR-2B Compression

SC1 AL1PR2C_nd1322
T

�� PR-2C Tension

SC2 AL2PR2C_nd1322
T

�� PR-2C Compression

SD1 AL1PR2D_nd1321
T

�� PR-2D Tension

SD2 AL2PR2D_nd1321
T

�� PR-2D Compression

S SA1 SA2 SB1 SB2 SC1 SC2 SD1 SD2( )��

SupportsLines_1_2_3_4 WRITEPRN "SupLine1-1_2_3_4.prn" S�( )��
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TERMINATION LOCATIONS
Termination Locations Strategy:  Search based on the node for which the termination location acts as well as
the next node inward.  The D/C ratio for each termination location will be found by dividing the the required force
found above by the support capacity.

TermDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Term P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j TermDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� Mr�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all terminations

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Constants associated with support's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Term_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Reactor Vessel (4x)
Define pertinent pipe variables

Outside Diameter [5]
Do 16in��

t 0.312in�� Thickness [5]

P 272psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]
I 473.248 in

4
�

S S167L�� Allowable design stress intensity value

Define primary stress indices

B1 0.5��

Stress Indices are derived from [4, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [4, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1�

1.0
1

X Y�
�

Do

t
50�if

�� B2 1.008�

Reactor Vessel 1-1L (Node 549)
nd549HX11L0

549��

ALHX11L_nd549 Term P Do� t� I� B1� B2� S167L� NF� nd549HX11L� Term_Co� EL�� ���

ALHX11L_nd549
T 0.571 1.288 106

� 7.4 549 69 1.286 106
� 4.603 104

� 3.257 104
�� ��
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Reactor Vessel 1-2L (Node 548)
nd548HX12L0

548��

ALHX12L_nd548 Term P Do� t� I� B1� B2� S167L� NF� nd548HX12L� Term_Co� EL�� ���

ALHX12L_nd548
T 0.415 8.791 105

� 7.39 548 71 8.392 105
� 2.303 105

� 1.244 105
�� ��

Reactor Vessel 1-3L (Node 547)
nd547HX13L0

547��

ALHX13L_nd547 Term P Do� t� I� B1� B2� S167L� NF� nd547HX13L� Term_Co� EL�� ���

ALHX13L_nd547
T 0.36 7.353 105

� 6.67 547 75 6.637� 105
� 2.977� 105

� 1.074 105
�� ��

Reactor Vessel 1-4L (Node 546)
nd546HX14L0

546��

ALHX14L_nd546 Term P Do� t� I� B1� B2� S167L� NF� nd546HX14L� Term_Co� EL�� ���

ALHX14L_nd546
T 0.611 1.391 106

� 7.4 546 73 1.385� 106
� 1.169� 105

� 6.474 104
�� ��

Writing Output Data for Terminations Associated with Lines 1-1L, 1-2L, 1-3L & 1-4L

T1 ALHX11L_nd549
T

��

T2 ALHX12L_nd548
T

��

T3 ALHX13L_nd547
T

��

T4 ALHX14L_nd546
T

��

T T1 T2 T3 T4( )��

TerminationsLine1_1_2_3_4 WRITEPRN "TermLine1-1_2_3_4.prn" T�( )��
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PIPE RUNS
Pipe Runs Strategy:  Search based on the nodes present in each run of pipe.  Find the maximum moment
combination among all of the nodes and apply to equation (9) of ASME III, Division I - NB - 3652 [4].  Use the
geometry of the pipe when applying (9).  The D/C ratio for each node will be determined by dividing the left side of
the equation by the right side of the equation.

PipeRunDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

PipeRun P Do� t� I� B1� B2� S� nf� el� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indel match el0 EL
0� 	

�

�

�

�

indel stack indel match eli EL
0� 	

�

�

�





�

�

��

�
�
��

i 1 last el( )���for rows el( ) 1�if

M Int5 last indel� ��

�

�



0 0( )�

Mrxg nfindnfiCo0 1�
2� indelj
��

Mryg nfindnfiCo1 1�
2� indelj
��

Mrzg nfindnfiCo2 1�
2� indelj
��

Mrxj
nfindnfiCo0 1�

2� i� indelj
� Mrxg�
�

�
��



Co3 0�
� Mrxg��

Mryj
nfindnfiCo1 1�

2� i� indelj
� Mryg�
�

�
��



Co3 0�
� Mryg��

Mrzj
nfindnfiCo2 1�

2� i� indelj
� Mrzg�
�

�
��



Co3 0�
� Mrzg��

M'j Mrxj


�

�



2
Mryj


�

�



2
� Mrzj



�

�



2
��

Int' j PipeRunDC P Do� t� I� B1� B2� M'j� S�� ��

H Int' j M' j nf
indnfiCo0 1�

1� i� 0� EL
indelj

0� EL
indelj

1� indel j
Mrx
�

�
�

Intk j Hk�

k 0 5���for

Int' j Int0 j��if

j 0 last indel� ����for

i 0 indnfo0
indnfi0

����for

��
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k j� k

Int

Conditions applicable to all pipe runs

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

PipeRun_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Pipe Properties for Lines 1-1L, 2L, 3L, & 4L
Define pertinent pipe variables

Do 18in�� Outside Diameter [5,6,7]

t 0.312in�� Thickness [5,6,7]

P 272psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 678.244 in
4

�

Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [4, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [4, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1.057�
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Pipe Run 1-1LA (Elements 380, 792, & 79)
elP11LA 380 792 79( )

T
��

ALP11LA PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP11LA� PipeRun_Co� EL�� ���

ALP11LA
T

0.176

0.182

0.176

0.176

0.176

0.149

2.791 105
�

2.979 105
�

2.781 105
�

2.791 105
�

2.781 105
�

1.919 105
�

13.42

13.42

13.42

13.42

13.42

7.385

380

380

792

792

79

79

571

1.042 103
�

568

571

568

649

93

94

155

156

17

18



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-1LB (Elements 78)
elP11LB 78( )

T
��

ALP11LB PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP11LB� PipeRun_Co� EL�� ���

ALP11LB
T 0.124

0.131

1.131 105
�

1.376 105
�

7.13

7.38

78

78

637

648

15

16



�
�
�

�
�
�



�

Pipe Run 1-1LC (Elements 71, 653, 664, 893, 892, 891, 890, 276, 885, 884, & 272)

elP11LC 71 653 664 893 892 891 890 276 885 884 272( )
T

��

ALP11LC PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP11LC� PipeRun_Co� EL�� ���

ALP11LC
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

0.202 53.618·10 7.03 71 558 7

0.118 49.54·10 9.915 71 636 8

0.203 53.645·10 7.03 653 554 119

0.202 53.619·10 7.03 653 558 120

0.203 53.645·10 7.03 664 554 141

0.21 53.878·10 7.03 664 31.319·10 142

0.21 53.877·10 7.03 893 31.319·10 191

0.204 53.69·10 7.03 893 31.467·10 192

0.197 53.453·10 7.025 892 31.466·10 189

0.204 53.691·10 7.03 892 31.467·10 190

0.186 53.11·10 6.67 891 31.465·10 187

0.197 53.453·10 7.025 891 31.466·10 188

0.183 53·10 6.665 890 31.464·10 185

0.186 53.11·10 6.67 890 31.465·10 186

0.172 52.673·10 6.665 276 902 81

0.183 53·10 6.665 276 31.464·10 82

�
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Pipe Run 1-1LD (Elements 62 & 878)

elP11LD 62 878( )
T

��

ALP11LD PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP11LD� PipeRun_Co� EL�� ���

ALP11LD
T

0.429

0.276

0.144

0.276

1.082 106
�

5.958 105
�

1.76 105
�

5.957 105
�

7.4

7.4

6.67

7.4

62

62

878

878

625

1.452 103
�

631

1.452 103
�

1

2

161

162



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-2LA (Elements 386)

elP12LA 386( )
T

��

ALP12LA PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP12LA� PipeRun_Co� EL�� ���

ALP12LA
T 0.125

0.12

1.179 105
�

1.011 105
�

7.615

7.455

386

386

655

1.05 103
�

105

106



�
�
�

�
�
�



�

Pipe Run 1-2LB (Elements 82, 791, 291, & 72)

elP12LB 82 791 291 72( )
T

��

ALP12LB PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP12LB� PipeRun_Co� EL�� ���

ALP12LB
T

0.135

0.134

0.135

0.135

0.135

0.14

0.127

0.14

1.479 105
�

1.459 105
�

1.475 105
�

1.479 105
�

1.475 105
�

1.641 105
�

1.241 105
�

1.64 105
�

7.385

7.62

7.385

7.385

7.385

7.49

7.485

7.49

82

82

791

791

291

291

72

72

579

652

576

579

576

921

642

921

23

24

153

154

89

90

9

10



�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



�
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Pipe Run 1-2LC (Elements 289, 657, 70, 654, 897, 896, 895, 894, 662, 883, 882, & 266

elP12LC 289 657 70 654 897 896 895 894 662 883 882 266( )
T

��

ALP12LC PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP12LC� PipeRun_Co� EL�� ���

ALP12LC
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

0.117 49.029·10 9.905 289 641 87

0.142 51.707·10 7.035 289 919 88

0.142 51.707·10 7.035 657 919 127

0.172 52.659·10 7.035 657 31.314·10 128

0.171 52.644·10 7.035 70 559 5

0.172 52.66·10 7.035 70 31.314·10 6

0.171 52.643·10 7.035 654 555 121

0.171 52.644·10 7.035 654 559 122

0.171 52.643·10 7.035 897 555 199

0.182 52.969·10 7.49 897 31.471·10 200

0.192 53.301·10 7.49 896 31.47·10 197

0.182 52.969·10 7.49 896 31.471·10 198

0.193 53.344·10 7.37 895 31.469·10 195

0.192 53.301·10 7.49 895 31.47·10 196

0.188 53.175·10 7.37 894 31.468·10 193

0.193 53.344·10 7.37 894 31.469·10 194

�

Pipe Run 1-2LD (Elements 63 & 879)

elP12LD 63 879( )
T

��

ALP12LD PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP12LD� PipeRun_Co� EL�� ���

ALP12LD
T

0.321

0.219

0.14

0.219

7.385 105
�

4.163 105
�

1.647 105
�

4.162 105
�

7.39

7.385

6.665

7.385

63

63

879

879

624

1.453 103
�

630

1.453 103
�

3

4

163

164



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-3LA (Elements 388)

elP13LA 388( )
T

��

ALP13LA PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP13LA� PipeRun_Co� EL�� ���

ALP13LA
T 0.128

0.122

1.256 105
�

1.065 105
�

7.39

9.89

388

388

656

1.051 103
�

107

108



�
�
�

�
�
�



�
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Pipe Run 1-3LB (Elements 83, 793, 292, & 75)

elP13LB 83 793 292 75( )
T

��

ALP13LB PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP13LB� PipeRun_Co� EL�� ���

ALP13LB
T

0.136

0.139

0.136

0.136

0.136

0.132

0.123

0.132

1.511 105
�

1.607 105
�

1.506 105
�

1.511 105
�

1.506 105
�

1.408 105
�

1.105 105
�

1.408 105
�

7.385

7.385

7.385

7.385

7.385

7.485

7.485

7.485

83

83

793

793

292

292

75

75

578

653

577

578

577

922

643

922

25

26

157

158

91

92

13

14



�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-3LC (Elements 661, 660, 73, 656, 901, 900, 899, 898, 663, 887, 886, & 278

elP13LC 661 660 73 656 901 900 899 898 663 887 886 278( )
T

��

ALP13LC PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP13LC� PipeRun_Co� EL�� ���

ALP13LC
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

0.113 48.008·10 10.235 661 640 135

0.131 51.36·10 7.245 661 31.316·10 136

0.158 52.214·10 7.245 660 31.315·10 133

0.131 51.361·10 7.245 660 31.316·10 134

0.159 52.24·10 7.25 73 560 11

0.158 52.215·10 7.245 73 31.315·10 12

0.159 52.242·10 7.25 656 556 125

0.159 52.24·10 7.25 656 560 126

0.159 52.242·10 7.25 901 556 207

0.173 52.679·10 7.38 901 31.475·10 208

0.184 53.039·10 7.375 900 31.474·10 205

0.173 52.679·10 7.38 900 31.475·10 206

0.186 53.106·10 7.375 899 31.473·10 203

0.184 53.039·10 7.375 899 31.474·10 204

0.178 52.862·10 7.375 898 31.472·10 201

0.186 53.106·10 7.375 898 31.473·10 202

�
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Pipe Run 1-3LD (Elements 255 & 880)

elP13LD 255 880( )
T

��

ALP13LD PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP13LD� PipeRun_Co� EL�� ���

ALP13LD
T

0.281

0.194

0.135

0.194

6.137 105
�

3.361 105
�

1.486 105
�

3.36 105
�

6.67

7.385

7.375

7.385

255

255

880

880

626

1.454 103
�

628

1.454 103
�

57

58

165

166



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-4LA (Elements 381, 794, & 81)

elP14LA 381 794 81( )
T

��

ALP14LA PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP14LA� PipeRun_Co� EL�� ���

ALP14LA
T

0.185

0.191

0.185

0.185

0.185

0.155

3.071 105
�

3.263 105
�

3.061 105
�

3.071 105
�

3.061 105
�

2.118 105
�

9.52

9.52

9.52

9.52

9.52

7.38

381

381

794

794

81

81

570

1.043 103
�

569

570

569

651

95

96

159

160

21

22



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-4LB (Elements 80)

elP14LB 80( )
T

��

ALP14LB PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP14LB� PipeRun_Co� EL�� ���

ALP14LB
T 0.124

0.138

1.124 105
�

1.591 105
�

7.365

7.375

80

80

639

650

19

20



�
�
�

�
�
�



�
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Pipe Run 1-4LC (Elements 658, 655, 659, 665, 902, 903, 904, 905, 889, 888, & 284)
elP14LC 658 655 659 665 902 903 904 905 889 888 284( )

T
��

ALP14LC PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP14LC� PipeRun_Co� EL�� ���

ALP14LC
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

0.183 52.996·10 7.255 658 561 129

0.117 49.067·10 9.515 658 638 130

0.183 53.018·10 7.255 655 557 123

0.183 52.997·10 7.255 655 561 124

0.183 53.018·10 7.255 659 557 131

0.189 53.206·10 7.255 659 31.32·10 132

0.189 53.205·10 7.255 665 31.32·10 143

0.183 53.02·10 7.14 665 31.476·10 144

0.183 53.02·10 7.14 902 31.476·10 209

0.183 53.008·10 7.365 902 31.477·10 210

0.183 53.009·10 7.365 903 31.477·10 211

0.189 53.206·10 7.37 903 31.478·10 212

0.189 53.207·10 7.37 904 31.478·10 213

0.188 53.165·10 7.375 904 31.479·10 214

0.179 52.886·10 7.375 905 882 215

0.188 53.165·10 7.375 905 31.479·10 216

�

Pipe Run 1-4LD (Elements 256 & 881)
elP14LD 256 881( )

T
��

ALP14LD PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP14LD� PipeRun_Co� EL�� ���

ALP14LD
T

0.457

0.293

0.144

0.293

1.17 106
�

6.517 105
�

1.781 105
�

6.516 105
�

7.4

7.395

7.38

7.395

256

256

881

881

627

1.455 103
�

629

1.455 103
�

59

60

167

168



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Writing Output Data for Pipe Runs Associated with Lines 1-1L, 2L, 3L, & 4L.
PR1 ALP11LA

T
�� PR5 ALP12LA

T
�� PR9 ALP13LA

T
�� PR13 ALP14LA

T
��

PR2 ALP11LB
T

�� PR6 ALP12LB
T

�� PR10 ALP13LB
T

�� PR14 ALP14LB
T

��

PR3 ALP11LC
T

�� PR7 ALP12LC
T

�� PR11 ALP13LC
T

�� PR15 ALP14LC
T

��

PR4 ALP11LD
T

�� PR8 ALP12LD
T

�� PR12 ALP13LD
T

�� PR16 ALP14LD
T

��

P PR1 PR2 PR3 PR4 PR5 PR6 PR7 PR8 PR9 PR10 PR11 PR12 PR13 PR14 PR15 PR16( )��

PipeRunsLine1_1_2_3_4 WRITEPRN "PRLine1-1_2_3_4.prn" P�( )��
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REDUCERS
Reducers Strategy:  Search based on the nodes comprising either end of the reducers.  SRSS combine the
three moments of each of the four node representations (one for each element connected by the node in
question).  Find the maximum of the moment combinations for each element and apply to equation (9) of ASME
III, Division I - NB - 3652 [4].  It is important to not combine the data from both nodes as the geometry for each
is different and (9) must be applied for each node.  The D/C ratio for each node will be determined by dividing the
left side of the equation by the right side of the equation and taking the max of the result.

ReducerDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Reducer P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j ReducerDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� �
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

��



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. D. Landon Date:    09/30/2008

Calculation Sheet 
Page D.3.1-20 of D.3.1-35

Int
Conditions applicable to all reducers

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Reducer_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Reducer Properties for RED(1-1LA) & RED(1-4LA)
Define pertinent reducer variables

Do 24in 18in( )
T

�� Outside Diameter  [5]

t
3
8

in
3
8

in
�
�

��



T

�� Thickness  [5]

P 272psi 272psi( )
T

�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 1.942 103
�

806.631


�
��

��
�


in
4

�

Define primary stress indices

! atan
3in

20in

�
�

��



�� Angular slope of reducer [5]

! 8.531 deg�

B1 0.5 ! 30deg if

1.0 30deg !� 60deg if

��

B1 primary stress Index [4, NB-3683.7] 

B1 0.5�

B2 1.0�� B2 primary stress Index [4, NB-3683.7] 

Reducer 1-1LA (Nodes 745 & 1042)

ndRD11LA_L 745( )
T

�� Node associated with Large end of reducer

ALRD11LA_L Reducer P0 Do0
� t0� I0� B1� B2� S167L� NF� ndRD11LA_L� Reducer_Co� EL�


�
�



��

ALRD11LA_L
T 0.144 3.339 105

� 9.905 745 101 1.213� 105
� 2.034 105

� 2.353� 105
�� ��
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ndRD11LA_S 1042( )
T

�� Node associated with Small end of reducer

ALRD11LA_S Reducer P1 Do1
� t1� I1� B1� B2� S167L� NF� ndRD11LA_S� Reducer_Co� EL�


�
�



��

ALRD11LA_S
T 0.148 2.979 105

� 13.42 1.042 103
� 94 7.429� 104

� 2.148 105
� 1.926� 105

���

Reducer 1-4LA (Nodes 746 & 1043)
ndRD14LA_L 746( )

T
�� Node associated with Large end of reducer

ALRD14LA_L Reducer P0 Do0
� t0� I0� B1� B2� S167L� NF� ndRD14LA_L� Reducer_Co� EL�


�
�



��

ALRD14LA_L
T 0.148 3.611 105

� 9.52 746 103 1.499 105
� 1.975� 105

� 2.625� 105
�� ��

ndRD14LA_S 1043( )
T

�� Node associated with Small end of reducer

ALRD14LA_S Reducer P1 Do1
� t1� I1� B1� B2� S167L� NF� ndRD14LA_S� Reducer_Co� EL�


�
�



��

ALRD14LA_S
T 0.155 3.263 105

� 9.52 1.043 103
� 96 1.445 105

� 1.611� 105
� 2.442� 105

�� ��

Reducer Properties for RED(1-1LB), RED(1-4LB), RED(1-2L), & RED(1-3L)
Define pertinent reducer variables

Do 18in 16in( )
T

�� Outside Diameter  [6,7]

t 0.312in 0.312in( )
T

�� Thickness  [6,7]

P 272psi 272psi( )
T

�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I
678.244

473.248


�
�

�
�



in
4

�

Define primary stress indices

! atan
1in

15in

�
�

��



�� Angular slope of reducer [6,7]

! 3.814 deg�

B1 0.5 ! 30deg if

1.0 30deg !� 60deg if

��

B1 primary stress Index [4, NB-3683.7] 

B1 0.5�

B2 1.0�� B2 primary stress Index [4, NB-3683.7] 
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Reducer 1-1LB (Nodes 625 & 549)

ndRD11LB_L 625( )
T

�� Node associated with Large end of reducer

ALRD11LB_L Reducer P0 Do0
� t0� I0� B1� B2� S167L� NF� ndRD11LB_L� Reducer_Co� EL�


�
�



��

ALRD11LB_L
T 0.411 1.082 106

� 7.4 625 65 1.081� 106
� 4.089� 104

� 3.188� 104
�� ��

ndRD11LB_S 549( )
T

�� Node associated with Small end of reducer

ALRD11LB_S Reducer P1 Do1
� t1� I1� B1� B2� S167L� NF� ndRD11LB_S� Reducer_Co� EL�


�
�



��

ALRD11LB_S
T 0.567 1.288 106

� 7.4 549 69 1.286 106
� 4.603 104

� 3.257 104
�� ��

Reducer 1-2L (Nodes 624 & 548)

ndRD12L_L 624( )
T

�� Node associated with Large end of reducer

ALRD12L_L Reducer P0 Do0
� t0� I0� B1� B2� S167L� NF� ndRD12L_L� Reducer_Co� EL�


�
�



��

ALRD12L_L
T 0.308 7.385 105

� 7.39 624 67 7.02� 105
� 1.956� 105

� 1.198� 105
�� ��

ndRD12L_S 548( )
T

�� Node associated with Small end of reducer

ALRD12L_S Reducer P1 Do1
� t1� I1� B1� B2� S167L� NF� ndRD12L_S� Reducer_Co� EL�


�
�



��

ALRD12L_S
T 0.412 8.791 105

� 7.39 548 71 8.392 105
� 2.303 105

� 1.244 105
�� ��

Reducer 1-3L (Nodes 626 & 547)

ndRD13L_L 626( )
T

�� Node associated with Large end of reducer

ALRD13L_L Reducer P0 Do0
� t0� I0� B1� B2� S167L� NF� ndRD13L_L� Reducer_Co� EL�


�
�



��

ALRD13L_L
T 0.271 6.137 105

� 6.67 626 63 5.5 105
� 2.527 105

� 1.014� 105
�� ��

ndRD13L_S 547( )
T

�� Node associated with Small end of reducer

ALRD13L_S Reducer P1 Do1
� t1� I1� B1� B2� S167L� NF� ndRD13L_S� Reducer_Co� EL�


�
�



��

ALRD13L_S
T 0.358 7.353 105

� 6.67 547 75 6.637� 105
� 2.977� 105

� 1.074 105
�� ��
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Reducer 1-4LB (Nodes 627 & 546)

ndRD14LB_L 627( )
T

�� Node associated with Large end of reducer

ALRD14LB_L Reducer P0 Do0
� t0� I0� B1� B2� S167L� NF� ndRD14LB_L� Reducer_Co� EL�


�
�



��

ALRD14LB_L
T 0.437 1.17 106

� 7.4 627 61 1.164 106
� 1.027 105

� 6.285� 104
�� ��

ndRD14LB_S 546( )
T

�� Node associated with Small end of reducer

ALRD14LB_S Reducer P1 Do1
� t1� I1� B1� B2� S167L� NF� ndRD14LB_S� Reducer_Co� EL�


�
�



��

ALRD14LB_S
T 0.607 1.391 106

� 7.4 546 73 1.385� 106
� 1.169� 105

� 6.474 104
�� ��

Writing Output Data for Reducers Associated with Lines 1-1L, 1-2L, 1-3L, & 1-4L 

RL1 ALRD11LA_L
T

��

RS1 ALRD11LA_S
T

��

RL2 ALRD14LA_L
T

��

RS2 ALRD14LA_S
T

��

RL3 ALRD11LB_L
T

��

RS3 ALRD11LB_S
T

��

RL4 ALRD12L_L
T

��

RS4 ALRD12L_S
T

��

RL5 ALRD13L_L
T

��

RS5 ALRD13L_S
T

��

RL6 ALRD14LB_L
T

��

RS6 ALRD14LB_S
T

��

R RL1 RS1 RL2 RS2 RL3 RS3 RL4 RS4 RL5 RS5 RL6 RS6( )��

ReducersLine1_1_2_3_4 WRITEPRN "RedLine1-1_2_3_4.prn" R�( )��
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ELBOWS
Elbows Strategy:  Search based on the two nodes comprising the ends of each elbow.  SRSS combine the
three moments of each of the four node representations (one for each element connected by the nodes in
question).  Find the maximum of the four moment combinations and apply to equation (9) of ASME III, Division I -
NB - 3652 [4]. The D/C ratio will be determined by dividing the left side of the equation by the right side of the
equation.

ElbowDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Elbow P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j ElbowDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� M�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all elbows

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Elb_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Elbow Properties for Elbows 1-1LA, 1-1LC, 1-2LA, 1-2LB, 1-2LC, 1-3LA, 1-3LB, 1-3LC,
1-4LA, & 1-4LC

Define pertinent elbow variables

Do 18in�� Outside Diameter  [5,6,7]

t 0.312in�� Thickness  [5,6,7]

P 272psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 678.244 in
4

�

R 1.5 Do��� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.108� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0� B1 primary stress Index [4, NB-3683.7] 
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B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 5.743� B2 primary stress Index [4, NB-3683.7] 

Elbow 1-1LA (Nodes 649 & 648)
ndEL11LA_1 649( )

T
��

ALEL11LA_nd649 Elbow P Do� t� I� B1� B2� S167L� NF� ndEL11LA_1� Elb_Co� EL�� ���

ALEL11LA_nd649
T 0.329 1.919 105

� 7.385 649 49 1.378� 105
� 2.251 104

� 1.317� 105
�� ��

ndEL11LA_2 648( )
T

��

ALEL11LA_nd648 Elbow P Do� t� I� B1� B2� S167L� NF� ndEL11LA_2� Elb_Co� EL�� ���

ALEL11LA_nd648
T 0.236 1.376 105

� 7.38 648 48 1.125 105
� 2.297� 104

� 7.582 104
�� ��

Elbow 1-1LC (Nodes 632 & 631)
ndEL11LC_1 632( )

T
��

ALEL11LC_nd632 Elbow P Do� t� I� B1� B2� S167L� NF� ndEL11LC_1� Elb_Co� EL�� ���

ALEL11LC_nd632
T 0.312 1.823 105

� 7.405 632 79 1.817� 105
� 1.059 103

� 1.501 104
�� ��

ndEL11LC_2 631( )
T

��

ALEL11LC_nd631 Elbow P Do� t� I� B1� B2� S167L� NF� ndEL11LC_2� Elb_Co� EL�� ���

ALEL11LC_nd631
T 0.301 1.76 105

� 6.67 631 161 1.123� 105
� 4.302� 104

� 1.285� 105
�� ��

Elbow 1-2LA (Nodes 655 & 652)
ndEL12LA_1 655( )

T
��

ALEL12LA_nd655 Elbow P Do� t� I� B1� B2� S167L� NF� ndEL12LA_1� Elb_Co� EL�� ���

ALEL12LA_nd655
T 0.202 1.18 105

� 7.615 655 110 3.751� 104
� 7.146� 104

� 8.602� 104
�� ��

ndEL12LA_2 652( )
T

��

ALEL12LA_nd652 Elbow P Do� t� I� B1� B2� S167L� NF� ndEL12LA_2� Elb_Co� EL�� ���

ALEL12LA_nd652
T 0.25 1.459 105

� 7.62 652 109 4.498 104
� 8.569 104

� 1.092 105
�� ��
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Elbow 1-2LB (Nodes 642 & 641)
ndEL12LB_1 642( )

T
��

ALEL12LB_nd642 Elbow P Do� t� I� B1� B2� S167L� NF� ndEL12LB_1� Elb_Co� EL�� ���

ALEL12LB_nd642
T 0.212 1.241 105

� 7.485 642 9 3.428� 104
� 2.402 104

� 1.168� 105
�� ��

ndEL12LB_2 641( )
T

��

ALEL12LB_nd641 Elbow P Do� t� I� B1� B2� S167L� NF� ndEL12LB_2� Elb_Co� EL�� ���

ALEL12LB_nd641
T 0.155 9.03 104

� 9.905 641 39 6.919 104
� 4.065 104

� 4.139� 104
�� ��

Elbow 1-2LC (Nodes 633 & 630)
ndEL12LC_1 633( )

T
��

ALEL12LC_nd633 Elbow P Do� t� I� B1� B2� S167L� NF� ndEL12LC_1� Elb_Co� EL�� ���

ALEL12LC_nd633
T 0.224 1.307 105

� 7.39 633 77 1.101� 105
� 3.849� 104

� 5.908 104
�� ��

ndEL12LC_2 630( )
T

��

ALEL12LC_nd630 Elbow P Do� t� I� B1� B2� S167L� NF� ndEL12LC_2� Elb_Co� EL�� ���

ALEL12LC_nd630
T 0.282 1.647 105

� 6.665 630 163 3.667� 104
� 1.923� 104

� 1.594� 105
���

Elbow 1-3LA (Nodes 656 & 653)
ndEL13LA_1 656( )

T
��

ALEL13LA_nd656 Elbow P Do� t� I� B1� B2� S167L� NF� ndEL13LA_1� Elb_Co� EL�� ���

ALEL13LA_nd656
T 0.215 1.256 105

� 7.39 656 113 4.287 104
� 3.53 104

� 1.126� 105
�� ��

ndEL13LA_2 653( )
T

��

ALEL13LA_nd653 Elbow P Do� t� I� B1� B2� S167L� NF� ndEL13LA_2� Elb_Co� EL�� ���

ALEL13LA_nd653
T 0.275 1.607 105

� 7.385 653 112 5.395� 104
� 4.568� 104

� 1.444 105
�� ��

Elbow 1-3LB (Nodes 643 & 640)
ndEL13LB_1 643( )

T
��

ALEL13LB_nd643 Elbow P Do� t� I� B1� B2� S167L� NF� ndEL13LB_1� Elb_Co� EL�� ���

ALEL13LB_nd643
T 0.189 1.105 105

� 7.485 643 13 1.565 104
� 3.112� 104

� 1.049� 105
�� ��

ndEL13LB_2 640( )
T

��

ALEL13LB_nd640 Elbow P Do� t� I� B1� B2� S167L� NF� ndEL13LB_2� Elb_Co� EL�� ���

ALEL13LB_nd640
T 0.137 8.008 104

� 10.235 640 135 5.743 104
� 2.634 104

� 4.92 104
�� ��
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Elbow 1-3LC (Nodes 634 & 628)
ndEL13LC_1 634( )

T
��

ALEL13LC_nd634 Elbow P Do� t� I� B1� B2� S167L� NF� ndEL13LC_1� Elb_Co� EL�� ���

ALEL13LC_nd634
T 0.197 1.152 105

� 7.38 634 83 8.466 104
� 4.383 104

� 6.475 104
�� ��

ndEL13LC_2 628( )
T

��

ALEL13LC_nd628 Elbow P Do� t� I� B1� B2� S167L� NF� ndEL13LC_2� Elb_Co� EL�� ���

ALEL13LC_nd628
T 0.254 1.486 105

� 7.375 628 165 4.901 104
� 2.926 104

� 1.372� 105
�� ��

Elbow 1-4LA (Nodes 651 & 650)
ndEL11LA_1 651( )

T
��

ALEL11LA_nd651 Elbow P Do� t� I� B1� B2� S167L� NF� ndEL11LA_1� Elb_Co� EL�� ���

ALEL11LA_nd651
T 0.363 2.118 105

� 7.38 651 22 1.589� 105
� 3.887 104

� 1.346 105
�� ��

ndEL11LA_2 650( )
T

��

ALEL11LA_nd650 Elbow P Do� t� I� B1� B2� S167L� NF� ndEL11LA_2� Elb_Co� EL�� ���

ALEL11LA_nd650
T 0.272 1.592 105

� 7.375 650 45 1.353� 105
� 3.499 104

� 7.608 104
�� ��

Elbow 1-4LC (Nodes 635 & 629)
ndEL11LC_1 635( )

T
��

ALEL11LC_nd635 Elbow P Do� t� I� B1� B2� S167L� NF� ndEL11LC_1� Elb_Co� EL�� ���

ALEL11LC_nd635
T 0.339 1.981 105

� 7.4 635 85 1.954 105
� 461.063 3.28 104

�� ��

ndEL11LC_2 629( )
T

��

ALEL11LC_nd629 Elbow P Do� t� I� B1� B2� S167L� NF� ndEL11LC_2� Elb_Co� EL�� ���

ALEL11LC_nd629
T 0.305 1.781 105

� 7.38 629 167 1.41 105
� 4.661 104

� 9.819� 104
�� ��
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Elbow Properties for EL(1-1LB) & EL(1-4LB)
Define pertinent elbow variables

Do 18in�� Outside Diameter  [6,7]

t 0.312in�� Thickness  [6,7]

P 272psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 678.244 in
4

�

R 1 Do��� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.072� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0� B1 primary stress Index [4, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 7.525� B2 primary stress Index [4, NB-3683.7] 

Elbow 1-1LB (Nodes 637 & 636)
ndEL11LB_1 637( )

T
��

ALEL11LB_nd637 Elbow P Do� t� I� B1� B2� S167L� NF� ndEL11LB_1� Elb_Co� EL�� ���

ALEL11LB_nd637
T 0.254 1.131 105

� 7.13 637 15 1.083 105
� 6.652� 103

� 3.18 104
�� ��

ndEL11LB_2 636( )
T

��

ALEL11LB_nd636 Elbow P Do� t� I� B1� B2� S167L� NF� ndEL11LB_2� Elb_Co� EL�� ���

ALEL11LB_nd636
T 0.214 9.547 104

� 9.915 636 54 2.673 104
� 2.947 104

� 8.678� 104
�� ��
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Elbow 1-4LB (Nodes 639 & 638)
ndEL14LB_1 639( )

T
��

ALEL14LB_nd639 Elbow P Do� t� I� B1� B2� S167L� NF� ndEL14LB_1� Elb_Co� EL�� ���

ALEL14LB_nd639
T 0.252 1.124 105

� 7.365 639 19 1.036� 105
� 2.533 104

� 3.568 104
�� ��

ndEL14LB_2 638( )
T

��

ALEL14LB_nd638 Elbow P Do� t� I� B1� B2� S167L� NF� ndEL14LB_2� Elb_Co� EL�� ���

ALEL14LB_nd638
T 0.203 9.067 104

� 9.515 638 130 3.795 104
� 2.032 104

� 7.98 104
�� ��

Writing Output Data for Elbows Associated with Lines 13 to 16, 18 to 21, and 171

EL1A ALEL11LA_nd649
T

�� EL6A ALEL13LA_nd656
T

�� EL11A ALEL11LB_nd637
T

��

EL1B ALEL11LA_nd648
T

�� EL6B ALEL13LA_nd653
T

�� EL11B ALEL11LB_nd636
T

��

EL2A ALEL11LC_nd632
T

�� EL7A ALEL13LB_nd643
T

�� EL12A ALEL14LB_nd639
T

��

EL2B ALEL11LC_nd631
T

�� EL7B ALEL13LB_nd640
T

�� EL12B ALEL14LB_nd638
T

��

EL3A ALEL12LA_nd655
T

�� EL8A ALEL13LC_nd634
T

��

EL3B ALEL12LA_nd652
T

�� EL8B ALEL13LC_nd628
T

��

EL4A ALEL12LB_nd642
T

��
EL9A ALEL11LA_nd651

T
��

EL4B ALEL12LB_nd641
T

��
EL9B ALEL11LA_nd650

T
��

EL5A ALEL12LC_nd633
T

��
EL10A ALEL11LC_nd635

T
��

EL5B ALEL12LC_nd630
T

��
EL10B ALEL11LC_nd629

T
��

vEL EL1A EL1B EL2A EL2B EL3A EL3B EL4A EL4B EL5A EL5B EL6A EL6B EL7A EL7B EL8A EL8B EL(��

ElbowLine1_1_2_3_4 WRITEPRN "ElbowLine1-1_2_3_4.prn" vEL�( )��
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FLANGES
Flange Strategy:  Search based on the nodes where flanges occur.  Find the maximum moment combination for
the node and apply to equation (9) of ASME III, Division I - NB - 3652 [4].  Use the geometry of the pipe when
applying (9).  The D/C ratio for each node will be determined by dividing the left side of the equation by the right
side of the equation and taking the max of the result.

FlangeDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Flange P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j FlangeDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� M�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all flanges

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Flange_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Pipe Properties of FL(1-1L(A-D)), FL(1-2L(A-D)), FL(1-3L(A-D)), & FL(1-4L(A-D))
Define pertinent pipe variables

Do 18in�� Outside Diameter  [6,7]

t 0.312in�� Thickness  [6,7]

P 272psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 678.244 in
4

�

Define primary stress indices (Utilize girth weld characteristic associated with lap joint flanges in determining
values)

B1 0.5�� B1 for a girth weld [4, Table NB-3681(a)-1, pg 130] 

B2 1�� B2 for a girth weld [4, Table NB-3681(a)-1, pg 130] 

Flange 1-1LA (Node 571)
ndFL11LA 571( )

T
��

ALFL11LA Flange P Do� t� I� B1� B2� S167L� NF� ndFL11LA� Flange_Co� EL�� ���

ALFL11LA
T 0.171 2.791 105

� 13.42 571 156 7.431� 104
� 1.922 105

� 1.882� 105
�� ��

Flange 1-1LB (Node 568)
ndFL11LB 568( )

T
��

ALFL11LB Flange P Do� t� I� B1� B2� S167L� NF� ndFL11LB� Flange_Co� EL�� ���

ALFL11LB
T 0.171 2.781 105

� 13.42 568 17 7.436� 104
� 1.912 105

� 1.878� 105
�� ��
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Flange 1-1LC (Node 558)
ndFL11LC 558( )

T
��

ALFL11LC Flange P Do� t� I� B1� B2� S167L� NF� ndFL11LC� Flange_Co� EL�� ���

ALFL11LC
T 0.196 3.619 105

� 7.03 558 120 3.503� 105
� 2.873� 104

� 8.638� 104
�� ��

Flange 1-1LD (Node 554)
ndFL11LD 554( )

T
��

ALFL11LD Flange P Do� t� I� B1� B2� S167L� NF� ndFL11LD� Flange_Co� EL�� ���

ALFL11LD
T 0.197 3.645 105

� 7.03 554 141 3.528� 105
� 2.872� 104

� 8.704� 104
�� ��

Flange 1-2LA (Node 579)
ndFL12LA 579( )

T
��

ALFL12LA Flange P Do� t� I� B1� B2� S167L� NF� ndFL12LA� Flange_Co� EL�� ���

ALFL12LA
T 0.132 1.479 105

� 7.385 579 154 6.686� 104
� 9.108� 103

� 1.316� 105
�� ��

Flange  1-2LB (Node 576)
ndFL12LB 576( )

T
��

ALFL12LB Flange P Do� t� I� B1� B2� S167L� NF� ndFL12LB� Flange_Co� EL�� ���

ALFL12LB
T 0.132 1.475 105

� 7.385 576 89 6.687� 104
� 8.918� 103

� 1.312� 105
�� ��

Flange 1-2LC (Node 559)
ndFL12LC 559( )

T
��

ALFL12LC Flange P Do� t� I� B1� B2� S167L� NF� ndFL12LC� Flange_Co� EL�� ���

ALFL12LC
T 0.167 2.644 105

� 7.035 559 122 2.206� 105
� 4.638� 104

� 1.381� 105
�� ��

Flange 1-2LD (Node 555)
ndFL12LD 555( )

T
��

ALFL12LD Flange P Do� t� I� B1� B2� S167L� NF� ndFL12LD� Flange_Co� EL�� ���

ALFL12LD
T 0.167 2.643 105

� 7.035 555 199 2.201� 105
� 4.643� 104

� 1.388� 105
�� ��
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Flange 1-3LA (Node 578)
ndFL13LA 578( )

T
��

ALFL13LA Flange P Do� t� I� B1� B2� S167L� NF� ndFL13LA� Flange_Co� EL�� ���

ALFL13LA
T 0.133 1.511 105

� 7.385 578 25 5.392� 104
� 1.375� 104

� 1.405 105
�� ��

Flange 1-3LB (Node 577)
ndFL13LB 577( )

T
��

ALFL13LB Flange P Do� t� I� B1� B2� S167L� NF� ndFL13LB� Flange_Co� EL�� ���

ALFL13LB
T 0.133 1.506 105

� 7.385 577 157 5.393� 104
� 1.341� 104

� 1.4 105
�� ��

Flange 1-3LC (Node 560)
ndFL13LC 560( )

T
��

ALFL13LC Flange P Do� t� I� B1� B2� S167L� NF� ndFL13LC� Flange_Co� EL�� ���

ALFL13LC
T 0.155 2.24 105

� 7.25 560 126 1.848 105
� 4.148 104

� 1.197� 105
�� ��

Flange 1-3LD (Node 556)
ndFL13LD 556( )

T
��

ALFL13LD Flange P Do� t� I� B1� B2� S167L� NF� ndFL13LD� Flange_Co� EL�� ���

ALFL13LD
T 0.155 2.242 105

� 7.25 556 207 1.845 105
� 4.148 104

� 1.204� 105
�� ��

Flange 1-4LA (Node 570)
ndFL14LA 570( )

T
��

ALFL14LA Flange P Do� t� I� B1� B2� S167L� NF� ndFL14LA� Flange_Co� EL�� ���

ALFL14LA
T 0.18 3.071 105

� 9.52 570 160 1.446 105
� 1.401� 105

� 2.32� 105
�� ��

Flange 1-4LB (Node 569)
ndFL14LB 569( )

T
��

ALFL14LB Flange P Do� t� I� B1� B2� S167L� NF� ndFL14LB� Flange_Co� EL�� ���

ALFL14LB
T 0.179 3.061 105

� 9.52 569 21 1.446 105
� 1.391� 105

� 2.312� 105
�� ��
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Flange 1-4LC (Node 561)
ndFL14LC 561( )

T
��

ALFL14LC Flange P Do� t� I� B1� B2� S167L� NF� ndFL14LC� Flange_Co� EL�� ���

ALFL14LC
T 0.177 2.997 105

� 7.255 561 124 2.902 105
� 2.668 104

� 7.012� 104
�� ��

Flange 1-4LD (Node 557)
ndFL14LD 557( )

T
��

ALFL14LD Flange P Do� t� I� B1� B2� S167L� NF� ndFL14LD� Flange_Co� EL�� ���

ALFL14LD
T 0.178 3.018 105

� 7.255 557 131 2.922 105
� 2.668 104

� 7.078� 104
�� ��

Writing Output Data for Flanges Associated with Lines 1-1L, 1-2L, 1-3L, & 1-4L

F1 ALFL11LA
T

�� F9 ALFL13LA
T

��

F2 ALFL11LB
T

�� F10 ALFL13LB
T

��

F3 ALFL11LC
T

�� F11 ALFL13LC
T

��

F4 ALFL11LD
T

�� F12 ALFL13LD
T

��

F5 ALFL12LA
T

�� F13 ALFL14LA
T

��

F6 ALFL12LB
T

�� F14 ALFL14LB
T

��

F7 ALFL12LC
T

�� F15 ALFL14LC
T

��

F8 ALFL12LD
T

�� F16 ALFL14LD
T

��

F F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16( )��

FlangeLine1_1_2_3_4 WRITEPRN "FlangeLine1-1_2_3_4.prn" F�( )��
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Appendix D.3.2

 Demand to Capacity Ratio Calculations for Components
Associated with Lines 1-5, 1-6, and  1-7 of ATR PCS Model 1-4

(NOTE:  Values represented here are shown for one realization (Nodal Force file =
LINES1-5_6_7_test_R1.dat and Element/Nodal order file = EL1-5_6_7.xls ) and may or may not be

consistent with the 80th percentile results contained in Appendix D.4)
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Force Outputs from Abaqus

NF
...\LINE1-5_6_7.dat

�� (N)odal (F)orces for the (M)edium (L)ines of
Model 3 

Defined Elemental and Corresponding Nodal Order

EL
..\EL_5_6_7(9-22-08).xls

�� Element and corresponding nodal order for the
(M)edium (L)ines of Model 3 

Time Boundaries

tinitial 1�� Initial time for which dynamic loading is applied

tfinal 21�� Final time for which dynamic loading stops

Seismic Scale Factor (Fa)

Fa 1�� Seismic scale factor [30]

Allowable Design Stress Intensity Factor (Sm): Sm is defined below for SS304 at temperature 125oF and

SS304L at 125oF.

Sm_125 20ksi�� For SS304 at 125oF [2, pg 316-318] [3, pg 23]  

For SS304L at 125oF [2, pg 316-318] Applicable
only for portions of lines 1-28 and 1-29 closest to
reactor vessel [3, pg 23]

Sm_125L 16.7ksi��

Sm_167 20ksi�� For SS304 at 167oF [2, pg 316-318] [3, pg 23]  

For SS304L at 167oF [2, pg 316-318] Applicable
only for portions of lines 1-28 and 1-29 closest to
reactor vessel [3, pg 23]

Sm_167L 16.7ksi��

Yield Strength (Sy): Sy is defined below for SS304 at temperature 125oF and SS304L at 125oF.

Sy_125 28.35ksi�� For SS304 at 125oF [2, pg 646-648] [3, pg 23]  

For SS304L at 125oF [2, pg 646-648] Applicable
only for portions of lines 1-28 and 1-29 closest to
reactor vessel  [3, pg 23]

Sy_125L 23.85ksi��

Sy_167 26.12ksi�� For SS304 at 125oF [2, pg 646-648] [3, pg 23]  

For SS304L at 125oF [2, pg 646-648] Applicable
only for portions of lines 1-28 and 1-29 closest to
reactor vessel  [3, pg 23]

Sy_167L 22.26ksi��
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Maximum Strength Applicable for Equation 9 (S):  S is defined below for SS304 at temperature 125oF
and SS304L at 125oF.

S125 min 3 Sm_125� 2 Sy_125��� ��� Maximum allowable stress applied to SS304
piping [9, NB-3656]

S125 56.7 ksi�

S125L min 3 Sm_125L� 2 Sy_125L��� ��� Maximum allowable stress applied to SS304L
piping [9, NB-3656]

S125L 47.7 ksi�

S167 min 3 Sm_167� 2 Sy_167��� ��� Maximum allowable stress applied to SS304
piping [9, NB-3656]

S167 52.24 ksi�

S167L min 3 Sm_167L� 2 Sy_167L��� ��� Maximum allowable stress applied to SS304L
piping [9, NB-3656]

S167L 44.52 ksi�
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SUPPORTS
Supports Strategy:  Search based on the node for which the support acts.  If this node is a termination point
there will only be one node to evaluate.  If this node is in line with a section of pipe there will be two
representations of the same node (one for each element on each side of the node) to combine and the difference
between them is the force required of the support.  The D/C ratio for each support will be found by dividing the the
required force found above by the support capacity.

SupDC Pr Pc�� �
Pr

Pc
��

Support nf nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

Int14
Int24



�

�



0 0( )�

Prgj
nfindnfiCo0 1�

1� indndj
��

Prj
nfindnfiCo0 1�

1� i� indndj
� Prgj

�
�
�

��



Co2 0�
� Prgj

��

j 0 last indnd� ����for

PRi

0

j

n

Prn�
�

�

Int1' SupDC PRi Co0 0�
�


�
�



�

Int1 stack Int1' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int11
� Co0 0�

0��if

Int2' SupDC PRi Co1 0�
�


�
�



�

Int2 stack Int2' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int21
� Co1 0�

0��if

i 0 indnfo0
indnfi0

����for

Int1 Int2� �

��
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PR-7 Supports (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_PR7
11.102 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_PR7
0.01 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_PR7

P1_PR7

P2_PR7

Fa

2

0

0


�
�
�
��

��
�
�
�


��

PR-7 (Node 1402)
PR-7 vertically supports the vertical PCS pipe on line 1-7 below the tee connecting lines 1-7 to 1-5 & 1-6.

nd1402PR70
1402�� Node associated with support

AL1PR7_nd1402 AL2PR7_nd1402� � Support NF nd1402PR7� Sup_Co_PR7� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PR7_nd1402
T

2.117 10 5�
� 0.235� 7.23 1.402 103

� 97� ��

AL2PR7_nd1402
T

8.763 10 3�
� 0.088 7.145 1.402 103

� 97� ��

MS-1 Supports (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_MS1_NS
30.55 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_MS1_NS
30.55 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_MS1_NS

P1_MS1_NS

P2_MS1_NS

Fa

1

0

0


�
�
�
��

��
�
�
�


��

Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_MS1_V
30.55 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_MS1_V
30.55 kip�

lbf
�� Tension
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Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_MS1_V

P1_MS1_V

P2_MS1_V

Fa

2

0

0


�
�
�
��

��
�
�
�


��

MS-1 North/South (Node 1401)
MS-1 vertically and laterally supports the vertical PCS pipe on line 1-7 above the tee connecting lines 1-7 to
1-5 & 1-6.

nd1401MS1_NS0
1401�� Node associated with support

AL1MS1_NS_nd1401 AL2MS1_NS_nd1401� � Support NF nd1401MS1_NS� Sup_Co_MS1_NS� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1MS1_NS_nd1401
T

0.931 2.843� 104
� 7.485 1.401 103

� 95� ��

AL2MS1_NS_nd1401
T

1.134 3.464 104
� 7.135 1.401 103

� 95� ��

MS-1 Vertical (Node 1401)
MS-1 vertically and laterally supports the vertical PCS pipe on line 1-7 above the tee connecting lines 1-7 to
1-5 & 1-6.

nd1401MS1_V0
1401�� Node associated with support

AL1MS1_V_nd1401 AL2MS1_V_nd1401� � Support NF nd1401MS1_V� Sup_Co_MS1_V� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1MS1_V_nd1401
T

0.6 1.834� 104
� 7.135 1.401 103

� 95� ��

AL2MS1_V_nd1401
T

0.493 1.505 104
� 7.485 1.401 103

� 95� ��

Tunnel Restraint Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_TR
6.258 kip�

lbf
�� Eastward Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_TR
85.842 kip�

lbf
�� Westward Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to 1, 2, and 3

Sup_Co_TR

P1_TR

P2_TR

Fa

3

0

0


�
�
�
��

��
�
�
�


��
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Tunnel Restraint (Node 1126)
Tunnel Restraint horizontally (E/W) restrains the vertical PCS pipe on line 1-27

nd1126TR0
1126�� Node associated with support

AL1TR_nd1126 AL2TR_nd1126� � Support NF nd1126TR� Sup_Co_TR� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global
coordinate system) 

AL1TR_nd1126
T

2.144 1.342� 104
� 5.915 1.126 103

� 91� ��

AL2TR_nd1126
T

0.186 1.6 104
� 9.09 1.126 103

� 91� ��

RH-19x Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_RH19x
56.28 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_RH19x
45.79kip

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to 1, 2, and 3

Sup_Co_RH19x

P1_RH19x

P2_RH19x

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-19x (Node 1113)
RH-19x vertically supports the vertical PCS pipe on line 1-7 traveling up from the reactor vessel area and
into the tunnel

nd1113RH19x0
1113�� Node associated with support

AL1RH19x_nd1113 AL2RH19x_nd1113� � Support NF nd1113RH19x� Sup_Co_RH19x� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH19x_nd1113
T

0.6 3.375� 104
� 9.885 1.113 103

� 83� ��

AL2RH19x_nd1113
T

0.175 8.005 103
� 7.145 1.113 103

� 83� ��

RH-20x Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_RH20x
56.28 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_RH20x
53.862kip

lbf
�� Compression
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Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to 1, 2, and 3

Sup_Co_RH20x

P1_RH20x

P2_RH20x

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-20x (Node 1114)
RH-20x vertically supports the horizontal PCS pipe on line 1-7 traveling north of RH-19x through the
tunnel.

nd1114RH20x0
1114�� Node associated with support

AL1RH20x_nd1114 AL2RH20x_nd1114� � Support NF nd1114RH20x� Sup_Co_RH20x� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH20x_nd1114
T

0.338 1.904� 104
� 8.545 1.114 103

� 85� ��

AL2RH20x_nd1114
T

0 0 0 0 0( )�

RH-21xA Supports (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_RH21xA
56.28 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_RH21xA
48.204kip

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to 1, 2, and 3

Sup_Co_RH21xA

P1_RH21xA

P2_RH21xA

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-21xA (Node 1117)
RH-21xA vertically supports the horizontal PCS pipe on line 1-7 traveling north of RH-20x through the
tunnel.

nd1117RH21xA0
1117�� Node associated with support

AL1RH21xA_nd1117 AL2RH21xA_nd1117� � Support NF nd1117RH21xA� Sup_Co_RH21xA� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH21xA_nd1117
T

0.24 1.351� 104
� 5.165 1.117 103

� 87� ��

AL2RH21xA_nd1117
T

6.251 10 3�
� 301.327 8.06 1.117 103

� 87� ��
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RH-21xB Supports (1x)
Capacity Result will be combined with the RH-26x support sharing the same embedment anchorage .

Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_RH21xB
28.14 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_RH21xB
48.204kip

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to 1, 2, and 3

Sup_Co_RH21xB

P1_RH21xB

P2_RH21xB

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-21xB (Node 1123)
RH-21xB vertically supports the horizontal PCS pipe on line 1-7 traveling north of RH-21xA through the
tunnel.

nd1123RH21xB0
1123�� Node associated with support

AL1RH21xB_nd1123 AL2RH21xB_nd1123� � Support NF nd1123RH21xB� Sup_Co_RH21xB� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH21xB_nd1123
T

0.892 2.51� 104
� 8.53 1.123 103

� 89� ��

AL2RH21xB_nd1123
T

0 0 0 0 0( )�

RH-22x Supports (1x)
Capacity Result will be combined with the RH-26x support sharing the same embedment anchorage .

Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_RH22x
28.14 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_RH22x
0.01kip

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to 1, 2, and 3

Sup_Co_RH22x

P1_RH22x

P2_RH22x

Fa

2

0

0


�
�
�
��

��
�
�
�


��
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RH-22x (Node 1120)
RH-22x vertically supports the horizontal PCS pipe on line 1-7 traveling north of RH-21xB through the
tunnel.

nd1120RH22xA0
1120�� Node associated with support

AL1RH22xA_nd1120 AL2RH22xA_nd1120� � Support NF nd1120RH22xA� Sup_Co_RH22x� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH22xA_nd1120
T

0.554 1.559� 104
� 5.215 1.12 103

� 111� ��

AL2RH22xA_nd1120
T

0 0 0 0 0( )�

MS-6 Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_MS6
15 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_MS6
15 kip�

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to 1, 2, and 3

Sup_Co_MS6

P1_MS6

P2_MS6

Fa

3

0

0


�
�
�
��

��
�
�
�


��

MS-6 (Node 1413)
MS-6 horizontally (E/W) supports the horizontal (N/S) PCS pipe on line 1-7 just south of RH-22x.

nd1413MS60
1413�� Node associated with support

AL1MS6_nd1413 AL2MS6_nd1413� � Support NF nd1413MS6� Sup_Co_MS6� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1MS6_nd1413
T

6.769 10 3�
� 101.538� 9.2 1.413 103

� 101� ��

AL2MS6_nd1413
T

5.398 10 3�
� 80.973 8.145 1.413 103

� 101� ��
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MS-3 Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_MS3
24.625 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_MS3
24.625 kip�

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to 1, 2, and 3

Sup_Co_MS3

P1_MS3

P2_MS3

Fa

1

0

0


�
�
�
��

��
�
�
�


��

MS-3 (Node 1416)
MS-3 horizontally (N/S) supports the vertical PCS pipe on line 1-7 just north of RH-22x.

nd1416MS30
1416�� Node associated with support

AL1MS3_nd1416 AL2MS3_nd1416� � Support NF nd1416MS3� Sup_Co_MS3� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1MS3_nd1416
T

0.597 1.47� 104
� 7.85 1.416 103

� 105� ��

AL2MS3_nd1416
T

0.517 1.274 104
� 10.08 1.416 103

� 105� ��

MS-4 Supports (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_MS4_NS
15 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_MS4_NS
15 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_MS4_NS

P1_MS4_NS

P2_MS4_NS

Fa

1

0

0


�
�
�
��

��
�
�
�


��

Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_MS4_V
15 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_MS4_V
15 kip�

lbf
�� Tension
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Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_MS4_V

P1_MS4_V

P2_MS4_V

Fa

2

0

0


�
�
�
��

��
�
�
�


��

MS-4 North/South (Node 1418)
MS-4 laterally supports the T(1-7B) above the tee connecting line 1-7 to run 1-8.

nd1418MS4_NS0
1418�� Node associated with support

AL1MS4_NS_nd1418 AL2MS4_NS_nd1418� � Support NF nd1418MS4_NS� Sup_Co_MS4_NS� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1MS4_NS_nd1418
T

1.855 10 3�
� 27.832� 7.405 1.418 103

� 108� ��

AL2MS4_NS_nd1418
T

1.566 10 3�
� 23.494 7.74 1.418 103

� 108� ��

MS-4 Vertical (Node 1418)
MS-4 vertically supports the T(1-7B) above the tee connecting line 1-7 to run 1-8.

nd1418MS4_V0
1418�� Node associated with support

AL1MS4_V_nd1418 AL2MS4_V_nd1418� � Support NF nd1418MS4_V� Sup_Co_MS4_V� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1MS4_V_nd1418
T

0 0 0 0 0( )�

AL2MS4_V_nd1418
T

9.243 10 3�
� 138.639 8.45 1.418 103

� 108� ��

Writing Output Data for Supports Associated with Lines 1-5, 1-6, & 1-7

SA1 AL1PR7_nd1402
T

�� SD2 AL2TR_nd1126
T

�� SH1 AL1RH21xB_nd1123
T

�� SK2 AL2MS3_nd1416
T

��

SA2 AL2PR7_nd1402
T

�� SE1 AL1RH19x_nd1113
T

�� SH2 AL2RH21xB_nd1123
T

�� SL1 AL1MS4_NS_nd1418
T

��

SB1 AL1MS1_NS_nd1401
T

�� SE2 AL2RH19x_nd1113
T

�� SI1 AL1RH22xA_nd1120
T

�� SL2 AL2MS4_NS_nd1418
T

��

SB2 AL2MS1_NS_nd1401
T

�� SF1 AL1RH20x_nd1114
T

�� SI2 AL2RH22xA_nd1120
T

�� SM1 AL1MS4_V_nd1418
T

��

SC1 AL1MS1_V_nd1401
T

�� SF2 AL2RH20x_nd1114
T

�� SJ1 AL1MS6_nd1413
T

��
SM2 AL2MS4_V_nd1418

T
��

SC2 AL2MS1_V_nd1401
T

�� SG1 AL1RH21xA_nd1117
T

�� SJ2 AL2MS6_nd1413
T

��

SD1 AL1TR_nd1126
T

�� SG2 AL2RH21xA_nd1117
T

�� SK1 AL1MS3_nd1416
T

��

S SA1 SA2 SB1 SB2 SC1 SC2 SD1 SD2 SE1 SE2 SF1 SF2 SG1 SG2 SH1 SH2 SI1 SI2 SJ1 SJ2 SK1 SK2(��

SupportsLine1_5_6_7 WRITEPRN "SupLine1-5_6_7.prn" S�( )��
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PIPE RUNS
Pipe Runs Strategy:  Search based on the nodes present in each run of pipe.  Find the maximum moment
combination among all of the nodes and apply to equation (9) of ASME III, Division I - NB - 3652 [9].  Use the
geometry of the pipe when applying (9).  The D/C ratio for each node will be determined by dividing the left side of
the equation by the right side of the equation.

PipeRunDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

PipeRun P Do� t� I� B1� B2� S� nf� el� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indel match el0 EL
0� 	

�

�

�

�

indel stack indel match eli EL
0� 	

�

�

�





�

�

��

�
�
��

i 1 last el( )���for rows el( ) 1�if

M Int5 last indel� ��

�

�



0 0( )�

Mrxg nfindnfiCo0 1�
2� indelj
��

Mryg nfindnfiCo1 1�
2� indelj
��

Mrzg nfindnfiCo2 1�
2� indelj
��

Mrxj
nfindnfiCo0 1�

2� i� indelj
� Mrxg�
�

�
��



Co3 0�
� Mrxg��

Mryj
nfindnfiCo1 1�

2� i� indelj
� Mryg�
�

�
��



Co3 0�
� Mryg��

Mrzj
nfindnfiCo2 1�

2� i� indelj
� Mrzg�
�

�
��



Co3 0�
� Mrzg��

M'j Mrxj


�

�



2
Mryj


�

�



2
� Mrzj



�

�



2
��

Int' j PipeRunDC P Do� t� I� B1� B2� M'j� S�� ��

H Int' j M' j nf
indnfiCo0 1�

1� i� 0� EL
indelj

0� EL
indelj

1� indel j
Mrx
�

�
�

Intk j� Hk�

k 0 5���for

Int' j Int0 j��if

j 0 last indel� ����for

i 0 indnfo0
indnfi0

����for

��
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Int

Conditions applicable to all pipe runs

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

PipeRun_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Pipe Properties for Lines 1-5 & 1-6 

Note:  Influence of SS304 vs. SS304L is accounted for in the function call

Define pertinent pipe variables

Do 24in�� Outside Diameter [4]

t 0.375in�� Thickness [4]

P 272psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 1.942 103
� in

4
�

Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1.101�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. J. Russell    Date:    09/30/2008

Calculation Sheet 
Page D.3.2-15 of D.3.2-30

Pipe Run 1-5A (Element 132 & 295)
elP15A 132 295( )

T
��

ALP15A PipeRun P Do� t� I� B1PR� B2PR� S167� NF� elP15A� PipeRun_Co� EL�� ���

ALP15A
T

0.142

0.191

0.247

0.191

4.513 105
�

8.29 105
�

1.255 106
�

8.292 105
�

8.825

7.135

7.135

7.135

132

132

295

295

646

925

39

925

35

36

56

57



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-6A (Element 133 & 296)
elP16A 133 296( )

T
��

ALP16A PipeRun P Do� t� I� B1PR� B2PR� S167� NF� elP16A� PipeRun_Co� EL�� ���

ALP16A
T

0.146

0.205

0.25

0.205

4.797 105
�

9.369 105
�

1.283 106
�

9.37 105
�

9.88

7.03

7.135

7.03

133

133

296

296

647

926

15

926

37

38

58

59



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-5B (Element 130 & 906)
elP15B 130 906( )

T
��

ALP15B PipeRun P Do� t� I� B1PR� B2PR� S167� NF� elP15B� PipeRun_Co� EL�� ���

ALP15B
T

0.151

0.149

0.145

0.149

5.2 105
�

5.014 105
�

4.713 105
�

5.013 105
�

9.895

9.885

9.88

9.885

130

130

906

906

748

1.48 103
�

645

1.48 103
�

31

32

112

113



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-6B (Element 131 & 907)
elP16B 131 907( )

T
��

ALP16B PipeRun P Do� t� I� B1PR� B2PR� S167� NF� elP16B� PipeRun_Co� EL�� ���

ALP16B
T

0.149

0.143

0.148

0.143

5.047 105
�

4.6 105
�

4.932 105
�

4.599 105
�

9.52

9.525

8.845

9.525

131

131

907

907

747

1.481 103
�

644

1.481 103
�

33

34

114

115



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�
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Pipe Properties for Lines 1-7 
Define pertinent pipe variables Note:  Influence of SS304 vs. SS304L is accounted for in the function ca

Do 36in�� Outside Diameter [4]

t 0.5in�� Thickness [4]

P 272psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 8.786 103
� in

4
�

Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [9, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [9, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X 1.3 0.006
Do

t
���

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1.162�

Pipe Run 1-7A (Elements 88, 922, 921, 315, 920, 919, & 87)
elP17A 88 922 921 315 920 919 87( )

T
��

ALP17A PipeRun P Do� t� I� B1PR� B2PR� S167� NF� elP17A� PipeRun_Co� EL�� ���

ALP17A
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

10

11

12

13

0.132 58.364·10 7.675 88 588 23

0.131 58.079·10 7.68 88 590 24

0.133 58.626·10 7.675 922 588 144

0.138 59.647·10 7.67 922 31.496·10 145

0.137 59.534·10 7.67 921 31.495·10 142

0.138 59.652·10 7.67 921 31.496·10 143

0.132 58.338·10 9.2 315 942 70

0.137 59.538·10 7.67 315 31.495·10 71

0.132 58.336·10 9.2 920 942 140

0.139 59.866·10 9.2 920 31.494·10 141

0.138 59.714·10 9.2 919 31.493·10 138

0.139 59.861·10 9.2 919 31.494·10 139

0.13 58.024·10 9.195 87 662 21

0.138 59.708·10 9.2 87 31.493·10 22

�
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Pipe Run 1-7B (Elements 769 & 86)
elP17B 769 86( )

T
��

ALP17B PipeRun P Do� t� I� B1PR� B2PR� S167� NF� elP17B� PipeRun_Co� EL�� ���

ALP17B
T

0.133

0.135

0.132

0.135

8.603 105
�

8.992 105
�

8.401 105
�

9.003 105
�

13.665

13.665

13.67

13.665

769

769

86

86

661

1.414 103
�

660

1.414 103
�

102

103

19

20



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-7C (Elements 459, 766, 918, 917, 311, 916, 915, 308, 914, 913, 305, 912,
911, 302, 910, & 85)

elP17C 459 766 918 917 311 916 915 308 914 913 305 912 911 302 910 85( )
T

��

ALP17C PipeRun P Do� t� I� B1PR� B2PR� S167� NF� elP17C� PipeRun_Co� EL�� ���

ALP17C
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

0.144 61.102·10 7.48 459 659 80

0.147 61.169·10 7.48 459 31.118·10 81

0.147 61.17·10 7.48 766 31.118·10 98

0.144 61.1·10 7.48 766 31.411·10 99

0.144 61.105·10 7.48 918 31.411·10 136

0.143 61.089·10 10.24 918 31.492·10 137

0.156 61.362·10 10.24 917 31.491·10 134

0.143 61.09·10 10.24 917 31.492·10 135

0.168 61.625·10 10.235 311 939 68

0.156 61.363·10 10.24 311 31.491·10 69

0.168 61.628·10 10.235 916 939 132

0.174 61.755·10 10.235 916 31.49·10 133

0.178 61.841·10 10.235 915 31.489·10 130

0.174 61.755·10 10.235 915 31.49·10 131

0.179 61.869·10 10.23 308 936 66

0.178 61.841·10 10.235 308 31.489·10 67

�

Pipe Run 1-7D (Elements 909, 299, 908, 756, & 84)
elP17D 909 299 908 756 84( )

T
��

ALP17D PipeRun P Do� t� I� B1PR� B2PR� S167� NF� elP17D� PipeRun_Co� EL�� ���

ALP17D
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

0.126 57.045·10 13.42 909 658 118

0.128 57.562·10 13.415 909 31.483·10 119

0.144 61.107·10 7.135 299 927 60

0.128 57.555·10 13.415 299 31.483·10 61

0.144 61.107·10 7.135 908 927 116

0.157 61.398·10 7.135 908 31.482·10 117

0.171 61.694·10 7.135 756 31.399·10 92

0.157 61.398·10 7.135 756 31.482·10 93

0.146 61.152·10 7.135 84 56 15

0.152 61.283·10 7.135 84 31.399·10 16

�
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Writing Output Data for Pipe Runs Associated with Lines 1-5, 1-6, & 1-7

PR1 ALP15A
T

��

PR2 ALP16A
T

��

PR3 ALP15B
T

��

PR4 ALP16B
T

��

PR5 ALP17A
T

��

PR6 ALP17B
T

��

PR7 ALP17C
T

��

PR8 ALP17D
T

��

P PR1 PR2 PR3 PR4 PR5 PR6 PR7 PR8( )��

PipeRunsLine1_5_6_7 WRITEPRN "PRLine1_5_6_7.prn" P�( )��

REDUCERS
Reducers Strategy:  Search based on the nodes comprising either end of the reducers.  SRSS combine the
three moments of each of the four node representations (one for each element connected by the node in
question).  Find the maximum of the moment combinations for each element and apply to equation (9) of ASME
III, Division I - NB - 3652 [9].  It is important to not combine the data from both nodes as the geometry for each
is different and (9) must be applied for each node.  The D/C ratio for each node will be determined by dividing the
left side of the equation by the right side of the equation and taking the max of the result.

ReducerDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��
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Reducer P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j ReducerDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� �
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��

Conditions applicable to all reducers

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Reducer_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��
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Reducer Properties for Lines 1-5 & 1-6
Do 36in 24in( )

T
�� Outside Diameter  [5]

t 0.5in 0.5in( )
T

�� Thickness  [5]

P 272psi 272psi( )
T

�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I
8.786 103

�

2.549 103
�



�
�
�

�
�
�



in
4

�

Define primary stress indices

! atan
6in

24in

�
�

��



�� Angular slope of reducer [5]

! 14.036 deg�

B1 0.5 ! 30deg if

1.0 30deg !� 60deg if

��

B1 primary stress Index [9, NB-3683.7] 
B1 0.5�

B2 1.0�� B2 primary stress Index [9, NB-3683.7] 

Reducer 1-5 (Nodes 53 & 39)
ndRD15_L 53( )

T
�� Node associated with Large end of reducer

ALRD15_L Reducer P0 Do0
� t0� I0� B1� B2� S167� NF� ndRD15_L� Reducer_Co� EL�


�
�



��

ALRD15_L
T

0.155 1.552 106
� 7.135 53 5 1.274� 105

� 1.533 106
� 2.003 105

�� ��

ndRD15_S 39( )
T

�� Node associated with Small end of reducer

ALRD15_S Reducer P1 Do1
� t1� I1� B1� B2� S167� NF� ndRD15_S� Reducer_Co� EL�


�
�



��

ALRD15_S
T

0.176 1.255 106
� 7.135 39 1 3.51 104

� 1.248� 106
� 1.288� 105

�� ��

Reducer 1-6 (Nodes 52 & 15)
ndRD16_L 52( )

T
��

ALRD16_L Reducer P0 Do0
� t0� I0� B1� B2� S167� NF� ndRD16_L� Reducer_Co� EL�


�
�



��

ALRD16_L
T

0.158 1.635 106
� 7.135 52 12 3.763� 104

� 1.613 106
� 2.614� 105

�� ��

ndRD16_S 15( )
T

��

ALRD16_S Reducer P1 Do1
� t1� I1� B1� B2� S167� NF� ndRD16_S� Reducer_Co� EL�


�
�



��

ALRD16_S
T

0.178 1.283 106
� 7.135 15 3 4.386 104

� 1.27 106
� 1.757� 105

�� ��



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. J. Russell    Date:    09/30/2008

Calculation Sheet 
Page D.3.2-21 of D.3.2-30

Writing Output Data for Reducers Associated with Lines 1-5, 1-6, & 1-7

RL1 ALRD15_L
T

��

RS1 ALRD15_S
T

��

RL2 ALRD16_L
T

��

RS2 ALRD16_S
T

��

R RL1 RS1 RL2 RS2( )��

ReducersLine1_5_6_7 WRITEPRN "RedLine1-5_6_7.prn" R�( )��
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ELBOWS
Elbows Strategy:  Search based on the two nodes comprising the ends of each elbow.  SRSS combine the
three moments of each of the four node representations (one for each element connected by the nodes in
question).  Find the maximum of the four moment combinations and apply to equation (9) of ASME III, Division I -
NB - 3652 [9]. The D/C ratio will be determined by dividing the left side of the equation by the right side of the
equation.

ElbowDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Elbow P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j ElbowDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� M�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all elbows

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Elb_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Elbow Properties for Lines 1-5 & 1-6

Define pertinent elbow variables

Do 20in�� Outside Diameter  [4]

t 0.312in�� Thickness  [4]

P 272psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 935.251 in
4

�

R 1.5 Do��� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.097� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0� B1 primary stress Index [9, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 6.175� B2 primary stress Index [9, NB-3683.7] 
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Elbow 1-5 (Nodes 645 & 646)

ndEL15_1 645( )
T

��

ALEL15_nd645 Elbow P Do� t� I� B1� B2� S167� NF� ndEL15_1� Elb_Co� EL�� ���

ALEL15_nd645
T

0.596 4.713 105
� 9.88 645 112 9.354� 104

� 4.219 105
� 1.881� 105

�� ��

ndEL15_2 646( )
T

��

ALEL15_nd646 Elbow P Do� t� I� B1� B2� S167� NF� ndEL15_2� Elb_Co� EL�� ���

ALEL15_nd646
T

0.57 4.513 105
� 8.825 646 40 1.771 105

� 3.503� 105
� 2.228 105

�� ��

Elbow 1-6 (Nodes 644 & 647)

ndEL15_1 644( )
T

��

ALEL15_nd644 Elbow P Do� t� I� B1� B2� S167� NF� ndEL15_1� Elb_Co� EL�� ���

ALEL15_nd644
T

0.623 4.932 105
� 8.845 644 42 5.808� 104

� 4.614 105
� 1.644 105

�� ��

ndEL15_2 647( )
T

��

ALEL15_nd647 Elbow P Do� t� I� B1� B2� S167� NF� ndEL15_2� Elb_Co� EL�� ���

ALEL15_nd647
T

0.606 4.797 105
� 9.88 647 37 2.029 105

� 3.411� 105
� 2.694� 105

�� ��

Elbow Properties for Lines 1-7

Define pertinent elbow variables

Do 36in�� Outside Diameter  [4]

t 0.5in�� Thickness  [4]

P 272psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 8.786 103
� in

4
�

R 1 Do��� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius
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Define primary stress indices

h
t R�

rm
2

�� h 0.057� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0� B1 primary stress Index [9, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 8.764� B2 primary stress Index [9, NB-3683.7] 

Elbow 1-7A (Nodes 586 & 590)
This 36" elbow also has a 6" branch extending at a 45 degree angle and is also analysed as a
branch in the unlisted components sub appendix. 

ndEL17A_1 586( )
T

��

ALEL17A_nd586 Elbow P Do� t� I� B1� B2� S167� NF� ndEL17A_1� Elb_Co� EL�� ���

ALEL17A_nd586
T

0.276 8.027 105
� 7.705 586 25 5.091 104

� 7.516� 105
� 2.772 105

�� ��

ndEL17A_2 590( )
T

��

ALEL17A_nd590 Elbow P Do� t� I� B1� B2� S167� NF� ndEL17A_2� Elb_Co� EL�� ���

ALEL17A_nd590
T

0.278 8.079 105
� 7.68 590 24 3.748� 105

� 6.817 105
� 2.181� 105

�� ��

Elbow 1-7B (Nodes 662 & 661)

ndEL17B_1 662( )
T

��

ALEL17B_nd662 Elbow P Do� t� I� B1� B2� S167� NF� ndEL17B_1� Elb_Co� EL�� ���

ALEL17B_nd662
T

0.276 8.024 105
� 9.195 662 21 7.454 105

� 1.025� 105
� 2.789 105

�� ��

ndEL17B_2 661( )
T

��

ALEL17B_nd661 Elbow P Do� t� I� B1� B2� S167� NF� ndEL17B_2� Elb_Co� EL�� ���

ALEL17B_nd661
T

0.296 8.603 105
� 13.665 661 102 2.957 105

� 6.417� 105
� 4.909� 105

�� ��
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Elbow 1-7C (Nodes 660 & 659)
ndEL17C_1 660( )

T
��

ALEL17C_nd660 Elbow P Do� t� I� B1� B2� S167� NF� ndEL17C_1� Elb_Co� EL�� ���

ALEL17C_nd660
T

0.289 8.402 105
� 13.67 660 49 1.809� 104

� 6.457� 105
� 5.372� 105

�� ��

ndEL17C_2 659( )
T

��

ALEL17C_nd659 Elbow P Do� t� I� B1� B2� S167� NF� ndEL17C_2� Elb_Co� EL�� ���

ALEL17C_nd659
T

0.379 1.102 106
� 7.48 659 80 1.478� 105

� 1.86 105
� 1.077 106

�� ��

Elbow 1-7D (Nodes 657 & 658)
ndEL17D_1 657( )

T
��

ALEL17D_nd657 Elbow P Do� t� I� B1� B2� S167� NF� ndEL17D_1� Elb_Co� EL�� ���

ALEL17D_nd657
T

0.253 7.369 105
� 8.885 657 45 4.981� 105

� 5.428 105
� 1.532 104

�� ��

ndEL17D_2 658( )
T

��

ALEL17D_nd658 Elbow P Do� t� I� B1� B2� S167� NF� ndEL17D_2� Elb_Co� EL�� ���

ALEL17D_nd658
T

0.242 7.048 105
� 13.42 658 46 2.67� 105

� 6.511 105
� 3.891� 104

�� ��

Writing Output Data for Elbows Associated with Lines 1-5, 1-6, & 1-7

EL1A ALEL15_nd645
T

�� EL4A ALEL17B_nd662
T

��

EL1B ALEL15_nd646
T

�� EL4B ALEL17B_nd661
T

��

EL2A ALEL15_nd644
T

�� EL5A ALEL17C_nd660
T

��

EL2B ALEL15_nd647
T

�� EL5B ALEL17C_nd659
T

��

EL3A ALEL17A_nd586
T

�� EL6A ALEL17D_nd657
T

��

EL3B ALEL17A_nd590
T

�� EL6B ALEL17D_nd658
T

��

vEL EL1A EL1B EL2A EL2B EL3A EL3B EL4A EL4B EL5A EL5B EL6A EL6B( )��

ElbowLine1_5_6_7 WRITEPRN "ElbowLine1-5_6_7.prn" vEL�( )��
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FORGED TEES AND FABRICATED BRANCH TEES
Tees Strategy:  Search based on the elements comprising the tee.  The input identifies which elements are
associated with the pipe run and which element is associated with the branch from the run.  The indices for the
defined common node for all three elements is identified and the associated SRSS moment is identified for each
time step.  The maximum moment for the elements comprising the pipe run is found and applied as Mr in
equation (9) of ASME III, Division I - NB - 3652 which is modified to represent tees.  The maximum moment for
the branch element is found and applied as Mb in equation (9) of ASME III, Division I - NB - 3652 [9].  The D/C
ratio will be determined by dividing the left side of the equation by the right side of the equation.

TeeDC P Do� Tr� B1� B2b� B2r� Mb� Mr� Zb� Zr� S�� �
B1

P Do�

2 Tr�
� B2b

Mb 1lbf in�( )�

Zb

�"
"�

�#
#�

�� B2r
Mr 1lbf in�( )�

Zr

�"
"�

�#
#�

��

S
��

Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S� nf� elR� elB� ndR� ndB� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indelR match elR0
EL

0� 	
�
�

�
��



�

indelR stack indelR match elRi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elR� ����for rowsif

EL'R
last EL 0� 	� � 0�

EL'RindelRi
EL

indelRi
1��

i 0 last indelR� ����for

indndR match ndR0
EL'R

0� 	
�
�

�
��



�

indndR stack indndR match ndRi
EL'R

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndR� ����for rif

indelB match elB0
EL

0� 	
�
�

�
��



�

indelB stack indelB match elBi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elB� ����for rowsif

EL'B
last EL 0� 	� � 0�

EL'BindelBi
EL

indelBi
1��

i 0 last indelB� ����for

indndB match ndB0
EL'B

0� 	
�
�

�
��



�

��
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0� 


indndB stack indndB match ndBi
EL'B

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndB� ����for rif

MR MB Int0� � 0 0 0( )�

MrxgRj
nfindnfiCo0 1�

2� indndR j
��

MrygRj
nfindnfiCo1 1�

2� indndR j
��

MrzgRj
nfindnfiCo2 1�

2� indndR j
��

MrxRj
nfindnfiCo0 1�

2� i� indndR j
� MrxgRj

�
�
�

��



C��

MryRj
nfindnfiCo1 1�

2� i� indndR j
� MrygRj

�
�
�

��



C��

MrzRj
nfindnfiCo2 1�

2� i� indndR j
� MrzgRj

�
�
�

��



Co��

MRj
MrxRj


�

�



2
MryRj


�

�



2
� MrzRj



�

�



2
��

MrxgBj
nfindnfiCo0 1�

2� indndBk
��

MrygBj
nfindnfiCo1 1�

2� indndBk
��

MrzgBj
nfindnfiCo2 1�

2� indndBk
��

MrxBj
nfindnfiCo0 1�

2� i� indndBk
� MrxgBj

�
�
�

��



C��

MryBj
nfindnfiCo1 1�

2� i� indndBk
� MrygBj

�
�
�

��



C��

MrzBj
nfindnfiCo2 1�

2� i� indndBk
� MrzgBj

�
�
�

��



C��

MBj
MrxBj


�

�



2
MryBj


�

�



2
� MrzBj



�

�



2
��

Int' j TeeDC P Do� Tr� B1� B2b� B2r� MBj
� MR�


�
�

Int stack Int' j MRj
� MBj

� nf
indnfiCo0 1

1� i�
�
�

�
�

Int' j Int0�if

k 0 last indndB� ����for

j 0 last indndR� ����for

i 0 indnfo0
indnfi0

����for
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0 1��
Result stack MRj

MBj
� MrxRj

� MryRj
� M�


�
�

M MR�

Int

Conditions applicable to forged tee

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(North), y(Up), and z(East) correspond
to positive 1, 2, and 3 and seismic factor

Tee_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

FORGED TEES (LINE 1-7)
Define pertinent tee variables

P 272psi�� Internal Pressure [3, pg 23]

Do 36in�� Outside Diameter [10]

do 36in�� Outside Diameter of branch [10]

B1 0.5�� B1 primary stress Index for tees and branches
[9, NB-3683.9]

Tr 1.375in�� Nominal wall thickness of designated run pipe
[14]

Rm
Do Tr�

2
�� Mean radius of designated run pipe [10]

Zr � Rm
2

� Tr��� Approximate section modulus of designated run
pipe [9, NB-3683.1(d)]

Zr 1.2947 103
� in

3
�

B2b 0.4
Rm

Tr


�
��

��
�


2
3

� 0.4
Rm

Tr


�
��

��
�


2
3

� 1�if

1 otherwise

��
B2b primary stress Index for tees and branches
[9, NB-3683.9]

B2b 2.165�

T'b 1.375in�� Nominal wall thickness of attached branch pipe
[14]

r'm
do T'b�

2
�� Mean radius of attached branch pipe [10]
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Zb � r'm
2

� T'b��� Approximate section modulus of attached branch
pipe [9, NB-3683.1(d)]

Zb 1.295 103
� in

3
�

B2r 0.5
Rm

Tr


�
��

��
�


2
3

� 0.5
Rm

Tr


�
��

��
�


2
3

� 1�if

1 otherwise

�� B2r primary stress Index for tees and branches [9,
NB-3683.9]

B2r 2.706�

Tee 1-7A (Node 591)
elRTee17A 90 91( )

T
�� Elements associated with pipe run

ndRTee17A 591( )
T

�� Node between pipe run elements

elBTee17A 89( )
T

�� Element associated with branch

ndBTee17A 591( )
T

�� Node where branch intersects pipe run

ALTee17A Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S167� NF� elRTee17A� elBTee17A� ndRTee17A� ndBTee17A� Tee����

ALTee17A
T

0.1 1.033 106
� 7.768 105

� 9.21 591 27 29 26� ��

Tee 1-7B (Node 51)
elRTee17A 59 60( )

T
�� Elements associated with pipe run

ndRTee17A 51( )
T

�� Node between pipe run elements

elBTee17A 61( )
T

�� Element associated with branch

ndBTee17A 51( )
T

�� Node where branch intersects pipe run

ALTee17A Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S167� NF� elRTee17A� elBTee17A� ndRTee17A� ndBTee17A� Tee����

ALTee17A
T

0.13 2.006 106
� 4.928 105

� 7.135 51 9 11 13� ��

Writing Output Data for Tees Associated with Lines 1-5, 1-6, & 1-7

T1 ALTee17A
T

��

T2 ALTee17A
T

��

vT T1 T2( )��

TeeLine1_5_6_7 WRITEPRN "TeeLine1-5_6_7.prn" vT�( )��
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Appendix D.3.3

 Demand to Capacity Ratio Calculations for Components
Associated with Lines 1-8, 1-9, 1-10, 1-11, 1-12, and 1-170  of ATR PCS

Model 1-4

(NOTE:  Values represented here are shown for one realization (Nodal Force file =
LINE1-8_9_10_11_12_170_test_R1.dat and Element/Nodal order file = EL1- 8_9_10_11_12_170_.xls)
and may or may not be consistent with the 80th percentile results contained in Appendix D.4)
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Force Outputs from Abaqus

NF
..\LINE1-8_9_10_11_12_170.da

�� (N)odal (F)orces for Model 1-4 

Defined Elemental and Corresponding Nodal Order

EL
.\EL_8_9_10_11_12_170(9-22-08).xls

�� Element and corresponding nodal order  for
Model 1-4 

Time Boundaries

tinitial 1�� Initial time for which dynamic loading is applied

tfinal 21�� Final time for which dynamic loading stops

Seismic Scale Factor (Fa)

Fa 1�� Seismic scale factor [9]

Allowable Design Stress Intensity Factor (Sm): Sm is defined below for SS304 at temperature 125oF and

SS304L at 125oF.

Sm_125 20ksi�� For SS304 at 125oF [2, pg 316-318] [3, pg 23]  

For SS304L at 125oF [2, pg 316-318] Applicable
only for portions of lines 1-1, 1-2, 1-3, 1-4, 1-5,
and 1-6 closest to reactor vessel [3, pg 23]

Sm_125L 16.7ksi��

Sm_167 20ksi�� For SS304 at 167oF [2, pg 316-318] [3, pg 23]  

For SS304L at 167oF [2, pg 316-318] Applicable
only for portions of lines 1-1, 1-2, 1-3, 1-4, 1-5,
and 1-6 closest to reactor vessel [3, pg 23]

Sm_167L 16.7ksi��

Yield Strength (Sy): Sy is defined below for SS304 at temperature 125oF and SS304L at 125oF.

Sy_125 28.35ksi�� For SS304 at 125oF [2, pg 646-648] [3, pg 23]  

For SS304L at 125oF [2, pg 646-648] Applicable
only for portions of lines 1-1, 1-2, 1-3, 1-4, 1-5,
and 1-6 closest to reactor vessel [3, pg 23]

Sy_125L 23.85ksi��

Sy_167 26.12ksi�� For SS304 at 125oF [2, pg 646-648] [3, pg 23]  

For SS304L at 125oF [2, pg 646-648] Applicable
only for portions of lines 1-1, 1-2, 1-3, 1-4, 1-5,
and 1-6 closest to reactor vessel [3, pg 23]

Sy_167L 22.26ksi��
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Maximum Strength Applicable for Equation 9 (S):  S is defined below for SS304 at temperature 125oF
and SS304L at 125oF.

S125 min 3 Sm_125� 2 Sy_125��� ��� Maximum allowable stress applied to SS304
piping [4, NB-3656]

S125 56.7 ksi�

S125L min 3 Sm_125L� 2 Sy_125L��� ��� Maximum allowable stress applied to SS304L
piping [4, NB-3656]

S125L 47.7 ksi�

S167 min 3 Sm_167� 2 Sy_167��� ��� Maximum allowable stress applied to SS304
piping [4, NB-3656]

S167 52.24 ksi�

S167L min 3 Sm_167L� 2 Sy_167L��� ��� Maximum allowable stress applied to SS304L
piping [4, NB-3656]

S167L 44.52 ksi�
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SUPPORTS
Supports Strategy:  Search based on the node for which the support acts.  If this node is a termination point
there will only be one node to evaluate.  If this node is in line with a section of pipe there will be two
representations of the same node (one for each element on each side of the node) to combine and the difference
between them is the force required of the support.  The D/C ratio for each support will be found by dividing the the
required force found above by the support capacity.

SupDC Pr Pc�� �
Pr

Pc
��

Support nf nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

Int14
Int24



�

�



0 0( )�

Prgj
nfindnfiCo0 1�

1� indndj
��

Prj
nfindnfiCo0 1�

1� i� indndj
� Prgj

�
�
�

��



Co2 0�
� Prgj

��

j 0 last indnd� ����for

PRi

0

j

n

Prn�
�

�

Int1' SupDC PRi Co0 0�
�


�
�



�

Int1 stack Int1' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int11
� Co0 0�

0��if

Int2' SupDC PRi Co1 0�
�


�
�



�

Int2 stack Int2' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int21
� Co1 0�

0��if

i 0 indnfo0
indnfi0

����for

Int1 Int2� �

��
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PS-20b Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_PS20b
155.021 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_PS20b
14.07 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_PS20b

P1_PS20b

P2_PS20b

Fa

2

0

0


�
�
�
��

��
�
�
�


��

PS-20b (Node 1105)
PS-20b vertically supports EL(1-170A) on line 1-170.

nd1105PS20b0
1105�� Node associated with support

AL1PS20b_nd1105 AL2PS20b_nd1105� � Support NF nd1105PS20b� Sup_Co_PS20b� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PS20b_nd1105
T 0.11 1.705� 104

� 7.715 1.105 103
� 110� ��

AL2PS20b_nd1105
T 0.423 5.948 103

� 13.24 1.105 103
� 110� ��

PS-8 Support (4x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]P1_PS8

75.565 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_PS8
14.07 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_PS8

P1_PS8

P2_PS8

Fa

2

0

0


�
�
�
��

��
�
�
�


��

PS-8E (Node 1106)
PS-8E vertically supports EL(1-9A) on line 1-9.

nd1106PS8E0
1106�� Node associated with support

AL1PS8E_nd1106 AL2PS8E_nd1106� � Support NF nd1106PS8E� Sup_Co_PS8� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PS8E_nd1106
T 0.32 2.415� 104

� 13.615 1.106 103
� 112� ��

AL2PS8E_nd1106
T 0.769 1.083 104

� 13.28 1.106 103
� 112� ��
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PS-8F (Node 1107)
PS-8F vertically supports EL(1-10A) on line 1-10.

nd1107PS8F0
1107�� Node associated with support

AL1PS8F_nd1107 AL2PS8F_nd1107� � Support NF nd1107PS8F� Sup_Co_PS8� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global
coordinate system) 

AL1PS8F_nd1107
T 0.32 2.416� 104

� 9.875 1.107 103
� 114� ��

AL2PS8F_nd1107
T 0.707 9.946 103

� 10.19 1.107 103
� 114� ��

PS-8G (Node 1108)
PS-8G vertically supports EL(1-11A) on line 1-11.

nd1108PS8G0
1108�� Node associated with support

AL1PS8G_nd1108 AL2PS8G_nd1108� � Support NF nd1108PS8G� Sup_Co_PS8� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PS8G_nd1108
T 0.383 2.897� 104

� 13.62 1.108 103
� 116� ��

AL2PS8G_nd1108
T 0.816 1.148 104

� 13.295 1.108 103
� 116� ��

PS-8H (Node 1109)
PS-8H vertically supports EL(1-12A) on line 1-12.

nd1109PS8H0
1109�� Node associated with support

AL1PS8H_nd1109 AL2PS8H_nd1109� � Support NF nd1109PS8H� Sup_Co_PS8� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global
coordinate system) 

AL1PS8H_nd1109
T 0.311 2.353� 104

� 8.405 1.109 103
� 118� ��

AL2PS8H_nd1109
T 1.013 1.426 104

� 10.24 1.109 103
� 118� ��

MS-4 Supports (1x)
Results will be SRSS combined in compolation file in order to identify axial D/C ratios.

Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_MS4_NS
15 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_MS4_NS
15 kip�

lbf
�� Tension
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Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_MS4_NS

P1_MS4_NS

P2_MS4_NS

Fa

1

0

0


�
�
�
��

��
�
�
�


��

Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_MS4_V
15 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_MS4_V
15 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_MS4_V

P1_MS4_V

P2_MS4_V

Fa

2

0

0


�
�
�
��

��
�
�
�


��

MS-4 North/South (Node 1418)
MS-4 vertically and laterally supports the east side of T(1-7A)

nd1418MS4_NS0
1418�� Node associated with support

AL1MS4_NS_nd1418 AL2MS4_NS_nd1418� � Support NF nd1418MS4_NS� Sup_Co_MS4_NS� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1MS4_NS_nd1418
T 1.855 10 3�

� 27.832� 7.405 1.418 103
� 123� ��

AL2MS4_NS_nd1418
T 1.566 10 3�

� 23.494 7.74 1.418 103
� 123� ��

MS-4 Vertical (Node 1418)
MS-4 vertically and laterally supports the east side of T(1-7A)

nd1418MS4_V0
1418�� Node associated with support

AL1MS4_V_nd1418 AL2MS4_V_nd1418� � Support NF nd1418MS4_V� Sup_Co_MS4_V� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1MS4_V_nd1418
T 0 0 0 0 0( )�

AL2MS4_V_nd1418
T 9.243 10 3�

� 138.639 8.45 1.418 103
� 123� ��
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Writing Output Data for Supports Associated with Lines 1-8, 1-9, 1-10, 1-11, 1-12, & 1-170
SA1 AL1PS20b_nd1105

T
��

SA2 AL2PS20b_nd1105
T

��

SB1 AL1PS8E_nd1106
T

��

SB2 AL2PS8E_nd1106
T

��

SC1 AL1PS8F_nd1107
T

��

SC2 AL2PS8F_nd1107
T

��

SD1 AL1PS8G_nd1108
T

��

SD2 AL2PS8G_nd1108
T

��

SE1 AL1PS8H_nd1109
T

��

SE2 AL2PS8H_nd1109
T

��

SF1 AL1MS4_NS_nd1418
T

��

SF2 AL2MS4_NS_nd1418
T

��

SG1 AL1MS4_V_nd1418
T

��

SG2 AL2MS4_V_nd1418
T

��

S SA1 SA2 SB1 SB2 SC1 SC2 SD1 SD2 SE1 SE2 SF1 SF2 SG1 SG2( )��

SupportsLine1_8_9_10_11_12_170 WRITEPRN "SupLine1-8_9_10_11_12_170.prn" S�( )��
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TERMINATION LOCATIONS
Termination Locations Strategy:  Search based on the node for which the termination location acts as well as
the next node inward.  The D/C ratio for each termination location will be found by dividing the the required force
found above by the support capacity.

TermDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Term P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j TermDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� Mr�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all terminations

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Constants associated with support's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Term_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Heat Exchanger Outlet (5x)
Define pertinent pipe variables

Outside Diameter [12,13,14]
Do 20in��

t 0.312in�� Thickness [12,13,14]

P 272psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]
I 935.251 in

4
�

S S167�� Allowable design stress intensity value

Define primary stress indices

B1 0.5��

Stress Indices are derived from [4, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [4, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1�

1.0
1

X Y�
�

Do

t
50�if

�� B2 1.092�

Heat Exchanger 1-9 (Node 610)
nd610HX190

610��

ALHX19_nd610 Term P Do� t� I� B1� B2� S167� NF� nd610HX19� Term_Co� EL�� ���

ALHX19_nd610
T 0.199 5.174 105

� 9.875 610 35 1.27 105
� 1.882 105

� 4.649 105
�� ��
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Heat Exchanger 1-10 (Node 607)
nd607HX1100

607��

ALHX110_nd607 Term P Do� t� I� B1� B2� S167� NF� nd607HX110� Term_Co� EL�� ���

ALHX110_nd607
T 0.203 5.364 105

� 13.6 607 37 2.738� 105
� 1.075� 105

� 4.486 105
�� ��

Heat Exchanger 1-11 (Node 613)

nd613HX1110
613��

ALHX111_nd613 Term P Do� t� I� B1� B2� S167� NF� nd613HX111� Term_Co� EL�� ���

ALHX111_nd613
T 0.202 5.311 105

� 9.87 613 39 1.999 105
� 1.767 105

� 4.592 105
�� ��

Heat Exchanger 1-12 (Node 604)
nd604HX1120

604��

ALHX112_nd604 Term P Do� t� I� B1� B2� S167� NF� nd604HX112� Term_Co� EL�� ���

ALHX112_nd604
T 0.227 6.429 105

� 13.605 604 41 3.699� 105
� 8.55� 104

� 5.188 105
�� ��

Heat Exchanger 1-170 (Node 619)
nd619HX11700

619��

ALHX1170_nd619 Term P Do� t� I� B1� B2� S167� NF� nd619HX1170� Term_Co� EL�� ���

ALHX1170_nd619
T 0.189 4.724 105

� 9.24 619 47 4.329 105
� 8.728 104

� 1.678 105
�� ��

Writing Output Data for Terminations Associated with Lines 1-1L, 1-2L, 1-3L & 1-4L
T1 ALHX19_nd610

T
��

T4 ALHX112_nd604
T

��

T2 ALHX110_nd607
T

��
T5 ALHX1170_nd619

T
��

T3 ALHX111_nd613
T

��

T T1 T2 T3 T4 T5( )��

TerminationsLine1_8_9_10_11_12_170 WRITEPRN "TermLine1-8_9_10_11_12_170.prn" T�( )��
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PIPE RUNS
Pipe Runs Strategy:  Search based on the nodes present in each run of pipe.  Find the maximum moment
combination among all of the nodes and apply to equation (9) of ASME III, Division I - NB - 3652 [4].  Use the
geometry of the pipe when applying (9).  The D/C ratio for each node will be determined by dividing the left side of
the equation by the right side of the equation.

PipeRunDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

PipeRun P Do� t� I� B1� B2� S� nf� el� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indel match el0 EL
0� 	

�

�

�

�

indel stack indel match eli EL
0� 	

�

�

�





�

�

��

�
�
��

i 1 last el( )���for rows el( ) 1�if

M Int5 last indel� ��

�

�



0 0( )�

Mrxg nfindnfiCo0 1�
2� indelj
��

Mryg nfindnfiCo1 1�
2� indelj
��

Mrzg nfindnfiCo2 1�
2� indelj
��

Mrxj
nfindnfiCo0 1�

2� i� indelj
� Mrxg�
�

�
��



Co3 0�
� Mrxg��

Mryj
nfindnfiCo1 1�

2� i� indelj
� Mryg�
�

�
��



Co3 0�
� Mryg��

Mrzj
nfindnfiCo2 1�

2� i� indelj
� Mrzg�
�

�
��



Co3 0�
� Mrzg��

M'j Mrxj


�

�



2
Mryj


�

�



2
� Mrzj



�

�



2
��

Int' j PipeRunDC P Do� t� I� B1� B2� M'j� S�� ��

H Int' j M' j nf
indnfiCo0 1�

1� i� 0� EL
indelj

0� EL
indelj

1� indel j
Mrx
�

�
�

Intk j� Hk�

k 0 5���for

Int' j Int0 j��if

j 0 last indel� ����for

i 0 indnfo0
indnfi0

����for

��
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Int

Conditions applicable to all pipe runs

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

PipeRun_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Pipe Properties for Line 1-8
Define pertinent pipe variables

Do 30in�� Outside Diameter [11]

t 0.4375in�� Thickness [11]

P 272psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 4.44 103
� in

4
�

Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [4, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [4, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1.135�

Pipe Run 1-8A (Elements 97)
elP18A 97( )

T
��

ALP18A PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP18A� PipeRun_Co� EL�� ���

ALP18A
T 0.176

0.147

8.223 105
�

4.883 105
�

9.205

9.205

97

97

595

1.098 103
�

17

18



�
�
�

�
�
�



�
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Pipe Run 1-8B (Elements 94)

elP18B 94( )
T

��

ALP18B PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP18B� PipeRun_Co� EL�� ���

ALP18B
T 0.166

0.164

7.147 105
�

6.897 105
�

7.83

9.215

94

94

594

1.097 103
�

11

12



�
�
�

�
�
�



�

Pipe Properties for Line 1-9, 1-10, 1-11, 1-12, & 1-170
Define pertinent pipe variables

Do 20in�� Outside Diameter [4]

t 0.312in�� Thickness [4]

P 272psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 935.251 in
4

�

Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [4, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [4, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1.102�

Pipe Run 1-9A (Elements 110)

elP19A 110( )
T

��

ALP19A PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP19A� PipeRun_Co� EL�� ���

ALP19A
T 0.235

0.219

5.174 105
�

4.585 105
�

9.875

9.875

110

110

610

679

35

36



�
�
�

�
�
�



�
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Pipe Run 1-9B (Elements 930, 929, & 403)
elP19B 930 929 403( )

T
��

ALP19B PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP19B� PipeRun_Co� EL�� ���

ALP19B
T

0.2

0.157

0.151

0.157

0.204

0.151

3.875 105
�

2.217 105
�

1.998 105
�

2.217 105
�

4.022 105
�

1.998 105
�

13.6

13.635

8.45

13.635

9.215

8.45

930

930

929

929

403

403

673

1.633 103
�

1.632 103
�

1.633 103
�

672

1.632 103
�

147

148

145

146

91

92



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-9C (Elements 592 & 867)
elP19C 592 867( )

T
��

ALP19C PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP19C� PipeRun_Co� EL�� ���

ALP19C
T

0.233

0.234

0.234

0.239

5.117 105
�

5.16 105
�

5.162 105
�

5.32 105
�

9.215

9.215

9.215

9.215

592

592

867

867

665

1.251 103
�

1.251 103
�

1.447 103
�

119

120

125

126



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-10A (Elements 111)
elP110A 111( )

T
��

ALP110A PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP110A� PipeRun_Co� EL�� ���

ALP110A
T 0.24

0.235

5.364 105
�

5.196 105
�

13.6

13.6

111

111

607

678

37

38



�
�
�

�
�
�



�
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Pipe Run 1-10B (Elements 928, 927, & 401)
elP110B 928 927 401( )

T
��

ALP110B PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP110B� PipeRun_Co� EL�� ���

ALP110B
T

0.21

0.169

0.165

0.169

0.201

0.165

4.228 105
�

2.677 105
�

2.52 105
�

2.676 105
�

3.909 105
�

2.519 105
�

13.61

7.69

8.44

7.69

9.88

8.44

928

928

927

927

401

401

674

1.631 103
�

1.63 103
�

1.631 103
�

671

1.63 103
�

143

144

141

142

89

90



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-10C (Elements 868)
elP110C 868( )

T
��

ALP110C PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP110C� PipeRun_Co� EL�� ���

ALP110C
T 0.231

0.235

5.039 105
�

5.172 105
�

9.215

9.215

868

868

666

1.448 103
�

127

128



�
�
�

�
�
�



�

Pipe Run 1-11A (Elements 112)
elP111A 112( )

T
��

ALP111A PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP111A� PipeRun_Co� EL�� ���

ALP111A
T 0.238

0.229

5.311 105
�

4.939 105
�

9.87

9.86

112

112

613

680

39

40



�
�
�

�
�
�



�

Pipe Run 1-11B (Elements 924, 923, & 397)
elP111B 924 923 397( )

T
��

ALP111B PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP111B� PipeRun_Co� EL�� ���

ALP111B
T

0.217

0.176

0.166

0.176

0.191

0.166

4.493 105
�

2.964 105
�

2.577 105
�

2.964 105
�

3.531 105
�

2.576 105
�

13.605

7.71

13.645

7.71

15.165

13.645

924

924

923

923

397

397

675

1.627 103
�

1.626 103
�

1.627 103
�

670

1.626 103
�

135

136

133

134

85

86



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�
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Pipe Run 1-11C (Elements 869)
elP111C 869( )

T
��

ALP111C PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP111C� PipeRun_Co� EL�� ���

ALP111C
T 0.22

0.224

4.633 105
�

4.761 105
�

15.17

15.17

869

869

667

1.449 103
�

129

130



�
�
�

�
�
�



�

Pipe Run 1-12A (Elements 113)
elP112A 113( )

T
��

ALP112A PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP112A� PipeRun_Co� EL�� ���

ALP112A
T 0.268

0.265

6.429 105
�

6.332 105
�

13.605

13.605

113

113

604

677

41

42



�
�
�

�
�
�



�

Pipe Run 1-12B (Elements 926, 925, & 399)
elP112B 926 925 399( )

T
��

ALP112B PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP112B� PipeRun_Co� EL�� ���

ALP112B
T

0.237

0.194

0.168

0.194

0.195

0.168

5.26 105
�

3.632 105
�

2.645 105
�

3.631 105
�

3.667 105
�

2.645 105
�

13.61

7.715

13.645

7.715

10.22

13.645

926

926

925

925

399

399

676

1.629 103
�

1.628 103
�

1.629 103
�

669

1.628 103
�

139

140

137

138

87

88



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-12C (Elements 870)
elP112C 870( )

T
��

ALP112C PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP112C� PipeRun_Co� EL�� ���

ALP112C
T 0.218

0.225

4.529 105
�

4.787 105
�

15.18

15.175

870

870

668

1.45 103
�

131

132



�
�
�

�
�
�



�

Pipe Run 1-170A (Elements 117)
elP1170A 117( )

T
��

ALP1170A PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP1170A� PipeRun_Co� EL�� ���

ALP1170A
T 0.223

0.217

4.724 105
�

4.489 105
�

9.24

15.165

117

117

619

620

47

48



�
�
�

�
�
�



�
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Pipe Run 1-170B (Elements 405, 931, & 932)

elP1170B 405 931 932( )
T

��

ALP1170B PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP1170B� PipeRun_Co� EL�� ���

ALP1170B
T

0.168

0.14

0.14

0.167

0.218

0.167

2.652 105
�

1.593 105
�

1.593 105
�

2.601 105
�

4.521 105
�

2.601 105
�

9.89

7.655

7.655

13.605

15.16

13.605

405

405

931

931

932

932

622

1.634 103
�

1.634 103
�

1.635 103
�

621

1.635 103
�

93

94

149

150

151

152



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-170C (Elements 115)

elP1170C 115( )
T

��

ALP1170C PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP1170C� PipeRun_Co� EL�� ���

ALP1170C
T 0.14

0.152

1.576 105
�

2.059 105
�

13.655

10.285

115

115

683

684

45

46



�
�
�

�
�
�



�

Pipe Run 1-170D (Elements 439, 933, & 114)

elP1170D 439 933 114( )
T

��

ALP1170D PipeRun P Do� t� I� B1PR� B2PR� S167L� NF� elP1170D� PipeRun_Co� EL�� ���

ALP1170D
T

0.139

0.149

0.149

0.165

0.198

0.165

1.566 105
�

1.948 105
�

1.948 105
�

2.537 105
�

3.78 105
�

2.536 105
�

13.65

10.285

10.285

9.875

9.865

9.875

439

439

933

933

114

114

682

1.096 103
�

1.096 103
�

1.636 103
�

614

1.636 103
�

103

104

153

154

43

44



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�
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Writing Output Data for Pipe Runs Associated with Lines 1-8, 1-9, 1-10, 1-11, 1-12, & 1-17

PR1 ALP18A
T

��

PR2 ALP18B
T

��

PR3 ALP19A
T

��

PR4 ALP19B
T

��

PR5 ALP19C
T

��

PR6 ALP110A
T

��

PR7 ALP110B
T

��

PR8 ALP110C
T

��

PR9 ALP111A
T

��

PR10 ALP111B
T

��

PR11 ALP111C
T

��

PR12 ALP112A
T

��

PR13 ALP112B
T

��

PR14 ALP112C
T

��

PR15 ALP1170A
T

��

PR16 ALP1170B
T

��

PR17 ALP1170C
T

��

PR18 ALP1170D
T

��

P PR1 PR2 PR3 PR4 PR5 PR6 PR7 PR8 PR9 PR10 PR11 PR12 PR13 PR14 PR15 PR16 PR17 PR18( )��

PipeRunsLine1_8_9_10_11_12_170 WRITEPRN "PRLine1-8_9_10_11_12_170.prn" P�( )��
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REDUCERS
Reducers Strategy:  Search based on the nodes comprising either end of the reducers.  SRSS combine the
three moments of each of the four node representations (one for each element connected by the node in
question).  Find the maximum of the moment combinations for each element and apply to equation (9) of ASME
III, Division I - NB - 3652 [4].  It is important to not combine the data from both nodes as the geometry for each
is different and (9) must be applied for each node.  The D/C ratio for each node will be determined by dividing the
left side of the equation by the right side of the equation and taking the max of the result.

ReducerDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Reducer P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j ReducerDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� �
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

��
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Int
Conditions applicable to all reducers

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Reducer_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Reducer Properties for RED(1-8A) & RED(1-8B)
Define pertinent reducer variables

Do 36in 30in( )
T

�� Outside Diameter  [11]

t 0.5in 0.5in( )
T

�� Thickness  [11]

P 272psi 272psi( )
T

�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I
8.786 103

�

5.042 103
�



�
�
�

�
�
�



in
4

�

Define primary stress indices

! atan
6in

24in

�
�

��



�� Angular slope of reducer [11]

! 14.036 deg�

B1 0.5 ! 30deg if

1.0 30deg !� 60deg if

��

B1 primary stress Index [4, NB-3683.7] 
B1 0.5�

B2 1.0�� B2 primary stress Index [4, NB-3683.7] 

Reducer 1-8A (Nodes 592 & 595)
ndRD18A_L 592( )

T
�� Node associated with Large end of reducer

ALRD18A_L Reducer P0 Do0
� t0� I0� B1� B2� S167L� NF� ndRD18A_L� Reducer_Co� EL�


�
�



��

ALRD18A_L
T 0.152 9.188 105

� 9.205 592 7 8.844� 105
� 1.118 105

� 2.227 105
�� ��

ndRD18A_S 595( )
T

�� Node associated with Small end of reducer

ALRD18A_S Reducer P1 Do1
� t1� I1� B1� B2� S167L� NF� ndRD18A_S� Reducer_Co� EL�


�
�



��

ALRD18A_S
T 0.147 8.224 105

� 9.205 595 25 7.732 105
� 1.55� 105

� 2.334� 105
�� ��
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Reducer 1-8B (Nodes 593 & 594)
ndRD18B_L 593( )

T
�� Node associated with Large end of reducer

ALRD18B_L Reducer P0 Do0
� t0� I0� B1� B2� S167L� NF� ndRD18B_L� Reducer_Co� EL�


�
�



��

ALRD18B_L
T 0.144 7.376 105

� 13.65 593 4 5.249� 105
� 3.881 105

� 3.433� 105
�� ��

ndRD18B_S 594( )
T

�� Node associated with Small end of reducer

ALRD18B_S Reducer P1 Do1
� t1� I1� B1� B2� S167L� NF� ndRD18B_S� Reducer_Co� EL�


�
�



��

ALRD18B_S
T 0.139 7.149 105

� 7.83 594 23 6.821� 105
� 1.263 105

� 1.731� 105
�� ��

Reducer Properties for RED(1-170)
Define pertinent reducer variables

Do 18in 16in( )
T

�� Outside Diameter  [14]

t 0.312in 0.312in( )
T

�� Thickness  [14]

P 272psi 272psi( )
T

�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I
678.244

473.248


�
�

�
�



in
4

�

Define primary stress indices

! atan
1in

15in

�
�

��



�� Angular slope of reducer [14]

! 3.814 deg�

B1 0.5 ! 30deg if

1.0 30deg !� 60deg if

��

B1 primary stress Index [4, NB-3683.7] 

B1 0.5�

B2 1.0�� B2 primary stress Index [4, NB-3683.7] 

Reducer 1-170 (Nodes 597 & 614)
ndRD1170_L 597( )

T
�� Node associated with Large end of reducer

ALRD1170_L Reducer P0 Do0
� t0� I0� B1� B2� S167L� NF� ndRD1170_L� Reducer_Co� EL�


�
�



��

ALRD1170_L
T 0.218 4.367 105

� 9.865 597 21 4.335 105
� 1.883 104

� 4.954� 104
�� ��
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ndRD1170_S 614( )
T

�� Node associated with Small end of reducer

ALRD1170_S Reducer P1 Do1
� t1� I1� B1� B2� S167L� NF� ndRD1170_S� Reducer_Co� EL�


�
�



��

ALRD1170_S
T 0.222 3.78 105

� 9.865 614 95 3.746 105
� 7.532� 103

� 4.973� 104
�� ��

Writing Output Data for Reducers Associated with Lines 1-1L, 1-2L, 1-3L, & 1-4L 

RL1 ALRD18A_L
T

��

RS1 ALRD18A_S
T

��

RL2 ALRD18B_L
T

��

RS2 ALRD18B_S
T

��

RL3 ALRD1170_L
T

��

RS3 ALRD1170_S
T

��

R RL1 RS1 RL2 RS2 RL3 RS3( )��

ReducersLine1_8_9_10_11_12_170 WRITEPRN "RedLine1-8_9_10_11_12_170.prn" R�( )��
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ELBOWS
Elbows Strategy:  Search based on the two nodes comprising the ends of each elbow.  SRSS combine the
three moments of each of the four node representations (one for each element connected by the nodes in
question).  Find the maximum of the four moment combinations and apply to equation (9) of ASME III, Division I -
NB - 3652 [4]. The D/C ratio will be determined by dividing the left side of the equation by the right side of the
equation.

ElbowDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Elbow P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j ElbowDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� M�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all elbows

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Elb_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Elbow Properties for Elbows on Lines 1-9, 1-10, 1-11, 1-12, & 1-170
Define pertinent elbow variables

Do 20in�� Outside Diameter  [12,13,14]

t 0.312in�� Thickness  [12,13,14]

P 272psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 935.251 in
4

�

R 1.5 Do��� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.097� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0� B1 primary stress Index [4, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 6.175� B2 primary stress Index [4, NB-3683.7] 
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Elbow 1-9A (Nodes 679 & 673)
ndEL19A_1 679( )

T
��

ALEL19A_nd679 Elbow P Do� t� I� B1� B2� S167� NF� ndEL19A_1� Elb_Co� EL�� ���

ALEL19A_nd679
T 0.579 4.585 105

� 9.875 679 36 2.219� 105
� 1.552� 105

� 3.699� 105
�� ��

ndEL19A_2 673( )
T

��

ALEL19A_nd673 Elbow P Do� t� I� B1� B2� S167� NF� ndEL19A_2� Elb_Co� EL�� ���

ALEL19A_nd673
T 0.49 3.875 105

� 13.6 673 61 2.721 105
� 6.649 104

� 2.678� 105
�� ��

Elbow 1-9B (Nodes 672 & 665)
ndEL19B_1 672( )

T
��

ALEL19B_nd672 Elbow P Do� t� I� B1� B2� S167� NF� ndEL19B_1� Elb_Co� EL�� ���

ALEL19B_nd672
T 0.508 4.022 105

� 9.215 672 56 3.7� 105
� 8.417 104

� 1.333 105
�� ��

ndEL19B_2 665( )
T

��

ALEL19B_nd665 Elbow P Do� t� I� B1� B2� S167� NF� ndEL19B_2� Elb_Co� EL�� ���

ALEL19B_nd665
T 0.647 5.117 105

� 9.215 665 55 5.091 105
� 5.047 104

� 6.086 103
�� ��

Elbow 1-10A (Nodes 678 & 674)
ndEL110A_1 678( )

T
��

ALEL110A_nd678 Elbow P Do� t� I� B1� B2� S167� NF� ndEL110A_1� Elb_Co� EL�� ���

ALEL110A_nd678
T 0.657 5.196 105

� 13.6 678 38 3.193 105
� 7.43 104

� 4.031� 105
�� ��

ndEL110A_2 674( )
T

��

ALEL110A_nd674 Elbow P Do� t� I� B1� B2� S167� NF� ndEL110A_2� Elb_Co� EL�� ���

ALEL110A_nd674
T 0.534 4.228 105

� 13.61 674 64 3.404 105
� 3.451� 104

� 2.484� 105
�� ��

Elbow 1-10B (Nodes 671 & 666)
ndEL110B_1 671( )

T
��

ALEL110B_nd671 Elbow P Do� t� I� B1� B2� S167� NF� ndEL110B_1� Elb_Co� EL�� ���

ALEL110B_nd671
T 0.494 3.909 105

� 9.88 671 59 3.768� 105
� 9.087 104

� 5.033 104
�� ��

ndEL110B_2 666( )
T

��

ALEL110B_nd666 Elbow P Do� t� I� B1� B2� S167� NF� ndEL110B_2� Elb_Co� EL�� ���

ALEL110B_nd666
T 0.637 5.039 105

� 9.215 666 58 5.016 105
� 4.059 104

� 2.581 104
�� ��
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Elbow 1-11A (Nodes 680 & 675)
ndEL111A_1 680( )

T
��

ALEL111A_nd680 Elbow P Do� t� I� B1� B2� S167� NF� ndEL111A_1� Elb_Co� EL�� ���

ALEL111A_nd680
T 0.624 4.939 105

� 9.86 680 40 2.764� 105
� 1.425� 105

� 3.838� 105
�� ��

ndEL111A_2 675( )
T

��

ALEL111A_nd675 Elbow P Do� t� I� B1� B2� S167� NF� ndEL111A_2� Elb_Co� EL�� ���

ALEL111A_nd675
T 0.568 4.494 105

� 13.605 675 67 2.591 105
� 8.324 104

� 3.576� 105
�� ��

Elbow 1-11B (Nodes 670 & 667)
ndEL111B_1 670( )

T
��

ALEL111B_nd670 Elbow P Do� t� I� B1� B2� S167� NF� ndEL111B_1� Elb_Co� EL�� ���

ALEL111B_nd670
T 0.446 3.531 105

� 15.165 670 77 3.406 105
� 6.409� 104

� 6.718 104
�� ��

ndEL111B_2 667( )
T

��

ALEL111B_nd667 Elbow P Do� t� I� B1� B2� S167� NF� ndEL111B_2� Elb_Co� EL�� ���

ALEL111B_nd667
T 0.586 4.633 105

� 15.17 667 129 4.604 105
� 5.125 104

� 1.163� 104
�� ��

Elbow 1-12A (Nodes 677 & 676)
ndEL112A_1 677( )

T
��

ALEL112A_nd677 Elbow P Do� t� I� B1� B2� S167� NF� ndEL112A_1� Elb_Co� EL�� ���

ALEL112A_nd677
T 0.8 6.332 105

� 13.605 677 71 4.024� 105
� 4.974� 104

� 4.864 105
�� ��

ndEL112A_2 676( )
T

��

ALEL112A_nd676 Elbow P Do� t� I� B1� B2� S167� NF� ndEL112A_2� Elb_Co� EL�� ���

ALEL112A_nd676
T 0.665 5.26 105

� 13.61 676 70 3.732 105
� 6.66� 104

� 3.646� 105
�� ��

Elbow 1-12B (Nodes 669 & 668)
ndEL112B_1 669( )

T
��

ALEL112B_nd669 Elbow P Do� t� I� B1� B2� S167� NF� ndEL112B_1� Elb_Co� EL�� ���

ALEL112B_nd669
T 0.464 3.668 105

� 10.22 669 74 2.919 105
� 1.704� 105

� 1.423 105
�� ��

ndEL112B_2 668( )
T

��

ALEL112B_nd668 Elbow P Do� t� I� B1� B2� S167� NF� ndEL112B_2� Elb_Co� EL�� ���

ALEL112B_nd668
T 0.572 4.529 105

� 15.18 668 131 4.455 105
� 8.089 104

� 9.335 103
�� ��
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Elbow 1-170A (Nodes 620 & 621)
ndEL1170A_1 620( )

T
��

ALEL1170A_nd620 Elbow P Do� t� I� B1� B2� S167� NF� ndEL1170A_1� Elb_Co� EL�� ���

ALEL1170A_nd620
T 0.567 4.489 105

� 15.165 620 82 4.488� 105
� 7.306� 103

� 967.13� ��

ndEL1170A_2 621( )
T

��

ALEL1170A_nd621 Elbow P Do� t� I� B1� B2� S167� NF� ndEL1170A_2� Elb_Co� EL�� ���

ALEL1170A_nd621
T 0.571 4.521 105

� 15.16 621 83 4.202 105
� 7.681� 104

� 1.482� 105
�� ��

Elbow 1-170B (Nodes 622 & 623)
ndEL1170B_1 622( )

T
��

ALEL1170B_nd622 Elbow P Do� t� I� B1� B2� S167� NF� ndEL1170B_1� Elb_Co� EL�� ���

ALEL1170B_nd622
T 0.335 2.652 105

� 9.89 622 79 2.433� 105
� 4.849� 104

� 9.361 104
�� ��

ndEL1170B_2 623( )
T

��

ALEL1170B_nd623 Elbow P Do� t� I� B1� B2� S167� NF� ndEL1170B_2� Elb_Co� EL�� ���

ALEL1170B_nd623
T 0.307 2.433 105

� 10.275 623 80 1.441� 105
� 1.065� 104

� 1.957 105
�� ��

Elbow 1-170C (Nodes 623 & 684)
ndEL1170C_1 623( )

T
��

ALEL1170C_nd623 Elbow P Do� t� I� B1� B2� S167� NF� ndEL1170C_1� Elb_Co� EL�� ���

ALEL1170C_nd623
T 0.307 2.433 105

� 10.275 623 80 1.441� 105
� 1.065� 104

� 1.957 105
�� ��

ndEL1170C_2 684( )
T

��

ALEL1170C_nd684 Elbow P Do� t� I� B1� B2� S167� NF� ndEL1170C_2� Elb_Co� EL�� ���

ALEL1170C_nd684
T 0.26 2.06 105

� 10.285 684 53 1.048� 105
� 1.199� 104

� 1.769 105
�� ��

Elbow 1-170D (Nodes 683 & 682)
ndEL1170D_1 683( )

T
��

ALEL1170D_nd683 Elbow P Do� t� I� B1� B2� S167� NF� ndEL1170D_1� Elb_Co� EL�� ���

ALEL1170D_nd683
T 0.199 1.576 105

� 13.655 683 45 8.724� 104
� 7.152� 104

� 1.101� 105
���

ndEL1170D_2 682( )
T

��

ALEL1170D_nd682 Elbow P Do� t� I� B1� B2� S167� NF� ndEL1170D_2� Elb_Co� EL�� ���

ALEL1170D_nd682
T 0.198 1.566 105

� 13.65 682 49 2.203� 104
� 7.995� 104

� 1.329� 105
�� ��
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Writing Output Data for Elbows Associated with Lines 1-8, 1-9, 1-10, 1-11, 1-12, & 1-70

EL1A ALEL19A_nd679
T

�� EL7A ALEL112A_nd677
T

��

EL1B ALEL19A_nd673
T

�� EL7B ALEL112A_nd676
T

��

EL2A ALEL19B_nd672
T

�� EL8A ALEL112B_nd669
T

��

EL2B ALEL19B_nd665
T

�� EL8B ALEL112B_nd668
T

��

EL3A ALEL110A_nd678
T

�� EL9A ALEL1170A_nd620
T

��

EL3B ALEL110A_nd674
T

�� EL9B ALEL1170A_nd621
T

��

EL4A ALEL110B_nd671
T

�� EL10A ALEL1170B_nd622
T

��

EL4B ALEL110B_nd666
T

�� EL10B ALEL1170B_nd623
T

��

EL5A ALEL111A_nd680
T

�� EL11A ALEL1170C_nd623
T

��

EL5B ALEL111A_nd675
T

�� EL11B ALEL1170C_nd684
T

��

EL6A ALEL111B_nd670
T

�� EL12A ALEL1170D_nd683
T

��

EL6B ALEL111B_nd667
T

�� EL12B ALEL1170D_nd682
T

��

vEL EL1A EL1B EL2A EL2B EL3A EL3B EL4A EL4B EL5A EL5B EL6A EL6B EL7A EL7B EL8A EL8B EL(��

ElbowLine1_8_9_10_11_12_170 WRITEPRN "ElbowLine1-8_9_10_11_12_170.prn" vEL�( )��
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FORGED TEES AND FABRICATED BRANCH TEES
Tees Strategy:  Search based on the elements comprising the tee.  The input identifies which elements are
associated with the pipe run and which element is associated with the branch from the run.  The indices for the
defined common node for all three elements is identified and the associated SRSS moment is identified for each
time step.  The maximum moment for the elements comprising the pipe run is found and applied as Mr in
equation (9) of ASME III, Division I - NB - 3652 which is modified to represent tees.  The maximum moment for
the branch element is found and applied as Mb in equation (9) of ASME III, Division I - NB - 3652 [4].  The D/C
ratio will be determined by dividing the left side of the equation by the right side of the equation.

FabBrDC P Do� Tr� B1� B2b� B2r� Mb� Mr� Zb� Zr� S�� �
B1

P Do�

2 Tr�
� B2b

Mb 1lbf in�( )�

Zb

�"
"�

�#
#�

�� B2r
Mr 1lbf in�( )�

Zr

�"
"�

�#
#�

��

S
��

FabBr P Do� Tr� B1� B2b� B2r� Zb� Zr� S� nf� elR� elB� ndR� ndB� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indelR match elR0
EL

0� 	
�
�

�
��



�

indelR stack indelR match elRi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elR� ����for rowif

EL'R
last EL 0� 	� � 0�

EL'RindelRi
EL

indelRi
1��

i 0 last indelR� ����for

indndR match ndR0
EL'R

0� 	
�
�

�
��



�

indndR stack indndR match ndRi
EL'R

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndR� ����for if

indelB match elB0
EL

0� 	
�
�

�
��



�

indelB stack indelB match elBi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elB� ����for rowif

EL'B
last EL 0� 	� � 0�

EL'BindelBi
EL

indelBi
1��

i 0 last indelB� ����for

ind d match nd EL'B
0� 	
� ���

��
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indndB match ndB0
EL B��

�
�



�

indndB stack indndB match ndBi
EL'B

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndB� ����for if

MR MB Int0� � 0 0 0( )�

MrxgRj
nfindnfiCo0 1�

2� indndR j
��

MrygRj
nfindnfiCo1 1�

2� indndR j
��

MrzgRj
nfindnfiCo2 1�

2� indndR j
��

MrxRj
nfindnfiCo0 1�

2� i� indndR j
� MrxgRj

�
�
�

��



�

MryRj
nfindnfiCo1 1�

2� i� indndR j
� MrygRj

�
�
�

��



�

MrzRj
nfindnfiCo2 1�

2� i� indndR j
� MrzgRj

�
�
�

��


��

MRj
MrxRj


�

�



2
MryRj


�

�



2
� MrzRj



�

�



2
��

MrxgBj
nfindnfiCo0 1�

2� indndBk
��

MrygBj
nfindnfiCo1 1�

2� indndBk
��

MrzgBj
nfindnfiCo2 1�

2� indndBk
��

MrxBj
nfindnfiCo0 1�

2� i� indndBk
� MrxgBj

�
�
�

��



�

MryBj
nfindnfiCo1 1�

2� i� indndBk
� MrygBj

�
�
�

��



�

MrzBj
nfindnfiCo2 1�

2� i� indndBk
� MrzgBj

�
�
�

��



�

MBj
MrxBj


�

�



2
MryBj


�

�



2
� MrzBj



�

�



2
��

Int' j FabBrDC P Do� Tr� B1� B2b� B2r� MBj
�


�
�

Int stack Int' j MRj
� MBj

� nf
indnfiC

�
�
�

�

Int' j Int0�if

k 0 last indndB� ����for

j 0 last indndR� ����for

i 0 indnfo0
indnfi0

����for
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j j nfiCo0 1�
��

Result stack MRj
MBj
� MrxRj

� MryRj
� �


�
�

M MR�

Int

Conditions applicable to forged tee

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to 1, 2, and 3 and seismic factor

Tee_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Tees on Connecting Lines 1-9, 1-10, 1-11, & 1-12 to 1-8
Define pertinent tee variables

P 272psi�� Internal Pressure [3, pg 23]

Do 30in�� Outside Diameter [11]

B1 0.5�� B1 primary stress Indice for tees and branches
[4, NB-3683.9]

Tr 0.4375in�� Nominal wall thickness of designated run pipe
[11]

Rm 15in�� Mean radius of designated run pipe [11]

Zr � Rm
2

� Tr��� Approximate section modulus of designated run
pipe [4, NB-3683.1(d)]

Zr 309.2505 in
3

�

B2b 0.4
Rm

Tr


�
��

��
�


2
3

� 0.4
Rm

Tr


�
��

��
�


2
3

� 1�if

1 otherwise

��
B2b primary stress Indice for tees and branches
[4, NB-3683.9]

B2b 4.222�

T'b 0.312in�� Nominal wall thickness of attached branch pipe
[11]

r'm 10in�� Mean radius of attached branch pipe [11]

Zb � r'm
2

� T'b��� Approximate section modulus of attached branch
pipe [4, NB-3683.1(d)]

Zb 98.018 in
3

�
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B2r 0.5
Rm

Tr


�
��

��
�


2
3

� 0.5
Rm

Tr


�
��

��
�


2
3

� 1�if

1 otherwise

�� B2r primary stress Indice for tees and branches
[4, NB-3683.9]

B2r 5.277�

Tee 1-9 (Node 600)
elRTee19 99 436( )

T
�� Elements associated with pipe run

ndRTee19 600( )
T

�� Node between pipe run elements

elBTee19 102( )
T

�� Element associated with branch

ndBTee19 600( )
T

�� Node where branch intersects pipe run

ALTee19 FabBr P Do� Tr� B1� B2b� B2r� Zb� Zr� S167� NF� elRTee19� elBTee19� ndRTee19� ndBTee19� Tee_Co� E����

ALTee19
T 0.704 4.615 105

� 5.629 105
� 9.215 600 22 101 27� ��

Tee 1-10 (Node 601)
elRTee110 98 441( )

T
�� Elements associated with pipe run

ndRTee110 601( )
T

�� Node between pipe run elements

elBTee110 103( )
T

�� Element associated with branch

ndBTee110 601( )
T

�� Node where branch intersects pipe run

ALTee110 FabBr P Do� Tr� B1� B2b� B2r� Zb� Zr� S167� NF� elRTee110� elBTee110� ndRTee110� ndBTee110� Tee_����

ALTee110
T 0.673 4.334 105

� 5.359 105
� 9.21 601 19 107 29� ��

Tee 1-11 (Node 599)
elRTee111 95 440( )

T
�� Elements associated with pipe run

ndRTee111 599( )
T

�� Node between pipe run elements

elBTee111 104( )
T

�� Element associated with branch

ndBTee111 599( )
T

�� Node where branch intersects pipe run

ALTee111 FabBr P Do� Tr� B1� B2b� B2r� Zb� Zr� S167� NF� elRTee111� elBTee111� ndRTee111� ndBTee111� Tee_����

ALTee111
T 0.739 7.764 105

� 4.806 105
� 9.22 599 13 105 31� ��
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Tee 1-12 (Node 598)
elRTee112 435 96( )

T
�� Elements associated with pipe run

ndRTee112 598( )
T

�� Node between pipe run elements

elBTee112 105( )
T

�� Element associated with branch

ndBTee112 598( )
T

�� Node where branch intersects pipe run

ALTee112 FabBr P Do� Tr� B1� B2b� B2r� Zb� Zr� S167� NF� elRTee112� elBTee112� ndRTee112� ndBTee112� Tee_����

ALTee112
T 0.687 5.216 105

� 5.187 105
� 15.175 598 16 99 33� ��

Writing Output Data for Tees Associated with Lines 1-8, 1-9, 1-10, 1-11, 1-12, & 1-170

T1 ALTee19
T

��

T2 ALTee110
T

��

T3 ALTee111
T

��

T4 ALTee112
T

��

vT T1 T2 T3 T4( )��

TeeLine1_8_9_10_11_12_170 WRITEPRN "TeeLine1-8_9_10_11_12_170.prn" vT�( )��
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FLANGES
Flange Strategy:  Search based on the nodes where flanges occur.  Find the maximum moment combination for
the node and apply to equation (9) of ASME III, Division I - NB - 3652 [4].  Use the geometry of the pipe when
applying (9).  The D/C ratio for each node will be determined by dividing the left side of the equation by the right
side of the equation and taking the max of the result.

FlangeDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Flange P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j FlangeDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� M�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all flanges

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Flange_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Pipe Properties of Line 1-9, 1-10, 1-11, 1-12, & 1-170
Define pertinent pipe variables

Do 20in�� Outside Diameter  [12,13,14]

t 0.312in�� Thickness  [12,13,14]

P 272psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 935.251 in
4

�

Define primary stress indices (Utilize girth weld characteristic associated with lap joint flanges in determining
values)

B1 0.5�� B1 for a girth weld [4, Table NB-3681(a)-1, pg 130] 

B2 1�� B2 for a girth weld [4, Table NB-3681(a)-1, pg 130] 

Flange (Heat Exchanger) 1-9 (Node 610)
ndFL19 610( )

T
��

ALFL19 Flange P Do� t� I� B1� B2� S167� NF� ndFL19� Flange_Co� EL�� ���

ALFL19
T 0.189 5.174 105

� 9.875 610 35 1.27 105
� 1.882 105

� 4.649 105
�� ��

Flange (Heat Exchanger) 1-10 (Node 607)
ndFL110 607( )

T
��

ALFL110 Flange P Do� t� I� B1� B2� S167� NF� ndFL110� Flange_Co� EL�� ���

ALFL110
T 0.193 5.364 105

� 13.6 607 37 2.738� 105
� 1.075� 105

� 4.486 105
�� ��
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Flange (Heat Exchanger) 1-11 (Node 613)
ndFL111 613( )

T
��

ALFL111 Flange P Do� t� I� B1� B2� S167� NF� ndFL111� Flange_Co� EL�� ���

ALFL111
T 0.192 5.311 105

� 9.87 613 39 1.999 105
� 1.767 105

� 4.592 105
�� ��

Flange (Heat Exchanger) 1-12 (Node 604)
ndFL112 604( )

T
��

ALFL112 Flange P Do� t� I� B1� B2� S167� NF� ndFL112� Flange_Co� EL�� ���

ALFL112
T 0.215 6.429 105

� 13.605 604 41 3.699� 105
� 8.55� 104

� 5.188 105
�� ��

Flange (Heat Exchanger) 1-170 (Node 619)
ndFL1170 619( )

T
��

ALFL1170 Flange P Do� t� I� B1� B2� S167� NF� ndFL1170� Flange_Co� EL�� ���

ALFL1170
T 0.18 4.724 105

� 9.24 619 47 4.329 105
� 8.728 104

� 1.678 105
�� ��

Writing Output Data for Flanges Associated with Lines 1-9, 1-10, 1-11, 1-12, & 1-170

F1 ALFL19
T

��

F2 ALFL110
T

��

F3 ALFL111
T

��

F4 ALFL112
T

��

F5 ALFL1170
T

��

F F1 F2 F3 F4 F5( )��

FlangeLine1_8_9_10_11_12_170B WRITEPRN "FlangeLine1-8_9_10_11_12_170.prn" F�( )��
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Appendix D.3.4

 Demand to Capacity Ratio Calculations for Components
Associated with Lines 1-34 and 1-67 of ATR PCS Model 1-4

(NOTE:  Values represented here are shown for one realization (Nodal Force file =
LINES1-34_67_test_R1.dat and Element/Nodal order file = EL1-34_67.xls ) and may or may not be

consistent with the 80th percentile results contained in Appendix D.4)



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. D. Landon Date:    09/30/2008

Calculation Sheet 
Page D.3.4-2 of D.3.4-31

Force Outputs from Abaqus

NF
...\LINE1-34_67.dat

�� (N)odal (F)orces for Model 1-4

Defined Elemental and Corresponding Nodal Order

EL
..\EL_34_67(9-22-08).xls

�� Element and corresponding nodal order for
Model 1-4 

Time Boundaries

tinitial 1�� Initial time for which dynamic loading is applied

tfinal 21�� Final time for which dynamic loading stops

Seismic Scale Factor (Fa)

Fa 1�� Seismic scale factor [9]

Allowable Design Stress Intensity Factor (Sm): Sm is defined below for SS304 at temperature 125oF and

SS304L at 125oF.

Sm_125 20ksi�� For SS304 at 125oF [2, pg 316-318] [3, pg 23]  

For SS304L at 125oF [2, pg 316-318] Applicable
only for portions of lines 1-1, 1-2, 1-3, 1-4, 1-5,
and 1-6 closest to reactor vessel [3, pg 23]

Sm_125L 16.7ksi��

Sm_167 20ksi�� For SS304 at 167oF [2, pg 316-318] [3, pg 23]  

For SS304L at 167oF [2, pg 316-318] Applicable
only for portions of lines 1-1, 1-2, 1-3, 1-4, 1-5,
and 1-6 closest to reactor vessel [3, pg 23]

Sm_167L 16.7ksi��

Yield Strength (Sy): Sy is defined below for SS304 at temperature 125oF and SS304L at 125oF.

Sy_125 28.35ksi�� For SS304 at 125oF [2, pg 646-648] [3, pg 23]  

For SS304L at 125oF [2, pg 646-648] Applicable
only for portions of lines 1-1, 1-2, 1-3, 1-4, 1-5,
and 1-6 closest to reactor vessel [3, pg 23]

Sy_125L 23.85ksi��

Sy_167 26.12ksi�� For SS304 at 125oF [2, pg 646-648] [3, pg 23]  

For SS304L at 125oF [2, pg 646-648] Applicable
only for portions of lines 1-1, 1-2, 1-3, 1-4, 1-5,
and 1-6 closest to reactor vessel [3, pg 23]

Sy_167L 22.26ksi��
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Maximum Strength Applicable for Equation 9 (S):  S is defined below for SS304 at temperature 125oF
and SS304L at 125oF.

S125 min 3 Sm_125� 2 Sy_125��� ��� Maximum allowable stress applied to SS304
piping [4, NB-3656]

S125 56.7 ksi�

S125L min 3 Sm_125L� 2 Sy_125L��� ��� Maximum allowable stress applied to SS304L
piping [4, NB-3656]

S125L 47.7 ksi�

S167 min 3 Sm_167� 2 Sy_167��� ��� Maximum allowable stress applied to SS304
piping [4, NB-3656]

S167 52.24 ksi�

S167L min 3 Sm_167L� 2 Sy_167L��� ��� Maximum allowable stress applied to SS304L
piping [4, NB-3656]

S167L 44.52 ksi�
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SUPPORTS
Supports Strategy:  Search based on the node for which the support acts.  If this node is a termination point
there will only be one node to evaluate.  If this node is in line with a section of pipe there will be two
representations of the same node (one for each element on each side of the node) to combine and the difference
between them is the force required of the support.  The D/C ratio for each support will be found by dividing the the
required force found above by the support capacity.

SupDC Pr Pc�� �
Pr

Pc
��

Support nf nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

Int14
Int24



�

�



0 0( )�

Prgj
nfindnfiCo0 1�

1� indndj
��

Prj
nfindnfiCo0 1�

1� i� indndj
� Prgj

�
�
�

��



Co2 0�
� Prgj

��

j 0 last indnd� ����for

PRi

0

j

n

Prn�
�

�

Int1' SupDC PRi Co0 0�
�


�
�



�

Int1 stack Int1' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int11
� Co0 0�

0��if

Int2' SupDC PRi Co1 0�
�


�
�



�

Int2 stack Int2' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int21
� Co1 0�

0��if

i 0 indnfo0
indnfi0

����for

Int1 Int2� �

��
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RH-14 Support (3x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_RH14
10.354 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_RH14
0.104kip

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to 1, 2, and 3

Sup_Co_RH14

P1_RH14

P2_RH14

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-14a (Node 1363)
RH-14a vertically supports the horizontal PCS pipe on line 1-34 traveling west from EL(1-34B).

nd1363RH14a0
1363�� Node associated with support

AL1RH14a_nd1363 AL2RH14a_nd1363� � Support NF nd1363RH14a� Sup_Co_RH14� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH14a_nd1363
T 0.337 3.487� 103

� 13.64 1.363 103
� 83� ��

AL2RH14a_nd1363
T 0 0 0 0 0( )�

RH-14b (Node 1364)
RH-14b vertically supports the horizontal PCS pipe on line 1-34 traveling west from RH-14a.

nd1364RH14b0
1364�� Node associated with support

AL1RH14b_nd1364 AL2RH14b_nd1364� � Support NF nd1364RH14b� Sup_Co_RH14� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH14b_nd1364
T 0.581 6.013� 103

� 15.17 1.364 103
� 85� ��

AL2RH14b_nd1364
T 0 0 0 0 0( )�

RH-14c (Node 1365)
RH-14c vertically supports the horizontal PCS pipe on line 1-34 traveling west from RH-14b.

nd1365RH14c0
1365�� Node associated with support

AL1RH14c_nd1365 AL2RH14c_nd1365� � Support NF nd1365RH14c� Sup_Co_RH14� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate

AL1RH14c_nd1365
T 0.402 4.162� 103

� 8.295 1.365 103
� 81� ��

AL2RH14c_nd1365
T 0 0 0 0 0( )�
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system)
PS-20A Supports (1x)

Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_PS20A_NS
2.789 kip�

lbf
�� Flexure

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_PS20A_NS
2.789 kip�

lbf
�� Flexure

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_PS20A_NS

P1_PS20A_NS

P2_PS20A_NS

Fa

1

0

0


�
�
�
��

��
�
�
�


��

Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_PS20A_V
8.518 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_PS20A_V
5.763 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_PS20A_V

P1_PS20A_V

P2_PS20A_V

Fa

2

0

0


�
�
�
��

��
�
�
�


��

PS-20A North/South (Node 1381)
PS-20A vertically and laterally supports the horizontal PCS pipe on line 1-34 between RH-14a and RH-14b.

nd1381PS20A_NS0
1381�� Node associated with support

AL1PS20A_NS_nd1381 AL2PS20A_NS_nd1381� � Support NF nd1381PS20A_NS� Sup_Co_PS20A_NS� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PS20A_NS_nd1381
T 0.251 700.319� 9.875 1.381 103

� 87� ��

AL2PS20A_NS_nd1381
T 0.143 398.208 7.325 1.381 103

� 87� ��

PS-20A Vertical (Node 1388)
PS-20A vertically and laterally supports the horizontal PCS pipe on line 1-34 between RH-14a and RH-14b.

nd1388PS20A_V0
1388�� Node associated with support

AL1PS20A_V_nd1388 AL2PS20A_V_nd1388� � Support NF nd1388PS20A_V� Sup_Co_PS20A_V� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate

AL1PS20A_V_nd1388
T 0.162 1.381� 103

� 10.06 1.388 103
� 89� ��

AL2PS20A_V_nd1388
T 1.089 6.278 103

� 15.175 1.388 103
� 89� ��
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system)
PS-14 Supports (2x)

Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_PS14
22.106 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_PS14
0 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_PS14

P1_PS14

P2_PS14

Fa

2

0

0


�
�
�
��

��
�
�
�


��

PS-14A Vertical (Node 1433)
PS-14A vertically supports the horizontal PCS pipe on line 1-34 east of REL(1-34D).

nd1433PS14A0
1433�� Node associated with support

AL1PS14A_nd1433 AL2PS14A_nd1433� � Support NF nd1433PS14A� Sup_Co_PS14� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PS14A_nd1433
T 0.067 1.481� 103

� 5.015 1.433 103
� 101� ��

AL2PS14A_nd1433
T 0 0 0 0 0( )�

PS-14B Vertical (Node 1434)
PS-14B vertically supports the horizontal PCS pipe on line 1-34 west of EL(1-34E).

nd1444PS14B0
1434�� Node associated with support

AL1PS14B_nd1444 AL2PS14B_nd1444� � Support NF nd1444PS14B� Sup_Co_PS14� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PS14B_nd1444
T 0.099 2.179� 103

� 7.1 1.434 103
� 103� ��

AL2PS14B_nd1444
T 0 0 0 0 0( )�
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Writing Output Data for Supports Associated with Lines 1-13 to 1-16, 1-18 to 1-21,
and 1-171.

SA1 AL1RH14a_nd1363
T

��

SA2 AL2RH14a_nd1363
T

��

SB1 AL1RH14b_nd1364
T

��

SB2 AL2RH14b_nd1364
T

��

SC1 AL1RH14c_nd1365
T

��

SC2 AL2RH14c_nd1365
T

��

SD1 AL1PS20A_NS_nd1381
T

��

SD2 AL2PS20A_NS_nd1381
T

��

SE1 AL1PS20A_V_nd1388
T

��

SE2 AL2PS20A_V_nd1388
T

��

SF1 AL1PS14A_nd1433
T

��

SF2 AL2PS14A_nd1433
T

��

SG1 AL1PS14B_nd1444
T

��

SG2 AL2PS14B_nd1444
T

��

S SA1 SA2 SB1 SB2 SC1 SC2 SD1 SD2 SE1 SE2 SF1 SF2 SG1 SG2( )��

SupportsLine1_34_67 WRITEPRN "SupLine1-34_67.prn" S�( )��
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TERMINATION LOCATIONS
Termination Locations Strategy:  Search based on the node for which the termination location acts as well as
the next node inward.  The D/C ratio for each termination location will be found by dividing the the required force
found above by the support capacity.

TermDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Term P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j TermDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� Mr�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all terminations
Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Constants associated with support's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Term_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Primary Degassing Tank (1x)
Define pertinent pipe variables

Outside Diameter [4]
Do 4.5in��

t 0.237in�� Thickness [4]

P 272psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 7.233 in
4

�

S S167�� Allowable design stress intensity value

Define primary stress indices

B1 0.5��

Stress Indices are derived from [4, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [4, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1�

1.0
1

X Y�
�

Do

t
50�if

�� B2 1�
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Primary Degassing Tank 1-67 (Node 974)
nd974PDT1670

974��

ALPDT167_nd974 Term P Do� t� I� B1� B2� S167� NF� nd974PDT167� Term_Co� EL�� ���

ALPDT167_nd974
T 0.169 2.42 104

� 8.41 974 44 5.356� 103
� 2.356� 104

� 1.286 103
�� ��

Writing Output Data for Terminations Associated with Lines 1-34 & 1-67

T1 ALPDT167_nd974
T

��

T T1( )��

TerminationsLine1_34_67 WRITEPRN "TermLine1-34_67.prn" T�( )��
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PIPE RUNS
Pipe Runs Strategy:  Search based on the nodes present in each run of pipe.  Find the maximum moment
combination among all of the nodes and apply to equation (9) of ASME III, Division I - NB - 3652 [4].  Use the
geometry of the pipe when applying (9).  The D/C ratio for each node will be determined by dividing the left side of
the equation by the right side of the equation.

PipeRunDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

PipeRun P Do� t� I� B1� B2� S� nf� el� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indel match el0 EL
0� 	

�

�

�

�

indel stack indel match eli EL
0� 	

�

�

�





�

�

��

�
�
��

i 1 last el( )���for rows el( ) 1�if

M Int5 last indel� ��

�

�



0 0( )�

Mrxg nfindnfiCo0 1�
2� indelj
��

Mryg nfindnfiCo1 1�
2� indelj
��

Mrzg nfindnfiCo2 1�
2� indelj
��

Mrxj
nfindnfiCo0 1�

2� i� indelj
� Mrxg�
�

�
��



Co3 0�
� Mrxg��

Mryj
nfindnfiCo1 1�

2� i� indelj
� Mryg�
�

�
��



Co3 0�
� Mryg��

Mrzj
nfindnfiCo2 1�

2� i� indelj
� Mrzg�
�

�
��



Co3 0�
� Mrzg��

M'j Mrxj


�

�



2
Mryj


�

�



2
� Mrzj



�

�



2
��

Int' j PipeRunDC P Do� t� I� B1� B2� M'j� S�� ��

H Int' j M' j nf
indnfiCo0 1�

1� i� 0� EL
indelj

0� EL
indelj

1� indel j
Mrx
�

�
�

Intk j� Hk�

k 0 5���for

Int' j Int0 j��if

j 0 last indel� ����for

i 0 indnfo0
indnfi0

����for

��
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Int
Conditions applicable to all pipe runs

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

PipeRun_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Pipe Properties for Lines 1-34(A-C)
Define pertinent pipe variables

Do 6.625in�� Outside Diameter [15]

t 0.28in�� Thickness [15]

P 272psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 28.142 in
4

�

Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [4, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [4, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1�

Pipe Run 1-34A (Elements 316 & 154)
elP134A 316 154( )

T
��

ALP134A PipeRun P Do� t� I� B1PR� B2PR� S167� NF� elP134A� PipeRun_Co� EL�� ���

ALP134A
T

0.175

0.19

0.091

0.127

6.38 104
�

7.084 104
�

2.653 104
�

4.27 104
�

15.17

15.17

7.695

13.615

316

316

154

154

756

946

762

763

30

31

5

6



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�
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Pipe Run 1-34B (Elements 155, 980, 236, 625, 982, 239, 981, 979, 242, 983, 984,
243, 635, 248, 974, 975, 976, 977, 640, 249, & 978)

elP134B 155 980 236 625 982 239 981 979 242 983 984 243 635 248 974 975 976 977 640 249(��

ALP134B PipeRun P Do� t� I� B1PR� B2PR� S167� NF� elP134B� PipeRun_Co� EL�� ���

ALP134B
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

0.127 44.265·10 9.195 155 761 7

0.114 43.714·10 9.885 155 31.683·10 8

0.106 43.351·10 9.88 980 854 118

0.114 43.714·10 9.885 980 31.683·10 119

0.106 43.351·10 9.88 236 854 18

0.109 43.486·10 9.88 236 31.286·10 19

0.109 43.487·10 9.88 625 31.286·10 70

0.095 42.858·10 9.88 625 31.685·10 71

0.097 42.953·10 9.88 982 856 122

0.095 42.858·10 9.88 982 31.685·10 123

0.097 42.954·10 9.88 239 856 20

0.126 44.204·10 13.62 239 31.684·10 21

0.182 46.725·10 13.63 981 859 120

0.126 44.204·10 13.62 981 31.684·10 121

0.183 46.738·10 13.63 979 859 116

0.131 44.446·10 13.625 979 860 117

0.131 44.448·10 13.625 242 860 22

0.083 42.303·10 7.68 242 31.686·10 23

0.083 42.303·10 7.68 983 31.686·10 124

0.164 45.93·10 15.18 983 31.687·10 125

0.255 49.95·10 15.18 984 862 126

0.164 45.93·10 15.18 984 31.687·10 127

0.255 49.95·10 15.18 243 862 24

0.104 43.261·10 13.685 243 31.296·10 25

0.189 47.038·10 9.225 635 863 72

0.104 43.261·10 13.685 635 31.296·10 73

0.189 47.004·10 9.225 248 863 26

0.138 44.766·10 9.88 248 31.678·10 27

0.138 44.766·10 9.88 974 31.678·10 106

0.111 43.538·10 9.88 974 31.679·10 107

0.111 43.538·10 9.88 975 31.679·10 108

0.127 44.27·10 8.405 975 31.68·10 109

0.127 44.27·10 8.405 976 31.68·10 110

0.146 45.135·10 8.405 976 31.681·10 111

0.159 45.681·10 8.405 977 31.301·10 112

0.146 45.134·10 8.405 977 31.681·10 113

0.13 44.419·10 9.25 640 868 74

0.159 45.687·10 8.405 640 31.301·10 75

0.13 44.409·10 9.25 249 868 28

0.125 44.197·10 15.165 249 31.682·10 29

0.139 44.803·10 15.17 978 765 114

0.125 44.197·10 15.165 978 31.682·10 115

�
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Pipe Run 1-34C (Elements 471, 985, & 986)

elP134C 471 985 986( )
T

��

ALP134C PipeRun P Do� t� I� B1PR� B2PR� S167� NF� elP134C� PipeRun_Co� EL�� ���

ALP134C
T

0.128

0.089

0.089

0.066

0.084

0.066

4.305 104
�

2.6 104
�

2.6 104
�

1.556 104
�

2.346 104
�

1.555 104
�

15.17

13.65

13.65

7.46

9.265

7.46

471

471

985

985

986

986

764

1.688 103
�

1.688 103
�

1.689 103
�

1.127 103
�

1.689 103
�

32

33

128

129

130

131



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�

Pipe Properties for Lines 1-34(D-I)
Define pertinent pipe variables

Do 4.5in�� Outside Diameter [15]

t 0.237in�� Thickness [15]

P 272psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 7.233 in
4

�

Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [4, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [4, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1�
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Pipe Run 1-34D (Element 472 & 645)

elP134D 472 645( )
T

��

ALP134D PipeRun P Do� t� I� B1PR� B2PR� S167� NF� elP134D� PipeRun_Co� EL�� ���

ALP134D
T

0.197

0.197

0.174

0.183

2.899 104
�

2.891 104
�

2.504 104
�

2.661 104
�

9.265

9.2

9.265

9.265

472

472

645

645

1.128 103
�

1.306 103
�

1.129 103
�

1.306 103
�

34

35

76

77



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-34E (Element 473 & 646)

elP134E 473 646( )
T

��

ALP134E PipeRun P Do� t� I� B1PR� B2PR� S167� NF� elP134E� PipeRun_Co� EL�� ���

ALP134E
T

0.119

0.119

0.094

0.102

1.583 104
�

1.577 104
�

1.171 104
�

1.3 104
�

9.95

9.95

5.99

5.99

473

473

646

646

1.13 103
�

1.307 103
�

1.003 103
�

1.307 103
�

36

37

78

79



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-34F (Element 474 & 581)

elP134F 474 581( )
T

��

ALP134F PipeRun P Do� t� I� B1PR� B2PR� S167� NF� elP134F� PipeRun_Co� EL�� ���

ALP134F
T

0.089

0.087

0.089

0.087

1.086 104
�

1.046 104
�

1.071 104
�

1.046 104
�

9.58

9.585

8.41

9.585

474

474

581

581

1.002 103
�

1.24 103
�

1.007 103
�

1.24 103
�

38

39

68

69



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-34G (Element 475)

elP134G 475( )
T

��

ALP134G PipeRun P Do� t� I� B1PR� B2PR� S167� NF� elP134G� PipeRun_Co� EL�� ���

ALP134G
T 0.073

0.087

8.129 103
�

1.04 104
�

15.14

10.155

475

475

1.006 103
�

1.01 103
�

40

41



�
�
�

�
�
�



�
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Pipe Run 1-34H (Element 476)

elP134H 476( )
T

��

ALP134H PipeRun P Do� t� I� B1PR� B2PR� S167� NF� elP134H� PipeRun_Co� EL�� ���

ALP134H
T 0.094

0.112

1.155 104
�

1.472 104
�

10.155

10.15

476

476

1.011 103
�

1.015 103
�

42

43



�
�
�

�
�
�



�

Pipe Run 1-34I (Element 477)

elP134I 477( )
T

��

ALP134I PipeRun P Do� t� I� B1PR� B2PR� S167� NF� elP134I� PipeRun_Co� EL�� ���

ALP134I
T 0.169

0.122

2.42 104
�

1.641 104
�

8.41

10.15

477

477

974

1.014 103
�

44

45



�
�
�

�
�
�



�

Writing Output Data for Pipe Runs Associated with Lines 1-34 & 1-67

PR1 ALP134A
T

��

PR2 ALP134B
T

��

PR3 ALP134C
T

��

PR4 ALP134D
T

��

PR5 ALP134E
T

��

PR6 ALP134F
T

��

PR7 ALP134G
T

��

PR8 ALP134H
T

��

PR9 ALP134I
T

��

P PR1 PR2 PR3 PR4 PR5 PR6 PR7 PR8 PR9( )��

PipeRunsLine1_34_67 WRITEPRN "PRLine1-34_67.prn" P�( )��
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ELBOWS
Elbows Strategy:  Search based on the two nodes comprising the ends of each elbow.  SRSS combine the
three moments of each of the four node representations (one for each element connected by the nodes in
question).  Find the maximum of the four moment combinations and apply to equation (9) of ASME III, Division I -
NB - 3652 [4]. The D/C ratio will be determined by dividing the left side of the equation by the right side of the
equation.

ElbowDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Elbow P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j ElbowDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� M�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all elbows

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Elb_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Elbow Properties for EL(1-34(A-C))

Define pertinent elbow variables

Do 6.625in�� Outside Diameter  [15]

t 0.28in�� Thickness  [15]

P 272psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 28.142 in
4

�

R 9in�� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.25� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 1.515 10 4�
�� B1 primary stress Index [4, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 3.272� B2 primary stress Index [4, NB-3683.7] 
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Elbow 1-34A (Nodes 756 & 763)

ndEL134A_1 756( )
T

��

ALEL134A_nd756 Elbow P Do� t� I� B1� B2� S125� NF� ndEL134A_1� Elb_Co� EL�� ���

ALEL134A_nd756
T 0.433 6.38 104

� 15.17 756 30 1.753� 104
� 6.091 104

� 7.275 103
�� ��

ndEL134A_2 763( )
T

��

ALEL134A_nd763 Elbow P Do� t� I� B1� B2� S125� NF� ndEL134A_2� Elb_Co� EL�� ���

ALEL134A_nd763
T 0.29 4.27 104

� 13.615 763 16 1.991 103
� 4.211 104

� 6.827 103
�� ��

Elbow 1-34B (Nodes 762 & 761)

ndEL134B_1 762( )
T

��

ALEL134B_nd762 Elbow P Do� t� I� B1� B2� S125� NF� ndEL134B_1� Elb_Co� EL�� ���

ALEL134B_nd762
T 0.18 2.653 104

� 7.695 762 13 5.412 103
� 2.567� 104

� 3.921� 103
�� ��

ndEL134B_2 761( )
T

��

ALEL134B_nd761 Elbow P Do� t� I� B1� B2� S125� NF� ndEL134B_2� Elb_Co� EL�� ���

ALEL134B_nd761
T 0.29 4.265 104

� 9.195 761 7 1.309 104
� 4.059� 104

� 130.023� ��

Elbow 1-34C (Nodes 765 & 764)

ndEL134C_1 765( )
T

��

ALEL134C_nd765 Elbow P Do� t� I� B1� B2� S125� NF� ndEL134C_1� Elb_Co� EL�� ���

ALEL134C_nd765
T 0.326 4.803 104

� 15.17 765 114 4.169 103
� 4.785 104

� 326.482�� ��

ndEL134C_2 764( )
T

��

ALEL134C_nd764 Elbow P Do� t� I� B1� B2� S125� NF� ndEL134C_2� Elb_Co� EL�� ���

ALEL134C_nd764
T 0.292 4.305 104

� 15.17 764 9 4.21 103
� 4.284 104

� 239.813�� ��
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Elbow Properties for REL(1-34D)
Define pertinent elbow variables

DoL 6.625in�� Outside Diameter of larger end segment [15]

DoS 4.5in�� Outside Diameter of smaller end segment  [15]

tL 0.28in�� Thickness of smaller end segment [15]

tS 0.237in�� Thickness of larger end segment

P 272psi�� Internal Pressure [3, pg 23]

IL
� DoL

4
DoL 2 tL��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

IL 28.142 in
4

�

IS
� DoS

4
DoS 2 tS��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

IS 7.233 in
4

�

RL 9in�� Nominal bend radius of curved pipe or elbow

RS 9in��

rmL
DoL tL�

2
�� Mean pipe radius

rmS
DoS tS�

2
�� Mean pipe radius

Define primary stress indices for large end segment

hL
tL RL�

rmL
2

�� hL 0.25� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1L 0 0.1� 0.4 hL�� 0�if

0.5 0.1� 0.4 hL�� 0.5�if

0.1� 0.4 hL�� otherwise

��

B1L 1.515 10 4�
�� B1 primary stress Index [4, NB-3683.7] 
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B2L 1.0
1.3

hL

2
3

1.0 if

1.3

hL

2
3

otherwise

��

B2L 3.272� B2 primary stress Index [4, NB-3683.7] 

Define primary stress indices for small end segment

hS
tS RS�

rmS
2

�� hS 0.469� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1S 0 0.1� 0.4 hS�� 0�if

0.5 0.1� 0.4 hS�� 0.5�if

0.1� 0.4 hS�� otherwise

��

B1S 0.088� B1 primary stress Index [4, NB-3683.7] 

B2S 1.0
1.3

hS

2
3

1.0 if

1.3

hS

2
3

otherwise

��

B2S 2.152� B2 primary stress Index [4, NB-3683.7] 

Reducing Elbow Large Section 1-34D (Nodes 1127 & 1133)
ndREL134D_1L 1127( )

T
��

ALREL134D_nd1127L Elbow P DoL� tL� IL� B1L� B2L� S167� NF� ndREL134D_1L� Elb_Co� EL�� ���

ALREL134D_nd1127L
T 0.173 2.346 104

� 9.265 1.127 103
� 58 1.6� 103

� 2.311� 104
� 3.738��

ndREL134D_2L 1133( )
T

��

ALREL134D_nd1133L Elbow P DoL� tL� IL� B1L� B2L� S167� NF� ndREL134D_2L� Elb_Co� EL�� ���

ALREL134D_nd1133L
T 0.206 2.789 104

� 9.265 1.133 103
� 59 1.131 103

� 2.773 104
� 2.79���

Reducing Elbow Small Section 1-34D (Nodes 1133 & 1128)
ndREL134D_1S 1133( )

T
��

ALREL134D_nd1133S Elbow P DoS� tS� IS� B1S� B2S� S167� NF� ndREL134D_1S� Elb_Co� EL�� ���

ALREL134D_nd1133S
T 0.362 2.789 104

� 9.265 1.133 103
� 59 1.131 103

� 2.773 104
� 2.79���

ndREL134D_2S 1128( )
T

��

ALREL134D_nd1128S Elbow P DoS� tS� IS� B1S� B2S� S167� NF� ndREL134D_2S� Elb_Co� EL�� ���

ALREL134D_nd1128S
T 0.376 2.899 104

� 9.265 1.128 103
� 34 958.866 2.89� 104

� 1.984 1���
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Elbow Properties for EL(1-34(E, G, H))
Define pertinent elbow variables

Do 4.5in�� Outside Diameter  [15]

t 0.237in�� Thickness  [15]

P 272psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]
I 7.233 in

4
�

R 6in�� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.313� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0.025� B1 primary stress Index [4, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 2.82� B2 primary stress Index [4, NB-3683.7] 

Elbow 1-34E (Nodes 1003 & 1002)

ndEL134E_1 1003( )
T

��

ALEL134E_nd1003 Elbow P Do� t� I� B1� B2� S167� NF� ndEL134E_1� Elb_Co� EL�� ���

ALEL134E_nd1003
T 0.198 1.171 104

� 5.99 1.003 103
� 47 4.624 103

� 6.157 103
� 8.826� 1���

ndEL134E_2 1002( )
T

��

ALEL134E_nd1002 Elbow P Do� t� I� B1� B2� S167� NF� ndEL134E_2� Elb_Co� EL�� ���

ALEL134E_nd1002
T 0.184 1.086 104

� 9.58 1.002 103
� 46 739.714 9.998� 103

� 4.165 103
�� ��
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Elbow 1-34G (Nodes 1010 & 1011)
ndEL134G_1 1010( )

T
��

ALEL134G_nd1010 Elbow P Do� t� I� B1� B2� S167� NF� ndEL134G_1� Elb_Co� EL�� ���

ALEL134G_nd1010
T 0.176 1.04 104

� 10.155 1.01 103
� 49 1.732� 103

� 8.839 103
� 5.207 1���

ndEL134G_2 1011( )
T

��

ALEL134G_nd1011 Elbow P Do� t� I� B1� B2� S167� NF� ndEL134G_2� Elb_Co� EL�� ���

ALEL134G_nd1011
T 0.195 1.155 104

� 10.155 1.011 103
� 42 1.073� 103

� 1.04 104
� 4.925 ���

Elbow 1-34H (Nodes 1015 & 1014)
ndEL134H_1 1015( )

T
��

ALEL134H_nd1015 Elbow P Do� t� I� B1� B2� S167� NF� ndEL134H_1� Elb_Co� EL�� ���

ALEL134H_nd1015
T 0.248 1.472 104

� 10.15 1.015 103
� 53 1.245 103

� 1.429 104
� 3.311 1���

ndEL134H_2 1014( )
T

��

ALEL134H_nd1014 Elbow P Do� t� I� B1� B2� S167� NF� ndEL134H_2� Elb_Co� EL�� ���

ALEL134H_nd1014
T 0.277 1.641 104

� 10.15 1.014 103
� 45 2.542 103

� 1.593 104
� 3.015 1���

Elbow Properties for EL(1-34F)
Define pertinent elbow variables

Do 4.5in�� Outside Diameter  [15]

t 0.237in�� Thickness  [15]

P 272psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 7.233 in
4

�

R 20in�� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices
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h
t R�

rm
2

�� h 1.043� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0.317� B1 primary stress Index [4, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 1.264� B2 primary stress Index [4, NB-3683.7] 

Elbow 1-34F (Nodes 1007 & 1006)
ndEL134E_1 1007( )

T
��

ALEL134E_nd1007 Elbow P Do� t� I� B1� B2� S167� NF� ndEL134E_1� Elb_Co� EL�� ���

ALEL134E_nd1007
T 0.096 1.071 104

� 8.41 1.007 103
� 68 3.338� 103

� 8.828 103
� 5.065� ���

ndEL134E_2 1006( )
T

��

ALEL134E_nd1006 Elbow P Do� t� I� B1� B2� S167� NF� ndEL134E_2� Elb_Co� EL�� ���

ALEL134E_nd1006
T 0.077 8.129 103

� 15.14 1.006 103
� 40 3.511� 103

� 5.487 103
� 4.863 ���

Writing Output Data for Elbows Associated with Lines 13 to 16, 18 to 21, and 171

EL1A ALEL134A_nd756
T

�� EL4B ALREL134D_nd1133L
T

�� EL8A ALEL134H_nd1015
T

��

EL1B ALEL134A_nd763
T

�� EL5A ALREL134D_nd1133S
T

�� EL8B ALEL134H_nd1014
T

��

EL2A ALEL134B_nd762
T

�� EL5B ALREL134D_nd1128S
T

�� EL9A ALEL134E_nd1007
T

��

EL2B ALEL134B_nd761
T

�� EL6A ALEL134E_nd1003
T

�� EL9B ALEL134E_nd1006
T

��

EL3A ALEL134C_nd765
T

�� EL6B ALEL134E_nd1002
T

��

EL3B ALEL134C_nd764
T

�� EL7A ALEL134G_nd1010
T

��

EL4A ALREL134D_nd1127L
T

�� EL7B ALEL134G_nd1011
T

��

vEL EL1A EL1B EL2A EL2B EL3A EL3B EL4A EL4B EL5A EL5B EL6A EL6B EL7A EL7B EL8A EL8B EL(��

ElbowLine1_34_67 WRITEPRN "ElbowLine1-34_67.prn" vEL�( )��
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FABRICATED BRANCH TEES
Tees Strategy:  Search based on the elements comprising the tee.  The input identifies which elements are
associated with the pipe run and which element is associated with the branch from the run.  The indices for the
defined common node for all three elements is identified and the associated SRSS moment is identified for each
time step.  The maximum moment for the elements comprising the pipe run is found and applied as Mr in
equation (9) of ASME III, Division I - NB - 3652 which is modified to represent tees.  The maximum moment for
the branch element is found and applied as Mb in equation (9) of ASME III, Division I - NB - 3652 [4].  The D/C
ratio will be determined by dividing the left side of the equation by the right side of the equation.

TeeDC P Do� Tr� B1� B2b� B2r� Mb� Mr� Zb� Zr� S�� �
B1

P Do�

2 Tr�
� B2b

Mb 1lbf in�( )�

Zb

�"
"�

�#
#�

�� B2r
Mr 1lbf in�( )�

Zr

�"
"�

�#
#�

��

S
��

Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S� nf� elR� elB� ndR� ndB� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indelR match elR0
EL

0� 	
�
�

�
��



�

indelR stack indelR match elRi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elR� ����for rowsif

EL'R
last EL 0� 	� � 0�

EL'RindelRi
EL

indelRi
1��

i 0 last indelR� ����for

indndR match ndR0
EL'R

0� 	
�
�

�
��



�

indndR stack indndR match ndRi
EL'R

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndR� ����for rif

indelB match elB0
EL

0� 	
�
�

�
��



�

indelB stack indelB match elBi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elB� ����for rowsif

EL'B
last EL 0� 	� � 0�

EL'BindelBi
EL

indelBi
1��

i 0 last indelB� ����for

indndB match ndB EL'B
0� 	

�
�
�

��



�

��
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indndB match ndB0
EL B�

� 

�

indndB stack indndB match ndBi
EL'B

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndB� ����for rif

MR MB Int0� � 0 0 0( )�

MrxgRj
nfindnfiCo0 1�

2� indndR j
��

MrygRj
nfindnfiCo1 1�

2� indndR j
��

MrzgRj
nfindnfiCo2 1�

2� indndR j
��

MrxRj
nfindnfiCo0 1�

2� i� indndR j
� MrxgRj

�
�
�

��



C��

MryRj
nfindnfiCo1 1�

2� i� indndR j
� MrygRj

�
�
�

��



C��

MrzRj
nfindnfiCo2 1�

2� i� indndR j
� MrzgRj

�
�
�

��



Co��

MRj
MrxRj


�

�



2
MryRj


�

�



2
� MrzRj



�

�



2
��

MrxgBj
nfindnfiCo0 1�

2� indndBk
��

MrygBj
nfindnfiCo1 1�

2� indndBk
��

MrzgBj
nfindnfiCo2 1�

2� indndBk
��

MrxBj
nfindnfiCo0 1�

2� i� indndBk
� MrxgBj

�
�
�

��



C��

MryBj
nfindnfiCo1 1�

2� i� indndBk
� MrygBj

�
�
�

��



C��

MrzBj
nfindnfiCo2 1�

2� i� indndBk
� MrzgBj

�
�
�

��



C��

MBj
MrxBj


�

�



2
MryBj


�

�



2
� MrzBj



�

�



2
��

Int' j TeeDC P Do� Tr� B1� B2b� B2r� MBj
� MR�


�
�

Int stack Int' j MRj
� MBj

� nf
indnfiC 1� i�

�
�
�

�

Int' j Int0�if

k 0 last indndB� ����for

j 0 last indndR� ����for

i 0 indnfo0
indnfi0

����for
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j j Co0 1�
1�

Result stack MRj
MBj
� MrxRj

� MryRj
� M�


�
�

M MR�

Int

Conditions applicable to forged tee

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(North), y(Up), and z(East) correspond
to positive 1, 2, and 3 and seismic factor

Tee_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

FABRICATED T(1-34)
Define pertinent tee variables
P 272psi�� Internal Pressure [3, pg 23]

Do 36in�� Outside Diameter of pipe run [10]

do 6.625in�� Outside Diameter of branch [10]

B1 0.5�� B1 primary stress Index for tees and branches 
[4, Table NB-3681(a)-1]]

Tr 0.5in�� Nominal wall thickness of designated run pipe
[10]

Rm
Do Tr�

2
�� Mean radius of designated run pipe [10]

Zr � Rm
2

� Tr��� Approximate section modulus of designated run
pipe [4, NB-3683.1(d)]

Zr 494.899 in
3

�

T'b 0.28in�� Nominal wall thickness of attached branch pipe
[15]

r'm
do T'b�

2
�� Mean radius of attached branch pipe [15]

Zb � r'm
2

� T'b��� Approximate section modulus of attached branch
pipe [4, NB-3683.1(d)]

Zb 8.853 in
3

�

C2b Secondary stress Index [4,NB-3683.8] 
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C2b 1.5
Rm

Tr


�
��

��
�


2
3

r'm

Rm


�
��

��
�


1
2

T'b

Tr


�
��

��
�


r'm
do

2


�
�
��

��
�
�


� 1.5
Rm

Tr


�
��

��
�


2
3

r'm

Rm


�
��

��
�


1
2

T'b

Tr


�
��

��
�


�
r'm
do

2


�
�
��

��
�
�


1.5$if

1.5 otherwise

��

C2b 3.674�

C2r Secondary stress Index [4,NB-3683.8] 
Wall thickness of nozzle or branch connection
reinforcement associated with [4, NB-3643.4(A)-1,
sketch (d)]

tn T'b��

C2r 1.15
r'm

tn


�
��

��
�


1
4

� 1.15
r'm

tn


�
��

��
�


1
4

� 1.5$if

1.5 otherwise

��

C2r 2.11�

B2b 0.5 C2b� 0.5 C2b� 1$if

1 otherwise

��

B2b primary stress Index for branches [4, NB-3683.8]

B2b 1.837�

B2r 0.75 C2r� 0.75 C2r� 1$if

1 otherwise

��

B2r primary stress Index for branches [4, NB-3683.8]

B2r 1.582�

Fabricated Tee 1-34 (Node 588)
elRTee134 88 922( )

T
�� Elements associated with pipe run

ndRTee134 588( )
T

�� Node between pipe run elements

elBTee134 153( )
T

�� Element associated with branch

ndBTee134 946( )
T

�� Node where branch intersects pipe run

ALTee134 Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S167� NF� elRTee134� elBTee134� ndRTee134� ndBTee134� Tee_C����

ALTee134
T 0.401 7.173 105

� 6.635 104
� 13.62 588 1 104 4� ��

Writing Output Data for Tees Associated with Lines 1-34 & 1-67
T1 ALTee134

T
��

vT T1( )��

TeeLine1_34_67 WRITEPRN "TeeLine1-34_67.prn" vT�( )��
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FLANGES
Flange Strategy:  Search based on the nodes where flanges occur.  Find the maximum moment combination for
the node and apply to equation (9) of ASME III, Division I - NB - 3652 [4].  Use the geometry of the pipe when
applying (9).  The D/C ratio for each node will be determined by dividing the left side of the equation by the right
side of the equation and taking the max of the result.

FlangeDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Flange P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j FlangeDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� M�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all flanges

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Flange_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Pipe Properties of Line 1-67
Define pertinent pipe variables

Do 4.5in�� Outside Diameter  [15]

t 0.237in�� Thickness  [15]

P 272psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 7.233 in
4

�

Define primary stress indices (Utilize girth weld characteristic associated with lap joint flanges in determining
values)

B1 0.5�� B1 for a girth weld [4, Table NB-3681(a)-1, pg 130] 

B2 1�� B2 for a girth weld [4, Table NB-3681(a)-1, pg 130] 

Flange 1-67A (Node 1129)
ndFL167A 1129( )

T
��

ALFL167A Flange P Do� t� I� B1� B2� S167� NF� ndFL167A� Flange_Co� EL�� ���

ALFL167A
T 0.174 2.504 104

� 9.265 1.129 103
� 76 2.386 103

� 2.459 104
� 4.089 103

�� ��

Flange 1-67B (Node 1130)
ndFL167B 1130( )

T
��

ALFL167B Flange P Do� t� I� B1� B2� S167� NF� ndFL167B� Flange_Co� EL�� ���

ALFL167B
T 0.119 1.583 104

� 9.95 1.13 103
� 36 6.624 103

� 1.236� 104
� 7.349� 103

�� ��

Writing Output Data for Flanges Associated with Lines 1-34 & 1-67

F1 ALFL167A
T

�� F2 ALFL167B
T

��

F F1 F2( )��

FlangeLine1_34_67 WRITEPRN "FlangeLine1-34_67.prn" F�( )��
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Appendix D.3.5

 Demand to Capacity Ratio Calculations for Components
Associated with Lines 1-39 and 1-40 of ATR PCS Model 1-4

(NOTE:  Values represented here are shown for one realization (Nodal Force file =
LINE1-39_40_test_R1.dat and Element/Nodal order file = EL1-39_40.xls ) and may or may not be

consistent with the 80th percentile results contained in Appendix D.4)
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Force Outputs from Abaqus

NF
...\LINE1-39_40.dat

�� (N)odal (F)orces for Model 1-4

Defined Elemental and Corresponding Nodal Order

EL
..\EL_39_40(9-22-08).xls

�� Element and corresponding nodal order for
Model 1-4

Time Boundaries

tinitial 1�� Initial time for which dynamic loading is applied

tfinal 21�� Final time for which dynamic loading stops

Seismic Scale Factor (Fa)

Fa 1�� Seismic scale factor [9]

Allowable Design Stress Intensity Factor (Sm): Sm is defined below for SS304 at temperature 125oF and

SS304L at 125oF.

Sm_125 20ksi�� For SS304 at 125oF [2, pg 316-318] [3, pg 23]  

For SS304L at 125oF [2, pg 316-318] Applicable
only for portions of lines 1-1, 1-2, 1-3, 1-4, 1-5,
and 1-6 closest to reactor vessel [3, pg 23]

Sm_125L 16.7ksi��

Sm_167 20ksi�� For SS304 at 167oF [2, pg 316-318] [3, pg 23]  

For SS304L at 167oF [2, pg 316-318] Applicable
only for portions of lines 1-1, 1-2, 1-3, 1-4, 1-5,
and 1-6 closest to reactor vessel [3, pg 23]

Sm_167L 16.7ksi��

Yield Strength (Sy): Sy is defined below for SS304 at temperature 125oF and SS304L at 125oF.

Sy_125 28.35ksi�� For SS304 at 125oF [2, pg 646-648] [3, pg 23]  

For SS304L at 125oF [2, pg 646-648] Applicable
only for portions of lines 1-1, 1-2, 1-3, 1-4, 1-5,
and 1-6 closest to reactor vessel [3, pg 23] 

Sy_125L 23.85ksi��

Sy_167 26.12ksi�� For SS304 at 125oF [2, pg 646-648] [3, pg 23]  

For SS304L at 125oF [2, pg 646-648] Applicable
only for portions of lines 1-1, 1-2, 1-3, 1-4, 1-5,
and 1-6 closest to reactor vessel [3, pg 23]

Sy_167L 22.26ksi��
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Maximum Strength Applicable for Equation 9 (S):  S is defined below for SS304 at temperature 125oF
and SS304L at 125oF.

S125 min 3 Sm_125� 2 Sy_125��� ��� Maximum allowable stress applied to SS304
piping [4, NB-3656]

S125 56.7 ksi�

S125L min 3 Sm_125L� 2 Sy_125L��� ��� Maximum allowable stress applied to SS304L
piping [4, NB-3656]

S125L 47.7 ksi�

S167 min 3 Sm_167� 2 Sy_167��� ��� Maximum allowable stress applied to SS304
piping [4, NB-3656]

S167 52.24 ksi�

S167L min 3 Sm_167L� 2 Sy_167L��� ��� Maximum allowable stress applied to SS304L
piping [4, NB-3656]

S167L 44.52 ksi�
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SUPPORTS
Supports Strategy:  Search based on the node for which the support acts.  If this node is a termination point
there will only be one node to evaluate.  If this node is in line with a section of pipe there will be two
representations of the same node (one for each element on each side of the node) to combine and the difference
between them is the force required of the support.  The D/C ratio for each support will be found by dividing the the
required force found above by the support capacity.

SupDC Pr Pc�� �
Pr

Pc
��

Support nf nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

Int14
Int24



�

�



0 0( )�

Prgj
nfindnfiCo0 1�

1� indndj
��

Prj
nfindnfiCo0 1�

1� i� indndj
� Prgj

�
�
�

��



Co2 0�
� Prgj

��

j 0 last indnd� ����for

PRi

0

j

n

Prn�
�

�

Int1' SupDC PRi Co0 0�
�


�
�



�

Int1 stack Int1' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int11
� Co0 0�

0��if

Int2' SupDC PRi Co1 0�
�


�
�



�

Int2 stack Int2' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int21
� Co1 0�

0��if

i 0 indnfo0
indnfi0

����for

Int1 Int2� �

��
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Tieback2 Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_TB2_EW
5.577 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_TB2_EW
1.528 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_TB2_EW

P1_TB2_EW

P2_TB2_EW

Fa

3

0

0


�
�
�
��

��
�
�
�


��

Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_TB2_V
0.908 kip�

lbf
�� Flexure

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_TB2_V
0.908 kip�

lbf
�� Flexure

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_TB2_V

P1_TB2_V

P2_TB2_V

Fa

2

0

0


�
�
�
��

��
�
�
�


��

Tieback2 East/West (Node 1445)
Tieback2 vertically and laterally supports the horizontal PCS pipe on line 1-39 at north side of EL(1-39A).

nd1445TB2_EW0
1445�� Node associated with support

AL1TB2_EW_nd1445 AL2TB2_EW_nd1445� � Support NF nd1445TB2_EW� Sup_Co_TB2_EW� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1TB2_EW_nd1445
T 0.196 1.095� 103

� 5.875 1.445 103
� 100� ��

AL2TB2_EW_nd1445
T 1.155 1.765 103

� 10.69 1.445 103
� 100� ��

Tieback2 Vertical (Node 1445)
Tieback2 vertically and laterally supports the horizontal PCS pipe on line 1-34 between RH-14a and RH-14b.

nd1445TB2_V0
1445�� Node associated with support

AL1TB2_V_nd1445 AL2TB2_V_nd1445� � Support NF nd1445TB2_V� Sup_Co_TB2_V� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1TB2_V_nd1445
T 2.436 2.212� 103

� 10.23 1.445 103
� 100� ��

AL2TB2_V_nd1445
T 0 0 0 0 0( )�
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PS-11A Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_PS11A
20.496 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_PS11A
0 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_PS11A

P1_PS11A

P2_PS11A

Fa

2

0

0


�
�
�
��

��
�
�
�


��

PS-11A (Node 1369)
PS-11A vertically supports T(1-39) south of CK(1-39).

nd1369PS11A0
1369�� Node associated with support

AL1PS11A_nd1369 AL2PS11A_nd1369� � Support NF nd1369PS11A� Sup_Co_PS11A� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PS11A_nd1369
T 0.486 9.968� 103

� 1.115 1.369 103
� 79� ��

AL2PS11A_nd1369
T 0 0 0 0 0( )�

RH-14A Support (4x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_RH14A
7.069 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_RH14A
0.691kip

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to 1, 2, and 3

Sup_Co_RH14A

P1_RH14A

P2_RH14A

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-14Aa (Node 1288)
RH-14Aa vertically supports the horizontal PCS pipe on line 1-40 traveling west from EL(1-40A).

nd1288RH14Aa0
1288�� Node associated with support

AL1RH14Aa_nd1288 AL2RH14Aa_nd1288� � Support NF nd1288RH14Aa� Sup_Co_RH14A� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate

AL1RH14Aa_nd1288
T 0.214 1.515� 103

� 13.645 1.288 103
� 97� ��

AL2RH14Aa_nd1288
T 0 0 0 0 0( )�
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system)
RH-14Ab (Node 1291)
RH-14Ab vertically supports the horizontal PCS pipe on line 1-40 traveling west from RH-14Aa.

nd1291RH14Ab0
1291�� Node associated with support

AL1RH14Ab_nd1291 AL2RH14Ab_nd1291� � Support NF nd1291RH14Ab� Sup_Co_RH14A� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH14Ab_nd1291
T 0.183 1.292� 103

� 7.675 1.291 103
� 95� ��

AL2RH14Ab_nd1291
T 0 0 0 0 0( )�

RH-14Ac (Node 1297)
RH-14Ac vertically supports the horizontal PCS pipe on line 1-40 traveling west from RH-14Ab.

nd1297RH14Ac0
1297�� Node associated with support

AL1RH14Ac_nd1297 AL2RH14Ac_nd1297� � Support NF nd1297RH14Ac� Sup_Co_RH14A� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH14Ac_nd1297
T 0.176 1.248� 103

� 5.775 1.297 103
� 93� ��

AL2RH14Ac_nd1297
T 0 0 0 0 0( )�

RH-14Ad (Node 1302)
RH-14Ad vertically supports the horizontal PCS pipe on line 1-40 traveling west from RH-14Ac.

nd1302RH14Ad0
1302�� Node associated with support

AL1RH14Ad_nd1302 AL2RH14Ad_nd1302� � Support NF nd1302RH14Ad� Sup_Co_RH14A� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH14Ad_nd1302
T 0.569 4.021� 103

� 5.71 1.302 103
� 91� ��

AL2RH14Ad_nd1302
T 0 0 0 0 0( )�
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RH-20G Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_RH20
7.069 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system

P2_RH20
7.069 kip�

lbf
�� Compression

See main body for further discussion of this support

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to 1, 2, and 3

Sup_Co_RH20

P1_RH20

P2_RH20

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-20G (Node 1395)
RH-20 vertically supports the horizontal PCS pipe on line 1-40 at north end of EL(1-40E).

nd1395RH200
1395�� Node associated with support

AL1RH20_nd1395 AL2RH20_nd1395� � Support NF nd1395RH20� Sup_Co_RH20� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH20_nd1395
T 0 0 0 0 0( )�

AL2RH20_nd1395
T 0.53 3.747 103

� 5.295 1.395 103
� 101� ��

PS-22 Support (North/South)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_PS22
5.658 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_PS22
11.25 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_PS22

P1_PS22

P2_PS22

Fa

1

0

0


�
�
�
��

��
�
�
�


��

PS-22 Axial (NS) (Node 1444)
PS-22 horizontally (N/S) supports the horizontal(E/W) PCS pipe on line 1-40 just west of RH-14Ac

nd1444PS220
1444�� Node associated with support

AL1PS22_nd1444 AL2PS22_nd1444� � Support NF nd1444PS22� Sup_Co_PS22� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PS22_nd1444
T 0.172 973.894� 5.44 1.444 103

� 90� ��

AL2PS22_nd1444
T 0.102 1.145 103

� 10.205 1.444 103
� 90� ��
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Writing Output Data for Supports Associated with Lines 1-13 to 1-16, 1-18 to 1-21,
and 1-171.

SA1 AL1TB2_EW_nd1445
T

�� SE1 AL1RH14Ab_nd1291
T

�� SI1 AL1PS22_nd1444
T

��

SA2 AL2TB2_EW_nd1445
T

�� SE2 AL2RH14Ab_nd1291
T

��
SI2 AL2PS22_nd1444

T
��

SB1 AL1TB2_V_nd1445
T

�� SF1 AL1RH14Ac_nd1297
T

��

SB2 AL2TB2_V_nd1445
T

�� SF2 AL2RH14Ac_nd1297
T

��

SC1 AL1PS11A_nd1369
T

�� SG1 AL1RH14Ad_nd1302
T

��

SC2 AL2PS11A_nd1369
T

�� SG2 AL2RH14Ad_nd1302
T

��

SD1 AL1RH14Aa_nd1288
T

�� SH1 AL1RH20_nd1395
T

��

SD2 AL2RH14Aa_nd1288
T

�� SH2 AL2RH20_nd1395
T

��

S SA1 SA2 SB1 SB2 SC1 SC2 SD1 SD2 SE1 SE2 SF1 SF2 SG1 SG2 SH1 SH2 SI1 SI2( )��

SupportsLine1_39_40 WRITEPRN "SupLine1-39_40.prn" S�( )��

TERMINATION LOCATIONS (NONE)
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PIPE RUNS
Pipe Runs Strategy:  Search based on the nodes present in each run of pipe.  Find the maximum moment
combination among all of the nodes and apply to equation (9) of ASME III, Division I - NB - 3652 [4].  Use the
geometry of the pipe when applying (9).  The D/C ratio for each node will be determined by dividing the left side of
the equation by the right side of the equation.

PipeRunDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

PipeRun P Do� t� I� B1� B2� S� nf� el� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indel match el0 EL
0� 	

�

�

�

�

indel stack indel match eli EL
0� 	

�

�

�





�

�

��

�
�
��

i 1 last el( )���for rows el( ) 1�if

M Int5 last indel� ��

�

�



0 0( )�

Mrxg nfindnfiCo0 1�
2� indelj
��

Mryg nfindnfiCo1 1�
2� indelj
��

Mrzg nfindnfiCo2 1�
2� indelj
��

Mrxj
nfindnfiCo0 1�

2� i� indelj
� Mrxg�
�

�
��



Co3 0�
� Mrxg��

Mryj
nfindnfiCo1 1�

2� i� indelj
� Mryg�
�

�
��



Co3 0�
� Mryg��

Mrzj
nfindnfiCo2 1�

2� i� indelj
� Mrzg�
�

�
��



Co3 0�
� Mrzg��

M'j Mrxj


�

�



2
Mryj


�

�



2
� Mrzj



�

�



2
��

Int' j PipeRunDC P Do� t� I� B1� B2� M'j� S�� ��

H Int' j M' j nf
indnfiCo0 1�

1� i� 0� EL
indelj

0� EL
indelj

1� indel j
Mrx
�

�
�

Intk j� Hk�

k 0 5���for

Int' j Int0 j��if

j 0 last indel� ����for

i 0 indnfo0
indnfi0

����for

��
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Int
Conditions applicable to all pipe runs

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

PipeRun_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Pipe Properties for Line 1-39
Define pertinent pipe variables

Do 6.625in�� Outside Diameter [16]

t 0.28in�� Thickness [16]

P 376psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 28.142 in
4

�

Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [4, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [4, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X 1.3 0.006
Do

t
���

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1�

Pipe Run 1-39A (Element 521)
elP139A 521( )

T
��

ALP139A PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP139A� PipeRun_Co� EL�� ���

ALP139A
T 0.245

0.281

9.891 104
�

1.163 105
�

8.5

4.98

521

521

987

1.035 103
�

58

59



�
�
�

�
�
�



�
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Pipe Run 1-39B (Element 516)
elP139B 516( )

T
��

ALP139B PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP139B� PipeRun_Co� EL�� ���

ALP139B
T 0.22

0.298

8.708 104
�

1.248 105
�

4.975

4.255

516

516

1.034 103
�

1.176 103
�

49

50



�
�
�

�
�
�



�

Pipe Properties for Line 1-40
Define pertinent pipe variables

Do 6.625in�� Outside Diameter [17]

t 0.28in�� Thickness [17]

P 272psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 28.142 in
4

�

Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [4, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [4, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X 1.3 0.006
Do

t
���

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1�

Pipe Run 1-40A (Element 162)
elP140A 162( )

T
��

ALP140A PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP140A� PipeRun_Co� EL�� ���

ALP140A
T 0.117

0.136

4.28 104
�

5.198 104
�

8.415

10.18

162

162

803

953

9

10



�
�
�

�
�
�



�
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Pipe Run 1-40B (Element 320, 649, 626, 935, 324, 934, 937, 936, 651, 327, 938, 636,
876, 939, 877, 940, 941, & 641)

elP140B 320 649 626 935 324 934 937 936 651 327 938 636 876 939 877 940 941 641(��

ALP140B PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP140B� PipeRun_Co� EL�� ���

ALP140B
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

0.111 43.984·10 8.415 320 802 35

0.103 43.616·10 8.415 320 31.31·10 36

0.092 43.063·10 7.73 649 31.287·10 74

0.103 43.616·10 8.415 649 31.31·10 75

0.092 43.06·10 7.73 626 31.287·10 68

0.089 42.922·10 7.74 626 31.638·10 69

0.091 43.03·10 7.765 935 954 109

0.089 42.922·10 7.74 935 31.638·10 110

0.091 43.03·10 7.765 324 954 37

0.101 43.492·10 7.78 324 31.637·10 38

0.118 44.32·10 7.8 934 959 107

0.101 43.492·10 7.78 934 31.637·10 108

0.118 44.318·10 7.8 937 959 113

0.135 45.115·10 10.175 937 31.64·10 114

0.159 46.305·10 10.175 936 31.639·10 111

0.135 45.115·10 10.175 936 31.64·10 112

0.183 47.45·10 10.18 651 960 76

0.159 46.305·10 10.175 651 31.639·10 77

0.183 47.451·10 10.18 327 960 39

0.195 48.038·10 10.185 327 31.641·10 40

0.209 48.721·10 10.19 938 31.298·10 115

0.195 48.038·10 10.185 938 31.641·10 116

0.215 49.011·10 10.195 636 961 70

0.209 48.721·10 10.19 636 31.298·10 71

0.216 49.035·10 10.195 876 961 103

0.161 46.395·10 10.195 876 31.642·10 104

0.116 44.218·10 10.2 939 963 117

0.161 46.395·10 10.195 939 31.642·10 118

0.116 44.218·10 10.2 877 963 105

0.13 44.905·10 5.715 877 31.643·10 106

0.13 44.905·10 5.715 940 31.643·10 119

0.171 46.849·10 5.715 940 31.644·10 120

0.219 49.186·10 5.71 941 31.303·10 121

0.171 46.849·10 5.715 941 31.644·10 122

0.169 46.763·10 5.71 641 776 72

0.22 49.209·10 5.71 641 31.303·10 73

�
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Pipe Run 1-40C (Element 233 & 160)
elP140C 233 160( )

T
��

ALP140C PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP140C� PipeRun_Co� EL�� ���

ALP140C
T

0.138

0.123

0.141

0.123

5.271 104
�

4.569 104
�

5.437 104
�

4.569 104
�

9.9

10.18

10.18

10.18

233

233

160

160

777

852

778

852

23

24

7

8



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-40D (Element 159)
elP140D 159( )

T
��

ALP140D PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP140D� PipeRun_Co� EL�� ���

ALP140D
T 0.144

0.143

5.572 104
�

5.515 104
�

9.445

4.245

159

159

779

780

5

6



�
�
�

�
�
�



�

Pipe Run 1-40E (Element 234 & 158)
elP140E 234 158( )

T
��

ALP140E PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP140E� PipeRun_Co� EL�� ���

ALP140E
T

0.139

0.112

0.115

0.112

5.319 104
�

4.034 104
�

4.168 104
�

4.034 104
�

9.2

10.68

10.67

10.68

234

234

158

158

781

853

782

853

25

26

3

4



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-40F (Element 157)
elP140F 157( )

T
��

ALP140F PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP140F� PipeRun_Co� EL�� ���

ALP140F
T 0.164

0.124

6.538 104
�

4.626 104
�

5.67

5.715

157

157

758

783

1

2



�
�
�

�
�
�



�
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Writing Output Data for Pipe Runs Associated with Lines 1-39 & 1-40

PR1 ALP139A
T

��

PR2 ALP139B
T

��

PR3 ALP140A
T

��

PR4 ALP140B
T

��

PR5 ALP140C
T

��

PR6 ALP140D
T

��

PR7 ALP140E
T

��

PR8 ALP140F
T

��

P PR1 PR2 PR3 PR4 PR5 PR6 PR7 PR8( )��

PipeRunsLine1_39_40 WRITEPRN "PRLine1-39_40.prn" P�( )��
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REDUCERS
Reducers Strategy:  Search based on the nodes comprising either end of the reducers.  SRSS combine the
three moments of each of the four node representations (one for each element connected by the node in
question).  Find the maximum of the moment combinations for each element and apply to equation (9) of ASME
III, Division I - NB - 3652 [4].  It is important to not combine the data from both nodes as the geometry for each
is different and (9) must be applied for each node.  The D/C ratio for each node will be determined by dividing the
left side of the equation by the right side of the equation and taking the max of the result.

ReducerDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Reducer P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j ReducerDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� �
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

��
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Int
Conditions applicable to all reducers

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Reducer_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Reducer Properties for Line 1-39
Define pertinent reducer variables

Do 6.625in 4.5in( )
T

�� Outside Diameter  [16]

t 0.28in 0.237in( )
T

�� Thickness  [16]

P 376psi 376psi( )
T

�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I
28.142

7.233


�
�

�
�



in
4

�

Define primary stress indices

! atan
1.0625in

5.5in

�
�

��



�� Angular slope of reducer [16]

! 10.934 deg�

B1 0.5 ! 30deg if

1.0 30deg !� 60deg if

��

B1 primary stress Index [4, NB-3683.7] 
B1 0.5�

B2 1.0�� B2 primary stress Index [4, NB-3683.7] 

Reducer 1-39 (Nodes 1175 & 1178)
ndRD139_L 1175( )

T
�� Node associated with Large end of reducer

ALRD139_L Reducer P0 Do0
� t0� I0� B1� B2� S125� NF� ndRD139_L� Reducer_Co� EL�


�
�



��

ALRD139_L
T 0.168 6.18 104

� 5.345 1.175 103
� 46 2.309 103

� 5.009� 103
� 6.155 104

�� ��

ndRD139_S 1178( )
T

�� Node associated with Small end of reducer

ALRD139_S Reducer P1 Do1
� t1� I1� B1� B2� S125� NF� ndRD139_S� Reducer_Co� EL�


�
�



��

ALRD139_S
T 0.334 5.519 104

� 5.345 1.178 103
� 54 2.338 103

� 5.843� 103
� 5.482 104

�� ��
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Writing Output Data for Reducers Associated with Line 1-39 & 1-40

RL1 ALRD139_L
T

��

RS1 ALRD139_S
T

��

R RL1 RS1( )��

ReducersLine1_39_40 WRITEPRN "RedLine1-39_40.prn" R�( )��
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ELBOWS
Elbows Strategy:  Search based on the two nodes comprising the ends of each elbow.  SRSS combine the
three moments of each of the four node representations (one for each element connected by the nodes in
question).  Find the maximum of the four moment combinations and apply to equation (9) of ASME III, Division I -
NB - 3652 [4]. The D/C ratio will be determined by dividing the left side of the equation by the right side of the
equation.

ElbowDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Elbow P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j ElbowDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� M�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Int

Conditions applicable to all elbows

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Elb_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Elbow Properties for EL(1-39)

Define pertinent elbow variables

Do 6.625in�� Outside Diameter  [16]

t 0.28in�� Thickness  [16]

P 376psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 28.142 in
4

�

R 9in�� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.25� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 1.515 10 4�
�� B1 primary stress Index [4, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 3.272� B2 primary stress Index [4, NB-3683.7] 
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Elbow 1-39 (Nodes 1034 & 1035)
ndEL139_1 1034( )

T
��

ALEL139_nd1034 Elbow P Do� t� I� B1� B2� S125� NF� ndEL139_1� Elb_Co� EL�� ���

ALEL139_nd1034
T 0.592 8.708 104

� 4.975 1.034 103
� 49 1.944� 104

� 1.936 104
� 8.264 1���

ndEL139_2 1035( )
T

��

ALEL139_nd1035 Elbow P Do� t� I� B1� B2� S125� NF� ndEL139_2� Elb_Co� EL�� ���

ALEL139_nd1035
T 0.79 1.163 105

� 4.98 1.035 103
� 52 8.186 103

� 1.893 104
� 1.145 105

�� ��

Elbow Properties for EL(1-40(A, C, D, & E))
Define pertinent elbow variables

Do 6.625in�� Outside Diameter  [17]

t 0.28in�� Thickness  [17]

P 272psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 28.142 in
4

�
R 9in�� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.25� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 1.515 10 4�
�� B1 primary stress Index [4, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 3.272� B2 primary stress Index [4, NB-3683.7] 
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Elbow 1-40A (Nodes 803 & 802)
ndEL140A_1 803( )

T
��

ALEL140A_nd803 Elbow P Do� t� I� B1� B2� S167� NF� ndEL140A_1� Elb_Co� EL�� ���

ALEL140A_nd803
T 0.316 4.28 104

� 8.415 803 9 2.031� 104
� 3.671 104

� 8.46 103
�� ��

ndEL140A_2 802( )
T

��

ALEL140A_nd802 Elbow P Do� t� I� B1� B2� S167� NF� ndEL140A_2� Elb_Co� EL�� ���

ALEL140A_nd802
T 0.294 3.984 104

� 8.415 802 80 1.864� 104
� 3.403 104

� 9.036 103
�� ��

Elbow 1-40C (Nodes 778 & 779)
ndEL140C_1 778( )

T
��

ALEL140C_nd778 Elbow P Do� t� I� B1� B2� S167� NF� ndEL140C_1� Elb_Co� EL�� ���

ALEL140C_nd778
T 0.401 5.437 104

� 10.18 778 7 6.629 103
� 4.465� 104

� 3.032� 104
�� ��

ndEL140C_2 779( )
T

��

ALEL140C_nd779 Elbow P Do� t� I� B1� B2� S167� NF� ndEL140C_2� Elb_Co� EL�� ���

ALEL140C_nd779
T 0.411 5.572 104

� 9.445 779 5 2.356 104
� 1.407� 104

� 4.85� 104
�� ��

Elbow 1-40D (Nodes 780 & 781)
ndEL140D_1 780( )

T
��

ALEL140D_nd780 Elbow P Do� t� I� B1� B2� S167� NF� ndEL140D_1� Elb_Co� EL�� ���

ALEL140D_nd780
T 0.407 5.515 104

� 4.245 780 14 1.72 104
� 3.178 103

� 5.231 104
�� ��

ndEL140D_2 781( )
T

��

ALEL140D_nd781 Elbow P Do� t� I� B1� B2� S167� NF� ndEL140D_2� Elb_Co� EL�� ���

ALEL140D_nd781
T 0.392 5.319 104

� 9.2 781 15 3.2� 104
� 2.501 104

� 3.435� 104
�� ��

Elbow 1-40E (Nodes 782 & 783)
ndEL140E_1 782( )

T
��

ALEL140E_nd782 Elbow P Do� t� I� B1� B2� S167� NF� ndEL140E_1� Elb_Co� EL�� ���

ALEL140E_nd782
T 0.307 4.168 104

� 10.67 782 3 3.745� 104
� 1.384� 104

� 1.194� 104
�� ��

ndEL140E_2 783( )
T

��

ALEL140E_nd783 Elbow P Do� t� I� B1� B2� S167� NF� ndEL140E_2� Elb_Co� EL�� ���

ALEL140E_nd783
T 0.341 4.626 104

� 5.715 783 2 2.586 104
� 6.663 103

� 3.778 104
�� ��
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Elbow Properties for EL(1-40B)
Define pertinent elbow variables

Do 6.625in�� Outside Diameter  [17]

t 0.28in�� Thickness  [17]

P 272psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 28.142 in
4

�

R 30in�� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.835� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0.234� B1 primary stress Index [4, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 1.467� B2 primary stress Index [4, NB-3683.7] 

Elbow 1-40B (Nodes 776 & 777)
ndEL140B_1 776( )

T
��

ALEL140B_nd776 Elbow P Do� t� I� B1� B2� S167� NF� ndEL140B_1� Elb_Co� EL�� ���

ALEL140B_nd776
T 0.238 6.763 104

� 5.71 776 72 6.586 104
� 1.078� 104

� 1.099 104
�� ��

ndEL140B_2 777( )
T

��

ALEL140B_nd777 Elbow P Do� t� I� B1� B2� S167� NF� ndEL140B_2� Elb_Co� EL�� ���

ALEL140B_nd777
T 0.189 5.271 104

� 9.9 777 21 4.132� 104
� 3.263 104

� 2.617� 103
�� ��
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Writing Output Data for Elbows Associated with Lines 1-39 and 1-40

EL1A ALEL139_nd1034
T

��

EL1B ALEL139_nd1035
T

��

EL2A ALEL140A_nd803
T

��

EL2B ALEL140A_nd802
T

��

EL3A ALEL140C_nd778
T

��

EL3B ALEL140C_nd779
T

��

EL4A ALEL140D_nd780
T

��

EL4B ALEL140D_nd781
T

��

EL5A ALEL140E_nd782
T

��

EL5B ALEL140E_nd783
T

��

EL6A ALEL140B_nd776
T

��

EL6B ALEL140B_nd777
T

��

vEL EL1A EL1B EL2A EL2B EL3A EL3B EL4A EL4B EL5A EL5B EL6A EL6B( )��

ElbowLine1_39_40 WRITEPRN "ElbowLine1-39_40.prn" vEL�( )��
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FORGED TEES AND FABRICATED BRANCH TEES
Tees Strategy:  Search based on the elements comprising the tee.  The input identifies which elements are
associated with the pipe run and which element is associated with the branch from the run.  The indices for the
defined common node for all three elements is identified and the associated SRSS moment is identified for each
time step.  The maximum moment for the elements comprising the pipe run is found and applied as Mr in
equation (9) of ASME III, Division I - NB - 3652 which is modified to represent tees.  The maximum moment for
the branch element is found and applied as Mb in equation (9) of ASME III, Division I - NB - 3652 [4].  The D/C
ratio will be determined by dividing the left side of the equation by the right side of the equation.

TeeDC P Do� Tr� B1� B2b� B2r� Mb� Mr� Zb� Zr� S�� �
B1

P Do�

2 Tr�
� B2b

Mb 1lbf in�( )�

Zb

�"
"�

�#
#�

�� B2r
Mr 1lbf in�( )�

Zr

�"
"�

�#
#�

��

S
��

Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S� nf� elR� elB� ndR� ndB� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indelR match elR0
EL

0� 	
�
�

�
��



�

indelR stack indelR match elRi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elR� ����for rowsif

EL'R
last EL 0� 	� � 0�

EL'RindelRi
EL

indelRi
1��

i 0 last indelR� ����for

indndR match ndR0
EL'R

0� 	
�
�

�
��



�

indndR stack indndR match ndRi
EL'R

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndR� ����for rif

indelB match elB0
EL

0� 	
�
�

�
��



�

indelB stack indelB match elBi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elB� ����for rowsif

EL'B
last EL 0� 	� � 0�

EL'BindelBi
EL

indelBi
1��

i 0 last indelB� ����for

indndB match ndB0
EL'B

0� 	
�
�

�
��



�

��
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ndB B0� 


indndB stack indndB match ndBi
EL'B

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndB� ����for rif

MR MB Int0� � 0 0 0( )�

MrxgRj
nfindnfiCo0 1�

2� indndR j
��

MrygRj
nfindnfiCo1 1�

2� indndR j
��

MrzgRj
nfindnfiCo2 1�

2� indndR j
��

MrxRj
nfindnfiCo0 1�

2� i� indndR j
� MrxgRj

�
�
�

��



C��

MryRj
nfindnfiCo1 1�

2� i� indndR j
� MrygRj

�
�
�

��



C��

MrzRj
nfindnfiCo2 1�

2� i� indndR j
� MrzgRj

�
�
�

��



Co��

MRj
MrxRj


�

�



2
MryRj


�

�



2
� MrzRj



�

�



2
��

MrxgBj
nfindnfiCo0 1�

2� indndBk
��

MrygBj
nfindnfiCo1 1�

2� indndBk
��

MrzgBj
nfindnfiCo2 1�

2� indndBk
��

MrxBj
nfindnfiCo0 1�

2� i� indndBk
� MrxgBj

�
�
�

��



C��

MryBj
nfindnfiCo1 1�

2� i� indndBk
� MrygBj

�
�
�

��



C��

MrzBj
nfindnfiCo2 1�

2� i� indndBk
� MrzgBj

�
�
�

��



C��

MBj
MrxBj


�

�



2
MryBj


�

�



2
� MrzBj



�

�



2
��

Int' j TeeDC P Do� Tr� B1� B2b� B2r� MBj
� MR�


�
�

Int stack Int' j MRj
� MBj

� nf
indnfiCo0 1

1� i�
�
�

�
�

Int' j Int0�if

k 0 last indndB� ����for

j 0 last indndR� ����for

i 0 indnfo0
indnfi0

����for



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. D. Landon Date:    09/30/2008

Calculation Sheet 
Page D.3.5-27 of D.3.5-31

o0 1��
Result stack MRj

MBj
� MrxRj

� MryRj
� M�


�
�

M MR�

Int

Conditions applicable to forged tee

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(North), y(Up), and z(East) correspond
to positive 1, 2, and 3 and seismic factor

Tee_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

FORGED TEES (LINE 1-39)
Define pertinent tee variables

P 376psi�� Internal Pressure [16, pg 23]

Do 6.625in�� Outside Diameter [16]

do 6.625in�� Outside Diameter of branch [16]

B1 0.5�� B1 primary stress Index for tees and branches
[4, NB-3683.9]

Tr 0.28in�� Nominal wall thickness of designated run pipe
[16]

Rm
Do Tr�

2
�� Mean radius of designated run pipe [16]

Zr � Rm
2

� Tr��� Approximate section modulus of designated run
pipe [4, NB-3683.1(d)]

Zr 8.8534 in
3

�

B2b 0.4
Rm

Tr


�
��

��
�


2
3

� 0.4
Rm

Tr


�
��

��
�


2
3

� 1�if

1 otherwise

��
B2b primary stress Index for tees and branches
[4, NB-3683.9]

B2b 2.018�

T'b 0.28in�� Nominal wall thickness of attached branch pipe
[16]

r'm
do T'b�

2
�� Mean radius of attached branch pipe [16]

Zb � r'm
2

� T'b��� Approximate section modulus of attached branch
pipe [4, NB-3683.1(d)]

Zb 8.853 in
3

�
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B2r 0.5
Rm

Tr


�
��

��
�


2
3

� 0.5
Rm

Tr


�
��

��
�


2
3

� 1�if

1 otherwise

�� B2r primary stress Index for tees and branches [4,
NB-3683.9]

B2r 2.522�

Tee 1-39 (Node 989)

elRTee139 513 514( )
T

�� Elements associated with pipe run

ndRTee139 989( )
T

�� Node between pipe run elements

elBTee139 512( )
T

�� Element associated with branch

ndBTee139 989( )
T

�� Node where branch intersects pipe run

ALTee139 Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S125� NF� elRTee139� elBTee139� ndRTee139� ndBTee139� Tee_C����

ALTee139
T 1.023 1.176 105

� 9.761 104
� 4.25 989 43 45 41� ��

Writing Output Data for Tees Associated with Lines 1-39 & 1-40

T1 ALTee139
T

��

vT T1( )��

TeeLine1_39_40 WRITEPRN "TeeLine1-39_40.prn" vT�( )��
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FLANGES
Flange Strategy:  Search based on the nodes where flanges occur.  Find the maximum moment combination for
the node and apply to equation (9) of ASME III, Division I - NB - 3652 [4].  Use the geometry of the pipe when
applying (9).  The D/C ratio for each node will be determined by dividing the left side of the equation by the right
side of the equation and taking the max of the result.

FlangeDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Flange P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j FlangeDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� M�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all flanges
Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Flange_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Pipe Properties of FL(1-39(A-D))
Define pertinent pipe variables

Do 6.625in�� Outside Diameter  [16]

t 0.28in�� Thickness  [16]

P 376psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 28.142 in
4

�

Define primary stress indices (Utilize girth weld characteristic associated with lap joint flanges in determining
values)

B1 0.5�� B1 for a girth weld [4, Table NB-3681(a)-1, pg 130] 

B2 1�� B2 for a girth weld [4, Table NB-3681(a)-1, pg 130] 

Flange 1-39A (Node 983)
ndFL139A 983( )

T
��

ALFL139A Flange P Do� t� I� B1� B2� S125� NF� ndFL139A� Flange_Co� EL�� ���

ALFL139A
T 0.277 1.146 105

� 4.245 983 87 628.656 1.405� 104
� 1.137 105

�� ��

Flange 1-39B (Node 987)
ndFL139B 987( )

T
��

ALFL139B Flange P Do� t� I� B1� B2� S125� NF� ndFL139B� Flange_Co� EL�� ���

ALFL139B
T 0.245 9.891 104

� 8.5 987 58 2.333 104
� 2.425� 104

� 9.301 104
�� ��

Flange 1-39C (Node 758)
ndFL139C 758( )

T
��

ALFL139C Flange P Do� t� I� B1� B2� S125� NF� ndFL139C� Flange_Co� EL�� ���

ALFL139C
T 0.175 6.538 104

� 5.67 758 85 1.711 104
� 6.819 103

� 6.273 104
�� ��
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Flange 1-39D (Node 1180)
ndFL139D 1180( )

T
��

ALFL139D Flange P Do� t� I� B1� B2� S125� NF� ndFL139D� Flange_Co� EL�� ���

ALFL139D
T 0.227 9.053 104

� 10.185 1.18 103
� 64 1.664� 104

� 1.642� 104
� 8.746� 104

�� ��

Pipe Properties of FL(1-39E)
Define pertinent pipe variables

Do 4.5in�� Outside Diameter  [4]

t 0.237in�� Thickness  [4]

P 376psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 7.233 in
4

�

Define primary stress indices (Utilize girth weld characteristic associated with lap joint flanges in determining
values)

B1 0.5�� B1 for a girth weld [4, Table NB-3681(a)-1, pg 130] 

B2 1�� B2 for a girth weld [4, Table NB-3681(a)-1, pg 130] 

Flange 1-39E (Node 990)
ndFL139E 990( )

T
��

ALFL139E Flange P Do� t� I� B1� B2� S125� NF� ndFL139E� Flange_Co� EL�� ���

ALFL139E
T 0.299 4.885 104

� 5.35 990 56 1.666 103
� 5.789� 103

� 4.847 104
�� ��

Writing Output Data for Flanges Associated with Lines 1-39 & 1-40

F1 ALFL139A
T

��

F2 ALFL139B
T

��

F3 ALFL139C
T

��

F4 ALFL139D
T

��

F5 ALFL139E
T

��

F F1 F2 F3 F4 F5( )��

FlangeLine1_39_40 WRITEPRN "FlangeLine1-39_40.prn" F�( )��
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Appendix D.3.6

 Demand to Capacity Ratio Calculations for Components
Associated with Lines 1-41, 1-77, 1-37, and 1-38 of ATR PCS Model 1-4

(NOTE:  Values represented here are shown for one realization (Nodal Force file =
LINE1-41_77_test_R1.dat and Element/Nodal order file = EL1-41_77.xls ) and may or may not be

consistent with the 80th percentile results contained in Appendix D.4)
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Force Outputs from Abaqus

NF
...\LINE1-41_77.dat

�� (N)odal (F)orces for Model 1-4

Defined Elemental and Corresponding Nodal Order

EL
..\EL_41_77(9-22-08).xls

�� Element and corresponding nodal order for
Model 1-4

Time Boundaries

tinitial 1�� Initial time for which dynamic loading is applied

tfinal 21�� Final time for which dynamic loading stops

Seismic Scale Factor (Fa)

Fa 1�� Seismic scale factor [9]

Allowable Design Stress Intensity Factor (Sm): Sm is defined below for SS304 at temperature 125oF and

SS304L at 125oF.

Sm_125 20ksi�� For SS304 at 125oF [2, pg 316-318] [3, pg 23]  

For SS304L at 125oF [2, pg 316-318] Applicable
only for portions of lines 1-1, 1-2, 1-3, 1-4, 1-5,
and 1-6 closest to reactor vessel [3, pg 23]  

Sm_125L 16.7ksi��

Sm_167 20ksi�� For SS304 at 167oF [2, pg 316-318] [3, pg 23]  

For SS304L at 167oF [2, pg 316-318] Applicable
only for portions of lines 1-1, 1-2, 1-3, 1-4, 1-5,
and 1-6 closest to reactor vessel [3, pg 23]

Sm_167L 16.7ksi��

Yield Strength (Sy): Sy is defined below for SS304 at temperature 125oF and SS304L at 125oF.

Sy_125 28.35ksi�� For SS304 at 125oF [2, pg 646-648] [3, pg 23]  

For SS304L at 125oF [2, pg 646-648] Applicable
only for portions of lines 1-1, 1-2, 1-3, 1-4, 1-5,
and 1-6 closest to reactor vessel [3, pg 23]

Sy_125L 23.85ksi��

Sy_167 26.12ksi�� For SS304 at 125oF [2, pg 646-648] [3, pg 23]  

For SS304L at 125oF [2, pg 646-648] Applicable
only for portions of lines 1-1, 1-2, 1-3, 1-4, 1-5,
and 1-6 closest to reactor vessel [3, pg 23]

Sy_167L 22.26ksi��
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Maximum Strength Applicable for Equation 9 (S):  S is defined below for SS304 at temperature 125oF
and SS304L at 125oF.

S125 min 3 Sm_125� 2 Sy_125��� ��� Maximum allowable stress applied to SS304
piping [4, NB-3656]

S125 56.7 ksi�
2Sy_125 56.7 ksi�

S125L min 3 Sm_125L� 2 Sy_125L��� ��� Maximum allowable stress applied to SS304L
piping [4, NB-3656]

S125L 47.7 ksi�

S167 min 3 Sm_167� 2 Sy_167��� ��� Maximum allowable stress applied to SS304
piping [4, NB-3656]

S167 52.24 ksi�

S167L min 3 Sm_167L� 2 Sy_167L��� ��� Maximum allowable stress applied to SS304L
piping [4, NB-3656]

S167L 44.52 ksi�
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SUPPORTS
Supports Strategy:  Search based on the node for which the support acts.  If this node is a termination point
there will only be one node to evaluate.  If this node is in line with a section of pipe there will be two
representations of the same node (one for each element on each side of the node) to combine and the difference
between them is the force required of the support.  The D/C ratio for each support will be found by dividing the the
required force found above by the support capacity.

SupDC Pr Pc�� �
Pr

Pc
��

Support nf nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

Int14
Int24



�

�



0 0( )�

Prgj
nfindnfiCo0 1�

1� indndj
��

Prj
nfindnfiCo0 1�

1� i� indndj
� Prgj

�
�
�

��



Co2 0�
� Prgj

��

j 0 last indnd� ����for

PRi

0

j

n

Prn�
�

�

Int1' SupDC PRi Co0 0�
�


�
�



�

Int1 stack Int1' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int11
� Co0 0�

0��if

Int2' SupDC PRi Co1 0�
�


�
�



�

Int2 stack Int2' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int21
� Co1 0�

0��if

i 0 indnfo0
indnfi0

����for

Int1 Int2� �

��
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PS-10 Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_PS10
22.1 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_PS10
0 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_PS10

P1_PS10

P2_PS10

Fa

2

0

0


�
�
�
��

��
�
�
�


��

PS-10B (Node 1353)
PS-10B vertically supports line 1-42 at the south side of EL(1-42I).

nd1353PS10B0
1353�� Node associated with support

AL1PS10B_nd1353 AL2PS10B_nd1353� � Support NF nd1353PS10B� Sup_Co_PS10� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PS10B_nd1353
T 0.13 2.876� 103

� 5.35 1.353 103
� 141� ��

AL2PS10B_nd1353
T 0 0 0 0 0( )�

Tieback1 Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_TB1_EW
5.577 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_TB1_EW
1.528 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_TB1_EW

P1_TB1_EW

P2_TB1_EW

Fa

3

0

0


�
�
�
��

��
�
�
�


��

Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_TB1_NS
0.908 kip�

lbf
�� Flexure

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_TB1_NS
0.908 kip�

lbf
�� Flexure
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Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_TB1_NS

P1_TB1_NS

P2_TB1_NS

Fa

1

0

0


�
�
�
��

��
�
�
�


��

Tieback1 East/West (Node 1446)
Tieback1 laterally supports the vertical PCS pipe on line 1-41 at the top side of EL(1-41A).

nd1446TB1_EW0
1446�� Node associated with support

AL1TB1_EW_nd1446 AL2TB1_EW_nd1446� � Support NF nd1446TB1_EW� Sup_Co_TB1_EW� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1TB1_EW_nd1446
T 0.175 978.579� 9.915 1.446 103

� 171� ��

AL2TB1_EW_nd1446
T 0.576 880.155 9.75 1.446 103

� 171� ��

Tieback1 North/South (Node 1446)
Tieback1 laterally supports the vertical PCS pipe on line 1-41 at the top side of EL(1-41A).

nd1446TB1_NS0
1446�� Node associated with support

AL1TB1_NS_nd1446 AL2TB1_NS_nd1446� � Support NF nd1446TB1_NS� Sup_Co_TB1_NS� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1TB1_NS_nd1446
T 2.934 2.664� 103

� 4.9 1.446 103
� 171� ��

AL2TB1_NS_nd1446
T 2.494 2.265 103

� 5.645 1.446 103
� 171� ��

PS-7 Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]P1_PS7_NS

6.686 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_PS7_NS
3.37 kip�

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_PS7_NS

P1_PS7_NS

P2_PS7_NS

Fa

1

0

0


�
�
�
��

��
�
�
�


��

Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]P1_PS7_V

2.2 kip�

lbf
�� Flexure

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_PS7_V
2.2 kip�

lbf
�� Flexure
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Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_PS7_V

P1_PS7_V

P2_PS7_V

Fa

2

0

0


�
�
�
��

��
�
�
�


��

PS-7 North/South (Node 1355)
PS-7 supports line 1-41 at the eastern portion of P(1-41G) from movement in the vertical and east/west
directions.

nd1355PS7_NS0
1355�� Node associated with support

AL1PS7_NS_nd1355 AL2PS7_NS_nd1355� � Support NF nd1355PS7_NS� Sup_Co_PS7_NS� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PS7_NS_nd1355
T 0.184 1.231� 103

� 1.01 1.355 103
� 143� ��

AL2PS7_NS_nd1355
T 0.494 1.664 103

� 1.165 1.355 103
� 143� ��

PS-7 Vertical (Node 1355)
PS-7 supports line 1-41 at the eastern portion of P(1-41G) from movement in the vertical and east/west
directions.

nd1355PS7_V0
1355�� Node associated with support

AL1PS7_V_nd1355 AL2PS7_V_nd1355� � Support NF nd1355PS7_V� Sup_Co_PS7_V� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PS7_V_nd1355
T 1.115 2.454� 103

� 1 1.355 103
� 143� ��

AL2PS7_V_nd1355
T 0.802 1.764 103

� 1.005 1.355 103
� 143� ��

RH-16 Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]P1_RH16

1.047 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_RH16
0.397 kip�

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_RH16

P1_RH16

P2_RH16

Fa

2

0

0


�
�
�
��

��
�
�
�


��
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RH-16C (Node 1356)
RH-16C vertically supports line 1-41 just east of EL(1-41F) from any downward movement.

nd1356RH16C0
1356�� Node associated with support

AL1RH16C_nd1356 AL2RH16C_nd1356� � Support NF nd1356RH16C� Sup_Co_RH16� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH16C_nd1356
T 1.985 10 3�

� 2.078� 1.015 1.356 103
� 145� ��

AL2RH16C_nd1356
T 0.012 4.889 1.025 1.356 103

� 145� ��

PS-11B Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_PS11
20.496 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_PS11
0 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_PS11

P1_PS11

P2_PS11

Fa

2

0

0


�
�
�
��

��
�
�
�


��

PS-11B (Node 1368)
PS-11B vertically supports line 1-77 just south of REL(1-77A).

nd1368PS11B0
1368�� Node associated with support

AL1PS11B_nd1368 AL2PS11B_nd1368� � Support NF nd1368PS11B� Sup_Co_PS11� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PS11B_nd1368
T 0.133 2.729� 103

� 4.075 1.368 103
� 147� ��

AL2PS11B_nd1368
T 0 0 0 0 0( )�

WTS Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

Tension
P1_WTS

0.59 kip�

lbf
��

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_WTS
0.01 kip�

lbf
�� Compression
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Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_WTS

P1_WTS

P2_WTS

Fa

2

0

0


�
�
�
��

��
�
�
�


��

WTS (Node 1407)
WTS vertically supports line 1-77 just north of EL(1-77B) from any downward movement.

nd1407WTSC0
1407�� Node associated with support

AL1WTSC_nd1407 AL2WTSC_nd1407� � Support NF nd1407WTSC� Sup_Co_WTS� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1WTSC_nd1407
T 2.846 1.679� 103

� 4.93 1.407 103
� 149� ��

AL2WTSC_nd1407
T 0 0 0 0 0( )�

RH-27 Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

Tension
P1_RH27

7.069 kip�

lbf
��

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_RH27
0 kip�

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_RH27

P1_RH27

P2_RH27

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-27A (Node 1285)
RH-27A vertically supports line 1-77 just north of EL(1-77D) from any downward movement.

nd1285RH27A0
1285�� Node associated with support

AL1RH27A_nd1285 AL2RH27A_nd1285� � Support NF nd1285RH27A� Sup_Co_RH27� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH27A_nd1285
T 0.299 2.111� 103

� 10.34 1.285 103
� 173� ��

AL2RH27A_nd1285
T 0 0 0 0 0( )�
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RH-27B (Node 1284)
RH-27B vertically supports line 1-77 just south of EL(1-77E) from any downward movement.

nd1284RH27B0
1284�� Node associated with support

AL1RH27B_nd1284 AL2RH27B_nd1284� � Support NF nd1284RH27B� Sup_Co_RH27� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH27B_nd1284
T 0.304 2.146� 103

� 10.555 1.284 103
� 175� ��

AL2RH27B_nd1284
T 0 0 0 0 0( )�

Writing Output Data for Supports Associated with Lines 1-13 to 1-16, 1-18 to 1-21,
and 1-171.

SA1 AL1PS10B_nd1353
T

�� SF1 AL1RH16C_nd1356
T

��

SA2 AL2PS10B_nd1353
T

�� SF2 AL2RH16C_nd1356
T

��

SB1 AL1TB1_EW_nd1446
T

�� SG1 AL1PS11B_nd1368
T

��

SB2 AL2TB1_EW_nd1446
T

�� SG2 AL2PS11B_nd1368
T

��

SC1 AL1TB1_NS_nd1446
T

�� SH1 AL1WTSC_nd1407
T

��

SC2 AL2TB1_NS_nd1446
T

�� SH2 AL2WTSC_nd1407
T

��

SD1 AL1PS7_NS_nd1355
T

�� SI1 AL1RH27A_nd1285
T

��

SD2 AL2PS7_NS_nd1355
T

�� SI2 AL2RH27A_nd1285
T

��

SE1 AL1PS7_V_nd1355
T

�� SJ1 AL1RH27B_nd1284
T

��

SE2 AL2PS7_V_nd1355
T

�� SJ2 AL2RH27B_nd1284
T

��

S SA1 SA2 SB1 SB2 SC1 SC2 SD1 SD2 SE1 SE2 SF1 SF2 SG1 SG2 SH1 SH2 SI1 SI2 SJ1 SJ2( )��

SupportsLine1_41_77 WRITEPRN "SupLine1-41_77.prn" S�( )��
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TERMINATION LOCATIONS
Termination Locations Strategy:  Search based on the node for which the termination location acts as well as
the next node inward.  The D/C ratio for each termination location will be found by dividing the the required force
found above by the support capacity.

TermDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Term P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j TermDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� Mr�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all terminations

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Constants associated with support's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Term_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

North Floor Pentration (2x)
Define pertinent pipe variables

Outside Diameter [18]
Do 2.375in��

t 0.154in�� Thickness [18]

P 376psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]
I 0.666 in

4
�

S S125�� Allowable design stress intensity value

Define primary stress indices

B1 0.5��

Stress Indices are derived from [4, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [4, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1�

1.0
1

X Y�
�

Do

t
50�if

�� B2 1�
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North Floor Penetration 1-37 (Node 1222)
nd1222NFP1370

1222��

ALNFP137_nd1222 Term P Do� t� I� B1� B2� S125� NF� nd1222NFP137� Term_Co� EL�� ���

ALNFP137_nd1222
T 1.233 3.838 104

� 4.95 1.222 103
� 120 1.881� 104

� 1.265� 104
� 3.097��

North Floor Penetration 1-38 (Node 1223)
nd1223NFP1380

1223��

ALNFP138_nd1223 Term P Do� t� I� B1� B2� S125� NF� nd1223NFP138� Term_Co� EL�� ���

ALNFP138_nd1223
T 1.141 3.545 104

� 4.95 1.223 103
� 116 7.622� 103

� 1.548� 104
� 3.097��

West Floor Pentration (1x)
Define pertinent pipe variables

Outside Diameter [19]
Do 6.625in��

t 0.28in�� Thickness [19]

P 376psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]
I 28.142 in

4
�

S S125�� Allowable design stress intensity value

Define primary stress indices

B1 0.5��

Stress Indices are derived from [4, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [4, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1�

1.0
1

X Y�
�

Do

t
50�if

�� B2 1�
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West Floor Penetration 1-41 (Node 1148)
nd1148WFP1410

1148��

ALWFP141_nd1148 Term P Do� t� I� B1� B2� S125� NF� nd1148WFP141� Term_Co� EL�� ���

ALWFP141_nd1148
T 0.273 1.126 105

� 1.5 1.148 103
� 21 555.718 698.946� 1.126 105

�� ��

Writing Output Data for Terminations Associated with Lines 1-41 and 1-77

T1 ALNFP137_nd1222
T

��

T2 ALNFP138_nd1223
T

��

T3 ALWFP141_nd1148
T

��

T T1 T2 T3( )��

TerminationsLine1_41_77 WRITEPRN "TermLine1-41_77.prn" T�( )��
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PIPE RUNS
Pipe Runs Strategy:  Search based on the nodes present in each run of pipe.  Find the maximum moment
combination among all of the nodes and apply to equation (9) of ASME III, Division I - NB - 3652 [4].  Use the
geometry of the pipe when applying (9).  The D/C ratio for each node will be determined by dividing the left side of
the equation by the right side of the equation.

PipeRunDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

PipeRun P Do� t� I� B1� B2� S� nf� el� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indel match el0 EL
0� 	

�

�

�

�

indel stack indel match eli EL
0� 	

�

�

�





�

�

��

�
�
��

i 1 last el( )���for rows el( ) 1�if

M Int5 last indel� ��

�

�



0 0( )�

Mrxg nfindnfiCo0 1�
2� indelj
��

Mryg nfindnfiCo1 1�
2� indelj
��

Mrzg nfindnfiCo2 1�
2� indelj
��

Mrxj
nfindnfiCo0 1�

2� i� indelj
� Mrxg�
�

�
��



Co3 0�
� Mrxg��

Mryj
nfindnfiCo1 1�

2� i� indelj
� Mryg�
�

�
��



Co3 0�
� Mryg��

Mrzj
nfindnfiCo2 1�

2� i� indelj
� Mrzg�
�

�
��



Co3 0�
� Mrzg��

M'j Mrxj


�

�



2
Mryj


�

�



2
� Mrzj



�

�



2
��

Int' j PipeRunDC P Do� t� I� B1� B2� M'j� S�� ��

H Int' j M' j nf
indnfiCo0 1�

1� i� 0� EL
indelj

0� EL
indelj

1� indel j
Mrx
�

�
�

Intk j� Hk�

k 0 5���for

Int' j Int0 j��if

j 0 last indel� ����for

i 0 indnfo0
indnfi0

����for

��
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Int
Conditions applicable to all pipe runs

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

PipeRun_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Pipe Properties for Line 1-41
Define pertinent pipe variables

Do 6.625in�� Outside Diameter [18]

t 0.28in�� Thickness [18]

P 376psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 28.142 in
4

�

Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [4, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [4, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1�

Pipe Run 1-41A (Element 606)

elP141A 606( )
T

��

ALP141A PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP141A� PipeRun_Co� EL�� ���

ALP141A
T 0.166

0.194

6.087 104
�

7.467 104
�

10.185

10.185

606

606

760

1.018 103
�

132

133



�
�
�

�
�
�



�
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Pipe Run 1-41B (Element 479 & 987)
elP141B 479 987( )

T
��

ALP141B PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP141B� PipeRun_Co� EL�� ���

ALP141B
T

0.201

0.165

0.312

0.165

7.777 104
�

6.065 104
�

1.313 105
�

6.065 104
�

5.62

4.96

4.95

4.96

479

479

987

987

1.019 103
�

1.69 103
�

1.023 103
�

1.69 103
�

1

2

182

183



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-41C (Element 840)
elP141C 840( )

T
��

ALP141C PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP141C� PipeRun_Co� EL�� ���

ALP141C
T 0.277

0.359

1.146 105
�

1.541 105
�

4.245

4.235

840

840

983

1.435 103
�

160

161



�
�
�

�
�
�



�

Pipe Run 1-41D (Element 988, 545, & 494)
elP141D 988 545 494( )

T
��

ALP141D PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP141D� PipeRun_Co� EL�� ���

ALP141D
T

0.367

0.205

0.121

0.205

0.111

0.127

1.577 105
�

7.965 104
�

3.95 104
�

7.964 104
�

3.474 104
�

4.23 104
�

5

5.31

1.135

5.31

1.135

1.135

988

988

545

545

494

494

1.436 103
�

1.691 103
�

1.203 103
�

1.691 103
�

1.152 103
�

1.203 103
�

184

185

84

85

31

32



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-41E (Element 989 & 491)
elP141E 989 491( )

T
��

ALP141E PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP141E� PipeRun_Co� EL�� ���

ALP141E
T

0.135

0.207

0.333

0.207

4.608 104
�

8.06 104
�

1.416 105
�

8.06 104
�

5.35

4.995

1.14

4.995

989

989

491

491

1.151 103
�

1.692 103
�

1.137 103
�

1.692 103
�

186

187

23

24



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�
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Pipe Run 1-41F (Element 991, 875, 990, & 874)

elP141F 991 875 990 874( )
T

��

ALP141F PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP141F� PipeRun_Co� EL�� ���

ALP141F
T

0.344

0.289

0.228

0.289

0.228

0.154

0.105

0.154

1.468 105
�

1.204 105
�

9.1 104
�

1.204 105
�

9.1 104
�

5.542 104
�

3.168 104
�

5.541 104
�

1.14

1.135

1.135

1.135

1.135

1.135

9.96

1.135

991

991

875

875

990

990

874

874

1.136 103
�

1.694 103
�

1.199 103
�

1.694 103
�

1.199 103
�

1.693 103
�

1.026 103
�

1.693 103
�

190

191

180

181

188

189

178

179



�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-41G (Element 481, 612, 993, 539, & 992)

elP141G 481 612 993 539 992( )
T

��

ALP141G PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP141G� PipeRun_Co� EL�� ���

ALP141G
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

0.149 45.305·10 1.14 481 31.027·10 6

0.206 48.029·10 1.16 481 31.269·10 7

0.164 46.031·10 1 612 31.269·10 134

0.164 46·10 1.155 612 31.696·10 135

0.158 45.741·10 1.16 993 31.194·10 194

0.164 46.001·10 1.155 993 31.696·10 195

0.158 45.741·10 1.16 539 31.194·10 82

0.152 45.452·10 1.18 539 31.695·10 83

0.158 45.738·10 1.5 992 31.03·10 192

0.152 45.452·10 1.18 992 31.695·10 193

�

Pipe Run 1-41H (Element 485)

elP141H 485( )
T

��

ALP141H PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP141H� PipeRun_Co� EL�� ���

ALP141H
T 0.098

0.152

2.828 104
�

5.424 104
�

1.505

5.03

485

485

1.031 103
�

1.139 103
�

14

15



�
�
�

�
�
�



�
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Pipe Run 1-41I (Element 486)
elP141I 486( )

T
��

ALP141I PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP141I� PipeRun_Co� EL�� ���

ALP141I
T 0.187

0.184

7.102 104
�

6.966 104
�

5.03

5.03

486

486

1.141 103
�

1.142 103
�

16

17



�
�
�

�
�
�



�

Pipe Run 1-41J (Element 489 & 994)
elP141J 489 994( )

T
��

ALP141J PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP141J� PipeRun_Co� EL�� ���

ALP141J
T

0.181

0.207

0.261

0.207

6.849 104
�

8.062 104
�

1.066 105
�

8.062 104
�

9.925

1.505

1.5

1.505

489

489

994

994

1.143 103
�

1.697 103
�

1.147 103
�

1.697 103
�

18

19

196

197



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Properties for Line 1-77A, 1-77F, 1-37(A-C), & 1-38(A-C)
Define pertinent pipe variables

Do 4.5in�� Outside Diameter [20,21]

t 0.237in�� Thickness [20,21]

P 376psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 7.233 in
4

�

Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [4, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [4, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1�
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Pipe Run 1-77A (Element 520 & 617)
elP177A 520 617( )

T
��

ALP177A PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP177A� PipeRun_Co� EL�� ���

ALP177A
T

0.251

0.254

0.258

0.254

4.003 104
�

4.06 104
�

4.123 104
�

4.059 104
�

10.695

10.695

10.695

10.695

520

520

617

617

992

1.274 103
�

1.172 103
�

1.274 103
�

62

63

136

137



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-77F (Element 499, 998, & 498)
elP177F 499 998 498( )

T
��

ALP177F PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP177F� PipeRun_Co� EL�� ���

ALP177F
T

0.172

0.146

0.23

0.146

0.201

0.232

2.559 104
�

2.08 104
�

3.627 104
�

2.08 104
�

3.086 104
�

3.657 104
�

10.39

4.945

4.95

4.945

3.96

4.95

499

499

998

998

498

498

1.161 103
�

1.701 103
�

1.158 103
�

1.701 103
�

1.001 103
�

1.157 103
�

42

43

204

205

40

41



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-37A (Element 557 and 871)
elP137A 557 871( )

T
��

ALP137A PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP137A� PipeRun_Co� EL�� ���

ALP137A
T

0.298

0.315

0.299

0.349

4.852 104
�

5.174 104
�

4.884 104
�

5.788 104
�

4.95

4.95

4.945

4.925

557

557

871

871

1.212 103
�

1.224 103
�

1.211 103
�

1.451 103
�

100

101

176

177



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-37B (Element 558)
elP137B 558( )

T
��

ALP137B PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP137B� PipeRun_Co� EL�� ���

ALP137B
T 0.235

0.291

3.711 104
�

4.721 104
�

4.95

4.95

558

558

1.216 103
�

1.225 103
�

102

103



�
�
�

�
�
�



�
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Pipe Run 1-37C (Element 560)
elP137C 560( )

T
��

ALP137C PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP137C� PipeRun_Co� EL�� ���

ALP137C
T 0.118

0.161

1.584 104
�

2.354 104
�

4.925

4.915

560

560

1.219 103
�

1.234 103
�

106

107



�
�
�

�
�
�



�

Pipe Run 1-38A (Element 555)
elP138A 555( )

T
��

ALP138A PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP138A� PipeRun_Co� EL�� ���

ALP138A
T 0.205

0.22

3.167 104
�

3.428 104
�

3.965

3.97

555

555

1.213 103
�

1.227 103
�

96

97



�
�
�

�
�
�



�

Pipe Run 1-38B (Element 559)
elP138B 559( )

T
��

ALP138B PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP138B� PipeRun_Co� EL�� ���

ALP138B
T 0.176

0.207

2.632 104
�

3.201 104
�

3.975

3.975

559

559

1.217 103
�

1.226 103
�

104

105



�
�
�

�
�
�



�

Pipe Run 1-38C (Element 562)
elP138C 562( )

T
��

ALP138C PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP138C� PipeRun_Co� EL�� ���

ALP138C
T 0.135

0.179

1.886 104
�

2.681 104
�

4.945

4.95

562

562

1.218 103
�

1.233 103
�

108

109



�
�
�

�
�
�



�

Pipe Properties for Line 1-77(B-E)
Define pertinent pipe variables

Do 6.625in�� Outside Diameter [20]

t 0.28in�� Thickness [20]

P 376psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 28.142 in
4

�
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Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [4, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [4, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1�

Pipe Run 1-77B (Element 511)
elP177B 511( )

T
��

ALP177B PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP177B� PipeRun_Co� EL�� ���

ALP177B
T 0.126

0.127

4.194 104
�

4.248 104
�

10.69

10.695

511

511

1.038 103
�

1.171 103
�

60

61



�
�
�

�
�
�



�

Pipe Run 1-77C (Element 995, 509, 508, 619, 550, 996, 548, & 507)
elP177C 995 509 508 619 550 996 548 507( )

T
��

ALP177C PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP177C� PipeRun_Co� EL�� ���

ALP177C
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

0.124 44.064·10 10.685 995 31.039·10 198

0.11 43.389·10 10.69 995 31.698·10 199

0.095 42.707·10 10.695 509 31.17·10 58

0.11 43.389·10 10.69 509 31.698·10 59

0.095 42.696·10 10.695 508 996 56

0.095 42.707·10 10.695 508 31.17·10 57

0.095 42.696·10 10.695 619 996 138

0.092 42.523·10 10.695 619 31.276·10 139

0.09 42.436·10 10.22 550 31.208·10 88

0.092 42.523·10 10.695 550 31.276·10 89

0.09 42.436·10 10.22 996 31.208·10 200

0.097 42.763·10 10.36 996 31.699·10 201

0.108 43.289·10 10.375 548 31.205·10 86

0.097 42.763·10 10.36 548 31.699·10 87

0.121 43.919·10 4.95 507 31.165·10 54

0.107 43.288·10 10.375 507 31.205·10 55

�
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Pipe Run 1-77D (Element 506 & 997)
elP177D 506 997( )

T
��

ALP177D PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP177D� PipeRun_Co� EL�� ���

ALP177D
T

0.117

0.104

0.139

0.104

3.763 104
�

3.121 104
�

4.816 104
�

3.121 104
�

4.95

4.95

10.4

4.95

506

506

997

997

1.164 103
�

1.7 103
�

1.163 103
�

1.7 103
�

52

53

202

203



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-77E
Elements associated with run P(1-77E) is also part of T(1-77) and will be calculated as T(1-77)

Pipe Properties for Line 1-37D & 1-38D
Define pertinent pipe variables

Do 2.375in�� Outside Diameter [21]

t 0.154in�� Thickness [21]

P 376psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 0.666 in
4

�

Define primary stress indices

B1PR 0.5��

Stress Indices are derived from [4, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [4, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X 1.3 0.006
Do

t
���

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1�
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Pipe Run 1-37D (Element 569)
elP137D 569( )

T
��

ALP137D PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP137D� PipeRun_Co� EL�� ���

ALP137D
T 1.233

0.963

3.838 104
�

2.979 104
�

4.95

4.945

569

569

1.222 103
�

1.235 103
�

120

121



�
�
�

�
�
�



�

Pipe Run 1-38D (Element 567)
elP138D 567( )

T
��

ALP138D PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP138D� PipeRun_Co� EL�� ���

ALP138D
T 1.141

0.984

3.545 104
�

3.047 104
�

4.95

4.95

567

567

1.223 103
�

1.236 103
�

116

117



�
�
�

�
�
�



�

Writing Output Data for Pipe Runs Associated with Lines 1-41 & 1-77

PR1 ALP141A
T

�� PR12 ALP177F
T

��

PR2 ALP141B
T

�� PR13 ALP137A
T

��

PR3 ALP141C
T

�� PR14 ALP137B
T

��

PR4 ALP141D
T

�� PR15 ALP137C
T

��

PR5 ALP141E
T

�� PR16 ALP138A
T

��

PR6 ALP141F
T

�� PR17 ALP138B
T

��

PR7 ALP141G
T

�� PR18 ALP138C
T

��

PR8 ALP141H
T

�� PR19 ALP177B
T

��

PR9 ALP141I
T

�� PR20 ALP177C
T

��

PR10 ALP141J
T

�� PR21 ALP177D
T

��

PR11 ALP177A
T

�� PR22 ALP137D
T

��

PR23 ALP138D
T

��

P PR1 PR2 PR3 PR4 PR5 PR6 PR7 PR8 PR9 PR10 PR11 PR12 PR13 PR14 PR15 PR16 PR17 PR18 PR19 P(��

PipeRunsLine1_41_77 WRITEPRN "PRLine1-41_77.prn" P�( )��
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REDUCERS
Reducers Strategy:  Search based on the nodes comprising either end of the reducers.  SRSS combine the
three moments of each of the four node representations (one for each element connected by the node in
question).  Find the maximum of the moment combinations for each element and apply to equation (9) of ASME
III, Division I - NB - 3652 [4].  It is important to not combine the data from both nodes as the geometry for each
is different and (9) must be applied for each node.  The D/C ratio for each node will be determined by dividing the
left side of the equation by the right side of the equation and taking the max of the result.

ReducerDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Reducer P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j ReducerDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� �
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Int
Conditions applicable to all reducers

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Reducer_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Reducer Properties for Line 1-77
Define pertinent reducer variables

Do 6.625in 4.5in( )
T

�� Outside Diameter  [20]

t 0.28in 0.237in( )
T

�� Thickness  [20]

P 376psi 376psi( )
T

�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I
28.142

7.233


�
�

�
�



in
4

�

Define primary stress indices

! atan
1.0625in

5.5in

�
�

��



�� Angular slope of reducer [20]

! 10.934 deg�

B1 0.5 ! 30deg if

1.0 30deg !� 60deg if

��

B1 primary stress Index [4, NB-3683.7] 

B1 0.5�

B2 1.0�� B2 primary stress Index [4, NB-3683.7] 

Reducer 1-77 (Nodes 1160 & 1161)
ndRD177_L 1160( )

T
�� Node associated with Large end of reducer

ALRD177_L Reducer P0 Do0
� t0� I0� B1� B2� S125� NF� ndRD177_L� Reducer_Co� EL�


�
�



��

ALRD177_L
T 0.1 2.941 104

� 10.395 1.16 103
� 49 8.012 103

� 1.162 104
� 2.58 104

�� ��

ndRD177_S 1161( )
T

�� Node associated with Small end of reducer

ALRD177_S Reducer P1 Do1
� t1� I1� B1� B2� S125� NF� ndRD177_S� Reducer_Co� EL�


�
�



��

ALRD177_S
T 0.172 2.559 104

� 10.39 1.161 103
� 44 7.774 103

� 1.334 104
� 2.04 104

�� ��
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Reducer Properties for Lines 1-37 & 1-38
Define pertinent reducer variables

Do 4.5in 2.375in( )
T

�� Outside Diameter  [21]

t 0.237in 0.154in( )
T

�� Thickness  [21]

P 376psi 376psi( )
T

�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I
7.233

0.666


�
�

�
�



in
4

�

Define primary stress indices

! atan
1.0625in

4in

�
�

��



�� Angular slope of reducer [5]

! 14.876 deg�

B1 0.5 ! 30deg if

1.0 30deg !� 60deg if

��

B1 primary stress Index [4, NB-3683.7] 
B1 0.5�

B2 1.0�� B2 primary stress Index [4, NB-3683.7] 

Reducer 1-37 (Nodes 1234 & 1235)

ndRD137_L 1234( )
T

�� Node associated with Large end of reducer

ALRD137_L Reducer P0 Do0
� t0� I0� B1� B2� S125� NF� ndRD137_L� Reducer_Co� EL�


�
�



��

ALRD137_L
T 0.161 2.354 104

� 4.915 1.234 103
� 112 7.555 103

� 1.367 104
� 1.762� 104

�� ��

ndRD137_S 1235( )
T

�� Node associated with Small end of reducer

ALRD137_S Reducer P1 Do1
� t1� I1� B1� B2� S125� NF� ndRD137_S� Reducer_Co� EL�


�
�



��

ALRD137_S
T 0.963 2.979 104

� 4.945 1.235 103
� 118 1.349� 104

� 1.273� 104
� 2.332 104

���

Reducer 1-38 (Nodes 1233 & 1236)

ndRD138_L 1233( )
T

�� Node associated with Large end of reducer

ALRD138_L Reducer P0 Do0
� t0� I0� B1� B2� S125� NF� ndRD138_L� Reducer_Co� EL�


�
�



��

ALRD138_L
T 0.179 2.681 104

� 4.95 1.233 103
� 110 8.551 103

� 1.553 104
� 2.011� 104

�� ��



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. D. Landon Date:    09/30/2008

Calculation Sheet 
Page D.3.6-28 of D.3.6-48

ndRD138_S 1236( )
T

�� Node associated with Small end of reducer

ALRD138_S Reducer P1 Do1
� t1� I1� B1� B2� S125� NF� ndRD138_S� Reducer_Co� EL�


�
�



��

ALRD138_S
T 0.984 3.047 104

� 4.95 1.236 103
� 114 8.138� 103

� 1.55� 104
� 2.493 104

�� ��

Writing Output Data for Reducers Associated with Lines 1-41 & 1-77

RL1 ALRD177_L
T

��

RS1 ALRD177_S
T

��

RL2 ALRD137_L
T

��

RS2 ALRD137_S
T

��

RL3 ALRD138_L
T

��

RS3 ALRD138_S
T

��

R RL1 RS1 RL2 RS2 RL3 RS3( )��

ReducersLine1_41_77 WRITEPRN "RedLine1-41_77.prn" R�( )��
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ELBOWS
Elbows Strategy:  Search based on the two nodes comprising the ends of each elbow.  SRSS combine the
three moments of each of the four node representations (one for each element connected by the nodes in
question).  Find the maximum of the four moment combinations and apply to equation (9) of ASME III, Division I -
NB - 3652 [4]. The D/C ratio will be determined by dividing the left side of the equation by the right side of the
equation.

ElbowDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Elbow P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j ElbowDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� M�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all elbows

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Elb_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Elbow Properties for EL(1-41(A-D,G-H) & EL(1-77(B-D))
Define pertinent elbow variables

Do 6.625in�� Outside Diameter  [20,21]

t 0.28in�� Thickness  [20,21]

P 376psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]
I 28.142 in

4
�

R 9in�� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.25� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 1.515 10 4�
�� B1 primary stress Index [4, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 3.272� B2 primary stress Index [4, NB-3683.7] 

Elbow 1-41A (Nodes 1018 & 1019)
ndEL141A_1 1018( )

T
��

ALEL141A_nd1018 Elbow P Do� t� I� B1� B2� S125� NF� ndEL141A_1� Elb_Co� EL�� ���

ALEL141A_nd1018
T 0.508 7.475 104

� 10.185 1.018 103
� 3 3.055 103

� 9.376 103
� 7.41� 1���
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ndEL141A_2 1019( )
T

��

ALEL141A_nd1019 Elbow P Do� t� I� B1� B2� S125� NF� ndEL141A_2� Elb_Co� EL�� ���

ALEL141A_nd1019
T 0.561 8.265 104

� 5.62 1.019 103
� 4 1.479� 104

� 2.805� 104
� 7.632 1���

Elbow 1-41B (Nodes 1023 & 1022)
ndEL141B_1 1023( )

T
��

ALEL141B_nd1023 Elbow P Do� t� I� B1� B2� S125� NF� ndEL141B_1� Elb_Co� EL�� ���

ALEL141B_nd1023
T 0.892 1.313 105

� 4.95 1.023 103
� 182 5.032� 103

� 4.086� 104
� 1.247��

ndEL141B_2 1022( )
T

��

ALEL141B_nd1022 Elbow P Do� t� I� B1� B2� S125� NF� ndEL141B_2� Elb_Co� EL�� ���

ALEL141B_nd1022
T 1.031 1.517 105

� 4.955 1.022 103
� 33 4.805� 103

� 4.074� 104
� 1.46 ���

Elbow 1-41C (Nodes 1152 & 1151)
ndEL141C_1 1152( )

T
��

ALEL141C_nd1152 Elbow P Do� t� I� B1� B2� S125� NF� ndEL141C_1� Elb_Co� EL�� ���

ALEL141C_nd1152
T 0.236 3.474 104

� 1.135 1.152 103
� 31 1.767 104

� 1.432� 104
� 2.626 ���

ndEL141C_2 1151( )
T

��

ALEL141C_nd1151 Elbow P Do� t� I� B1� B2� S125� NF� ndEL141C_2� Elb_Co� EL�� ���

ALEL141C_nd1151
T 0.313 4.608 104

� 5.35 1.151 103
� 28 8.355 103

� 1.745� 104
� 4.183� ���

Elbow 1-41D (Nodes 1136 & 1137)
ndEL141D_1 1136( )

T
��

ALEL141D_nd1136 Elbow P Do� t� I� B1� B2� S125� NF� ndEL141D_1� Elb_Co� EL�� ���

ALEL141D_nd1136
T 0.998 1.468 105

� 1.14 1.136 103
� 25 1.713 104

� 1.386� 104
� 1.452� ���

ndEL141D_2 1137( )
T

��

ALEL141D_nd1137 Elbow P Do� t� I� B1� B2� S125� NF� ndEL141D_2� Elb_Co� EL�� ���

ALEL141D_nd1137
T 0.962 1.416 105

� 1.14 1.137 103
� 23 1.745 104

� 1.396� 104
� 1.399� ���
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Elbow 1-41G (Nodes 1139 & 1141)
ndEL141G_1 1139( )

T
��

ALEL141G_nd1139 Elbow P Do� t� I� B1� B2� S125� NF� ndEL141G_1� Elb_Co� EL�� ���

ALEL141G_nd1139
T 0.368 5.424 104

� 5.03 1.139 103
� 164 2.115� 104

� 2.297 103
� 4.989���

ndEL141G_2 1141( )
T

��

ALEL141G_nd1141 Elbow P Do� t� I� B1� B2� S125� NF� ndEL141G_2� Elb_Co� EL�� ���

ALEL141G_nd1141
T 0.483 7.102 104

� 5.03 1.141 103
� 165 2.761 104

� 4.358� 103
� 6.529 ���

Elbow 1-41H (Nodes 1142 & 1143)
ndEL141H_1 1142( )

T
��

ALEL141H_nd1142 Elbow P Do� t� I� B1� B2� S125� NF� ndEL141H_1� Elb_Co� EL�� ���

ALEL141H_nd1142
T 0.473 6.966 104

� 5.03 1.142 103
� 17 3.771 104

� 377.361� 5.857 104
���

ndEL141H_2 1143( )
T

��

ALEL141H_nd1143 Elbow P Do� t� I� B1� B2� S125� NF� ndEL141H_2� Elb_Co� EL�� ���

ALEL141H_nd1143
T 0.465 6.849 104

� 9.925 1.143 103
� 18 3.68� 104

� 3.828� 103
� 5.763���

Elbow 1-77B (Nodes 1038 & 1039)
ndEL177B_1 1038( )

T
��

ALEL177B_nd1038 Elbow P Do� t� I� B1� B2� S125� NF� ndEL177B_1� Elb_Co� EL�� ���

ALEL177B_nd1038
T 0.285 4.194 104

� 10.69 1.038 103
� 60 6.424 103

� 4.108� 104
� 5.453 ���

ndEL177B_2 1039( )
T

��

ALEL177B_nd1039 Elbow P Do� t� I� B1� B2� S125� NF� ndEL177B_2� Elb_Co� EL�� ���

ALEL177B_nd1039
T 0.276 4.064 104

� 10.685 1.039 103
� 80 5.131 103

� 3.899� 104
� 1.022��

Elbow 1-77C (Nodes 1165 & 1164)
ndEL177C_1 1165( )

T
��

ALEL177C_nd1165 Elbow P Do� t� I� B1� B2� S125� NF� ndEL177C_1� Elb_Co� EL�� ���

ALEL177C_nd1165
T 0.266 3.919 104

� 4.95 1.165 103
� 74 4.979� 103

� 1.802 104
� 3.444 1���

ndEL177C_2 1164( )
T

��

ALEL177C_nd1164 Elbow P Do� t� I� B1� B2� S125� NF� ndEL177C_2� Elb_Co� EL�� ���

ALEL177C_nd1164
T 0.256 3.763 104

� 4.95 1.164 103
� 73 5.497 103

� 1.355� 104
� 3.467� ���
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Elbow 1-77D (Nodes 1163 & 1159)
ndEL177D_1 1163( )

T
��

ALEL177D_nd1163 Elbow P Do� t� I� B1� B2� S125� NF� ndEL177D_1� Elb_Co� EL�� ���

ALEL177D_nd1163
T 0.327 4.816 104

� 10.4 1.163 103
� 202 1.807 103

� 4.704 104
� 1.021� ���

ndEL177D_2 1159( )
T

��

ALEL177D_nd1159 Elbow P Do� t� I� B1� B2� S125� NF� ndEL177D_2� Elb_Co� EL�� ���

ALEL177D_nd1159
T 0.369 5.43 104

� 10.395 1.159 103
� 76 742.04 5.4 104

� 5.59� 103
�� ��

Elbow Properties for EL(1-41E & F)
Define pertinent elbow variables

Do 6.625in�� Outside Diameter  [18,19]

t 0.28in�� Thickness  [18,19]

P 376psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 28.142 in
4

�

R 30in�� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.835� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0.234� B1 primary stress Index [4, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 1.467� B2 primary stress Index [4, NB-3683.7] 
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Elbow 1-41E (Nodes 1026 & 1027)
ndEL141E_1 1026( )

T
��

ALEL141E_nd1026 Elbow P Do� t� I� B1� B2� S125� NF� ndEL141E_1� Elb_Co� EL�� ���

ALEL141E_nd1026
T 0.115 3.168 104

� 9.96 1.026 103
� 178 1.065� 104

� 1.825� 104
� 2.36���

ndEL141E_2 1027( )
T

��

ALEL141E_nd1027 Elbow P Do� t� I� B1� B2� S125� NF� ndEL141E_2� Elb_Co� EL�� ���

ALEL141E_nd1027
T 0.18 5.305 104

� 1.14 1.027 103
� 6 4.307 104

� 2.057� 104
� 2.316� 10���

Elbow 1-41F (Nodes 1030 & 1031)
ndEL141F_1 1030( )

T
��

ALEL141F_nd1030 Elbow P Do� t� I� B1� B2� S125� NF� ndEL141F_1� Elb_Co� EL�� ���

ALEL141F_nd1030
T 0.193 5.746 104

� 1.5 1.03 103
� 8 9.569 103

� 4.024� 104
� 3.989 104

�� ��

ndEL141F_2 1031( )
T

��

ALEL141F_nd1031 Elbow P Do� t� I� B1� B2� S125� NF� ndEL141F_2� Elb_Co� EL�� ���

ALEL141F_nd1031
T 0.104 2.828 104

� 1.505 1.031 103
� 9 1.24 104

� 2.415 104
� 7.932� 10���

Elbow Properties for EL(1-37), EL(1-38), & EL(1-77E)
Define pertinent elbow variables

Do 4.5in�� Outside Diameter  [20,21]

t 0.237in�� Thickness  [20,21]

P 376psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 7.233 in
4

�

R 6in�� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.313� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0.025� B1 primary stress Index [4, NB-3683.7] 
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B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 2.82� B2 primary stress Index [4, NB-3683.7] 

Elbow 1-37 (Nodes 1224 & 1225)
ndEL137_1 1224( )

T
��

ALEL137_nd1224 Elbow P Do� t� I� B1� B2� S125� NF� ndEL137_1� Elb_Co� EL�� ���

ALEL137_nd1224
T 0.802 5.174 104

� 4.95 1.224 103
� 101 2.569 104

� 4.224� 103
� 4.471� ���

ndEL137_2 1225( )
T

��

ALEL137_nd1225 Elbow P Do� t� I� B1� B2� S125� NF� ndEL137_2� Elb_Co� EL�� ���

ALEL137_nd1225
T 0.732 4.721 104

� 4.95 1.225 103
� 91 2.759 104

� 1.234� 104
� 3.627� 1���

Elbow 1-38 (Nodes 1227 & 1226)
ndEL138_1 1227( )

T
��

ALEL138_nd1227 Elbow P Do� t� I� B1� B2� S125� NF� ndEL138_1� Elb_Co� EL�� ���

ALEL138_nd1227
T 0.532 3.428 104

� 3.97 1.227 103
� 97 1.636� 104

� 8.677� 103
� 2.885� ���

ndEL138_2 1226( )
T

��

ALEL138_nd1226 Elbow P Do� t� I� B1� B2� S125� NF� ndEL138_2� Elb_Co� EL�� ���

ALEL138_nd1226
T 0.497 3.201 104

� 3.975 1.226 103
� 93 1.74� 104

� 1.515� 104
� 2.219� ���

Elbow 1-77E (Nodes 1158 & 1157)
ndEL177E_1 1158( )

T
��

ALEL177E_nd1158 Elbow P Do� t� I� B1� B2� S125� NF� ndEL177E_1� Elb_Co� EL�� ���

ALEL177E_nd1158
T 0.563 3.627 104

� 4.95 1.158 103
� 204 1.506 104

� 2.294 104
� 2.371� ���

ndEL177E_2 1157( )
T

��

ALEL177E_nd1157 Elbow P Do� t� I� B1� B2� S125� NF� ndEL177E_2� Elb_Co� EL�� ���

ALEL177E_nd1157
T 0.567 3.657 104

� 4.95 1.157 103
� 70 1.013 104

� 2.011 104
� 2.882� 1���
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Elbow Properties for REL(1-41E)

Define pertinent elbow variables

DoL 6.625in�� Outside Diameter of larger end segment [19]

DoS 4.5in�� Outside Diameter of smaller end segment [19]

tL 0.28in�� Thickness of smaller end segment [19]

tS 0.237in�� Thickness of larger end segment

P 376psi�� Internal Pressure [3, pg 23]

IL
� DoL

4
DoL 2 tL��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

IL 28.142 in
4

�

IS
� DoS

4
DoS 2 tS��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

IS 7.233 in
4

�

RL 9in�� Nominal bend radius of curved pipe or elbow

RS 9in��

rmL
DoL tL�

2
�� Mean pipe radius

rmS
DoS tS�

2
�� Mean pipe radius

Define primary stress indices for large end segment

hL
tL RL�

rmL
2

�� hL 0.25� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1L 0 0.1� 0.4 hL�� 0�if

0.5 0.1� 0.4 hL�� 0.5�if

0.1� 0.4 hL�� otherwise

��

B1L 1.515 10 4�
�� B1 primary stress Index [4, NB-3683.7] 
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B2L 1.0
1.3

hL

2
3

1.0 if

1.3

hL

2
3

otherwise

��

B2L 3.272� B2 primary stress Index [4, NB-3683.7] 

Define primary stress indices for small end segment

hS
tS RS�

rmS
2

�� hS 0.469� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1S 0 0.1� 0.4 hS�� 0�if

0.5 0.1� 0.4 hS�� 0.5�if

0.1� 0.4 hS�� otherwise

��

B1S 0.088� B1 primary stress Index [4, NB-3683.7] 

B2S 1.0
1.3

hS

2
3

1.0 if

1.3

hS

2
3

otherwise

��

B2S 2.152� B2 primary stress Index [4, NB-3683.7] 

Reducing Elbow Large Section 1-77A (Nodes 1174 & 1171)
ndREL177A_1L 1171( )

T
��

ALREL177A_nd1171L Elbow P DoL� tL� IL� B1L� B2L� S167� NF� ndREL177A_1L� Elb_Co� EL�� ���

ALREL177A_nd1171L
T 0.313 4.248 104

� 10.695 1.171 103
� 61 7.873� 103

� 4.116 104
� 6.9��

ndREL177A_2L 1174( )
T

��

ALREL177A_nd1174L Elbow P DoL� tL� IL� B1L� B2L� S167� NF� ndREL177A_2L� Elb_Co� EL�� ���

ALREL177A_nd1174L
T 0.314 4.26 104

� 10.69 1.174 103
� 68 7.453� 103

� 4.095 104
� 9.062��

Reducing Elbow Small Section 1-77A (Nodes 1172 & 1174)
ndREL177A_1S 1174( )

T
��

ALREL177A_nd1174S Elbow P DoS� tS� IS� B1S� B2S� S167� NF� ndREL177A_1S� Elb_Co� EL�� ���

ALREL177A_nd1174S
T 0.552 4.26 104

� 10.69 1.174 103
� 68 7.453� 103

� 4.095 104
� 9.062��

ndREL177A_2S 1172( )
T

��

ALREL177A_nd1172S Elbow P DoS� tS� IS� B1S� B2S� S167� NF� ndREL177A_2S� Elb_Co� EL�� ���

ALREL177A_nd1172S
T 0.534 4.123 104

� 10.695 1.172 103
� 64 7.525� 103

� 4.035 104
� 3.89��
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Writing Output Data for Elbows Associated with Lines 1-41 & 1-77

EL1A ALEL141A_nd1018
T

�� EL9A ALEL177C_nd1165
T

��

EL1B ALEL141A_nd1019
T

�� EL9B ALEL177C_nd1164
T

��

EL2A ALEL141B_nd1023
T

�� EL10A ALEL177D_nd1163
T

��

EL2B ALEL141B_nd1022
T

�� EL10B ALEL177D_nd1159
T

��

EL3A ALEL141C_nd1152
T

�� EL11A ALEL141E_nd1026
T

��

EL3B ALEL141C_nd1151
T

�� EL11B ALEL141E_nd1027
T

��

EL4A ALEL141D_nd1136
T

�� EL12A ALEL137_nd1224
T

��

EL4B ALEL141D_nd1137
T

�� EL12B ALEL137_nd1225
T

��

EL5A ALEL141F_nd1030
T

��
EL13A ALEL138_nd1227

T
��

EL5B ALEL141F_nd1031
T

��
EL13B ALEL138_nd1226

T
��

EL6A ALEL141G_nd1139
T

��

EL14A ALEL177E_nd1158
T

��
EL6B ALEL141G_nd1141

T
��

EL14B ALEL177E_nd1157
T

��
EL7A ALEL141H_nd1142

T
��

EL15A ALREL177A_nd1171L
T

��
EL7B ALEL141H_nd1143

T
��

EL8A ALEL177B_nd1038
T

�� EL15B ALREL177A_nd1174L
T

��

EL8B ALEL177B_nd1039
T

��
EL16A ALREL177A_nd1174S

T
��

EL16B ALREL177A_nd1172S
T

��

vEL EL1A EL1B EL2A EL2B EL3A EL3B EL4A EL4B EL5A EL5B EL6A EL6B EL7A EL7B EL8A EL8B EL(��

ElbowLine1_41_77 WRITEPRN "ElbowLine1-41_77.prn" vEL�( )��
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FORGED TEES AND FABRICATED BRANCH TEES
Tees Strategy:  Search based on the elements comprising the tee.  The input identifies which elements are
associated with the pipe run and which element is associated with the branch from the run.  The indices for the
defined common node for all three elements is identified and the associated SRSS moment is identified for each
time step.  The maximum moment for the elements comprising the pipe run is found and applied as Mr in
equation (9) of ASME III, Division I - NB - 3652 which is modified to represent tees.  The maximum moment for
the branch element is found and applied as Mb in equation (9) of ASME III, Division I - NB - 3652 [4].  The D/C
ratio will be determined by dividing the left side of the equation by the right side of the equation.

TeeDC P Do� Tr� B1� B2b� B2r� Mb� Mr� Zb� Zr� S�� �
B1

P Do�

2 Tr�
� B2b

Mb 1lbf in�( )�

Zb

�"
"�

�#
#�

�� B2r
Mr 1lbf in�( )�

Zr

�"
"�

�#
#�

��

S
��

Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S� nf� elR� elB� ndR� ndB� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indelR match elR0
EL

0� 	
�
�

�
��



�

indelR stack indelR match elRi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elR� ����for rowsif

EL'R
last EL 0� 	� � 0�

EL'RindelRi
EL

indelRi
1��

i 0 last indelR� ����for

indndR match ndR0
EL'R

0� 	
�
�

�
��



�

indndR stack indndR match ndRi
EL'R

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndR� ����for rif

indelB match elB0
EL

0� 	
�
�

�
��



�

indelB stack indelB match elBi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elB� ����for rowsif

EL'B
last EL 0� 	� � 0�

EL'BindelBi
EL

indelBi
1��

i 0 last indelB� ����for

indndB match ndB0
EL'B

0� 	
�
�

�
��



�

��
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0� 


indndB stack indndB match ndBi
EL'B

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndB� ����for rif

MR MB Int0� � 0 0 0( )�

MrxgRj
nfindnfiCo0 1�

2� indndR j
��

MrygRj
nfindnfiCo1 1�

2� indndR j
��

MrzgRj
nfindnfiCo2 1�

2� indndR j
��

MrxRj
nfindnfiCo0 1�

2� i� indndR j
� MrxgRj

�
�
�

��



C��

MryRj
nfindnfiCo1 1�

2� i� indndR j
� MrygRj

�
�
�

��



C��

MrzRj
nfindnfiCo2 1�

2� i� indndR j
� MrzgRj

�
�
�

��



Co��

MRj
MrxRj


�

�



2
MryRj


�

�



2
� MrzRj



�

�



2
��

MrxgBj
nfindnfiCo0 1�

2� indndBk
��

MrygBj
nfindnfiCo1 1�

2� indndBk
��

MrzgBj
nfindnfiCo2 1�

2� indndBk
��

MrxBj
nfindnfiCo0 1�

2� i� indndBk
� MrxgBj

�
�
�

��



C��

MryBj
nfindnfiCo1 1�

2� i� indndBk
� MrygBj

�
�
�

��



C��

MrzBj
nfindnfiCo2 1�

2� i� indndBk
� MrzgBj

�
�
�

��



C��

MBj
MrxBj


�

�



2
MryBj


�

�



2
� MrzBj



�

�



2
��

Int' j TeeDC P Do� Tr� B1� B2b� B2r� MBj
� MR�


�
�

Int stack Int' j MRj
� MBj

� nf
indnfiCo0 1

1� i�
�
�

�
�

Int' j Int0�if

k 0 last indndB� ����for

j 0 last indndR� ����for

i 0 indnfo0
indnfi0

����for
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0 1��
Result stack MRj

MBj
� MrxRj

� MryRj
� M�


�
�

M MR�

Int

Conditions applicable to forged tee
Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment

variables
Fa 1��

Constants associated with elbow's capacity
direction x(North), y(Up), and z(East) correspond
to positive 1, 2, and 3 and seismic factor

Tee_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

FORGED TEES (LINE 1-41)
Define pertinent tee variables

P 376psi�� Internal Pressure [3, pg 23]

Do 6.625in�� Outside Diameter [19]

do 6.625in�� Outside Diameter of branch [19]

B1 0.5�� B1 primary stress Index for tees and branches
[4, NB-3683.9]

Tr 0.28in�� Nominal wall thickness of designated run pipe
[19]

Rm
Do Tr�

2
�� Mean radius of designated run pipe [19]

Zr � Rm
2

� Tr��� Approximate section modulus of designated run
pipe [4, NB-3683.1(d)]

Zr 8.8534 in
3

�

B2b 0.4
Rm

Tr


�
��

��
�


2
3

� 0.4
Rm

Tr


�
��

��
�


2
3

� 1�if

1 otherwise

��
B2b primary stress Index for tees and branches
[4, NB-3683.9]

B2b 2.018�

T'b 0.28in�� Nominal wall thickness of attached branch pipe [19]

r'm
do T'b�

2
�� Mean radius of attached branch pipe [19]

Zb � r'm
2

� T'b��� Approximate section modulus of attached branch
pipe [4, NB-3683.1(d)]

Zb 8.853 in
3

�
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B2r 0.5
Rm

Tr


�
��

��
�


2
3

� 0.5
Rm

Tr


�
��

��
�


2
3

� 1�if

1 otherwise

�� B2r primary stress Index for tees and branches
[4, NB-3683.9]

B2r 2.522�

Tee 1-41 (Node 977)
elRTee141 496 841( )

T
�� Elements associated with pipe run

ndRTee141 977( )
T

�� Node between pipe run elements

elBTee141 497( )
T

�� Element associated with branch

ndBTee141 977( )
T

�� Node where branch intersects pipe run

ALTee141 Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S125� NF� elRTee141� elBTee141� ndRTee141� ndBTee141� Tee_C����

ALTee141
T 1.428 1.459 105

� 1.632 105
� 4.245 977 36 162 38� ��

FABRICATED T(1-77)
Define pertinent tee variables
P 376psi�� Internal Pressure [3, pg 23]

Do 6.625in�� Outside Diameter of pipe run [20]

do 4.5in�� Outside Diameter of branch [20]

B1 0.5�� B1 primary stress Index for tees and branches 
[4, Table NB-3681(a)-1]]

Tr 0.28in�� Nominal wall thickness of designated run pipe
[20]

Rm
Do Tr�

2
�� Mean radius of designated run pipe [20]

Zr � Rm
2

� Tr��� Approximate section modulus of designated run
pipe [4, NB-3683.1(d)]

Zr 8.8534 in
3

�

T'b 0.237in�� Nominal wall thickness of attached branch pipe
[20]

r'm
do T'b�

2
�� Mean radius of attached branch pipe [20]

Zb � r'm
2

� T'b��� Approximate section modulus of attached branch
pipe [4, NB-3683.1(d)]

Zb 3.383 in
3

�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. D. Landon Date:    09/30/2008

Calculation Sheet 
Page D.3.6-43 of D.3.6-48

C2b Secondary stress Index [4,NB-3683.8] 

C2b 1.5
Rm

Tr


�
��

��
�


2
3

r'm

Rm


�
��

��
�


1
2

T'b

Tr


�
��

��
�


r'm
do

2


�
�
��

��
�
�


� 1.5
Rm

Tr


�
��

��
�


2
3

r'm

Rm


�
��

��
�


1
2

T'b

Tr


�
��

��
�


�
r'm
do

2


�
�
��

��
�
�


1.5$if

1.5 otherwise

��

C2b 4.973�

C2r Secondary stress Index [4,NB-3683.8] 

Wall thickness of nozzle or branch connection
reinforcement associated with [4, NB-3643.4(A)-1,
sketch (d)]

tn T'b��

C2r 1.15
r'm

tn


�
��

��
�


1
4

� 1.15
r'm

tn


�
��

��
�


1
4

� 1.5$if

1.5 otherwise

��

C2r 1.992�

B2b 0.5 C2b� 0.5 C2b� 1$if

1 otherwise

��

B2b primary stress Index for branches [4, NB-3683.8]

B2b 2.487�

B2r 0.75 C2r� 0.75 C2r� 1$if

1 otherwise

��

B2r primary stress Index for branches [4, NB-3683.8]

B2r 1.494�

Fabricated Tee 1-77 (Node 999)

elRTee177 502 503( )
T

�� Elements associated with pipe run

ndRTee177 999( )
T

�� Node between pipe run elements

elBTee177 556( )
T

�� Element associated with branch

ndBTee177 999( )
T

�� Node where branch intersects pipe run

ALTee177 Tee P Do� Tr� B1� B2b� B2r� Zb� Zr� S167� NF� elRTee177� elBTee177� ndRTee177� ndBTee177� Tee_C����

ALTee177
T 1.057 5.344 104

� 5.981 104
� 10.405 999 48 50 98� ��
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Writing Output Data for Tees Associated with Lines 1-41 & 1-77

T1 ALTee141
T

��

T2 ALTee177
T

��

vT T1 T2( )��

TeeLine1_41_77 WRITEPRN "TeeLine1-41_77.prn" vT�( )��
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FLANGES
Flange Strategy:  Search based on the nodes where flanges occur.  Find the maximum moment combination for
the node and apply to equation (9) of ASME III, Division I - NB - 3652 [4].  Use the geometry of the pipe when
applying (9).  The D/C ratio for each node will be determined by dividing the left side of the equation by the right
side of the equation and taking the max of the result.

FlangeDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Flange P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j FlangeDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� M�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all flanges
Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Flange_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Pipe Properties of Line 1-77, 1-37, & 1-38
Define pertinent pipe variables

Do 4.5in�� Outside Diameter  [20,21]

t 0.237in�� Thickness [20,21]

P 376psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 7.233 in
4

�

Define primary stress indices (Utilize girth weld characteristic associated with lap joint flanges in determining
values)

B1 0.5�� B1 for a girth weld [4, Table NB-3681(a)-1, pg 130] 

B2 1�� B2 for a girth weld [4, Table NB-3681(a)-1, pg 130] 

Flange  1-77 (Node 992)
ndFL177 992( )

T
��

ALFL177 Flange P Do� t� I� B1� B2� S125� NF� ndFL177� Flange_Co� EL�� ���

ALFL177
T 0.251 4.003 104

� 10.695 992 62 7.583� 103
� 3.927 104

� 1.748 103
�� ��

Flange  1-37A (Node 1211)
ndFL137A 1211( )

T
��

ALFL137A Flange P Do� t� I� B1� B2� S125� NF� ndFL137A� Flange_Co� EL�� ���

ALFL137A
T 0.299 4.884 104

� 4.945 1.211 103
� 176 5.395 103

� 1.844 104
� 4.49� 104

�� ��

Flange  1-37B (Node 1212)
ndFL137B 1212( )

T
��

ALFL137B Flange P Do� t� I� B1� B2� S125� NF� ndFL137B� Flange_Co� EL�� ���

ALFL137B
T 0.298 4.852 104

� 4.95 1.212 103
� 156 1.836 104

� 3.551 103
� 4.477� 104

�� ��
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Flange  1-37C (Node 1216)
ndFL137C 1216( )

T
��

ALFL137C Flange P Do� t� I� B1� B2� S125� NF� ndFL137C� Flange_Co� EL�� ���

ALFL137C
T 0.235 3.711 104

� 4.95 1.216 103
� 102 2.149 104

� 1.238� 104
� 2.76� 104

�� ��

Flange  1-37D (Node 1219)
ndFL137D 1219( )

T
��

ALFL137D Flange P Do� t� I� B1� B2� S125� NF� ndFL137D� Flange_Co� EL�� ���

ALFL137D
T 0.118 1.584 104

� 4.925 1.219 103
� 106 6.394� 103

� 1.33 104
� 5.762 103

�� ��

Flange  1-38A (Node 1001)
ndFL138A 1001( )

T
��

ALFL138A Flange P Do� t� I� B1� B2� S125� NF� ndFL138A� Flange_Co� EL�� ���

ALFL138A
T 0.201 3.086 104

� 3.96 1.001 103
� 40 4.114� 103

� 9.64 103
� 2.903� 104

�� ��

Flange  1-38B (Node 1213)

ndFL138B 1213( )
T

��

ALFL138B Flange P Do� t� I� B1� B2� S125� NF� ndFL138B� Flange_Co� EL�� ���

ALFL138B
T 0.205 3.167 104

� 3.965 1.213 103
� 154 1.254� 104

� 2.296� 103
� 2.899� 104

���

Flange  1-38C (Node 1217)

ndFL138C 1217( )
T

��

ALFL138C Flange P Do� t� I� B1� B2� S125� NF� ndFL138C� Flange_Co� EL�� ���

ALFL138C
T 0.176 2.632 104

� 3.975 1.217 103
� 104 1.489� 104

� 1.511� 104
� 1.558� 104

���

Flange  1-38D (Node 1218)

ndFL138D 1218( )
T

��

ALFL138D Flange P Do� t� I� B1� B2� S125� NF� ndFL138D� Flange_Co� EL�� ���

ALFL138D
T 0.135 1.886 104

� 4.945 1.218 103
� 108 1.02 104

� 1.578 104
� 1.608� 103

�� ��
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Writing Output Data for Flanges Associated with Lines 1-77, 1-37, & 1-38

F1 ALFL177
T

��

F2 ALFL137A
T

��

F3 ALFL137B
T

��

F4 ALFL137C
T

��

F5 ALFL137D
T

��

F6 ALFL138A
T

��

F7 ALFL138B
T

��

F8 ALFL138C
T

��

F9 ALFL138D
T

��

F F1 F2 F3 F4 F5 F6 F7 F8 F9( )��

FlangeLine1_41_77 WRITEPRN "FlangeLine1-41_77.prn" F�( )��



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. D. Landon Date:    09/30/2008

Calculation Sheet 
Page D.3.7-1 of D.37-25

Appendix D.3.7

 Demand to Capacity Ratio Calculations for Components
Associated with Line 1-42 of ATR PCS Model 1-4

(NOTE:  Values represented here are shown for one realization (Nodal Force file =
LINE1-42_test_R1.dat and Element/Nodal order file = EL1-42.xls ) and may or may not be

consistent with the 80th percentile results contained in Appendix D.4)
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Force Outputs from Abaqus

NF
...\LINE1-42.dat

�� (N)odal (F)orces for Model 1-4

Defined Elemental and Corresponding Nodal Order

EL
...\EL_42(9-22-08).xls

�� Element and corresponding nodal order for
Model 1-4

Time Boundaries

tinitial 1�� Initial time for which dynamic loading is applied

tfinal 21�� Final time for which dynamic loading stops

Seismic Scale Factor (Fa)

Fa 1�� Seismic scale factor [9]

Allowable Design Stress Intensity Factor (Sm): Sm is defined below for SS304 at temperature 125oF and

SS304L at 125oF.

Sm_125 20ksi�� For SS304 at 125oF [2, pg 316-318] [3, pg 23]  

For SS304L at 125oF [2, pg 316-318] Applicable
only for portions of lines 1-1, 1-2, 1-3, 1-4, 1-5,
and 1-6 closest to reactor vessel [3, pg 23]

Sm_125L 16.7ksi��

Sm_167 20ksi�� For SS304 at 167oF [2, pg 316-318] [3, pg 23]  

For SS304L at 167oF [2, pg 316-318] Applicable
only for portions of lines 1-1, 1-2, 1-3, 1-4, 1-5,
and 1-6 closest to reactor vessel [3, pg 23]

Sm_167L 16.7ksi��

Yield Strength (Sy): Sy is defined below for SS304 at temperature 125oF and SS304L at 125oF.

Sy_125 28.35ksi�� For SS304 at 125oF [2, pg 646-648] [3, pg 23]  

For SS304L at 125oF [2, pg 646-648] Applicable
only for portions of lines 1-1, 1-2, 1-3, 1-4, 1-5,
and 1-6 closest to reactor vessel [3, pg 23] 

Sy_125L 23.85ksi��

Sy_167 26.12ksi�� For SS304 at 125oF [2, pg 646-648] [3, pg 23]  

For SS304L at 125oF [2, pg 646-648] Applicable
only for portions of lines 1-1, 1-2, 1-3, 1-4, 1-5,
and 1-6 closest to reactor vessel [3, pg 23]

Sy_167L 22.26ksi��
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Maximum Strength Applicable for Equation 9 (S):  S is defined below for SS304 at temperature 125oF
and SS304L at 125oF.

S125 min 3 Sm_125� 2 Sy_125��� ��� Maximum allowable stress applied to SS304
piping [4, NB-3656]

S125 56.7 ksi�

S125L min 3 Sm_125L� 2 Sy_125L��� ��� Maximum allowable stress applied to SS304L
piping [4, NB-3656]

S125L 47.7 ksi�

S167 min 3 Sm_167� 2 Sy_167��� ��� Maximum allowable stress applied to SS304
piping [4, NB-3656]

S167 52.24 ksi�

S167L min 3 Sm_167L� 2 Sy_167L��� ��� Maximum allowable stress applied to SS304L
piping [4, NB-3656]

S167L 44.52 ksi�
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SUPPORTS
Supports Strategy:  Search based on the node for which the support acts.  If this node is a termination point
there will only be one node to evaluate.  If this node is in line with a section of pipe there will be two
representations of the same node (one for each element on each side of the node) to combine and the difference
between them is the force required of the support.  The D/C ratio for each support will be found by dividing the the
required force found above by the support capacity.

SupDC Pr Pc�� �
Pr

Pc
��

Support nf nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

Int14
Int24



�

�



0 0( )�

Prgj
nfindnfiCo0 1�

1� indndj
��

Prj
nfindnfiCo0 1�

1� i� indndj
� Prgj

�
�
�

��



Co2 0�
� Prgj

��

j 0 last indnd� ����for

PRi

0

j

n

Prn�
�

�

Int1' SupDC PRi Co0 0�
�


�
�



�

Int1 stack Int1' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int11
� Co0 0�

0��if

Int2' SupDC PRi Co1 0�
�


�
�



�

Int2 stack Int2' PRi� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indnd�
�
�

��



�

PRi Int21
� Co1 0�

0��if

i 0 indnfo0
indnfi0

����for

Int1 Int2� �

��



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. D. Landon Date:    09/30/2008

Calculation Sheet 
Page D.3.7-5 of D.37-25

RH-35 Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_RH35
3.728 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_RH35
0.228kip

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to 1, 2, and 3

Sup_Co_RH35

P1_RH35

P2_RH35

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-35a (Node 1311)
RH-35a vertically supports the horizontal PCS pipe on line 1-42 traveling west from RH-34).

nd1311RH35a0
1311�� Node associated with support

AL1RH35a_nd1311 AL2RH35a_nd1311� � Support NF nd1311RH35a� Sup_Co_RH35� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH35a_nd1311
T 0.253 941.712� 5.51 1.311 103

� 96� ��

AL2RH35a_nd1311
T 0 0 0 0 0( )�

RH-35b (Node 1313)
RH-35b vertically supports the horizontal PCS pipe on line 1-42 traveling west from NN2).

nd1313RH35b0
1313�� Node associated with support

AL1RH35b_nd1313 AL2RH35b_nd1313� � Support NF nd1313RH35b� Sup_Co_RH35� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH35b_nd1313
T 0.283 1.055� 103

� 5.785 1.313 103
� 98� ��

AL2RH35b_nd1313
T 0 0 0 0 0( )�

RH-33A Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_RH33A
4.117 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_RH33A
0.024kip

lbf
�� Compression
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Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to 1, 2, and 3

Sup_Co_RH33A

P1_RH33A

P2_RH33A

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-33A (Node 1343)
RH-33A vertically supports the horizontal PCS pipe on line 1-42 traveling north from EL(1-42A).

nd1343RH33Aa0
1343�� Node associated with support

AL1RH33Aa_nd1343 AL2RH33Aa_nd1343� � Support NF nd1343RH33Aa� Sup_Co_RH33A� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH33Aa_nd1343
T 0.173 713.71� 8.47 1.343 103

� 90� ��

AL2RH33Aa_nd1343
T 0 0 0 0 0( )�

RH-33B Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_RH33B
3.47 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_RH33B
0.024kip

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to 1, 2, and 3

Sup_Co_RH33B

P1_RH33B

P2_RH33B

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-33B (Node 1344)
RH-33B vertically supports the horizontal PCS pipe on line 1-42 traveling north from RH-33B.

nd1344RH33Ba0
1344�� Node associated with support

AL1RH33Ba_nd1344 AL2RH33Ba_nd1344� � Support NF nd1344RH33Ba� Sup_Co_RH33B� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH33Ba_nd1344
T 0.424 1.471� 103

� 5.47 1.344 103
� 92� ��

AL2RH33Ba_nd1344
T 0 0 0 0 0( )�
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Horizontal Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_HS
8.342 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

Tension
P2_HS

8.467 kip�

lbf
��

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to 1, 2, and 3

Sup_Co_HS

P1_HS

P2_HS

Fa

3

0

0


�
�
�
��

��
�
�
�


��

Horizontal Support (Node 1391)
The horizontal support horizontally (E/W) supports the horizontal (N/S) PCS pipe on line 1-42 just north of
RH-33B.

nd1391HS0
1391�� Node associated with support

AL1HS_nd1391 AL2HS_nd1391� � Support NF nd1391HS� Sup_Co_HS� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1HS_nd1391
T 0.2 1.669� 103

� 7.86 1.391 103
� 83� ��

AL2HS_nd1391
T 0.2 1.696 103

� 10.1 1.391 103
� 83� ��

PS-23 Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_PS23
16.789 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_PS23
0 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_PS23

P1_PS23

P2_PS23

Fa

2

0

0


�
�
�
��

��
�
�
�


��

PS-23 (Node 1345)
PS-23 vertically supports line 1-42 west of EL(1-42B).

nd1345PS230
1345�� Node associated with support

AL1PS23_nd1345 AL2PS23_nd1345� � Support NF nd1345PS23� Sup_Co_PS23� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate

AL1PS23_nd1345
T 0.074 1.234� 103

� 8.4 1.345 103
� 82� ��

AL2PS23_nd1345
T 0 0 0 0 0( )�
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system)

NN Supports (2x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_NN_NS
11.25 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_NN_NS
35.487 kip�

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_NN_NS

P1_NN_NS

P2_NN_NS

Fa

1

0

0


�
�
�
��

��
�
�
�


��

NN2 North/South (Node 1346)
NN2 vertically and laterally supports the horizontal PCS pipe on line 1-42 between PS-23 and RH-34.

nd1346NN2_NS0
1346�� Node associated with support

AL1NN2_NS_nd1346 AL2NN2_NS_nd1346� � Support NF nd1346NN2_NS� Sup_Co_NN_NS� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1NN2_NS_nd1346
T 0.045 507.848� 5.95 1.346 103

� 70� ��

AL2NN2_NS_nd1346
T 0.012 429.902 7.145 1.346 103

� 70� ��

NN3 North/South (Node 1347)
NN3 vertically and laterally supports the horizontal PCS pipe on line 1-42 between PS-23 and RH-34.

nd1347NN3_NS0
1347�� Node associated with support

AL1NN3_NS_nd1347 AL2NN3_NS_nd1347� � Support NF nd1347NN3_NS� Sup_Co_NN_NS� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1NN3_NS_nd1347
T 0.039 443.888� 5.725 1.347 103

� 72� ��

AL2NN3_NS_nd1347
T 0.016 558.776 5.87 1.347 103

� 72� ��

PS-19 Supports (2x)

Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_PS19_NS
11.25 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_PS19_NS
96.792 kip�

lbf
�� Compression
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Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_PS19_NS

P1_PS19_NS

P2_PS19_NS

Fa

1

0

0


�
�
�
��

��
�
�
�


��

Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_PS19_V
0.546 kip�

lbf
�� Flexure

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_PS19_V
0.546 kip�

lbf
�� Flexure

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(North), y(Up), and z(East) correspond to
positive 1, 2, and 3

Sup_Co_PS19_V

P1_PS19_V

P2_PS19_V

Fa

2

0

0


�
�
�
��

��
�
�
�


��

PS-19 North/South (Node 1348)
PS-19 vertically and laterally supports the horizontal PCS pipe on line 1-42 between PS-23 and RH-34.

nd1348PS19_NS0
1348�� Node associated with support

AL1PS19_NS_nd1348 AL2PS19_NS_nd1348� � Support NF nd1348PS19_NS� Sup_Co_PS19_NS� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PS19_NS_nd1348
T 0.111 1.253� 103

� 6.915 1.348 103
� 74� ��

AL2PS19_NS_nd1348
T 0.012 1.169 103

� 10.105 1.348 103
� 74� ��

PS-19 Vertical (Node 1348)
PS-19 vertically and laterally supports the horizontal PCS pipe on line 1-42 between PS-23 and RH-34.

nd1348PS19_V0
1348�� Node associated with support

AL1PS19_V_nd1348 AL2PS19_V_nd1348� � Support NF nd1348PS19_V� Sup_Co_PS19_V� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated Index  for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PS19_V_nd1348
T 1.798 981.527� 5.79 1.348 103

� 74� ��

AL2PS19_V_nd1348
T 0 0 0 0 0( )�

RH-12 Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_RH12
3.976 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_RH12
0.228kip

lbf
�� Compression
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Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to 1, 2, and 3

Sup_Co_RH12

P1_RH12

P2_RH12

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-12 (Node 1349)
RH-12 vertically supports the horizontal PCS pipe on line 1-42 at the south side of EL(1-42E).

nd1349RH120
1349�� Node associated with support

AL1RH12_nd1349 AL2RH12_nd1349� � Support NF nd1349RH12� Sup_Co_RH12� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH12_nd1349
T 0.472 1.876� 103

� 8.555 1.349 103
� 100� ��

AL2RH12_nd1349
T 0 0 0 0 0( )�

RH-20 Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_RH20
10.354 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_RH20
0.228kip

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to 1, 2, and 3

Sup_Co_RH20

P1_RH20

P2_RH20

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-20 (Node 1350)
RH-20 vertically supports the horizontal PCS pipe on line 1-42 at the north side of EL(1-42F).

nd1350RH200
1350�� Node associated with support

AL1RH20_nd1350 AL2RH20_nd1350� � Support NF nd1350RH20� Sup_Co_RH20� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1RH20_nd1350
T 0.215 2.221� 103

� 3.865 1.35 103
� 76� ��

AL2RH20_nd1350
T 0 0 0 0 0( )�
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PS-10 Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_PS10
22.1 kip�

lbf
�� Compression

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_PS10
0 kip�

lbf
�� Tension

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to positive 1, 2, and 3

Sup_Co_PS10

P1_PS10

P2_PS10

Fa

2

0

0


�
�
�
��

��
�
�
�


��

PS-10A (Node 1354)
PS-10A vertically supports line 1-42 at the north side of EL(1-42H).

nd1354PS10A0
1354�� Node associated with support

AL1PS10A_nd1354 AL2PS10A_nd1354� � Support NF nd1354PS10A� Sup_Co_PS10� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate
system)

AL1PS10A_nd1354
T 0.574 1.268� 104

� 3.85 1.354 103
� 80� ��

AL2PS10A_nd1354
T 0 0 0 0 0( )�

RH-34 Support (1x)
Capacity of support if the reaction force provided
at the node of interest is in the positive direction
of the global coordinate system [App. D.9.1]

P1_RH34
7.069 kip�

lbf
�� Tension

Capacity of support if the reaction force provided
at the node of interest is in the negative direction
of the global coordinate system [App. D.9.1]

P2_RH34
0.307kip

lbf
�� Compression

Constants associated with support capacity and
seismic scale factor in first column and direction
of support's capacity at top of section column
where x(NS), y(Vertical), and z(EW) correspond
to 1, 2, and 3

Sup_Co_RH34

P1_RH34

P2_RH34

Fa

2

0

0


�
�
�
��

��
�
�
�


��

RH-34 (Node 1253)
RH-35a vertically supports the horizontal PCS pipe on line 1-42 traveling west from RH-34).

nd1253RH340
1253�� Node associated with support

AL1RH34_nd1253 AL2RH34_nd1253� � Support NF nd1253RH34� Sup_Co_RH34� EL�� ���

(D/C,demand force, occurrence time,
defined node, associated index for the
reaction force at the selected node
being in the positive (AL1) and negative
(AL2) directions of the global coordinate

AL1RH34_nd1253
T 0.092 653.749� 5.28 1.253 103

� 94� ��

AL2RH34_nd1253
T 0 0 0 0 0( )�
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system)

Writing Output Data for Supports Associated with Line 1-42

SA1 AL1RH35a_nd1311
T

��
SH1 AL1NN3_NS_nd1347

T
��

SA2 AL2RH35a_nd1311
T

��

SH2 AL2NN3_NS_nd1347
T

��
SB1 AL1RH35b_nd1313

T
��

SB2 AL2RH35b_nd1313
T

�� SI1 AL1PS19_NS_nd1348
T

��

SC1 AL1RH33Aa_nd1343
T

��
SI2 AL2PS19_NS_nd1348

T
��

SC2 AL2RH33Aa_nd1343
T

��
SJ1 AL1PS19_V_nd1348

T
��

SD1 AL1RH33Ba_nd1344
T

��
SJ2 AL2PS19_V_nd1348

T
��

SD2 AL2RH33Ba_nd1344
T

��
SK1 AL1RH12_nd1349

T
��

SE1 AL1HS_nd1391
T

��
SK2 AL2RH12_nd1349

T
��

SE2 AL2HS_nd1391
T

��
SL1 AL1RH20_nd1350

T
��

SF1 AL1PS23_nd1345
T

��
SL2 AL2RH20_nd1350

T
��

SF2 AL2PS23_nd1345
T

��

SM1 AL1PS10A_nd1354
T

��
SG1 AL1NN2_NS_nd1346

T
��

SM2 AL2PS10A_nd1354
T

��
SG2 AL2NN2_NS_nd1346

T
��

SN1 AL1RH34_nd1253
T

��

SN2 AL2RH34_nd1253
T

��

S SA1 SA2 SB1 SB2 SC1 SC2 SD1 SD2 SE1 SE2 SF1 SF2 SG1 SG2 SH1 SH2 SI1 SI2 SJ1 SJ2 SK1 SK2(��

SupportsLine1_42 WRITEPRN "SupLine1_42.prn" S�( )��

TERMINATION LOCATIONS (NONE)
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PIPE RUNS
Pipe Runs Strategy:  Search based on the nodes present in each run of pipe.  Find the maximum moment
combination among all of the nodes and apply to equation (9) of ASME III, Division I - NB - 3652 [4].  Use the
geometry of the pipe when applying (9).  The D/C ratio for each node will be determined by dividing the left side of
the equation by the right side of the equation.

PipeRunDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

PipeRun P Do� t� I� B1� B2� S� nf� el� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indel match el0 EL
0� 	

�

�

�

�

indel stack indel match eli EL
0� 	

�

�

�





�

�

��

�
�
��

i 1 last el( )���for rows el( ) 1�if

M Int5 last indel� ��

�

�



0 0( )�

Mrxg nfindnfiCo0 1�
2� indelj
��

Mryg nfindnfiCo1 1�
2� indelj
��

Mrzg nfindnfiCo2 1�
2� indelj
��

Mrxj
nfindnfiCo0 1�

2� i� indelj
� Mrxg�
�

�
��



Co3 0�
� Mrxg��

Mryj
nfindnfiCo1 1�

2� i� indelj
� Mryg�
�

�
��



Co3 0�
� Mryg��

Mrzj
nfindnfiCo2 1�

2� i� indelj
� Mrzg�
�

�
��



Co3 0�
� Mrzg��

M'j Mrxj


�

�



2
Mryj


�

�



2
� Mrzj



�

�



2
��

Int' j PipeRunDC P Do� t� I� B1� B2� M'j� S�� ��

H Int' j M' j nf
indnfiCo0 1�

1� i� 0� EL
indelj

0� EL
indelj

1� indel j
Mrx
�

�
�

Intk j� Hk�

k 0 5���for

Int' j Int0 j��if

j 0 last indel� ����for

i 0 indnfo0
indnfi0

����for

��
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Int
Conditions applicable to all pipe runs

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

PipeRun_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Pipe Properties for Line 1-42
Define pertinent pipe variables

Do 6.625in�� Outside Diameter [22]

t 0.28in�� Thickness [22]

P 376psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 28.142 in
4

�

Define primary stress indices
B1PR 0.5��

Stress Indices are derived from [4, Table
NB-3681(a)-1] where B2 is subjected to additional
logic as defined in [4, NB-3683.2 (d)] to check for
D/t ratios greater than 50 and use the X and Y
equations (T in degrees Fahrenheit) to adjust B2
accordingly

B2PR 1.0
Do

t
50 if

T 125�

X min 1 1.3 0.006
Do

t
���



�
�

�
�



�

Y 1.033 0.00033 T���

1.0
1

X Y�
�

Do

t
50�if

�� B2PR 1�

Pipe Run 1-42A (Elements 197 & 171)
elP142A 197 171( )

T
��

ALP142A PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP142A� PipeRun_Co� EL�� ���

ALP142A
T

0.094

0.112

0.061

0.094

2.661 104
�

3.497 104
�

1.053 104
�

2.661 104
�

8.235

8.235

13.18

8.235

197

197

171

171

816

1.442 103
�

805

816

43

44

11

12



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�
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Pipe Run 1-42B (Element 943, 942, 192, 948, 947, 946, 945, 944, 194, 193, & 170 )

elP142B 943 942 192 948 947 946 945 944 194 193 170( )
T

��

ALP142B PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP142B� PipeRun_Co� EL�� ���

ALP142B
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

0.06 39.908·10 9.005 943 804 103

0.055 37.637·10 5.49 943 31.646·10 104

0.062 41.086·10 13.185 942 31.645·10 101

0.055 37.636·10 5.49 942 31.646·10 102

0.074 41.686·10 13.095 192 811 37

0.062 41.087·10 13.185 192 31.645·10 38

0.074 41.686·10 13.095 948 811 113

0.077 41.84·10 13.18 948 31.651·10 114

0.079 41.896·10 13.18 947 31.65·10 111

0.077 41.84·10 13.18 947 31.651·10 112

0.073 41.649·10 13.18 946 31.649·10 109

0.079 41.896·10 13.18 946 31.65·10 110

0.078 41.885·10 5.45 945 31.648·10 107

0.073 41.649·10 13.18 945 31.649·10 108

0.096 42.738·10 10.105 944 31.647·10 105

0.078 41.885·10 5.45 944 31.648·10 106

0.122 43.995·10 10.105 194 813 41

0.096 42.738·10 10.105 194 31.647·10 42

0.101 42.976·10 9.03 193 812 39

0.122 43.997·10 10.105 193 813 40

0.063 41.135·10 5.33 170 767 9

0.114 43.602·10 9.035 170 812 10

�
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Pipe Run 1-42C (Element 949, 216, 950, 589,  952, 951, 213, 958, 957, 956, 955, 954,
953, 595, 961, 960, 959, 200, 963, 962, 597, 964, & 169)

elP142C 949 216 950 589 952 951 213 958 957 956 955 954 953 595 961 960 959 200 963 962 597(��
ALP142C PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP142C� PipeRun_Co� EL�� ���

ALP142C
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

0.083 42.098·10 10.095 949 766 115

0.086 42.259·10 8.395 949 31.652·10 116

0.132 44.452·10 8.395 216 833 49

0.086 42.26·10 8.395 216 31.652·10 50

0.132 44.453·10 8.395 950 833 117

0.102 43.011·10 8.395 950 31.653·10 118

0.08 41.958·10 8.395 589 31.248·10 59

0.102 43.011·10 8.395 589 31.653·10 60

0.08 41.96·10 8.395 952 31.248·10 121

0.064 41.182·10 5.955 952 31.655·10 122

0.056 38.309·10 10.095 951 31.654·10 119

0.064 41.182·10 5.955 951 31.655·10 120

0.068 41.393·10 7.49 213 823 47

0.056 38.309·10 10.095 213 31.654·10 48

0.068 41.392·10 7.49 958 823 133

0.059 39.737·10 8.395 958 31.661·10 134

0.074 41.652·10 9.04 957 31.66·10 131

0.059 39.737·10 8.395 957 31.661·10 132

0.08 41.97·10 9.04 956 31.659·10 129

0.074 41.652·10 9.04 956 31.66·10 130

0.081 41.993·10 6.18 955 31.658·10 127

0.08 41.97·10 9.04 955 31.659·10 128

0.075 41.713·10 6.175 954 31.657·10 125

0.081 41.993·10 6.18 954 31.658·10 126

0.067 41.335·10 6.715 953 31.656·10 123

0.075 41.713·10 6.175 953 31.657·10 124

0.084 42.172·10 8.075 595 31.254·10 61

0.067 41.335·10 6.715 595 31.656·10 62

0.084 42.168·10 8.075 961 31.254·10 139

0.063 41.154·10 8.715 961 31.665·10 140

0.061 41.047·10 5.875 960 31.664·10 137

0.063 41.154·10 8.715 960 31.665·10 138

0.073 41.606·10 5.875 959 31.663·10 135

0.061 41.047·10 5.875 959 31.664·10 136

0.084 42.176·10 5.87 200 819 45

0.073 41.606·10 5.875 200 31.663·10 46

0.085 42.183·10 5.87 963 819 143

0.064 41.186·10 5.98 963 31.667·10 144

0.066 41.292·10 6.71 962 31.666·10 141

0.064 41.186·10 5.98 962 31.667·10 142

0.085 42.203·10 7.67 597 31.256·10 63

0.066 41.292·10 6.71 597 31.666·10 64

0.085 42.201·10 7.67 964 31.256·10 145

0.084 42.176·10 6.71 964 31.668·10 146

0 089 42 403 10 8 375 169 796 7

�
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44

45

0.089 42.403·10 8.375 169 796 7

0.084 42.176·10 6.71 169 31.668·10 8

Pipe Run 1-42D (Element 168)
elP142D 168( )

T
��

ALP142D PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP142D� PipeRun_Co� EL�� ���

ALP142D
T 0.09

0.107

2.455 104
�

3.241 104
�

6.715

6.92

168

168

798

799

5

6



�
�
�

�
�
�



�

Pipe Run 1-42E (Element 965, 967, 969, 968, & 334)
elP142E 965 967 969 968 334( )

T
��

ALP142E PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP142E� PipeRun_Co� EL�� ���

ALP142E
T

0 1 2 3 4 5

0

1

2

3

4

5

6

7

8

9

0.11 43.411·10 6.92 965 797 147

0.116 43.713·10 6.92 965 31.669·10 148

0.123 44.058·10 6.92 967 967 149

0.116 43.713·10 6.92 967 31.669·10 150

0.123 44.054·10 6.92 969 967 153

0.074 41.67·10 6.98 969 31.673·10 154

0.078 41.879·10 9.93 968 31.672·10 151

0.074 41.67·10 6.98 968 31.673·10 152

0.127 44.217·10 6.74 334 768 55

0.078 41.879·10 9.93 334 31.672·10 56

�

Pipe Run 1-42F (Element 163, 970, 220, & 971)
elP142F 163 970 220 971( )

T
��

ALP142F PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP142F� PipeRun_Co� EL�� ���

ALP142F
T

0.16

0.133

0.112

0.133

0.112

0.124

0.148

0.124

5.837 104
�

4.522 104
�

3.496 104
�

4.522 104
�

3.496 104
�

4.1 104
�

5.22 104
�

4.1 104
�

6.915

6.735

6.73

6.735

6.73

9.435

9.76

9.435

163

163

970

970

220

220

971

971

769

1.674 103
�

838

1.674 103
�

838

1.675 103
�

770

1.675 103
�

1

2

155

156

51

52

157

158



�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



�
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Pipe Run 1-42G (Element 164 & 972)
elP142G 164 972( )

T
��

ALP142G PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP142G� PipeRun_Co� EL�� ���

ALP142G
T

0.096

0.107

0.122

0.107

2.726 104
�

3.269 104
�

3.988 104
�

3.268 104
�

9.76

9.435

9.44

9.435

164

164

972

972

771

1.676 103
�

772

1.676 103
�

3

4

159

160



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-42H (Element 221 & 973)
elP142H 221 973( )

T
��

ALP142H PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP142H� PipeRun_Co� EL�� ���

ALP142H
T

0.12

0.104

0.134

0.104

3.913 104
�

3.115 104
�

4.557 104
�

3.114 104
�

9.935

9.92

9.935

9.92

221

221

973

973

773

1.677 103
�

775

1.677 103
�

53

54

161

162



�
�
�
�
�
�
�

�
�
�
�
�
�
�



�

Pipe Run 1-42I (Element 605)
elP142I 605( )

T
��

ALP142I PipeRun P Do� t� I� B1PR� B2PR� S125� NF� elP142I� PipeRun_Co� EL�� ���

ALP142I
T 0.135

0.178

4.611 104
�

6.666 104
�

10.66

3.85

605

605

759

774

65

66



�
�
�

�
�
�



�

Writing Output Data for Pipe Runs Associated with Line 1-42

PR1 ALP142A
T

�� PR6 ALP142F
T

��

PR2 ALP142B
T

�� PR7 ALP142G
T

��

PR3 ALP142C
T

�� PR8 ALP142H
T

��

PR4 ALP142D
T

�� PR9 ALP142I
T

��

PR5 ALP142E
T

��

P PR1 PR2 PR3 PR4 PR5 PR6 PR7 PR8 PR9( )��

PipeRunsLine1_42 WRITEPRN "PRLine1-42.prn" P�( )��
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ELBOWS
Elbows Strategy:  Search based on the two nodes comprising the ends of each elbow.  SRSS combine the
three moments of each of the four node representations (one for each element connected by the nodes in
question).  Find the maximum of the four moment combinations and apply to equation (9) of ASME III, Division I -
NB - 3652 [4]. The D/C ratio will be determined by dividing the left side of the equation by the right side of the
equation.

ElbowDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Elbow P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j ElbowDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� M�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all elbows

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Elb_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Elbow Properties for EL(1-42(A-D, H))

Define pertinent elbow variables

Do 6.625in�� Outside Diameter  [22]

t 0.28in�� Thickness  [22]

P 376psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 28.142 in
4

�

R 9in�� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.25� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 1.515 10 4�
�� B1 primary stress Index [4, NB-3683.7] 

B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 3.272� B2 primary stress Index [4, NB-3683.7] 
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Elbow 1-42A (Nodes 805 & 804)
ndEL142A_1 805( )

T
��

ALEL142A_nd805 Elbow P Do� t� I� B1� B2� S125� NF� ndEL142A_1� Elb_Co� EL�� ���

ALEL142A_nd805
T 0.072 1.053 104

� 13.18 805 11 481.827� 1.048� 104
� 938.886� ��

ndEL142A_2 804( )
T

��

ALEL142A_nd804 Elbow P Do� t� I� B1� B2� S125� NF� ndEL142A_2� Elb_Co� EL�� ���

ALEL142A_nd804
T 0.067 9.908 103

� 9.005 804 103 735.288� 3.086� 103
� 9.387 103

�� ��

Elbow 1-42B (Nodes 767 & 766)
ndEL142B_1 767( )

T
��

ALEL142B_nd767 Elbow P Do� t� I� B1� B2� S125� NF� ndEL142B_1� Elb_Co� EL�� ���

ALEL142B_nd767
T 0.077 1.135 104

� 5.33 767 17 1.044� 103
� 1.126� 104

� 972.551�� ��

ndEL142B_2 766( )
T

��

ALEL142B_nd766 Elbow P Do� t� I� B1� B2� S125� NF� ndEL142B_2� Elb_Co� EL�� ���

ALEL142B_nd766
T 0.143 2.098 104

� 10.095 766 115 1.031� 103
� 2.094 104

� 898.77� ��

Elbow 1-42C (Nodes 796 & 798)
ndEL142C_1 796( )

T
��

ALEL142C_nd796 Elbow P Do� t� I� B1� B2� S125� NF� ndEL142C_1� Elb_Co� EL�� ���

ALEL142C_nd796
T 0.163 2.403 104

� 8.375 796 7 2.6 103
� 2.389� 104

� 462.015� ��

ndEL142C_2 798( )
T

��

ALEL142C_nd798 Elbow P Do� t� I� B1� B2� S125� NF� ndEL142C_2� Elb_Co� EL�� ���

ALEL142C_nd798
T 0.167 2.455 104

� 6.715 798 20 767.224� 2.452 104
� 994.836� ��

Elbow 1-42D (Nodes 799 & 797)
ndEL142D_1 799( )

T
��

ALEL142D_nd799 Elbow P Do� t� I� B1� B2� S125� NF� ndEL142D_1� Elb_Co� EL�� ���

ALEL142D_nd799
T 0.22 3.241 104

� 6.92 799 6 397.704� 3.239� 104
� 1.058 103

�� ��

ndEL142D_2 797( )
T

��

ALEL142D_nd797 Elbow P Do� t� I� B1� B2� S125� NF� ndEL142D_2� Elb_Co� EL�� ���

ALEL142D_nd797
T 0.232 3.411 104

� 6.92 797 22 248.066 3.41� 104
� 866.604� ��
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Elbow 1-42G (Nodes 772 & 773)
ndEL142G_1 772( )

T
��

ALEL142G_nd772 Elbow P Do� t� I� B1� B2� S125� NF� ndEL142G_1� Elb_Co� EL�� ���

ALEL142G_nd772
T 0.271 3.988 104

� 9.44 772 159 3.781� 104
� 9.122� 103

� 8.84� 103
�� ��

ndEL142G_2 773( )
T

��

ALEL142G_nd773 Elbow P Do� t� I� B1� B2� S125� NF� ndEL142G_2� Elb_Co� EL�� ���

ALEL142G_nd773
T 0.266 3.913 104

� 9.935 773 35 1.922 104
� 3.003 104

� 1.612 104
�� ��

Elbow 1-42H (Nodes 775 & 774)
ndEL142H_1 775( )

T
��

ALEL142H_nd775 Elbow P Do� t� I� B1� B2� S125� NF� ndEL142H_1� Elb_Co� EL�� ���

ALEL142H_nd775
T 0.31 4.557 104

� 9.935 775 161 1.785� 104
� 3.002 104

� 2.926� 104
�� ��

ndEL142H_2 774( )
T

��

ALEL142H_nd774 Elbow P Do� t� I� B1� B2� S125� NF� ndEL142H_2� Elb_Co� EL�� ���

ALEL142H_nd774
T 0.453 6.673 104

� 3.85 774 25 7.439 103
� 3.985� 103

� 6.62 104
�� ��

Elbow Properties for EL(1-42(E-F))
Define pertinent elbow variables

Do 6.625in�� Outside Diameter  [22]

t 0.28in�� Thickness  [22]

P 376psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]
I 28.142 in

4
�

R 30in�� Nominal bend radius of curved pipe or elbow

rm
Do t�

2
�� Mean pipe radius

Define primary stress indices

h
t R�

rm
2

�� h 0.835� Characteristic bend parameter of a
curved pipe or butt welding elbow

B1 0 0.1� 0.4 h�� 0�if

0.5 0.1� 0.4 h�� 0.5�if

0.1� 0.4 h�� otherwise

��

B1 0.234� B1 primary stress Index [4, NB-3683.7] 
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B2 1.0
1.3

h

2
3

1.0 if

1.3

h

2
3

otherwise

��

B2 1.467� B2 primary stress Index [4, NB-3683.7] 

Elbow 1-42E (Nodes 768 & 769)
ndEL142E_1 768( )

T
��

ALEL142E_nd768 Elbow P Do� t� I� B1� B2� S125� NF� ndEL142E_1� Elb_Co� EL�� ���

ALEL142E_nd768
T 0.147 4.217 104

� 6.74 768 28 7.296 103
� 4.145 104

� 2.598 103
�� ��

ndEL142E_2 769( )
T

��

ALEL142E_nd769 Elbow P Do� t� I� B1� B2� S125� NF� ndEL142E_2� Elb_Co� EL�� ���

ALEL142E_nd769
T 0.196 5.837 104

� 6.915 769 1 1.112� 103
� 5.536� 104

� 1.848 104
�� ��

Elbow 1-42F (Nodes 770 & 771)
ndEL142F_1 770( )

T
��

ALEL142F_nd770 Elbow P Do� t� I� B1� B2� S125� NF� ndEL142F_1� Elb_Co� EL�� ���

ALEL142F_nd770
T 0.177 5.224 104

� 9.76 770 31 1.525� 103
� 1.93� 104

� 4.852 104
�� ��

ndEL142F_2 771( )
T

��

ALEL142F_nd771 Elbow P Do� t� I� B1� B2� S125� NF� ndEL142F_2� Elb_Co� EL�� ���

ALEL142F_nd771
T 0.101 2.726 104

� 9.76 771 32 2.361� 104
� 5.742 103

� 1.236� 104
�� ��

Writing Output Data for Elbows Associated with Line 1-42

EL1A ALEL142A_nd805
T

�� EL4A ALEL142D_nd799
T

��
EL7A ALEL142E_nd768

T
��

EL1B ALEL142A_nd804
T

�� EL4B ALEL142D_nd797
T

��
EL7B ALEL142E_nd769

T
��

EL2A ALEL142B_nd767
T

�� EL5A ALEL142G_nd772
T

��
EL8A ALEL142F_nd770

T
��

EL2B ALEL142B_nd766
T

�� EL5B ALEL142G_nd773
T

��
EL8B ALEL142F_nd771

T
��

EL3A ALEL142C_nd796
T

�� EL6A ALEL142H_nd775
T

��

EL3B ALEL142C_nd798
T

�� EL6B ALEL142H_nd774
T

��

vEL EL1A EL1B EL2A EL2B EL3A EL3B EL4A EL4B EL5A EL5B EL6A EL6B EL7A EL7B EL8A EL8B( )��

ElbowLine1_42 WRITEPRN "ElbowLine1-42.prn" vEL�( )��
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FLANGES
Flange Strategy:  Search based on the nodes where flanges occur.  Find the maximum moment combination for
the node and apply to equation (9) of ASME III, Division I - NB - 3652 [4].  Use the geometry of the pipe when
applying (9).  The D/C ratio for each node will be determined by dividing the left side of the equation by the right
side of the equation and taking the max of the result.

FlangeDC P Do� t� I� B1� B2� M� S�� �
B1

P Do�

2 t�
� B2

Do

2 I�
� M 1lbf in�( )�[ ]��

S
��

Flange P Do� t� I� B1� B2� S� nf� nd� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indnd match nd0 EL
1� 	

�

�

�

�

indnd stack indnd match ndi EL
1� 	

�

�

�





�

�

��

�
�
��

i 1 last nd( )���for rows nd( ) 1�if

M Int0� � 0 0( )�

Mrxg nfindnfiCo0 1�
2� indndj
��

Mryg nfindnfiCo1 1�
2� indndj
��

Mrzg nfindnfiCo2 1�
2� indndj
��

Mrx nfindnfiCo0 1�
2� i� indndj

� Mrxg�
�
�

��



Co3 0�
� Mrxg��

Mry nfindnfiCo1 1�
2� i� indndj

� Mryg�
�
�

��



Co3 0�
� Mryg��

Mrz nfindnfiCo2 1�
2� i� indndj

� Mrzg�
�
�

��



Co3 0�
� Mrzg��

M'j Mrx
2

Mry
2

� Mrz
2

��

Int' j FlangeDC P Do� t� I� B1� B2� M'j� S�� ��

Int stack Int' j M' j� nf
indnfiCo0 1�

1� i� 0�� EL
indndj

1�� indndj
� Mrx� Mry� M�
�

�
�

Result M'�

Int' j Int0�if

j 0 last indnd� ����for

i 0 indnfo0
indnfi0

����for

Int

��
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Conditions applicable to all flanges

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding variables

Fa 1��

Constants associated with elbow's capacity
direction x(NS), y(Vertical), and z(EW)
correspond to positive 1, 2, and 3 and seismic
factor

Flange_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

Pipe Properties of Line 1-42
Define pertinent pipe variables

Do 6.625in�� Outside Diameter [22]

t 0.28in�� Thickness [22]

P 376psi�� Internal Pressure [3, pg 23]

I
� Do

4
Do 2 t��� �4��

�
�
��

64
��

Moment of inertia [8, Table 17-27, pg 17-39]

I 28.142 in
4

�

Define primary stress indices (Utilize girth weld characteristic associated with lap joint flanges in determining
values)

B1 0.5�� B1 for a girth weld [4, Table NB-3681(a)-1, pg 130] 

B2 1�� B2 for a girth weld [4, Table NB-3681(a)-1, pg 130] 

Flange 1-42A (Node 759)
ndFL142A 759( )

T
��

ALFL142A Flange P Do� t� I� B1� B2� S167� NF� ndFL142A� Flange_Co� EL�� ���

ALFL142A
T 0.146 4.611 104

� 10.66 759 65 1.219 104
� 6.791� 103

� 4.394 104
�� ��

Flange 1-42B (Node 760)
ndFL142B 760( )

T
��

ALFL142B Flange P Do� t� I� B1� B2� S167� NF� ndFL142B� Flange_Co� EL�� ���

ALFL142B
T 0.18 6.087 104

� 10.185 760 85 3.14� 103
� 1.024� 104

� 5.992 104
�� ��

Writing Output Data for Flanges Associated with Line 1-42

F1 ALFL142A
T

�� F2 ALFL142B
T

��

F F1 F2( )��

FlangeLine1_42 WRITEPRN "FlangeLine1-42.prn" F�( )��
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Appendix D.3.8

 Demand to Capacity Ratio Calculations for Components
Associated with Unlisted Components of ATR PCS Model 1-4

(NOTE:  Values represented here are shown for one realization (Nodal Force file =
UNLIST_COMPS_M1-4_test_R1.dat and Element/Nodal order file = EL_UNLIST_COMPS_m14.xls )
and may or may not be consistent with the 80th percentile results contained in Appendix D.4)
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Force Outputs from Abaqus

NF
...\UNLIST_COMPS_M1-4.dat

�� (N)odal (F)orces for Model 1-4

Defined Elemental and Corresponding Nodal Order

EL
...\EL_UNLIST_COMPS_M1-4(9-22-08).xls

�� Element and corresponding nodal order for
Model 1-4

Time Boundaries

tinitial 1�� Initial time for which dynamic loading is applied

tfinal 21�� Final time for which dynamic loading stops

Seismic Scale Factor (Fa)

Fa 1�� Seismic scale factor [9]

Allowable Design Stress Intensity Factor (Sm): Sm is defined below for SS304 at temperature 125oF and

SS304L at 125oF.

Sm_125 20ksi�� For SS304 at 125oF [2, pg 316-318] [3, pg 23]  

For SS304L at 125oF [2, pg 316-318] Applicable
only for portions of lines 1-1, 1-2, 1-3, 1-4, 1-5,
and 1-6 closest to reactor vessel [3, pg 23]

Sm_125L 16.7ksi��

Sm_167 20ksi�� For SS304 at 167oF [2, pg 316-318] [3, pg 23]  

For SS304L at 167oF [2, pg 316-318] Applicable
only for portions of lines 1-1, 1-2, 1-3, 1-4, 1-5,
and 1-6 closest to reactor vessel [3, pg 23]

Sm_167L 16.7ksi��

Yield Strength (Sy): Sy is defined below for SS304 at temperature 125oF and SS304L at 125oF.

Sy_125 28.35ksi�� For SS304 at 125oF [2, pg 646-648] [3, pg 23]  

For SS304L at 125oF [2, pg 646-648] Applicable
only for portions of lines 1-1, 1-2, 1-3, 1-4, 1-5,
and 1-6 closest to reactor vessel [3, pg 23]

Sy_125L 23.85ksi��

Sy_167 26.12ksi�� For SS304 at 125oF [2, pg 646-648] [3, pg 23]  

For SS304L at 125oF [2, pg 646-648] Applicable
only for portions of lines 1-1, 1-2, 1-3, 1-4, 1-5,
and 1-6 closest to reactor vessel [3, pg 23]

Sy_167L 22.26ksi��
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Maximum Strength Applicable for Equation 9 (S):  S is defined below for SS304 at temperature 125oF
and SS304L at 125oF.

S125 min 3 Sm_125� 2 Sy_125��� ��� Maximum allowable stress applied to SS304
piping [4, NB-3656]

S125 56.7 ksi�

S125L min 3 Sm_125L� 2 Sy_125L��� ��� Maximum allowable stress applied to SS304L
piping [4, NB-3656]

S125L 47.7 ksi�

S167 min 3 Sm_167� 2 Sy_167��� ��� Maximum allowable stress applied to SS304
piping [4, NB-3656]

S167 52.24 ksi�

S167L min 3 Sm_167L� 2 Sy_167L��� ��� Maximum allowable stress applied to SS304L
piping [4, NB-3656]

S167L 44.52 ksi�
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FABRICATED BRANCH TEES
Tees Strategy:  Search based on the elements comprising the tee.  The input identifies which elements are
associated with the pipe run and which element is associated with the branch from the run.  The indices for the
defined common node for all three elements is identified and the associated SRSS moment is identified for each
time step.  The maximum moment for the elements comprising the pipe run is found and applied as Mr in
equation (9) of ASME III, Division I - NB - 3652 which is modified to represent tees.  The maximum moment for
the branch element is found and applied as Mb in equation (9) of ASME III, Division I - NB - 3652 [4].  The D/C
ratio will be determined by dividing the left side of the equation by the right side of the equation.

FabBrDC P Do� Tr� B1� B2b� B2r� Mb� Mr� Zb� Zr� S�� �
B1

P Do�

2 Tr�
� B2b

Mb 1lbf in�( )�

Zb

�"
"�

�#
#�

�� B2r
Mr 1lbf in�( )�

Zr

�"
"�

�#
#�

��

S
��

FabBr P Do� Tr� B1� B2b� B2r� Zb� Zr� S� nf� elR� elB� ndR� ndB� Co� EL�� � indnfi match tinitial nf
0� 	

�

�

�

�

indnfo match tfinal nf
0� 	

�

�

�

�

indelR match elR0
EL

0� 	
�
�

�
��



�

indelR stack indelR match elRi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elR� ����for rowif

EL'R
last EL 0� 	� � 0�

EL'RindelRi
EL

indelRi
1��

i 0 last indelR� ����for

indndR match ndR0
EL'R

0� 	
�
�

�
��



�

indndR stack indndR match ndRi
EL'R

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndR� ����for if

indelB match elB0
EL

0� 	
�
�

�
��



�

indelB stack indelB match elBi
EL

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last elB� ����for rowif

EL'B
last EL 0� 	� � 0�

EL'BindelBi
EL

indelBi
1��

i 0 last indelB� ����for

indndB match ndB0
EL'B

0� 	
�
�

�
��



�

��
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ndB B0� 


indndB stack indndB match ndBi
EL'B

0� 	
�
�

�
��




�
�

��



��"
�

�#
�

�

i 1 last ndB� ����for if

MR MB Int0� � 0 0 0( )�

MrxgRj
nfindnfiCo0 1�

2� indndR j
��

MrygRj
nfindnfiCo1 1�

2� indndR j
��

MrzgRj
nfindnfiCo2 1�

2� indndR j
��

MrxRj
nfindnfiCo0 1�

2� i� indndR j
� MrxgRj

�
�
�

��



�

MryRj
nfindnfiCo1 1�

2� i� indndR j
� MrygRj

�
�
�

��



�

MrzRj
nfindnfiCo2 1�

2� i� indndR j
� MrzgRj

�
�
�

��


��

MRj
MrxRj


�

�



2
MryRj


�

�



2
� MrzRj



�

�



2
��

MrxgBj
nfindnfiCo0 1�

2� indndBk
��

MrygBj
nfindnfiCo1 1�

2� indndBk
��

MrzgBj
nfindnfiCo2 1�

2� indndBk
��

MrxBj
nfindnfiCo0 1�

2� i� indndBk
� MrxgBj

�
�
�

��



�

MryBj
nfindnfiCo1 1�

2� i� indndBk
� MrygBj

�
�
�

��



�

MrzBj
nfindnfiCo2 1�

2� i� indndBk
� MrzgBj

�
�
�

��



�

MBj
MrxBj


�

�



2
MryBj


�

�



2
� MrzBj



�

�



2
��

Int' j FabBrDC P Do� Tr� B1� B2b� B2r� MBj
�


�
�

Int stack Int' j MRj
� MBj

� nf
indnfiCo0 1

�
�
�

�
�

Int' j Int0�if

k 0 last indndB� ����for

j 0 last indndR� ����for

i 0 indnfo0
indnfi0

����for
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o0 1��
Result stack MRj

MBj
� MrxRj

� MryRj
� �


�
�

M MR�

Int

Conditions applicable to forged tee

Mcx 0�� Mcy 0�� Mcz 0�� Defining place holding directional moment
variables

Fa 1��

Constants associated with elbow's capacity
direction x(North), y(Up), and z(East) correspond
to positive 1, 2, and 3 and seismic factor

FabBr_Co

Mcx

Mcy

Mcz

Fa

1

2

3

0



�
�
�
�
�
�

�
�
�
�
�
�



��

FABRICATED WYES
Define pertinent tee variables

P 272psi�� Internal Pressure [3, pg 23]

Do 25.25in�� Outside Diameter of pipe run [6,7,23]

do 18in�� Outside Diameter of branch [6,7,23]

B1 0.5�� B1 primary stress Index for tees and branches 
[4, Table NB-3681(a)-1]]

B1 value actually applied via results of App F.3.3 evaluation

B1 15.805��

Tr 1.0in�� Nominal wall thickness of designated run pipe
[6,7,23]

Rm
Do Tr�

2
�� Mean radius of designated run pipe [6,7,23]

Zr � Rm
2

� Tr��� Approximate section modulus of designated run
pipe [4, NB-3683.1(d)]

Zr 461.8632 in
3

�

T'b 0.312in�� Nominal wall thickness of attached branch pipe
[6,7,23]

r'm
do T'b�

2
�� Mean radius of attached branch pipe [6,7,23]
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Zb � r'm
2

� T'b��� Approximate section modulus of attached branch
pipe [4, NB-3683.1(d)]

Zb 76.666 in
3

�

C2b Secondary stress Index [4,NB-3683.8] 

C2b 1.5
Rm

Tr


�
��

��
�


2
3

r'm

Rm


�
��

��
�


1
2

T'b

Tr


�
��

��
�


r'm
do

2


�
�
��

��
�
�


� 1.5
Rm

Tr


�
��

��
�


2
3

r'm

Rm


�
��

��
�


1
2

T'b

Tr


�
��

��
�


�
r'm
do

2


�
�
��

��
�
�


1.5$if

1.5 otherwise

��

C2b 2.073�

C2r Secondary stress Index [4,NB-3683.8] 

Wall thickness of nozzle or branch connection
reinforcement associated with [4, NB-3643.4(A)-1,
sketch (d)]

tn T'b��

C2r 1.15
r'm

tn


�
��

��
�


1
4

� 1.15
r'm

tn


�
��

��
�


1
4

� 1.5$if

1.5 otherwise

��

C2r 2.654�

B2b 0.5 C2b� 0.5 C2b� 1$if

1 otherwise

��

B2b primary stress Index for branches [4,
NB-3683.8]

B2b 1.036�

B2b value actually applied via results of App F.3.3 evaluation

B2b 1.752��

B2r 0.75 C2r� 0.75 C2r� 1$if

1 otherwise

��

B2r primary stress Index for branches [4,
NB-3683.8]

B2r 1.99�

B2r value actually applied via results of App F.3.3 evaluation

B2r 7.059��
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Fabricated Branch 1-2L (Node 572)

elRFabBr12L 393 422( )
T

�� Elements associated with pipe run

ndRFabBr12L 572( )
T

�� Node between pipe run elements

elBFabBr12L 387( )
T

�� Element associated with branch

ndBFabBr12L 572( )
T

�� Node where branch intersects pipe run

ALFabBr12L FabBr P Do� Tr� B1� B2b� B2r� Zb� Zr� S167L� NF� elRFabBr12L� elBFabBr12L� ndRFabBr12L� ndBF����

ALFabBr12L
T 1.429 5.082 105

� 6.919 104
� 9.885 572 59 65 45� ��

Fabricated Branch 1-3L (Node 573)

elRFabBr13L 395 423( )
T

�� Elements associated with pipe run

ndRFabBr13L 573( )
T

�� Node between pipe run elements

elBFabBr13L 389( )
T

�� Element associated with branch

ndBFabBr13L 573( )
T

�� Node where branch intersects pipe run

ALFabBr13L FabBr P Do� Tr� B1� B2b� B2r� Zb� Zr� S167L� NF� elRFabBr13L� elBFabBr13L� ndRFabBr13L� ndBF����

ALFabBr13L
T 1.424 5.096 105

� 5.842 104
� 9.525 573 63 67 49� ��
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FABRICATED ELBOW BRANCH
Define pertinent tee variables

P 272psi�� Internal Pressure [3, pg 23]

Do 36in�� Outside Diameter of pipe run [10,17]

do 6.625in�� Outside Diameter of branch [10,17]

B1 0.5�� B1 primary stress Index for tees and branches 
[4, Table NB-3681(a)-1]]

Tr 0.5in�� Nominal wall thickness of designated run pipe
[10,17]

Rm
Do Tr�

2
�� Mean radius of designated run pipe [10,17]

Zr � Rm
2

� Tr��� Approximate section modulus of designated run
pipe [4, NB-3683.1(d)]

Zr 494.899 in
3

�

T'b 0.28in�� Nominal wall thickness of attached branch pipe
[10,17]

r'm
do T'b�

2
�� Mean radius of attached branch pipe [10,17]

Zb � r'm
2

� T'b��� Approximate section modulus of attached branch
pipe [4, NB-3683.1(d)]

Zb 8.853 in
3

�

C2b Secondary stress Index [4,NB-3683.8] 

C2b 1.5
Rm

Tr


�
��

��
�


2
3

r'm

Rm


�
��

��
�


1
2

T'b

Tr


�
��

��
�


r'm
do

2


�
�
��

��
�
�


� 1.5
Rm

Tr


�
��

��
�


2
3

r'm

Rm


�
��

��
�


1
2

T'b

Tr


�
��

��
�


�
r'm
do

2


�
�
��

��
�
�


1.5$if

1.5 otherwise

��

C2b 3.674�

C2r Secondary stress Index [4,NB-3683.8] 

Wall thickness of nozzle or branch connection
reinforcement associated with [4, NB-3643.4(A)-1,
sketch (d)]

tn T'b��
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C2r 1.15
r'm

tn


�
��

��
�


1
4

� 1.15
r'm

tn


�
��

��
�


1
4

� 1.5$if

1.5 otherwise

��

C2r 2.11�

B2b 0.5 C2b� 0.5 C2b� 1$if

1 otherwise

��

B2b primary stress Index for branches [4, NB-3683.8]

B2b 1.837�

B2r 0.75 C2r� 0.75 C2r� 1$if

1 otherwise

��

B2r primary stress Index for branches [4, NB-3683.8]

B2r 1.582�

Fabricated Branch 1-42 (Node 589)
elRFabBr142 318 317( )

T
�� Elements associated with pipe run

ndRFabBr142 589( )
T

�� Node between pipe run elements

elBFabBr142 319( )
T

�� Element associated with branch

ndBFabBr142 953( )
T

�� Node where branch intersects pipe run

ALFabBr142 FabBr P Do� Tr� B1� B2b� B2r� Zb� Zr� S167� NF� elRFabBr142� elBFabBr142� ndRFabBr142� ndBFab����

ALFabBr142
T 0.323 6.336 105

� 4.797 104
� 8.42 589 24 26 30� ��

Writing Output Data for Fabricated Branches

FB1 ALFabBr12L
T

��

FB2 ALFabBr13L
T

��

FB3 ALFabBr142
T

��

vFB FB1 FB2 FB3( )��

FabBrLine_UNLIST_COMP WRITEPRN "FabBrLine_UNLIST_COMP.prn" vFB�( )��
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Appendix D.4

 80th Percentile Results of All 32 Realizations 
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LOGIC USED TO GATHER DATA FROM ALL 32 REALIZATIONS
a "Y:\PCS2\Automated_Evaluation\Model_14\Real"��

ReadData b( )

dk 1� READPRN concat a num2str k( )� b�( )( )�

Dk 1� j� dk 1�� �
0 j�

�

j 0 length dk 1�� �T

�

�

 1����for

k 1 32���for��

R stack 1 2� 3� 4� 5� 6� 7� 8� 9� 10� 11� 12� 13� 14� 15� 16� 17� 18� 19� 20� 21� 22� 23� 24� 25� 26� 27� 28� 29� 30� 31� 32�( )��

LOGIC USED TO SORT DATA BASED ON D/C RATIOS OF ALL 32 REALIZATIONS
C_S v R�( )

a0 j� v j i�� �T

�

�



k� 	�"
�

�#
�

T

�

A a0 j�� j 0=if

A stack A a0 j��� �� j 0�if

j 0 rows v( ) 1����for

bk i� stack AT RT
�� �T�

Sortedk i� reverse csort bk i� 0�� �� ��

k 0 rows v0 i�� � 1����for

i 0 cols v( ) 1����for

Sorted

��

LOGIC USED TO JOIN RESULTS FROM EITHER END OF REDUCERS AND ELBOWS
INTO ONE MATRIX

RED_EL80th RE( ) k 0�

j 2 i��

RE80THi k�
stack RE0 j�

T

�

�



6� 	
T

RE0 j 1��
T


�
�



6� 	
T

�


�
�

�
�

�

i 0
cols RE( ) 1�

2
���for

��
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LOGIC USED TO CONCATINATE 80TH PERCENTILE RESULTS OF PIPE RUNS INTO
ONE MATRIX

PR80th PM( )

ki 0�

ki ki 1�� PMj i� 0�if

j 0 rows PM i� 	� � 1����for

PM80thm i�
PMm i�

T

�

�



6� 	
T

�

m 0 ki 1����for

pm80th0 i�
PM80th0 i�

�

pm80th0 i�
stack pm80th0 i�

PM80thn i�
�


�
�



�

n 1 ki 1����for

i 0 cols PM( ) 1����for��

LOGIC USED TO DETERMINE 80TH PERCENTILE RESULTS OF SUPPORTS & TEES

T80th T( )

T80th0 i�
T0 i�

T

�

�



6� 	
T

�

i 0 cols T( ) 1����for��
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SUPPORTS
Support output is ordered as (D/C,demand force, occurance time, defined node, associated index for the reaction
force at the selected node being colinear (AL1) and apposing (AL2) the positive directionality of the global
coordinate system, and realization number) 

EVALUATION OF SUPPORTS ON LINES 1-1L, 1-2L, 1-3L, & 1-4L FOR ALL 32 REALIZATI
VSA ReadData "\SupLine1-1_2_3_4.prn"� ���

SA C_S VSA R�( )��

PR-2 East Support (2x)
PR-2A (Node 1323)

PR-2A Horizontally supports the midsection of P(1-1LC).

Tension SA0 0�
T


�
�



6� 	
T

1.811 5.774� 103
� 9.18 1.323 103

� 151 7� ��

This challenged support will be evaluated in a breakout analysis in Appendix E.4 where its loading
will be applied simutaneously with that of the appropriate PR-1 support for which it shares a
common anchorage structure.  The below function writes this information to the Appendix E.4 file.

PR2_E_T WRITEPRN "Y:\PCS2\Automated_Evaluation\PR-1&2_Combo_Evaluation\PR2A_E_Tension.prn" SA0 0��� ���

PR2_E_C WRITEPRN "Y:\PCS2\Automated_Evaluation\PR-1&2_Combo_Evaluation\PR2A_E_Compression.prn" SA0 �����

Compression SA0 1�
T


�
�



6� 	
T

0.248 4.444 103
� 6.935 1.323 103

� 151 9� ��

PR-2B (Node 1324)
PR-2B Horizontally supports the midsection of P(1-2LC).

Tension SA0 2�
T


�
�



6� 	
T

0.49 3.495� 103
� 7.04 1.324 103

� 149 1� ��

Compression SA0 3�
T


�
�



6� 	
T

0.15 2.695 103
� 6.93 1.324 103

� 149 9� ��

PR-2 West Support (2x)
PR-2C (Node 1322)
PR-2C Horizontally supports the midsection of P(1-3LC).

Compression SA0 4�
T


�
�



6� 	
T

0.172 3.088� 103
� 7.85 1.322 103

� 147 12� ��

Tension SA0 5�
T


�
�



6� 	
T

0.435 3.104 103
� 7.23 1.322 103

� 147 22� ��
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PR-2D (Node )

PR-2D Horizontally supports the midsection of P(1-4LC).

Compression SA0 6�
T


�
�



6� 	
T

0.287 5.145� 103
� 8.535 1.321 103

� 145 25� ��

Tension SA0 7�
T


�
�



6� 	
T

1.782 5.682 103
� 7.255 1.321 103

� 145 30� ��

This challenged support will be evaluated in a breakout analysis in Appendix E.4 where its loading
will be applied simutaneously with that of the appropriate PR-1 support for which it shares a
common anchorage structure.  The below function writes this information to the Appendix E.4 file.

PR2_W_C WRITEPRN "Y:\PCS2\Automated_Evaluation\PR-1&2_Combo_Evaluation\PR2D_W_Compression.prn" SA0����

PR2_W_T WRITEPRN "Y:\PCS2\Automated_Evaluation\PR-1&2_Combo_Evaluation\PR2D_W_Tension.prn" SA0 7��� ���

EVALUATION OF SUPPORTS ON LINES 1-5, 1-6, & 1-7 FOR ALL 32 REALIZATIONS
VSB ReadData "\SupLine1-5_6_7.prn"� ���

SB C_S VSB R�( )��

truncate VSD( )

vsd0 i� VSDj k�� �
0 i�

�

i 0 4���for

vsdmj k� vsd�

k 0 length VSDT� � 0� 	�
�

�
� 1����for

j 0 length VSD 0� 	� � 1����for

vsdm

��

Logic Used to truncate result

SB C_S VSB R�( )��

PR-7 Supports (1x)
The PR-7 was softened to the point of no influence on the model due to the loading observed by initial
model iterations.  See main body for treatment/recommendations regarding theses supports.

PR-7 (Node 1402)
PR-7 vertically supports the vertical PCS pipe on line 1-7 below the tee connecting lines 1-7 to 1-5 & 1-6.

Compression
SB0 0�

T

�

�



6� 	
T

2.326 10 5�
� 30� ��

Tension SB0 1�
T


�
�



6� 	
T

8.495 10 3�
� 0.085 7.145 1.402 103

� 97 16� ��
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MS-1 Supports (1x)
MS-1 North/South (Node 1401)
MS-1 vertically and laterally supports the vertical PCS pipe on line 1-7 above the tee connecting lines 1-7
to 1-5 & 1-6.

Tension SB0 2�
T


�
�



6� 	
T

0.912 2.787� 104
� 7.02 1.401 103

� 95 17� ��

Compression SB0 3�
T


�
�



6� 	
T

1.065 3.253 104
� 6.66 1.401 103

� 95 26� ��

MS-1 Vertical (Node 1401)

Compression
SB0 4�

T

�

�



6� 	
T

0.564 1.723� 104
� 6.66 1.401 103

� 95 26� ��

Tension SB0 5�
T


�
�



6� 	
T

0.483 1.474 104
� 7.02 1.401 103

� 95 17� ��

MS-1 Axial Via SSRS Combination (Node 1401)

SRSS A B�( ) A2 B2
�� �0.5

��

Tension

TMS1 SRSS SB0 2�� �
6 0�

SB0 5�� �
6 0�

��
�

�
�

SRSS SB0 2�� �
6 1�

SB0 5�� �
6 1�

��
�

�
�

SB0 2�� �
6 2�

SB0 2�� �
6 3�

SB0 2�� �
6 4�

SB0 ���
�

��

TMS1 1.032 3.153 104
� 7.02 1.401 103

� 95 17� ��

Refer to Main Body Regarding the Treatment of this Support
Compression

CMS1 SRSS SB0 3�� �
6 0�

SB0 4�� �
6 0�

��
�

�
�

SRSS SB0 3�� �
6 1�

SB0 4�� �
6 1�

��
�

�
�

SB0 3�� �
6 2�

SB0 3�� �
6 3�

SB0 3�� �
6 4�

SB0 ���
�

��

CMS1 1.205 3.681 104
� 6.66 1.401 103

� 95 26� ��

Refer to Main Body Regarding the Treatment of this Support

Tunnel Restraint Support (1x)
Tunnel Restraint (Node 1126)
Tunnel Restraint horizontally (E/W) restrains the vertical PCS pipe on line 1-27

Eastward Compression
SB0 6�

T

�

�



6� 	
T

2.012 1.259� 104
� 5.92 1.126 103

� 91 17� ��

Refer to Main Body Regarding the Treatment of this Support

Westward Compression SB0 7�
T


�
�



6� 	
T

0.197 1.692 104
� 5.405 1.126 103

� 91 25� ��
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RH-19x Support (1x)
RH-19x (Node 1113)
RH-19x vertically supports the vertical PCS pipe on line 1-7 traveling up from the reactor vessel area and
into the tunnel

Tension SB0 8�
T


�
�



6� 	
T

0.641 3.607� 104
� 9.885 1.113 103

� 83 27� ��

Compression SB0 9�
T


�
�



6� 	
T

0.174 7.974 103
� 7.145 1.113 103

� 83 13� ��

RH-20x Support (1x)
RH-20x (Node 1114)
RH-20x vertically supports the horizontal PCS pipe on line 1-7 traveling north of RH-19x through the
tunnel.

Tension SB0 10�
T


�
�



6� 	
T

0.404 2.275� 104
� 6.23 1.114 103

� 85 24� ��

Compression SB0 11�
T


�
�



6� 	
T

0.039 2.097 103
� 7.025 1.114 103

� 85 2� ��

RH-21xA & B Supports (2x)
RH-21xA (Node 1117)
RH-21xA vertically supports the horizontal PCS pipe on line 1-7 traveling north of RH-20x through the
tunnel.

Tension SB0 12�
T


�
�



6� 	
T

0.601 3.38� 104
� 4.815 1.117 103

� 87 18� ��

Compression SB0 13�
T


�
�



6� 	
T

0.319 1.538 104
� 7.88 1.117 103

� 87 29� ��

RH-21xB (Node 1123)
RH-21xB vertically supports the horizontal PCS pipe on line 1-7 traveling north of RH-21xA through the
tunnel.

Tension SB0 14�
T


�
�



6� 	
T

1.316 3.704� 104
� 7.805 1.123 103

� 89 29� ��

This challenged support will be evaluated in combination with RH-26x supporting lines 1-27 and
8-14.  The supporting calculations for this treatment are included in Appendix E.8 for all supports for
which this approach is applicable.  Below function writes this information to the Appendix E.8 file.

SRSSRH21x WRITEPRN "Y:\PCS2\PCS Documentation\App_E\E8 Common Anchorage Combinations\RH-21x.prn" 

��



�
���

Compression SB0 15�
T


�
�



6� 	
T

0.232 1.12 104
� 4.805 1.123 103

� 89 18� ��
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RH-22x Supports (1x)
RH-22x (Node 1120)
RH-22x vertically supports the horizontal PCS pipe on line 1-7 traveling north of RH-21xB through the
tunnel.

Tension SB0 16�
T


�
�



6� 	
T

0.754 2.121� 104
� 5.24 1.12 103

� 111 5� ��

This support will be evaluated in combination with RH-27x supporting line 1-27.  The supporting
calculations for this treatment are included in Appendix E.8 for all supports for which this approach
is applicable.  Below function writes this information to the Appendix E.8 file.

SRSSRH22x WRITEPRN "Y:\PCS2\PCS Documentation\App_E\E8 Common Anchorage Combinations\RH-22x.prn" S
��


�
���

Compression SB0 17�
T


�
�



6� 	
T

0 0 0 0 0 27( )�

MS-6 Support (1x)
MS-6 (Node 1413)
MS-6 horizontally (E/W) supports the horizontal (N/S) PCS pipe on line 1-7 just south of RH-22x.

Compression SB0 18�
T


�
�



6� 	
T

7.057 10 3�
� 105.9� 13.23 1.413 103

� 101 26� ��

Tension SB0 19�
T


�
�



6� 	
T

5.981 10 3�
� 89.71 4.99 1.413 103

� 101 31� ��

MS-3 Support (1x)
MS-3 (Node 1416)
MS-3 horizontally (N/S) supports the vertical PCS pipe on line 1-7 just north of RH-33B.

Tension SB0 20�
T


�
�



6� 	
T

0.694 1.709� 104
� 7.84 1.416 103

� 105 32� ��

Compression SB0 21�
T


�
�



6� 	
T

0.651 1.604 104
� 8.51 1.416 103

� 105 20� ��
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EVALUATION OF SUPPORTS ON LINES 1-8, 1-9, 1-10, 1-11, 1-12, & 1-170 FOR ALL 32
REALIZATIONS

VSC ReadData "\SupLine1-8_9_10_11_12_170.prn"� ���

VSC truncate VSC( )��

SC C_S VSC R�( )��

PS-20 Support (1x)
PS-20b (Node 1105)
PS-20b vertically supports EL(1-170A) on line 1-170.

Compression SC0 0�
T


�
�



6� 	
T

0.112 1.73� 104
� 7.725 1.105 103

� 110 28� ��

Tension SC0 1�
T


�
�



6� 	
T

0.459 6.463 103
� 13.23 1.105 103

� 110 13� ��

PS-8 Support (4x)
PS-8E (Node 829)
PS-8E vertically supports EL(1-9A) on line 1-9.

Compression SC0 2�
T


�
�



6� 	
T

0.323 2.439� 104
� 13.62 1.106 103

� 112 13� ��

Tension SC0 3�
T


�
�



6� 	
T

0.787 1.107 104
� 13.28 1.106 103

� 112 25� ��

PS-8F (Node 830)
PS-8F vertically supports EL(1-10A) on line 1-10.

Compression SC0 4�
T


�
�



6� 	
T

0.327 2.471� 104
� 9.87 1.107 103

� 114 5� ��

Tension SC0 5�
T


�
�



6� 	
T

0.739 1.039 104
� 10.16 1.107 103

� 114 25� ��

PS-8G (Node 831)
PS-8G vertically supports EL(1-11A) on line 1-11.

Compression SC0 6�
T


�
�



6� 	
T

0.387 2.926� 104
� 13.62 1.108 103

� 116 17� ��

Tension SC0 7�
T


�
�



6� 	
T

0.838 1.179 104
� 13.29 1.108 103

� 116 4� ��
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PS-8H (Node 832)
PS-8H vertically supports EL(1-12A) on line 1-12.

Compression SC0 8�
T


�
�



6� 	
T

0.317 2.398� 104
� 8.405 1.109 103

� 118 29� ��

Tension SC0 9�
T


�
�



6� 	
T

1.046 1.472 104
� 10.21 1.109 103

� 118 12� ��

MS-4 Supports (1x)

MS-4 North/South (Node 1418)
MS-4 vertically and laterally supports the east side of T(1-7A)

Compression SC0 10�
T


�
�



6� 	
T

2.094 10 3�
� 31.41� 7.395 1.418 103

� 123 27� ��

Tension SC0 11�
T


�
�



6� 	
T

1.916 10 3�
� 28.74 7.745 1.418 103

� 123 23� ��

MS-4 Vertical (Node 1418)
MS-4 vertically and laterally supports the east side of T(1-7A)

Compression SC0 12�
T


�
�



6� 	
T

0 0 0 0 0 27( )�

Tension SC0 13�
T


�
�



6� 	
T

0.01 157.3 6.89 1.418 103
� 123 24� ��

EVALUATION OF SUPPORTS ON LINES 1-34 AND 1-67 FOR ALL 32 REALIZATIONS
VSD ReadData "\SupLine1-34_67.prn"� ���

SD C_S VSD R�( )��

RH-14 Support (3x)

RH-14a (Node 1363)
RH-14a vertically supports the horizontal PCS pipe on line 1-34 traveling west from EL(1-34B).

Tension SD0 0�
T


�
�



6� 	
T

0.362 3.745� 103
� 9.86 1.363 103

� 83 10� ��

Compression SD0 1�
T


�
�



6� 	
T

0 0 0 0 0 27( )�
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RH-14b (Node 1364)
RH-14b vertically supports the horizontal PCS pipe on line 1-34 traveling west from RH-14a.

Tension SD0 2�
T


�
�



6� 	
T

0.67 6.936� 103
� 9.225 1.364 103

� 85 28� ��

Compression SD0 3�
T


�
�



6� 	
T

0 0 0 0 0 27( )�

RH-14c (Node 1365)
RH-14c vertically supports the horizontal PCS pipe on line 1-34 traveling west from RH-14b.

Tension SD0 4�
T


�
�



6� 	
T

0.421 4.363� 103
� 6.16 1.365 103

� 81 30� ��

Compression SD0 5�
T


�
�



6� 	
T

0 0 0 0 0 27( )�

PS-20A Supports (1x)

PS-20A North/South (Node 1381)
PS-20A vertically and laterally supports the horizontal PCS pipe on line 1-34 between RH-14a and RH-14b.

Flexure SD0 6�
T


�
�



6� 	
T

0.295 822.5� 9.2 1.381 103
� 87 15� ��

Flexure SD0 7�
T


�
�



6� 	
T

0.169 471.6 7.33 1.381 103
� 87 2� ��

PS-20A Vertical (Node 1388)
PS-20A vertically and laterally supports the horizontal PCS pipe on line 1-34 between RH-14a and RH-14b.

Compression SD0 8�
T


�
�



6� 	
T

0.255 2.176� 103
� 10.85 1.388 103

� 89 26� ��

Tension SD0 9�
T


�
�



6� 	
T

1.272 7.329 103
� 9.22 1.388 103

� 89 28� ��

This challenged support will be evaluated using a ductility factor approach.  The supporting
calculations for this treatment are included in Appendix E.7 for all supports for which this approach
is applicable.  Below function writes this information to the Appendix E.7 file.

DucPS20 WRITEPRN "Y:\PCS2\PCS Documentation\App_E\E7 DUCTILITY CALCS\PS20A.prn" SD0 9�
T


�
�



6� 	
T

�


�
�

�
�

��
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PS-14 Supports (2x)
PS-14A Vertical (Node 1433)
PS-14A vertically supports the horizontal PCS pipe on line 1-34 east of REL(1-34D).

Compression SD0 10�
T


�
�



6� 	
T

0.088 1.944� 103
� 7.285 1.433 103

� 101 32� ��

Tension SD0 11�
T


�
�



6� 	
T

0 0 0 0 0 27( )�

PS-14B Vertical (Node 1444)
PS-14B vertically supports the horizontal PCS pipe on line 1-34 west of EL(1-34E).

Compression SD0 12�
T


�
�



6� 	
T

0.101 2.238� 103
� 7.095 1.434 103

� 103 29� ��

Tension SD0 13�
T


�
�



6� 	
T

0 0 0 0 0 27( )�

EVALUATION OF SUPPORTS ON LINES 1-39 AND 1-40 FOR ALL 32 REALIZATIONS
VSE ReadData "\SupLine1-39_40.prn"� ���

SE C_S VSE R�( )��

Tieback2 Support (1x)

Tieback2 East/West (Node 1445)
Tieback2 vertically and laterally supports the horizontal PCS pipe on line 1-39 at north side of EL(1-39A).

Compression SE0 0�
T


�
�



6� 	
T

0.215 1.202� 103
� 5.875 1.445 103

� 100 13� ��

Tension SE0 1�
T


�
�



6� 	
T

1.336 2.041 103
� 10.69 1.445 103

� 100 30� ��

Refer to main body of report for discussion of this component

Tieback2 Vertical (Node 1445)
Tieback2 vertically and laterally supports the horizontal PCS pipe on line 1-34 between RH-14a and RH-14b.

Flexure SE0 2�
T


�
�



6� 	
T

2.551 2.317� 103
� 10.23 1.445 103

� 100 27� ��

Flexure SE0 3�
T


�
�



6� 	
T

0.051 46.64 9.76 1.445 103
� 100 12� ��

Refer to main body of report for discussion of this component
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PS-11A Support (1x)
PS-11A (Node 1369)
PS-11A vertically supports T(1-39) south of CK(1-39).

Compression SE0 4�
T


�
�



6� 	
T

0.575 1.179� 104
� 5.295 1.369 103

� 79 20� ��

Tension SE0 5�
T


�
�



6� 	
T

0 0 0 0 0 27( )�

RH-14A Support (4x)
RH-14Aa (Node 1360)
RH-14Aa vertically supports the horizontal PCS pipe on line 1-40 traveling west from EL(1-40A).

Tension
SE0 6�

T

�

�



6� 	
T

0.218 1.54� 103
� 13.65 1.288 103

� 97 7� ��

SE0 7�
T


�
�



6� 	
T

0 0 0 0 0 27( )�Compression

RH-14Ab (Node 1361)
RH-14Ab vertically supports the horizontal PCS pipe on line 1-40 traveling west from RH-14Aa.

Tension
SE0 8�

T

�

�



6� 	
T

0.203 1.437� 103
� 9.025 1.291 103

� 95 22� ��

SE0 9�
T


�
�



6� 	
T

0 0 0 0 0 27( )�Compression

RH-14Ac (Node 1362)
RH-14Ac vertically supports the horizontal PCS pipe on line 1-40 traveling west from RH-14Ab.

Tension
SE0 10�

T

�

�



6� 	
T

0.168 1.19� 103
� 5.775 1.297 103

� 93 7� ��

SE0 11�
T


�
�



6� 	
T

0 0 0 0 0 27( )�Compression

RH-14Ad (Node 1366)
RH-14Ad vertically supports the horizontal PCS pipe on line 1-40 traveling west from RH-14Ac.

Tension
SE0 12�

T

�

�



6� 	
T

0.605 4.273� 103
� 8.735 1.302 103

� 91 27� ��

SE0 13�
T


�
�



6� 	
T

0 0 0 0 0 27( )�Compression
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RH-20G Support (1x)
See main body for further discussion of this support

RH-20G (Node 1397)
RH-20 vertically supports the horizontal PCS pipe on line 1-40 at north end of EL(1-40E).

Tension
SE0 14�

T

�

�



6� 	
T

0 0 0 0 0 27( )�

SE0 15�
T


�
�



6� 	
T

0.827 5.846 103
� 5.29 1.395 103

� 101 30� ��Compression

PS-22 Support (North/South)
PS-22 Axial (NS) (Node 1444)
PS-22 horizontally (N/S) supports the horizontal(E/W) PCS pipe on line 1-40 just west of RH-14Ac

Compression
SE0 16�

T

�

�



6� 	
T

0.191 1.08� 103
� 4.97 1.444 103

� 90 6� ��

Tension SE0 17�
T


�
�



6� 	
T

0.106 1.188 103
� 10.2 1.444 103

� 90 19� ��

EVALUATION OF SUPPORTS ON LINES 1-41 AND 1-77 FOR ALL 32 REALIZATIONS

VSF ReadData "\SupLine1-41_77.prn"� ���

SF C_S VSF R�( )��

PS-10 Support (1x)
PS-10B (Node 1353)
PS-10B vertically supports line 1-42 at the south side of EL(1-42I).

Compression SF0 0�
T


�
�



6� 	
T

0.192 4.233� 103
� 5.35 1.353 103

� 141 16� ��

SF0 1�
T


�
�



6� 	
T

0 0 0 0 0 27( )�Tension

Tieback1 Support (1x)
Tieback1 East/West (Node 1019)
Tieback1 laterally supports the vertical PCS pipe on line 1-41 at the top side of EL(1-41A).

Compression SF0 2�
T


�
�



6� 	
T

0.213 1.185� 103
� 9.915 1.446 103

� 171 19� ��

SF0 3�
T


�
�



6� 	
T

0.747 1.141 103
� 5.125 1.446 103

� 171 2� ��Tension
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Tieback1 North/South (Node 1019)
Tieback1 laterally supports the vertical PCS pipe on line 1-41 at the top side of EL(1-41A).

Lateral SF0 4�
T


�
�



6� 	
T

3.05 2.77� 103
� 4.905 1.446 103

� 171 26� ��

Lateral SF0 5�
T


�
�



6� 	
T

2.537 2.304 103
� 7.795 1.446 103

� 171 13� ��

Refer to main body of report for discussion of this component

PS-7 Support (1x)

PS-7 North/South (Node 1355)
PS-7 supports line 1-41 at the eastern portion of P(1-41G) from movement in the vertical and east/west
directions.

Tension SF0 6�
T


�
�



6� 	
T

0.184 1.231� 103
� 1.01 1.355 103

� 143 1� ��

Compression SF0 7�
T


�
�



6� 	
T

0.5 1.685 103
� 1.165 1.355 103

� 143 16� ��

PS-7 Vertical (Node 1355)
PS-7 supports line 1-41 at the eastern portion of P(1-41G) from movement in the vertical and east/west
directions.

Flexure SF0 8�
T


�
�



6� 	
T

1.115 2.454� 103
� 1 1.355 103

� 143 27� ��

Flexure SF0 9�
T


�
�



6� 	
T

0.802 1.764 103
� 1.005 1.355 103

� 143 27� ��

The gang support and anchorage insufficiency aspects of the PS-7 support are to be evaluated in
Appendix E.9.

PS7_N WRITEPRN "Y:\PCS2\PCS Documentation\App_E\E9 PS-7\PS7_N_M4.prn" SF0 6��� ���

PS7_S WRITEPRN "Y:\PCS2\PCS Documentation\App_E\E9 PS-7\PS7_S_M4.prn" SF0 7��� ���

PS7_D WRITEPRN "Y:\PCS2\PCS Documentation\App_E\E9 PS-7\PS7_D_M4.prn" SF0 8��� ���

PS7_U WRITEPRN "Y:\PCS2\PCS Documentation\App_E\E9 PS-7\PS7_U_M4.prn" SF0 9��� ���
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RH-16 Support (1x)
RH-16C (Node 1356)
RH-16C vertically supports line 1-41 just east of EL(1-41F) from any downward movement.

Tension SF0 10�
T


�
�



6� 	
T

1.986 10 3�
� 2.079� 1.015 1.356 103

� 145 27� ��

Compression SF0 11�
T


�
�



6� 	
T

0.012 4.89 1.025 1.356 103
� 145 9� ��

PS-11B Support (1x)
PS-11B (Node 1368)
PS-11B vertically supports line 1-77 just south of REL(1-77A).

Compression SF0 12�
T


�
�



6� 	
T

0.199 4.083� 103
� 5.415 1.368 103

� 147 29� ��

SF0 13�
T


�
�



6� 	
T

0 0 0 0 0 27( )�Tension

Wall Triangle Support (1x)
Wall Triangle Support (Node 1407)
Wall Triangle Support vertically supports line 1-77 just north of EL(1-77B) from any downward movement.

Tension SF0 14�
T


�
�



6� 	
T

2.886 1.703� 103
� 4.93 1.407 103

� 149 30� ��

Capacity values of support anchorage associated with this support are still pending

Compression SF0 15�
T


�
�



6� 	
T

0 0 0 0 0 27( )�

RH-27 Support (1x)
RH-27A (Node 1285)
RH-27A vertically supports line 1-77 just north of EL(1-77D) from any downward movement.

Tension SF0 16�
T


�
�



6� 	
T

0.313 2.211� 103
� 10.3 1.285 103

� 173 28� ��

Compression SF0 17�
T


�
�



6� 	
T

0 0 0 0 0 27( )�

RH-27B (Node 1284)
RH-27B vertically supports line 1-77 just south of EL(1-77E) from any downward movement.

Tension SF0 18�
T


�
�



6� 	
T

0.279 1.973� 103
� 10.55 1.284 103

� 175 17� ��

Compression SF0 19�
T


�
�



6� 	
T

0 0 0 0 0 27( )�
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EVALUATION OF SUPPORTS ON LINE 1-42 FOR ALL 32 REALIZATIONS
VSG ReadData "\SupLine1_42.prn"� ���

SG C_S VSG R�( )��

RH-35 Support (1x)
RH-35a (Node 1358)
RH-35a vertically supports the horizontal PCS pipe on line 1-42 traveling west from RH-34).

Tension SG0 0�
T


�
�



6� 	
T

0.278 1.037� 103
� 5.885 1.311 103

� 96 29� ��

Compression SG0 1�
T


�
�



6� 	
T

0 0 0 0 0 27( )�

RH-35b (Node 1359)
RH-35b vertically supports the horizontal PCS pipe on line 1-42 traveling west from NN2).

Tension SG0 2�
T


�
�



6� 	
T

0.31 1.155� 103
� 5.77 1.313 103

� 98 13� ��

Compression SG0 3�
T


�
�



6� 	
T

0 0 0 0 0 27( )�

RH-33A Support (1x)
RH-33A (Node 1343)
RH-33A vertically supports the horizontal PCS pipe on line 1-42 traveling north from EL(1-42A).

Tension SG0 4�
T


�
�



6� 	
T

0.21 862.9� 5.565 1.343 103
� 90 22� ��

Compression SG0 5�
T


�
�



6� 	
T

0 0 0 0 0 27( )�

RH-33B Support (1x)
RH-33B (Node 1344)
RH-33B vertically supports the horizontal PCS pipe on line 1-42 traveling north from RH-33B.

Tension SG0 6�
T


�
�



6� 	
T

0.406 1.411� 103
� 8.395 1.344 103

� 92 2� ��

Compression SG0 7�
T


�
�



6� 	
T

0 0 0 0 0 27( )�
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Horizontal Support (1x)
Horizontal Support  (Node 1391)
The horizontal support horizontally (E/W) supports the horizontal (N/S) PCS pipe on line 1-7 just south of
RH-22x.

Tension SG0 8�
T


�
�



6� 	
T

0.211 1.762� 103
� 9.24 1.391 103

� 83 17� ��

Compression SG0 9�
T


�
�



6� 	
T

0.221 1.873 103
� 5.45 1.391 103

� 83 25� ��

PS-23 Support (1x)
PS-23 (Node 1345)
PS-23 vertically supports line 1-42 west of EL(1-42B).

Compression SG0 10�
T


�
�



6� 	
T

0.073 1.233� 103
� 8.4 1.345 103

� 82 15� ��

Tension SG0 11�
T


�
�



6� 	
T

0 0 0 0 0 27( )�

NN Supports (2x)
NN2 North/South (Node 1346)
NN2 vertically and laterally supports the horizontal PCS pipe on line 1-42 between PS-23 and RH-34.

Compression SG0 12�
T


�
�



6� 	
T

0.051 579� 5.96 1.346 103
� 70 3� ��

Tension SG0 13�
T


�
�



6� 	
T

0.013 466.2 7.135 1.346 103
� 70 16� ��

NN3 North/South (Node 1347)
NN3 vertically and laterally supports the horizontal PCS pipe on line 1-42 between PS-23 and RH-34.

Compression SG0 14�
T


�
�



6� 	
T

0.047 529.9� 5.725 1.347 103
� 72 11� ��

Tension SG0 15�
T


�
�



6� 	
T

0.019 678.6 5.855 1.347 103
� 72 30� ��

PS-19 Supports (2x)
PS-19 North/South (Node 1348)
PS-19 vertically and laterally supports the horizontal PCS pipe on line 1-42 between PS-23 and RH-34.

Compression SG0 16�
T


�
�



6� 	
T

0.129 1.455� 103
� 6.925 1.348 103

� 74 27� ��

Tension SG0 17�
T


�
�



6� 	
T

0.015 1.446 103
� 6.755 1.348 103

� 74 23� ��
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PS-19 Vertical (Node 1348)
PS-19 vertically and laterally supports the horizontal PCS pipe on line 1-42 between PS-23 and RH-34.

Flexure SG0 18�
T


�
�



6� 	
T

2.128 1.162� 103
� 9.855 1.348 103

� 74 10� ��

Refer to main body of report for discussion of this component

Flexure SG0 19�
T


�
�



6� 	
T

0 0 0 0 0 27( )�

RH-12 Support (1x)
RH-12 (Node 1349)
RH-12 vertically supports the horizontal PCS pipe on line 1-42 at the south side of EL(1-42E).

Tension SG0 20�
T


�
�



6� 	
T

0.526 2.091� 103
� 5.655 1.349 103

� 100 10� ��

Compression SG0 21�
T


�
�



6� 	
T

0 0 0 0 0 27( )�

RH-20 Support (1x)
RH-20 (Node 1350)
RH-20 vertically supports the horizontal PCS pipe on line 1-42 at the north side of EL(1-42F).

Tension SG0 22�
T


�
�



6� 	
T

0.263 2.727� 103
� 5.905 1.35 103

� 76 7� ��

Compression SG0 23�
T


�
�



6� 	
T

0 0 0 0 0 27( )�

PS-10 Support (1x)
PS-10A (Node 1354)
PS-10A vertically supports line 1-42 at the north side of EL(1-42H).

Compression SG0 24�
T


�
�



6� 	
T

0.705 1.558� 104
� 5.865 1.354 103

� 80 6� ��

Tension SG0 25�
T


�
�



6� 	
T

0 0 0 0 0 27( )�

RH-34 Support (1x)
RH-34 (Node 1357)
RH-34 vertically supports the horizontal PCS pipe on line 1-42 traveling west from NN-2).

Tension SG0 26�
T


�
�



6� 	
T

0.105 742.3� 5.28 1.253 103
� 94 14� ��

Compression SG0 27�
T


�
�



6� 	
T

0 0 0 0 0 27( )�
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TERMINATIONS
Termination output is ordered as (max D/C ratio, max total applied moment, time when max values occur,
element(s) retrieved for calculations, indicie of element(s), moments about the x, y, and z axes, and realization
number) 

EVALUATION OF TERMINATIONS ON LINES 1-1L, 1-2L, 1-3L, & 1-4L FOR ALL
32 REALIZATIONS

VTA ReadData "\TermLine1-1_2_3_4.prn"� ���

TA C_S VTA R�( )��

Reactor Vessel (4x)
Reactor Vessel 1-1L (Node 549)

TA0 0�
T


�
�



6� 	
T

0.545 1.219 106
� 7.405 549 69 1.217 106

� 6.655 104
� 4.054 104

� 7� ��

Reactor Vessel 1-2L (Node 548)

TA0 1�
T


�
�



6� 	
T

0.415 8.791 105
� 7.39 548 71 8.392 105

� 2.303 105
� 1.244 105

� 1� ��

Reactor Vessel 1-3L (Node 547)

TA0 2�
T


�
�



6� 	
T

0.371 7.635 105
� 6.665 547 75 6.834� 105

� 3.21� 105
� 1.138 105

� 26� ��

Reactor Vessel 1-4L (Node 546)

TA0 3�
T


�
�



6� 	
T

0.612 1.395 106
� 7.405 546 73 1.389� 106

� 1.03� 105
� 6.277 104

� 9� ��

THERE ARE NOT ANY TERMINATIONS ARE NOT PRESENT ON LINES 1-5, 1-6, & 1-7

EVALUATION OF TERMINATIONS ON LINES 1-8, 1-9, 1-10, 1-11, 1-12, & 1-170 FOR ALL
32 REALIZATIONS
VTC ReadData "\TermLine1-8_9_10_11_12_170.prn"� ���

TC C_S VTC R�( )��

Heat Exchanger Outlet (5x)
Heat Exchanger 1-9 (Node 610)

TC0 0�
T


�
�



6� 	
T

0.203 5.336 105
� 9.87 610 35 1.363 105

� 1.961 105
� 4.772 105

� 5� ��

Heat Exchanger 1-10 (Node 607)

TC0 1�
T


�
�



6� 	
T

0.207 5.544 105
� 13.6 607 37 3.022� 105

� 1.21� 105
� 4.488 105

� 11� ��
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Heat Exchanger 1-11 (Node 613)

TC0 2�
T


�
�



6� 	
T

0.206 5.485 105
� 9.865 613 39 2.101 105

� 1.827 105
� 4.726 105

� 25� ��

Heat Exchanger 1-12 (Node 604)

TC0 3�
T


�
�



6� 	
T

0.232 6.636 105
� 13.6 604 41 3.931� 105

� 8.767� 104
� 5.274 105

� 25� ��

Heat Exchanger 1-170 (Node 619)

TC0 4�
T


�
�



6� 	
T

0.192 4.865 105
� 9.235 619 47 4.456 105

� 8.379 104
� 1.764 105

� 30� ��

EVALUATION OF TERMINATIONS ON LINES 1-34 AND 1-67 FOR ALL 32
REALIZATIONS

VTD ReadData "\TermLine1-34_67.prn"� ���

TD C_S VTD R�( )��

Primary Degassing Tank (1x)

Primary Degassing Tank 1-67 (Node 974)

TD0 0�
T


�
�



6� 	
T

0.174 2.503 104
� 8.415 974 44 4.886� 103

� 2.451� 104
� 1.381 103

� 27� ��

THERE ARE NOT ANY TERMINATIONS ARE NOT PRESENT ON LINES 1-5, 1-6, & 1-7

EVALUATION OF TERMINATIONS ON LINES 1-41 AND 1-77 FOR ALL 32 REALIZATIONS
VTF ReadData "\TermLine1-41_77.prn"� ���

TF C_S VTF R�( )��

North Floor Pentration (2x)

North Floor Penetration 1-37 (Node 1222)

TF0 0�
T


�
�



6� 	
T

1.253 3.901 104
� 4.945 1.222 103

� 120 1.984� 104
� 1.3� 104

� 3.097 104
� 1��

Refer to main body of report for discussion of this component

North Floor Penetration 1-38 (Node 1223)

TF0 1�
T


�
�



6� 	
T

1.151 3.579 104
� 4.94 1.223 103

� 116 6.784� 103
� 1.66� 104

� 3.097 104
� 4��

Refer to main body of report for discussion of this component
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West Floor Pentration (1x)
West Floor Penetration 1-41 (Node 1148)

TF0 2�
T


�
�



6� 	
T

0.275 1.134 105
� 1.5 1.148 103

� 21 302.4 595� 1.134 105
� 13� ��

THERE ARE NOT ANY TERMINATIONS ARE NOT PRESENT ON LINE 1-42

PIPE RUNS
Termination output is ordered as (max D/C ratio, max total applied moment, time when max values occur,
element(s) retrieved for calculations, indicies of element(s), moments about the x, y, and z axes, and realization
number) 

EVALUATION OF PIPE RUNS ON LINES 1-1, 1-2, 1-3, AND 1-4 FOR ALL 32
REALIZATIONS
VPRA ReadData "\PRLine1-1_2_3_4.prn"� ���

PRA C_S VPRA R�( )��

PRA80TH PR80th PRA( )��

Pipe Properties for Lines 1-1L, 2L, 3L, & 4L
Pipe Run 1-1LA (Elements 380, 792, & 79)

PRA80TH0 0�

0.183

0.19

0.183

0.183

0.183

0.149

3.01 105
�

3.244 105
�

2.998 105
�

3.01 105
�

2.999 105
�

1.919 105
�

9.91

9.91

9.91

9.91

9.91

7.385

380

380

792

792

79

79

571

1.042 103
�

568

571

568

649

93

94

155

156

17

18

11

11

11

11

11

26



�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-1LB (Elements 78)

PRA80TH0 1�

0.125

0.133

1.159 105
�

1.409 105
�

7.13

7.385

78

78

637

648

15

16

17

12



�
�
�

�
�
�



�
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Pipe Run 1-1LC (Elements 71, 653, 664, 893, 892, 891, 890, 276, 885, 884, & 272)

PRA80TH0 2�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

0.199 53.528·10 7.04 71 558 7 10

0.118 49.54·10 9.915 71 636 8 1

0.2 53.555·10 7.04 653 554 119 10

0.199 53.529·10 7.04 653 558 120 10

0.2 53.555·10 7.04 664 554 141 10

0.207 53.787·10 7.04 664 31.319·10 142 10

0.207 53.785·10 7.04 893 31.319·10 191 10

0.203 53.661·10 7.03 893 31.467·10 192 5

0.197 53.46·10 7.13 892 31.466·10 189 9

0.203 53.662·10 7.03 892 31.467·10 190 5

0.192 53.297·10 7.375 891 31.465·10 187 22

0.197 53.46·10 7.13 891 31.466·10 188 9

0.185 53.066·10 7.14 890 31.464·10 185 5

0.192 53.298·10 7.375 890 31.465·10 186 22

0.169 52.571·10 7.145 276 902 81 30

0.185 53.066·10 7.14 276 31.464·10 82 5

0.17 52.588·10 7.145 885 902 175 30

0.155 52.119·10 6.89 885 31.459·10 176 26

0.144 51.78·10 7.4 884 31.458·10 173 11

0.155 52.118·10 6.89 884 31.459·10 174 26

0.145 51.82·10 9.91 272 632 79 7

0.144 51.779·10 7.4 272 31.458·10 80 11

�

Pipe Run 1-1LD (Elements 62 & 878)

PRA80TH0 3�

0.411

0.266

0.142

0.266

1.023 106
�

5.651 105
�

1.714 105
�

5.65 105
�

7.405

7.4

6.67

7.4

62

62

878

878

625

1.452 103
�

631

1.452 103
�

1

2

161

162

7

23

27

23


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-2LA (Elements 386)

PRA80TH0 4�

0.125

0.12

1.179 105
�

1.015 105
�

7.615

7.455

386

386

655

1.05 103
�

105

106

1

27



�
�
�

�
�
�



�
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Pipe Run 1-2LB (Elements 82, 791, 291, & 72)

PRA80TH0 5�

0.133

0.135

0.133

0.133

0.133

0.141

0.13

0.141

1.429 105
�

1.501 105
�

1.426 105
�

1.429 105
�

1.426 105
�

1.674 105
�

1.325 105
�

1.674 105
�

7.395

7.62

7.395

7.395

7.395

7.49

7.485

7.49

82

82

791

791

291

291

72

72

579

652

576

579

576

921

642

921

23

24

153

154

89

90

9

10

10

17

10

10

10

17

25

17



�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-2LC (Elements 289, 657, 70, 654, 897, 896, 895, 894, 662, 883, 882, & 266

PRA80TH0 6�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

0.118 49.556·10 9.905 289 641 87 7

0.14 51.659·10 7.035 289 919 88 27

0.14 51.66·10 7.035 657 919 127 27

0.17 52.599·10 7.035 657 31.314·10 128 27

0.169 52.577·10 9.175 70 559 5 24

0.17 52.6·10 7.035 70 31.314·10 6 26

0.169 52.571·10 9.175 654 555 121 24

0.169 52.577·10 9.175 654 559 122 24

0.169 52.571·10 9.175 897 555 199 24

0.186 53.092·10 7.49 897 31.471·10 200 27

0.199 53.529·10 7.49 896 31.47·10 197 27

0.186 53.093·10 7.49 896 31.471·10 198 27

0.202 53.601·10 7.495 895 31.469·10 195 27

0.199 53.53·10 7.49 895 31.47·10 196 27

0.192 53.288·10 7.495 894 31.468·10 193 27

0.202 53.601·10 7.495 894 31.469·10 194 27

0.171 52.614·10 7.495 662 912 137 12

0.192 53.287·10 7.495 662 31.468·10 138 27

0.17 52.609·10 7.495 883 912 171 12

0.149 51.942·10 7.38 883 31.457·10 172 25

0.131 51.357·10 7.38 882 31.456·10 169 26

0.149 51.941·10 7.38 882 31.457·10 170 25

0.131 51.356·10 6.68 266 633 77 27

0.131 51.355·10 7.38 266 31.456·10 78 26

�
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Pipe Run 1-2LD (Elements 63 & 879)

PRA80TH0 7�

0.321

0.219

0.141

0.219

7.385 105
�

4.166 105
�

1.691 105
�

4.165 105
�

7.39

7.39

6.675

7.39

63

63

879

879

624

1.453 103
�

630

1.453 103
�

3

4

163

164

1

11

4

11


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-3LA (Elements 388)

PRA80TH0 8�

0.127

0.123

1.228 105
�

1.102 105
�

7.4

9.885

388

388

656

1.051 103
�

107

108

3

31



�
�
�

�
�
�



�

Pipe Run 1-3LB (Elements 83, 793, 292, & 75)

PRA80TH0 9�

0.135

0.138

0.135

0.135

0.135

0.133

0.124

0.133

1.482 105
�

1.575 105
�

1.478 105
�

1.482 105
�

1.477 105
�

1.419 105
�

1.13 105
�

1.418 105
�

7.385

7.375

7.385

7.385

7.385

7.49

7.495

7.49

83

83

793

793

292

292

75

75

578

653

577

578

577

922

643

922

25

26

157

158

91

92

13

14

26

28

26

26

26

12

25

12



�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�



�
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Pipe Run 1-3LC (Elements 661, 660, 73, 656, 901, 900, 899, 898, 663, 887, 886, & 278

PRA80TH0 10�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

0.114 48.057·10 9.51 661 640 135 17

0.135 51.497·10 7.245 661 31.316·10 136 9

0.163 52.38·10 7.245 660 31.315·10 133 10

0.135 51.497·10 7.245 660 31.316·10 134 9

0.163 52.372·10 7.245 73 560 11 10

0.163 52.381·10 7.245 73 31.315·10 12 10

0.163 52.371·10 7.245 656 556 125 10

0.163 52.372·10 7.245 656 560 126 10

0.163 52.372·10 7.245 901 556 207 10

0.172 52.679·10 7.38 901 31.475·10 208 1

0.185 53.071·10 7.495 900 31.474·10 205 12

0.172 52.679·10 7.38 900 31.475·10 206 1

0.189 53.195·10 7.495 899 31.473·10 203 27

0.185 53.072·10 7.495 899 31.474·10 204 12

0.182 52.969·10 7.495 898 31.472·10 201 27

0.189 53.196·10 7.495 898 31.473·10 202 27

0.164 52.392·10 7.495 663 892 139 27

0.182 52.968·10 7.495 663 31.472·10 140 27

0.164 52.391·10 7.495 887 892 179 27

0.14 51.654·10 6.66 887 31.461·10 180 23

0.123 51.095·10 7.39 886 31.46·10 177 12

0.14 51.653·10 6.66 886 31.461·10 178 23

0.126 51.207·10 8.485 278 634 83 4

0.123 51.093·10 7.39 278 31.46·10 84 12

�

Pipe Run 1-3LD (Elements 255 & 880)

PRA80TH0 11�

0.289

0.2

0.135

0.2

6.374 105
�

3.546 105
�

1.482 105
�

3.545 105
�

6.665

7.39

7.385

7.39

255

255

880

880

626

1.454 103
�

628

1.454 103
�

57

58

165

166

26

9

12

9


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-4LA (Elements 381, 794, & 81)

PRA80TH0 12�

0.19

0.195

0.19

0.19

0.19

0.154

3.228 105
�

3.396 105
�

3.217 105
�

3.228 105
�

3.217 105
�

2.089 105
�

9.52

7.85

9.52

9.52

9.52

7.385

381

381

794

794

81

81

570

1.043 103
�

569

570

569

651

95

96

159

160

21

22

2

28

2

2

2

9



�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�



�
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Pipe Run 1-4LB (Elements 80)

PRA80TH0 13�

0.123

0.138

1.122 105
�

1.572 105
�

7.375

7.385

80

80

639

650

19

20

9

9



�
�
�

�
�
�



�

Pipe Run 1-4LC (Elements 658, 655, 659, 665, 902, 903, 904, 905, 889, 888, & 284)

PRA80TH0 14�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

0.193 53.318·10 7.255 658 561 129 28

0.119 49.668·10 9.52 658 638 130 12

0.193 53.341·10 7.255 655 557 123 28

0.193 53.319·10 7.255 655 561 124 28

0.193 53.341·10 7.255 659 557 131 28

0.2 53.547·10 7.255 659 31.32·10 132 28

0.2 53.545·10 7.255 665 31.32·10 143 28

0.192 53.303·10 7.145 665 31.476·10 144 25

0.192 53.304·10 7.145 902 31.476·10 209 25

0.191 53.271·10 7.135 902 31.477·10 210 12

0.191 53.271·10 7.135 903 31.477·10 211 12

0.189 53.196·10 7.38 903 31.478·10 212 22

0.189 53.196·10 7.38 904 31.478·10 213 22

0.186 53.114·10 7.13 904 31.479·10 214 10

0.177 52.821·10 7.38 905 882 215 15

0.186 53.114·10 7.13 905 31.479·10 216 10

0.177 52.815·10 7.38 889 882 183 15

0.167 52.491·10 7.39 889 31.463·10 184 25

0.156 52.148·10 7.4 888 31.462·10 181 3

0.167 52.491·10 7.39 888 31.463·10 182 25

0.152 52.033·10 7.405 284 635 85 12

0.156 52.148·10 7.4 284 31.462·10 86 3

�

Pipe Run 1-4LD (Elements 256 & 881)

PRA80TH0 15�

0.457

0.293

0.143

0.293

1.172 106
�

6.517 105
�

1.743 105
�

6.516 105
�

7.405

7.395

7.385

7.395

256

256

881

881

627

1.455 103
�

629

1.455 103
�

59

60

167

168

9

1

26

1


�
�
�
�
�
��

��
�
�
�
�
�


�
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Calculation Sheet 
Page D.4-28 of D.4-66

EVALUATION OF PIPE RUNS ON LINES 1-5, 1-6, & 1-7 FOR ALL 32 REALIZATIONS
VPRB ReadData "\PRLine1_5_6_7.prn"� ���

PRB C_S VPRB R�( )��

PRB80TH PR80th PRB( )��

Pipe Properties for Lines 1-5 & 1-6 
Pipe Run 1-5A (Element 132 & 295)

PRB80TH0 0�

0.145

0.181

0.233

0.181

4.776 105
�

7.534 105
�

1.151 106
�

7.535 105
�

8.825

7.135

6.65

7.135

132

132

295

295

646

925

39

925

35

36

56

57

19

12

22

12


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-6A (Element 133 & 296)

PRB80TH0 1�

0.148

0.203

0.246

0.203

4.995 105
�

9.174 105
�

1.251 106
�

9.175 105
�

9.88

7.03

7.03

7.03

133

133

296

296

647

926

15

926

37

38

58

59

27

27

21

27


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-5B (Element 130 & 906)

PRB80TH0 2�

0.156

0.152

0.147

0.152

5.598 105
�

5.26 105
�

4.861 105
�

5.26 105
�

9.9

9.89

9.885

9.89

130

130

906

906

748

1.48 103
�

645

1.48 103
�

31

32

112

113

11

11

12

11


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-6B (Element 131 & 907)

PRB80TH0 3�

0.15

0.144

0.15

0.144

5.132 105
�

4.677 105
�

5.135 105
�

4.675 105
�

9.515

9.52

8.845

9.52

131

131

907

907

747

1.481 103
�

644

1.481 103
�

33

34

114

115

27

13

29

13


�
�
�
�
�
��

��
�
�
�
�
�


�
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Calculation Sheet 
Page D.4-29 of D.4-66

Pipe Properties for Lines 1-7 
Pipe Run 1-7A (Elements 88, 922, 921, 315, 920, 919, & 87)

PRB80TH0 4�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

10

11

12

13

0.134 58.788·10 7.675 88 588 23 27

0.132 58.463·10 7.675 88 590 24 25

0.135 59.03·10 7.725 922 588 144 6

0.14 61.024·10 7.66 922 31.496·10 145 7

0.145 61.124·10 7.095 921 31.495·10 142 24

0.14 61.025·10 7.66 921 31.496·10 143 7

0.142 61.055·10 7.095 315 942 70 24

0.145 61.125·10 7.095 315 31.495·10 71 24

0.142 61.056·10 7.095 920 942 140 24

0.145 61.127·10 7.085 920 31.494·10 141 20

0.141 61.033·10 8.465 919 31.493·10 138 4

0.145 61.128·10 7.085 919 31.494·10 139 20

0.131 58.263·10 9.2 87 662 21 30

0.141 61.033·10 8.465 87 31.493·10 22 4

�

Pipe Run 1-7B (Elements 769 & 86)

PRB80TH0 5�

0.135

0.137

0.133

0.137

9.027 105
�

9.38 105
�

8.586 105
�

9.384 105
�

13.66

13.66

13.68

13.66

769

769

86

86

661

1.414 103
�

660

1.414 103
�

102

103

19

20

10

7

5

7


�
�
�
�
�
��

��
�
�
�
�
�


�
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Calculation Sheet 
Page D.4-30 of D.4-66

Pipe Run 1-7C (Elements 459, 766, 918, 917, 311, 916, 915, 308, 914, 913, 305, 912,
911, 302, 910, & 85)

PRB80TH0 6�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

0.145 61.12·10 7.485 459 659 80 17

0.148 61.195·10 7.485 459 31.118·10 81 17

0.148 61.196·10 7.485 766 31.118·10 98 17

0.145 61.129·10 7.48 766 31.411·10 99 27

0.145 61.134·10 7.48 918 31.411·10 136 27

0.151 61.259·10 10.23 918 31.492·10 137 10

0.169 61.642·10 10.23 917 31.491·10 134 10

0.151 61.26·10 10.23 917 31.492·10 135 10

0.19 62.111·10 10.23 311 939 68 24

0.169 61.643·10 10.23 311 31.491·10 69 10

0.19 62.117·10 10.23 916 939 132 24

0.18 61.905·10 10.23 916 31.49·10 133 25

0.186 62.034·10 10.23 915 31.489·10 130 9

0.18 61.905·10 10.23 915 31.49·10 131 25

0.202 62.382·10 10.22 308 936 66 24

0.186 62.034·10 10.23 308 31.489·10 67 9

0.202 62.383·10 10.22 914 936 128 24

0.189 62.087·10 10.23 914 31.488·10 129 10

0.178 61.845·10 10.24 913 31.487·10 126 30

0.189 62.086·10 10.23 913 31.488·10 127 10

0.169 61.647·10 10.24 305 933 64 30

0.178 61.844·10 10.24 305 31.487·10 65 30

0.169 61.65·10 10.24 912 933 124 30

0.157 61.394·10 8.825 912 31.486·10 125 3

0.149 61.213·10 8.825 911 31.485·10 122 11

0.157 61.393·10 8.825 911 31.486·10 123 3

0.14 61.018·10 8.845 302 930 62 2

0.149 61.212·10 8.825 302 31.485·10 63 11

0.14 61.017·10 8.845 910 930 120 2

0.134 58.8·10 8.84 910 31.484·10 121 12

0.129 57.7·10 8.885 85 657 17 30

0.134 58.797·10 8.84 85 31.484·10 18 12

�

Pipe Run 1-7D (Elements 909, 299, 908, 756, & 84)

PRB80TH0 7�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

0.128 57.411·10 13.42 909 658 118 13

0.129 57.726·10 13.41 909 31.483·10 119 15

0.142 61.061·10 4.44 299 927 60 4

0.129 57.718·10 13.41 299 31.483·10 61 15

0.142 61.061·10 4.44 908 927 116 4

0.154 61.324·10 7.13 908 31.482·10 117 21

0.167 61.608·10 7.13 756 31.399·10 92 21

0.154 61.324·10 7.13 756 31.482·10 93 21

0.145 61.124·10 7.13 84 56 15 14

0.15 61.243·10 7.495 84 31.399·10 16 4

�
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Calculation Sheet 
Page D.4-31 of D.4-66

EVALUATION OF PIPE RUNS ON LINES 1-8, 1-9, 1-10, 1-11, 1-12, & 1-170 FOR ALL 32
REALIZATIONS

VPRC ReadData "\PRLine1-8_9_10_11_12_170.prn"� ���

PRC C_S VPRC R�( )��

PRC80TH PR80th PRC( )��

Pipe Properties for Line 1-8
Pipe Run 1-8A (Elements 97)

PRC80TH0 0�

0.187

0.155

9.565 105
�

5.773 105
�

9.21

13.46

97

97

595

1.098 103
�

17

18

5

20



�
�
�

�
�
�



�

Pipe Run 1-8B (Elements 94)

PRC80TH0 1�

0.173

0.172

7.969 105
�

7.775 105
�

13.65

9.22

94

94

594

1.097 103
�

11

12

24

10



�
�
�

�
�
�



�

Pipe Properties for Line 1-9, 1-10, 1-11, 1-12, & 1-170
Pipe Run 1-9A (Elements 110)

PRC80TH0 2�

0.239

0.223

5.336 105
�

4.745 105
�

9.87

9.87

110

110

610

679

35

36

5

5



�
�
�

�
�
�



�

Pipe Run 1-9B (Element 930, 929, & 403)

PRC80TH0 3�

0.205

0.16

0.152

0.16

0.21

0.152

4.064 105
�

2.332 105
�

2.049 105
�

2.331 105
�

4.235 105
�

2.049 105
�

13.59

7.69

8.455

7.69

9.215

8.455

930

930

929

929

403

403

673

1.633 103
�

1.632 103
�

1.633 103
�

672

1.632 103
�

147

148

145

146

91

92

17

27

8

27

5

8



�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�



�
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Calculation Sheet 
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Pipe Run 1-9C (Elements 592 & 867)

PRC80TH0 4�

0.238

0.239

0.239

0.243

5.279 105
�

5.323 105
�

5.325 105
�

5.499 105
�

9.215

9.215

9.215

9.215

592

592

867

867

665

1.251 103
�

1.251 103
�

1.447 103
�

119

120

125

126

16

16

16

30


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-10A (Elements 111)

PRC80TH0 5�

0.245

0.241

5.544 105
�

5.399 105
�

13.6

13.6

111

111

607

678

37

38

11

11



�
�
�

�
�
�



�

Pipe Run 1-10B (Elements 928, 927, & 401)

PRC80TH0 6�

0.212

0.172

0.165

0.172

0.205

0.165

4.301 105
�

2.784 105
�

2.548 105
�

2.781 105
�

4.061 105
�

2.547 105
�

13.61

7.695

8.45

7.69

9.86

8.45

928

928

927

927

401

401

674

1.631 103
�

1.63 103
�

1.631 103
�

671

1.63 103
�

143

144

141

142

89

90

13

12

29

11

28

29



�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-10C (Elements 868)

PRC80TH0 7�

0.235

0.239

5.194 105
�

5.342 105
�

9.21

9.21

868

868

666

1.448 103
�

127

128

12

20



�
�
�

�
�
�



�

Pipe Run 1-11A (Elements 112)

PRC80TH0 8�

0.243

0.234

5.483 105
�

5.145 105
�

9.865

9.865

112

112

613

680

39

40

16

13



�
�
�

�
�
�



�
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Calculation Sheet 
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Pipe Run 1-11B (Elements 924, 923, & 397)

PRC80TH0 9�

0.221

0.179

0.17

0.179

0.194

0.17

4.662 105
�

3.066 105
�

2.706 105
�

3.066 105
�

3.629 105
�

2.706 105
�

13.6

7.7

13.64

7.7

13.66

13.64

924

924

923

923

397

397

675

1.627 103
�

1.626 103
�

1.627 103
�

670

1.626 103
�

135

136

133

134

85

86

17

12

15

12

28

15



�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-11C (Element 869)

PRC80TH0 10�

0.223

0.226

4.725 105
�

4.846 105
�

15.16

15.16

869

869

667

1.449 103
�

129

130

18

18



�
�
�

�
�
�



�

Pipe Run 1-12A (Elements 113)

PRC80TH0 11�

0.274

0.271

6.636 105
�

6.55 105
�

13.6

13.6

113

113

604

677

41

42

25

25



�
�
�

�
�
�



�

Pipe Run 1-12B (Elements 926, 925, & 399)

PRC80TH0 12�

0.242

0.194

0.17

0.194

0.201

0.17

5.45 105
�

3.644 105
�

2.735 105
�

3.644 105
�

3.906 105
�

2.734 105
�

13.6

7.715

13.64

7.715

10.22

13.64

926

926

925

925

399

399

676

1.629 103
�

1.628 103
�

1.629 103
�

669

1.628 103
�

139

140

137

138

87

88

10

25

5

25

5

5



�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-12C (Elements 870)

PRC80TH0 13�

0.222

0.227

4.68 105
�

4.871 105
�

9.865

15.16

870

870

668

1.45 103
�

131

132

13

25



�
�
�

�
�
�



�
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Calculation Sheet 
Page D.4-34 of D.4-66

Pipe Run 1-170A (Elements 117)

PRC80TH0 14�

0.227

0.22

4.865 105
�

4.614 105
�

9.235

15.15

117

117

619

620

47

48

30

25



�
�
�

�
�
�



�

Pipe Run 1-170B (Elements 405, 931, & 932)

PRC80TH0 15�

0.169

0.142

0.142

0.167

0.22

0.167

2.698 105
�

1.65 105
�

1.65 105
�

2.615 105
�

4.611 105
�

2.615 105
�

9.215

7.65

7.65

13.64

15.15

13.64

405

405

931

931

932

932

622

1.634 103
�

1.634 103
�

1.635 103
�

621

1.635 103
�

93

94

149

150

151

152

2

26

26

5

27

5



�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-170C (Elements 115)

PRC80TH0 16�

0.144

0.154

1.728 105
�

2.106 105
�

6.7

10.29

115

115

683

684

45

46

5

5



�
�
�

�
�
�



�

Pipe Run 1-170D (Elements 439, 933, & 114)

PRC80TH0 17�

0.145

0.151

0.151

0.171

0.203

0.171

1.773 105
�

2 105
�

1.998 105
�

2.754 105
�

3.96 105
�

2.755 105
�

6.7

7.12

7.12

9.21

9.205

9.21

439

439

933

933

114

114

682

1.096 103
�

1.096 103
�

1.636 103
�

614

1.636 103
�

103

104

153

154

43

44

16

28

28

5

10

5



�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�



�
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Calculation Sheet 
Page D.4-35 of D.4-66

EVALUATION OF PIPE RUNS ON LINES 1-34 AND 1-67 FOR ALL 32 REALIZATIONS
VPRD ReadData "\PRLine1-34_67.prn"� ���

PRD C_S VPRD R�( )��

PRD80TH PR80th PRD( )��

Pipe Properties for Line 1-34(A-C)
Pipe Run 1-34A (Elements 316 & 154)

PRD80TH0 0�

0.179

0.196

0.094

0.13

6.582 104
�

7.309 104
�

2.811 104
�

4.397 104
�

15.16

15.17

7.705

13.61

316

316

154

154

756

946

762

763

30

31

5

6

20

20

25

22


�
�
�
�
�
��

��
�
�
�
�
�


�
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Calculation Sheet 
Page D.4-36 of D.4-66

Pipe Run 1-34B (Elements 155, 980, 236, 625, 982, 239, 981, 979, 242, 983, 984,
243, 635, 248, 974, 975, 976, 977, 640, 249, & 978)

PRD80TH0 1�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

0.133 44.549·10 9.185 155 761 7 12

0.122 44.063·10 9.875 155 31.683·10 8 12

0.114 43.706·10 9.875 980 854 118 25

0.122 44.064·10 9.875 980 31.683·10 119 12

0.114 43.706·10 9.875 236 854 18 25

0.117 43.845·10 9.875 236 31.286·10 19 25

0.117 43.847·10 9.875 625 31.286·10 70 25

0.103 43.195·10 9.88 625 31.685·10 71 3

0.105 43.282·10 9.88 982 856 122 25

0.103 43.195·10 9.88 982 31.685·10 123 3

0.105 43.282·10 9.88 239 856 20 25

0.141 44.886·10 15.16 239 31.684·10 21 9

0.192 47.174·10 15.16 981 859 120 9

0.141 44.886·10 15.16 981 31.684·10 121 9

0.193 47.191·10 15.16 979 859 116 9

0.137 44.722·10 15.15 979 860 117 9

0.137 44.724·10 15.15 242 860 22 9

0.088 42.538·10 13.62 242 31.686·10 23 15

0.088 42.538·10 13.62 983 31.686·10 124 15

0.184 46.799·10 9.185 983 31.687·10 125 28

0.295 51.171·10 9.87 984 862 126 28

0.184 46.799·10 9.185 984 31.687·10 127 28

0.295 51.171·10 9.87 243 862 24 28

0.111 43.558·10 7.71 243 31.296·10 25 11

0.213 48.101·10 9.225 635 863 72 28

0.111 43.558·10 7.71 635 31.296·10 73 11

0.212 48.058·10 9.225 248 863 26 28

0.155 45.489·10 9.875 248 31.678·10 27 28

0.155 45.489·10 9.875 974 31.678·10 106 28

0.117 43.823·10 9.88 974 31.679·10 107 11

0.117 43.823·10 9.88 975 31.679·10 108 11

0.13 44.38·10 8.415 975 31.68·10 109 10

0.13 44.38·10 8.415 976 31.68·10 110 10

0.151 45.322·10 9.17 976 31.681·10 111 9

0.166 45.985·10 7.8 977 31.301·10 112 6

0.151 45.322·10 9.17 977 31.681·10 113 9

0.137 44.704·10 9.25 640 868 74 5

0.166 45.995·10 7.8 640 31.301·10 75 6

0.137 44.697·10 9.25 249 868 28 5

0.129 44.364·10 15.15 249 31.682·10 29 28

0.144 45.008·10 9.555 978 765 114 29

0.129 44.363·10 15.15 978 31.682·10 115 28

�
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Calculation Sheet 
Page D.4-37 of D.4-66

Pipe Run 1-34C (Elements  471, 985, & 986)

PRD80TH0 2�

0.133

0.092

0.092

0.066

0.087

0.066

4.546 104
�

2.729 104
�

2.729 104
�

1.577 104
�

2.485 104
�

1.577 104
�

9.575

13.65

13.65

7.465

9.25

7.465

471

471

985

985

986

986

764

1.688 103
�

1.688 103
�

1.689 103
�

1.127 103
�

1.689 103
�

32

33

128

129

130

131

9

28

28

25

5

25



�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�



�

Pipe Properties for Lines 1-34(D-I)
Pipe Run 1-34D (Element 472 & 645)

PRD80TH0 3�

0.2

0.203

0.176

0.186

2.949 104
�

2.991 104
�

2.54 104
�

2.713 104
�

9.25

9.205

9.89

9.25

472

472

645

645

1.128 103
�

1.306 103
�

1.129 103
�

1.306 103
�

34

35

76

77

5

22

29

5


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-34E (Element 473 & 646)

PRD80TH0 4�

0.121

0.122

0.096

0.105

1.62 104
�

1.63 104
�

1.193 104
�

1.342 104
�

9.945

9.95

8.13

8.13

473

473

646

646

1.13 103
�

1.307 103
�

1.003 103
�

1.307 103
�

36

37

78

79

27

12

25

27


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-34F (Element 474 & 581)

PRD80TH0 5�

0.09

0.089

0.092

0.089

1.089 104
�

1.074 104
�

1.124 104
�

1.074 104
�

9.58

9.585

8.415

9.585

474

474

581

581

1.002 103
�

1.24 103
�

1.007 103
�

1.24 103
�

38

39

68

69

21

26

12

26


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-34G (Element 475)

PRD80TH0 6�

0.075

0.088

8.398 103
�

1.065 104
�

9.52

10.15

475

475

1.006 103
�

1.01 103
�

40

41

31

22



�
�
�

�
�
�



�
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Calculation Sheet 
Page D.4-38 of D.4-66

Pipe Run 1-34H (Element 476)

PRD80TH0 7�

0.095

0.115

1.18 104
�

1.511 104
�

10.14

10.15

476

476

1.011 103
�

1.015 103
�

42

43

28

10



�
�
�

�
�
�



�

Pipe Run 1-34I (Element 477)

PRD80TH0 8�

0.174

0.126

2.503 104
�

1.702 104
�

8.415

10.15

477

477

974

1.014 103
�

44

45

27

22



�
�
�

�
�
�



�

EVALUATION OF PIPE RUNS ON LINE 1-39 AND 1-40 FOR ALL 32 REALIZATIONS
VPRE ReadData "\PRLine1-39_40.prn"� ���

PRE C_S VPRE R�( )��

PRE80TH PR80th PRE( )��

Pipe Properties for Line 1-39
Pipe Run 1-39A (Element 521)

PRE80TH0 0�

0.247

0.285

1.001 105
�

1.186 105
�

8.5

5.345

521

521

987

1.035 103
�

58

59

14

19



�
�
�

�
�
�



�

Pipe Run 1-39B (Element 516)

PRE80TH0 1�

0.22

0.303

8.713 104
�

1.271 105
�

4.97

4.26

516

516

1.034 103
�

1.176 103
�

49

50

7

8



�
�
�

�
�
�



�

Pipe Properties for Line 1-40
Pipe Run 1-40A (Element 162)

PRE80TH0 2�

0.119

0.143

4.369 104
�

5.514 104
�

8.415

10.18

162

162

803

953

9

10

25

4



�
�
�

�
�
�



�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
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Calculation Sheet 
Page D.4-39 of D.4-66

Pipe Run 1-40B (Elements 320, 649, 626, 935, 324, 934, 937, 936, 651, 327, 938,
636, 876, 939, 877, 940, 941, & 641)

PRE80TH0 3�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

0.113 44.07·10 8.41 320 802 35 22

0.107 43.783·10 7.675 320 31.31·10 36 30

0.095 43.189·10 7.69 649 31.287·10 74 19

0.107 43.785·10 7.675 649 31.31·10 75 30

0.095 43.186·10 7.69 626 31.287·10 68 19

0.092 43.055·10 7.74 626 31.638·10 69 4

0.096 43.256·10 7.755 935 954 109 13

0.092 43.055·10 7.74 935 31.638·10 110 4

0.096 43.256·10 7.755 324 954 37 13

0.106 43.728·10 7.765 324 31.637·10 38 13

0.125 44.661·10 7.78 934 959 107 32

0.106 43.728·10 7.765 934 31.637·10 108 13

0.125 44.659·10 7.78 937 959 113 32

0.139 45.318·10 10.18 937 31.64·10 114 26

0.164 46.514·10 10.18 936 31.639·10 111 19

0.139 45.317·10 10.18 936 31.64·10 112 26

0.188 47.698·10 10.18 651 960 76 30

0.164 46.514·10 10.18 651 31.639·10 77 19

0.188 47.698·10 10.18 327 960 39 19

0.201 48.336·10 10.18 327 31.641·10 40 22

0.216 49.022·10 10.18 938 31.298·10 115 28

0.201 48.336·10 10.18 938 31.641·10 116 22

0.222 49.322·10 10.19 636 961 70 19

0.216 49.022·10 10.18 636 31.298·10 71 28

0.222 49.346·10 10.19 876 961 103 19

0.166 46.637·10 10.19 876 31.642·10 104 13

0.119 44.375·10 4.97 939 963 117 16

0.166 46.636·10 10.19 939 31.642·10 118 13

0.119 44.375·10 4.97 877 963 105 16

0.132 44.998·10 5.71 877 31.643·10 106 6

0.132 44.998·10 5.71 940 31.643·10 119 6

0.172 46.92·10 5.715 940 31.644·10 120 25

0.221 49.29·10 5.71 941 31.303·10 121 27

0.172 46.919·10 5.715 941 31.644·10 122 25

0.169 46.792·10 5.705 641 776 72 9

0.222 49.312·10 5.71 641 31.303·10 73 27

�
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Calculation Sheet 
Page D.4-40 of D.4-66

Pipe Run 1-40C (Element 233 & 160)

PRE80TH0 4�

0.14

0.129

0.15

0.129

5.373 104
�

4.84 104
�

5.882 104
�

4.84 104
�

9.9

10.18

10.18

10.18

233

233

160

160

777

852

778

852

23

24

7

8

27

25

22

25


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-40D (Element 159)

PRE80TH0 5�

0.152

0.151

5.963 104
�

5.931 104
�

9.435

4.245

159

159

779

780

5

6

31

23



�
�
�

�
�
�



�

Pipe Run 1-40E (Element 234 & 158)

PRE80TH0 6�

0.146

0.117

0.12

0.117

5.653 104
�

4.259 104
�

4.405 104
�

4.259 104
�

6.135

6.15

10.68

6.15

234

234

158

158

781

853

782

853

25

26

3

4

10

26

26

26


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-40F (Element 157)

PRE80TH0 7�

0.169

0.127

6.775 104
�

4.753 104
�

4.205

8.835

157

157

758

783

1

2

13

25



�
�
�

�
�
�



�

EVALUATION OF PIPE RUNS ON LINES 1-41 AND 1-77 FOR ALL 32 REALIZATIONS
VPRF ReadData "\PRLine1-41_77.prn"� ���

PRF C_S VPRF R�( )��

PRF80TH PR80th PRF( )��

Pipe Properties for Line 1-41
Pipe Run 1-41A (Element 606)

PRF80TH0 0�

0.168

0.2

6.209 104
�

7.761 104
�

5.625

5.625

606

606

760

1.018 103
�

132

133

26

19



�
�
�

�
�
�



�
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Calculation Sheet 
Page D.4-41 of D.4-66

Pipe Run 1-41B (Element  479 & 987)

PRF80TH0 1�

0.211

0.17

0.317

0.17

8.274 104
�

6.277 104
�

1.337 105
�

6.277 104
�

5.625

4.96

4.94

4.96

479

479

987

987

1.019 103
�

1.69 103
�

1.023 103
�

1.69 103
�

1

2

182

183

11

25

22

25


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-41C (Element 840)

PRF80TH0 2�

0.278

0.361

1.149 105
�

1.551 105
�

4.25

5.66

840

840

983

1.435 103
�

160

161

25

28



�
�
�

�
�
�



�

Pipe Run 1-41D (Element 988, 545, & 494)

PRF80TH0 3�

0.369

0.206

0.122

0.206

0.119

0.133

1.589 105
�

8.041 104
�

3.966 104
�

8.043 104
�

3.854 104
�

4.505 104
�

4.99

5.305

5.31

5.305

5.345

5.31

988

988

545

545

494

494

1.436 103
�

1.691 103
�

1.203 103
�

1.691 103
�

1.152 103
�

1.203 103
�

184

185

84

85

31

32

17

3

3

3

26

3



�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-41E (Element 989 & 491)

PRF80TH0 4�

0.148

0.209

0.333

0.209

5.261 104
�

8.16 104
�

1.416 105
�

8.16 104
�

5.345

5.34

1.14

5.34

989

989

491

491

1.151 103
�

1.692 103
�

1.137 103
�

1.692 103
�

186

187

23

24

26

9

15

9


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-41F (Element 991, 875, 990, & 874)

PRF80TH0 5�

0.344

0.289

0.228

0.289

0.228

0.156

0.107

0.156

1.468 105
�

1.204 105
�

9.097 104
�

1.204 105
�

9.097 104
�

5.633 104
�

3.238 104
�

5.632 104
�

1.14

1.135

1.135

1.135

1.135

5.02

4.915

5.02

991

991

875

875

990

990

874

874

1.136 103
�

1.694 103
�

1.199 103
�

1.694 103
�

1.199 103
�

1.693 103
�

1.026 103
�

1.693 103
�

190

191

180

181

188

189

178

179

1

1

21

1

21

16

17

16



�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�



�
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Calculation Sheet 
Page D.4-42 of D.4-66

Pipe Run 1-41G (Element 481, 612, 993, 539, & 992)

PRF80TH0 6�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

0.15 45.311·10 1.14 481 31.027·10 6 7

0.207 48.064·10 1.16 481 31.269·10 7 16

0.164 46.031·10 1 612 31.269·10 134 27

0.164 46.017·10 1.155 612 31.696·10 135 29

0.159 45.759·10 1.16 993 31.194·10 194 5

0.164 46.018·10 1.155 993 31.696·10 195 29

0.159 45.758·10 1.16 539 31.194·10 82 5

0.154 45.503·10 1.18 539 31.695·10 83 6

0.159 45.754·10 1.5 992 31.03·10 192 9

0.154 45.503·10 1.18 992 31.695·10 193 6

�

Pipe Run 1-41H (Element 485)

PRF80TH0 7�

0.101

0.157

2.958 104
�

5.657 104
�

5.315

5.03

485

485

1.031 103
�

1.139 103
�

14

15

22

12



�
�
�

�
�
�



�

Pipe Run 1-41I (Element 486)

PRF80TH0 8�

0.192

0.188

7.369 104
�

7.182 104
�

5.03

5.025

486

486

1.141 103
�

1.142 103
�

16

17

22

4



�
�
�

�
�
�



�

Pipe Run 1-41J (Element 489 & 994)

PRF80TH0 9�

0.184

0.207

0.262

0.207

6.971 104
�

8.101 104
�

1.074 105
�

8.101 104
�

5.03

1.505

1.5

1.505

489

489

994

994

1.143 103
�

1.697 103
�

1.147 103
�

1.697 103
�

18

19

196

197

27

26

13

26


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Properties for Line 1-77A, 1-77F, 1-37(A-C), & 1-38(A-C)
Pipe Run 1-77A (Element 520 & 617)

PRF80TH0 10�

0.277

0.281

0.282

0.279

4.481 104
�

4.539 104
�

4.559 104
�

4.504 104
�

10.69

10.69

10.7

10.69

520

520

617

617

992

1.274 103
�

1.172 103
�

1.274 103
�

62

63

136

137

29

11

10

29


�
�
�
�
�
��

��
�
�
�
�
�


�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
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Calculation Sheet 
Page D.4-43 of D.4-66

Pipe Run 1-77F (Element 499, 998, & 498)

PRF80TH0 11�

0.181

0.15

0.237

0.15

0.207

0.239

2.731 104
�

2.167 104
�

3.751 104
�

2.167 104
�

3.196 104
�

3.776 104
�

10.38

4.945

4.945

4.945

3.96

4.945

499

499

998

998

498

498

1.161 103
�

1.701 103
�

1.158 103
�

1.701 103
�

1.001 103
�

1.157 103
�

42

43

204

205

40

41

16

10

4

10

25

13



�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-37A (Element 557 and 871)

PRF80TH0 12�

0.309

0.327

0.312

0.361

5.063 104
�

5.383 104
�

5.108 104
�

6 104
�

4.925

4.93

4.935

3.955

557

557

871

871

1.212 103
�

1.224 103
�

1.211 103
�

1.451 103
�

100

101

176

177

26

26

22

17


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-37B (Element 558)

PRF80TH0 13�

0.244

0.301

3.881 104
�

4.91 104
�

4.93

4.935

558

558

1.216 103
�

1.225 103
�

102

103

26

26



�
�
�

�
�
�



�

Pipe Run 1-37C (Element 560)

PRF80TH0 14�

0.123

0.162

1.676 104
�

2.375 104
�

4.92

4.905

560

560

1.219 103
�

1.234 103
�

106

107

27

25



�
�
�

�
�
�



�

Pipe Run 1-38A (Element 555)

PRF80TH0 15�

0.211

0.225

3.267 104
�

3.532 104
�

3.96

3.965

555

555

1.213 103
�

1.227 103
�

96

97

25

25



�
�
�

�
�
�



�

Pipe Run 1-38B (Element 559)

PRF80TH0 16�

0.18

0.212

2.707 104
�

3.297 104
�

3.97

3.975

559

559

1.217 103
�

1.226 103
�

104

105

22

24



�
�
�

�
�
�



�

Pipe Run 1-38C (Element 562)

PRF80TH0 17�

0.139

0.181

1.953 104
�

2.72 104
�

4.935

4.935

562

562

1.218 103
�

1.233 103
�

108

109

27

17



�
�
�

�
�
�



�
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Calculation Sheet 
Page D.4-44 of D.4-66

Pipe Properties for Line 1-77(B-E)
Pipe Run 1-77B (Element 511)

PRF80TH0 18�

0.133

0.135

4.535 104
�

4.634 104
�

10.66

10.68

511

511

1.038 103
�

1.171 103
�

60

61

31

28



�
�
�

�
�
�



�

Pipe Run 1-77C (Element 995, 509, 508, 619, 550, 996, 548, & 507)

PRF80TH0 19�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

0.128 44.273·10 10.66 995 31.039·10 198 31

0.113 43.568·10 10.69 995 31.698·10 199 17

0.101 42.964·10 10.7 509 31.17·10 58 28

0.113 43.569·10 10.69 509 31.698·10 59 17

0.101 42.955·10 10.7 508 996 56 28

0.101 42.965·10 10.7 508 31.17·10 57 28

0.101 42.955·10 10.7 619 996 138 28

0.097 42.804·10 14.74 619 31.276·10 139 32

0.095 42.701·10 10.36 550 31.208·10 88 6

0.097 42.805·10 14.74 550 31.276·10 89 32

0.095 42.702·10 10.36 996 31.208·10 200 6

0.103 43.062·10 10.37 996 31.699·10 201 13

0.113 43.54·10 10.37 548 31.205·10 86 13

0.103 43.063·10 10.37 548 31.699·10 87 13

0.122 43.969·10 4.945 507 31.165·10 54 26

0.113 43.539·10 10.37 507 31.205·10 55 13

�

Pipe Run 1-77D (Element 506 & 997)

PRF80TH0 20�

0.119

0.106

0.143

0.106

3.817 104
�

3.196 104
�

4.995 104
�

3.196 104
�

4.945

4.945

10.4

4.945

506

506

997

997

1.164 103
�

1.7 103
�

1.163 103
�

1.7 103
�

52

53

202

203

13

11

27

11


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-77E (Element 506)
Elements associated with run P(1-77E) is also part of T(1-77) and will be calculated as T(1-77)

Pipe Properties for Line 1-37D & 1-38D
Pipe Run 1-37D (Element 569)

PRF80TH0 21�

1.253

0.975

3.901 104
�

3.018 104
�

4.945

4.94

569

569

1.222 103
�

1.235 103
�

120

121

11

12



�
�
�

�
�
�



�

Pipe Run 1-38D (Element 567)

PRF80TH0 22�

1.151

0.995

3.579 104
�

3.081 104
�

4.94

4.935

567

567

1.223 103
�

1.236 103
�

116

117

4

17



�
�
�

�
�
�



�

See main body of report for further information regarding the plastic hinge implemenation.



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. D. Landon Date:    09/30/2008

Calculation Sheet 
Page D.4-45 of D.4-66

EVALUATION OF PIPE RUNS ON LINE 1-42 FOR ALL 32 REALIZATIONS
VPRG ReadData "\PRLine1-42.prn"� ���

PRG C_S VPRG R�( )��

PRG80TH PR80th PRG( )��

Pipe Properties for Line 1-42

Pipe Run 1-42A (Elements  197 & 171)

PRG80TH0 0�

0.1

0.12

0.064

0.1

2.91 104
�

3.871 104
�

1.185 104
�

2.91 104
�

8.235

8.235

8.38

8.235

197

197

171

171

816

1.442 103
�

805

816

43

44

11

12

12

12

15

12


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-42B (Element 943, 942, 192, 948, 947, 946, 945, 944, 194, 193, & 170 )

PRG80TH0 1�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

0.069 41.447·10 8.935 943 804 103 29

0.059 39.329·10 5.485 943 31.646·10 104 5

0.064 41.189·10 13.18 942 31.645·10 101 17

0.059 39.329·10 5.485 942 31.646·10 102 5

0.079 41.919·10 13.1 192 811 37 22

0.064 41.189·10 13.18 192 31.645·10 38 17

0.079 41.919·10 13.1 948 811 113 22

0.08 41.987·10 13.1 948 31.651·10 114 27

0.081 41.992·10 13.09 947 31.65·10 111 28

0.08 41.987·10 13.1 947 31.651·10 112 27

0.075 41.711·10 13.18 946 31.649·10 109 3

0.081 41.992·10 13.09 946 31.65·10 110 28

0.082 42.069·10 5.455 945 31.648·10 107 25

0.075 41.711·10 13.18 945 31.649·10 108 3

0.1 42.943·10 10.11 944 31.647·10 105 22

0.082 42.069·10 5.455 944 31.648·10 106 25

�
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Pipe Run 1-42C (Element 949, 216, 950, 589,  952, 951, 213, 958, 957, 956, 955, 954,
953, 595, 961, 960, 959, 200, 963, 962, 597, 964, & 169)

PRG80TH0 2�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

0.089 42.417·10 10.09 949 766 115 27

0.088 42.327·10 8.39 949 31.652·10 116 6

0.133 44.516·10 8.395 216 833 49 9

0.088 42.327·10 8.39 216 31.652·10 50 6

0.133 44.516·10 8.395 950 833 117 9

0.104 43.136·10 8.395 950 31.653·10 118 9

0.085 42.22·10 5.945 589 31.248·10 59 27

0.104 43.136·10 8.395 589 31.653·10 60 9

0.085 42.223·10 8.39 952 31.248·10 121 15

0.069 41.433·10 5.955 952 31.655·10 122 12

0.06 41.015·10 10.09 951 31.654·10 119 25

0.069 41.432·10 5.955 951 31.655·10 120 12

0.073 41.625·10 8.61 213 823 47 30

0.06 41.015·10 10.09 213 31.654·10 48 25

0.073 41.626·10 8.61 958 823 133 30

0.062 41.094·10 9.255 958 31.661·10 134 6

0.076 41.775·10 6.175 957 31.66·10 131 31

0.062 41.094·10 9.255 957 31.661·10 132 6

0.085 42.221·10 8.38 956 31.659·10 129 15

0.076 41.775·10 6.175 956 31.66·10 130 31

0.087 42.311·10 10.63 955 31.658·10 127 24

0.085 42.221·10 8.38 955 31.659·10 128 15

0.079 41.9·10 10.63 954 31.657·10 125 24

0.087 42.311·10 10.63 954 31.658·10 126 24

0.071 41.533·10 6.71 953 31.656·10 123 30

0.079 41.9·10 10.63 953 31.657·10 124 24

0.088 42.363·10 8.08 595 31.254·10 61 19

0.071 41.533·10 6.71 595 31.656·10 62 30

0.088 42.358·10 8.08 961 31.254·10 139 19

0.068 41.381·10 8.705 961 31.665·10 140 15

0.066 41.269·10 5.88 960 31.664·10 137 22

0.068 41.381·10 8.705 960 31.665·10 138 15

0.079 41.939·10 5.87 959 31.663·10 135 13

0.066 41.269·10 5.88 959 31.664·10 136 22

0.095 42.671·10 5.86 200 819 45 29

0.079 41.939·10 5.87 200 31.663·10 46 13

0.095 42.664·10 5.875 963 819 143 25

0.07 41.49·10 5.965 963 31.667·10 144 17

0.075 41.722·10 4.14 962 31.666·10 141 4

0.07 41.49·10 5.965 962 31.667·10 142 17

0.101 42.968·10 10.47 597 31.256·10 63 17

0.075 41.722·10 4.14 597 31.666·10 64 4

0.101 42.968·10 10.47 964 31.256·10 145 17

0.095 42.681·10 9.01 964 31.668·10 146 25

0.098 42.829·10 9.425 169 796 7 30

0.095 42.681·10 9.01 169 31.668·10 8 25

�
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Pipe Run 1-42D (Element 168)

PRG80TH0 3�

0.098

0.115

2.808 104
�

3.645 104
�

8.375

6.92

168

168

798

799

5

6

28

19



�
�
�

�
�
�



�

Pipe Run 1-42E (Element  965, 967, 969, 968, & 334)

PRG80TH0 4�

0 1 2 3 4 5 6

0

1

2

3

4

5

6

7

8

9

0.12 43.899·10 6.92 965 797 147 11

0.128 44.272·10 6.92 965 31.669·10 148 22

0.137 44.724·10 6.925 967 967 149 28

0.128 44.272·10 6.92 967 31.669·10 150 22

0.137 44.731·10 10.1 969 967 153 10

0.086 42.242·10 9.48 969 31.673·10 154 4

0.086 42.258·10 9.93 968 31.672·10 151 10

0.086 42.242·10 9.48 968 31.673·10 152 4

0.138 44.778·10 6.915 334 768 55 22

0.086 42.258·10 9.93 334 31.672·10 56 10

�

Pipe Run 1-42F (Element 163, 970, 220, & 971)

PRG80TH0 5�

0.175

0.143

0.12

0.143

0.12

0.133

0.16

0.133

6.547 104
�

5.013 104
�

3.895 104
�

5.013 104
�

3.895 104
�

4.529 104
�

5.811 104
�

4.528 104
�

6.92

6.73

6.725

6.73

6.725

4.165

9.755

4.165

163

163

970

970

220

220

971

971

769

1.674 103
�

838

1.674 103
�

838

1.675 103
�

770

1.675 103
�

1

2

155

156

51

52

157

158

19

27

28

27

28

13

28

13



�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�



�

Pipe Run 1-42G (Element 164 & 972)

PRG80TH0 6�

0.105

0.117

0.137

0.117

3.149 104
�

3.748 104
�

4.719 104
�

3.748 104
�

9.76

9.76

9.75

9.76

164

164

972

972

771

1.676 103
�

772

1.676 103
�

3

4

159

160

6

22

26

22


�
�
�
�
�
��

��
�
�
�
�
�


�
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Pipe Run 1-42H (Element 221 & 973)

PRG80TH0 7�

0.136

0.114

0.151

0.114

4.649 104
�

3.578 104
�

5.364 104
�

3.578 104
�

9.935

9.915

9.935

9.915

221

221

973

973

773

1.677 103
�

775

1.677 103
�

53

54

161

162

25

22

19

22


�
�
�
�
�
��

��
�
�
�
�
�


�

Pipe Run 1-42I (Element 605)

PRG80TH0 8�

0.142

0.175

4.976 104
�

6.565 104
�

9.745

6.12

605

605

759

774

65

66

27

25



�
�
�

�
�
�



�

REDUCERS
Termination output is ordered as (max D/C ratio, max total applied moment, time when max values occur,
element(s) retrieved for calculations, indicie of element(s), moments about the x, y, and z axes, and realization
number)  

EVALUATION OF REDUCERS ON LINES 1-1L, 1-2L, 1-3L, & 1-4L FOR ALL 32
REALIZATIONS
VRA ReadData "\RedLine1-1_2_3_4.prn"� ���

RA C_S VRA R�( )��

RA80TH RED_EL80th RA( )��

Reducer Properties for RED(1-1LA) & RED(1-4LA)
Reducer 1-1LA (Nodes 745 & 1042)

RA80TH0

0.149

0.155

3.672 105
�

3.244 105
�

9.91

9.91

745

1.042 103
�

101

94

1.245� 105
�

1.185� 105
�

2.235 105
�

1.824 105
�

2.634� 105
�

2.407� 105
�

11

11



�
�
�

�



�

Reducer 1-4LA (Nodes 746 & 1043)

RA80TH1

0.15

0.158

3.728 105
�

3.396 105
�

9.525

7.85

746

1.043 103
�

103

96

1.357 105
�

1.387 105
�

2.634� 105
�

2.398 105
�

2.261� 105
�

1.964� 105
�

23

28



�
�
�

�

Reducer Properties for RED(1-1LB), RED(1-4LB), RED(1-2L), & RED(1-3L)
Reducer 1-1LB (Nodes 625 & 549)

RA80TH2

0.393

0.541

1.023 106
�

1.219 106
�

7.405

7.405

625

549

65

69

1.021� 106
�

1.217 106
�

5.931� 104
�

6.655 104
�

3.958� 104
�

4.054 104
�

7

7



�
�
�

�
�
�



�
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Reducer 1-2L (Nodes 624 & 548)

RA80TH3

0.308

0.412

7.385 105
�

8.791 105
�

7.39

7.39

624

548

67

71

7.02� 105
�

8.392 105
�

1.956� 105
�

2.303 105
�

1.198� 105
�

1.244 105
�

1

1



�
�
�

�
�
�



�

Reducer 1-3L (Nodes 626 & 547)

RA80TH4

0.278

0.368

6.374 105
�

7.635 105
�

6.665

6.665

626

547

63

75

5.662 105
�

6.834� 105
�

2.724 105
�

3.21� 105
�

1.073� 105
�

1.138 105
�

26

26



�
�
�

�
�
�



�

Reducer 1-4LB (Nodes 627 & 546)

RA80TH5

0.437

0.608

1.172 106
�

1.395 106
�

7.405

7.405

627

546

61

73

1.167 106
�

1.389� 106
�

9.032 104
�

1.03� 105
�

6.109� 104
�

6.277 104
�

9

9



�
�
�

�
�
�



�

EVALUATION OF REDUCERS ON LINE 1-5, 1-6, & 1-7 FOR ALL 32
REALIZATIONS

VRB ReadData "\RedLine1-5_6_7.prn"� ���

RB C_S VRB R�( )��

RB80TH RED_EL80th RB( )��

Reducer Properties for RED(1-5) & RED(1-6)
Reducer 1-5 (Nodes 53 & 39)

RB80TH0

0.15

0.166

1.436 106
�

1.151 106
�

6.665

6.65

53

39

10

1

2.896� 105
�

1.733� 105
�

1.371� 106
�

1.123� 106
�

3.137� 105
�

1.883� 105
�

12

22



�
�
�

�
�
�



�

Reducer 1-6 (Nodes 52 & 15)

RB80TH1

0.153

0.175

1.515 106
�

1.251 106
�

7.255

7.03

52

15

12

3

3.817 105
�

4.756 105
�

1.466� 106
�

1.146� 106
�

5.079 104
�

1.545� 105
�

24

21



�
�
�

�
�
�



�

EVALUATION OF REDUCERS ON LINE 1-8, 1-9, 1-10, 1-11, 1-12, & 1-170 FOR
ALL 32 REALIZATIONS
VRC ReadData "\RedLine1-8_9_10_11_12_170.prn"� ���

RC C_S VRC R�( )��

RC80TH RED_EL80th RC( )��

Reducer Properties for RED(1-8A) & RED(1-8B)
Reducer 1-8A (Nodes 592 & 595)

RC80TH0

0.16

0.156

1.081 106
�

9.565 105
�

9.215

9.21

592

595

7

17

1.033� 106
�

9.14� 105
�

2.073 105
�

5.152 104
�

2.42 105
�

2.772 105
�

24

5



�
�
�

�
�
�



�
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Reducer 1-8B (Nodes 593 & 594)

RC80TH1

0.151

0.145

8.885 105
�

7.973 105
�

13.65

13.65

593

594

4

23

6.737� 105
�

5.426� 105
�

4.117 105
�

4.189 105
�

4.076� 105
�

4.072� 105
�

24

24



�
�
�

�
�
�



�

Reducer Properties for RED(1-170)
Reducer 1-170 (Nodes 597 & 614)

RC80TH2

0.223

0.229

4.511 105
�

3.96 105
�

9.205

9.205

597

614

21

95

4.436 105
�

3.854 105
�

8.209� 104
�

9.12� 104
�

55.03

82.63

10

10



�
�
�

�
�
�



�

THERE ARE NOT ANY REDUCERS PRESENT ON LINES 1-34 AND 1-67

EVALUATION OF REDUCERS ON LINES 1-39 AND 1-40 FOR ALL 32 REALIZATIONS
VRD ReadData "\RedLine1-39_40.prn"� ���

RD C_S VRD R�( )��

RD80TH RED_EL80th RD( )��

Reducer Properties for Line 1-39
Reducer 1-39 (Nodes 1175 & 1178)

RD80TH0

0.176

0.361

6.614 104
�

6.005 104
�

5.335

5.335

1.175 103
�

1.178 103
�

46

54

2.336 103
�

2.359 103
�

2.483� 103
�

3.353� 103
�

6.605 104
�

5.991 104
�

31

31



�
�
�

�
�
�



�

EVALUATION OF REDUCERS ON LINES 1-41 AND 1-77 FOR ALL 32 REALIZATIONS
VRE ReadData "\RedLine1-41_77.prn"� ���

RE C_S VRE R�( )��

RE80TH RED_EL80th RE( )��

Reducer Properties for Line 1-77
Reducer 1-77 (Nodes 1160 & 1161)

RE80TH0

0.104

0.181

3.134 104
�

2.731 104
�

10.38

10.38

1.16 103
�

1.161 103
�

49

44

7.614 103
�

7.604 103
�

1.257 104
�

1.38 104
�

2.768 104
�

2.231 104
�

16

16



�
�
�

�
�
�



�

Reducer Properties for Lines 1-37 & 1-38
Reducer 1-37 (Nodes 1234 & 1235)

RE80TH1

0.162

0.975

2.375 104
�

3.018 104
�

4.905

4.94

1.234 103
�

1.235 103
�

112

118

7.65 103
�

1.426� 104
�

1.419 104
�

1.321� 104
�

1.744� 104
�

2.309 104
�

2

1



�
�
�

�
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Reducer 1-38 (Nodes 1233 & 1236)

RE80TH2

0.181

0.995

2.72 104
�

3.081 104
�

4.935

4.935

1.233 103
�

1.236 103
�

110

114

8.255 103
�

7.714� 103
�

1.652 104
�

1.65� 104
�

1.996� 104
�

2.485 104
�

17

17



�
�
�

�

THERE ARE NOT ANY REDUCERS ON LINE 1-42 

ELBOWS
Elbow output is ordered as (max D/C ratio, max total applied moment, time when max values occur, element(s)
retrieved for calculations, indicie of element(s), moments about the x, y, and z axes, and realization number ) 

EVALUATION OF ELBOWS ON LINES 1-1L, 1-2L, 1-3L, & 1-4L FOR ALL 32
REALIZATIONS
VELA ReadData "\ElbowLine1-1_2_3_4.prn"� ���

ELA C_S VELA R�( )��

ELA80TH RED_EL80th ELA( )��

Elbow Properties for Elbows 1-1LA, 1-1LC, 1-2LA, 1-2LB, 1-2LC, 1-3LA, 1-3LB, 1-3LC,
1-4LA, & 1-4LC

Elbow 1-1LA (Nodes 649 & 648)

ELA80TH0

0.328

0.241

1.919 105
�

1.41 105
�

7.385

7.385

649

648

18

48

1.449 105
�

1.135 105
�

1.216� 104
�

2.592� 104
�

1.252 105
�

7.94 104
�

26

12



�
�
�

�
�
�



�

Elbow 1-1LC (Nodes 632 & 631)

ELA80TH1

0.312

0.293

1.82 105
�

1.714 105
�

9.91

6.67

632

631

79

161

1.704� 105
�

1.08� 105
�

3.142 104
�

3.347� 104
�

5.557� 104
�

1.289� 105
�

7

27



�
�
�

�
�
�



�

Elbow 1-2LA (Nodes 655 & 652)

ELA80TH2

0.202

0.257

1.18 105
�

1.501 105
�

7.615

7.62

655

652

110

109

4.197� 104
�

5.016 104
�

6.174� 104
�

8.146 104
�

9.14� 104
�

1.156 105
�

27

17



�
�
�

�
�
�



�

Elbow 1-2LB (Nodes 642 & 641)

ELA80TH3

0.227

0.163

1.325 105
�

9.543 104
�

7.485

9.9

642

641

9

39

3.544� 104
�

7.306 104
�

2.731 104
�

4.669 104
�

1.248� 105
�

3.985� 104
�

25

27



�
�
�

�
�
�



�

Elbow 1-2LC (Nodes 633 & 630)

ELA80TH4

0.232

0.289

1.357 105
�

1.691 105
�

6.68

6.675

633

630

31

163

7.513 104
�

4.252� 104
�

5.543 104
�

4.593� 103
�

9.844� 104
�

1.636� 105
�

27

4



�
�
�

�
�
�



�
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Elbow 1-3LA (Nodes 656 & 653)

ELA80TH5

0.21

0.27

1.229 105
�

1.575 105
�

7.39

7.375

656

653

113

112

4.657 104
�

5.13� 104
�

5.318 104
�

8.795� 104
�

1.006� 105
�

1.202 105
�

26

28



�
�
�

�
�
�



�

Elbow 1-3LB (Nodes 643 & 640)

ELA80TH6

0.193

0.138

1.13 105
�

8.057 104
�

7.495

9.51

643

640

13

135

3.248 104
�

7.128 104
�

2.472� 104
�

1.319 104
�

1.054� 105
�

3.516 104
�

25

17



�
�
�

�
�
�



�

Elbow 1-3LC (Nodes 634 & 628)

ELA80TH7

0.207

0.254

1.209 105
�

1.482 105
�

7.39

7.385

634

628

83

165

8.463 104
�

5.777 104
�

4.696 104
�

2.862 104
�

7.248 104
�

1.334� 105
�

26

12



�
�
�

�
�
�



�

Elbow 1-4LA (Nodes 651 & 650)

ELA80TH8

0.358

0.269

2.089 105
�

1.572 105
�

7.39

7.385

651

650

46

45

1.641 105
�

1.391� 105
�

3.264� 104
�

3.016 104
�

1.251� 105
�

6.678 104
�

9

9



�
�
�

�
�
�



�

Elbow 1-4LC (Nodes 635 & 629)

ELA80TH9

0.348

0.298

2.033 105
�

1.743 105
�

7.405

7.385

635

629

85

167

2.01 105
�

1.395 105
�

2.248 103
�

3.934 104
�

2.994 104
�

9.684� 104
�

12

26



�
�
�

�
�
�



�

Elbow Properties for EL(1-1LB) & EL(1-4LB)

Elbow 1-1LB (Nodes 637 & 636)

ELA80TH10

0.26

0.214

1.159 105
�

9.537 104
�

7.13

9.91

637

636

15

54

1.129 105
�

2.079 104
�

1.176� 104
�

3.622 104
�

2.345 104
�

8.574� 104
�

17

6



�
�
�

�
�
�



�

Elbow 1-4LB (Nodes 639 & 638)

ELA80TH11

0.252

0.217

1.124 105
�

9.668 104
�

7.365

9.52

639

638

19

130

1.036� 105
�

3.614 104
�

2.533 104
�

2.351 104
�

3.568 104
�

8.653 104
�

1

12



�
�
�

�
�
�



�
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EVALUATION OF ELBOWS ON LINES 1-5, 1-6, & 1-7 FOR ALL 32 REALIZATIONS
VELB ReadData "\ElbowLine1-5_6_7.prn"� ���

ELB C_S VELB R�( )��

ELB80TH RED_EL80th ELB( )��

Elbow Properties for Lines 1-5 & 1-6

Elbow 1-5 (Nodes 645 & 646)

ELB80TH0

0.614

0.604

4.861 105
�

4.776 105
�

9.885

8.825

645

646

112

35

9.45� 104
�

1.785� 105
�

4.274 105
�

3.703 105
�

2.112� 105
�

2.433� 105
�

12

19



�
�
�

�
�
�



�

Elbow 1-6 (Nodes 644 & 647)

ELB80TH1

0.649

0.631

5.135 105
�

4.995 105
�

8.845

9.88

644

647

42

43

6.361� 104
�

2.14� 105
�

4.636 105
�

3.53 105
�

2.114 105
�

2.813 105
�

29

27



�
�
�

�
�
�



�

Elbow Properties for Lines 1-7
Elbow 1-7A (Nodes 586 & 590)

ELB80TH2

0.283

0.291

8.222 105
�

8.467 105
�

7.69

7.675

586

590

25

24

1.567 104
�

3.654� 105
�

7.851� 105
�

7.227 105
�

2.437 105
�

2.474� 105
�

32

7



�
�
�

�
�
�



�

Elbow 1-7B (Nodes 662 & 661)

ELB80TH3

0.284

0.31

8.263 105
�

9.027 105
�

9.2

13.66

662

661

21

51

7.807 105
�

2.685� 105
�

8.614� 104
�

6.594 105
�

2.567 105
�

5.549 105
�

30

10



�
�
�

�
�
�



�

Elbow 1-7C (Nodes 660 & 659)

ELB80TH4

0.295

0.385

8.582 105
�

1.12 106
�

13.68

7.485

660

659

49

80

3.111� 104
�

1.72� 105
�

6.739� 105
�

1.763 105
�

5.304� 105
�

1.093 106
�

17

17



�
�
�

�
�
�



�

Elbow 1-7D (Nodes 657 & 658)

ELB80TH5

0.265

0.255

7.7 105
�

7.415 105
�

8.885

13.42

657

658

17

46

4.888 105
�

2.4� 105
�

5.949� 105
�

7.005 105
�

1.168� 104
�

3.979� 104
�

30

13



�
�
�

�
�
�



�
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EVALUATION OF ELBOWS ON LINES 1-8, 1-9, 1-10, 1-11, 1-12, & 1-170 FOR
ALL 32 REALIZATIONS

VELC ReadData "\ElbowLine1-8_9_10_11_12_170.prn"� ���

ELC C_S VELC R�( )��

ELC80TH RED_EL80th ELC( )��

Elbow Properties for Elbows on Lines 1-9, 1-10, 1-11, 1-12, & 1-170
Elbow 1-9A (Nodes 679 & 673)

ELC80TH0

0.6

0.514

4.745 105
�

4.064 105
�

9.87

13.59

679

673

36

61

2.322� 105
�

2.872 105
�

1.61� 105
�

7.365 104
�

3.812� 105
�

2.78� 105
�

5

17



�
�
�

�
�
�



�

Elbow 1-9B (Nodes 672 & 665)

ELC80TH1

0.535

0.667

4.235 105
�

5.279 105
�

9.215

9.215

672

665

56

55

3.823� 105
�

5.255 105
�

8.333 104
�

5.069 104
�

1.62 105
�

3.298 103
�

5

16



�
�
�

�
�
�



�

Elbow 1-10A (Nodes 679 & 673)

ELC80TH2

0.682

0.544

5.399 105
�

4.301 105
�

13.6

13.61

678

674

38

64

3.425 105
�

3.442 105
�

8.542 104
�

3.804� 104
�

4.085� 105
�

2.551� 105
�

11

13



�
�
�

�
�
�



�

Elbow 1-10B (Nodes 672 & 665)

ELC80TH3

0.513

0.656

4.06 105
�

5.194 105
�

9.21

9.21

671

666

59

58

3.848� 105
�

5.173 105
�

8.374 104
�

4.145 104
�

9.856 104
�

2.172 104
�

20

12



�
�
�

�
�
�



�

Elbow 1-11A (Nodes 680 & 675)

ELC80TH4

0.65

0.589

5.145 105
�

4.662 105
�

9.865

13.6

680

675

40

67

2.883� 105
�

2.737 105
�

1.495� 105
�

8.736 104
�

3.991� 105
�

3.672� 105
�

13

17



�
�
�

�
�
�



�

Elbow 1-11B (Nodes 670 & 667)

ELC80TH5

0.459

0.597

3.629 105
�

4.725 105
�

13.66

15.16

670

667

85

129

2.899� 105
�

4.694 105
�

7.556 104
�

5.381 104
�

2.048� 105
�

618

28

18



�
�
�

�
�
�



�

Elbow 1-12A (Nodes 677 & 676)

ELC80TH6

0.828

0.689

6.55 105
�

5.45 105
�

13.6

13.6

677

676

42

70

4.217 105
�

3.813 105
�

4.946 104
�

7.164� 104
�

4.988� 105
�

3.827� 105
�

25

10



�
�
�

�
�
�



�

Elbow 1-12B (Nodes 669 & 668)

ELC80TH7

0.494

0.591

3.906 105
�

4.679 105
�

10.22

15.18

669

668

74

131

3.11 105
�

4.623 105
�

1.723� 105
�

6.779 104
�

1.617 105
�

2.555 104
�

5

18



�
�
�

�
�
�



�
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Elbow 1-170A (Nodes 620 & 621)

ELC80TH8

0.583

0.583

4.614 105
�

4.611 105
�

15.15

15.15

620

621

48

83

4.614 105
�

4.298 105
�

6.363 103
�

7.895� 104
�

42.75

1.471� 105
�

25

27



�
�
�

�
�
�



�

Elbow 1-170B (Nodes 622 & 623)

ELC80TH9

0.341

0.314

2.699 105
�

2.485 105
�

9.215

15.18

622

623

79

52

2.333� 105
�

2.205 105
�

5.015� 104
�

3.954 104
�

1.26 105
�

1.077� 105
�

2

24



�
�
�

�
�
�



�

Elbow 1-170C (Nodes 623 & 684)

ELC80TH10

0.314

0.266

2.485 105
�

2.107 105
�

15.18

10.29

623

684

52

53

2.205 105
�

9.578� 104
�

3.954 104
�

1.322� 104
�

1.077� 105
�

1.872 105
�

24

5



�
�
�

�
�
�



�

Elbow 1-170D (Nodes 683 & 682)

ELC80TH11

0.218

0.224

1.728 105
�

1.774 105
�

6.7

6.7

683

682

45

49

6.105� 104
�

2.086� 104
�

5.421� 104
�

4.66� 104
�

1.523� 105
�

1.699� 105
�

5

16



�
�
�

�
�
�



�

EVALUATION OF ELBOWS ON LINES 1-43 AND 1-47 FOR ALL 32 REALIZATIONS
VELD ReadData "\ElbowLine1-34_67.prn"� ���

ELD C_S VELD R�( )��

ELD80TH RED_EL80th ELD( )��

Elbow Properties for EL(1-34(A-C))
Elbow 1-34A (Nodes 756 & 763)

ELD80TH0

0.447

0.299

6.582 104
�

4.397 104
�

15.16

13.61

756

763

30

16

1.773� 104
�

3.693 103
�

6.299 104
�

4.34 104
�

7.084 103
�

5.999 103
�

20

22



�
�
�

�
�
�



�

Elbow 1-34B (Nodes 762 & 761)

ELD80TH1

0.191

0.309

2.811 104
�

4.549 104
�

7.705

9.185

762

761

13

12

6.455 103
�

1.374� 104
�

2.704� 104
�

4.337 104
�

4.156� 103
�

364�

25

12



�
�
�

�
�
�



�

Elbow 1-34C (Nodes 765 & 764)

ELD80TH2

0.34

0.309

5.009 104
�

4.546 104
�

9.555

9.575

765

764

10

9

5.252� 103
�

1.667 103
�

4.98� 104
�

4.543 104
�

678.6�

829.8�

29

9



�
�
�

�
�
�



�
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Elbow Properties for REL(1-34D)
Reducing Elbow Large Section 1-34D (Nodes 1127 & 1133)

ELD80TH3

0.183

0.211

2.485 104
�

2.867 104
�

9.25

9.25

1.127 103
�

1.133 103
�

58

62

110.5�

436.4

2.451� 104
�

2.851� 104
�

4.097 103
�

2.971 103
�

5

5



�
�
�

�
�
�



�

Reducing Elbow Small Section 1-34D (Nodes 1133 & 1128)

ELD80TH4

0.372

0.382

2.867 104
�

2.949 104
�

9.25

9.25

1.133 103
�

1.128 103
�

62

34

436.4

2.835 103
�

2.851� 104
�

2.929� 104
�

2.971 103
�

2.05 103
�

5

5



�
�
�

�
�
�



�

Elbow Properties for EL(1-34(E, G, H))

Elbow 1-34E (Nodes 1003 & 1002)

ELD80TH5

0.202

0.184

1.193 104
�

1.089 104
�

8.13

9.58

1.003 103
�

1.002 103
�

47

46

4.917 103
�

676.1

4.074 103
�

1.015� 104
�

1.008� 104
�

3.88 103
�

25

21



�
�
�

�



�

Elbow 1-34G (Nodes 1010 & 1011)

ELD80TH6

0.18

0.199

1.065 104
�

1.18 104
�

10.15

10.14

1.01 103
�

1.011 103
�

49

42

1.758� 103
�

1.049� 103
�

9.089 103
�

1.069 104
�

5.268 103
�

4.882 103
�

22

28



�
�
�

�



�

Elbow 1-34H (Nodes 1015 & 1014)

ELD80TH7

0.255

0.287

1.511 104
�

1.702 104
�

10.15

10.15

1.015 103
�

1.014 103
�

53

45

1.241 103
�

2.627 103
�

1.466 104
�

1.655 104
�

3.44 103
�

3 103
�

10

22



�
�
�

�
�
�



�

Elbow Properties for EL(1-34F)
Elbow 1-34F (Nodes 1007 & 1006)

ELD80TH8

0.1

0.079

1.124 104
�

8.398 103
�

8.415

9.52

1.007 103
�

1.006 103
�

68

40

3.096� 103
�

3.119� 103
�

9.22 103
�

4.203 103
�

5.626� 103
�

6.567 103
�

12

31



�
�
�

�
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EVALUATION OF ELBOWS ON LINE 1-39 & 1-40 FOR ALL 32 REALIZATIONS

VELE ReadData "\ElbowLine1-39_40.prn"� ���

ELE C_S VELE R�( )��

ELE80TH RED_EL80th ELE( )��

Elbow Properties for EL(1-39)
Elbow 1-39 (Nodes 1034 & 1035)

ELE80TH0

0.592

0.806

8.713 104
�

1.186 105
�

4.97

5.345

1.034 103
�

1.035 103
�

49

52

1.832� 104
�

2.859 104
�

1.89 104
�

3.132� 103
�

8.306 104
�

1.15 105
�

7

19



�
�
�

�

Elbow Properties for EL(1-40(A, C, D, & E))
Elbow 1-40A (Nodes 803 & 802)

ELE80TH1

0.322

0.3

4.369 104
�

4.07 104
�

8.415

8.41

803

802

9

80

2.316� 104
�

2.311� 104
�

3.612 104
�

3.204 104
�

8.232 103
�

9.824 103
�

25

22



�
�
�

�
�
�



�

Elbow 1-40C (Nodes 778 & 779)

ELE80TH2

0.434

0.44

5.882 104
�

5.963 104
�

10.18

9.435

778

779

7

5

9.212 103
�

2.612 104
�

4.699� 104
�

1.869� 104
�

3.416� 104
�

5.025� 104
�

22

31



�
�
�

�
�
�



�

Elbow 1-40D (Nodes 780 & 781)

ELE80TH3

0.437

0.417

5.931 104
�

5.65 104
�

4.245

7.755

780

781

14

15

1.805 104
�

3.576� 104
�

2.571 103
�

1.691 104
�

5.644 104
�

4.033� 104
�

23

4



�
�
�

�
�
�



�

Elbow 1-40E (Nodes 782 & 783)

ELE80TH4

0.325

0.35

4.405 104
�

4.753 104
�

10.68

8.835

782

783

11

2

3.851 104
�

7.039 103
�

1.161 104
�

2.193� 104
�

1.796 104
�

4.158 104
�

26

25



�
�
�

�
�
�



�

Elbow Properties for EL(1-40B)
Elbow 1-40B (Nodes 776 & 777)

ELE80TH5

0.239

0.192

6.792 104
�

5.373 104
�

5.705

9.9

776

777

72

21

6.636 104
�

4.321� 104
�

1.017� 104
�

3.178 104
�

1.024 104
�

3.03� 103
�

9

27



�
�
�

�
�
�



�
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EVALUATION OF ELBOWS ON LINE 1-42 FOR ALL 32 REALIZATIONS
VELF ReadData "\ElbowLine1-42.prn"� ���

ELF C_S VELF R�( )��

ELF80TH RED_EL80th ELF( )��

Elbow Properties for EL(1-42(A-D, H))
Elbow 1-42A (Nodes 805 & 804)

ELF80TH0

0.081

0.098

1.185 104
�

1.447 104
�

8.38

8.935

805

804

14

103

3.601 103
�

1.512 103
�

1.95� 103
�

8.423 103
�

1.112 104
�

1.166� 104
�

15

29



�
�
�

�
�
�



�

Elbow 1-42B (Nodes 767 & 766)

ELF80TH1

0.092

0.164

1.351 104
�

2.417 104
�

5.965

10.09

767

766

17

115

851.1�

1.243� 103
�

1.346� 104
�

2.412 104
�

709.7�

788.5

10

27



�
�
�

�
�
�



�

Elbow 1-42C (Nodes 796 & 798)

ELF80TH2

0.192

0.191

2.829 104
�

2.808 104
�

9.425

8.375

796

798

7

20

3.27� 103
�

2.483 103
�

2.803� 104
�

2.795� 104
�

1.927 103
�

992.7

30

28



�
�
�

�
�
�



�

Elbow 1-42D (Nodes 799 & 797)

ELF80TH3

0.248

0.265

3.645 104
�

3.902 104
�

6.92

6.92

799

797

6

22

237.5�

688.8

3.643� 104
�

3.899� 104
�

1.155 103
�

1.459 103
�

19

22



�
�
�

�
�
�



�

Elbow 1-42G (Nodes 772 & 773)

ELF80TH4

0.321

0.316

4.719 104
�

4.649 104
�

9.75

9.935

772

773

34

35

4.04 104
�

2.548 104
�

1.954 104
�

3.436 104
�

1.458 104
�

1.822 104
�

26

25



�
�
�

�
�
�



�

Elbow 1-42H (Nodes 775 & 774)

ELF80TH5

0.364

0.446

5.364 104
�

6.565 104
�

9.935

6.12

775

774

161

66

2.131� 104
�

1.333� 104
�

3.388 104
�

1.014 104
�

3.571� 104
�

6.347� 104
�

19

25



�
�
�

�
�
�



�

Elbow Properties for EL(1-42(E-F))
Elbow 1-42E (Nodes 768 & 769)

ELF80TH6

0.164

0.218

4.778 104
�

6.547 104
�

6.915

6.92

768

769

28

1

7.501 103
�

1.367� 103
�

4.719� 104
�

6.268� 104
�

1.186�

1.889 104
�

22

19



�
�
�

�
�
�



�

Elbow 1-42F (Nodes 770 & 771)

ELF80TH7

0.195

0.114

5.817 104
�

3.149 104
�

9.755

9.76

770

771

31

32

1.869 103
�

2.752� 104
�

2.197� 104
�

6.706 103
�

5.383 104
�

1.374� 104
�

28

6



�
�
�

�
�
�



�
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TEES
Tees output is ordered as (max D/C ratio, applied pipe run moment when D/C ratio is highest, applied branch
moment when D/C ratio is highest, time when max values occur, pipe run node retrieved for calculations, indicies
of pipe run nodes, indicy of branch node, and realization number) 

THERE ARE NOT ANY TEES ON LINES 1-1, 1-2, 1-3, & 1-4 

EVALUATION OF TEES ON LINE 1-5, 1-6, & 1-7 FOR ALL 32 REALIZATIONS
VTeeB ReadData "\TeeLine1-5_6_7.prn"� ���

TeeB C_S VTeeB R�( )��

FORGED TEES (LINE 1-7)
Tee 1-7A (Node 591)

TeeB0 0�
T


�
�



6� 	
T

0.124 1.846 106
� 5.084 105

� 7.13 51 9 11 13 21� ��

Tee 1-7B (Node 51)

TeeB0 1�
T


�
�



6� 	
T

0.124 1.846 106
� 5.084 105

� 7.13 51 9 11 13 21� ��

EVALUATION OF TEES ON LINES 1-8, 1-9, 1-10, 1-11, 1-12, & 1-170 FOR ALL 32
REALIZATIONS
VTeeC ReadData "\TeeLine1-8_9_10_11_12_170.prn"� ���

TeeC C_S VTeeC R�( )��

Tees on Connecting Lines 1-9, 1-10, 1-11, & 1-12 to 1-8
Tee 1-9 (Node 600)

TeeC0 0�
T


�
�



6� 	
T

0.728 4.808 105
� 5.839 105

� 9.21 600 22 101 27 13� ��

Tee 1-10 (Node 601)

TeeC0 1�
T


�
�



6� 	
T

0.707 4.861 105
� 5.57 105

� 9.215 601 19 107 29 20� ��

Tee 1-11 (Node 599)

TeeC0 2�
T


�
�



6� 	
T

0.759 8.089 105
� 4.914 105

� 9.215 599 13 105 31 20� ��

Tee 1-12 (Node 598)

TeeC0 3�
T


�
�



6� 	
T

0.695 5.28 105
� 5.253 105

� 15.17 598 16 99 33 12� ��
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EVALUATION OF TEES ON LINES 1-34 AND 1-67 FOR ALL 32 REALIZATIONS
VTeeD ReadData "\TeeLine1-34_67.prn"� ���

TeeD C_S VTeeD R�( )��

FABRICATED BRANCH T(1-34)

Fabricated Tee 1-34 (Node 588)

TeeD0 0�
T


�
�



6� 	
T

0.42 3.982 105
� 7.593 104

� 15.16 588 1 104 4 9� ��

EVALUATION OF TEES ON LINES 1-39 & 1-40 FOR ALL 32 REALIZATIONS
VTeeE ReadData "\TeeLine1-39_40.prn"� ���

TeeE C_S VTeeE R�( )��

FORGED TEES (LINE 1-39)

Tee 1-39 (Node 989)

TeeE0 0�
T


�
�



6� 	
T

1.044 1.164 105
� 1.045 105

� 7.815 989 43 45 41 27� ��

Refer to main body of report for discussion of this component

EVALUATION OF TEES ON LINES 1-44, 1-46, AND 8-14 FOR ALL 32 REALIZATIONS

VTeeF ReadData "\TeeLine1-41_77.prn"� ���

TeeF C_S VTeeF R�( )��

FORGED TEES (LINE 1-41)
Tee 1-41 (Node 977)

TeeF0 0�
T


�
�



6� 	
T

1.432 1.493 105
� 1.6 105

� 4.255 977 36 162 38 14� ��

Refer to main body of report for discussion of this component

FABRICATED T(1-77)
Fabricated Tee 1-77 (Node 999)

TeeF0 1�
T


�
�



6� 	
T

1.102 5.678 104
� 6.226 104

� 10.4 999 48 50 98 27� ��

Refer to main body of report for discussion of this component

THERE ARE NOT ANY TEES ON LINE 1-42 
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FLANGES
Flange output is ordered as (max D/C ratio, max total applied moment, time when max values occur, element(s)
retrieved for calculations, indicie of element(s), moments about the x, y, and z axes, and realization number )

EVALUATION OF FLANGES ON LINES 1-1, 1-2, 1-3, & 1-4
VFLA ReadData "\FlangeLine1-1_2_3_4.prn"� ���

FLA C_S VFLA R�( )��

Pipe Properties of FL(1-1L(A-D)), FL(1-2L(A-D)), FL(1-3L(A-D)), & FL(1-4L(A-D))
Flange 1-1LA (Node 571)

FLA0 0�
T


�
�



6� 	
T

0.178 3.01 105
� 9.91 571 156 1.185� 105

� 1.582 105
� 2.27� 105

� 11� ��

Flange 1-1LB (Node 568)

FLA0 1�
T


�
�



6� 	
T

0.178 2.999 105
� 9.91 568 17 1.187� 105

� 1.571 105
� 2.262� 105

� 11� ��

Flange 1-1LC (Node 558)

FLA0 2�
T


�
�



6� 	
T

0.193 3.529 105
� 7.04 558 120 3.442� 105

� 3.42� 104
� 7.014� 104

� 10� ��

Flange 1-1LD (Node 554)

FLA0 3�
T


�
�



6� 	
T

0.194 3.555 105
� 7.04 554 141 3.467� 105

� 3.419� 104
� 7.079� 104

� 10� ��

Flange 1-2LA (Node 579)

FLA0 4�
T


�
�



6� 	
T

0.131 1.429 105
� 7.395 579 23 6.448 104

� 5.438� 103
� 1.274 105

� 10� ��

Flange 1-2LB (Node 576)

FLA0 5�
T


�
�



6� 	
T

0.131 1.426 105
� 7.395 576 153 6.446 104

� 5.603� 103
� 1.271 105

� 10� ��

Flange 1-2LC (Node 559)

FLA0 6�
T


�
�



6� 	
T

0.165 2.577 105
� 9.175 559 122 2.537� 105

� 4.477� 104
� 7.125� 103

� 24� ��

Flange 1-2LD (Node 555)

FLA0 7�
T


�
�



6� 	
T

0.165 2.571 105
� 9.175 555 199 2.531� 105

� 4.477� 104
� 7.274� 103

� 24� ��



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. D. Landon Date:    09/30/2008

Calculation Sheet 
Page D.4-62 of D.4-66

Flange 1-3LA (Node 578)

FLA0 8�
T


�
�



6� 	
T

0.132 1.482 105
� 7.385 578 25 5.632� 104

� 3.082� 104
� 1.336 105

� 26� ��

Flange 1-3LB (Node 577)

FLA0 9�
T


�
�



6� 	
T

0.132 1.478 105
� 7.385 577 157 5.63� 104

� 3.042� 104
� 1.332 105

� 26� ��

Flange 1-3LC (Node 560)

FLA0 10�
T


�
�



6� 	
T

0.159 2.372 105
� 7.245 560 126 2.207 105

� 2.66 104
� 8.29� 104

� 10� ��

Flange 1-3LD (Node 556)

FLA0 11�
T


�
�



6� 	
T

0.159 2.372 105
� 7.245 556 207 2.205 105

� 2.663 104
� 8.331� 104

� 10� ��

Flange 1-4LA (Node 570)

FLA0 12�
T


�
�



6� 	
T

0.184 3.228 105
� 9.52 570 160 1.398 105

� 1.565� 105
� 2.453� 105

� 2� ��

Flange 1-4LB (Node 569)

FLA0 13�
T


�
�



6� 	
T

0.184 3.217 105
� 9.52 569 21 1.399 105

� 1.556� 105
� 2.445� 105

� 2� ��

Flange 1-4LC (Node 561)

FLA0 14�
T


�
�



6� 	
T

0.187 3.319 105
� 7.255 561 124 3.285 105

� 2.451 104
� 3.992� 104

� 28� ��

Flange 1-4LD (Node 557)

FLA0 15�
T


�
�



6� 	
T

0.188 3.341 105
� 7.255 557 131 3.308 105

� 2.45 104
� 4.033� 104

� 28� ��

THERE ARE NOT ANY FLANGES ON LINES 1-5, 1-6, & 1-7

EVALUATION OF FLANGES ON LINES 1-30 TO 1-31 AND 1-48 FOR ALL 32
REALIZATIONS

VFLC ReadData "\FlangeLine1-8_9_10_11_12_170.prn"� ���

FLC C_S VFLC R�( )��

Pipe Properties of Line 1-9, 1-10, 1-11, 1-12, & 1-170
Flange (Heat Exchanger) 1-9 (Node 610)

FLC0 0�
T


�
�



6� 	
T

0.193 5.336 105
� 9.87 610 35 1.363 105

� 1.961 105
� 4.772 105

� 5� ��
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Flange (Heat Exchanger) 1-10 (Node 607)

FLC0 1�
T


�
�



6� 	
T

0.197 5.544 105
� 13.6 607 37 3.022� 105

� 1.21� 105
� 4.488 105

� 11� ��

Flange (Heat Exchanger) 1-11 (Node 613)

FLC0 2�
T


�
�



6� 	
T

0.196 5.483 105
� 9.865 613 39 2.197 105

� 1.896 105
� 4.652 105

� 16� ��

Flange (Heat Exchanger) 1-12 (Node 604)

FLC0 3�
T


�
�



6� 	
T

0.219 6.636 105
� 13.6 604 41 3.931� 105

� 8.767� 104
� 5.274 105

� 25� ��

Flange (Heat Exchanger) 1-170 (Node 619)

FLC0 4�
T


�
�



6� 	
T

0.183 4.865 105
� 9.235 619 47 4.456 105

� 8.379 104
� 1.764 105

� 30� ��

EVALUATION OF FLANGES ON LINES 1-34 AND 1-67 FOR ALL 32 REALIZATIONS
VFLD ReadData "\FlangeLine1-34_67.prn"� ���

FLD C_S VFLD R�( )��

Pipe Properties of Line 1-67
Flange 1-67A (Node 1129)

FLD0 0�
T


�
�



6� 	
T

0.176 2.54 104
� 9.89 1.129 103

� 64 743.4� 2.537� 104
� 1.04� 103

� 29� ��

Flange 1-67B (Node 1130)

FLD0 1�
T


�
�



6� 	
T

0.121 1.62 104
� 9.945 1.13 103

� 36 7.208 103
� 1.231� 104

� 7.68� 103
� 27��

EVALUATION OF FLANGES ON LINES 1-39 & 1-40 FOR ALL 32 REALIZATIONS
VFLE ReadData "\FlangeLine1-39_40.prn"� ���

FLE C_S VFLE R�( )��

Pipe Properties of FL(1-39(A-D))
Flange 1-39A (Node 983)

FLE0 0�
T


�
�



6� 	
T

0.278 1.149 105
� 4.25 983 87 2.381 103

� 1.576� 104
� 1.138 105

� 25� ��

Flange 1-39B (Node 987)

FLE0 1�
T


�
�



6� 	
T

0.247 1.001 105
� 8.5 987 66 2.392� 104

� 2.377 104
� 9.423� 104

� 14� ��
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Flange 1-39C (Node 758)

FLE0 2�
T


�
�



6� 	
T

0.18 6.775 104
� 4.205 758 85 1.218 104

� 2.515 104
� 6.172 104

� 13� ��

Flange 1-39D (Node 1180)

FLE0 3�
T


�
�



6� 	
T

0.232 9.269 104
� 10.18 1.18 103

� 61 1.852 104
� 1.89 104

� 8.884 104
� 16� ��

Pipe Properties of FL(1-39E)
Flange 1-39E (Node 990)

FLE0 4�
T


�
�



6� 	
T

0.326 5.368 104
� 5.34 990 62 1.476� 103

� 4.051 103
� 5.351� 104

� 31� ��

EVALUATION OF FLANGES ON LINES 1-41 & 1-77 FOR ALL 32 REALIZATIONS
VFLF ReadData "\FlangeLine1-41_77.prn"� ���

FLF C_S VFLF R�( )��

Pipe Properties of Line 1-77, 1-37, & 1-38
Flange  1-77 (Node 992)

FLF0 0�
T


�
�



6� 	
T

0.277 4.481 104
� 10.69 992 158 1.23 104

� 4.304� 104
� 2.159� 103

� 29� ��

Flange  1-37A (Node 1211)

FLF0 1�
T


�
�



6� 	
T

0.312 5.108 104
� 4.935 1.211 103

� 176 6.577 103
� 1.873 104

� 4.706� 104
���

Flange  1-37B (Node 1212)

FLF0 2�
T


�
�



6� 	
T

0.309 5.063 104
� 4.925 1.212 103

� 156 1.847 104
� 3.286 103

� 4.703� 104
���

Flange  1-37C (Node 1216)

FLF0 3�
T


�
�



6� 	
T

0.244 3.881 104
� 4.93 1.216 103

� 102 2.192 104
� 1.31� 104

� 2.922� 104
���

Flange  1-37D (Node 1219)

FLF0 4�
T


�
�



6� 	
T

0.123 1.676 104
� 4.92 1.219 103

� 106 6.693� 103
� 1.374 104

� 6.882 103
���

Flange  1-38A (Node 1001)

FLF0 5�
T


�
�



6� 	
T

0.207 3.196 104
� 3.96 1.001 103

� 40 3.853� 103
� 1.024 104

� 3.003� 104
���
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Flange  1-38B (Node 1213)

FLF0 6�
T


�
�



6� 	
T

0.211 3.267 104
� 3.96 1.213 103

� 154 1.257� 104
� 2.474� 103

� 3.005� 10���

Flange  1-38C (Node 1217)

FLF0 7�
T


�
�



6� 	
T

0.18 2.707 104
� 3.97 1.217 103

� 122 1.489 104
� 1.562 104

� 1.633 104
� 22��

Flange  1-38D (Node 1218)

FLF0 7�
T


�
�



6� 	
T

0.18 2.707 104
� 3.97 1.217 103

� 122 1.489 104
� 1.562 104

� 1.633 104
� 22��

EVALUATION OF FLANGES ON LINE 1-42 FOR ALL 32 REALIZATIONS
VFLG ReadData "\FlangeLine1-42.prn"� ���

FLG C_S VFLG R�( )��

Pipe Properties of Line 1-42

Flange 1-42A (Node 759)

FLG0 0�
T


�
�



6� 	
T

0.155 4.976 104
� 9.745 759 65 2.466 104

� 5.72� 103
� 4.284 104

� 27� ��

Flange 1-42B (Node 760)

FLG0 1�
T


�
�



6� 	
T

0.182 6.206 104
� 10.18 760 85 791.9� 8.806� 103

� 6.142 104
� 25� ��
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FABRICATED BRANCH
Support output is ordered as (max D/C ratio, applied pipe run moment when D/C ratio is highest, applied branch
moment when D/C ratio is highest, time when max values occur, pipe run node retrieved for calculations, indicies
of pipe run node, and indicies of branch node) 

EVALUATION OF TEES ON LINES 22 TO 26 FOR ALL 32 REALIZATIONS

VFB ReadData "\FabBrLine_UNLIST_COMP.prn"� ���

FB C_S VFB R�( )��

FABRICATED WYES
Refer to main body for treatment/conclusions regarding this component. 

Fabricated Branch 1-2L (Node 572)

FB0 0�
T


�
�



6� 	
T

1.443 5.451 105
� 7.179 104

� 9.89 572 59 65 45 12� ��

Fabricated Branch 1-3L (Node 573)

FB0 1�
T


�
�



6� 	
T

1.427 5.211 105
� 5.693 104

� 10.23 573 63 67 49 6� ��

FABRICATED ELBOW BRANCH

Fabricated Branch 1-40 (Node 589)

FB0 2�
T


�
�



6� 	
T

0.342 5.942 105
� 5.345 104

� 8.43 589 24 26 30 7� ��
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Appendix D.5

 Spring Profiles for Supports Exibiting Nonlinear Behavior
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SPRING STIFFNESS CALCULATIONS FOR SUPPORTS THAT EXHIBIT NONLINEAR
BEHAVIOR (UPLIFT, GAPS, AND DIRECTIONALLY VARYING STIFFNESSES)

Modulus of Elasticity for supports (A7
steel)E 29000ksi��

Note:  Photos referenced in calculations are included at the ends of the support section.

PS-10 (Doesn't resist any uplift)
PS-10 (Anchorage capacity of support couldn't be qualified so support doesn't resist any uplift)

PS-10 Stiffness
Cross sectional area of PS-10 support
[26] [8, Table 1-14 pg 1-99]APS10 0.75in2

��

LPS10 8in�� Length of PS-10 support [26]

KPS10
APS10 E�

LPS10
��

Stiffness of PS-10

KPS10 2.719 106
�

lbf
in

�

PS-10 Stiffness Profile

FPS10 106
� 0 0� �lbf

T
�� Force profile applied

(Note: Negative sign indicates compression loading on nonlinear spring and positive sign
indicates tension loading.) 

Corresponding Displacement profile to
applied Force profile where 0.5 in. is
used to represent the uplift displacement
response trend for upward force

DisPS10

FPS100

KPS10
0in 0.5in


�
�
�

��
�



T

��

DisPS10
T 0.36782� 0 0.5( ) in�

Resulting Force Displacement profile for PS-10

0.4 0.2 0 0.2 0.4 0.6
1 �106

5 �105

0

FPS10

lbf

DisPS10

in
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PS-11 (Doesn't resist any uplift)
PS-11 (Anchorage capacity of support couldn't be qualified so support doesn't resist any uplift)

PS-11 Stiffness
Cross sectional area of PS-11 support
[26] [8, Table 1-14 pg 1-99]APS11 0.75in2

��

LPS11 26in�� Length of PS-11 support [26]

KPS11
APS11 E�

LPS11
��

Stiffness of PS-11

KPS11 8.365 105
�

lbf
in

�

PS-11 Stiffness Profile

FPS11 106
� 0 0� �lbf

T
�� Force profile applied

(Note: Negative sign indicates compression loading on nonlinear spring and positive sign
indicates tension loading.) 

Corresponding Displacement profile to
applied Force profile where 0.5 in. is
used to represent the uplift displacement
response trend for upward force

DisPS11

FPS110

KPS11
0in 0.5in


�
�
�

��
�



T

��

DisPS11
T 1.1954� 0 0.5( ) in�

Resulting Force Displacement profile for PS-11

1.2 1 0.8 0.6 0.4 0.2 0 0.2 0.4 0.6
1 �106

5 �105

0

FPS11

lbf

DisPS11

in
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PS-23 (Doesn't resist any uplift)
PS-23 (Anchorage capacity of support couldn't be qualified so support doesn't resist any uplift)

PS-23 Stiffness
Cross sectional area of PS-23 support
[26] [8, Table 1-14 pg 1-99]APS23 1.0in2

��

LPS23 86in�� Length of PS-23 support [26]

KPS23
APS23 E�

LPS23
��

Stiffness of PS-23

KPS23 3.372 105
�

lbf
in

�

PS-23 Stiffness Profile

FPS23 106
� 0 0� �lbf

T
�� Force profile applied

(Note: Negative sign indicates compression loading on nonlinear spring and positive sign
indicates tension loading.) 

Corresponding Displacement profile to
applied Force profile where 0.5 in. is
used to represent the uplift displacement
response trend for upward force

DisPS23

FPS230

KPS23
0in 0.5in


�
�
�

��
�



T

��

DisPS23
T 2.96552� 0 0.5( ) in�

Resulting Force Displacement profile for PS-23

3 2.5 2 1.5 1 0.5 0 0.5
1 �106

5 �105

0

FPS23

lbf

DisPS23

in
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PR-7 (Large Gap at Base)
PR-7 Stiffness

DPR7 1.125in�� Diameter of rods comprising PR-7 [26]

APR7
� DPR7

2
�

4
�� Cross Sectional area of rods comprising

PR-7

APR7 0.994 in2
�

Length between PR-7 connections
[27, (H6)] [39, (Det 52)]LPR7 40in��

KPR7
APR7 E�

LPR7
��

Stiffness of PR-7

KPR7 7.207 105
�

lbf
in

�

PR-7 Stiffness Profile
PR-7 gap conservatively assumed to be
4" as indicated by [20]
[M3-1-27-N150-FSUA-DSCN2877 (see
below)]

GPR7 4in��

FPR7 106
� 0 0 106� �lbf

T
�� Force profile applied

(Note: Negative sign indicates compression loading on nonlinear spring and positive sign
indicates tension loading.) 

DisPR7

FPR70

KPR7
GPR7�


�
�
�

��
�



GPR7� 0in
FPR73

KPR7

�"
"
�

�#
#
�

T

��

Corresponding Displacement
profile to applied Force profile

DisPR7
T 5.38761� 4� 0 1.38761( ) in�
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Resulting Force Displacement profile for PR-7

6 5 4 3 2 1 0 1 2
1 �106

5 �105

0

5 �105

1 �106

FPR7

lbf

DisPR7

in

Photo [M3-1-27-N150-FSUA-DSCN2877]



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. D. Landon Date:    09/30/2008

Calculation Sheet 
Page D.5-7 of D.5-34

Tunnel Restraint (Varying stiffness dependant upon direction of loading (East or West))
Tunnel Restraint Stiffness

Cross Sectional Tunnel Restraint
sections [8, Table 1-5 pg 1-34]ATR 3.08in2

��

Length of east side of Tunnel Restraint
support [25, (Det 28)]LTR_E 24in��

Length of west side Tunnel Restraint
support [25, (Det 28)]LTR_W 60in��

KTR_E
ATR E�

LTR_E
��

Stiffness of east side of Tunnel Restraint
support (Assumed to be the same as
that of model 3, the introduced
eccentricity is accounted for in stated
support capacity)

KTR_E 3.722 106
�

lbf
in

�

KTR_W
ATR E�

LTR_W
��

Stiffness of west side of Tunnel
Restraint support

KTR_W 1.489 106
�

lbf
in

�

Tunnel Restraint Stiffness Profile

The Tunnel Restraint was observed to
possess little if any gap at its interface
with the pipe
[M1-1-7-N62-WBUG-DSCN3048 &
M3-1-27-N300-WBUI-DSCN2922 (see
below)]

GTR 0in��

FTR 106
� 0 0 106� �lbf

T
�� Force profile applied

(Note: Negative sign indicates compression loading on nonlinear spring and positive sign
indicates tension loading.) 

DisTR

FTR0

KTR_E
0in GTR

FTR3

KTR_W
GTR�


�
�
�

��
�



�"
"
�

�#
#
�

T

��
Corresponding Displacement profile to
applied Force profile

DisTR
T 0.2687� 0 0 0.67174( ) in�
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Resulting Force Displacement profile for the Tunnel Restraint where one nonlinear spring is utilized
to represent the entire profile below.

0.3 0.2 0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
1 �106

5 �105

0

5 �105

1 �106

FTR

lbf

DisTR

in

Photo [M1-1-7-N62-WBUG-DSCN3048] Photo [M3-1-27-N300-WBUI-DSCN2922]
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PS-20A (Vertical)
PS-20A Vertical Stiffness

Upward force applied to beam support model
[32, D17A]Fup 1lbf��

dup 2.620592 10 6�
� in�� Displacement due to upward force [32, D17A]

Fdown 1� lbf�� Upward force applied to beam support model
[32, D17A]

ddown 2.263753� 10 6�
� in�� Displacement due to upward force [32, D17A]

Kup
Fup
dup

��
Stiffness of east side of Tunnel Restraint
supportKup 3.816 105

�
lbf
in

�

Kdown
Fdown
ddown

��
Stiffness of west side of Tunnel
Restraint supportKdown 4.417 105

�
lbf
in

�

PS-20A Vertical Stiffness Profile

FPS20AV 106
� 0 106� �lbf

T
�� Force profile applied

(Note: Negative sign indicates compression loading on nonlinear spring and positive sign
indicates tension loading.) 

DisPS20AV

FPS20AV0

Kdown
0in

FPS20AV2

Kup


�
�
�

��
�



T

�� Corresponding Displacement profile to
applied Force profile

DisPS20AV
T 2.26375� 0 2.62059( ) in�

3 2 1 0 1 2 3
1 �106

5 �105

0

5 �105

1 �106

FPS20AV

lbf

DisPS20AV

in
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PS-20A (Horizontal)
PS-20A Horizontal Stiffness

FH 1lbf�� Upward force applied to beam support model
[32, D17A]

dH 0.00000632835in�� Displacement due to upward force [32, D17A]

KH
FH
dH

��
Stiffness of east side of Tunnel Restraint
support

KH 1.58 105
�

lbf
in

�

M4-1-34-N116-FSUG-DSCN2650
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Wall Penetration (Gap Between Sleeve and Pipe)
Wall Penetration Stiffness Profile

PR-7 gap conservatively assumed to be 4" as indicated by
[20] [M3-1-27-N150-FSUA-DSCN2877 (see below)]GWPG 0.75in��

FWPG 106
� 0 0 106� �lbf

T
�� Force profile applied

(Note: Negative sign indicates compression loading on nonlinear spring and positive sign
indicates tension loading.) 

DisWPG 0.15� in GWPG�� � GWPG� GWPG 0.15in GWPG�� ��� ��
T

��

Corresponding Displacement
profile to applied Force profileDisWPG

T 0.9� 0.75� 0.75 0.9( ) in�

Resulting Force Displacement profile for Wall Pentration Gap

1 0.5 0 0.5 1
1 �106

0

1 �106

FWPG

lbf

DisWPG

in

M4-1-77-N5240-WPG-DSCN2682



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. D. Landon Date:    09/30/2008

Calculation Sheet 
Page D.5-12 of D.5-34

RH-33A (Gap in Adjustable Clevis)
RH-33A Stiffness

DRH33A
1
2

in�� Diameter of rod comprising RH-33A [26]

ARH33A
� DRH33A

2
�

4
�� Cross Sectional area of rods comprising

RH-33A
ARH33A 0.196 in2

�

Length between RH-33A
connections [22] [27]LRH33A 70in��

KRH33A
ARH33A E�

LRH33A
��

Stiffness of RH-33A

KRH33A 8.134 104
�

lbf
in

�

RH-33A Stiffness Profile
RH-33A gap scaled to be 13/16" as
indicated by
[M4-1-42-N13-CSUPC-DSCN2618 (see
below)]

GRH33A
13
16

in��

FRH33A 106
� 0 0 106� �lbf

T
�� Force profile applied

(Note: Negative sign indicates compression loading on nonlinear spring and positive sign
indicates tension loading.) 

Corresponding
Displacement profile to
applied Force profile

DisRH33A

FRH33A0

KRH33A
GRH33A�


�
�
�

��
�



GRH33A� 0in
FRH33A3

KRH33A

�"
"
�

�#
#
�

T

��

DisRH33A
T 13.10585� 0.8125� 0 12.29335( ) in�
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Resulting Force Displacement profile for RH-33A

5 4 3 2 1 0 1 2 3 4 5

4 �105

2 �105

0

2 �105

4 �105
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M4-1-42-N13-CSUPC-DSCN2618
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RH-33B (Gap in Adjustable Clevis)
RH-33B Stiffness

DRH33B 0.5in�� Diameter of rod comprising RH-33B [26]

ARH33B
� DRH33B

2
�

4
�� Cross Sectional area of rods comprising

RH-33B
ARH33B 0.196 in2

�

Length between RH-33B
connections [22] [27]LRH33B 88in��

KRH33B
ARH33B E�

LRH33B
��

Stiffness of RH-33B

KRH33B 6.471 104
�

lbf
in

�

RH-33B Stiffness Profile
RH-33B gap scaled to be 13/16" as indicated
by  [M4-1-42-N13-CSUPC-DSCN2618 (see
above)]GRH33B

13
16

in��

FRH33B 106
� 0 0 106� �lbf

T
�� Force profile applied

(Note: Negative sign indicates compression loading on nonlinear spring and positive sign
indicates tension loading.) 

Corresponding
Displacement profile to
applied Force profile

DisRH33B

FRH33B0

KRH33B
GRH33B�


�
�
�

��
�



GRH33B� 0in
FRH33B3

KRH33B

�"
"
�

�#
#
�

T

��

DisRH33B
T 16.26699� 0.8125� 0 15.45449( ) in�

Resulting Force Displacement profile for RH-33B

4 2 0 2 4
5 �105

0

5 �105

FRH33B

lbf

DisRH33B

in
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RH-34 (Gap in Adjustable Clevis)
RH-34 Stiffness

DRH34
1
2

in�� Diameter of rod comprising RH-34 [26]

ARH34
� DRH34

2
�

4
�� Cross Sectional area of rods comprising

RH-34

ARH34 0.196 in2
�

Length between RH-34
connections [31]LRH34 47.3in��

KRH34
ARH34 E�

LRH34
��

Stiffness of RH-34

KRH34 1.204 105
�

lbf
in

�

RH-34 Stiffness Profile
RH-34 gap scaled to be 13/16" as
indicated by
[M4-1-42-N13-CSUPC-DSCN2618 (see
above)]

GRH34
13
16

in��

FRH34 106
� 0 0 106� �lbf

T
�� Force profile applied

(Note: Negative sign indicates compression loading on nonlinear spring and positive sign
indicates tension loading.) 

DisRH34

FRH340

KRH34
GRH34�


�
�
�

��
�



GRH34� 0in
FRH343

KRH34

�"
"
�

�#
#
�

T

��

Corresponding Displacement
profile to applied Force profile

DisRH34
T 9.11929� 0.8125� 0 8.30679( ) in�
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Resulting Force Displacement profile for RH-34

4 2 0 2 4
5 �105

0

5 �105

FRH34

lbf

DisRH34

in

Photo of RH-34 M4-1-42-N18-PSUG-DSCN2632
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RH-35 (Gap in Adjustable Clevis's)
RH-35 Stiffness

DRH35
3
8

in�� Diameter of rod comprising RH-35 [26]

ARH35
� DRH35

2
�

4
�� Cross Sectional area of rods comprising

RH-35
ARH35 0.11 in2

�

Length between RH-35
connections [31]LRH35 95in��

KRH35
ARH35 E�

LRH35
��

Stiffness of RH-35

KRH35 3.372 104
�

lbf
in

�

RH-35 Stiffness Profile RH-35 gap scaled to be 13/16"
[M4-1-42-N13-CSUPC-DSCN2618 (see above)] for each of the
two adjustable clevis's [M4-1-40-N50-CSUPC-DSCN2639
 (see below)]GRH35 2

13
16
� in��

FRH35 106
� 0 0 106� �lbf

T
�� Force profile applied

(Note: Negative sign indicates compression loading on nonlinear spring and positive sign
indicates tension loading.) 

DisRH35

FRH350

KRH35
GRH35�


�
�
�

��
�



GRH35� 0in
FRH353

KRH35

�"
"
�

�#
#
�

T

��

Corresponding Displacement
profile to applied Force profile

DisRH35
T 31.28514� 1.625� 0 29.66014( ) in�
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Resulting Force Displacement profile for RH-35
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4 �105
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M4-1-40-N50-CSUPC-DSCN2639
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RH-14A (Gap in Adjustable Clevis's)
RH-14A Stiffness

DRH14A
5
8

in�� Diameter of rod comprising RH-14A [26]

ARH14A
� DRH14A

2
�

4
�� Cross Sectional area of rods comprising

RH-14A
ARH14A 0.307 in2

�

Length between RH-14A
connections [10] [15]LRH14A 49.5in��

KRH14A
ARH14A E�

LRH14A
��

Stiffness of RH-14A

KRH14A 1.797 105
�

lbf
in

�

RH-14A Stiffness Profile
RH-14A gap scaled to be 13/16" as
indicated by
[M4-1-42-N13-CSUPC-DSCN2618 (see
below)]

GRH14A 2
13
16

in��

FRH14A 106
� 0 0 106� �lbf

T
�� Force profile applied

(Note: Negative sign indicates compression loading on nonlinear spring and positive sign
indicates tension loading.) 

DisRH14A

FRH14A0

KRH14A
GRH14A�


�
�
�

��
�



GRH14A� 0in
FRH14A3

KRH14A

�"
"
�

�#
#
�

T

��

Corresponding Displacement
profile to applied Force profileDisRH14A

T 7.18862� 1.625� 0 5.56362( ) in�
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Resulting Force Displacement profile for RH-14A

4 2 0 2 4
5 �105

0

5 �105

FRH14A

lbf

DisRH14A

in

M4-1-34-108-CSUG-DSCN2651



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. D. Landon Date:    09/30/2008

Calculation Sheet 
Page D.5-21 of D.5-34

RH-20G between Lines 1-40 and 1-41 (Gap in Adjustable Clevis)
RH-20G Stiffness

DRH20G
5
8

in�� Diameter of rod comprising RH-20G [26]

ARH20G
� DRH20G

2
�

4
�� Cross Sectional area of rods comprising

RH-20G
ARH20G 0.307 in2

�
Length in RH-20G connection
representing clevis which is assumed to
have same stiffness as rod
[M4-1-40-N5045-PSUG-DSCN2684]

LRH20G 2.83in��

KRH20G
ARH20G E�

LRH20G
��

Stiffness of RH-20G

KRH20G 3.144 106
�

lbf
in

�

RH-20G Stiffness Profile
RH-20G gap scaled to be 13/16" as
indicated by
[M4-1-42-N13-CSUPC-DSCN2618 (see
below)]

GRH20G
13
16

in��

FRH20G 106
� 0 0 106� �lbf

T
�� Force profile applied

(Note: Negative sign indicates compression loading on nonlinear spring and positive sign
indicates tension loading.) 

DisRH20G

FRH20G0

KRH20G
GRH20G�


�
�
�

��
�



GRH20G� 0in
FRH20G3

KRH20G

�"
"
�

�#
#
�

T

��

Corresponding Displacement
profile to applied Force profile

DisRH20G
T 1.13058� 0.8125� 0 0.31808( ) in�
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Resulting Force Displacement profile for RH-20G
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1 �106
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M4-1-40-N5045-PSUG-DSCN2684
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RH-27A u-bolt (Gap between u-bolt and plate connection)
RH-27A Stiffness

DRH27AU 0.625in�� Diameter of each ubolt side comprising
RH-27A [26]

ARH27AU 2
� DRH27AU

2
�

4
�� Cross Sectional area of ubolt

comprising RH-27A
ARH27AU 0.614 in2

�
Length in RH-27A connection
representing clevis which is assumed to
have same stiffness as rod [27]LRH27AU 10in

6.625in
2

���

KRH27AU
ARH27AU E�

LRH27AU
��

Stiffness of RH-27A

KRH27AU 1.337 106
�

lbf
in

�

DRH27AR 0.625in�� Diameter of rod for RH-27A [26]

ARH27AR
� DRH27AR

2
�

4
�� Cross Sectional area of rod comprising

RH-27A
ARH27AR 0.307 in2

�

LRH27AR 64in�� Length in RH-27A rod [27]

KRH27AR
ARH27AR E�

LRH27AR
��

Stiffness of RH-27A

KRH27AR 1.39 105
�

lbf
in

�

KRH27A
1

1
KRH27AU

1
KRH27AR

�

��

KRH27A 1.259 105
�

lbf
in

�
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RH-27A Stiffness Profile
RH-27A gap scaled to be 13/16" as
indicated by
[M4-1-42-N13-CSUPC-DSCN2618 (see
below)]

GRH27A 2
13
16

in��

FRH27A 106
� 0 0 106� �lbf

T
�� Force profile applied

(Note: Negative sign indicates compression loading on nonlinear spring and positive sign
indicates tension loading.) 

Corresponding
Displacement profile to
applied Force profile

DisRH27A

FRH27A0

KRH27A
GRH27A�


�
�
�

��
�



GRH27A� 0in
FRH27A3

KRH27A

�"
"
�

�#
#
�

T

��

DisRH27A
T 9.5665� 1.625� 0 7.9415( ) in�

Resulting Force Displacement profile for RH-27A

5 4 3 2 1 0 1 2 3 4
1 �106

5 �105

0

5 �105

1 �106

FRH27A

lbf

DisRH27A

in
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RH-27B u-bolt (Gap between u-bolt and plate connection)
RH-27B Stiffness

DRH27BU 0.5in�� Diameter of each ubolt side comprising
RH-27B [26]

ARH27BU 2
� DRH27BU

2
�

4
�� Cross Sectional area of rods comprising

RH-27B
ARH27BU 0.393 in2

�
Length in RH-27B connection
representing clevis which is assumed to
have same stiffness as rod [27]LRH27BU 10in

4.5in
2

���

KRH27BU
ARH27BU E�

LRH27BU
��

Stiffness of RH-27B

KRH27BU 9.297 105
�

lbf
in

�

DRH27BR 0.625in�� Diameter of rod for RH-27A [26]

ARH27BR
� DRH27BR

2
�

4
�� Cross Sectional area of rod comprising

RH-27A
ARH27BR 0.307 in2

�

LRH27BR 64in�� Length in RH-27A rod [27]

KRH27BR
ARH27BR E�

LRH27BR
��

Stiffness of RH-27A

KRH27BR 1.39 105
�

lbf
in

�

KRH27B
1

1
KRH27BU

1
KRH27BR

�

��

KRH27B 1.209 105
�

lbf
in

�
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RH-27B Stiffness Profile
RH-27B gap scaled to be 13/16" as
indicated by
[M4-1-42-N13-CSUPC-DSCN2618 (see
below)]

GRH27B 2
13
16

in��

FRH27B 106
� 0 0 106� �lbf

T
�� Force profile applied

(Note: Negative sign indicates compression loading on nonlinear spring and positive sign
indicates tension loading.) 

Corresponding
Displacement profile to
applied Force profile

DisRH27B

FRH27B0

KRH27B
GRH27B�


�
�
�

��
�



GRH27B� 0in
FRH27B3

KRH27B

�"
"
�

�#
#
�

T

��

DisRH27B
T 9.89403� 1.625� 0 8.26903( ) in�

Resulting Force Displacement profile for RH-27B

6 4 2 0 2 4
1 �106

5 �105

0

5 �105

1 �106

FRH27B

lbf

DisRH27B

in
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RH-12 (Gap in Adjustable Clevis's)
RH-12 Stiffness

DRH12
5
8

in�� Diameter of rod comprising RH-12 [26]

ARH12
� DRH12

2
�

4
�� Cross Sectional area of rods comprising

RH-12
ARH12 0.307 in2

�

Length between RH-12
connections [27], [26, PS-10] [22]LRH12 49.5in��

KRH12
ARH12 E�

LRH12
��

Stiffness of RH-12

KRH12 1.797 105
�

lbf
in

�

RH-12 Stiffness Profile
RH-12 gap scaled to be 13/16" as
indicated by
[M4-1-42-N13-CSUPC-DSCN2618 (see
below)]

GRH12 2
13
16

in��

FRH12 106
� 0 0 106� �lbf

T
�� Force profile applied

(Note: Negative sign indicates compression loading on nonlinear spring and positive sign
indicates tension loading.) 

DisRH12

FRH120

KRH12
GRH12�


�
�
�

��
�



GRH12� 0in
FRH123

KRH12

�"
"
�

�#
#
�

T

��

Corresponding Displacement
profile to applied Force profile

DisRH12
T 7.18862� 1.625� 0 5.56362( ) in�
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Resulting Force Displacement profile for RH-12

5 4 3 2 1 0 1 2 3 4 5

4 �105

2 �105

0

2 �105

4 �105

FRH12

lbf

DisRH12

in

M4-1-42-N27-CSUG-DSCN2668
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Wall Triangle Support(Gap in Adjustable Clevis's)
WTS Stiffness

DWTS 0.75in�� Diameter of rod comprising WTS [18]

AWTS 0.25� DWTS
2

��� Cross Sectional area of rods comprising
WTS

AWTS 0.442 in2
�

Length between WTS connections
[M4-1-77-N5240-WSUG-DSCN323]LWTS 46in��

KWTS
AWTS E�

LWTS
��

Stiffness of WTS

KWTS 2.785 105
�

lbf
in

�

WTS Stiffness Profile
WTS gap scaled to be 13/16" as
indicated by
[M4-1-42-N13-CSUPC-DSCN2618 (see
below)]

GWTS
13
16

in��

FWTS 106
� 0 0 106� �lbf

T
�� Force profile applied

(Note: Negative sign indicates compression loading on nonlinear spring and positive sign
indicates tension loading.) 

DisWTS

FWTS0

KWTS
GWTS�


�
�
�

��
�



GWTS� 0in
FWTS3

KWTS

�"
"
�

�#
#
�

T

��

Corresponding Displacement
profile to applied Force profile

DisWTS
T 4.40294� 0.8125� 0 3.59044( ) in�

Resulting Force Displacement profile for WTS

5 4 3 2 1 0 1 2 3 4 5
5 �105

0

5 �105

FWTS

lbf

DisWTS

in
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RH-14 (Gap between oversized rod 5/8" and undersized welded beam attachment)
RH-14 Stiffness

DRH14
5
8

in�� Diameter of rod comprising RH-14 [26]

ARH14
� DRH14

2
�

4
�� Cross Sectional area of rods comprising

RH-14
ARH14 0.307 in2

�

Length between RH-14
connections [27]LRH14 127.5in��

KRH14
ARH14 E�

LRH14
��

Stiffness of RH-14

KRH14 6.978 104
�

lbf
in

�

RH-14 Stiffness Profile
RH-14 gap taken as difference between
eye rod hole diameter minus bolt as
indicated by [26] [Grinnell]GRH14

1
4

in��

FRH14 106
� 0 0 106� �lbf

T
�� Force profile applied

(Note: Negative sign indicates compression loading on nonlinear spring and positive sign
indicates tension loading.) 

DisRH14

FRH140

KRH14
GRH14�


�
�
�

��
�



GRH14� 0in
FRH143

KRH14

�"
"
�

�#
#
�

T

��

Corresponding Displacement
profile to applied Force profile

DisRH14
T 14.58053� 0.25� 0 14.33053( ) in�
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Resulting Force Displacement profile for RH-14

2 1.5 1 0.5 0 0.5 1 1.5 2
2 �105

1 �105

0

1 �105

2 �105

FRH14

lbf

DisRH14

in

M4-1-34-N107-CSUA-DSCN3011
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RH-22x (Support doesn't resist upward movment)

RH-22x Stiffness

DRH22xU 1.75in�� Diameter of each ubolt side comprising
RH-22x [26]

ARH22xU 2
� DRH22xU

2
�

4
�� Cross Sectional area of rods comprising

RH-22x
ARH22xU 4.811 in2

�
Length in RH-22x connection
representing clevis which is assumed to
have same stiffness as rod [27]LRH22xU 28.75in��

KRH22xU
ARH22xU E�

LRH22xU
��

Stiffness of RH-22x

KRH22xU 4.852 106
�

lbf
in

�

DRH22xL 0.625in�� Diameter of rod for RH-22x [26]

ARH22xL
� DRH22xL

2
�

4
�� Cross Sectional area of rod comprising

RH-22x
ARH22xL 0.307 in2

�

LRH22xL 64in�� Length in RH-22x rod [27]

KRH22xL
ARH22xL E�

LRH22xL
��

Stiffness of RH-22x

KRH22xL 1.39 105
�

lbf
in

�

KRH22x
1

1
KRH22xU

1
KRH22xL

�

��

KRH22x 1.351 105
�

lbf
in

�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. D. Landon Date:    09/30/2008

Calculation Sheet 
Page D.5-33 of D.5-34

FRH22x 0 0 106� �lbf
T

�� Force profile applied

(Note: Negative sign indicates compression loading on nonlinear spring and positive sign
indicates tension loading.) 

Corresponding Displacement profile to applied
Force profile where 5in. is used to represent the
uplift displacement response trend for upward
force

DisRH22x 2� in 0in
FRH22x2

KRH22x


�
�
�

��
�



T

��

DisRH22x
T 2� 0 7.399( ) in�

Resulting Force Displacement profile for RH-22x

2 1 0 1 2 3 4 5
1 �106

5 �105

0

5 �105

1 �106

FRH22x

lbf

DisRH22x

in
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RH-20 (Gap in bolt connections)
RH-20 Stiffness

DRH20 0.625in�� Diameter of rod comprising RH-20 [26]

ARH20 0.25� DRH20
2

��� Cross Sectional area of rods comprising
RH-20

ARH20 0.307 in2
�

Length between RH-20
connections [27], [26, PS-10] [22]LRH20 86.125in��

KRH20
ARH20 E�

LRH20
��

Stiffness of RH-20

KRH20 1.033 105
�

lbf
in

�

RH-20 Stiffness Profile
RH-20 gap assumed to be developed from
1/16" slop to both eye to bolt connections
and bolt to welde beam attachmentGRH20 3

1
16

in
�
�

��



���

FRH20 106
� 0 0 106� �lbf

T
�� Force profile applied

(Note: Negative sign indicates compression loading on nonlinear spring and positive sign
indicates tension loading.) 

Corresponding
Displacement profile to
applied Force profile

DisRH20

FRH200

KRH20
GRH20�


�
�
�

��
�



GRH20� 0in
FRH203

KRH20

�"
"
�

�#
#
�

T

��

DisRH20
T 9.86763� 0.1875� 0 9.68013( ) in�

Resulting Force Displacement profile for RH-20

1 0.5 0 0.5 1
1 �105

0

1 �105

FRH20

lbf

DisRH20

in
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Appendix D.6 

Dimensions Associated with Supports, Spring Hangers,
Terminations, Reducers, Elbows, Tees,

Fabricated Branch & Reducer, Flanges, and Valves of Model 1-4 

(NOTE:  Photos referenced in tables are included either below reference or in Appendix D.9.2)    
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Table 1.  Dimensions Associated with Supports on Line 1-1L of Model 1-4 
Supports (1-1L) Reference

Length pipe run to attachment 5.25" M1-1-28L-N4-WSUG-DSCN3054
Length of pipe connection rod 10" M1-1-28L-N4-WSUG-DSCN3054
Length of bolt connection rods 13.25" M1-1-28L-N4-WSUG-DSCN3054

Size of bolt connection rods 1.25" diameter [24]
Length of intermediate pipe 28" [24]

Size of intermediate pipe 2.5" x 5 (2.88"D x 0.205"T) [24]
Distance from (Reference) 4.5" above FL(1-1LD) M1-1-N24-WSUPC-DSC00059

Dimensions

PR-2A (North/East)

Table 2.  Dimensions Associated with Supports on Line 1-2L of Model 1-4 
Supports (1-2L) Reference

Length pipe run to attachment 5.25" M1-1-28L-N4-WSUG-DSCN3054
Length of pipe connection rod 10" M1-1-28L-N4-WSUG-DSCN3054
Length of bolt connection rods 13.25" M1-1-28L-N4-WSUG-DSCN3054

Size of bolt connection rods 1.25" diameter [24]
Length of intermediate pipe 28" [24]

Size of intermediate pipe 2.5" x 5 (2.88"D x 0.205"T) [24]
Distance from (Reference) 9" below  FL(1-2LC) M1-1-28L-N4-WSUG-DSCN3054

Dimensions

PR-2B
(South/East)

Table 3.  Dimensions Associated with Supports on Line 1-3L of Model 1-4 
Supports (1-3L) Reference

Length pipe run to attachment 5.25" M1-1-28L-N4-WSUG-DSCN3054
Length of pipe connection rod 10" M1-1-28L-N4-WSUG-DSCN3054
Length of bolt connection rods 13.25" M1-1-28L-N4-WSUG-DSCN3054

Size of bolt connection rods 1.25" diameter [24]
Length of intermediate pipe 28" [24]

Size of intermediate pipe 2.5" x 5 (2.88"D x 0.205"T) [24]
Distance from (Reference) 9" below  FL(1-3LC) M1-1-28L-N4-WSUG-DSCN3054

Dimensions

PR-2C
(North/West)

Table 4.  Dimensions Associated with Supports on Line 1-4L of Model 1-4 
Supports (1-4L) Reference

Length pipe run to attachment 5.25" M1-1-28L-N4-WSUG-DSCN3054
Length of pipe connection rod 10" M1-1-28L-N4-WSUG-DSCN3054
Length of bolt connection rods 13.25" M1-1-28L-N4-WSUG-DSCN3054

Size of bolt connection rods 1.25" diameter [24]
Length of intermediate pipe 28" [24]

Size of intermediate pipe 2.5" x 5 (2.88"D x 0.205"T) [24]
Distance from (Reference) 4.5" above FL(1-4LD) M1-1-N24-WSUPC-DSC00059

Dimensions

PR-2D
(South/West)
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M1-1-28L-N4-WSUG-DSCN3054 (Used to determine field lengths of PR-2 Components) 

M1-1-N24-WSUPC-DSC00059 (Used to determine location of PR-2A & PR-2D) 
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Table 5.  Dimensions Associated with Supports on Line 1-7 of Model 1-4 
Supports (1-7) Reference

Length 40" M1-1-5-N15-FSPG-DSC00090,    [25, 
Det 13]

Nonlinear spring profile See Appendix D.5

Length of clamp cantilever 7" M1-1-7-N61-WSNG-DSC00105

Diameter of Snubber 6" (Used to approximate 
extremely stiff member)

Distance from (Reference) 5" from T(1-7) M1-1-7-N61-WSNG-DSC00105
Elevation difference from pipe clamp to 

anchorage  -46.286" from pipe clamp M1-1-7-N61-WSNG-DSC00105

Length 84" * 

Distance from (Reference) 105" to FORGED(1-27) center [27],  M3-1-27-N300-WBUG-
DSCN3050 (Appendix B.6)

Nonlinear spring profile See Appendix D.5

Length from ear to ceiling 42" [25, Det 22] [27]

Distance from (Reference) On EL(1-7D) collinear with line 
1-7D) [27]

Nonlinear spring profile See Appendix D.5

Length from clamp to ceiling 33.5" [27]

Distance from (Reference) 4' +5' +8' +8' - EL(1-7D) = 264" 
from EL(1-7D) [27]

Support rod details 1.75" diameter rod [26]

Length from clamp to ceiling 39.5" [27]
Distance from (Reference) 8' + 8' = 192" north of RH-20 [27]

Support rod details 1.75" diameter rod [26]

Length from clamp to ceiling 39.5" [27]
Distance from (Reference) 8' + 8' = 192" north of RH-21A [28]

Support rod details 1.75" diameter rod [26]

Length from clamp to ceiling 57.5" [27]

Distance from (Reference) 2' + 2' -EL(1-7C) = 12" south of 
EL(1-7C) [28, E14]

Upper support rods length 28.75" M1-1-7-N69-CSUA-DSC00195 
Upper support rods details 2 1.75" diameter rods M1-1-7-N69-CSUA-DSC00195 
Lower support rod details 28.75" M1-1-7-N69-CSUA-DSC00195 
Lower support rod details 1.75" diameter rod M1-1-7-N69-CSUA-DSC00195 

Length of clamp cantilever 7.75" [29]

Size of cantilever 2 sections of (1.5" x 10")* [29],  M3-1-27-N390-CSNG-
DSCN2950 (Appendix B.6)

Length of Snubber 4'-1/16" [29]

Diameter of Snubber 6" (Used to approximate 
extremely stiff member)

Distance from (Reference) 10" south of  RH-22 M1-1-7-N69-WSNPC-DSC00201

Length of clamp cantilever 6.625" [30]

Size of cantilever 2 sections of (1.5" x 10")* [29],  M3-1-27-N390-CSNG-
DSCN2950 (Appendix B.6)

Length of Snubber 5' - 1.875" [30]

Diameter of Snubber 5" (Used to approximate 
extremely stiff member)

Distance from (Reference) 28" above EL(1-7C) M1-1-7-N69-CSUG-DSC00186

Length of clamp cantilever 8" [29]
Angle of snubber to ceiling 20 degrees [29],                            

M1 1 8 N81 CSNG DSC00030
Length of Snubber 1' - 11" [30]

Diameter of Snubber 6" (Used to approximate 
extremely stiff member)

Distance from (Reference) 22.5" east of center of T(1-7) M1-1-8-N81-CSNG-DSC00030
*Assumed to be same as MS-2 of Model 3

Dimensions

PR-7

Tunnel Restraint

RH-21xA

RH-21xB

RH-22x

MS-1

RH-19x

RH-20x

MS-6

MS-3

MS-4
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M1-1-7-N69-CSUA-DSC00195 (Used to determine rod sizes of RH-22x) 
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M1-1-5-N15-FSPG-DSC00090 (Used to scale height of pipe from ground and therefore length of PR-7) 

M1-1-7-N61-WSNG-DSC00105 (Used to determine length of clamp cantilever, connection, and anchorage location) 
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M1-1-7-N69-WSNPC-DSC00201 (Distance from reference of MS-6) 

M1-1-7-N69-CSUG-DSC00186 (Distance from reference of MS-3) 
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M1-1-8-n81-CSNG-DSC00030 (Distance from reference and angle from ceiling of MS-4) 

Table 6.  Dimensions Associated with Supports on Line 1-9 of Model 1-4 
Supports (1-9) Reference

Length from elbow top to floor 30" + 3.5" + (7'-1.5") = 119" [22, Det 31]
Length from connection to floor (7'-1.5") = 85.5" [22, Det 31]

Nonlinear spring profile See Appendix D.5

Dimensions

PS-8E

Table 7.  Dimensions Associated with Supports on Line 1-10 of Model 1-4 
Supports (1-10) Reference

Length from elbow top to floor 30" + 3.5" + (7'-1.5") = 119" [22, Det 31]
Length from connection to floor (7'-1.5") = 85.5" [22, Det 31]

Nonlinear spring profile See Appendix D.5
PS-8F

Dimensions

Table 8.  Dimensions Associated with Supports on Line 1-11 of Model 1-4 
Supports (1-11) Reference

Length from elbow top to floor 30" + 3.5" + (7'-1.5") = 119" [22, Det 31]
Length from connection to floor (7'-1.5") = 85.5" [22, Det 31]

Nonlinear spring profile See Appendix D.5

Dimensions

PS-8G

Table 9.  Dimensions Associated with Supports on Line 1-12 of Model 1-4 
Supports (1-12) Reference

Length from elbow top to floor 30" + 3.5" + (7'-1.5") = 119" [22, Det 31]
Length from connection to floor (7'-1.5") = 85.5" [22, Det 31]

Nonlinear spring profile See Appendix D.5
PS-8H

Dimensions
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Table 10.  Dimensions Associated with Supports on Line 1-170 of Model 1-4 
Supports (1-170) Reference

Length from elbow top to floor 20" + 3" + 3" + (6'-4") = 102" [22, Det 55]
Length from connection to floor 3" + (6'-4") = 79" [22, Det 55]

Nonlinear spring profile See Appendix D.5

Dimensions

PS-20

Table 11.  Dimensions Associated with Supports on Line 1-34 of Model 1-4 
Supports (1-34) Reference

Length from clamp to ceiling 98' - 6' - 60' - (2'-6") -(5'-6") -(10'-
2.5") - (2'-9") - 5" = 127.5" [27]

Distance from (Reference) 200" west of EL(1-34B) [31]
Support rod details 0.625" diameter rod [26]

Length from clamp to ceiling 98' - 6' - 60' - (2'-6") -(5'-6") -(10'-
2.5") - (2'-9") - 5" = 127.5" [27]

Distance from (Reference) 32.28" west of RH-14a [31]
Support rod details 0.625" diameter rod [26]

Length from clamp to ceiling 98' - 6' - 60' - (2'-6") -(5'-6") -(10'-
2.5") - (2'-9") - 5" = 127.5" [27]

Distance from (Reference) 181.26" west of RH-14b [31]
Support rod details 0.625" diameter rod [26]

Distance from (Reference) 111.3361" west of RH-14a [31]
Nonlinear spring profile See Appendix D.5 [26]

Length from pipe interface to floor 20.75" [26]
Distance from (Reference) 3" east of EL(1-34D) M4-1-34-N114-FSUG-DSCN2695

Nonlinear spring profile See Appendix D.5

PS-20A

RH-14b

RH-14c

Dimensions

RH-14a

PS-14A

M4-1-34-N1114-FSUG-DSCN2695 (Distance from reference of PS-14A) 
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Table 12.  Dimensions Associated with Supports on Line 1-39 of Model 1-4 
Supports (1-39) Reference

Length from pipe interface to anchorage 15" M4-1-39-N1015-WSUG-DSCN3290
Width of frame at pipe interface 8.75" M4-1-39-N1015-WSUG-DSCN3290

Width of frame at anchorage 13.125" M4-1-39-N1015-WSUG-DSCN3290
Tieback Dimensions 2" x 2" x 0.25" Angle Iron M4-1-39-N1015-WSUG-DSCN3290

Distance from (Reference) North of EL(1-39A) M4-1-39-N1015-WSUG-DSCN3290

Length from pipe interface to floor 27.1875" (2'-2")* [26]
Distance from (Reference) North side of EL(1-42H) P9-M4-M6-DSCN0002

Nonlinear spring profile See Appendix D.5
*The value 27.1875" was used instead of (2'-2") because the anchor height locations were inconsistent with that of the floor observed by 
PS-10A and PS-10B

Dimensions

TB2

PS-11A

M4-1-39-N1015-WSUG-DSCN3290 (Dimensional data extracted from picture for Tie Back supports) 

P9-M4-M6-DSCN0002 (Location from reference) 
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Table 13.  Dimensions Associated with Supports on Lines 1-40 of Model 1-4 
Supports (1-40) Reference

Length from pipe interface to anchor 47.5" Assumed same as NN2 & NN3
Distance from (Reference) Directly below RH-14b M4-1-34-108-CSUG-DSCN2651

Angle Iron Form 1.5" x 1.5" x 0.25" Angle Iron [26]

Dimensions

PS-22

Table 14.  Dimensions Associated with Supports on Lines 1-34 & 1-40 of Model 1-4 
Supports        

(1-34 & 1-40) Reference

Length of rod 9.5" + 2' + 9" - 5" - 5" = 49.5" [10] [15]
Distance from (1-34 Reference) 85.53057" west of EL(1-34B) [31]

Distance from (1-40 Reference) Directly below line 1-34 
connection [31]

Support rod details 0.625" diameter rod [26]

Length of rod 59.5' - 5" - 5" = 49.5" [10] [15]
Distance from (1-34 Reference) 124.428" west of RH-14Aa [31]
Distance from (1-40 Reference) 124.428" west of RH-14Aa [31]

Support rod details 0.625" diameter rod [26]

Length of rod 59.5' - 5" - 5" = 49.5" [10] [15]
Distance from (1-34 Reference) 124.44" west of RH-14Ab [31]
Distance from (1-40 Reference) 124.44" west of RH-14Ab [31]

Support rod details 0.625" diameter rod [26]

Length of rod 59.5' - 5" - 5" = 49.5" [10] [15]
Distance from (1-34 Reference) 172.5" west of RH-14Ac [31]
Distance from (1-40 Reference) 172.5" west of RH-14Ac [31]

Support rod details 0.625" diameter rod [26]

RH-14Aa

RH-14Ab

RH-14Ac

RH-14Ad

Dimensions

Table 15.  Dimensions Associated with Supports on Lines 40 & 41 of Model 1-4 
Supports        

(1-40 & 1-41) Reference
Length of rod 9" - 3.3125" -3.3125" = 2.383" M4-1-40-N5045-PSUG-DSCN2684

Distance from (1-40 Reference) 1.935" south EL(1-41C)* [31]
Distance from (1-41 Reference) At north end of EL(1-40E) [31]

Support rod details 0.625" diameter rod [26]
* Distance of 1.935" south of EL(1-41C) implemented to ensure that piping lines mated up with each other

Dimensions

RH-20
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M4-1-40-N5045-PSUG-DSCN2684 (Length of rod) 

Table 16.  Dimensions Associated with Supports on Lines 1-9 & 1-42 of Model 1-4 
Supports        

(1-9 & 1-42) Reference
Length of rod 47.30435" [31]

Distance from (1-9 Reference) 6.062471" south of EL(1-9B) [31]

Distance from (1-42 Reference) 103.8095" west of NN-2 [31]

Support rod details 0.5" diameter rod [26]

Dimensions

RH-34

Table 17.  Dimensions Associated with Supports on Lines 1-40 & 1-42 of Model 1-4 
Supports        

(1-40 & 1-42) Reference
Length of rod 105" -5" - 5" = 95"

Distance from (1-40 Reference) 10.1566" east of RH-14Aa [31]

Distance from (1-42 Reference) Directly below line 1-40 
connection [31]

Support rod details 0.375" diameter rod [26]

Length of rod 105" -5" - 5" = 95"
Distance from (1-40 Reference) 212.448" west of RH-35a [31]
Distance from (1-41 Reference) 212.448" west of RH-35a [31]

Support rod details 0.375" diameter rod [26]

Dimensions

RH-35a

RH-35b
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Table 18.  Dimensions Associated with Supports on Line 1-42 of Model 1-4 
Supports (1-42) Reference

Length from clamp to ceiling 75" - 5" = 70" [22] [27]

Distance from (Reference) 96" north of EL(1-42A) [31]
Support rod details 0.5" diameter rod [26]

Length from clamp to ceiling 92" - 5" = 88" [22] [27]

Distance from (Reference) 191.376" north of RH-33A [31]
Support rod details 0.5" diameter rod [26]

Horizontal length from pipe face to anchor 39.375" [32,E4]

Vertical length from pipe face to anchor 11.5625" [32,E4]

Distance from (Reference) 36" - EL(1-42B) = 27" south of 
EL(1-42B) [32,E4]

Support HSS Form 3"x4"x0.25" rectangular HSS [32,E4]

Length from pipe interface to floor 7' - 2" [26]

Distance from (Reference) 77" - EL(1-42B) = 68" west of 
EL(1-42B) [31]

Nonlinear spring profile See Appendix D.5

Length from pipe interface to anchor 47.5" M4-1-42-N7-WSUG-DSCN3262
Distance from (Reference) 62.112" west of PS-23 [31]

Angle Iron Form 3" x 3" x 0.25" Angle Iron M4-1-42-N7-WSUG-DSCN3262

Length from pipe interface to anchor 47.5" M4-1-42-N7-WSUG-DSCN3262
Distance from (Reference) 455.3039" west of NN-2 [31]

Angle Iron Form 3" x 3" x 0.25" Angle Iron M4-1-42-N7-WSUG-DSCN3262

Length from pipe interface to anchor 21.5" [120944, Detail 38]
Distance from (Reference) 38.08193" west of EL(1-42D) [31]

Channel Iron Form
4" x 1.5" x 0.291" Channell iron 

section welded together at 
flanges

[120944, Detail 38]

Length from clamp to ceiling (14' -3") +4" - 8"- (6'-3.875") -5" 
= 86.125" [27], [26, PS-10] [22]

Distance from (Reference) At south side of EL(1-42E) [31]
Support rod details 0.625" diameter rod [26]

Length from clamp to ceiling (14' -3") +4" - 8"- (6'-3.875") -5" 
= 86.125" [27], [26, PS-10] [22]

Distance from (Reference) At north side of EL(1-42F) [31]
Support rod details 0.625" diameter rod [26]

Length from pipe interface to floor 8" [26]
Distance from (Reference) North side of EL(1-42H) P9-M4-M6-DSCN0002 (see above)

Nonlinear spring profile See Appendix D.5

RH-20

PS-10A

PS-23

NN-2

NN-3

PS-19

RH-12

Horizontal Support

RH-33A

RH-33B

Dimensions
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M4-1-42-N7-WSUG-DSCN3262 (Dimensions of NN2 and NN3) 

Table 19.  Dimensions Associated with Supports on Line 1-41 of Model 1-4 
Supports (1-41) Reference

Length from pipe interface to floor 8" [26]
Distance from (Reference) South side of EL(1-41A) P9-M4-M6-DSCN0002

Nonlinear spring profile See Appendix D.5

Length from pipe interface to anchorage 15" M4-1-39-N1015-WSUG-DSCN3290
Width of frame at pipe interface 8.75" M4-1-39-N1015-WSUG-DSCN3290

Width of frame at anchorage 13.125" M4-1-39-N1015-WSUG-DSCN3290
Tieback Dimensions 2" x 2" x 0.25" Angle Iron M4-1-39-N1015-WSUG-DSCN3290

Distance from (Reference) Top of EL(1-41A) M4-1-39-N1015-WSUG-DSCN3290

Length connection to anchorage 30.375" [25, Det 20]
Support Shape Fabricated Plate [25, Det 20]

Distance from (Reference) 24" west of EL(1-41E) M6-1-44-N68-WSUG-DSCN2814  

Length between connections 98' - 79' - 6' - 7' - 5" - 1.75" = 
65.25" [27, J2-3], [24, ph-18, 33]

Distance from (Reference) At east side of EL(1-41F) [24, ph-18],                      
[M6-1-44-N71-CSUG- DSCN2691]

Support rod details 0.625" diameter rod
*Associated photo located 4 pages prior

TB1*

PS-7

Dimensions

RH-16C

PS-10B
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M6-1-44-N68-WSUG-DSCN2814 (Length to PS-7) 

M6-1-44-N71-CSUG-DSCN2691 (Length to PS-7) 
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Table 20.  Dimensions Associated with Supports on Line 1-67 of Model 1-4 
Supports (1-67) Reference

Length from pipe interface to floor 20.75" [26]
Distance from (Reference) 3" west of EL(1-34E) M4-1-34-N114-FSUG-DSCN2698

Nonlinear spring profile See Appendix D.5

Dimensions

PS-14B

M4-1-34-N114-FSUG-DSCN2698 Distance from Reference) 
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Table 21.  Dimensions Associated with Supports on Line 1-77 of Model 1-4 
Supports (1-77) Reference

Length from pipe interface to floor 24.93753" (2'-2")* [26]
Distance from (Reference) North side of EL(1-42H) P9-M4-M6-DSCN0002 (see above)

Nonlinear spring profile See Appendix D.5

Lengthof support rod 46" M4-1-77-N5240-WSUG-DSCN3232
Support Rod Details 0.625" diameter M4-1-77-N5240-WSUG-DSCN3232

Distance from (Reference) 25" from wall penetration P10-M4-M6-DSCN0006-1
Length of Cantilever Angle 4" M4-1-77-N5240-WSUG-DSCN3232

Size of Cantilever Angle 2.5" x 2.5" x 0.25" M4-1-77-N5240-WSUA-DSCN2702
Length of Lower Angle 14" M4-1-77-N5240-WSUA-DSCN2702

Length of Hypotenuse Angle 16.125" M4-1-77-N5240-WSUA-DSCN2702
Distance between Lower and Hypotenuse 

Angles 8" M4-1-77-N5240-WSUA-DSCN2702

Size of Lower and Hypotenuse Angle 1.5" x 1.5" x 0.25" M4-1-77-N5240-WSUA-DSCN2702

Length of RH-27A 73' - 60' - (6'-2") - 18" = 64" [27]
Length of Associated U-Bolt 10" [27]
Distance from (Reference) At North side of EL(1-77D) [27]
RH-27B support rod details 0.625" diameter rod [26]
U-bolt support rod details 2 x 0.5"d = 0.707" diameter [27]

Length of RH-27B 73' - 60' - (6'-2") - 18" = 64" [27]
Length of Associated U-Bolt 10" [27]
Distance from (Reference) At North side of EL(1-77D) [27]
RH-27B support rod details 0.625" diameter rod [26]
U-bolt support rod details 2 x 0.625"d = 0.884" diameter [27]

*The value 24.93753" was used instead of (2'-2") because the anchor height locations were inconsistent with that of the floor observed 
by PS-10A and PS-10B

Wall Triangle 
Support

RH-27B & U Bolt

RH-27A & U Bolt

PS-11B

Dimensions

M4-1-77-N5240-WSUG-DSCN3232 (Dimensions associated with Wall Triangle Support) 



Calculation Sheet 
Page D.6-18 of D.6-60 

Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

P10-M4-M6-DSCN0006-1 (Distance from reference of Wall Triangle Support) 

M4-1-77-N5240-WSUA-DSCN2702 (Dimensions of Wall Triangle Support) 
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Table 22.  Dimensions Associated with Spring Hangers & Spring Supports on Line 1-1L of Model 1-4 
Spring Hangers 

(1-1L) Reference

Location Elevation 79' - 18" - 60" = 870" Elevation M1-1-1L-N4-CSPG-DSCN2896, [27]

Dist from Ref 15" away from reactor vessel M1-1-1L-N4-CSPG-DSCN2896
Load 3700 lbf [26]

Location Elevation 79' - 18" - 60" = 870" Elevation M1-1-1L-N4-CSPG-DSCN2896, [27]

Dist from Ref 15" toward reactor vessel M1-1-1L-N4-CSPG-DSCN2896
Load 3550 lbf [26]

Location Beneath south end of Fab Branch (1-2L) M1-1-4-N50-FSPG-DSC00114

Dist from Ref 6" north of connection between Fab_Br(1-2L) 
and PR(1-1LA) M1-1-4-N50-FSPG-DSC00114

Load 6000 lbf. [26]

Dimensions

SH-7A

SH-7A1

SPS-4A1

M1-1-1L-N4-CSPG-DSCN2896 (Locations associated with SH-7A) 
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M1-1-4-N50-FSPG-DSC00114 (Dimensions SPS-4A)

Table 23.  Dimensions Associated with Spring Hangers & Spring Supports on Line 1-2L of Model 1-4 
Spring Hangers 

(1-2L) Reference

Location Elevation 79' - 18" - 60" = 870" Elevation [27] ,M1-1-1L-N4-CSPG-DSCN2896 
(see above)

Dist from Ref 15" away from reactor vessel M1-1-1L-N4-CSPG-DSCN2896        
(see above)

Load 3600 lbf [26]

Location Elevation 79' - 18" - 60" = 870" Elevation [27] ,M1-1-1L-N4-CSPG-DSCN2896 
(see above)

Dist from Ref 15" toward reactor vessel M1-1-1L-N4-CSPG-DSCN2896        
(see above)

Load 3450 lbf. [26]

Location North of EL(1-2LB) on PR(1-2LB) M1-1-1-N5-PEW-DSC00072
Dist from Ref 27" from EL(1-2LB) M1-1-1-N5-PEW-DSC00072

Load 3500 lbf. [26]

Dimensions

SH-6A

SH-8A

SH-6A1
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Table 24.  Dimensions Associated with Spring Hangers & Spring Supports on Line 1-3L of Model 1-4 
Spring Hangers 

(1-3L) Reference

Location Elevation 79' - 18" - 60" = 870" Elevation [27] ,M1-1-1L-N4-CSPG-DSCN2896 
(see above)

Dist from Ref 15" away from reactor vessel M1-1-1L-N4-CSPG-DSCN2896        
(see above)

Load 3600 lbf. [26]

Location Elevation 79' - 18" - 60" = 870" Elevation [27] ,M1-1-1L-N4-CSPG-DSCN2896 
(see above)

Dist from Ref 15" toward reactor vessel M1-1-1L-N4-CSPG-DSCN2896        
(see above)

Load 3600 lbf. [26]

Location North of EL(1-2LB) on PR(1-2LB) M1-1-1-N5-PEW-DSC00072
Dist from Ref 27" from EL(1-2LB) M1-1-1-N5-PEW-DSC00072

Load 2900 lbf.

Dimensions

SH-6B

SH-6B1

SH-8B

Table 25.  Dimensions Associated with Spring Hangers & Spring Supports on Line 1-4L of Model 1-4 
Spring Hangers 

(1-4L) Reference

Location Elevation 79' - 18" - 60" = 870" Elevation [27] ,M1-1-1L-N4-CSPG-DSCN2896 
(see above)

Dist from Ref 15" toward reactor vessel M1-1-1L-N4-CSPG-DSCN2896        
(see above)

Load 3450 lbf [26]

Location Elevation 79' - 18" - 60" = 870" Elevation [27] ,M1-1-1L-N4-CSPG-DSCN2896 
(see above)

Dist from Ref 15" away from reactor vessel M1-1-1L-N4-CSPG-DSCN2896        
(see above)

Load 3500 lbf. [26]

Location Beneath south end of Fab Branch (1-3L) M1-1-4-N50-FSPG-DSC00114

Dist from Ref 6" north of connection between Fab_Br(1-3L) 
and PR(1-4LA) M1-1-4-N50-FSPG-DSC00114

Load 5700 lbf. [26]

SH-7B

Dimensions

SH-7B1

SPS-4B1

Table 26.  Dimensions Associated with Spring Hangers & Spring Supports on Line 1-5 of Model 1-4 
Spring Hangers 

(1-5) Reference

Location On PR(1-5A) [14]
Dist from Ref 7'-3" from center of T [1]

Load 9600 lbf [26]

Dimensions

SPS-4A2
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Table 27.  Dimensions Associated with Spring Hangers & Spring Supports on Line 1-6 of Model 1-4 
Spring Hangers 

(1-6) Reference

Location On PR(1-6A) [14]
Dist from Ref 7'-3" from center of T [1]

Load 9600 lbf [26]

Dimensions

SPS-4B2

Table 28.  Dimensions Associated with Spring Hangers & Spring Supports on Line 1-7 of Model 1-4 
Spring Hangers 

(1-7) Reference

Location On south end of PR(1-7C) [27]
Dist from Ref 5' + 4' - EL(1-7D) = 72" [27]

Load 9200 lbf. [26]

Location On backside of EL(1-7B) and vertically above 
PR(1-7B) [34 Det 22]

Dist from Ref 15" above where PR(1-7B) and PR(1-7A) 
Intersect [34, Det 22]

Load 10100 lbf. [26]

Location Center of PR(1-7A) [14]

Dist from Ref 169.5" East of EL(1-7A) and 169.5" West of 
EL(1-7B) [14]

Load 6500 lbf. [26]

Location On backside of EL(1-7A) and vertically above 
the branch associated with T(1-7) [34, Det 22]

Dist from Ref 15" above where the branch associated with 
T(1-7) and PR(1-7A) Intersect [34, Det 22]

Load 8400 lbf [26]

SH-13

Dimensions

SH-10

SH-20

SH-11

Table 29.  Dimensions Associated with Spring Hangers & Spring Supports on Line 1-8 of Model 1-4 
Spring Hangers 

(1-8) Reference

Location Between the intersection points of T(1-11) and 
T(1-12) [11], [14]

Dist from Ref 24.0625" west of T(1-11) and 24.0625" east of 
T(1-12) [11], [14]

Load 4500 lbf. [26]

Location Between the intersection points of T(1-9) and 
T(1-10) [11], [28]

Dist from Ref 24.0625" west of T(1-9) and 24.0625" east of 
T(1-10) [11], [28]

Load 5600 lbf. [26]

Location On east end of PR(1-170D) M1-1-170-N131-CSUPC-DSC00028

Dist from Ref 30" west of EL(1-170C) M1-1-170-N131-CSUPC-DSC00028

Load 3100 lbf. [26]

SH-14

Dimensions

SH-12

SH-28
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M1-1-170-N131-CSUPC-DSC00028 (Dimensions SH-8)

Table 30.  Dimensions Associated with Spring Hangers & Spring Supports on Line 1-34 of Model 1-4 
Spring Hangers 

(1-34) Reference

Location On east end of PR(1-34B) [14]
Dist from Ref (6'-6") - EL(1-34B) = 68" [1]

Load 850 lbf. [26]
SH-17

Dimensions

Table 31.  Location Associated with Termination on Line 1-1L of Model 1-4 
Termination (1-1L) Reference

RV(1-1L) Location Where line 1-1L connects to reactor vessel [5]
Dimensions

Table 32.  Location Associated with Termination on Line 1-2L of Model 1-4 
Termination (1-2L) Reference

RV(1-2L) Location Where line 1-2L connects to reactor vessel [5]
Dimensions

Table 33.  Location Associated with Termination on Line 1-3L of Model 1-4 
Termination (1-3L) Reference

RV(1-3L) Location Where line 1-3L connects to reactor vessel [5]
Dimensions

Table 34.  Location Associated with Termination on Line 1-4L of Model 1-4 
Termination (1-4L) Reference

RV(1-4L) Location Where line 1-4L connects to reactor vessel [5]
Dimensions
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Table 35.  Location Associated with Termination on Line 1-10 of Model 1-4 
Termination (1-10) Reference

HX(1-10) Location Where line 1-10 connects to heat exchanger 670-M-3 [13]
Dimensions

Table 36.  Location Associated with Termination on Line 1-11 of Model 1-4 
Termination (1-11) Reference

HX(1-11) Location Where line 1-11 connects to heat exchanger 670-M-4 [12]
Dimensions

Table 37.  Location Associated with Termination on Line 1-12 of Model 1-4 
Termination (1-12) Reference

HX(1-12) Location Where line 1-12 connects to heat exchanger 670-M-5 [13]
Dimensions

Table 38.  Location Associated with Termination on Line 1-170 of Model 1-4 
Termination (1-170) Reference

HX(1-170) Location Where line 1-170 connects to heat exchanger 670-M-85 [14]
Dimensions

Table 39.  Location Associated with Termination on Line 1-41 of Model 1-4 
Termination (1-41) Reference

WFP(1-41) Location Where line 1-41 pentrates the floor just below west wall [18]
Dimensions

Table 40.  Location Associated with Termination on Line 1-67 of Model 1-4 
Termination (1-67) Reference

PDT(1-67) Location Where line 1-67 pentrates into Primary Degassing Tank [18]
Dimensions

Table 41.  Location Associated with Termination on Line 1-37 of Model 1-4 
Termination (1-37) Reference

NFP(1-37) Location Where line 1-37 pentrates into lower west floor [38]
Dimensions

Table 42.  Location Associated with Termination on Line 1-38 of Model 1-4 
Termination (1-38) Reference

NFP(1-38) Location Where line 1-38 pentrates into lower west floor [38]
Dimensions
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Table 43.  Dimensions Associated with Pipe Runs on Line 1-1L of Model 1-4 
Pipe Run (1-1L) Reference

Pipe Diameter 18" [6]
Pipe Thickness 0.312" [6]
Pipe Material SS304L [6]

Pipe Diameter 18" [6]
Pipe Thickness 0.312" [6]
Pipe Material SS304L [6]

Pipe Diameter 18" [5][6]
Pipe Thickness 0.312" [5][6]
Pipe Material SS304L [5][6]

Pipe Diameter 18" [5]
Pipe Thickness 0.312" [5]
Pipe Material SS304L [5]

[6]

Dimensions

Length between (5'-7") + 0.5"+ 9" + 2.5" -EL(1-1LA)             
= 67.5" [6]

P (1-1LA)

P (1-1LB)

P (1-1LC)
(7'-5.5") + (34'-8") + 0.5" - EL(1-1LB) -          

EL(1-1LC) = 461"Length between

Length between (3'-6.4375") - EL(1-1LB) - EL(1-1LA)            
= 13.1875"

[5][6]

P (1-1LD)
Length between (9'-7") - RED(1-1L) - EL(1-1L)                 

= 73" [5]

Table 44.  Dimensions Associated with Pipe Runs on Line 1-2L of Model 1-4 
Pipe Run (1-2L) Reference

Pipe Diameter 18" [6]
Pipe Thickness 0.312" [6]
Pipe Material SS304L [6]

Pipe Diameter 18" [6]
Pipe Thickness 0.312" [6]
Pipe Material SS304L [6]

Pipe Diameter 18" [5][6]
Pipe Thickness 0.312" [5][6]
Pipe Material SS304L [5][6]

Pipe Diameter 18" [5]
Pipe Thickness 0.312" [5]
Pipe Material SS304L [5]

Dimensions

P (1-2LA)

Length between (4'-9.0625") - EL(1-2LA) - FAB_BR(1-2L)branch 
= 28.87" [6]

P (1-2LB)

Length between (8'-7") + 0.5" +(4'-11.125") - EL(1-2LB)-         
EL(1-2LA) = 124.375" [6]

P (1-2LC)

Length between (9'-5.5") + (34'-8") + 0.5" - EL(1-2LB) -          
EL(1-2LC) = 476" [5][6]

P (1-2LD)

Length between (9'-7") - RED(1-2L) - EL(1-2LC)                
= 73" [5]
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Table 45.  .  Dimensions Associated with Pipe Runs on Line 1-3L of Model 1-4 
Pipe Run (1-3L) Reference

Pipe Diameter 18" [7]
Pipe Thickness 0.312" [7]
Pipe Material SS304L [7]

Pipe Diameter 18" [7]
Pipe Thickness 0.312" [7]
Pipe Material SS304L [7]

Pipe Diameter 18" [5][7]
Pipe Thickness 0.312" [5][7]
Pipe Material SS304L [5][7]

Pipe Diameter 18" [5]
Pipe Thickness 0.312" [5]
Pipe Material SS304L [5]

Dimensions

P (1-3LA)

Length between (4'-9.0625") - EL(1-3LA) -                    
FAB_BR(1-3L)branch = 28.87" [7]

P (1-3LB)

Length between (8'-7") + 0.5" +(4'-11.125") - EL(1-3LB) -         
EL(1-3LA) = 124.375" [7]

P (1-3LC)

Length between (9'-5.5") + (34'-8") + 0.5" - EL(1-3LB) -          
EL(1-3LC) = 476" [5][7]

P (1-3LD)

Length between (9'-7") - RED(1-3L) - EL(1-3LC)                
= 73" [5]

Table 46.  Dimensions Associated with Pipe Runs on Line 1-4L of Model 1-4 
Pipe Run (1-4L) Reference

Pipe Diameter 18" [7]
Pipe Thickness 0.312" [7]
Pipe Material SS304L [7]

Pipe Diameter 18" [7]
Pipe Thickness 0.312" [7]
Pipe Material SS304L [7]

Pipe Diameter 18" [5][7]
Pipe Thickness 0.312" [5][7]
Pipe Material SS304L [5][7]

Pipe Diameter 18" [5]
Pipe Thickness 0.312" [5]
Pipe Material SS304L [5]P (1-4LD)

Length between (9'-7") - RED(1-4L) - EL(1-4LC)                
= 73" [5]

Dimensions

P (1-4LA)

Length between (5'-7") + 0.5"+ 9" + 2.5" -EL(1-1LA)             
= 67.5" [7]

P (1-4LB)

Length between (3'-6.4375") - EL(1-4LB) - EL(1-4LA)            
= 13.1875" [7]

P (1-4LC)

Length between (7'-5.5") + (34'-8") + 0.5" - EL(1-4LB) -          
EL(1-4LC) = 461" [5][7]
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Table 47.  Dimensions Associated with Pipe Runs on Line 1-5 & 1-5L of Model 1-4 
Pipe Run (1-5 & 5L) Reference

Pipe Diameter 24" [6]
Pipe Thickness 0.375" [6]
Pipe Material SS304 [6]

Pipe Diameter 24" [6]
Pipe Thickness 0.375" [6]
Pipe Material SS304L [6]

[6]

P (1-5LB)

Length between (10'-10") - EL(1-5A) - FAB_BR(1-2L)           
= 76" [6]

Dimensions

P (1-5A)

Length between (9'-3.5") - EL(1-5A)                         
= 75.5"

Table 48.  Dimensions Associated with Pipe Runs on Line 1-6 & 1-6L of Model 1-4 
Pipe Run (1-6 & 6L) Reference

Pipe Diameter 24" [7]
Pipe Thickness 0.375" [7]
Pipe Material SS304 [7]

Pipe Diameter 24" [7]
Pipe Thickness 0.375" [7]
Pipe Material SS304L [7]

[7]

P (1-6LB)

Length between (10'-10") - EL(1-6A) - FAB_BR(1-3L)           
= 76" [7]

Dimensions

P (1-6A)

Length between (9'-3.5") - EL(1-5A)                         
= 75.5"
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Table 49.  Dimensions Associated with Pipe Runs on Line 1-7 of Model 1-4 
Pipe Run (1-7) Reference

Pipe Diameter 36" [10]
Pipe Thickness 0.5" [10]
Pipe Material SS304 [10]

Pipe Diameter 36" [10]
Pipe Thickness 0.5" [10]
Pipe Material SS304 [10]

Pipe Diameter 36" [10]
Pipe Thickness 0.5" [10]
Pipe Material SS304 [10]

Pipe Diameter 36" [10]
Pipe Thickness 0.5" [10]
Pipe Material SS304 [10]P (1-7D)

Length between (24') - 6" - EL(1-7D) - T(1-7)branch             
= 220.5" [10]

P (1-7C)

Length between (78'-1.5") - EL(1-7C) - EL(1-7D)               
= 865.5" [10]

[10]

P (1-7B)

Length between (10'-2.5") - EL(1-7B) - EL(1-7C)               
= 50.5" [10]

Dimensions

P (1-7A)

Length between (34'-3") - EL(1-7A) - EL(1-7B)                 
= 339"

Table 50.  Dimensions Associated with Pipe Runs on Line 1-8 of Model 1-4 
Pipe Run (1-8) Reference

Pipe Diameter 30" [11]
Pipe Thickness 0.4375" [11]
Pipe Material SS304 [11]

Pipe Diameter 30" [11]
Pipe Thickness 0.4375" [11]
Pipe Material SS304 [11]

[11]

P (1-8B)

Length between (13'-4.5625") - (1'-1") - (4'-0.125") - T(1-11)L1    
= 41.71875" [11]

Dimensions

P (1-8A)

Length between (13'-4.5625") - (1'-1") - (4'-0.125") - T(1-10)L2    
= 41.71875" 
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Table 51.  Dimensions Associated with Pipe Runs on Line 1-9 of Model 1-4 
Pipe Run (1-9) Reference

Pipe Diameter 20" [12]
Pipe Thickness 0.312" [12]
Pipe Material SS304 [12]

Pipe Diameter 20" [12]
Pipe Thickness 0.312" [12]
Pipe Material SS304 [12]

Pipe Diameter 20" [12]
Pipe Thickness 0.312" [12]
Pipe Material SS304 [12]

[12]

P (1-9B)

Length between (17'-3") - EL(1-9A) - EL(1-9B)                 
= 147" [12]

Dimensions

P (1-9A)

Length between (3'-3.25") - EL(1-9A)                        
= 9.25"

P (1-9C)

Length between (5'-3.0625") - EL(1-9B) - T(1-9)branch          
= 6.0625" [12]

Table 52.  Dimensions Associated with Pipe Runs on Line 1-10 of Model 1-4 
Pipe Run (1-10) Reference

Pipe Diameter 20" [13]
Pipe Thickness 0.312" [13]
Pipe Material SS304 [13]

Pipe Diameter 20" [13]
Pipe Thickness 0.312" [13]
Pipe Material SS304 [13]

[13]

P (1-10B)

Length between (17'-3") - EL(1-11A) - EL(1-11B)               
= 147" [13]

Dimensions

P (1-10A)

Length between (3'-3.25") - EL(1-11A)                       
= 9.25"

Table 53.  Dimensions Associated with Pipe Runs on Line 1-11 of Model 1-4 
Pipe Run (1-11) Reference

Pipe Diameter 20" [12]
Pipe Thickness 0.312" [12]
Pipe Material SS304 [12]

Pipe Diameter 20" [12]
Pipe Thickness 0.312" [12]
Pipe Material SS304 [12]

[12]

P (1-11B)

Length between (17'-3") - EL(1-11A) - EL(1-11B)               
= 147" [12]

Dimensions

P (1-11A)

Length between (3'-3.25") - EL(1-11A)                       
= 9.25"
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Table 54.  Dimensions Associated with Pipe Runs on Line 1-12 of Model 1-4 
Pipe Run (1-12) Reference

Pipe Diameter 20" [13]
Pipe Thickness 0.312" [13]
Pipe Material SS304 [13]

Pipe Diameter 20" [13]
Pipe Thickness 0.312" [13]
Pipe Material SS304 [13]

[13]

P (1-12B)

Length between (17'-3") - EL(1-11A) - EL(1-11B)               
= 147" [13]

Dimensions

P (1-12A)

Length between (3'-3.25") - EL(1-11A)                       
= 9.25"

Table 55.  Dimensions Associated with Pipe Runs on Line 1-170 of Model 1-4 
Pipe Run (1-170) Reference

Pipe Diameter 20" [14]
Pipe Thickness 0.312" [14]
Pipe Material SS304 [14]

Pipe Diameter 20" [14]
Pipe Thickness 0.312" [14]
Pipe Material SS304 [14]

Pipe Diameter 20" [14]
Pipe Thickness 0.312" [14]
Pipe Material SS304 [14]

Pipe Diameter 20" [14]
Pipe Thickness 0.312" [14]
Pipe Material SS304 [14]P (1-170D)

Length between (9'-9.6875") - EL(1-170D)                    
= 105.1875" [14]

P (1-170C)

Length between ((3'-8.25")^2+(3'-8.25")^2)^0.5 - EL(1-170C) - 
EL(1-170D) = 37.579" [14]

[14]

P (1-170B)

Length between (17'-3") - EL(1-170A) - EL(1-170B)             
= 157" [14]

Dimensions

P (1-170A)

Length between (2'-8") - EL(1-170A)                         
= 12"
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Table 56.  .  Dimensions Associated with Pipe Runs on Line 1-34 of Model 1-4 
Pipe Run (1-34) Reference

Pipe Diameter 6.625" [15]
Pipe Thickness 0.28" [15]
Pipe Material SS304 [15]

Pipe Diameter 6.625" [15]
Pipe Thickness 0.28" [15]
Pipe Material SS304 [15]

Pipe Diameter 6.625" [15]
Pipe Thickness 0.28" [15]
Pipe Material SS304 [15]

Pipe Diameter 4.5" [15]
Pipe Thickness 0.237 [15]
Pipe Material SS304 [15]

Pipe Diameter 4.5" [15]
Pipe Thickness 0.237 [15]
Pipe Material SS304 [15]

Pipe Diameter 4.5" [15]
Pipe Thickness 0.237 [15]
Pipe Material SS304 [15]

Pipe Diameter 4.5" [15]
Pipe Thickness 0.237 [15]
Pipe Material SS304 [15]

Pipe Diameter 4.5" [15]
Pipe Thickness 0.237 [15]
Pipe Material SS304 [15]

Pipe Diameter 4.5" [15]
Pipe Thickness 0.237 [15]
Pipe Material SS304 [15]

P (1-34D)

Length between (1'-3") - REL(1-34D) = 6" [15]

P (1-34C)

Length between (7' - 8") - EL(1-34C) - REL(1-34D)              
= 74" [15]

[15]

P (1-34B)

Length between (50' - 5") - EL(1-34B) - EL(1-34C)
= 587" [15]

Dimensions

P (1-34A)
Length between EL(1-34A) and 

EL(1-34B)
(2' -3") - EL(1-34A) - EL(1-34B)

 = 9"

P (1-34F)

Length between (7'-3.8125") - EL(1-34E) - EL(1-34F)
= 61.8125" [15]

P (1-34G)

Length between (3'-3.25") - EL(1-34F) - EL (1-34G)
= 16.75 [15]

P (1-34H)

Length between 

(6"^2 + 16"^2)^0.5 - EL(1-34G) - EL(1-34H) = 
12.088" (Note: 6" and 16" triangle sides to 

generate hypotoneus this doesn't match 8.5" 
indicated in drawing)

[15]

P (1-34I)

Length between (1'-4.75") - EL(1-34H)
= 14.25 [15]

P (1-34E)

Length between (1') - EL(1-34E) = 6" [15]
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Table 57.  Dimensions Associated with Pipe Runs on Line 1-39 of Model 1-4 
Pipe Run (1-39) Reference

Pipe Diameter 6.625" [16]
Pipe Thickness 0.28" [16]
Pipe Material SS304 [16]

Pipe Diameter 6.625" [16]
Pipe Thickness 0.28" [16]
Pipe Material SS304 [16]

Dimensions

P (1-39A)

Length between (2' -3.9375") - EL(1-39A)
 = 18.9375" [16]

P (1-39B)

Length between (3'-10.1875") - EL(1-39A) - T(1-39)L2
 = 31.5625" [16]
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Table 58.  Dimensions Associated with Pipe Runs on Line 1-40 of Model 1-4 
Pipe Run (1-40) Reference

Pipe Diameter 6.625" [17]
Pipe Thickness 0.28" [17]
Pipe Material SS304 [17]

Pipe Diameter 6.625" [17]
Pipe Thickness 0.28" [17]
Pipe Material SS304 [17]

Pipe Diameter 6.625" [17]
Pipe Thickness 0.28" [17]
Pipe Material SS304 [17]

Pipe Diameter 6.625" [17]
Pipe Thickness 0.28" [17]
Pipe Material SS304 [17]

Pipe Diameter 6.625" [17]
Pipe Thickness 0.28" [17]
Pipe Material SS304 [17]

Pipe Diameter 6.625" [17]
Pipe Thickness 0.28" [17]
Pipe Material SS304 [17]

Dimensions

P (1-40A)

Length between (3.75" + (2'-10.4375")) - EL(1-40A)
= 34.4375" [17]

P (1-40B)

Length between (40'-0") - EL(1-40A) - EL(1-40B)
= 446.25" [17]

P (1-40C)

Length between (8'-6") - EL(1-40B) - EL(1-40C)
= 63" [17]

P (1-40D)

Length between 

(2'-8.625") - EL(1-40C) - EL(1-40D)
= 14.625"                                 

(15.901" was actually used so that line 1-40 lined 
up with its connection to line 1-39)

[17]

P (1-40E)

Length between 

(6'-8.6875") - EL(1-40D) - EL(1-40E)
= 62.6875"                                

(62.6875" was actually used so that line 1-40 
lined up with its connection to line 1-39)

[17]

P (1-40F)

Length between (2' - 9.9375") - EL(1-40E)
= 24.9375" [17]
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Table 59.  Dimensions Associated with Pipe Runs on Line 1-41of Model 1-4 
Pipe Run (1-41) Reference

Pipe Diameter 6.625" [22]
Pipe Thickness 0.28" [22]
Pipe Material SS304 [22]

Pipe Diameter 6.625" [22]
Pipe Thickness 0.28" [22]
Pipe Material SS304 [22]

Pipe Diameter 6.625" [22]
Pipe Thickness 0.28" [22]
Pipe Material SS304 [22]

Pipe Diameter 6.625" [22]
Pipe Thickness 0.28" [22]
Pipe Material SS304 [22]

Pipe Diameter 6.625" [22]
Pipe Thickness 0.28" [22]
Pipe Material SS304 [22]

Pipe Diameter 6.625" [22]
Pipe Thickness 0.28" [22]
Pipe Material SS304 [22]

Pipe Diameter 6.625" [22]
Pipe Thickness 0.28" [22]
Pipe Material SS304 [22]

Pipe Diameter 6.625" [22]
Pipe Thickness 0.28" [22]
Pipe Material SS304 [22]

Pipe Diameter 6.625" [22]
Pipe Thickness 0.28" [22]
Pipe Material SS304 [22]

Pipe Diameter 6.625" [22]
Pipe Thickness 0.28" [22]
Pipe Material SS304 [22]

Dimensions

P (1-41A)

Length between (1'-5") - EL(1-41A)
= 8 [22]

P (1-41B)

Length between (7'-3 7/8") - EL(1-41A) - EL(1-41B)
= 69.875 [22]

P (1-41C)

Length between (2'-3.9375") - T(1-41branch)
= 22.3125" [22]

P (1-41E)

Length between (5'-3.625") - EL(1-41C) - EL(1-41D)            
= 56.625" [22]

P (1-41F)

Length between (13'-9") - EL(1-41D) - EL(1-41E)               
= 131.25" [22]

P (1-41G)

Length between (17'-7 3/8") - EL(1-41E) - EL(1-41F)            
= 151.375" [22]

P (1-41D)

Length between (5'-3.625") - T(1-41)L1 - EL(1-41C)    
= 51.5" [22]

P (1-41H)

Length between (4'-8") - EL(1-41F) - EL(1-41G)                
= 17" [22]

P (1-41I)

Length between (2') - EL(1-41G) - EL(1-41H)                  
= 12.574" [22]

P (1-41J)

Length between (5'-3.1875") - EL(1-41H) - EL(1-41I)            
= 57.0115" [22]
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Table 60.  Dimensions Associated with Pipe Runs on Line 1-42 of Model 1-4 
Pipe Run (1-42) Reference

Pipe Diameter 6.625" [22]
Pipe Thickness 0.28" [22]
Pipe Material SS304 [22]

Pipe Diameter 6.625" [22]
Pipe Thickness 0.28" [22]
Pipe Material SS304 [22]

Pipe Diameter 6.625" [22]
Pipe Thickness 0.28" [22]
Pipe Material SS304 [22]

Pipe Diameter 6.625" [22]
Pipe Thickness 0.28" [22]
Pipe Material SS304 [22]

Pipe Diameter 6.625" [22]
Pipe Thickness 0.28" [22]
Pipe Material SS304 [22]

Pipe Diameter 6.625" [22]
Pipe Thickness 0.28" [22]
Pipe Material SS304 [22]

Pipe Diameter 6.625" [22]
Pipe Thickness 0.28" [22]
Pipe Material SS304 [22]

Pipe Diameter 6.625" [22]
Pipe Thickness 0.28" [22]
Pipe Material SS304 [22]

Pipe Diameter 6.625" [22]
Pipe Thickness 0.28" [22]
Pipe Material SS304 [22]

Dimensions

P (1-42A)

Length between ((2'-6")^2 + (5')^2)^0.5 - EL(1-42A)
= 58.082 [22]

P (1-42B)

Length between (30'-8.375") - EL(1-42A) - EL(1-42B)
 = 350.375" [22]

P (1-42C)

Length between (61'-0") - EL(1-42B) - EL(1-42C)
= 719.25" [22]

P (1-42D)

Length between ((2'-3")^2 + (2'-3")^2)^0.5 - EL(1-42C) -          
EL(1-42D) = 30.6837" [22]

P (1-42E)

Length between (12'-1") - EL(1-42D) - EL(1-42E)
= 111.25 [22]

P (1-42F)

Length between (13'-8.5") - EL(1-42E) - EL(1-42F)
= 104.5" [22]

P (1-42G)
Length between GT(1-18)     

and EL(1-18A)
(6'-4.625") - EL(1-42F) - EL(1-42G)

= 37.625" [22]

P (1-42H)
Length between EL(1-18A)   

and RED(1-18A) 
(6'-3.875") - EL(1-42G) - EL(1-42H)

= 57.875" [22]

P (1-42I)
Length between RED(1-18A) 

and PP(1-18)
(1'-5") - EL(1-42H)

= 8" [22]
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Table 61.  Dimensions Associated with Pipe Runs on Line 1-77 of Model 1-4 
Pipe Run (1-77) Reference

Pipe Diameter 4.5" [20]
Pipe Thickness 0.237 [20]
Pipe Material SS304 [20]

Pipe Diameter 6.625" [20]
Pipe Thickness 0.28" [20]
Pipe Material SS304 [20]

Pipe Diameter 6.625" [20]
Pipe Thickness 0.28" [20]
Pipe Material SS304 [20]

Pipe Diameter 6.625" [20]
Pipe Thickness 0.28" [20]
Pipe Material SS304 [20]

Pipe Diameter ACTUALLY REPRESENTED AS L2 OF T(1-77)
Pipe Thickness
Pipe Material

Pipe Diameter 4.5" [20]
Pipe Thickness 0.237 [20]
Pipe Material SS304 [20]

Pipe Diameter 4.5" [21]
Pipe Thickness 0.237 [21]
Pipe Material SS304 [21]

Pipe Diameter 4.5" [21]
Pipe Thickness 0.237 [21]
Pipe Material SS304 [21]

Dimensions

P (1-77A)

Length between (1'-3") - REL(1-77A)
= 6" [20]

P (1-77B)

Length between (3'-6") - REL(1-77A) - EL(1-77B)               
= 24" [20]

P (1-77C)

Length between (4'-0.25") - EL(1-77C) - EL(1-77D)             
= 38.7448" [20]

P (1-77D)

Length between ((2'-3")^2 + (2'-3")^2)^0.5 - EL(1-42C) -          
EL(1-42D) = 30.6837" [20]

P (1-77E)

Length between 

P (1-77F)

Length between 5' - 5.625" - RED(1-77C) - EL(1-77E)
= 42.875" [20]

P (1-37A)

Length between (1') - EL(1-37) = 6" [21]

P (1-37B)

Length between (1') - EL(1-37) = 6" [21]
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Pipe Diameter 4.5" [21]
Pipe Thickness 0.237 [21]
Pipe Material SS304 [21]

Pipe Diameter 2.375" [21]
Pipe Thickness 0.154" [21]
Pipe Material SS304 [21]

Pipe Diameter 4.5" [21]
Pipe Thickness 0.237 [21]
Pipe Material SS304 [21]

Pipe Diameter 4.5" [21]
Pipe Thickness 0.237 [21]
Pipe Material SS304 [21]

Pipe Diameter 4.5" [21]
Pipe Thickness 0.237 [21]
Pipe Material SS304 [21]

Pipe Diameter 2.375" [21]
Pipe Thickness 0.154" [21]
Pipe Material SS304 [21]

P (1-37C)

Length between 10.25" + ((1'-2")-RED(1-37))/2 = 15.25" [21] [35]

P (1-37D)

Length between ((1'-2")-RED(1-37))/2 = 5" [21] [35]

P (1-38A)

Length between (1') - EL(1-38) = 6" [21]

P (1-38B)

Length between (1') - EL(1-38) = 6" [21]

P (1-38C)

Length between 10.25" + ((1'-2")-RED(1-37))/2 = 15.25" [21] [35]

P (1-38D)

Length between ((1'-2")-RED(1-37))/2 = 5" [21] [35]

Table 62.  Dimensions Associated with Reducers on Line 1-1L of Model 1-4 
Reducers (1-1L) Reference

Small Diameter 16" [5]
Large Diameter 18" [5]

Length 15" [5]
Thickness 0.312" [5]

Eccentric Offset 2" [5]

Small Diameter 18" [6]
Large Diameter 24" [6]

Length 20" [6]
Thickness 0.375" [6]

Eccentric Offset 3" [6]

RED(1-1LA)

RED(1-1LB)

Dimensions



Calculation Sheet 
Page D.6-38 of D.6-60 

Project: ATR Life-Time Extension Project ECAR No.: ECAR-194 Rev.:  0 
Title: ATR Primary Coolant System Piping Seismic Evaluation 
Performer: A. L. Crawford Date: 09/30/08 Checker: M. D. Landon Date: 09/30/08

Table 63.  Dimensions Associated with Reducers on Line 1-2L of Model 1-4 
Reducers (1-2L) Reference

Small Diameter 16" [5]
Large Diameter 18" [5]

Length 15" [5]
Thickness 0.312" [5]

Eccentric Offset 2" [5]

RED(1-2L)

Dimensions

Table 64.  Dimensions Associated with Reducers on Line 1-3L of Model 1-4 
Reducers (1-3L) Reference

Small Diameter 16" [5]
Large Diameter 18" [5]

Length 15" [5]
Thickness 0.312" [5]

Eccentric Offset 2" [5]

Dimensions

RED(1-3L)

Table 65.  Dimensions Associated with Reducers on Line 1-4L of Model 1-4 
Reducers (1-4L) Reference

Small Diameter 16" [5]
Large Diameter 18" [5]

Length 15" [5]
Thickness 0.312" [5]

Eccentric Offset 2" [5]

Small Diameter 18" [7]
Large Diameter 24" [7]

Length 20" [7]
Thickness 0.375" [7]

Eccentric Offset 3" [7]

Dimensions

RED(1-4LA)

RED(1-4LB)

Table 66.  Dimensions Associated with Reducers on Line 1-5 of Model 1-4 
Reducers (1-5) Reference

Small Diameter 24" [10]
Large Diameter 36" [10]

Length 24" [36]
Thickness 0.5" [10]

Eccentric Offset 6" [10]

Dimensions

RED(1-5)
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Table 67.  Dimensions Associated with Reducers on Line 1-6 of Model 1-4 
Reducers (1-6) Reference

Small Diameter 24" [10]
Large Diameter 36" [10]

Length 24" [36]
Thickness 0.5" [10]

Eccentric Offset 6" [10]

RED(1-6)

Dimensions

Table 68.  Dimensions Associated with Reducers on Line 1-8 of Model 1-4 
Reducers (1-8) Reference

Small Diameter 30" [11]
Large Diameter 36" [11]

Length 24" [11]
Thickness 0.5" [11]

Eccentric Offset 6" [11]

Small Diameter 30" [11]
Large Diameter 36" [11]

Length 24" [11]
Thickness 0.5" [11]

Eccentric Offset 6" [11]

Dimensions

RED(1-8A)

RED(1-8B)

Table 69.  Dimensions Associated with Reducers on Line 1-37 of Model 1-4 
Reducers (1-37) Reference

Small Diameter 2.375" [21]
Large Diameter 4.5" [21]

Length 4" [35]

Thickness
0.237" to 
0.154" [21]

Eccentric Offset 0" [21]

Dimensions

RED(1-37)

Table 70.  Dimensions Associated with Reducers on Line 1-38 of Model 1-4 
Reducers (1-38) Reference

Small Diameter 2.375" [21]
Large Diameter 4.5" [21]

Length 4" [35]

Thickness
0.237" to 
0.154" [21]

Eccentric Offset 0" [21]

Dimensions

RED(1-38)
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Table 71.  Dimensions Associated with Reducers on Line 1-38 of Model 1-4 
Reducers (1-39) Reference

Small Diameter 4.5" [20]
Large Diameter 6.625" [20]

Length 5.5" [35]

Thickness
0.28" to 
0.237" [20]

Eccentric Offset 0" [16]

Dimensions

RED(1-39)

Table 72.  Dimensions Associated with Reducers on Line 1-38 of Model 1-4 
Reducers (1-77) Reference

Small Diameter 4.5" [20]
Large Diameter 6.625" [20]

Length 5.5" [35]

Thickness
0.28" to 
0.237" [20]

Eccentric Offset 0" [20]

Dimensions

RED(1-77)

Table 73.  Dimensions Associated with Reducers on Line 1-38 of Model 1-4 
Reducers (1-170) Reference

Small Diameter 20" [14]
Large Diameter 30" [14]

Length 20" [14]
Thickness 0.5" [14]

Eccentric Offset 0" [14]

Dimensions

RED(1-170)

Table 74.  Dimensions Associated with Elbows on Line 1-1L of Model 1-4 
Elbows (1-1L) Reference

Pipe Diameter 18" [6]
Pipe Thickness 0.312" [6]

Elbow Type 45º Long Radius [6]
Elbow Leg Lengths 11.25" [35, pg 23]

Pressure/Temp 272 psi / 167ºF [3]

Pipe Diameter 18" [6]
Pipe Thickness 0.312" [6]

Elbow Type 90º Short Radius [6]
Elbow Leg Lengths 18" [35, pg 19]

Pressure/Temp 272 psi / 167ºF [3]

Pipe Diameter 18" [5]
Pipe Thickness 0.312" [5]

Elbow Type 90º Long Radius [5]
Elbow Leg Lengths 27" [35, pg 9]

Pressure/Temp 272 psi / 167ºF [3]

EL (1-1LA)

EL (1-1LB)

EL (1-1LC)

Dimensions
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Table 75.  Dimensions Associated with Elbows on Line 1-2L of Model 1-4 
Elbows (1-2L) Reference

Pipe Diameter 18" [6]
Pipe Thickness 0.312" [6]

Elbow Type 45º Long Radius [6]
Elbow Leg Lengths 11.25" [35, pg 23]

Pressure/Temp 272 psi / 167ºF [3]

Pipe Diameter 18" [6]
Pipe Thickness 0.312" [6]

Elbow Type 90º Long Radius [6]
Elbow Leg Lengths 27" [35, pg 9]

Pressure/Temp 272 psi / 167ºF [3]

Pipe Diameter 18" [5]
Pipe Thickness 0.312" [5]

Elbow Type 90º Long Radius [5]
Elbow Leg Lengths 27" [35, pg 9]

Pressure/Temp 272 psi / 167ºF [3]

EL (1-2LB)

Dimensions

EL (1-2LC)

EL (1-2LA)

Table 76.  .  Dimensions Associated with Elbows on Line 1-3L of Model 1-4 
Elbows (1-3L) Reference

Pipe Diameter 18" [7]
Pipe Thickness 0.312" [7]

Elbow Type 45º Long Radius [7]
Elbow Leg Lengths 11.25" [35, pg 23]

Pressure/Temp 272 psi / 167ºF [3]

Pipe Diameter 18" [7]
Pipe Thickness 0.312" [7]

Elbow Type 90º Long Radius [7]
Elbow Leg Lengths 27" [35, pg 9]

Pressure/Temp 272 psi / 167ºF [3]

Pipe Diameter 18" [5]
Pipe Thickness 0.312" [5]

Elbow Type 90º Long Radius [5]
Elbow Leg Lengths 27" [35, pg 9]

Pressure/Temp 272 psi / 167ºF [3]

EL (1-3LA)

Dimensions

EL (1-3LB)

EL (1-3LC)
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Table 77.  Dimensions Associated with Elbows on Line 1-4L of Model 1-4 
Elbows (1-4L) Reference

Pipe Diameter 18" [7]
Pipe Thickness 0.312" [7]

Elbow Type 45º Long Radius [7]
Elbow Leg Lengths 11.25" [35, pg 23]

Pressure/Temp 272 psi / 167ºF [3]

Pipe Diameter 18" [7]
Pipe Thickness 0.312" [7]

Elbow Type 90º Short Radius [7]
Elbow Leg Lengths 18" [35, pg 19]

Pressure/Temp 272 psi / 167ºF [3]

Pipe Diameter 18" [5]
Pipe Thickness 0.312" [5]

Elbow Type 90º Long Radius [5]
Elbow Leg Lengths 27" [35, pg 9]

Pressure/Temp 272 psi / 167ºF [3]

EL (1-4LA)

EL (1-4LB)

EL (1-4LC)

Dimensions

Table 78.  Dimensions Associated with Elbows on Line 1-5 of Model 1-4 
Elbows (1-5) Reference

Pipe Diameter 24" [6]
Pipe Thickness 0.375" [6]

Elbow Type 90º Long Radius [6]
Elbow Leg Lengths 36" [35, pg 9]

Pressure/Temp 272 psi / 167ºF [3]

Dimensions

EL (1-5)

Table 79.  Dimensions Associated with Elbows on Line 1-6 of Model 1-4 
Elbows (1-6) Reference

Pipe Diameter 24" [7]
Pipe Thickness 0.375" [7]

Elbow Type 90º Long Radius [7]
Elbow Leg Lengths 36" [35, pg 9]

Pressure/Temp 272 psi / 167ºF [3]

Dimensions

EL (1-6)
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Table 80.  Dimensions Associated with Elbows on Line 1-7 of Model 1-4 
Elbows (1-7) Reference

Pipe Diameter 36" [7]
Pipe Thickness 0.5" [7]

Elbow Type 90º Short Radius [7]
Elbow Leg Lengths 36" [35, pg 19]

Pressure/Temp 272 psi / 167ºF [3]

Pipe Diameter 36" [7]
Pipe Thickness 0.5" [7]

Elbow Type 90º Short Radius [7]
Elbow Leg Lengths 36" [35, pg 19]

Pressure/Temp 272 psi / 167ºF [3]

Pipe Diameter 36" [7]
Pipe Thickness 0.5" [7]

Elbow Type 90º Short Radius [7]
Elbow Leg Lengths 36" [35, pg 19]

Pressure/Temp 272 psi / 167ºF [3]

Pipe Diameter 36" [7]
Pipe Thickness 0.5" [7]

Elbow Type 90º Short Radius [7]
Elbow Leg Lengths 36" [35, pg 19]

Pressure/Temp 272 psi / 167ºF [3]
* EL (1-7A) also has a branch out of it and is also documented as FAB_BR(1-40)

EL (1-7D)

Dimensions

EL (1-7A)*

EL (1-7B)

EL (1-7C)

Table 81.  Dimensions Associated with Elbows on Line 1-9 of Model 1-4 
Elbows (1-9) Reference

Pipe Diameter 20" [12]
Pipe Thickness 0.312" [12]

Elbow Type 90º Long Radius [12]
Elbow Leg Lengths 30" [35, pg 9]

Pressure/Temp 272 psi / 167ºF [3]

Pipe Diameter 20" [12]
Pipe Thickness 0.312" [12]

Elbow Type 90º Long Radius [12]
Elbow Leg Lengths 30" [35, pg 9]

Pressure/Temp 272 psi / 167ºF [3]

Dimensions

EL (1-9A)

EL (1-9B)
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Table 82.  Dimensions Associated with Elbows on Line 1-10 of Model 1-4 
Elbows (1-10) Reference

Pipe Diameter 20" [13]
Pipe Thickness 0.312" [13]

Elbow Type 90º Long Radius [13]
Elbow Leg Lengths 30" [35, pg 9]

Pressure/Temp 272 psi / 167ºF [3]

Pipe Diameter 20" [13]
Pipe Thickness 0.312" [13]

Elbow Type 90º Long Radius [13]
Elbow Leg Lengths 30" [35, pg 9]

Pressure/Temp 272 psi / 167ºF [3]

Dimensions

EL (1-10A)

EL (1-10B)

Table 83.  Dimensions Associated with Elbows on Line 1-11 of Model 1-4 
Elbows (1-11) Reference

Pipe Diameter 20" [12]
Pipe Thickness 0.312" [12]

Elbow Type 90º Long Radius [12]
Elbow Leg Lengths 30" [35, pg 9]

Pressure/Temp 272 psi / 167ºF [3]

Pipe Diameter 20" [12]
Pipe Thickness 0.312" [12]

Elbow Type 90º Long Radius [12]
Elbow Leg Lengths 30" [35, pg 9]

Pressure/Temp 272 psi / 167ºF [3]

EL (1-11A)

EL (1-11B)

Dimensions

Table 84.  Dimensions Associated with Elbows on Line 1-12 of Model 1-4 
Elbows (1-12) Reference

Pipe Diameter 20" [13]
Pipe Thickness 0.312" [13]

Elbow Type 90º Long Radius [13]
Elbow Leg Lengths 30" [35, pg 9]

Pressure/Temp 272 psi / 167ºF [3]

Pipe Diameter 20" [13]
Pipe Thickness 0.312" [13]

Elbow Type 90º Long Radius [13]
Elbow Leg Lengths 30" [35, pg 9]

Pressure/Temp 272 psi / 167ºF [3]

EL (1-12B)

Dimensions

EL (1-12A)
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Table 85.  Dimensions Associated with Elbows on Line 1-170 of Model 1-4 
Elbows (1-170) Reference

Pipe Diameter 20" [14]
Pipe Thickness 0.312" [14]

Elbow Type 90º Short Radius [14]
Elbow Leg Lengths 20" [35, pg 19]

Pressure/Temp 272 psi / 167ºF [3]

Pipe Diameter 20" [14]
Pipe Thickness 0.312" [14]

Elbow Type 90º Long Radius [14]
Elbow Leg Lengths 30" [35, pg 9]

Pressure/Temp 272 psi / 167ºF [3]

Pipe Diameter 20" [14]
Pipe Thickness 0.312" [14]

Elbow Type 45º Long Radius [14]
Elbow Leg Lengths 12.5" [35, pg 23]

Pressure/Temp 272 psi / 167ºF [3]

Pipe Diameter 20" [14]
Pipe Thickness 0.312" [14]

Elbow Type 45º Long Radius [14]
Elbow Leg Lengths 12.5" [35, pg 23]

Pressure/Temp 272 psi / 167ºF [3]

EL (1-170C)

EL (1-170D)

Dimensions

EL (1-170A)

EL (1-170B)
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Table 86.  Dimensions Associated with Elbows on Line 1-34 of Model 1-4 
Elbows (1-34) Reference

Pipe Diameter 6.625" [15]
Pipe Thickness 0.28" [15]

Elbow Type 90º Long Radius [15]
Elbow Leg Lengths 9" [35, pg 9]

Pressure/Temp 272 psi / 167ºF [3]

Pipe Diameter 6.625" [15]
Pipe Thickness 0.28" [15]

Elbow Type 90º Long Radius [15]
Elbow Leg Lengths 9" [35, pg 9]

Pressure/Temp 272 psi / 167ºF [3]

Pipe Diameter 6.625" [15]
Pipe Thickness 0.28" [15]

Elbow Type 90º Long Radius [15]
Elbow Leg Lengths 9" [35, pg 9]

Pressure/Temp 272 psi / 167ºF [3]

Elbow Type 6" x 4" reducer [15]
Lg Pipe Diameter 6.625" [15]
Lg Pipe Thickness 0.28" [15]
Sm Pipe Diameter 4.5" [15]
Sm Pipe Thickness 0.237" [15]
Elbow Leg Lengths 9" [35, pg 15]

Pressure/Temp 272 psi / 167ºF [3]

Pipe Diameter 4.5" [15]
Pipe Thickness 0.237" [15]

Elbow Type 90º Long Radius [15]
Elbow Leg Lengths 6" [35, pg 9]

Pressure/Temp 272 psi / 167ºF [3]

Pipe Diameter 4.5" [15]
Pipe Thickness 0.237" [15]

Elbow Type 90º 20" Radius [15]
Elbow Leg Lengths 20" [15]

Pressure/Temp 272 psi / 167ºF [3]

Pipe Diameter 4.5" [15]
Pipe Thickness 0.237" [15]

Elbow Type 45º Long Radius [15]
Elbow Leg Lengths 2.5" [35, pg 23]

Pressure/Temp 272 psi / 167ºF [3]

Pipe Diameter 4.5" [15]
Pipe Thickness 0.237" [15]

Elbow Type 45º Long Radius [15]
Elbow Leg Lengths 2.5" [35, pg 23]

Pressure/Temp 272 psi / 167ºF [3]

EL (1-34F)

EL (1-34G)

EL (1-34H)

EL (1-34B)

EL (1-34C)

REL (1-34D)

EL (1-34E)

Dimensions

EL (1-34A)
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Table 87.  Dimensions Associated with Elbows on Line 1-39 of Model 1-4 
Elbows (1-39) Reference

Pipe Diameter 6.625" [16]
Pipe Thickness 0.28" [16]

Elbow Type 90º Long Radius [16]
Elbow Leg Lengths 9" [35, pg 9]

Pressure/Temp 376 psi / 125ºF [3]

Dimensions

EL (1-39)

Table 88.  Dimensions Associated with Elbows on Line 1-40 of Model 1-4 
Elbows (1-40) Reference

Pipe Diameter 6.625" [17]
Pipe Thickness 0.28" [17]

Elbow Type 45º Long Radius [17]
Elbow Leg Lengths 3.75" [35, pg 23]

Pressure/Temp 272 psi / 167ºF [3]

Pipe Diameter 6.625" [17]
Pipe Thickness 0.28" [17]

Elbow Type 90º 30" Radius [17]
Elbow Leg Lengths 30" [17]

Pressure/Temp 272 psi / 167ºF [3]

Pipe Diameter 6.625" [17]
Pipe Thickness 0.28" [17]

Elbow Type 90º Long Radius [17]
Elbow Leg Lengths 9" [35, pg 9]

Pressure/Temp 272 psi / 167ºF [3]

Pipe Diameter 6.625" [17]
Pipe Thickness 0.28" [17]

Elbow Type 90º Long Radius [17]
Elbow Leg Lengths 9" [35, pg 9]

Pressure/Temp 272 psi / 167ºF [3]

Pipe Diameter 6.625" [17]
Pipe Thickness 0.28" [17]

Elbow Type 90º Long Radius [17]
Elbow Leg Lengths 9" [35, pg 9]

Pressure/Temp 272 psi / 167ºF [3]

EL (1-40A)

EL (1-40B)

EL (1-40C)

EL (1-40D)

EL (1-40E)

Dimensions
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Table 89.  Dimensions Associated with Elbows on Line 1-42 of Model 1-4 
Elbows (1-42) Reference

Pipe Diameter 6.625" [22]
Pipe Thickness 0.28" [22]

Elbow Type 90º Long Radius [22]
Elbow Leg Lengths 9" [35, pg 9]

Pressure/Temp 376 psi / 125ºF [3]

Pipe Diameter 6.625" [22]
Pipe Thickness 0.28" [22]

Elbow Type 90º Long Radius [22]
Elbow Leg Lengths 9" [35, pg 9]

Pressure/Temp 376 psi / 125ºF [3]

Pipe Diameter 6.625" [22]
Pipe Thickness 0.28" [22]

Elbow Type 45º Long Radius [22]
Elbow Leg Lengths 3.75" [35, pg 23]

Pressure/Temp 376 psi / 125ºF [3]

Pipe Diameter 6.625" [22]
Pipe Thickness 0.28" [22]

Elbow Type 45º Long Radius [22]
Elbow Leg Lengths 3.75" [35, pg 23]

Pressure/Temp 376 psi / 125ºF [3]

Pipe Diameter 6.625" [22]
Pipe Thickness 0.28" [22]

Elbow Type 90º 30" Radius [22]
Elbow Leg Lengths 30" [22]

Pressure/Temp 376 psi / 125ºF [3]

Pipe Diameter 6.625" [22]
Pipe Thickness 0.28" [22]

Elbow Type 90º 30" Radius [22]
Elbow Leg Lengths 30" [22]

Pressure/Temp 376 psi / 125ºF [3]

Pipe Diameter 6.625" [22]
Pipe Thickness 0.28" [22]

Elbow Type 90º Long Radius [22]
Elbow Leg Lengths 9" [35, pg 9]

Pressure/Temp 376 psi / 125ºF [3]

Pipe Diameter 6.625" [22]
Pipe Thickness 0.28" [22]

Elbow Type 90º Long Radius [22]
Elbow Leg Lengths 9" [35, pg 9]

Pressure/Temp 376 psi / 125ºF [3]

EL (1-42A)

EL (1-42E)

EL (1-42F)

EL (1-42H)

EL (1-42G)

EL (1-42B)

EL (1-42C)

EL (1-42D)

Dimensions
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Table 90.  Dimensions Associated with Elbows on Line 1-41 of Model 1-4 
Elbows (1-41) Reference

Pipe Diameter 6.625" [18]
Pipe Thickness 0.28" [18]

Elbow Type 90º Long Radius [18]
Elbow Leg Lengths 9" [35, pg 9]

Pressure/Temp 376 psi / 125ºF [3]

Pipe Diameter 6.625" [18]
Pipe Thickness 0.28" [18]

Elbow Type 90º Long Radius [18]
Elbow Leg Lengths 9" [35, pg 9]

Pressure/Temp 376 psi / 125ºF [3]

Pipe Diameter 6.625" [18]
Pipe Thickness 0.28" [18]

Elbow Type 45º Long Radius [18]
Elbow Leg Lengths 3.75" [35, pg 23]

Pressure/Temp 376 psi / 125ºF [3]

Pipe Diameter 6.625" [18]
Pipe Thickness 0.28" [18]

Elbow Type 45º Long Radius [18]
Elbow Leg Lengths 3.75" [35, pg 23]

Pressure/Temp 376 psi / 125ºF [3]

Pipe Diameter 6.625" [18]
Pipe Thickness 0.28" [18]

Elbow Type 90º 30" Long Radius [18]
Elbow Leg Lengths 30" [18]

Pressure/Temp 376 psi / 125ºF [3]

Pipe Diameter 6.625" [18]
Pipe Thickness 0.28" [18]

Elbow Type 90º 30" Long Radius [18]
Elbow Leg Lengths 30" [18]

Pressure/Temp 376 psi / 125ºF [3]

Pipe Diameter 6.625" [18]
Pipe Thickness 0.28" [18]

Elbow Type 90º Long Radius [18]
Elbow Leg Lengths 9" [35, pg 9]

Pressure/Temp 376 psi / 125ºF [3]

Pipe Diameter 6.625" [18]
Pipe Thickness 0.28" [18]

Elbow Type
45º Long Radius 

Trimed [18]
Elbow Leg Lengths 3.75" [35, pg 23]

Pressure/Temp 376 psi / 125ºF [3]

EL (1-41A)

EL (1-41B)

EL (1-41C)

EL (1-41D)

EL (1-41E)

EL (1-41F)

EL (1-41G)

EL (1-41H)

Dimensions
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Table 91.  Dimensions Associated with Elbows on Line 1-37 of Model 1-4 
Elbows (1-37) Reference

Pipe Diameter 4.5" [21]
Pipe Thickness 0.237" [21]

Elbow Type 90º Long Radius [21]
Elbow Leg Lengths 6" [35, pg 9]

Pressure/Temp 376 psi / 125ºF [3]

Dimensions

EL (1-37)

Table 92.  Dimensions Associated with Elbows on Line 1-38 of Model 1-4 
Elbows (1-38) Reference

Pipe Diameter 4.5" [21]
Pipe Thickness 0.237" [21]

Elbow Type 90º Long Radius [21]
Elbow Leg Lengths 6" [35, pg 9]

Pressure/Temp 376 psi / 125ºF [3]

Dimensions

EL (1-38)

Table 93.  Dimensions Associated with Elbows on Line 1-77 of Model 1-4 
Elbows (1-77) Reference

Elbow Type 6" x 4" reducer [20]
Lg Pipe Diameter 6.625" [20]
Lg Pipe Thickness 0.28" [20]
Sm Pipe Diameter 4.5" [20]
Sm Pipe Thickness 0.237" [20]
Elbow Leg Lengths 9" [35, pg 15]

Pressure/Temp 376 psi / 125ºF [3]

Pipe Diameter 6.625" [20]
Pipe Thickness 0.28" [20]

Elbow Type 90º Long Radius [20]
Elbow Leg Lengths 9" [35, pg 9]

Pressure/Temp 376 psi / 125ºF [3]

Pipe Diameter 6.625" [20]
Pipe Thickness 0.28" [20]

Elbow Type 45º Long Radius [20]
Elbow Leg Lengths 3.75" [35, pg 23]

Pressure/Temp 376 psi / 125ºF [3]

Pipe Diameter 6.625" [20]
Pipe Thickness 0.28" [20]

Elbow Type 45º Long Radius [20]
Elbow Leg Lengths 3.75" [35, pg 23]

Pressure/Temp 376 psi / 125ºF [3]

Pipe Diameter 4.5" [20]
Pipe Thickness 0.237" [20]

Elbow Type 90º Long Radius [20]
Elbow Leg Lengths 6" [20]

Pressure/Temp 376 psi / 125ºF [3]

EL (1-77E)

EL (1-77B)

EL (1-77C)

EL (1-77D)

Dimensions

REL (1-77A)
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Table 94.  Dimensions Associated with Tees on Line 1-7 of Model 1-4 
Tees (1-7) Reference

Run Diameter 36" [36]
Run Length 52" [36]

Run Thickness 1.375" [36]
Branch Diameter 36" [36]
Branch Length 25.5" [36]

Branch Thickness 1.375" [36]

Run Diameter 36" [36]
Run Length 52" [36]

Run Thickness 1.375" [36]
Branch Diameter 36" [36]
Branch Length 25.5" [36]

Branch Thickness 1.375" [36]

Dimensions

T(1-7A)

T(1-7B)

Table 95.  Dimensions Associated with Tees on Line 1-9 of Model 1-4 
Tees (1-9) Reference

Run Diameter 30" [11]
Run Thickness 0.4375" [11]

Run Leg1 Length 13" [11]
Run Leg2 Length 24.0625" Result of FE Modeling
Branch Diameter 20" [11]
Branch Length 27" Result of FE Modeling

Branch Thickness 0.312" [11]

T(1-9)

Dimensions

Table 96.  Dimensions Associated with Tees on Line 1-10 of Model 1-4 
Tees (1-10) Reference

Run Diameter 30" [11]
Run Thickness 0.4375" [11]

Run Leg1 Length 24.0625" Result of FE Modeling
Run Leg2 Length 49.71875" Result of FE Modeling
Branch Diameter 20" [11]
Branch Length 33.0625" Result of FE Modeling

Branch Thickness 0.312" [11]

Dimensions

T(1-10)

Table 97.  Dimensions Associated with Tees on Line 1-11 of Model 1-4 
Tees (1-11) Reference

Run Diameter 30" [11]
Run Thickness 0.4375" [11]

Run Leg1 Length 49.71875" Result of FE Modeling
Run Leg2 Length 24.0625" Result of FE Modeling
Branch Diameter 20" [11]
Branch Length 33.0625" Result of FE Modeling

Branch Thickness 0.312" [11]

Dimensions

T(1-11)
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Table 98.  Dimensions Associated with Tees on Line 1-12 of Model 1-4 
Tees (1-12) Reference

Run Diameter 30" [11]
Run Thickness 0.4375" [11]

Run Leg1 Length 24.0625" [11]
Run Leg2 Length 13" Result of FE Modeling
Branch Diameter 20" [11]
Branch Length 33.0625" Result of FE Modeling

Branch Thickness 0.312" [11]

Dimensions

T(1-12)

Table 99.  Dimensions Associated with Tees on Line 1-34 of Model 1-4 
Tees (1-34) Reference

Run Diameter 36" [10]
Run Thickness 0.5" [10]

Run Leg1 Length 65.4" Result of FE Modeling
Run Leg2 Length 12" [10]
Branch Diameter 6.625" [15]
Branch Length 18" Result of FE Modeling

Branch Thickness 0.28" [15]

T(1-34)

Dimensions

Table 100.  Dimensions Associated with Tees on Line 1-39 of Model 1-4 
Tees (1-39) Reference

Run Diameter 6.625" [16]
Run Thickness 0.28" [16]

Run Leg1 Length 5.625" [35]
Run Leg2 Length 5.625" [35]
Branch Diameter 6.625" [16]
Branch Length 5.625" [35]

Branch Thickness 0.28" [16]

Dimensions

T(1-39)

Table 101.  Dimensions Associated with Tees on Line 1-41 of Model 1-4 
Tees (1-41) Reference

Run Diameter 6.625" [18]
Run Thickness 0.28" [18]

Run Leg1 Length 5.625" [35]
Run Leg2 Length 5.625" [35]
Branch Diameter 6.625" [18]
Branch Length 5.625" [35]

Branch Thickness 0.28" [18]

T(1-41)

Dimensions

Table 102.  Dimensions Associated with Tees on Line 1-42 of Model 1-4 
Tees (1-42) Reference

Run Diameter 36"* [37]
Run Thickness 0.5"* [37]

Run Leg1 Length 18"* [37]
Run Leg2 Length 8.125"* Result of FE Modeling
Branch Diameter 6.625" [22]
Branch Length 18" Result of FE Modeling

Branch Thickness 0.28" [22]
* Values are represented by Model 3

Dimensions

T(1-42)
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Table 103.  Dimensions Associated with Tees on Line 1-77 of Model 1-4 
Tees (1-77) Reference

Run Diameter 6.625" [20]
Run Thickness 0.28" [20]

Run Leg1 Length 5.625" [20]
Run Leg2 Length 4.73" Result of FE Modeling
Branch Diameter 4.5" [20]
Branch Length 17.6875" [20]

Branch Thickness 0.237" [20]

T(1-77)

Dimensions

Table 104.  Dimensions Associated with Fabricated Branches Associated with  Model 1-4 
Fabricated Branch Reference

Pipe Diameter 25.5" [23]
Pipe Thickness 1" [23]

Run Leg1 Length 18" M1-1-5-N11-PBRF-DSCN3052
Run Leg2 Length 41" M1-1-5-N11-PBRF-DSCN3052
Branch Diameter 18" [23]

Branch Length from Run 
Centerline 16.976"* [23]

Branch Thickness 0.312" [23]

Pipe Diameter 25.5" [23]
Pipe Thickness 1" [23]

Elbow Type 18" M1-1-5-N11-PBRF-DSCN3052
Elbow Leg Lengths 41" M1-1-5-N11-PBRF-DSCN3052
Branch Diameter 18" [23]

Branch Length from Centerline of 
Upper Elbow Leg 16.976"* [23]

Branch Thickness 0.312" [23]

Pipe Diameter 36" [10]
Pipe Thickness 0.5" [10]

Elbow Type Short Radius [10]
Elbow Leg Lengths 36" [35]
Branch Diameter 6.625" [17]

Branch Length from Centerline of 
Elbow in Horizontal Plane of 

Attachment 
18" [17]

Branch Thickness 0.28" [17]

FAB_BR            
(1-2L)

FAB_BR            
(1-40)

Dimensions

FAB_BR            
(1-3L)
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Table 105.  Dimensions Associated with Flanges on Line 1-1L of Model 1-4 
Flanges (1-1L) Reference

Location Northern flange on Line P(1-1LA)
Mass 258 lb  = 0.668 lbf*s^2/in [35, pg 99]

Location Southern flange on Line P(1-1LA)
Mass 258 lb  = 0.668 lbf*s^2/in [35, pg 99]

Location Lower flange on Line P(1-1LC)
Mass 258 lb  = 0.668 lbf*s^2/in [35, pg 99]

Location Upper flange on Line P(1-1LC)
Mass 258 lb  = 0.668 lbf*s^2/in [35, pg 99]

Location At reactor vessel nozzel
Mass Neglected due to fixation of nozzels [35, pg 99]

Dimensions

FL (1-1LA)

FL (1-1LB)

FL (1-1LC)

FL (1-1LD)

FL (1-1LE)

Table 106.  Dimensions Associated with Flanges on Line 1-2L of Model 1-4 
Flanges (1-2L) Reference

Location Northern flange on Line P(1-2LB)
Mass 258 lb  = 0.668 lbf*s^2/in [35, pg 99]

Location Southern flange on Line P(1-2LB)
Mass 258 lb  = 0.668 lbf*s^2/in [35, pg 99]

Location Lower flange on Line P(1-2LC)
Mass 258 lb  = 0.668 lbf*s^2/in [35, pg 99]

Location Upper flange on Line P(1-2LC)
Mass 258 lb  = 0.668 lbf*s^2/in [35, pg 99]

Location At reactor vessel nozzel
Mass Neglected due to fixation of nozzels

FL (1-2LD)

FL (1-2LE)

Dimensions

FL (1-2LC)

FL (1-2LA)

FL (1-2LB)
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Table 107.  Dimensions Associated with Flanges on Line 1-3L of Model 1-4 
Flanges (1-3L) Reference

Location Northern flange on Line P(1-3LB)
Mass 258 lb  = 0.668 lbf*s^2/in [35, pg 99]

Location Southern flange on Line P(1-3LB)
Mass 258 lb  = 0.668 lbf*s^2/in [35, pg 99]

Location Lower flange on Line P(1-3LC)
Mass 258 lb  = 0.668 lbf*s^2/in [35, pg 99]

Location Upper flange on Line P(1-3LC)
Mass 258 lb  = 0.668 lbf*s^2/in [35, pg 99]

Location At reactor vessel nozzel
Mass Neglected due to fixation of nozzels

FL (1-3LD)

FL (1-3LE)

Dimensions

FL (1-3LC)

FL (1-3LA)

FL (1-3LB)

Table 108.  Dimensions Associated with Flanges on Line 1-4L of Model 1-4 
Flanges (1-4L) Reference

Location Northern flange on Line P(1-4LA)
Mass 258 lb  = 0.668 lbf*s^2/in [35, pg 99]

Location Southern flange on Line P(1-4LA)
Mass 258 lb  = 0.668 lbf*s^2/in [35, pg 99]

Location Lower flange on Line P(1-4LC)
Mass 258 lb  = 0.668 lbf*s^2/in [35, pg 99]

Location Upper flange on Line P(1-4LC)
Mass 258 lb  = 0.668 lbf*s^2/in [35, pg 99]

Location At reactor vessel nozzel
Mass Neglected due to fixation of nozzels [35, pg 99]

FL (1-4LB)

FL (1-4LC)

FL (1-4LD)

FL (1-4LE)

Dimensions

FL (1-4LA)

Table 109.  Dimensions Associated with Flanges on Line 1-9 of Model 1-4 
Flanges (1-9) Reference

Location At reactor heat exchanger
Mass Neglected due to fixation of heat exchanger

Dimensions

FL (1-9)

Table 110.  Dimensions Associated with Flanges on Line 1-10 of Model 1-4 
Flanges (1-10) Reference

Location At reactor heat exchanger
Mass Neglected due to fixation of heat exchanger

Dimensions

FL (1-10)
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Table 111.  Dimensions Associated with Flanges on Line 1-11 of Model 1-4 
Flanges (1-11) Reference

Location At reactor heat exchanger
Mass Neglected due to fixation of heat exchanger

Dimensions

FL (1-11)

Table 112.  Dimensions Associated with Flanges on Line 1-12 of Model 1-4 
Flanges (1-12) Reference

Location At reactor heat exchanger
Mass Neglected due to fixation of heat exchanger

Dimensions

FL (1-12)

Table 113.  Dimensions Associated with Flanges on Line 1-170 of Model 1-4 
Flanges (1-170) Reference

Location At reactor heat exchanger
Mass Neglected due to fixation of heat exchanger

Dimensions

FL (1-170)

Table 114.  Dimensions Associated with Flanges on Line 1-37 of Model 1-4 
Flanges (1-37) Reference

Location East flange of GT(1-37)
Mass 22 lb  = 0.05697 lbf*s^2/in [35, pg 99]

Location West flange of GT(1-37)
Mass 22 lb  = 0.05697 lbf*s^2/in [35, pg 99]

Location Upper flange on CK(1-37)
Mass 22 lb  = 0.05697 lbf*s^2/in [35, pg 99]

Location Lower flange on CK(1-37)
Mass 22 lb  = 0.05697 lbf*s^2/in [35, pg 99]

FL (1-37D)

Dimensions

FL (1-37A)

FL (1-37B)

FL (1-37C)

Table 115.  Dimensions Associated with Flanges on Line 1-38 of Model 1-4 
Flanges (1-38) Reference

Location East flange of GT(1-38)
Mass 22 lb  = 0.05697 lbf*s^2/in [35, pg 99]

Location West flange of GT(1-38)
Mass 22 lb  = 0.05697 lbf*s^2/in [35, pg 99]

Location Upper flange on CK(1-38)
Mass 22 lb  = 0.05697 lbf*s^2/in [35, pg 99]

Location Lower flange on CK(1-38)
Mass 22 lb  = 0.05697 lbf*s^2/in [35, pg 99]

FL (1-38C)

FL (1-38D)

Dimensions

FL (1-38A)

FL (1-38B)
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Table 116.  Dimensions Associated with Flanges on Line 1-39 of Model 1-4 
Flanges (1-39) Reference

Location Upper flange of GT(1-39A)
Mass 39 lb  = 0.101 lbf*s^2/in [35, pg 99]

Location Lower flange of GT(1-39A)
Mass 39 lb  = 0.101 lbf*s^2/in [35, pg 99]

Location Upper flange of GT(1-39B)
Mass 39 lb  = 0.101 lbf*s^2/in [35, pg 99]

Location Lower flange of GT(1-39B)
Mass 39 lb  = 0.101 lbf*s^2/in [35, pg 99]

Location South flange on CK(1-39)
Mass 22 lb  = 0.05697 lbf*s^2/in [35, pg 99]

FL (1-39B)

FL (1-39C)

FL (1-39D)

FL (1-39E)

Dimensions

FL (1-39A)

Table 117.  Dimensions Associated with Flanges on Line 1-42 of Model 1-4 
Flanges (1-42) Reference

Location North flange of GT(1-42)
Mass 39 lb  = 0.101 lbf*s^2/in [35, pg 99]

Location South flange of GT(1-42)
Mass 39 lb  = 0.101 lbf*s^2/in [35, pg 99]

Dimensions

FL (1-42A)

FL (1-42B)

Table 118.  Dimensions Associated with Flanges on Line 1-67 of Model 1-4 
Flanges (1-67) Reference

Location West flange of GT(1-67)
Mass 22 lb  = 0.05697 lbf*s^2/in [35, pg 99]

Location East flange of PCV(1-67)
Mass 22 lb  = 0.05697 lbf*s^2/in [35, pg 99]

Dimensions

FL (1-67A)

FL (1-67B)

Table 119.  Dimensions Associated with Flanges on Line 1-77 of Model 1-4 
Flanges (1-77) Reference

Location West flange of GT(1-67)
Mass 22 lb  = 0.05697 lbf*s^2/in [35, pg 99]

Dimensions

FL (1-77)
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Table 120.  Dimensions Associated with Valves on Line 1-37 of Model 1-4 
Valves (1-37) Reference

Pipe/Valve Diameter 4.5" [21]
Pipe Thickness 0.237" [21]
Equiv Valve OD 5.5" App D.7

Equiv Valve Thickness 1.235" App D.7
Valve Lengths 1'-0.25" [21]
Valve Name GT-D-1-27 [21]
Valve Mass 273 lb  = 0.708 lbf*s^2/in [3, pg B-2]

Pipe/Valve Diameter 4.5" [21]
Pipe Thickness 0.237" [21]
Equiv Valve OD 5.5" App D.7

Equiv Valve Thickness 1.235" App D.7
Valve Lengths 1'-2.25" [21]
Valve Name CK-B-1-26 [21]
Valve Mass 203.5 lb = 0.527 lbf*s^2/in [3, pg B-2]

Dimensions

GT (1-37)

CK (1-37)

Table 121.  Dimensions Associated with Valves on Line 1-38 of Model 1-4 
Valves (1-38) Reference

Pipe/Valve Diameter 4.5" [21]
Pipe Thickness 0.237" [21]
Equiv Valve OD 5.5" App D.7

Equiv Valve Thickness 1.235" App D.7
Valve Lengths 1'-0.25" [21]
Valve Name GT-D-1-30 [21]
Valve Mass 273 lb  = 0.708 lbf*s^2/in [3, pg B-2]

Pipe/Valve Diameter 4.5" [21]
Pipe Thickness 0.237" [21]
Equiv Valve OD 5.5" App D.7

Equiv Valve Thickness 1.235" App D.7
Valve Lengths 1'-2.25" [21]
Valve Name CK-B-1-29 [21]
Valve Mass 203.5 lb = 0.527 lbf*s^2/in [3, pg B-2]

GT (1-38)

Dimensions

CK (1-38)
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Table 122.  Dimensions Associated with Valves on Line 1-39 of Model 1-4 
Valves (1-39) Reference

Pipe/Valve Diameter 6.625" [16]
Pipe Thickness 0.28" [16]

Equiv Valve Thickness 1.417" App D.7
Valve Lengths 1'-4.125" [16]
Valve Name GT-D-1-32 [16]
Valve Mass 491 lb  = 1.272 lbf*s^2/in [3]

Pipe/Valve Diameter 6.625" [16]
Pipe Thickness 0.28" [16]

Equiv Valve Thickness 1.417" App D.7
Valve Lengths 1'-4.125" [16]
Valve Name GT-D-1-31 [16]
Valve Mass 491 lb  = 1.272 lbf*s^2/in [3]

Pipe/Valve Diameter 4.5" [16]
Pipe Thickness 0.237" [16]
Equiv Valve OD 5.5" App D.7

Equiv Valve Thickness 1.235" App D.7
Valve Lengths 1'-2.25" [16]
Valve Name CK-B-1-89 [16]
Valve Mass 203.5 lb = 0.527 lbf*s^2/in [3, pg B-2]

GT (1-39A)

Dimensions

CK (1-39)

GT (1-39B)

Table 123.  Dimensions Associated with Valves on Line 1-42 of Model 1-4 
Valves (1-42) Reference

Pipe/Valve Diameter 6.625" [22]
Pipe Thickness 0.28" [22]

Equiv Valve Thickness 1.417" App D.7
Valve Lengths 1'-4.125" [22]
Valve Name GT-D-1-34 [22]
Valve Mass 491 lb  = 1.272 lbf*s^2/in [3, pg B-2]

Dimensions

GT (1-42)

Table 124.  Dimensions Associated with Valves on Line 1-67 of Model 1-4 
Valves (1-67) Reference

Pipe/Valve Diameter 4.5" [15]
Pipe Thickness 0.237" [15]
Equiv Valve OD 5.5" App D.7

Equiv Valve Thickness 1.235" App D.7
Valve Lengths 1'-0.375" [15]
Valve Name GT-E-1-85 [15]
Valve Mass 273 lb  = 0.708 lbf*s^2/in [3, pg B-2]

Pipe/Valve Diameter 4.5" [15]
Pipe Thickness 0.237" [15]
Equiv Valve OD 5.5" App D.7

Equiv Valve Thickness 1.235" App D.7
Valve Lengths 1'-2.375" [15]
Valve Name PCV 1-1 [15]
Valve Mass *203.5 lb = 0.527 lbf*s^2/in [3, pg B-3]

* Assumed to have the same mass as 4" check valves

GT (1-67)

Dimensions

PCV (1-67)
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Table 125.  Dimensions Associated with Valves on Line 1-77 of Model 1-4 
Valves (1-77) Reference

Pipe/Valve Diameter 4.5" [20]
Pipe Thickness 0.237" [20]
Equiv Valve OD 5.5" App D.7

Equiv Valve Thickness 1.235" App D.7
Valve Lengths 1' - 0.625" [20]
Valve Name FCV 1-8 [20]
Valve Mass *203.5 lb = 0.527 lbf*s^2/in [3, pg B-3]

* Assumed to have the same mass as 4" check valves

FGV (1-77)

Dimensions
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 Calculations of Pipe Thickness to Mimic Valve Behavior in Model
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Valve Thickness Calculations 

According to Nu-Pipe the moment of inertia of the pipe valves is to be three times that of the pipe for which it is
attached to.  [40, 2-21]

6" GATE VALVES ASSOCIATED WITH LINES 1-40, 1-41, & 1-42
GT1-40, GT1-41, GT1-42

The above three gate valves are located where line 1-40 connects to 1-39, 1-41 connects to 1-39, and 1-42
connects to 1-41.

tGT6in 0.28in�� Thickness of PCS on either side of valve
[17] [22]

odGT6in 6.625in�� Outer diameter of PCS pipe on either
side of valve [17] [22]

idGT6in odGT6in 2 tGT6in����
Inner diameter of PCS pipe below primary
coolant pumps

idGT6in 6.065 in�

IGT6in
� odGT6in

4 idGT6in
4

�

�

�

�

4
�� Moment of inertia of PCS pipe below

primary coolant pumps [8, Table 17-27,
pg 17-39]

IGT6in 450.275 in4
�

Thickness of pipe representing valve if
outer diameter is to remain consistent
with attached pipe where equation is
modification of moment of inertia equation
for a pipe thickness as the output and the
moment of inertia for the valve
represented by 3 times the value of the
moment of inertia of the pipe [8, Table
17-27, pg 17-39]

TGT6in

4 3 IGT6in�� ��

�
� odGT6in

4
�

�
"
�

�
#
�

0.25

odGT6in�

2�

�
"
"
"
�

�
#
#
#
�

��

TGT6in 1.417 in�
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4" GATE AND CHECK VALVES ASSOCIATED WITH LINES 1-34, 1-38, 1-39, & 1-77
GT1-34, GT1-38, GT1-39, CK1-38, CK1-39, CK1-77, PCV1-67, & FGV1-77

The above three gate valves are located where line 1-34 connects to 1-67, 1-38 connects to 1-77, and 1-39
connects to 1-77.  The above three check valves are located on the center of lines 1-38 and 1-38 and where 1-77
connects to 1-39.  The above FGV and PCV valves are located on the north and east sides of CK 1-77 and GT1-34.

tGT4in 0.237in�� Thickness of PCS pipe on either side of
gate valves [15] [16] [20] [21]

Actual outer diameter of PCS pipe below
primary coolant pumps [15] [16] [20] [21]odGT4in_actual 4.5in��

An extra inch was added to outside
diameter since adjustments to thickness
alone while keeping outer diameter fixed
generated a complex solution

odGT4in odGT4in_actual 1in���

odGT4in 5.5 in�

idGT4in odGT4in 2 tGT4in����
Inner diameter of PCS pipe below primary
coolant pumps

idGT4in 5.026 in�

IGT4in
� odGT4in

4 idGT4in
4

�

�

�

�

4
�� Moment of inertia of PCS pipe below

primary coolant pumps [8, Table 17-27,
pg 17-39]

IGT4in 217.524 in4
�

Thickness of pipe representing valve if
outer diameter is to remain consistent
with attached pipe where equation is
modification of moment of inertia equation
for a pipe thickness as the output and the
moment of inertia for the valve
represented by 3 times the value of the
moment of inertia of the pipe [8, Table
17-27, pg 17-39]

TGT4in

4 3 IGT4in�� ��

�
� odGT4in

4
�

�
"
�

�
#
�

0.25

odGT4in�

2�

�
"
"
"
�

�
#
#
#
�

��

TGT4in 1.235 in�
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Appendix D.8

 Elbow Stiffness and Water Filled Pipe Density Calculations
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MATERIAL PROPERTIES USED IN ELBOW STIFFNESS CALCULATIONS
Stainless Steel Material Properties
The material properties below represent reasonable values that could be used in an analysis.

Es125 2.8 107
� psi��� Modulus of elasticity @ 125 & 167

Fahrenheit [2, Table TM]
Es167 2.77 107

� psi���

%s 0.30�� Poisson's ratio [4, NB-3683.1(b)]

Gs125
Es125

2 1 %s�� ��
�� Gs167

Es167

2 1 %s�� ��
��

Shear modulus [41, Eq 2-19]

Gs125 1.077 107
� psi� Gs167 1.065 107

� psi�

&s 0.28
lb

in3
�� Mass density [41]

Steel Material Properties
The material properties below represent reasonable values that could be used in an analysis.

Ec 3.0 107
� psi��� Modulus of elasticity [41, Table A-5] 

%c 0.29�� Poisson's ratio [41]

&c 0.282
lb

in3
�� Mass density [41]

Water Material Properties
The material properties below represent reasonable values that could be used in an analysis.

&w 62.4
lb

ft3
���

Mass density [42, Table A]

&w 0.0361
lb

in3
�
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FLEXIBILITY FACTOR FUNCTION AND CALCULATIONS APPROACH 
Flexibility Factor

(a)  R/r is not less than 1.7 [9, NB-3686.2] 

(b)  center line length R! is greater than 2r [9, NB-3686.2] 

(c)  there are no flanges or other similar stiffeners within a distance r
from either end of the curved section of pipe or from the ends of
welding elbows. [9, NB-3686.2] 

k do t� P� R� E�� � di do 2 t���

r
1
4

do di�� ���

h t R� r 2�
��

Xk 6
r
t



�
�
�
�



4

3
�

R
r



�
�

�
�



1

3
��

ko 0�

ko
1.65

h
1

1
P r�
t E�



�
�

�
�



Xk��

��
R
r

1.7$if

ko

��

[4, NB-3686.2] 

'nom1 = R
E I� 0

'

!M1
(
)
*

d� 'ab1 = k 'nom1� = k R�
E I� 0

'

!M1
(
)
*

d�

'nom2 = R
E I� 0

'

!M2
(
)
*

d� 'ab2 = k 'nom2� = k R�
E I� 0

'

!M2
(
)
*

d�

'nom3 = R
G J� 0

'

!M3
(
)
*

d� 'ab3 = 'nom3 = R
G J� 0

'

!M3
(
)
*

d�
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To address the flexibility factor in the finite
element model, an effective area moment of
inertia will be established:

x

zy

Ie = I
k

Therefore:
!

'ab1 = R
E Ie� 0

'

!M1
(
)
*

d�

R

'ab2 = R
E Ie� 0

'

!M2
(
)
*

d�

'ab3 = R
G J� 0

'

!M3
(
)
*

d�
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FLEXIBILITY FACTOR AND MOMENT OF INERTIA CALCULATIONS FOR MODEL 1 & 4
Pipe 36 Inch Diameter and 1/2 (Pressure 272 psi, Temperature 167 Degrees F)

d36 36 in��� Pipe outside diameter.

t36 0.5 in��� Pipe thickness.

p272 272 psi��� Internal pressure [3]

rs36 d36��
Radius for short radius elbow.

rs36 36 in�

rl36 1.5 rs36���
Radius for long radius elbow.

rl36 54 in�

A36
�

4
d36

2 d36 2 t36��� �2��
�

�
����

Pipe cross section area.

A36 55.7633 in2
�

Ai36
�

4
d36 2 t36��� �2���

Pipe internal area.

Ai36 962.1 in2
�

&sw36
A36 &s� Ai36 &w��

A36
��

Mass density for the pipe with water.

&sw36 2.339 10 3�
�

lbf sec2
�

in4
�

I36
�

64
d36

4 d36 2 t36��� �4��
�

�
����

Pipe area moment of inertia.

I36 8786.20 in4
�

J36
�

32
d36

4 d36 2 t36��� �4��
�

�
����

Pipe polar moment of inertia.

J36 17572.4 in4
�
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ks36 k d36 t36� p272� rs36� Es167�� ���
Flexibility factor for short radius.

ks36 22.065�

Ies36
I36

ks36
��

Effective moment of inertia for short
radius.

Ies36 398.196 in4
�

kl36 k d36 t36� p272� rl36� Es167�� ���
Flexibility factor for long radius.

kl36 14.224�

Iel36
I36

kl36
��

Effective moment of inertia for long
radius.

Iel36 617.693 in4
�

Pipe 24 Inch Diameter and 0.375 Thickness  (Pressure 272 psi,
Temperature 167 Degrees F)

d24 24 in��� Pipe outside diameter.

t24 0.375 in��� Pipe thickness.

p272 272 psi� Internal pressure.

rs24 d24��
Radius for short radius elbow.

rs24 24 in�

rl24 1.5 rs24���
Radius for long radius elbow.

rl24 36 in�

A24
�

4
d24

2 d24 2 t24��� �2��
�

�
����

Pipe cross section area.

A24 27.8325 in2
�

Ai24
�

4
d24 2 t24��� �2���

Pipe internal area.



Project:               ATR Life-Time Extension Project                ECAR No.:           ECAR-194 Rev.:   0 
Title:                                         ATR Primary Coolant System Piping Seismic Evaluation                                   _
Performer:    Spears/Crawford Date:    09/30/2008 Checker:      M. D. Landon Date:    09/30/2008 

Calculation Sheet 
Page D.8-7 of D.8-28

Ai24 424.6 in2
�

&sw24
A24 &s� Ai24 &w��

A24
��

Mass density for the pipe with water.

&sw24 2.152 10 3�
�

lbf sec2
�

in4
�

I24
�

64
d24

4 d24 2 t24��� �4��
�

�
����

Pipe area moment of inertia.

I24 1942.30 in4
�

J24
�

32
d24

4 d24 2 t24��� �4��
�

�
����

Pipe polar moment of inertia.

J24 3884.6 in4
�

ks24 k d24 t24� p272� rs24� Es167�� ���
Flexibility factor for short radius.

ks24 20.733�

Ies24
I24

ks24
��

Effective moment of inertia for short
radius.

Ies24 93.681 in4
�

kl24 k d24 t24� p272� rl24� Es167�� ���
Flexibility factor for long radius.

kl24 13.453�

Iel24
I24

kl24
��

Effective moment of inertia for long
radius.

Iel24 144.375 in4
�
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Pipe 20 Inch Diameter and 0.3125 Thickness (Pressure 272 psi, Temperature 167
Degrees F)

d20 20 in��� Pipe outside diameter.

t20 0.3125 in��� Pipe thickness.

p272 272 psi� Internal pressure.

rs20 d20��
Radius for short radius elbow.

rs20 20 in�

rl20 1.5 rs20���
Radius for long radius elbow.

rl20 30 in�

A20
�

4
d20

2 d20 2 t20��� �2��
�

�
����

Pipe cross section area.

A20 19.3282 in2
�

Ai20
�

4
d20 2 t20��� �2���

Pipe internal area.

Ai20 294.8 in2
�

&sw20
A20 &s� Ai20 &w��

A20
��

Mass density for the pipe with water.

&sw20 2.152 10 3�
�

lbf sec2
�

in4
�

I20
�

64
d20

4 d20 2 t20��� �4��
�

�
����

Pipe area moment of inertia.

I20 936.68 in4
�

J20
�

32
d20

4 d20 2 t20��� �4��
�

�
����

Pipe polar moment of inertia.

J20 1873.4 in4
�
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ks20 k d20 t20� p272� rs20� Es167�� ���
Flexibility factor for short radius.

ks20 20.733�

Ies20
I20

ks20
��

Effective moment of inertia for short
radius.

Ies20 45.178 in4
�

kl20 k d20 t20� p272� rl20� Es167�� ���
Flexibility factor for long radius.

kl20 13.453�

Iel20
I20

kl20
��

Effective moment of inertia for long
radius.

Iel20 69.625 in4
�

Pipe 18 Inch Diameter and 0.312 Inch Thickness (Pressure 272 psi, Temperature 167
Degrees F)

d18 18 in��� Pipe outside diameter.

t18 0.312 in��� Pipe thickness.

Internal pressure [3]
p272 272 psi�

rs18 d18��

Radius for short radius elbow.
rs18 18 in�

rl18 1.5 rs18���

Radius for long radius elbow.
rl18 27 in�

A18
�

4
d18

2 d18 2 t18��� �2��
�

�
����

Pipe cross section area.

A18 17.3 in2
�
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Ai18
�

4
d18 2 t18��� �2���

Pipe internal area.

Ai18 237.1 in2
�

&sw18
A18 &s� Ai18 &w��

A18
��

Mass density for the pipe with water.

&sw18 2.004 10 3�
�

lbf sec2
�

in4
�

I18
�

64
d18

4 d18 2 t18��� �4��
�

�
����

Pipe area moment of inertia.

I18 678.2 in4
�

J18
�

32
d18

4 d18 2 t18��� �4��
�

�
����

Pipe polar moment of inertia.

J18 1356.5 in4
�

ks18 k d18 t18� p272� rs18� Es167�� ���

Flexibility factor for short radius.
ks18 19.427�

Ies18
I18

ks18
��

Effective moment of inertia for short
radius.

Ies18 34.913 in4
�

kl18 k d18 t18� p272� rl18� Es167�� ���

Flexibility factor for long radius.
kl18 12.668�

Iel18
I18

kl18
��

Effective moment of inertia for long
radius.

Iel18 53.542 in4
�
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Pipe 6 Inch Diameter (Actually 6.625 Inch OD) and 0.28 Thick (Pressure 272 psi,
Temperature 167 Degrees F)

d6p272 6.625 in��� Pipe outside diameter.

t6p272 0.28 in��� Pipe thickness.

p272 272 psi� Internal pressure [3]

rs6p272 6in��
Radius for short radius elbow.

rs6p272 6 in�

rl6p272 1.5 rs6p272���
Radius for long radius elbow.

rl6p272 9 in�

rxl6p272 30in��
Radius for 30" extra long radius elbow

rxl6p272 30 in�

A6p272
�

4
d6p272

2 d6p272 2 t6p272��� �2��
�

�
����

Pipe cross section area.

A6p272 5.5814 in2
�

Ai6p272
�

4
d6p272 2 t6p272��� �2���

Pipe internal area.

Ai6p272 28.9 in2
�

&sw6p272
A6p272 &s� Ai6p272 &w��

A6p272
��

Mass density for the pipe with water.

&sw6p272 1.209 10 3�
�

lbf sec2
�

in4
�

I6p272
�

64
d6p272

4 d6p272 2 t6p272��� �4��
�

�
����

Pipe area moment of inertia.

I6p272 28.14 in4
�
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J6p272
�

32
d6p272

4 d6p272 2 t6p272��� �4��
�

�
����

Pipe polar moment of inertia.

J6p272 56.3 in4
�

ks6p272 k d6p272 t6p272� p272� rs6p272� Es167�� ���
Flexibility factor for short radius.

ks6p272 9.682�

Ies6p272
I6p272

ks6p272
��

Effective moment of inertia for short
radius.

Ies6p272 2.907 in4
�

kl6p272 k d6p272 t6p272� p272� rl6p272� Es167�� ���
Flexibility factor for long radius.

kl6p272 6.435�

Iel6p272
I6p272

kl6p272
��

Effective moment of inertia for long
radius.

Iel6p272 4.373 in4
�

kxl6p272 k d6p272 t6p272� p272� rxl6p272� Es167�� ���
Flexibility factor for 30" long radius

kxl6p272 1.908�

Iexl6p272
I6p272

kxl6p272
��

Effective moment of inertia for 30" extra
long radius.

Iexl6p272 14.746 in4
�

Pipe 6 Inch Diameter (Actually 6.625 Inch OD) and 0.28 Thick (Pressure 376 psi,
Temperature 125 Degrees F)

d6p376 6.625 in��� Pipe outside diameter.

t6p376 0.28 in��� Pipe thickness.

p376 376psi�� Internal pressure [3]
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rs6p376 6in��
Radius for short radius elbow.

rs6p376 6 in�

rl6p376 1.5 rs6p376���
Radius for long radius elbow.

rl6p376 9 in�

rxl6p376 30in��
Radius for 30" extra long radius elbow

rxl6p376 30 in�

A6p376
�

4
d6p376

2 d6p376 2 t6p376��� �2��
�

�
����

Pipe cross section area.

A6p376 5.5814 in2
�

Ai6p376
�

4
d6p376 2 t6p376��� �2���

Pipe internal area.

Ai6p376 28.9 in2
�

&sw6p376
A6p376 &s� Ai6p376 &w��

A6p376
��

Mass density for the pipe with water.

&sw6p376 1.209 10 3�
�

lbf sec2
�

in4
�

I6p376
�

64
d6p376

4 d6p376 2 t6p376��� �4��
�

�
����

Pipe area moment of inertia.

I6p376 28.14 in4
�

J6p376
�

32
d6p376

4 d6p376 2 t6p376��� �4��
�

�
����

Pipe polar moment of inertia.

J6p376 56.3 in4
�

ks6p376 k d6p376 t6p376� p376� rs6p376� Es125�� ���
Flexibility factor for short radius.

ks6p376 9.609�
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Ies6p376
I6p376

ks6p376
��

Effective moment of inertia for short
radius.

Ies6p376 2.929 in4
�

kl6p376 k d6p376 t6p376� p376� rl6p376� Es125�� ���
Flexibility factor for long radius.

kl6p376 6.38�

Iel6p376
I6p376

kl6p376
��

Effective moment of inertia for long
radius.

Iel6p376 4.411 in4
�

kxl6p376 k d6p376 t6p376� p376� rxl6p376� Es125�� ���
Flexibility factor for 30" long radius

kxl6p376 1.884�

Iexl6p376
I6p376

kxl6p376
��

Effective moment of inertia for 30" extra
long radius.

Iexl6p376 14.934 in4
�

Pipe 4 Inch Diameter (Actually 4.5 Inch OD) and 0.237 Thick (Pressure 272 psi,
Temperature 167 Degrees F)

d4p272 4.5 in��� Pipe outside diameter.

t4p272 0.237 in��� Pipe thickness.

p272 272 psi� Internal pressure [3]

rs4p272 4in��
Radius for short radius elbow.

rs4p272 4 in�

rl4p272 1.5 rs4p272���
Radius for long radius elbow.

rl4p272 6 in�

rredl4p272 2.25 rs4p272���
Radius for reducing elbow.

rredl4p272 9 in�
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rxl4p272 5 rs4p272��� Radius for extra long radius elbow

rxl4p272 20 in�

A4p272
�

4
d4p272

2 d4p272 2 t4p272��� �2��
�

�
����

Pipe cross section area.

A4p272 3.174 in2
�

Ai4p272
�

4
d4p272 2 t4p272��� �2���

Pipe internal area.

Ai4p272 12.7 in2
�

&sw4p272
A4p272 &s� Ai4p272 &w��

A4p272
��

Mass density for the pipe with water.

&sw4p272 1.1 10 3�
�

lbf sec2
�

in4
�

I4p272
�

64
d4p272

4 d4p272 2 t4p272��� �4��
�

�
����

Pipe area moment of inertia.

I4p272 7.23 in4
�

J4p272
�

32
d4p272

4 d4p272 2 t4p272��� �4��
�

�
����

Pipe polar moment of inertia.

J4p272 14.5 in4
�

ks4p272 k d4p272 t4p272� p272� rs4p272� Es167�� ���
Flexibility factor for short radius.

ks4p272 7.812�

Ies4p272
I4p272

ks4p272
��

Effective moment of inertia for short
radius.

Ies4p272 0.926 in4
�
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kl4p272 k d4p272 t4p272� p272� rl4p272� Es167�� ���
Flexibility factor for long radius.

kl4p272 5.199�

Iel4p272
I4p272

kl4p272
��

Effective moment of inertia for long
radius.

Iel4p272 1.391 in4
�

kredl4p272 k d4p272 t4p272� p272� rredl4p272� Es167�� ���
Flexibility factor for long radius.

kredl4p272 3.459�

Ieredl4p272
I4p272

kredl4p272
��

Effective moment of inertia for long
radius.

Ieredl4p272 2.091 in4
�

kxl4p272 k d4p272 t4p272� p272� rxl4p272� Es167�� ���
Flexibility factor for long radius.

kxl4p272 1.549�

Iexl4p272
I4p272

kxl4p272
��

Effective moment of inertia for long
radius.

Iexl4p272 4.669 in4
�

Pipe 4 Inch Diameter (Actually 4.5 Inch OD) and 0.237 Thick (Pressure 376 psi,
Temperature 125 Degrees F)

d4p376 4.5 in��� Pipe outside diameter.

t4p376 0.237 in��� Pipe thickness.

p376 376 psi� Internal pressure [3]

rs4p376 4in��
Radius for short radius elbow.

rs4p376 4 in�

rl4p376 1.5 rs4p376���
Radius for long radius elbow.
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rl4p376 6 in�

rredl4p376 2.25 rs4p376���
Radius for reducing elbow.

rredl4p376 9 in�

A4p376
�

4
d4p376

2 d4p376 2 t4p376��� �2��
�

�
����

Pipe cross section area.

A4p376 3.174 in2
�

Ai4p376
�

4
d4p376 2 t4p376��� �2���

Pipe internal area.

Ai4p376 12.7 in2
�

&sw4p376
A4p376 &s� Ai4p376 &w��

A4p376
��

Mass density for the pipe with water.

&sw4p376 1.1 10 3�
�

lbf sec2
�

in4
�

I4p376
�

64
d4p376

4 d4p376 2 t4p376��� �4��
�

�
����

Pipe area moment of inertia.

I4p376 7.23 in4
�

J4p376
�

32
d4p376

4 d4p376 2 t4p376��� �4��
�

�
����

Pipe polar moment of inertia.

J4p376 14.5 in4
�

ks4p376 k d4p376 t4p376� p376� rs4p376� Es125�� ���
Flexibility factor for short radius.

ks4p376 7.778�

Ies4p376
I4p376

ks4p376
��

Effective moment of inertia for short
radius.

Ies4p376 0.93 in4
�
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kl4p376 k d4p376 t4p376� p376� rl4p376� Es125�� ���
Flexibility factor for long radius.

kl4p376 5.173�

Iel4p376
I4p376

kl4p376
��

Effective moment of inertia for long
radius.

Iel4p376 1.398 in4
�

kredl4p376 k d4p376 t4p376� p376� rredl4p376� Es125�� ���
Flexibility factor for long radius.

kredl4p376 3.439�

Ieredl4p376
I4p376

kredl4p376
��

Effective moment of inertia for long
radius.

Ieredl4p376 2.103 in4
�
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SUMMARY OF RESULTS
Pipe 36 Inch Diameter and 1/2 (Pressure 272 psi, Temperature 167 Degrees F)

ks36 22.065� Flexibility factor for short radius.

Effective moment of inertia for short
radius.Ies36 398.196 in4

�

kl36 14.224� Flexibility factor for long radius.

Effective moment of inertia for long
radius.Iel36 617.693 in4

�

Pipe 24 Inch Diameter and 0.375 Thickness  (Pressure 272 psi,
Temperature 167 Degrees F)

ks24 20.733� Flexibility factor for short radius.

Effective moment of inertia for short
radius.Ies24 93.681 in4

�

kl24 13.453� Flexibility factor for long radius.

Effective moment of inertia for long
radius.Iel24 144.375 in4

�

Pipe 20 Inch Diameter and 0.3125 Thickness (Pressure 272 psi, Temperature 167
Degrees F)

Flexibility factor for short radius.
ks20 20.733�

Effective moment of inertia for short
radius.Ies20 45.178 in4

�

Flexibility factor for long radius.
kl20 13.453�

Effective moment of inertia for long
radius.Iel20 69.625 in4

�

Pipe 18 Inch Diameter and 0.312 Inch Thickness (Pressure 272 psi, Temperature 167
Degrees F)

ks18 19.427� Flexibility factor for short radius.

Effective moment of inertia for short
radius.Ies18 34.913 in4

�

kl18 12.668� Flexibility factor for long radius.
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Effective moment of inertia for long
radius.Iel18 53.542 in4

�

Pipe 6 Inch Diameter (Actually 6.625 Inch OD) and 0.28 Thick (Pressure 272 psi,
Temperature 167 Degrees F)

ks6p272 9.682� Flexibility factor for short radius.

Effective moment of inertia for short
radius.Ies6p272 2.907 in4

�

kl6p272 6.435� Flexibility factor for long radius.

Effective moment of inertia for long
radius.Iel6p272 4.373 in4

�

kxl6p272 1.908� Flexibility factor for 30" long radius

Effective moment of inertia for 30" extra
long radius.Iexl6p272 14.746 in4

�

Pipe 6 Inch Diameter (Actually 6.625 Inch OD) and 0.28 Thick (Pressure 376 psi,
Temperature 125 Degrees F)

ks6p376 9.609� Flexibility factor for short radius.

Effective moment of inertia for short
radius.Ies6p376 2.929 in4

�

kl6p376 6.38� Flexibility factor for long radius.

Effective moment of inertia for long
radius.Iel6p376 4.411 in4

�

kxl6p376 1.884� Flexibility factor for 30" long radius

Effective moment of inertia for 30" extra
long radius.Iexl6p376 14.934 in4

�

Pipe 4 Inch Diameter (Actually 4.5 Inch OD) and 0.237 Thick (Pressure 272 psi,
Temperature 167 Degrees F)

ks4p272 7.812� Flexibility factor for short radius.

Effective moment of inertia for short
radius.Ies4p272 0.926 in4

�

kl4p272 5.199� Flexibility factor for long radius.

Effective moment of inertia for long
radius.Iel4p272 1.391 in4

�

kredl4p272 3.459� Flexibility factor for long radius.

Effective moment of inertia for long
radius.Ieredl4p272 2.091 in4

�
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kxl4p272 1.549� Flexibility factor for long radius.

Effective moment of inertia for long
radius.Iexl4p272 4.669 in4

�

Pipe 4 Inch Diameter (Actually 4.5 Inch OD) and 0.237 Thick (Pressure 376 psi,
Temperature 125 Degrees F)

ks4p376 7.778� Flexibility factor for short radius.

Effective moment of inertia for short
radius.Ies4p376 0.93 in4

�

kl4p376 5.173� Flexibility factor for long radius.

Effective moment of inertia for long
radius.Iel4p376 1.398 in4

�

kredl4p376 3.439� Flexibility factor for long radius.

Effective moment of inertia for long
radius.Ieredl4p376 2.103 in4

�
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WATER FILLED PIPE DENSITY CALCULATIONS

&s 0.28
lb

in3
� Mass density of Stainless Steel [41]

&w 0.0361
lb

in3
� Mass density of Water [42, Table A]

Pipe Sections

The density of the pipe sections will be calculated by taking the density associated with the steel
and the water and multiplying the value by the cross sectional area that each will have as well as a
common length variable (L).  The resulting weight will be divided by the cross sectional area of the
pipe section and the L multiplier.  The L multiplier will cancel from the top and bottom of the
equation and the result will be the density that the pipe would need to be to represent the weight of
the steel and water simultaneously in the beam model.

i 1 10���� Ranges used to iterate
through data

j 0 9����

PipeDt

"Diameter"

36

30

24

20

18

18

16

6.625

4.5

2.375

"Thickness"

0.5

0.4375

0.375

0.312

0.375

0.312

0.312

0.28

0.237

0.154


�
�
�
�
�
�
�
�
�
�
�
�
�
�
��

��
�
�
�
�
�
�
�
�
�
�
�
�
�
�


��

Di_pi 1� PipeDti 0�
2 PipeDti 1�
��� �in��

Di_pT 0 1 2 3 4 5 6 7 8 9

0 35 29.125 23.25 19.376 17.25 17.376 15.376 6.065 4.026 2.067
in�

Aw_pj

� Di_pj� �2�

4
��
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Aw_p
T 0 1 2 3 4 5 6 7 8 9

0 962.113 666.226 424.557 294.862 233.705 237.132 185.685 28.89 12.73 3.356
in2

�

As_pi 1�

� PipeDti 0�
in�� �2�

4
Aw_pi 1�

�

�
"
"
�

�
#
#
�

��

As_p
T 0 1 2 3 4 5 6 7 8 9

0 55.763 40.632 27.833 19.298 20.764 17.337 15.377 5.581 3.174 1.075
in2

�

Eq_&_p j 1�

&s As_pj
� &w Aw_pj

��

As_pj

��

Eq_&_p 0� 	

"36 x 0.5"

"30 x 0.4375"

"24 x 0.375"

"20 x 0.312"

"18 x 0.375"

"18 x 0.312"

"16 x 0.312"

"6.625 x 0.28"

"4.5 x 0.237"

"2.375 x 0.154"



�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�



�� Eq_&_p

0 1

0

1

2

3

4

5

6

7

8

9

"36 x 0.5" -32.339·10

"30 x 0.4375" -32.259·10

"24 x 0.375" -32.152·10

"20 x 0.312" -32.154·10

"18 x 0.375" -31.778·10

"18 x 0.312" -32.004·10

"16 x 0.312" -31.855·10

"6.625 x 0.28" -31.209·10

"4.5 x 0.237" -31.1·10

"2.375 x 0.154" -31.017·10

lbf s2
�

in4
�
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Reducers

The density of the reducers will be calculated by first considering the reducer to be two beams
connected in the middle of the reducer where one beam has dimensions associated with the large
open end and the other beam has dimensions associated with the small open end.  The method
used to determine the density of each section will be the same as that for the pipe sections
described above.

i 1 14���� Ranges used to iterate
through data

j 0 13����

RedDt

"Diameter"

18

16

24

18

36

24

36

30

30

20

4.5

2.375

6.625

4.5

"Thickness"

0.312

0.312

0.375

0.375

0.5

0.5

0.5

0.5

0.5

0.5

0.237

0.154

0.28

0.237


�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
��

��
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�


��

Di_ri 1� RedDti 0�
2 RedDti 1�
��� �in��

Di_rT 0 1 2 3 4 5 6 7 8 9

0 17.376 15.376 23.25 17.25 35 23 35 29 29 19
in�

Aw_rj

� Di_rj� �2�

4
��

Aw_r
T 0 1 2 3 4 5 6 7 8 9

0 237.132 185.685 424.557 233.705 962.113 415.476 962.113 660.52 660.52 283.529
in2

�
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As_ri 1�

� RedDti 0�
in�� �2�

4
Aw_ri 1�

�

�
"
"
�

�
#
#
�

��

As_r
T 0 1 2 3 4 5 6 7 8 9

0 17.337 15.377 27.833 20.764 55.763 36.914 55.763 46.338 46.338 30.631
in2

�

Eq_&_r j 1�

&s As_rj
� &w Aw_rj

��

As_rj

��

Eq_&_r 0� 	

"18x16 lg"

"18x16 sm"

"24x18 lg"

"24x18 sm"

"36x24 lg"

"36x24 sm"

"36x30 lg"

"36x30 sm"

"30x20 lg"

"30x20 sm"

"4x2 lg"

"4x2 sm"

"6x4 lg"

"6x4 sm"



�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



�� Eq_&_r

0 1

0

1

2

3

4

5

6

7

8

9

10

11

12

13

"18x16 lg" -32.004·10

"18x16 sm" -31.855·10

"24x18 lg" -32.152·10

"24x18 sm" -31.778·10

"36x24 lg" -32.339·10

"36x24 sm" -31.778·10

"36x30 lg" -32.339·10

"36x30 sm" -32.058·10

"30x20 lg" -32.058·10

"30x20 sm" -31.591·10

"4x2 lg" -31.1·10

"4x2 sm" -31.017·10

"6x4 lg" -31.209·10

"6x4 sm" -31.1·10

lbf s2
�

in4
�
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Elbows

The density of the Elbows will be considered to be the same as that of the pipe with the same
dimensions as an relatively close approximation.

Tees and Branches

The density of the Tees will be calculated by observing that the run and branch are both comprised
of the same pipe type and one density will be associated with that pipe type.  The Branches will be
calculated by considering the run and branch as two separate components and a density for each
will be calculated.  The method used to determine the density of each section will be the same as
that for the pipe sections described above.

i 1 8���� Ranges used to iterate
through data

j 0 7����

T_BrDt

"Diameter"

37.75

6.625

30

20

36

6.625

6.625

4.5

"Thickness"

1.375

0.28

0.4375

0.312

0.5

0.28

0.28

0.237


�
�
�
�
�
�
�
�
�
�
�
��

��
�
�
�
�
�
�
�
�
�
�
�


��

Di_TBi 1� T_BrDti 0�
2 T_BrDti 1�
��� �in��

Di_TBT 35 6.065 29.125 19.376 35 6.065 6.065 4.026( ) in�

Aw_TBj

� Di_TBj� �2�

4
��

Aw_TB
T 962.113 28.89 666.226 294.862 962.113 28.89 28.89 12.73( ) in2
�

As_TBi 1�

� T_BrDti 0�
in�� �2�

4
Aw_TBi 1�

�

�
"
"
�

�
#
#
�

��

As_TB
T 157.129 5.581 40.632 19.298 55.763 5.581 5.581 3.174( ) in2
�
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Eq_&_TBj 1�

&s As_TBj
� &w Aw_TBj

��

As_TBj

��

Eq_&_TB 0� 	

"T 37.75"

"T 6"

"Br 30x20_r"

"Br 30x20 br"

"Br 36x6 r"

"Br 36x6 br"

"Br 6x4 r"

"Br 6x4 br"



�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�



�� Eq_&_TB

"T 37.75"

"T 6"

"Br 30x20_r"

"Br 30x20 br"

"Br 36x6 r"

"Br 36x6 br"

"Br 6x4 r"

"Br 6x4 br"

1.298 10 3�
�

1.209 10 3�
�

2.259 10 3�
�

2.154 10 3�
�

2.339 10 3�
�

1.209 10 3�
�

1.209 10 3�
�

1.1 10 3�
�
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Valves

The density of the Valves will be calculated by observing that the approach adopted by this project
was to approximate the valves influence by increasing the thickness of the pipe until the moment of
inertia was increased to 3 times that of the connecting pipe.  However, since a lump mass
representing the mass of the valve was included in the model the density of the valves will be
adjusted such that it is only 10% of the mass of the pipe run that the valve intermediates.

i 1 2���� Ranges used to iterate
through data

j 0 1����

PRDt

"Pipe Diameter"

6.625in

4.5in

"Pipe Thickness"

0.28in

0.237in


�
�
��

��
�
�


�� ValveDt

"Valve Diameter"

6.625in

5.5in

"Valve Thickness"

1.417in

1.235in


�
�
��

��
�
�


��

As_PRi 1�

� PRDti 0�� �2�

4

� PRDti 0�
2 PRDti 1�
��� �2�

4
�

�
"
"
�

�
#
#
�

��

As_PR
T 5.581 3.174( ) in2
�

As_Vi 1�

� ValveDti 0�� �2�

4

� ValveDti 0�
2 ValveDti 1�
��� �2�

4
�

�
"
"
�

�
#
#
�

��

As_V
T 23.184 16.548( ) in2
�

Eq_&_Vj 1�

0.1 &s� As_PRj
�

As_Vj

�� Eq_&_V 0� 	 "6.625in Pipe Run"

"4.5in Pipe Run"



�
�

�
�



��

Eq_&_V
"6.625in Pipe Run"

"4.5in Pipe Run"

1.746 10 5�
�

1.391 10 5�
�
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Appendix D.9 

Support / Anchorage Capacities 

Note:  Limiting capacities for each appendix are highlighted yellow in their respective summary sections
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Capacity Table for Supports/Anchorages Associated with Model 1-4 Appendix D.9.1 

Compression Capacity of RH-19x, 20x, 21x, 14, 14A, 20, 35, 33, 12 Appendix D.9.2 

MS-1 Capacities Appendix D.9.3 

MS-6 Capacities Appendix D.9.4 

MS-3 Capacities Appendix D.9.5 

RH-33 Capacities Appendix D.9.6 

PR-2 Capacities Appendix D.9.7 

PR-7 Capacities Appendix D.9.8 

PS-19 Capacities Appendix D.9.9 

RH-12 Capacities Appendix D.9.10 

RH-14A Capacities Appendix D.9.11  

RH-20G Capacities Appendix D.9.12 

RH-35 Capacities Appendix D.9.13 

RH-20 Capacities Appendix D.9.14 

RH-34 Capacities Appendix D.9.15 

RH-27 Capacities Appendix D.9.16 

Wall Triangle Support Capacities Appendix D.9.17 

Anchorage Capacity for MS-3 & Wall Triangle Support Appendix D.9.18  
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Capacity Table for Supports / Anchorage Associated with Model 1-4 
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PCS Support/Anchorage Capacities for Models 2, 6, & 5

Support Line # Direction Capacity 
Type

Calculated 
Anchorage 

Capacity (kips)

Anchorage 
Reference

Calculated 
Support 
Capacity 

(kips)

Support 
Reference

1-1L E(+Z) TEN 3.188 [32, App E7] 41.417 App D.9.7
1-1L W(-Z) COM NA 17.939 App D.9.7
1-2L E(+Z) TEN 7.132 [32, App E7] 41.417 App D.9.7
1-2L W(-Z) COM NA 17.939 App D.9.7
1-3L E(+Z) COM NA [32, App E7] 17.939 App D.9.7
1-3L W(-Z) TEN 7.132 41.417 App D.9.7
1-4L E(+Z) COM NA [32, App E7] 17.939 App D.9.7
1-4L W(-Z) TEN 3.188 41.417 App D.9.7
1-7 V(+Y) COM NA 11.102 App D.9.8
1-7 V(-Y) TEN 0 App B.10.11 33.548 App B.10.5
1-7 Up-South TEN 45.171 [32, App E7] 30.55 App D.9.3
1-7 Down-North COM 45.171 [32, App E7] 30.55 App D.9.3

1-27 W (-Y) NA 85.842 [32, App D22B-9]
1-27 E (+Y) NA 6.258 [32, App D22B-9]
1-7 V(+Y) TEN 56.28 [32, App E5] 59.4 [32, App D14-13]
1-7 V(-Y) COM NA 45.79 App D.9.2
1-7 V(+Y) TEN 56.28 [32, App E5] 81.178 [32, App D13-11]
1-7 V(-Y) COM NA 53.832 App D.9.2
1-7 V(+Y) TEN 56.28 [32, App E5] 81.178 [32, App D13-11]
1-7 V(-Y) COM NA 48.204 App D.9.2
1-7 V(+Y) TEN Combined (28.14) [32, App E5] 81.178 [32, App D13-11]
1-7 V(-Y) COM NA 48.204 App D.9

RH-22x 1-7 V(+Y) TEN Combined (28.14) [32, App E5] 81.178 [32, App D13-11]
1-7 E(+Z) TEN 18.514 [32, App E7] 15 App D.9.4
1-7 W(-Z) COM NA 15 App D.9.4
1-7 N(+X) TEN App D.9.5 [32, App E7] 50 App D.9.5
1-7 S(-X) COM NA 50 App D.9.5
1-8 Up-South COM 28.178 [32, App E7] 15 [32, App D8-5]
1-8 Down-North TEN 28.178 [32, App E7] 15 [32, App D8-5]
1-9 V(-Y) COM NA 75.565 [32, App D3-4]
1-9 V(+Y) TEN 14.07 [32, App E6]

1-10 V(-Y) COM NA 75.565 [32, App D3-4]
1-10 V(+Y) TEN 14.07 [32, App E6]
1-11 V(-Y) COM NA 75.565 [32, App D3-4]
1-11 V(+Y) TEN 14.07 [32, App E6]
1-12 V(-Y) COM NA 75.565 [32, App D3-4]
1-12 V(+Y) TEN 14.07 [32, App E6]
1-170 V(-Y) COM NA 155.021 [32, App D3]
1-170 V(+Y) TEN 14.07 [32, App E6]
1-34 V(+Y) TEN 11.25 [32, App E5] 10.354 [32, App D3]
1-34 V(-Y) COM NA 0.104 App D.9.2
1-34 V(+Y) TEN 11.25 [32, App E5] 10.354 [32, App D3]
1-34 V(-Y) COM NA 0.104 App D.9.2
1-34 V(+Y) TEN 11.25 [32, App E5] 10.354 [32, App D3]
1-34 V(-Y) COM NA 0.104 App D.9.2

PS-14A 1-34 V(-Y) COM NA 22.106 [32, App D3-4]
PS-14B 1-67 V(+Y) COM NA 22.106 [32, App D3-4]

Tunnel 
Restraint

PR-2A+

PR-2B+

PR-2C+

PR-2D+

PR-7

MS-1

RH-19x

RH-20x

RH-21xA

RH-21xB

MS-6*

MS-3

MS-4*

RH-14a

RH-14b

PS-8E

PS-8F

PS-8G

PS-8H

PS-20b

RH-14c

Table continued on next page 
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Support Line # Direction Capacity 
Type

Calculated 
Anchorage 

Capacity (kips)

Anchorage 
Reference

Calculated 
Support 
Capacity 

(kips)

Support 
Reference

1-34 V(-Y) TEN 11.839 [32, App E5] 5.763 [32, App D17B-12]
1-34 V(+Y) COM NA 8.518 [32, App D17B-12]
1-34 NS(X) FLEXURE 2.789 [32, App E5] 4.65 [32, App D17B-12]
1-39 E(+Z) COM NA 5.577 [32, App D19B-18]
1-39 W(-Z) TEN 3.435 [32, App E6] 1.528 [32, App D19B-18]
1-39 V(Y) FLEXURE 1.356 [32, App E6] 0.908 ` [32, App D19B-18]

PS-11A 1-39 V(-Y) COM NA 20.496 [32, App D3-4
1-34 & 1-40 V(+Y) TEN NA 7.069 App D.9
1-34 & 1-41 V(-Y) COM NA 0.691 App D.9
1-34 & 1-42 V(+Y) TEN NA 7.069 App D.9
1-34 & 1-43 V(-Y) COM NA 0.691 App D.9
1-34 & 1-44 V(+Y) TEN NA 7.069 App D.9
1-34 & 1-45 V(-Y) COM NA 0.691 App D.9
1-34 & 1-46 V(+Y) TEN NA 7.069 App D.9
1-34 & 1-47 V(-Y) COM NA 0.691 App D.9
1-40 & 1-41 V(+Y) TEN NA 7.069 App D.9
1-40 & 1-41 V(-Y) COM NA
1-40 & 1-42 V(+Y) TEN NA 3.728 App D.9
1-40 & 1-42 V(-Y) COM NA 0.228 App D.9
1-40 & 1-42 V(+Y) TEN NA 3.728 App D.9
1-40 & 1-42 V(-Y) COM NA 0.228 App D.9

1-42 V(+Y) TEN 4.117 [32, App E5] 4.117 [32, App D3]
1-42 V(-Y) COM NA 0.024 App D.9
1-42 V(+Y) TEN 3.47 [32, App E5] 6.627 [32, App D3]
1-42 V(-Y) COM NA 0.024 App D.9
1-42 E(+Z) TEN 12.32 [32, App E7] 8.467 [32, App D21-18]
1-42 W(-Z) COM NA 8.342 [32, App D21-18]

PS-23 1-42 V(-Y) COM NA 16.789 [32, App D3-4
1-42 N(+X) COM NA 35.487 [32, App D20-13]
1-42 S(-X) TEN 11.25 [32, App E5] 20.709 [32, App D20-13]
1-42 N(+X) COM NA 35.487 [32, App D20-13]
1-42 S(-X) TEN 11.25 [32, App E5] 20.709 [32, App D20-13]
1-42 N(+X) COM NA 96.792 App D.9
1-42 S(-X) TEN 11.25 [32, App E5] 13.254 App D.9
1-42 V(Y) FLEXURE 0.584 [32, App E5] 3.37 ` App D.9
1-42 V(+Y) TEN 11.25 [32, App E5] 3.976 App D.9
1-42 V(-Y) COM NA 0.228 App D.9
1-42 V(+Y) TEN 11.25 [32, App E5] 10.354 [32, D7]
1-42 V(-Y) COM NA 0.228 App D.9

PS-10A 1-42 V(+Y) COM NA 22.1 [32, App D3-4]
PS-10B 1-41 V(+Y) COM NA 22.1 [32, App D3-4]

Does Not Experience Uplift

RH-35a

RH-35b

RH-33A

RH-33B
Horizontal 
Support

PS-20A

TB2

RH-14Aa

RH-14Ab

RH-14Ac

RH-14Ad

RH-20G

NN-2

NN-3

PS-19

RH-12

RH-20

Table continued on next page 
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Support Line # Direction Capacity 
Type

Calculated 
Anchorage 

Capacity (kips)

Anchorage 
Reference

Calculated 
Support 
Capacity 

(kips)

Support 
Reference

1-41 NS(X) FLEXURE 1.356 [32, App E6] 0.908 ` [32, App D19B-18]
1-41 E(+Z) COM NA 5.577 [32, App D19B-18]
1-41 W(-Z) TEN 3.435 [32, App E6] 1.528 [32, App D19B-18]
1-41 V(+Y) FLEXURE 2.2 [32, App E6]
1-41 V(-Y) FLEXURE 2.2 [32, App E6]
1-41 N(+X) TEN 6.686 [32, App E6] 3.37 ` App E.6
1-41 S(-X) COM NA [32, App E6] 3.37 ` App E.6
1-42 V(+Y) TEN 1.047 [32, App E5] 10.354 [32, App D4]
1-42 V(-Y) COM NA 0.397 App D.9

PS-11B 1-77 V(+Y) COM NA 20.496 [32, App D3-4]
1-77 V(+Y) TEN > Support App D.9 0.59 App D.9
1-77 V(-Y) COM
1-77 V(+Y) TEN 11.25 [32, App E5] 7.069 App D.9
1-77 V(-Y) COM
1-77 V(+Y) TEN 11.25 [32, App E5] 7.069 App D.9
1-77 V(-Y) COM
1-40 N(+X) TEN 11.25 [32, D2] 29.821 [32, D2]
1-40 S(-X) COM NA 5.658 [32, D2]

1-42 & 1-9 V(+Y) TEN NA [32, App E5] 7.069 App D.9
1-42 & 1-9 V(-Y) COM

 + PR-2's are further evaluated in combination with PR-1's in appendix E  

` U-Bolt analysis in App. E was implemented resulting in a higher u-bolt capacity and thus initiating an alternate controlling 
capacity component

Combined (28.14) - Indicates that the support shares a common anchorage with another support and the stated value is a 
place holder and the extended evaluation is shown in App E.8

Does Not Experience Uplift

Does Not Experience Uplift

Does Not Experience Uplift

Does Not Experience Uplift

See Breakout Evaluation         
(App E9) for Recommendations

TB1

PS-7

* MS-4 and MS-6 were released in the model due to overloading observations from a preliminary iteration (See main body 
of report for treatment/recommendations regarding each of these individual components)

RH-34

RH-16C*

WTS

RH-27A

PS-22

RH-27B
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 Compression Capacity of RH-19x, 20x, 21x, 14, 14A, 20, 35, 33, 12
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RH-19x, 20x, 21x, 14, 14A, 20, 35, 33, 12 & 34 COMPRESSION  CAPACITY
RH-19x, 20x, 21x, 14, 14A, 20, 35, 33, 12, and 34 primarily support the PCS piping system from
downward loading and PR-7 is primarily designed to be a tie down.  However, the effects of the 32
seismic events applied to the support provides some upward (downward for PR-7) loading therefore
capacity in the associated compression direction is calculated below.

Component Capacity Overview:
- Upward Loading: 
  - Compression capacity in eye rod sections

(Procedures from AISC 13th Edition (applying LRFD) [8])

Assigned indices corresponding to
number of support types associated
with these calculations

i 0 1�+ 10����

Geometric and Material Properties of Support Components
ROD SECTION

Material Properties as Defined in the Material Section of this Report:

Fy 33ksi�� Yield Strength for A7 Carbon Steel

Fu 60ksi�� Ultimate Strength for A7 Carbon Steel

E 29000ksi�� Modulus of Elasticity for A7 Carbon Steel

RH19x

RH20x

RH21xa

RH21xb

RH14

RH14A

RH20

RH35

RH33

RH12

RH34


�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



L

42

33.5

39.5

39.5

127.5

49.5

86.125

95

70

86.125

47.3
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in�� D

1.75

1.75

1.75

1.75

0.625

0.625

0.625

0.375

0.5

0.625

0.5



�
�
�
�
�
�
�
�
�
�
�
�
�
�
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�
�
�
�
�
�
�
�
�
�
�
�
�



in�� rgyration
D
4

�� A π
D
2


�
�

��



2
��� A

0

0

1

2

3

4

5

6

7

8

9

10

2.405

2.405

2.405

2.405

0.307

0.307

0.307

0.11

0.196

0.307

0.196

in2
��
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Capacities for Upward Loading

Compression, capacity in rod hangers [AISC, Ch. E pg 16.1-32 thru 43]

E1. General Provisions

ϕc 0.9�� Resistance factor for compression

E2. Slenderness Limitations and Effective Length
Effective length in accordance with C2.b1,
[AISC, comm.C2 (Table C-C2.2) (case d) pg
16.1-240] Case d was chosen because the
support was allowed to rotate on the top as well
as on the bottom. 

K 1.0��

The Slenderness ratio KL/r should preferably not exceed 200

KLri

K Li�

rgyrationi



�
�
�

�
�
�



��

The below KLr values verify that all supports do not exceed the 200 recommended limitation

KLrT 0 1 2 3 4 5 6

0 96 76.571 90.286 90.286 816 316.8 ...
�

E3. Compressive Strength for Flexural Buckling of Members Without Slender
Elements (verified through classification)

Fei

π
2E

KLri� �2
�� Fe is the elastic critical buckling stress (E3-4) 

Fe
T 0 1 2 3 4 5 6 7 8

0 31.057 48.816 35.112 35.112 0.43 2.852 0.942 0.279 ...
ksi��

Calculating the variables Limit, Op1, and Op2 to be utilized in logic to determine flexural buckling stress .

Limit 4.71
E
Fy

��� Op1i 0.658

Fy

Fei



�
�
�

�
�
�

Fy�� Op2i 0.877 Fei

���

Limit 139.625�
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Calculating the flexural buckling stress

Fcri
Op1i KLri Limit if

Op2i KLri Limit�if

�� (E3-2)

(E3-3)

Fcr
T 0 1 2 3 4 5 6 7 8

0 21.153 24.868 22.268 22.268 0.377 2.501 0.826 0.244 ...
ksi��

ϕPni
ϕc Fcri

� Ai��� Design compressive strength

ϕPn
T 0 1 2 3 4 5 6 7 8 9 10

0 45.79 53.832 48.204 48.204 0.104 0.691 0.228 0.024 0.141 0.228 0.31
kip��

ϕPn

45.79

53.832

48.204

48.204

0.104

0.691

0.228

0.024

0.141

0.228

0.31

kip��

RH19x

RH20x

RH21xa

RH21xb

RH14

RH14A

RH20

RH35

RH33

RH12

RH34
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Appendix D.9.3

MS-1 Capacities
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MS-1 CAPACITY
MS-1 restricts PCS piping seismic motion in the north/south and
vertical directions.  MS-1 is comprised of the PSA-35 mechanical
snubber, base plate bolted to the wall, a schedule 80 pipe extension,
and clamp attaching the support to the 36" PSC pipe.  The snubber is
connected to the clamp and base plate by a pin and the clamp is
secured to the pipe by two large threaded rods on either side.  Note
that the snubber is at a 30 degree angle from the horizontal and the
limiting capacity of the support needs to be resolved into vertical and
horizontal components.  The anchorage assembly capacities and the
associated capacities of the wall embedment are found in the
anchorage and embedment portions of this report while the capacities
for the remainder of the components are calculated below.

Component Capacity Overview:
- Eastward/Westward Loading: 
  - Shear capacity of mechanical snubber's anchorage and clamp pin
  - Tension/Compression capacity of mechanical snubber
  - Tension/Compression capacity of clamp
  - Tension capacity of pipe extension
  - Compression capacity of pipe extension

(Procedures from SEI/ASCE 8-02 (Applying LRFD) [8])

References
1. Drawing 453164, "ATR Primary Coolant System Mechanical Snubber Pin Detail," Lockheed Idaho
Technologies Company,
    July, 24, 1996
2. SEI/ASCE 8-02, "Specification for the Design of Cold-Formed Stainless Steel Structural Members," American
Society of Civil
    Engineers, Sept. 24, 2007
3. ASTM SA-564/SA-564M, "Specification for Hot-Rolled and Cold-Finished Age-Hardening Stainless Steel Bars
and Shapes," 
    American Society for Testing and Materials, 2004
4. Drawing 159775, "ATR Seismic Modification, Primary System Snubber Details," Rev. 2, EG&G Idaho, Inc.,
August 5, 1980
5. Basic-PSA, Inc. Catalog 193, "Pipe Hangers, Supports, and Controls," Basic-PSA, Inc.
6. DAG, "Allowable Loads for Angle Loaded Pipe Clamps (Mech Snubber Model:PSA-35)," Basic Engineers
October 12, 1984
7. ANSI/AISC 360-05, "Steel Construction Manual, 13th ed.," American Institute of Steel Construction, Inc.,
March 9, 2005.

Note:
SEI/ASCE 8-02 was applied for these supports instead of AISC 13th Edition because the vendor data
capacities for the mechanical snubbers and their associated clamps were available, however, the 
stainless steel pins implemented were associated with a drawing given specific material properties
and dimensions of the stainless steel.
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Assigned indices corresponding to number of
support types associated with these calculationsi 0��

Support =    0
                (MS-1)

Relationship between support and corresponding
indices

Geometric and Material Properties of Support Components
MECHANICAL SNUBBER PINS (Mechanical Snubber Pin Detail [453164])

Material Properties of Mechanical Snubber Pins as Defined in the [453164] and [ASTM SA-564]:

Fy_pin 115ksi�� Yield Strength for SA-564, Tp 630, Cond 1100

Fu_pin 140ksi�� Ultimate Strength for SA-564, Tp 630, Cond 1100

Geometric Properties of Mechanical Snubber Pins:

dpin 1.4970in( )T�� Diameter of mechanical snubber pins [159776],
[453164]

Lpin 7in( )T�� Length of mechanical snubber pins [159776],
[453164]

MECHANICAL SNUBBER (PSA Mechanical Snubber [159775])

Rated Capacity of Mechanical Snubbers:
Rated capacity of mechanical snubbers
[Basic-PSA, pg 171]CapacityMS 50kip( )T��

INTERMEDIATE SNUBBER PIPE (4" Schedule 80 [159775])

Material Properties of Intermediate Snubber Pipe as Defined in the Material Section of this Report:

Fy_sp 33ksi�� Yield Strength for A7 Carbon Steel

Fu_sp 60ksi�� Ultimate Strength for A7 Carbon Steel

Esp 29000ksi�� Modulus of Elasticity for A7 Carbon Steel

Geometric Properties of Intermediate Snubber Pipe:

Outside diameter of intermediate snubber pipe
[159775], [AISC, Table 1-14, pg 1-99]ODsp 4.5in( )T��

Inside diameter of intermediate snubber pipe
[159775], [AISC, Table 1-14, pg 1-99]IDsp 3.83in( )T��

tsp 0.337in( )T�� Nominal thickness of intermediate snubber pipe
[159775], [AISC, Table 1-14, pg 1-99] 

Area of intermediate snubber pipe [159775],
[AISC, Table 1-14, pg 1-99] Asp 4.14in2� �T��
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rgyration_sp 1.48in( )T�� Radius of gyration of intermediate snubber pipe
[159775], [AISC, Table 1-14, pg 1-99] 

Length between pin connections of snubber plus
intermediate snubber pipe spanning between
[159775], [AISC, Table 1-14, pg 1-99]

Lsp_pins 78
3

8
in
�

�
��



T
��

CLAMP (Pipe Clamp at 30 degree angle  [159776])

Rated Capacity of Mechanical Snubbers' Pipe Clamp at 30 Degrees:

Rated capacity of pipe clamp connecting
mechanical snubber [Basic Engineers]Capacitycl 30.550kip( )T��

Applicability of applying SEI/ASCE 8-02
MECHANICAL SNUBBER PINS

1.3.3 Ductility 

This code does not list SA-564 as an applicable stainless steel unless it meets the following criteria

Ratio of tensile strength to yield strength must not be less than 1.08
Fu_pin
Fy_pin

1.217� Since this value is greater than the 1.08
specification SA-564 meets this requirement

Total elongation shall not be less than 10% for a two-in. gage length standard specimen

Since this value is greater than the 10%
requirement SA-564 meets this requirement as
well

Elongation = 14% [ASTM SA-564, pg1092]

Capacities For Eastward/Westward Loading
MECHANICAL SNUBBER PINS

Shear, capacity of mechanical snubber anchorage and clamp pins [ASCE, Ch. 5 pg 24 thru 25]

5. Connections and Joints

5.3.4. Shear and Tension in Stainless Steel Bolts

ϕ 0.65�� [SEI/ASCE 8-02, Table 6 pg 25] 

Gross cross sectional area of pin
Apini

π

dpini

2



�
�

�
�



2

���
Applicable area for this case since the bolt
is in double shear

Apin_dsi
2 Apini
���

Since Fnv is not provided for SA-564 type 630
stainless steel in SEI/ASCE 8-02 it is
observed from [SEI/ASCE 8-02, Table A1] that
the shear yield strength of the represented
materials is no less than 0.51 of the yield
strength, thus to be conservative it has been

Fnv_cl_bolt 0.5 Fy_pin���
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estimated to be 0.5 of the yield strength 

Rnv_cl_bolti
Fnv_cl_bolt Apin_dsi

��� Nominal strength (Rn) (5.3.4-1)

ϕRnv_cl_bolti
ϕ Rnv_cl_bolti
���

ϕRnv_cl_bolt
T 131.566( ) kip�� Design shear strength

It appears that even with the conservative assumptions that these values are much greater than
that of the snubber and clamp capacities, thus this treatment is adequate in determining if these
components will govern this support

MECHANICAL SNUBBER

Compression/Tension, capacity of mechanical snubber

PMS CapacityMS��

PMS
T 50( ) kip�� Vendor supplied mechanical snubber strength

INTERMEDIATE SNUBBER PIPE

Determine if supports are compact (1), non-compact (2), or slender (3) as defined in first paragraph of B4

B4. Classification of sections for local buckling (Table B4.1 Case 15)

D2tspi

ODspi

tspi

�� D2tsp
T 13.353( )�

Definition of ,p and ,r from Table B4.1 Case 15 (Circular hollow sections in uniform compression)
to be applied in classification logic.  ,p is the separation point between a compact and non
compact member. ,r is separation point between a non compact and slender member.  However,
Table B4.1 Case 15 defines ,p = NA because the only thing of concern is if the support is slender
or non-slender, thus only if the classification is 3 do we apply slenderness considerations,
otherwise we treat the member as not having slender elements. 

λp 0�� λr 0.11
Esp

Fy_sp
��

Classificationi 1 D2tspi
λp if

2 λp D2tspi
� λr if

3 λr D2tspi
�if

��

ClassificationT 2( )�
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Compression, capacity in intermediate snubber pipe [AISC, Ch. E pg 16.1-32 thru 43]

E1. General Provisions

ϕc 0.9�� Resistance factor for compression

E2. Slenderness Limitations and Effective Length
Effective length in accordance with C2.b1,
[AISC, comm.C2 (Table C-C2.2) (case d) pg
16.1-240] Case d was chosen because the
support was allowed on both ends. 

K 1.0��

The Slenderness ratio KL/r should preferably not exceed 200

Lsp_pins was chosen as it was the effective length
between the pin locations. 

KLri

K Lsp_pinsi
�

rgyration_spi



�
�
�

�
�
�



��

The below KLr values verify that all supports do not exceed the 200 recommended limitation

KLrT 52.956( )�

E3. Compressive Strength for Flexural Buckling of Members Without Slender Elements (verified through classificatio

Fei

π
2Esp

KLri� �2
�� Fe is the elastic critical buckling stress (E3-4) 

Fe
T 102.062( ) ksi��

Calculating the variables Limit, Op1, and Op2 to be utilized in logic to determine flexural buckling stress .

Limit 4.71
Esp

Fy_sp
��� Op1i 0.658

Fy_sp

Fei



�
�
�

�
�
�

Fy_sp�� Op2i 0.877 Fei

���

Limit 139.625�

Calculating the flexural buckling stress

Fcri
Op1i KLri Limit if

Op2i KLri Limit�if

�� (E3-2)

(E3-3)

Fcr
T 28.823( ) ksi��

ϕPni
ϕc Fcri

� Aspi
���

Design compressive strength
ϕPn

T 107.395( ) kip��
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Tension, capacity in intermediate snubber pipe [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the only value
required from section D3. "Area Determination" prior to applying D2. "Tensile Strength"

D3. Area Determination

1. Gross Area

Ag_spi
Aspi

�� Gross area

2.  Net Area

Anet_spi
Aspi

�� Net area

3.  Effective Net Area

Usp 1.0�� Shear Lag Factor [AISC, Table D3.1]

Ae_spi
Anet_spi

Usp��� Effective net area

(a) For tensile yielding in the gross section:

Pn_sp_tyi
Fy_sp Ag_spi

��� Nominal axial strength (Pn)

ϕty 0.9�� Resistance factor for tension yielding (-ty)

ϕPn_sp_tyi
ϕty Pn_sp_tyi

���

Design tensile yielding strength
ϕPn_sp_ty 122.958( ) kip��

(b) For tensile rupture in net section:

Pn_sp_tri
Fu_sp Ae_spi

��� Nominal axial strength (Pn)

ϕtr 0.75�� Resistance factor for tension rupture (-tr)

ϕPn_sp_tri
ϕtr Pn_sp_tri

���

Design tensile rupture strength
ϕPn_sp_tr 186.3( ) kip��
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CLAMP

Compression/Tension, capacity of clamp

Pcl Capacitycl��

Pcl
T 30.55( ) kip�� Supplied clamp strength

SUMMARY OF RESULTS

Capacities For Eastward/Westward Loading
MECHANICAL SNUBBER PINS

Shear, capacity of mechanical snubber anchorage and clamp pins [ASCE, Ch. 5 pg 24 thru 25]

5. Connections and Joints

5.3.4. Shear and Tension in Stainless Steel Bolts

ϕRnv_cl_bolt
T 131.566( ) kip�� Design shear strength

MECHANICAL SNUBBER

Compression/Tension, capacity of mechanical snubber

PMS
T 50( ) kip�� Supplied mechanical snubber strength

INTERMEDIATE SNUBBER PIPE

Compression, capacity in intermediate snubber pipe [AISC, Ch. E pg 16.1-32 thru 43]

E1. General Provisions

E2. Slenderness Limitations and Effective Length

E3. Compressive Strength for Flexural Buckling of Members Without Slender Elements (verified through classificatio

Design compressive strength
ϕPn

T 107.395( ) kip��

Tension, capacity in intermediate snubber pipe [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D2. Tensile Strength

(a) For tensile yielding in the gross section:

ϕPn_sp_ty 122.958( ) kip�� Design tensile yielding strength

(b) For tensile rupture in net section:

ϕPn_sp_tr 186.3( ) kip�� Design tensile rupture strength
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CLAMP

Compression/Tension, capacity of clamp

Pcl
T 30.55( ) kip�� Supplied clamp strength
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Appendix D.9.4

MS-6 Capacities
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MS-6 CAPACITY
MS-6 restricts seismic motion in the east/west direction of
the horizontally oriented PCS piping traveling in the
north/south direction.  MS-6 is comprised of the PSA-10
mechanical snubber, base plate bolted to the wall, a 2 foot
2" schedule 80 pipe extension, and clamp attaching the
support to the 36" PSC pipe.  The snubber is connected to
the clamp and base plate by a pin and the clamp is secured
to the pipe by two large threaded rods on either side.  The
anchorage assembly capacities and the associated
capacities of the wall embedment are found in the anchorage
and embedment portions of this report while the capacities
for the remainder of the previously mentioned components
are calculated below.

Component Capacity Overview:
- Eastward/Westward Loading: 
  - Shear capacity of mechanical snubber's anchorage and
clamp pin
  - Tension/Compression capacity of mechanical snubber
  - Tension/Compression capacity of clamp
  - Tension capacity of pipe extension
  - Compression capacity of pipe extension

(Procedures from SEI/ASCE 8-02 (Applying LRFD))

References
1. Drawing 453164, "ATR Primary Coolant System Mechanical Snubber Pin Detail," Lockheed Idaho
Technologies Company, July, 24, 1996
2. SEI/ASCE 8-02, "Specification for the Design of Cold-Formed Stainless Steel Structural Members," American
Society of Civil Engineers, Sept. 24, 2007
3. ASTM SA-564/SA-564M, "Specification for Hot-Rolled and Cold-Finished Age-Hardening Stainless Steel Bars
and Shapes," American Society for Testing and Materials, 2004
4. Drawing 159776, "ATR Seismic Modification, Primary System Snubber Details," Rev. 4, EG&G Idaho, Inc.,
August 7, 1980
5. Basic-PSA, Inc. Catalog 193, "Pipe Hangers, Supports, and Controls," Basic-PSA, Inc.
6. DAG, "Allowable Loads for Angle Loaded Pipe Clamps (Mech Snubber Model:PSA-10)," Basic Engineers
October 12, 1984
7. ANSI/AISC 360-05, "Steel Construction Manual, 13th ed.," American Institute of Steel Construction, Inc.,
March 9, 2005.

Note:
SEI/ASCE 8-02 was applied for these supports instead of AISC 13th Edition because the vendor data
capacities for the mechanical snubbers and their associated clamps were available, however, the
stainless steel pins implemented were associated with a drawing given specific material properties and
dimensions of the stainless steel.
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Assigned indices corresponding to number of
support types associated with these calculationsi 0��

Support =    0
                (MS-6)

Relationship between support and corresponding
indices

Geometric and Material Properties of Support Components
MECHANICAL SNUBBER PINS (Mechanical Snubber Pin Detail [453164]

Material Properties of Mechanical Snubber Pins as Defined in the [453164] and [ASTM SA-564]:

Fy_pin 115ksi�� Yield Strength for SA-564, Tp 630, Cond 1100

Fu_pin 140ksi�� Ultimate Strength for SA-564, Tp 630, Cond 1100

Geometric Properties of Mechanical Snubber Pins:

dpin 0.9992in( )T�� Diameter of mechanical snubber pins [159776],
[453164]

Lpin 5in( )T�� Length of mechanical snubber pins [159776],
[453164]

MECHANICAL SNUBBER (PSA Mechanical Snubber [159776]

Rated Capacity of Mechanical Snubbers:
Rated capacity of mechanical snubbers
[Basic-PSA, pg 171]CapacityMS 15kip( )T��

INTERMEDIATE SNUBBER PIPE (2" Schedule 80 [159776]

Material Properties of Intermediate Snubber Pipe as Defined in the Material Section of this Report:

Fy_sp 33ksi�� Yield Strength for A7 Carbon Steel

Fu_sp 60ksi�� Ultimate Strength for A7 Carbon Steel

Esp 29000ksi�� Modulus of Elasticity for A7 Carbon Steel

Geometric Properties of Intermediate Snubber Pipe:

Outside diameter of intermediate snubber pipe
[159776], [AISC, Table 1-14, pg 1-99]ODsp 2.38in( )T��

Inside diameter of intermediate snubber pipe
[159776], [AISC, Table 1-14, pg 1-99]IDsp 1.94in( )T��

tsp 0.218in( )T�� Nominal thickness of intermediate snubber pipe
[159776], [AISC, Table 1-14, pg 1-99] 

Area of intermediate snubber pipe [159776],
[AISC, Table 1-14, pg 1-99] Asp 1.39in2� �T��
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rgyration_sp 0.771in( )T�� Radius of gyration of intermediate snubber pipe
[159776], [AISC, Table 1-14, pg 1-99] 

Length of intermediate snubber pipe [159776],
[AISC, Table 1-14, pg 1-99]Lsp 24in( )T��

Length between pin connections of snubber plus
intermediate snubber pipe spanning between
[159776], [AISC, Table 1-14, pg 1-99]

Lsp_pins 48in( )T��

CLAMP (Pipe Clamp  [159776])

Rated Capacity of Mechanical Snubbers' Pipe Clamp:

Rated capacity of pipe clamp connecting
mechanical snubber [Basic Engineers]Capacitycl 16kip( )T��

Applicability of applying SEI/ASCE 8-02
MECHANICAL SNUBBER PINS

1.3.3 Ductility 

This code does not list SA-564 as an applicable stainless steel unless it meets the following criteria

Ratio of tensile strength to yield strength must not be less than 1.08
Fu_pin
Fy_pin

1.217� Since this value is greater than the 1.08
specification SA-564 meets this requirement

Total elongation shall not be less than 10% for a two-in. gage length standard specimen

Since this value is greater than the 10%
requirement SA-564 meets this requirement as
well

Elongation = 14% [ASTM SA-564, pg1092]

Capacities For Eastward/Westward Loading
MECHANICAL SNUBBER PINS

Shear, capacity of mechanical snubber anchorage and clamp pins [ASCE, Ch. 5 pg 24 thru 25]

5. Connections and Joints

5.3.4. Shear and Tension in Stainless Steel Bolts

ϕ 0.65�� [SEI/ASCE 8-02, Table 6 pg 25] 

Apini
π

dpini

2



�
�

�
�



2

��� Gross cross sectional area of pin

Applicable area for this case since the bolt
is in double shearApin_dsi

2 Apini
���

Since Fnv is not provided for SA-564 type 630
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stainless steel in SEI/ASCE 8-02 it is observed
from [SEI/ASCE 8-02, Table A1] that the shear
yield strength of the represented materials is no
less than 0.51 of the yield strength, thus to be
conservative it has been estimated to be 0.5 of
the yield strength 

Fnv_cl_bolt 0.5 Fy_pin���

Rnv_cl_bolti
Fnv_cl_bolt Apin_dsi

��� Nominal strength (Rn) (5.3.4-1)

ϕRnv_cl_bolti
ϕ Rnv_cl_bolti
���

ϕRnv_cl_bolt
T 58.615( ) kip�� Design shear strength

It appears that even with the conservative assumptions that these values are much greater than that of
the snubber and clamp capacities, thus this treatment is adequate in determining if these components
will govern this support

MECHANICAL SNUBBER

Compression/Tension, capacity of mechanical snubber

PMS CapacityMS��

PMS
T 15( ) kip�� Supplied mechanical snubber strength

INTERMEDIATE SNUBBER PIPE

Determine if supports are compact (1), non-compact (2), or slender (3) as defined in first paragraph of B4

B4. Classification of sections for local buckling (Table B4.1 Case 15)

D2tspi

ODspi

tspi

�� D2tsp
T 10.917( )�

Definition of ,p and ,r from Table B4.1 Case 15 (Circular hollow sections in uniform compression)
to be applied in classification logic.  ,p is the separation point between a compact and non
compact member. ,r is separation point between a non compact and slender member.  However,
Table B4.1 Case 15 defines ,p = NA because the only thing of concern is if the support is
slender or non-slender, thus only if the classification is 3 do we apply slenderness considerations,
otherwise we treat the member as not having slender elements. 

λp 0�� λr 0.11
Esp

Fy_sp
��



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A L. Crawford Date:    09/30/2008 Checker:      M. D. Landon Date:    09/30/2008

Calculation Sheet 
Page D.9.4-6 of D.9.4-9

Classificationi 1 D2tspi
λp if

2 λp D2tspi
� λr if

3 λr D2tspi
�if

��

ClassificationT 2( )�

Compression, capacity in intermediate snubber pipe [AISC, Ch. E pg 16.1-32 thru 43]

E1. General Provisions

ϕc 0.9�� Resistance factor for compression

E2. Slenderness Limitations and Effective Length
Effective length in accordance with C2.b1,
[AISC, comm.C2 (Table C-C2.2) (case d) pg
16.1-240] Case d was chosen because the
support was allowed on both ends. 

K 1.0��

The Slenderness ratio KL/r should preferably not exceed 200

Lsp_pins was chosen as it was the effective length
between the pin locations. 

KLri

K Lsp_pinsi
�

rgyration_spi



�
�
�

�
�
�



��

The below KLr values verify that all supports do not exceed the 200 recommended limitation

KLrT 62.257( )�

E3. Compressive Strength for Flexural Buckling of Members Without Slender Elements (verified through classificatio

Fei

π
2Esp

KLri� �2
�� Fe is the elastic critical buckling stress (E3-4) 

Fe
T 73.845( ) ksi��

Calculating the variables Limit, Op1, and Op2 to be utilized in logic to determine flexural buckling stress .

Limit 4.71
Esp

Fy_sp
��� Op1i 0.658

Fy_sp

Fei



�
�
�

�
�
�

Fy_sp�� Op2i 0.877 Fei

���

Limit 139.625�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A L. Crawford Date:    09/30/2008 Checker:      M. D. Landon Date:    09/30/2008

Calculation Sheet 
Page D.9.4-7 of D.9.4-9

Calculating the flexural buckling stress

Fcri
Op1i KLri Limit if

Op2i KLri Limit�if

�� (E3-2)

(E3-3)

Fcr
T 27.371( ) ksi��

ϕPni
ϕc Fcri

� Aspi
���

Design compressive strength
ϕPn

T 34.241( ) kip��

Tension, capacity in intermediate snubber pipe [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the only value
required from section D3. "Area Determination" prior to applying D2. "Tensile Strength"

D3. Area Determination

1. Gross Area

Ag_spi
Aspi

�� Gross area

2.  Net Area

Anet_spi
Aspi

�� Net area

3.  Effective Net Area

Usp 1.0�� Shear Lag Factor [AISC, Table D3.1]

Ae_spi
Anet_spi

Usp��� Effective net area

(a) For tensile yielding in the gross section:

Pn_sp_tyi
Fy_sp Ag_spi

��� Nominal axial strength (Pn)

ϕty 0.9�� Resistance factor for tension yielding (-ty)

ϕPn_sp_tyi
ϕty Pn_sp_tyi

���

Design tensile yielding strength
ϕPn_sp_ty 41.283( ) kip��

(b) For tensile rupture in net section:

Pn_sp_tri
Fu_sp Ae_spi

��� Nominal axial strength (Pn)
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ϕtr 0.75�� Resistance factor for tension rupture (-tr)

ϕPn_sp_tri
ϕtr Pn_sp_tri

���

Design tensile rupture strength
ϕPn_sp_tr 62.55( ) kip��

CLAMP

Compression/Tension, capacity of clamp

Pcl Capacitycl��

Pcl
T 16( ) kip�� Supplied clamp strength



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A L. Crawford Date:    09/30/2008 Checker:      M. D. Landon Date:    09/30/2008

Calculation Sheet 
Page D.9.4-9 of D.9.4-9

SUMMARY OF RESULTS

Capacities For Eastward/Westward Loading
MECHANICAL SNUBBER PINS

Shear, capacity of mechanical snubber anchorage and clamp pins [ASCE, Ch. 5 pg 24 thru 25]

5. Connections and Joints

5.3.4. Shear and Tension in Stainless Steel Bolts

ϕRnv_cl_bolt
T 58.615( ) kip�� Design shear strength

MECHANICAL SNUBBER

Compression/Tension, capacity of mechanical snubber

PMS
T 15( ) kip�� Supplied mechanical snubber strength

INTERMEDIATE SNUBBER PIPE

Compression, capacity in intermediate snubber pipe [AISC, Ch. E pg 16.1-32 thru 43]

E1. General Provisions

E2. Slenderness Limitations and Effective Length

E3. Compressive Strength for Flexural Buckling of Members Without Slender Elements (verified through classificatio

Design compressive strength
ϕPn

T 34.241( ) kip��

Tension, capacity in intermediate snubber pipe [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D2. Tensile Strength

(a) For tensile yielding in the gross section:

ϕPn_sp_ty 41.283( ) kip�� Design tensile yielding strength

(b) For tensile rupture in net section:

ϕPn_sp_tr 62.55( ) kip�� Design tensile rupture strength

CLAMP

Compression/Tension, capacity of clamp

Pcl
T 16( ) kip�� Supplied clamp strength
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Appendix D.9.5

MS-3 Capacities
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MS-3 CAPACITY
MS-3 restricts seismic motion in the north south direction
of the vertically oriented PCS piping.  MS-3 is comprised
of the PSA-35 mechanical snubber, base plate bolted to
the ceiling, and clamp attaching the support to the 36"
PSC pipe.  The snubber is connected to the clamp and
base plate by a pin and the clamp is secured to the pipe
by two large threaded rods on either side.  The anchorage
assembly capacities and the associated capacities of the
wall embedment are found in the anchorage and
embedment portions of this report while the capacities for
the remainder of the previously mentioned components are
calculated below.

Component Capacity Overview:
- Northward/Southward Loading: 
  - Shear capacity of mechanical snubber's anchorage and
clamp pin
  - Tension/Compression capacity of mechanical snubber
  - Tension/Compression capacity of clamp

(Procedures from SEI/ASCE 8-02 (Applying LRFD))

References
1. Drawing 453164, "ATR Primary Coolant System Mechanical Snubber Pin Detail," Lockheed Idaho Technologies
Company, July, 24, 1996
2. SEI/ASCE 8-02, "Specification for the Design of Cold-Formed Stainless Steel Structural Members," American
Society of Civil Engineers, Sept. 24, 2007
3. ASTM SA-564/SA-564M, "Specification for Hot-Rolled and Cold-Finished Age-Hardening Stainless Steel Bars
and Shapes,"American Society for Testing and Materials, 2004
4. Drawing 159775, "ATR Seismic Modification, Primary System Snubber Details," Rev. 2, EG&G Idaho, Inc.,
August 5, 1980
5. Basic-PSA, Inc. Catalog 193, "Pipe Hangers, Supports, and Controls," Basic-PSA, Inc.
6. DAG, "Allowable Loads for Angle Loaded Pipe Clamps (Mech Snubber Model:PSA-35)," Basic Engineers 
    October 12, 1984

Note:
SEI/ASCE 8-02 was applied for these supports instead of AISC 13th Edition because the vendor data
capacities for the mechanical snubbers and their associated clamps were available, however, the
stainless steel pins implemented were associated with a drawing given specific material properties and
dimensions of the stainless steel.
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Assigned indices corresponding to number of
support types associated with these calculationsi 0��

Support =    0
                (MS-3)

Relationship between support and corresponding
indices

Geometric and Material Properties of Support Components
MECHANICAL SNUBBER PINS (Mechanical Snubber Pin Detail [453164])

Material Properties of Mechanical Snubber Pins as Defined in the [453164] and [ASTM SA-564]:

Fy_pin 115ksi�� Yield Strength for SA-564, Tp 630, Cond 1100

Fu_pin 140ksi�� Ultimate Strength for SA-564, Tp 630, Cond 1100

Geometric Properties of Mechanical Snubber Pins:

dpin 1.4970in( )T�� Diameter of mechanical snubber pins [159775],
[453164]

Lpin 7in( )T�� Length of mechanical snubber pins [159775],
[453164]

MECHANICAL SNUBBER (PSA Mechanical Snubber [159775])

Rated Capacity of Mechanical Snubbers:
Rated capacity of mechanical snubbers
[Basic-PSA, pg 171]CapacityMS 50kip( )T��

CLAMP (Pipe Clamp  [159776])

Rated Capacity of Mechanical Snubbers' Pipe Clamp:

Rated capacity of pipe clamp connecting
mechanical snubber [Basic Engineers]Capacitycl 55kip( )T��

Applicability of applying SEI/ASCE 8-02
MECHANICAL SNUBBER PINS

1.3.3 Ductility 

This code does not list SA-564 as an applicable stainless steel unless it meets the following criteria

Ratio of tensile strength to yield strength must not be less than 1.08
Fu_pin
Fy_pin

1.217� Since this value is greater than the 1.08
specification SA-564 meets this requirement

Total elongation shall not be less than 10% for a two-in. gage length standard specimen

Since this value is greater than the 10%
requirement SA-564 meets this requirement as
well

Elongation = 14% [ASTM SA-564, pg1092]
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Capacities For Northward/Southward Loading
MECHANICAL SNUBBER PINS

Shear, capacity of mechanical snubber anchorage and clamp pins [ASCE, Ch. 5 pg 24 thru 25]

5. Connections and Joints

5.3.4. Shear and Tension in Stainless Steel Bolts

ϕ 0.65�� [SEI/ASCE 8-02, Table 6 pg 25] 

Apini
π

dpini

2



�
�

�
�



2

��� Gross cross sectional area of pin

Applicable area for this case since the bolt
is in double shearApin_dsi

2 Apini
���

Since Fnv is not provided for SA-564 type 630
stainless steel in SEI/ASCE 8-02 it is observed
from [SEI/ASCE 8-02, Table A1] that the shear
yield strength of the represented materials is no
less than 0.51 of the yield strength, thus to be
conservative it has been estimated to be 0.5 of
the yield strength 

Fnv_cl_bolt 0.5 Fy_pin���

Rnv_cl_bolti
Fnv_cl_bolt Apin_dsi

��� Nominal strength (Rn) (5.3.4-1) 

ϕRnv_cl_bolti
ϕ Rnv_cl_bolti
���

ϕRnv_cl_bolt
T 131.566( ) kip�� Design shear strength

It appears that even with the conservative assumptions that these values are much greater than
that of the snubber and clamp capacities, thus this treatment is adequate in determining if these
components will govern this support

Compression/Tension, capacity of mechanical snubber

MECHANICAL SNUBBER

PMS CapacityMS��

PMS
T 50( ) kip�� Supplied mechanical snubber strength

Compression/Tension, capacity of clamp

CLAMP

Pcl Capacitycl��

Pcl
T 55( ) kip�� Supplied clamp strength
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SUMMARY OF RESULTS

Capacities For Northward/Southward Loading
MECHANICAL SNUBBER PINS

Shear, capacity of mechanical snubber anchorage and clamp pins [ASCE, Ch 5 pg 24 thru 25]

5. Connections and Joints

5.3.4. Shear and Tension in Stainless Steel Bolts

ϕRnv_cl_bolt
T 131.566( ) kip�� Design shear strength

It appears that even with the conservative assumptions that these values are much greater than
that of the snubber and clamp capacities, thus this treatment is adequate in determining if these
components will govern this support

Compression/Tension, capacity of mechanical snubber

MECHANICAL SNUBBER

PMS
T 50( ) kip�� Supplied mechanical snubber strength

Compression/Tension, capacity of clamp

CLAMP

Pcl
T 55( ) kip�� Supplied clamp strength
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Appendix D.9.6

RH-33 Capacities
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RH-33 CAPACITY
The RH-33 supports hang from the ceiling to support a horizontal PCS
pipe traveling in the north/south direction.  The RH-33 supports are
composed of a 6" adjustable clevis, a 1/2" rod attached to the top of the
adjustable clevis, and an angle  section hanging from a channel  section
welded to the ceiling embedment.  The capacities for these components
are calculated below, however, the capacity for the welds attaching the
welded beam attachment and the associated capacities of the ceiling
embedment are found in the anchorage and embedment portions of this
report.

Component Capacity Overview:
- Downward Loading: 
  - Tension capacity of clamp (D)
  - Shear capacity of clamp's upper bolt (J)
  - Tension capacity of clamp's lower bolt (J)
  - Tension + Flexure capacity of eye rod (H).
  - Tension capacity of eye rod (J)
  - Tension capacity of adjustable clevis's intermediate cross section
  - Shear capacity of adjustable clevis's bolt
  - Shear capacity of anchorage weld given downward loading ?

(Procedures from AISC 13th Edition (LRFD))

References
1. ANSI/AISC 360-05, "Steel Construction Manual, 13th ed.," American Institute of Steel Construction, Inc.,
March 9, 2005
2. ITT Grinnell Catalog PH81, "Pipe Hangers," ITT Grinnell Corporation, 1981
3. Drawing 120925, "Primary Coolant System Pipe Hangers and Details," Revision 11, Lockheed Martin, April 21,
1997

Note: There are two RH-33 supports, they are identical except for their anchorage.  One is embedded in
the ceiling's concrete whereas the other is fastened by means of a hole drilled in the protruding angle
section with one of its outer faces welded to the back face of a vertical channel  section.  Therefore the
RH-33 support corresponding to Node 14 of Model 4 is also associated with the angle section calculation
performed below.

Assigned indices corresponding to number of
support types associated with these calculationsi 0��

Support =       0 
                (RH-33)

Relationship between support and corresponding
indices
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Geometric and Material Properties of Support Components
ADJUSTABLE CLEVIS (Clevis FIG 260 6")

Material Properties of Adjustable Clevis as Defined in the Material Section of this Report:

Fy_acv 33ksi�� Yield Strength for A7 Carbon Steel

Fu_acv 60ksi�� Ultimate Strength for A7 Carbon Steel

Eacv 29000ksi�� Modulus of Elasticity for A7 Carbon Steel

Geometric Properties of Adjustable Clevis:

Combined thickness of upper portions of
adjustable clevis [Grinnell, Fig 260]tacv_up 2

1
4

in
�
�

��



��"
�

�#
�

T
��

wacv_up 1
1

2
in
�

�
��



T
�� Width of upper portions of adjustable clevis

[Grinnell, Fig 260]

Aacv_upi
tacv_upi

wacv_upi
��� Cross sectional area of upper portion

of adjustable clevis [Grinnell, Fig 260]

Aacv_up
T 0.75( ) in2
�

Combined thickness of lower portions of
adjustable clevis [Grinnell, Fig 260]tacv_low 2

3
16

in
�
�

��



��"
�

�#
�

T
��

wacv_low 1
1

2
in
�

�
��



T
�� Width of lower portions of adjustable clevis

[Grinnell, Fig 260]

Aacv_lowi
tacv_lowi

wacv_lowi
���

Cross sectional area of lower portion
of adjustable clevis [Grinnell, Fig 260]

Aacv_low
T 0.562( ) in2
�

dacv_bolt
1
2

in
�
�

��



T
�� Diameter of adjustable clevis bolt [Grinnell, Fig

260]

Nominal bolt hole Diameter, in. (mm)
[AISC, Table J3.3]dacv_hole

9
16

in
�
�

��



T
��

Shortest distance from edge of the bolt hole to
the edge of the member measured parallel to the
direction of the force, in. (mm) relation estimated
from photo DSCN2683

aparrallel_acv_up dacv_bolt��
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Shortest distance from edge of bolt hole to the
edge of the member measured normal to the
direction of the force, in. (mm)

anormal_acv_upi

wacv_upi
dacv_holei

�

2
��

Shortest distance from edge of the bolt hole to
the edge of the member measured parallel to the
direction of the force, in. (mm) relation estimated
from photo DSCN2683

aparrallel_acv_low dacv_bolt��

Shortest distance from edge of bolt hole to the
edge of the member measured normal to the
direction of the force, in. (mm)

anormal_acv_lowi

wacv_lowi
dacv_holei

�

2
��

ROD (Rod FIG 140 1/2")

Material Properties of Rod as Defined in the Material Section of this Report:

Fy_rod 33ksi�� Yield Strength for A7 Carbon Steel

Fu_rod 60ksi�� Ultimate Strength for A7 Carbon Steel

Erod 29000ksi�� Modulus of Elasticity for A7 Carbon Steel

Geometric Properties of Rod:

Unthreaded diameter of eye rod, in. (mm)
[120925]dR

1
2

in
�
�

��



T
��

Plastic section modulus about the axis of
bending, in.3 [AISC, Table 17-27 pg17-39]ZRi

dRi


�

�



3

6
��

ANGLE  SECTION

Material Properties of Rod as Defined in the Material Section of this Report:

FyAngle 33ksi�� Yield Strength for A7 Carbon Steel

FuAngle 60ksi�� Ultimate Strength for A7 Carbon Steel

EAngle 29000ksi�� Modulus of Elasticity for A7 Carbon Steel

Geometric Properties of Rod:

Length of top leg of angle section
scaled from photo dscn3041L1Angle 2

1

2
in
�

�
��



T
��

Length of bottom leg of angle  section
scaled from photo dscn3041L2Angle 2

1

2
in
�

�
��



T
��

Conservative estimation of angle  section
thickness scaled from photo dscn3041 tAngle

3
8

in
�
�

��



T
��
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LAngle 3
1

2
in
�

�
��



T
�� Length of angle  section

scaled from photo dscn3041

tPlatei
tAnglei

�� Thickness of assumed plate section

wPlatei
LAnglei

�� Width of assumed plate section

LPlatei
L1Anglei

��

Moment of inertia about the horizontal X-axis of
the bottom angle  leg approximated as a plate
[AISC, Table 17-27]

IXPlatei

wPlatei
tPlatei


�

�



3
�

12
��

ZPlatei

wPlatei
tPlatei


�

�



2
�

4
�� Plastic section modulus [AISC, Table 17-27]

Capacities Resulting From Downward Loading
ADJUSTABLE CLEVIS

Tension, capacity of upper adjustable clevis's pin connection [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

bacv_upi
2 tacv_upi

0.63in���

beff is an effective length calculated as
(2t + 0.63in) for which can not be larger
than the actual distance from the edge
of the hole to the edge of the part
measured in the direction normal to the
applied force 

bacv_up
T 1.63( ) in�

beff_acv_upi
min bacv_upi

anormal_acv_upi
�+


�
�



��

beff_acv_up
T 0.469( ) in�

Pn_acv_up_trpi
2 tacv_upi
� beff_acv_upi

� Fu_acv��� Nominal axial strength (Pn)

(D5-1)
ϕn_trp 0.75�� Resistance factor for tension (-t)
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ϕPn_acv_up_trpi
ϕn_trp Pn_acv_up_trpi

���

ϕPn_acv_up_trp
T 21.094( ) kip�� Design tensile strength

(b) For shear rupture on the effective area:

Asf_acv_up_bolti
2 tacv_upi
� aparrallel_acv_upi

dacv_bolti
2

�


�
�

�
�



���

Asf_acv_up_bolt
T 0.75( ) in2
� Effective Area

Pn_acv_up_bolt_srpi
0.6 Fu_acv� Asf_acv_up_bolti

��� Nominal axial strength (Pn)
(D5-2)

ϕn_srp 0.75�� Resistance factor for tension (-t)

ϕPn_acv_up_bolt_srpi
ϕn_srp Pn_acv_up_bolt_srpi

���

ϕPn_acv_up_bolt_srp
T 20.25( ) kip�� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_acv_upi
dacv_bolti

tacv_upi
��� Projected bearing area in.2 (mm2)

Rn_acv_up_bsi
1.8 Fy_acv� Apd_acv_upi

��� Nominal bearing strength

ϕ 0.75�� Resistance factor

ϕRn_acv_up_bsi
ϕ Rn_acv_up_bsi
���

ϕRn_acv_up_bs
T 11.138( ) kip�� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination

1. Gross Area

Ag_acv_upi
Aacv_upi

�� Gross Area
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(a) For tensile yielding in the gross section:

Pn_acv_up_tyi
Fy_acv Ag_acv_upi

��� Nominal axial strength (Pn)

(D2-1)
ϕt_ty 0.9��

Resistance factor for tension (-t)
ϕPn_acv_up_tyi

ϕt_ty Pn_acv_up_tyi
���

ϕPn_acv_up_ty
T 22.275( ) kip�� Design tensile strength

Tension, capacity of lower adjustable clevis's pin connection [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

bacv_lowi
2 tacv_lowi

0.63in���

beff is an effective length calculated as
(2t + 0.63in) for which can not be
larger than the actual distance from
the edge of the hole to the edge of the
part measured in the direction normal
to the applied force 

bacv_low
T 1.38( ) in�

beff_acv_lowi
min bacv_lowi

anormal_acv_lowi
�+


�
�



��

beff_acv_low
T 0.469( ) in�

Pn_acv_low_trpi
2 tacv_lowi
� beff_acv_lowi

� Fu_acv��� Nominal axial strength (Pn)

(D5-1)
ϕn_trp 0.75�� Resistance factor for tension (-t)

ϕPn_acv_low_trpi
ϕn_trp Pn_acv_low_trpi

���

ϕPn_acv_low_trp
T 15.82( ) kip�� Design tensile strength

(b) For shear rupture on the effective area:

Asf_acv_low_bolti
2 tacv_lowi
� aparrallel_acv_lowi

dacv_bolti
2

�


�
�

�
�



���

Asf_acv_low_bolt
T 0.562( ) in2
� Effective Area

Pn_acv_low_bolt_srpi
0.6 Fu_acv� Asf_acv_low_bolti

��� Nominal axial strength (Pn)
(D5-2)

ϕn_srp 0.75�� Resistance factor for tension (-t)
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ϕPn_acv_low_bolt_srpi
ϕn_srp Pn_acv_low_bolt_srpi

���

ϕPn_acv_low_bolt_srp
T 15.187( ) kip�� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_acv_lowi
dacv_bolti

tacv_lowi
��� Projected bearing area in.2 (mm2)

Rn_acv_low_bsi
1.8 Fy_acv� Apd_acv_lowi

��� Nominal bearing strength

ϕ 0.75�� Resistance factor

ϕRn_acv_low_bsi
ϕ Rn_acv_low_bsi
���

ϕRn_acv_low_bs
T 8.353( ) kip�� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination

1. Gross Area

Ag_acv_lowi
Aacv_lowi

�� Gross Area

(a) For tensile yielding in the gross section:

Pn_acv_low_tyi
Fy_acv Ag_acv_lowi

��� Nominal axial strength (Pn)
(D2-1

ϕt_ty 0.9�� Resistance factor for tension (-t)

ϕPn_acv_low_tyi
ϕt_ty Pn_acv_low_tyi

���

ϕPn_acv_low_ty
T 16.706( ) kip�� Design tensile strength
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Shear, capacity of adjustable clevis's pin [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

Aacv_bolti
π

dacv_bolti
2



�
�

�
�



2

��� Nominal unthreaded body area

Applicable area for this case since
the bolt is in double shearAacv_bolt_dsi

2 Aacv_bolti
���

Nominal Shear Stress in Bearing Type
Connections (A307) [AISC, Table J3.2]Fnv_bolt 24ksi��

Rnv_acv_bolti
Fnv_bolt Aacv_bolt_dsi

��� Nominal strength (Rn)
(J3-1)

ϕb_sr 0.75�� Resistance factor

ϕRnv_acv_bolti
ϕb_sr Rnv_acv_bolti

���

ϕRnv_acv_bolt
T 7.069( ) kip�� Design shear strength

ROD

Tension, capacity of rod [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

Ab_Ri
π

dRi

2



�
�

�
�



2

��� Nominal unthreaded body area

Fnt_R 45ksi�� Nominal tensile stress (A307)
[AISC, Table J3.2]

Rnt_Ri
Fnt_R Ab_Ri

��� Nominal strength (Rn)
(J3-1)

ϕb_tr 0.75�� Resistance factor

ϕRnt_Ri
ϕb_tr Rnt_Ri

���

ϕRnt_R
T 6.627( ) kip�� Design tension strength
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ANGLE

Flexure, capacity of angle's protruding section [AISC, Ch. F pg 16.1-44 thru 63]

This section is to be treated as a cantilever plate in bending since the top section of the angle  member is welded
to the side of the much larger channel  member.

Flexure, capacity of angle  section conservatively approximated as a flat plate due to cut out notch 
 [AISC, Ch. F pg 16.1-44 thru 63]

F1.  General Provisions

ϕb 0.9�� Resistance factor for flexure

F11.  Rectangular Bars and Rounds

1.  Yielding

Calculate the yielding moment

Equation to calculate yielding moment
from moment of inertia and Extreme
values [Mechanics of Materials,
Equation 6-74]

MyPlatei

FyAngle IXPlatei
�

tPlatei

2

��

MyPlate
T 2.707( ) kip in��� Yielding moment

MpPlatei
FyAngle ZPlatei

���

MpPlate
T 4.061( ) kip in��� Plastic bending moment

MnPlatei
MpPlatei

MpPlatei
1.6 MyPlatei

� if

1.6 MyPlatei
� otherwise

��
Nominal flexural strength

ϕMnPlatei
ϕb MnPlatei

���

ϕMnPlate
T 3.654( ) kip in��� Design flexural strength

Relate design flexural strength to a force capacity

ϕFMnPlatei

ϕMnPlatei

L1Anglei

2
tPlatei

�

�� It is scaled from photo dscn2951 that
the load is applied at the midpoint of
the angle  face

ϕFMnPlate
T 4.177( ) kip��
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Summary of Results
ADJUSTABLE CLEVIS

Tension, capacity of upper adjustable clevis's pin connection [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

ϕPn_acv_up_trp
T 21.094( ) kip�� Design tensile strength

(b) For shear rupture on the effective area:

ϕPn_acv_up_bolt_srp
T 20.25( ) kip�� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

ϕRn_acv_up_bs
T 11.138( ) kip�� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

ϕPn_acv_up_ty
T 22.275( ) kip�� Design tensile strength

Tension, capacity of lower adjustable clevis's pin connection [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

ϕPn_acv_low_trp
T 15.82( ) kip�� Design tensile strength

(b) For shear rupture on the effective area:

ϕPn_acv_low_bolt_srp
T 15.187( ) kip�� Design tensile strength
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(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

ϕRn_acv_low_bs
T 8.353( ) kip�� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

ϕPn_acv_low_ty
T 16.706( ) kip�� Design tensile strength

Shear, capacity of adjustable clevis's pin [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

ϕRnv_acv_bolt
T 7.069( ) kip�� Design shear strength

ROD

Tension, capacity of rod [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

ϕRnt_R
T 6.627( ) kip�� Design tension strength

ANGLE

Flexure, capacity of angle  section conservatively approximated as a flat plate due to cut out notch 
 [AISC, Ch. F pg 16.1-44 thru 63]

F1.  General Provisions

F11.  Rectangular Bars and Rounds

1.  Yielding

ϕFMnPlate
T 4.177( ) kip��
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Appendix D.9.7

PR-2 Capacities
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PR-2 CAPACITY
PR-2 restricts seismic motion in the east/west direction of the
vertically oriented PCS piping which it is attached.  PR-2 is
comprised of a 18" pipe clamp, a bolt connecting the pipe
clamp to a plate welded to a threaded rod, a pipe tapped to
accommodate the threaded rod, another threaded rod welded
to a plate, another bolt attaching the second threaded rod and
plate to the welded beam attachment.  The anchorage
assembly capacities and the associated capacities of the wall
embedment are found in the anchorage and embedment
portions of this report while the capacities for the remainder of
the previously mentioned components are calculated below.

Component Capacity Overview:
- Eastward Loading: 
  - Compression capacity of pipe clamp
  - Shear capacity of pipe clamp's bolt
  - Compression capacity of threaded rods
  - Compression capacity of support pipe
  - Shear capacity of welded beam attachment bolt

- Westward Loading:
  - Tension capacity of clamp
  - Shear capacity of pipe clamp's bolt
  - Tension capacity of plates welded to threaded rods
  - Tension capacity of weld between plates and threaded rods
  - Tension capacity of threaded rods
  - Tension capacity of support pipe
  - Shear capacity of welded beam attachment bolt
  - Tension capacity of welded beam attachment

(Procedures from SEI/ASCE 8-02 (Applying LRFD))

References
1. ANSI/AISC 360-05, "Steel Construction Manual, 13th ed.," American Institute of Steel Construction, Inc., 
March 9, 2005.
2. ITT Grinnell Catalog PH81, "Pipe Hangers," ITT Grinnell Corporation, 1981.
3. Drawing 120923, "Primary Coolant System Pipe Hangers and Details SH 7," Revision 3, Ebasco Services Inc.,
Feb 21, 1966.
4. Specification S-10, "ATR Specification for Structural Steel," Revision 4, Ebaso Services Inc., September 24,
1962.
5. ATR-P-7, “Section II ATR Specification for Welding – Carbon Steel Pipe,”  September 7, 1965.

Assigned indices corresponding to number of
support types associated with these calculationsi 0��

Support =     0
                (PR-1)

Relationship between support and corresponding
indices
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Geometric and Material Properties of Support Components
PIPE CLAMP

Material Properties of Clamp as Defined in the Material Section of this Report:

Fy_cl 33ksi�� Yield Strength for A7 Carbon Steel

Fu_cl 60ksi�� Ultimate Strength for A7 Carbon Steel

Ecl 29000ksi�� Modulus of Elasticity for A7 Carbon Steel

Geometric Properties of Clamp:

Thickness of plates forming the cantilever
portion of the clamp, in. (mm) [DSC00053]tcl

3
4

in
�
�

��



T
��

Conservative estimation of plate widths forming
the clamp, in. (mm) [DSC00059], [120923]wcl 5

1

2
in
�

�
��



T
��

Acli
2 tcli

�

�



wcli
��� Total cross sectional area of both sides of

clamp, in.2 (mm2)
Acl

T 8.25( ) in2
�

Bolt diameter, in. of all three bolts based on
allowable provided by rod [120925, Sheet 2],
[Grinnell, Fig 66 ph-33]

dcl_bolt 1
3

8
in
�

�
��



T
��

Nominal bolt hole diameter as estimated from
welded beam attachment dimensions estimated
from [Grinnell, Fig 66 ph-33]

dcl_hole 1
1

2
in
�

�
��



T
��

Shortest distance from edge of the pin hole to the
edge of the member measured parallel to the
direction of the force from top of bolt hole to top of
clamp bracket, in. (mm) conservatively estimated
from [DSC00059]

aparrallel_cl 1in( )T��

Shortest distance from edge of pin hole to
the edge of the member measured normal to
the direction of the force, in. scaled from
photo [DSC00059]

anormal_cl 2in( )T��

Length of cantilever section from pipe to
connection bolt conservatively scaled from photo
[DSC00059]

Lcl_cantilever 9in( )T��

rgyrationH
wcl

12
�� Radius of gyration about horizontal axis [AISC,

Table 17-27]
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rgyrationH 1.588( ) in�

rgyrationV
tcl

12
��

Radius of gyration about vertical axis [AISC,
Table 17-27]

rgyrationV 0.217( ) in�

PLATES WELDED TO THREADED RODS

Material Properties of Plate as Defined in the Material Section of this Report:

Fy_pl_tr 33ksi�� Yield Strength for A7 Carbon Steel

Fu_pl_tr 60ksi�� Ultimate Strength for A7 Carbon Steel

Epl_tr 29000ksi�� Modulus of Elasticity for A7 Carbon Steel

Geometric Properties of Plate:

Thickness of plates forming the cantilever
portion of the clamp, in. (mm) [120923]tpl_tr

3
4

in
�
�

��



T
��

Width of plates forming the clamp, in. (mm)
[120923]wpl_tr 3in( )T��

Apl_tri
tpl_tri

wpl_tri
��� Total cross sectional area of both sides of

clamp, in.2 (mm2)
Apl_tr

T 2.25( ) in2
�

Nominal bolt hole diameter as estimated from
welded beam attachment dimensions estimated
from [Grinnell, Fig 66 ph-33]

dpl_tr_hole 1
1

2
in
�

�
��



T
��

Shortest distance from edge of the pin hole to
the edge of the member measured parallel to
the direction of the force from top of bolt hole to
top of clamp bracket, in. (mm) conservatively
estimated from [DSCN2864]

aparrallel_pl_tr 1in( )T��

Shortest distance from edge of pin hole to
the edge of the member measured normal to
the direction of the force, in. scaled from
photo [DSCN2864]

anormal_pl_tr
3
4

in
�
�

��



T
��

Threaded rod diameter [120923]
dtr 1

1

4
in
�

�
��



T
��

Atr_minor π
1.0644in

2

�
�

��



2
�

�
"
�

�
#
�

T

��
Minor area of treaded rods with welded plate
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[Machine Design, Table 14-1 pg 881]
Atr_minor 0.89( ) in2

�

Lpl_tr 14in( )T�� Conservative estimate of rod length from pin hole
to support pipe connection [120923]

rgyration_pl_tri

dtri
4

�� Radius of gyration for threaded portion [AISC,
Table 17-27, pg 17-39]

rgyration_pl_tr 0.313( ) in�

FEXX 60ksi�� E6013 ultimate strength [Specification S-10, pg
I-9], [ATR-P-7]

θtransverse
π

2
�� Angle between loading and traverse welds

Fw_transverse 0.60 FEXX� 1.0 0.5 sin θtransverse� �1.5
��


�
�

��� (J2-5)

Nominal Shear Strength of transverse welds
Fw_transverse 54 ksi��

θlongitudinal 0�� Angle between loading and traverse welds

Fw_longitudinal 0.60 FEXX� 1.0 0.5 sin θlongitudinal� �1.5
��


�
�

��� (J2-5)

Nominal Shear Strength of longitudinal welds
Fw_longitudinal 36 ksi��

Minimum size of fillet given that thinner joined
part (plate) = 3/4" [AISC, Table J2.4, pg
16.1-96] [120923]

ω
1
4

in
�
�

��



T
��

Lw_traverse 3
1

2
in
�

�
��



T
�� Traverse length of weld [120923]

Lw_longitudinal 8in( )T�� Longitudinal length of weld [120923]

Aw_traversei
Lw_traversei

ωi���
Effective area of weld throat of traverse welds

Aw_traverse 0.875( ) in2
�

Aw_longitudinali
Lw_longitudinali

ωi���
Effective area of weld throat of traverse welds

Aw_longitudinal 2( ) in2
�
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SUPPORT PIPE (Pipe 2-1/2" x S [120923])

Material Properties of Support Pipe as Defined in the Material Section of this Report:

Fy_sp 33ksi�� Yield Strength for A7 Carbon Steel

Fu_sp 60ksi�� Ultimate Strength for A7 Carbon Steel

Esp 29000ksi�� Modulus of Elasticity for A7 Carbon Steel

Geometric Properties of Support Pipe:

Outside diameter of support pipe [AISC, Table
1-14]dsp_od 2.88in( )T��

dsp_id 2.47in( )T�� Inside diameter of support pipe [AISC, Table 1-14]

tsp 0.276in( )T�� Thickness of support pipe [AISC, Table 1-14]

Asp 1.59in2� �T�� Cross sectional are of support pipe [AISC, Table
1-14]

Conservatively estimated length between pins
connecting support pipe to PCS pipe and
anchorage [120923]

Lsp 58in( )T��

rgyration_sp 0.952in( )T�� Radius of gyration for support pipe [AISC, Table
1-14]

WELDED BEAM ATTACHMENT (Welded Beam Attachment FIG 66 1-1/4" Rod [120925, Sheet 2])

Material Properties of Welded Beam Attachment as Defined in the Material Section of this Report:

Fy_wba 33ksi�� Yield Strength for A7 Carbon Steel

Fu_wba 60ksi�� Ultimate Strength for A7 Carbon Steel

Ewba 29000ksi�� Modulus of Elasticity for A7 Carbon Steel

Geometric Properties of Welded Beam Attachment:

Combined thickness of welded beam attachment
[Grinnell, Fig 66 ph-33] twba 2

5
8

in
�
�

��



��"
�

�#
�

T
��

Width of welded beam attachment
[Grinnell, Fig 66 ph-33]wwba 4in( )T��
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Awbai
twbai

wwbai
���

Cross sectional area of welded beam attachment
Awba 5( ) in2

�

Diameter of welded beam attachment bolt
[Grinnell, Fig 66 ph-33]dwba_bolt 1

3

8
in
�

�
��



T
��

Diameter of welded beam attachment bolt hole
[Grinnell, Fig 66 ph-33], [AISC, Table J3.3 pg
16.1-105]

dwba_hole 1
1

2
in
�

�
��



T
��

Shortest distance from edge of the bolt hole to
the edge of the member measured parallel to the
direction of the force from bottom of bolt hole to
the bottom of the welded beam attachment, in.
(mm) hand calculated from dwba_hole and
[Grinnell, Fig 66 ph-33] data

aparrallel_wba 1
1

4
in
�

�
��



T
��

anormal_wbai

wwbai
dwba_holei

�

2
�� Shortest distance from edge of bolt hole to the

edge of the member measured normal to the
direction of the force, in. (mm) [Grinnell, Fig 66
ph-33]anormal_wba

T 1.25( ) in�

Capacities For Inward Loading
PIPE CLAMP

Compression, capacity of clamp's cantilever section [AISC, Ch. E pg 16.1-32 thru 43]

E1. General Provisions

ϕc 0.9�� Resistance factor for compression

E2. Slenderness Limitations and Effective Length
Effective length in accordance with C2.1b,
[AISC, comm.C2 (Table C-C2.2 case e) pg
16.1-240], conservatively chosen as the behavior
will actually be something between case c and
case e.

K 2.1��

The slenderness ratio (KL/r) should preferably not exceed 200

rgyration_govi
min rgyrationHi

rgyrationVi
�+


�
�



�� Governing radius of gyration

KLri

K Lcl_cantileveri
�

rgyration_govi



�
�
�

�
�
�



��

The below KLr values verify that all supports do not exceed the 200 recommended limitation
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KLrT 87.295( )�

E3. Compressive Strength for Flexural Buckling of Members Without Slender Elements (verified through
classification)

Fei

π
2Ecl

KLri� �2
�� Fe is the elastic critical buckling stress (E3-4) 

Fe
T 37.559( ) ksi��

Calculating the variables Limit, Op1, and Op2 to be utilized in logic to determine flexural buckling stress .

Limit 4.71
Ecl

Fy_cl
���

Op1i 0.658

Fy_cl

Fei



�
�
�

�
�
�

Fy_cl�� Op2i 0.877 Fei

���
Limit 139.625�

Calculating the flexural buckling stress

Fcri
Op1i KLri Limit if

Op2i KLri Limit�if

�� (E3-2)

(E3-3)

Fcr
T 22.846( ) ksi��

Results:

ϕPn_SLi
2 ϕc� Fcri

� Acli
��� 2 is included to account for both sides of clamp

ϕPn_SL
T 339.259( ) kip�� Design compressive strength

Shear, capacity of clamp's bolt [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

Acl_bolti
π

dcl_bolti
2



�
�

�
�



2

��� Nominal unthreaded body area

Applicable area for this case since the bolt
is in double shearAcl_bolt_dsi

2 Acl_bolti
���

Nominal shear stress in bearing type
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connections (A307) [AISC, Table J3.2 pg
16.1-104], A307 was selected as a conservative
bolt treatment and includes an allowance for
threads in the shear plane

Fnv_cl_bolt 24ksi��

Rnv_cl_bolti
Fnv_cl_bolt Acl_bolt_dsi

��� Nominal strength (Rn) (J3-1)

ϕb_sr 0.75�� Resistance factor

ϕRnv_cl_bolti
ϕb_sr Rnv_cl_bolti

���

ϕRnv_cl_bolt
T 53.456( ) kip�� Design shear strength

PLATES WELDED TO THREADED RODS

Compression, capacity of threaded rods [AISC, Ch. E pg 16.1-32 thru 43]

E1. General Provisions

ϕc 0.9�� Resistance factor for compression

E2. Slenderness Limitations and Effective Length
Effective length in accordance with C2.b1,
[AISC, comm.C2 (Table C-C2.2) (case e) pg
16.1-240] Case e was chosen because the
support was conservatively allowed to rotate at
its base and translate at its top without rotation. 

Kpl_tr 2.0��

The Slenderness ratio KL/r should preferably not exceed 200

KLrpl_tri

Kpl_tr Lpl_tri
�

rgyration_pl_tri



�
�
�

�
�
�



��

The below KLr values verify that all supports do not exceed the 200 recommended limitation

KLrpl_tr
T 89.6( )�

E3. Compressive Strength for Flexural Buckling of Members Without Slender Elements (verified through
classification)

Fe_pl_tri

π
2Epl_tr

KLrpl_tri


�

�



2
�� Fe is the elastic critical buckling stress (E3-4) 

Fe_pl_tr
T 35.652( ) ksi��
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Calculating the variables Limit, Op1, and Op2 to be utilized in logic to determine flexural buckling stress .

Limit 4.71
Epl_tr

Fy_pl_tr
��� Op1i 0.658

Fy_pl_tr

Fe_pl_tri



�
�
�

�
�
�

Fy_pl_tr�� Op2i 0.877 Fe_pl_tri

���

Limit 139.625� Op1 22.401( ) ksi�� Op2 31.267( ) ksi��

Calculating the flexural buckling stress

Fcr_pl_tri
Op1i KLrpl_tri

Limit if

Op2i KLrpl_tri
Limit�if

�� (E3-2)

(E3-3)

Fcr_pl_tr
T 22.401( ) ksi��

ϕPn_pl_tri
ϕc Fcr_pl_tri

� Atr_minori
��� Design compressive strength

ϕPn_pl_tr
T 17.939( ) kip��

SUPPORT PIPE

Determine if support pipe is compact (1), non-compact (2), or slender (3) as defined in first paragraph of B4

B4. Classification of sections for local buckling (Table B4.1 Case 15)

D2tspi

dsp_odi

tspi

�� D2tsp
T 10.435( )�

Definition of ,p and ,r from Table B4.1 Case 15 (Circular hollow sections in uniform compression)
to be applied in classification logic.  ,p is the separation point between a compact and non
compact member. ,r is separation point between a non compact and slender member.  However,
Table B4.1 Case 15 defines ,p = NA because the only thing of concern is if the support is slender
or non-slender, thus only if the classification is 3 do we apply slenderness considerations,
otherwise we treat the member as not having slender elements. 

λp 0�� λr 0.11
Esp

Fy_sp
��
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Classificationspi
1 D2tspi

λp if

2 λp D2tspi
� λr if

3 λr D2tspi
�if

��

Classificationsp
T 2( )�

Compression, capacity in pipe [AISC, Ch. E pg 16.1-32 thru 43]

E1. General Provisions

ϕc 0.9�� Resistance factor for compression

E2. Slenderness Limitations and Effective Length
Effective length in accordance with C2.b1,
[AISC, comm.C2 (Table C-C2.2) (case d) pg
16.1-240] Case d was chosen because the
support was allowed to rotate on both ends. 

Ksp 1.0��

The Slenderness ratio KL/r should preferably not exceed 200

KLrspi

Ksp Lspi
�

rgyration_spi



�
�
�

�
�
�



��

The below KLr values verify that all supports do not exceed the 200 recommended limitation

KLrsp
T 60.924( )�

E3. Compressive Strength for Flexural Buckling of Members Without Slender Elements (verified through
classification)

Fe_spi

π
2Esp

KLrspi


�

�



2
�� Fe is the elastic critical buckling stress (E3-4) 

Fe_sp
T 77.111( ) ksi��
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Calculating the variables Limit, Op1, and Op2 to be utilized in logic to determine flexural buckling stress .

Limit 4.71
Esp

Fy_sp
��� Op1i 0.658

Fy_sp

Fe_spi



�
�
�

�
�
�

Fy_sp�� Op2i 0.877 Fe_spi

���

Limit 139.625�

Calculating the flexural buckling stress

Fcr_spi
Op1i KLrspi

Limit if

Op2i KLrspi
Limit�if

�� (E3-2)

(E3-3)

Fcr_sp
T 27.588( ) ksi��

ϕPn_spi
ϕc Fcr_spi

� Aspi
��� Design compressive strength

ϕPn_sp
T 39.479( ) kip��

WELDED BEAM ATTACHMENT

Shear, capacity of welded beam attachment bolt [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

Awba_bolti
π

dwba_bolti
2



�
�

�
�



2

��� Nominal unthreaded body area

Applicable area for this case since the bolt
is in double shearAwba_bolt_dsi

2 Awba_bolti
���

Nominal shear stress in bearing type
connections (A307) [AISC, Table J3.2 pg
16.1-104], A307 was selected as a conservative
bolt treatment and includes an allowance for
threads in the shear plane

Fnv_wba_bolt 24ksi��
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Rnv_wba_bolti
Fnv_wba_bolt Awba_bolt_dsi

��� Nominal strength (Rn)
(J3-1)

ϕb_sr 0.75� Resistance factor

ϕRnv_wba_bolti
ϕb_sr Rnv_wba_bolti

���

ϕRnv_wba_bolt
T 53.456( ) kip�� Design shear strength

Capacities For Outward Loading
PIPE CLAMP

Tension, capacity of clamp [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

bcli
2 tcli

0.63in���

beff is an effective length calculated as
(2t + 0.63in) which can not be larger than
the actual distance from the edge of the
hole to the edge of the part measured in
the direction normal to the applied force 

bcl
T 2.13( ) in�

beff_cli
min bcli

anormal_cli
�+


�
�



��

beff_cl
T 2( ) in�

Pn_cl_trpi
2 2 tcli

�

�



� beff_cli
� Fu_cl��� Nominal axial strength (Pn)

(D5-1)
ϕn_trp 0.75�� Resistance factor for tension (-t)

ϕPn_cl_trpi
ϕn_trp Pn_cl_trpi

���

ϕPn_cl_trp
T 270( ) kip�� Design tensile strength

(b) For shear rupture on the effective area:
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Asf_cli
2 2 tcli

�

�



� aparrallel_cli

dcl_bolti
2

�


�
�

�
�



���

Asf_cl
T 5.062( ) in2
� Effective area

Pn_cl_srpi
0.6 Fu_cl� Asf_cli

��� Nominal axial strength (Pn)
(D5-2)

ϕn_srp 0.75�� Resistance factor for tension (-t)

ϕPn_cl_srpi
ϕn_srp Pn_cl_srpi

���

ϕPn_cl_srp
T 136.687( ) kip�� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_cli
dcl_bolti

2 tcli

�

�



��� Projected bearing area in.2 (mm2)

Rn_cl_bsi
1.8 Fy_cl� Apd_cli

��� Nominal bearing strength (J7-1)

ϕ 0.75�� Resistance factor

ϕRn_cl_bsi
ϕ Rn_cl_bsi
���

ϕRn_cl_bs
T 91.884( ) kip�� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination

1. Gross Area
Ag_cli

Acli
�� Gross area

(a) For tensile yielding in the gross section:
Pn_cl_tyi

Fy_cl Ag_cli
��� Nominal axial strength (Pn)

(D2-1)
ϕt_ty 0.9�� Resistance factor for tension (-t)
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ϕPn_cl_tyi
ϕt_ty Pn_cl_tyi

���

ϕPn_cl_ty
T 245.025( ) kip�� Design tensile strength

Shear, capacity of pipe clamp's bolt [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

Acl_bolti
π

dcl_bolti
2



�
�

�
�



2

��� Nominal unthreaded body area

Applicable area for this case since the bolt
is in double shearAcl_bolt_dsi

2 Acl_bolti
���

Nominal shear stress in bearing type
connections (A307) [AISC, Table J3.2 pg
16.1-104], A307 was selected as a conservative
bolt treatment and includes an allowance for
threads in the shear plane

Fnv_cl_bolt 24ksi��

Rnv_cl_bolti
Fnv_cl_bolt Acl_bolt_dsi

��� Nominal strength (Rn)
(J3-1)

ϕb_sr 0.75�� Resistance factor

ϕRnv_cl_bolti
ϕb_sr Rnv_cl_bolti

���

ϕRnv_cl_bolt
T 53.456( ) kip�� Design shear strength

PLATES WELDED TO THREADED RODS

Tension, capacity of plates welded to threaded rods [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:
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bpl_tri
2 tpl_tri

0.63in���

beff is an effective length calculated as
(2t + 0.63in) which can not be larger than
the actual distance from the edge of the
hole to the edge of the part measured in
the direction normal to the applied force 

bpl_tr
T 2.13( ) in�

beff_pl_tri
min bpl_tri

anormal_pl_tri
�+


�
�



��

beff_pl_tr
T 0.75( ) in�

Pn_pl_tr_trpi
2 tpl_tri
� beff_pl_tri

� Fu_pl_tr��� Nominal axial strength (Pn)
(D5-1)

ϕn_trp 0.75�� Resistance factor for tension (-t)

ϕPn_pl_tr_trpi
ϕn_trp Pn_pl_tr_trpi

���

ϕPn_pl_tr_trp
T 50.625( ) kip�� Design tensile strength

(b) For shear rupture on the effective area:

Asf_pl_tri
2 tpl_tri
� aparrallel_pl_tri

dtri
2

�


�
�

�
�



���

Asf_pl_tr
T 2.438( ) in2
� Effective area

Pn_pl_tr_srpi
0.6 Fu_pl_tr� Asf_pl_tri

��� Nominal axial strength (Pn)
(D5-2)

ϕn_srp 0.75�� Resistance factor for tension (-t)

ϕPn_pl_tr_srpi
ϕn_srp Pn_pl_tr_srpi

���

ϕPn_pl_tr_srp
T 65.813( ) kip�� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_pl_tri
dtri

tpl_tri
��� Projected bearing area in.2 (mm2)

Rn_pl_tr_bsi
1.8 Fy_pl_tr� Apd_pl_tri

��� Nominal bearing strength (J7-1)

ϕ 0.75�� Resistance factor

ϕRn_pl_tr_bsi
ϕ Rn_pl_tr_bsi
���

ϕRn_pl_tr_bs
T 41.766( ) kip�� Design bearing strength
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(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination

1. Gross Area
Ag_pl_tri

Apl_tri
�� Gross area

(a) For tensile yielding in the gross section:
Pn_pl_tr_tyi

Fy_pl_tr Ag_pl_tri
��� Nominal axial strength (Pn)

(D2-1)
ϕt_ty 0.9�� Resistance factor for tension (-t)

ϕPn_pl_tr_tyi
ϕt_ty Pn_pl_tr_tyi

���

ϕPn_pl_tr_ty
T 66.825( ) kip�� Design tensile strength

Tension, capacity of weld between plates and threaded rods [AISC, Ch. J pg 16.1-90 thru 121]

J2.  Welds

4.  Strength

ϕweld 0.75�� Resistance factor of weld

Rn_weldi
ϕweld Fw_transverse Aw_traversei

� Fw_longitudinal Aw_longitudinali
��


�
�



��� (J2-4)

Rn_weld 89.438( ) kip�� Nominal shear strength of weld

Tension, capacity of threaded rods [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts
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Ab_tri
π

dtri
2



�
�

�
�



2

��� Nominal unthreaded body area

Nominal tensile stress (A307) [AISC, Table J3.2]
[AISC, Table J3.2 pg 16.1-104], A307 was
selected as a conservative bolt treatment

Fnt_tr 45ksi��

Rnt_tri
Fnt_tr Ab_tri

��� Nominal strength (Rn)
(J3-1)

ϕb_tr 0.75�� Resistance factor

ϕRnt_tri
ϕb_tr Rnt_tri

���

ϕRnt_tr
T 41.417( ) kip�� Design tension strength

SUPPORT PIPE

Tension, capacity of support pipe [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the only value
required from section D3. "Area Determination" prior to applying D2. "Tensile Strength"

D3. Area Determination

1. Gross Area

Ag_spi
Aspi

�� Gross area

2.  Net Area

Anet_spi
Aspi

�� Net area

3.  Effective Net Area

Usp 1.0�� Shear Lag Factor [AISC, Table D3.1]

Ae_spi
Anet_spi

Usp��� Effective net area

(a) For tensile yielding in the gross section:
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Pn_sp_tyi
Fy_sp Ag_spi

��� Nominal axial strength (Pn)

ϕty 0.9�� Resistance factor for tension yielding (-ty)

ϕPn_sp_tyi
ϕty Pn_sp_tyi

���

Design tensile yielding strength
ϕPn_sp_ty 47.223( ) kip��

(b) For tensile rupture in net section:

Pn_sp_tri
Fu_sp Ae_spi

��� Nominal axial strength (Pn)

ϕtr 0.75�� Resistance factor for tension rupture (-tr)

ϕPn_sp_tri
ϕtr Pn_sp_tri

���

Design tensile rupture strength
ϕPn_sp_tr 71.55( ) kip��

WELDED BEAM ATTACHMENT

Tension, capacity of welded beam attachment [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

bi 2 twbai
0.63in���

beff is an effective length calculated as
(2t + 0.63in) which can not be larger than
the actual distance from the edge of the
hole to the edge of the part measured in
the direction normal to the applied force 

bT 3.13( ) in�

beff i
min bi anormal_wbai

�+

�

�



��

beff
T 1.25( ) in�

Pn_wba_trpi
2 twbai
� beff i

� Fu_wba��� Nominal axial strength (Pn)
(D5-1)

ϕn_trp 0.75�� Resistance factor for tension (-t)

ϕPn_wba_trpi
ϕn_trp Pn_wba_trpi

���

ϕPn_wba_trp
T 140.625( ) kip�� Design tensile strength

(b) For shear rupture on the effective area:
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Asf_wbai
2 twbai
� aparrallel_wbai

dwba_bolti
2

�


�
�

�
�



���

Asf_wba
T 4.844( ) in2
� Effective area

Pn_wba_srpi
0.6 Fu_wba� Asf_wbai

��� Nominal axial strength (Pn)
(D5-2)

ϕn_srp 0.75�� Resistance factor for tension (-t)

ϕPn_wba_srpi
ϕn_srp Pn_wba_srpi

���

ϕPn_wba_srp
T 130.781( ) kip�� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_wbai
dwba_bolti

twbai
��� Projected bearing area in.2 (mm2)

Rn_wba_bsi
1.8 Fy_wba� Apd_wbai

��� Nominal bearing strength (J7-1)

ϕ 0.75�� Resistance factor

ϕRn_wba_bsi
ϕ Rn_wba_bsi
���

ϕRn_wba_bs
T 76.57( ) kip�� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination
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1. Gross Area
Ag_wbai

Awbai
�� Gross area

(a) For tensile yielding in the gross section:
Pn_wba_tyi

Fy_wba Ag_wbai
��� Nominal axial strength (Pn)

(D2-1)
ϕt_ty 0.9�� Resistance factor for tension (-t)

ϕPn_wba_tyi
ϕt_ty Pn_wba_tyi

���

ϕPn_wba_ty
T 148.5( ) kip�� Design tensile strength

Shear, capacity of welded beam attachment bolt [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

Awba_bolti
π

dwba_bolti
2



�
�

�
�



2

��� Nominal unthreaded body area

Applicable area for this case since the bolt
is in double shearAwba_bolt_dsi

2 Awba_bolti
���

Nominal shear stress in bearing type
connections (A307) [AISC, Table J3.2 pg
16.1-104], A307 was selected as a conservative
bolt treatment and includes an allowance for
threads in the shear plane

Fnv_wba_bolt 24ksi��

Rnv_wba_bolti
Fnv_wba_bolt Awba_bolt_dsi

��� Nominal strength (Rn)
(J3-1)

ϕb_sr 0.75� Resistance factor

ϕRnv_wba_bolti
ϕb_sr Rnv_wba_bolti

���

ϕRnv_wba_bolt
T 53.456( ) kip�� Design shear strength



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A L. Crawford Date:    09/30/2008 Checker:      M. D. Landon Date:    09/30/2008

Calculation Sheet 
Page D.9.7-22 of D.9.7-26

SUMMARY OF RESULTS

Capacities For Inward Loading
PIPE CLAMP

Compression, capacity of clamp's cantilever section [AISC, Ch. E pg 16.1-32 thru 43]

E1. General Provisions

E2. Slenderness Limitations and Effective Length

E3. Compressive Strength for Flexural Buckling of Members Without Slender Elements (verified through
classification)

ϕPn_SL
T 339.259( ) kip�� Design compressive strength

Shear, capacity of clamp's bolt [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

ϕRnv_cl_bolt
T 53.456( ) kip�� Design shear strength

PLATES WELDED TO THREADED RODS

Compression, capacity of threaded rods [AISC, Ch. E pg 16.1-32 thru 43]

E1. General Provisions

E2. Slenderness Limitations and Effective Length

E3. Compressive Strength for Flexural Buckling of Members Without Slender Elements (verified through
classification)

ϕPn_pl_tr
T 17.939( ) kip��

SUPPORT PIPE

Compression, capacity in pipe [AISC, Ch. E pg 16.1-32 thru 43]

E1. General Provisions

E2. Slenderness Limitations and Effective Length

E3. Compressive Strength for Flexural Buckling of Members Without Slender Elements (verified through
classification)

ϕPn_sp
T 39.479( ) kip��
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WELDED BEAM ATTACHMENT

Shear, capacity of welded beam attachment bolt [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

ϕRnv_wba_bolt
T 53.456( ) kip�� Design shear strength

Capacities For Outward Loading
PIPE CLAMP

Tension, capacity of clamp [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

ϕPn_cl_trp
T 270( ) kip�� Design tensile strength

(b) For shear rupture on the effective area:

ϕPn_cl_srp
T 136.687( ) kip�� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

ϕRn_cl_bs
T 91.884( ) kip�� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

ϕPn_cl_ty
T 245.025( ) kip�� Design tensile strength

Shear, capacity of pipe clamp's bolt [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

ϕRnv_cl_bolt
T 53.456( ) kip�� Design shear strength
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PLATES WELDED TO THREADED RODS

Tension, capacity of plates welded to threaded rods [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

ϕPn_pl_tr_trp
T 50.625( ) kip�� Design tensile strength

(b) For shear rupture on the effective area:

ϕPn_pl_tr_srp
T 65.813( ) kip�� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

ϕRn_pl_tr_bs
T 41.766( ) kip�� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

ϕPn_pl_tr_ty
T 66.825( ) kip�� Design tensile strength

Tension, capacity of weld between plates and threaded rods [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Welds

4.  Strength

Rn_weld 89.438( ) kip�� Nominal shear strength of weld

Tension, capacity of threaded rods [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

ϕRnt_tr
T 41.417( ) kip�� Design tension strength
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SUPPORT PIPE

Tension, capacity of support pipe [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D2. Tensile Strength

(a) For tensile yielding in the gross section:

ϕPn_sp_ty 47.223( ) kip�� Design tensile yielding strength

(b) For tensile rupture in net section:

ϕPn_sp_tr 71.55( ) kip�� Design tensile rupture strength

WELDED BEAM ATTACHMENT

Tension, capacity of welded beam attachment [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

ϕPn_wba_trp
T 140.625( ) kip�� Design tensile strength

(b) For shear rupture on the effective area:

ϕPn_wba_srp
T 130.781( ) kip�� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

ϕRn_wba_bs
T 76.57( ) kip�� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

ϕPn_wba_ty
T 148.5( ) kip�� Design tensile strength

Shear, capacity of welded beam attachment bolt [AISC, Ch. J pg 16.1-90 thru 121]
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J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

ϕRnv_wba_bolt
T 53.456( ) kip�� Design shear strength
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Appendix D.9.8

PR-7 Capacities
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PR-7 CAPACITY
The PR-7 support is composed of tee ears welded to the bottom of the
forged tee joining lines 1-5 and 1-6 to 1-7.  A bolt attaches the tee
ears to an eye rod which is attached to a welded box structure that is
fixed to the ground by four bolts and grout pad.  The capacities for
these components are calculated below, however, the capacity for the
bolt fixating the box structure to the floor is found in the anchorage
and embedment portions of this report.

Component Capacity Overview:
- Downward Loading: 
  - Shear capacity of tee ears welds
  - Tension capacity of tee ears
  - Shear capacity of tee ears' upper bolt
  - Tension capacity of upper eye rod
  - Flexure capacity of welded box structure's upper section
  - Shear capacity of welded box structure's upper section
  - Shear capacity of welded box structure's upper welds
  - Tension capacity of  welded box structure's side sections 

(Procedures from AISC 13th Edition (Applying LRFD))

References
1. ANSI/AISC 360-05, "Steel Construction Manual, 13th ed.," American Institute of Steel Construction, Inc., 
    March 9, 2005
2. ITT Grinnell Catalog PH81, "Pipe Hangers," ITT Grinnell Corporation, 1981
3. Drawing 120925, "Primary Coolant System Pipe Hangers and Details," Rev 11, Lockheed Martin, April 1997
4. Drawing 120963, "Primary Coolant System Pipe Hangers," Rev 2, Ebasco Services Incorporated, April 1967

Assigned indices corresponding to
number of support types associated with
these calculations

i 0��

Support =       0 
                (PR-8)

Relationship between support and
corresponding indices
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Geometric and Material Properties of Support Components
TEE EARS ([120963])

Material Properties of Tee Ears as Defined in the Material Section of this Report:

Fy_te 33ksi�� Yield Strength for A7 Carbon Steel

Fu_te 60ksi�� Ultimate Strength for A7 Carbon Steel

Ete 29000ksi�� Modulus of Elasticity for A7 Carbon Steel

Geometric Properties of Tee Ears: Combined thickness of both plates
forming the upper portion of the clamp,
in. (mm) [120925, Sheet 2], [120963,
Detail 52]

tte 2
1
2

in
�
�

��



��"
�

�#
�

T
��

Width of plates forming the ears
conservatively chosen from supplied
dimensions of trapezoidal form [120963,
Detail 52]

wte 3in( )T��

Atei
ttei

wtei
���

Total cross sectional area of both
sides of clamp

Ate
T 3( ) in2
�

Bolt diameter [120925, Sheet 2],
[120963, Detail 52]dte_bolt 1

1

4
in
�

�
��



T
��

Nominal bolt hole Diameter [120963,
Detail 52]dte_hole 1

1

4
in
�

�
��



T
��

Shortest distance from edge of the pin
hole to the edge of the member
measured parallel to the direction of the
force from top of bolt hole to top of
clamp bracket, in. (mm) hand
calculated from dcl_hole and [120963,
Detail 52] data

aparrallel_te 1
3

8
in
�

�
��



T
��

anormal_tei

wtei
dte_holei

�

2
�� Shortest distance from edge of pin hole

to the edge of the member measured
normal to the direction of the force

anormal_te 0.875( ) in�
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EYE ROD (Welded Eye Rod FIG 278 1-1/8" [120925, Sheet 2] )

Material Properties of Eye Rod as Defined in the Material Section of this Report:

Fy_I 33ksi�� Yield Strength for A7 Carbon Steel

Fu_I 60ksi�� Ultimate Strength for A7 Carbon Steel

EI 29000ksi�� Modulus of Elasticity for A7 Carbon Steel

Geometric Properties of Eye Rod:

dI 1
1

8
in
�

�
��



T
�� Unthreaded diameter of eye rod,

[Grinnell, Fig 278 ph-52]

Plastic section modulus about the axis
of bending [AISC, Table 17-27 pg17-39]ZIi

dIi

�

�



3

6
��

rgyrationIi

dIi
4

�� Radius of gyration of combined rod

AIi
π

dIi
2



�
�

�
�



2

��� Area of combined rod

LIi
40in�� Length of combined rod

M1-1-5-N15-FSPG-DSC00090, [120931,
Det 13]

WELDED BOX STRUCTURE ([120963])

Material Properties of Welded Box Structure as Defined in the Material Section of this Report:

Fy_wbs 33ksi�� Yield Strength for A7 Carbon Steel

Fu_wbs 60ksi�� Ultimate Strength for A7 Carbon Steel

E_wbs 29000ksi�� Modulus of Elasticity for A7 Carbon Steel

Geometric Properties of Welded Box Structure:

Combined thickness of welded box
structure's top portion [120963] twbs_top 1in( )T��

Width and length of welded box
structure's top portion [120963]wwbs_top 4in( )T��

Combined thickness of welded box
structure sides [120963] twbs_sides 2

1
2

in
�
�

��



��"
�

�#
�

T
��
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Width of welded beam attachment
[Grinnell, Fig 66 ph-33]wwbs_sides 4in( )T��

Awbs_sidesi
twbs_sidesi

wwbs_sidesi
���

Cross sectional area of welded beam
attachment

Awbs_sides 4( ) in2
�

FEXX 60ksi�� E6013 weld material ultimate strength
[Specification S-10, pg I-9], [ATR-P-7]

θtransverse
π

2
�� Angle between loading and traverse

welds

Fw_transverse 0.60 FEXX� 1.0 0.5 sin θtransverse� �1.5
��


�
�

��� (J2-5)

Nominal Shear Strength of transverse
weldsFw_transverse 54 ksi��

Minimum size of fillet given that thinner
joined part (plate) = 1/2" [AISC, Table
J2.4, pg 16.1-96] [120923]

ω
3
16

in
�
�

��



T
��

Lw_traverse 2 wwbs_top��� Traverse length of welds [120923]

Aw_traversei
Lw_traversei

0.707ωi���
Effective area of weld throat of traverse
welds

Aw_traverse 1.06( ) in2
�

Capacities For Upward Loading
TEE EARS 

Tension, capacity of tee ears [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

btei
2 ttei

0.63in���

beff is an effective length calculated as
(2t + 0.63in) which can not be larger
than the actual distance from the edge
of the hole to the edge of the part
measured in the direction normal to
the applied force 

bte
T 2.63( ) in�

beff_tei
min btei

anormal_tei
�+


�
�



��

beff_te
T 0.875( ) in�
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Pn_te_trpi
2 ttei
� beff_tei

� Fu_te��� Nominal axial strength (Pn)

(D5-1)
ϕn_trp 0.75�� Resistance factor for tension (-t)

ϕPn_te_trpi
ϕn_trp Pn_te_trpi

���

ϕPn_te_trp
T 78.75( ) kip�� Design tensile strength

(b) For shear rupture on the effective area:

Asf_tei
2 ttei
� aparrallel_tei

dte_holei

2
�



�
�

�
�



���

Asf_te
T 4( ) in2
� Effective area

Pn_te_srpi
0.6 Fu_te� Asf_tei

��� Nominal axial strength (Pn)

ϕn_srp 0.75�� Resistance factor for tension (-t)

ϕPn_te_srpi
ϕn_srp Pn_te_srpi

��� (D5-2)

ϕPn_te_srp
T 108( ) kip�� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_tei
dte_bolti

ttei
��� Projected bearing area in.2 (mm2)

Rn_te_bsi
1.8 Fy_te� Apd_tei

��� Nominal bearing strength

ϕ 0.75�� Resistance factor

ϕRn_te_bsi
ϕ Rn_te_bsi
���

ϕRn_te_bs
T 55.688( ) kip�� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1 

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"
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D3. Area Determination

1. Gross Area

Ag_tei
Atei

�� Gross area

(D3-1)(a) For tensile yielding in the gross section:

Pn_te_tyi
Fy_te Ag_tei

��� Nominal axial strength (Pn)

(D2-1)
ϕt_ty 0.9�� Resistance factor for tension (-t)

ϕPn_te_tyi
ϕt_ty Pn_te_tyi

���

ϕPn_te_ty
T 89.1( ) kip�� Design tensile strength

Shear, capacity of tee ear's upper bolt [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

Ate_bolti
π

dte_bolti
2



�
�

�
�



2

��� Nominal unthreaded body area

Applicable area for this case since the bolt
is in double shearAte_bolt_dsi

2 Ate_bolti
���

Nominal shear stress in bearing type
connections (A307) [AISC, Table J3.2 pg
16.1-104], A307 was selected as a
conservative bolt treatment and includes
an allowance for threads in shear plane

Fnv_te_bolt 24ksi��

Rnv_te_bolti
Fnv_te_bolt Ate_bolt_dsi

��� Nominal strength (Rn)
(J3-1)

ϕb_sr 0.75�� Resistance factor

ϕRnv_te_bolti
ϕb_sr Rnv_te_bolti

���

ϕRnv_te_bolt
T 44.179( ) kip�� Design shear strength

EYE ROD
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NOTE:It was observed during inspection that all of the applicable eye rods have welded eyes even though they
indicate otherwise on Drawing 120925, thus all eye rods in these calculations will be treated as welded eye rods

Tension, capacity of lower eye rod [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

Ab_Ii
π

dIi
2



�
�

�
�



2

��� Nominal unthreaded body area

Nominal tensile stress (A307) [AISC,
Table J3.2] [AISC, Table J3.2 pg
16.1-104], A307 was selected as a
conservative bolt treatment

Fnt_I 45ksi��

Rnt_Ii
Fnt_I Ab_Ii

��� Nominal strength (Rn)
(J3-1)

ϕb_tr 0.75�� Resistance factor

ϕRnt_Ii
ϕb_tr Rnt_Ii

���

ϕRnt_I
T 33.548( ) kip�� Design tension strength

WELDED BOX STRUCTURE

Shear, capacity of welded box structure's upper section [AISC, Ch. G pg 16.1-64 thru 69]

G7. Weak Axis Shear in Singly and Doubly Symmetric Shapes

For singly and doubly symmetric shapes loaded in the weak axis without torsion, the nominal shear
strength, Vn, for each shear resisting element shall be determined using Equation G2-1 and Section
G2.1(b) with Aw = bftf and kV = 1.2.

Cv 1.0�� Web shear coefficient [AISC, pg16.1-291]

Cross sectional area of top portion of
welded box structure, 2 is included to
account for double shear

Aw_wbs 2 twbs_top� wwbs_top���

Vn_wbs 0.6 Fy_wbs� Aw_wbs� Cv��� Nominal shear (G2-1)

ϕv 1.00�� Resistance factor

ϕVn_wbs ϕv Vn_wbs���

Design shear strength
ϕVn_wbs 158.4 kip��

Shear, capacity of welded box structure's upper welds [AISC, Ch. J pg 16.1-90 thru 121]
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J2.  Welds

4.  Strength

ϕweld 0.75�� Resistance factor of weld

Rn_weldi
ϕweld Fw_transverse Aw_traversei

�

�

�



��� (J2-4)

Rn_weld 42.95( ) kip�� Nominal shear strength of weld

Tension, capacity of welded box structure's side sections [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D2. Tensile Strength

Must solve for applicable areas presented in D3 prior to proceeding through D2

D3. Area Determination

1. Gross Area

The gross area, Ag, of a member is the total cross-sectional area

Ag_wbs 2 wwbs_sides� twbs_sides��� Gross area

2. Net Area

An_wbs Ag_wbs�� Net area

3. Effective Net Area

U 1�� The shear lag factor

Ae_wbs U An_wbs��� The effective area

(a) For tensile yielding in the gross section:

Pn_ty_wbsi
Fy_wbs Ag_wbs���

ϕn_ty 0.9�� Resistance factor for tension (-t)

ϕPn_ty_wbsi
ϕn_ty Pn_ty_wbsi

���

ϕPn_ty_wbs
T 237.6( ) kip�� Design tensile strength (D2-1)

(b) For tensile rupture in the net section:

Pn_tr_wbsi
Fu_wbs Ae_wbs���

ϕn_tr 0.75�� Resistance factor for tension (-t)



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A L. Crawford Date:    09/30/2008 Checker:      M. D. Landon Date:    09/30/2008

Calculation Sheet 
Page D.9.8-10 of D.9.8-13

ϕPn_tr_wbsi
ϕn_tr Pn_tr_wbsi

���

ϕPn_tr_wbs
T 360( ) kip�� Design tensile strength (D5-1)

Capacities for Downward Loading

Compression, capacity in rod hangers [AISC, Ch. E pg 16.1-32 thru 43]

E1. General Provisions Resistance factor for
compressionϕc 0.9��

E2. Slenderness Limitations and Effective Length Effective length in accordance
with C2.b1,     [AISC, comm.C2
(Table C-C2.2) (case d) pg
16.1-240] Case d was chosen
because the support was
allowed to rotate on the top as
well as on the bottom. 

K 1.0��

The Slenderness ratio KL/r should preferably not exceed 200

KLri

K LIi
�

rgyrationIi



�
�
�

�
�
�



��

The below KLr values verify that all supports do not exceed the 200 recommended limitation

KLrT 142.222( )�

E3. Compressive Strength for Flexural Buckling of Members Without Slender Elements (verified through
classification)

Fei

π
2EI

KLri� �2
�� Fe is the elastic critical

buckling stress
(E3-4)

Fe
T 14.15( ) ksi��

Calculating the variables Limit, Op1, and Op2 to be utilized in logic to determine flexural buckling stress .

Limit 4.71
EI

Fy_I
��� Op1i 0.658

Fy_I

Fei



�
�
�

�
�
�

Fy_I�� Op2i 0.877 Fei

���

Limit 139.625�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A L. Crawford Date:    09/30/2008 Checker:      M. D. Landon Date:    09/30/2008

Calculation Sheet 
Page D.9.8-11 of D.9.8-13

Calculating the flexural buckling stress

Fcri
Op1i KLri Limit if

Op2i KLri Limit�if

�� (E3-2)

(E3-3)

Fcr
T 12.41( ) ksi��

ϕPni
ϕc Fcri

� AIi
��� Design compressive strength

ϕPn
T 11.102( ) kip��

SUMMARY OF RESULTS

Capacities For Upward Loading
TEE EARS 

Tension, capacity of tee ears [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

ϕPn_te_trp
T 78.75( ) kip�� Design tensile strength

(b) For shear rupture on the effective area:

ϕPn_te_srp
T 108( ) kip�� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

ϕRn_te_bs
T 55.688( ) kip�� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1 

D2. Tensile Strength

(a) For tensile yielding in the gross section:

ϕPn_te_ty
T 89.1( ) kip�� Design tensile strength
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Shear, capacity of tee ear's upper bolt [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

ϕRnv_te_bolt
T 44.179( ) kip�� Design shear strength

EYE ROD

Tension, capacity of lower eye rod [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

ϕRnt_I
T 33.548( ) kip�� Design tension strength

WELDED BOX STRUCTURE

Shear, capacity of welded box structure's upper section [AISC, Ch. G pg 16.1-64 thru 69]

G7. Weak Axis Shear in Singly and Doubly Symmetric Shapes
Design shear strength

ϕVn_wbs 158.4 kip��

Shear, capacity of welded box structure's upper welds [AISC, Ch. J pg 16.1-90 thru 121]

J2.  Welds

4.  Strength

Rn_weld 42.95( ) kip�� Nominal shear strength of weld

Tension, capacity of welded box structure's side sections [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D2. Tensile Strength

(a) For tensile yielding in the gross section:

ϕPn_ty_wbs
T 237.6( ) kip�� Design tensile strength

(b) For tensile rupture in the net section:

ϕPn_tr_wbs
T 360( ) kip�� Design tensile strength
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Capacities for Downward Loading

Compression, capacity in rod hangers [AISC, Ch. E pg 16.1-32 thru 43]

E1. General Provisions

E2. Slenderness Limitations and Effective Length

E3. Compressive Strength for Flexural Buckling of Members Without Slender Elements (verified through
classification)

ϕPn
T 11.102( ) kip�� Design compressive strength
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Appendix D.9.9

PS-19 Capacities
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PS-19 CAPACITY
The PS-19 supports a horizontal PCS pipe traveling in
the east/west direction.  The PS-19 support is comprised
of a u-bolt, plate, and two channel iron sections welded
together.  The capacities for these components are
calculated below, however, the capacity for the welds
attaching the angle iron and the associated capacities of
the wall embedment are found in the anchorage and
embedment portions of this report.

Component Capacity Overview:
- Southward Loading:
  - Compression capacity of channel iron sections
- Northward Loading:
  - Tension capacity of channel iron sections
  - Tension capacity of u-bolt
- Lateral (Downward/Upward) Loading:
  - Flexure capacity of channel iron section
  - Shear capacity of channel iron section
  - Lateral capacity of u-bolt

(Procedures from AISC 13th Edition (Applying LRFD))

References
1. ANSI/AISC 360-05, "Steel Construction Manual, 13th ed.," American Institute of Steel Construction, Inc., 
March 9, 2005
2. R. F. Davidson, "ATR Primary Coolant System Piping Design Analysis", EG&G Idaho, Inc., Jan. 22, 1979
3. Brian Hawkes, "Allowable Loads for U-bolts," Revision 0, Oct. 13, 1997
4. Drawing 127029, Spool Drawing (Line 1-42), The Fluor Corporation, LTD., June 19, 1962
5. ITT Grinnell Catalog PH81, "Pipe Hangers," ITT Grinnell Corporation, 1981
6. James M. Gere, Mechanics of Materials, 5th ed., Thomson Learning (Brooks/Cole Division), 2001

NOTE:  For compressive and flexural loading the welded channel iron section are approximated as a
rectangular HSS section with conservative dimensions.

Assigned indices corresponding to number of
support types associated with these calculationsi 0��

Support =       0 
                (PS-19) 

Relationship between support and corresponding
indices
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Geometric and Material Properties of Support Components
CHANNEL IRON SECTIONS

Material Properties of Channel Iron Section as Defined in the Material Section of this Report:

Fy_Ch 33ksi�� Yield Strength for A7 Carbon Steel

Fu_Ch 60ksi�� Ultimate Strength for A7 Carbon Steel

ECh 29000ksi�� Modulus of Elasticity for A7 Carbon Steel

Geometric Properties of Channel Iron Sections:

Since the channel iron sections are welded together they will be treated as one rectangular HSS section with
wall thickness closest but not exceeding the minimum thickness of either the flange or web.  In this case the
closest conservative rectangular HSS section is a 4x3x5/16 HSS.

Thickness of HSS [AISC, Table 1-11, pg 1-86], [120944,
Detail 38]tHSS 0.291in( )T��

Height of HSS [AISC, Table 1-11, pg 1-86], [120944,
Detail 38]hHSS 4in( )T��

Width of HSS [AISC, Table 1-11, pg 1-86], [120944,
Detail 38] (this is a conservative length compared to that
provided by [120944, Detail 38])

wHSS 3in( )T��

AHSS 3.52in2� �T�� Area of HSS [AISC, Table 1-11, pg 1-86], [120944, Detail
38]

Radius of gyration about x axis [AISC, Table 1-11, pg
1-86], [120944, Detail 38]rgyrationX_HSS 1.42in( )T��

Radius of gyration about y axis [AISC, Table 1-11, pg
1-86], [120944, Detail 38]rgyrationY_HSS 1.13in( )T��

Moment of inertia about x axis [AISC, Table 1-11, pg
1-86], [120944, Detail 38]IX_HSS 7.14in4� �T��

LCh 21
1

2
in
�

�
��



T
�� Length of channel iron sections [120944, Detail 38]

ZX_Ch 2.84in3� �T�� Plastic modulus about the x axis

Thickness of channel iron section web [AISC, Table 1-5,
pg 1-34], [120963, Detail 29]tCh_web 0.321in( )T��

Thickness of channel iron section flange [AISC, Table
1-5, pg 1-34], [120963, Detail 29]tCh_flange 0.296in( )T��
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Width of upper portion of angle iron [AISC, Table 1-5, pg
1-34], [120963, Detail 29]wCh_flange 1.72in( )T��

Depth of channel iron sections [AISC, Table 1-5, pg 1-34],
[120963, Detail 29] depthCh 4in( )T��

hCh_web 2.5in( )T�� Height of channel iron web [AISC, Table 1-5, pg 1-34],
[120963, Detail 29]

b2tChi

hCh_webi

tCh_webi

��

Web height to thickness ratio

b2tCh 7.788( )�

ACh 2.13in2� �T�� Area of channel iron sections [AISC, Table 1-5, pg 1-34],
[120963, Detail 29]

Radius of gyration of channel iron sections about their
horizontal axis [AISC, Table 1-5, pg 1-34], [120963, Detail
29]

rgyrationX_Ch 1.47in( )T��

Radius of gyration of channel iron sections about their
vertical axis [AISC, Table 1-5, pg 1-34], [120963, Detail
29]

rgyrationY_Ch 0.447in( )T��

Plastic section modulus about the x-axis [AISC, Table
1-5, pg 1-34], [120963, Detail 29]Zx_Ch 2.84in3� �T��

Elastic section modulus about the x-axis [AISC, Table
1-5, pg 1-34], [120963, Detail 29]Sx_Ch 2.29in3� �T��

Moment of inertia about y axis [AISC, Table 1-5, pg 1-34],
[120963, Detail 29 Iy_Ch 0.425in4� �T��
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U-BOLT (U-Bolt 6")

Note: In this analysis the tensile capacity of the u-bolt will be calculated based on the cross sectional area of
both u-bolt legs straddling the pipe.  Due to the complexity of u-bolt behavior given lateral loading, the associated
capacity was determined based on the [Hawkes] document, where the lateral capacity was shown to be 0.0412
that of the u-bolt's tensile capacity.  Given that the resistance factor is equivalent for both tension and shear ( - =
0.75) is was determined that the AISC resistance factors would be appropriately applied by multiplying the
resulting tensile capacity by the 0.0412 factor stated above.  

Material Properties of U-bolt as Defined in the Material Section of this Report:

Fy_ub 33ksi�� Yield Strength for A7 Carbon Steel

Fu_ub 60ksi�� Ultimate Strength for A7 Carbon Steel

Eub 29000ksi�� Modulus of Elasticity for A7 Carbon Steel

Geometric Properties of U-bolt:

Diameter of pipe which the u-bolt supports
[127029], [Grinnell, Fig 137 ph-55]Dub 6

5

8
in
�

�
��



T
��

Diameter of u-bolt rod 
[127029], [Grinnell, Fig 137 ph-55]dub

1
2

in
�
�

��



T
��

Capacities For Southward Loading
CHANNEL IRON SECTION

Compression, capacity of channel iron sections [AISC, Ch. E pg 16.1-32 thru 43]

E1. General Provisions

ϕc 0.9�� Resistance factor for compression

E2. Slenderness Limitations and Effective Length

K 2.1�� Design K value [Table C-C2.2, pg 16.1-240]

rgyration_govi
min rgyrationX_HSSi

rgyrationY_HSSi
�+


�
�



�� Governing radius of gyration 

KLri

K LChi
�

rgyration_govi

��

KLr 39.956( )�
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E3. Compressive Strength for Flexural Buckling of Members Without Slender Elements

Determine if each channel iron section are compact (1), non-compact (2),  or slender (3) to determine if it
is appropriate to apply E3 or E7

B4. Classification of sections for local buckling (See Case 14 of Table B4.1 )

b2ti

hCh_webi

tCh_webi

��

Width to thickness ratio

b2tT 7.788( )�

Definition of ,p and ,r from Table B4.1 Case 6 (Flexure in legs of single angles) to be applied in
classification logic. ,p is the separation point between a compact and noncompact member. ,r
is separation point between a noncompact and slender member.

λp 0
ECh

Fy_Ch
��� λr 1.49

ECh
Fy_Ch

���

Classificationi 1 b2ti λp if

2 λp b2ti� λr if

3 λr b2ti�if

��

ClassificationT 2( )�

Since the channel iron sections are determined to be compact E3 is applicable (however it is to
be noted that this will be applied with the channel iron section approximated as a rectangular HSS
since the two sections are welded together.

E3. Compressive Strength for Flexural Buckling of Members Without Slender Elements (verified through classificatio

Fei

π
2ECh

KLri� �2
�� Fe is the elastic critical buckling stress (E3-4) 

Fe
T 179.283( ) ksi��

Calculating the variables Limit, Op1, and Op2 to be utilized in logic to determine flexural buckling stress .

Limit 4.71
ECh

Fy_Ch
��� Op1i 0.658

Fy_Ch

Fei



�
�
�

�
�
�

Fy_Ch�� Op2i 0.877 Fei

���

Limit 139.625�
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Fcri
Op1i KLri Limit if

Op2i KLri Limit�if

�� (E3-2)
Fcr is the flexural buckling stress 

(E3-3)

Fcr
T 30.553( ) ksi��

ϕPn_SLi
ϕc Fcri

� AHSSi
���

ϕPn_SL
T 96.792( ) kip�� Design compressive strength

Capacities For Northward Loading
ANGLE IRON SECTION

Tension, capacity of channel iron section [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D2. Tensile Strength

Must apply section D3. "Area Determination" prior to applying D2. "Tensile Strength"

D3. Area Determination

1. Gross Area

Ag_Chi
2 AChi
��� Gross area

2. Net Area
An_Chi

Ag_Chi
�� Net area

3. Effective Net Area
Shear lag factor
[AISC, Table D3.1 pg 16.1-29]UCh 1.0��

Ae_Chi
An_Chi

UCh��� Effective net area (D3-1)

(a) For tensile yielding in the gross section:

Pn_Ch_ty Fy_Ch Ag_Ch��� Nominal axial strength (Pn)
(D2-1)

ϕt_ty 0.9�� Resistance factor for tension (-t)

ϕPn_Ch_ty_NL ϕt_ty Pn_Ch_ty���

ϕPn_Ch_ty_NL
T 126.522( ) kip�� Design tensile strength



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A L. Crawford Date:    09/30/2008 Checker:      M. D. Landon Date:    09/30/2008

Calculation Sheet 
Page D.9.9-8 of D.9.9-14

(b) For tensile rupture in the net section:

Pn_Ch_tr Fu_Ch Ae_Ch��� Nominal axial strength (Pn)
(D2-2)

ϕt_tr 0.75�� Resistance factor for tension (-t)

ϕPn_Ch_tr_NL ϕt_tr Pn_Ch_tr���

ϕPn_Ch_tr_NL
T 191.7( ) kip�� Design tensile strength

U-BOLT

Tension, capacity of u-bolt [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

Nominal unthreaded body area
for BOTH bolts in combinationAubi

2 π

dubi

2



�
�

�
�



2

�

�
"
"
�

�
#
#
�

���

Nominal tensile stress (A307) [AISC, Table J3.2
pg 16.1-104], A307 was selected as a
conservative bolt treatmentFnv_ub 45ksi��

Rnv_ubi
Fnv_ub Aubi

��� Nominal strength (Rn)
(J3-1)

ϕb_sr 0.75�� Resistance factor

ϕRnv_ub_NLi
ϕb_sr Rnv_ubi

���

ϕRnv_ub_NL
T 13.254( ) kip�� Design tensile strength

Capacities For Lateral (Upward/Downward) Loading

RECTANGULAR HSS 

Flexure, capacity of horizontal rectangular HSS [AISC, Ch. F pg 16.1-44 thru 63]

F1. General Provisions

Given resistance factor for shear

ϕb 0.9��

Calculate the lateral-torsional buckling modification factor for a nonuniform moment loading on the beam cau
by eastward loading of the pipe 

Absolute value of maximum moment in the
unbraced segmentMmax F Length�+( ) F Length���
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Absolute value of moment at quarter point
of the unbraced segmentMA F Length�+( )

3
4

F� Length���

Absolute value of moment at centerline
of the unbraced segmentMB F Length�+( )

1
2

F� Length���

Absolute value of moment at three-
quarter point of the unbraced segmentMC F Length�+( )

1
4

F� Length���

Cross-section monosymmetry parameter
(value of 1.0 is assigned because it
correlates to singly symmetric members
subjected to single curvature bending)

Rm 1.0��

Cb F Length�+( )
12.5 Mmax F Length�+( )�

2.5 Mmax F Length�+( )� 3 MA F Length�+( )�� 4 MB F Length�+( )�� 3 MC F Length�+( )��
Rm�



�
�

�
�



��

Cb F LAnglei
�+


�
�



1.6666666666666666667.

F7. Square and Rectangular HSS and Box-Shaped Members

1. Yielding

Mpy_Ch_ELi
Fy_Ch Zx_Chi

���

Mny_Ch_ELi
Mpy_Ch_ELi

�� Nominal flexural strength

ϕMny_Ch_ELi
ϕb Mny_Ch_ELi

���

ϕMny_Ch_EL
T 84.348( ) kip in��� Design flexural strength

Converting flexural strength to strength at applied
load by dividing the design flexural strength by the
moment arm comprised of the angle iron length,
the leg length of the horizontal angle iron section,
and the radius of the pipe which the clamp is
connected to

ϕFny_Ch_EL_Toti

ϕMny_Ch_ELi

LChi

��

Total design strength of angle iron
section given flexural loadingϕFny_Ch_EL_Tot

T 3.923( ) kip��
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Determine if supports are compact (1), non-compact (2), or slender (3) as defined in first paragraph of B4

B4. Classification of sections for local buckling (Table B4.1 Case 13)

Definition of ,p and ,r from Table B4.1 Case 13 to be applied in classification logic.  ,p is the
separation point between a compact and non compact member. ,r is separation point
between a non compact and slender member.

λp 2.42
ECh

Fy_Ch
��� λr 5.70

ECh
Fy_Ch

��

Classificationi 1 b2tChi
λp if

2 λp b2tChi
� λr if

3 λr b2tChi
�if

��

(F10-1)

ClassificationT 1( )�

The rectangular HSS has been determined to be compact in flexure

2. Flange Local Buckling

(a) For compact sections, the limit state of flange local buckling does not apply 

3. Web Local Buckling

(a) For compact sections, the limit state of web local buckling does not apply

Shear, capacity of horizontal rectangular HSS [AISC, Ch. G pg 16.1-64 thru 69]

G1. General Provisions

ϕv 0.9�� Resistance factor for shear

G5. Rectangular HSS and Box Members

The nominal shear strength, Vn, of rectangular HSS and box members shall be determined using the
provisions of Section G2.1 with Aw = 2ht where h for the width resisting the shear force shall be taken as
the clear distance between the flanges less the inside corner radius on each side and t w = t and kv = 5.  If
the corner radius is not known, h shall be taken as the corresponding outside dimension minus three times
the thickness.

h2tChi
b2tChi

��

Aw_Chi
2 hCh_webi

tCh_webi
�


�
�



��� Web area

kv_Ch 5( )T�� Web plate buckling coefficient
since h2t is less than 267

Note: Cv shall be determined through Section G2.1 prior to applying Equation G2-1  
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G2. Members with Unstiffened or Stiffened Webs

1. Nominal Shear Strength

This section applies to webs of singly or doubly symmetric members and channels subject to
shear in the plane of the web.

Must determine Cv prior to applying this section

(b) For webs of all other doubly symmetric shapes... the web shear coefficient, C v, is
determined as follows:

(i thru iii) Calculating web shear coefficient (Cv)

(F10-2)

Cv_Chi
1.0 h2tChi

1.10 kv_Chi

ECh
Fy_Ch
�� if

1.10 kv_Chi

ECh
Fy_Ch
��

h2tChi

1.10 kv_Chi

ECh
Fy_Ch
�� h2tChi

� 1.37 kv_Chi

ECh
Fy_Ch
�� if

1.51 ECh� kv_Chi
�

h2tChi


�

�



2 Fy_Ch�
h2tChi

1.37 kv_Chi

ECh
Fy_Ch
���if

��

(F10-3)

Cv_Chi
1�

Vn_Chi
0.6 Fy_Ch� Aw_Chi

� Cv_Chi
���

Nominal shear strength

Vn_Ch
T 31.779( ) kip��

ϕVn_Ch_EL ϕv Vn_Ch���

(G2-1)
ϕVn_Ch_EL

T 28.601( ) kip�� Design shear strength

Flexure + Compression, capacity of horizontal rectangular HSS [AISC, Ch. H pg 16.1-70 thru 76]

H1. Doubly and Singly Symmetric Members Subject to Flexure and Axial Force

Applicable moment arm from center of pipe to
center of horizontal rectangular HSS [SK-01,
Sheet 2

Appmoment_armi
LChi

6.625in
2

���
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ϕFFC_EL
1

1
2 ϕPn_SL0
�

Appmoment_arm0

ϕMny_Ch_EL0



�
�
�

�
�
�



�

��

Applied Force capacity for flexure +
compression (H1-1b)

ϕFFC_EL 3.341 kip��

Flexure + Tension, capacity of horizontal rectangular HSS [AISC, Ch. H pg 16.1-70 thru 76]

H1. Doubly and Singly Symmetric Members Subject to Flexure and Axial Force

Applicable moment arm from center of pipe to
center of horizontal rectangular HSS [SK-01,
Sheet 2

Appmoment_armi
LChi

6.625in
2

���

ϕFFT_EL
1

1
2 ϕPn_Ch_tr_NL�

Appmoment_arm0

ϕMny_Ch_EL0



�
�
�

�
�
�



�

��

Applied Force capacity for flexure +
compression

ϕFFT_EL 3.37( ) kip��

U-BOLT

Lateral, capacity of u-bolt [Hawkes, 6" U-bolt]
Relationship between vertical and horizontal
capacity of 6" u-bolt [Hawkes, 6" U-bolt]ϕVnv_ub_WL 0.0412 ϕRnv_ub_NL���

ϕVnv_ub_WL 0.546( ) kip�� Design lateral strength

SUMMARY OF RESULTS
Capacities For Southward Loading
CHANNEL IRON SECTION

Compression, capacity of channel iron sections [AISC, Ch. E pg 16.1-32 thru 43]

E1. General Provisions

E2. Slenderness Limitations and Effective Length

E3. Compressive Strength for Flexural Buckling of Members Without Slender Elements

B4. Classification of sections for local buckling (See Case 14 of Table B4.1 )

E3. Compressive Strength for Flexural Buckling of Members Without Slender Elements (verified through classificatio

ϕPn_SL
T 96.792( ) kip�� Design compressive strength
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Capacities For Northward Loading
ANGLE IRON SECTION

Tension, capacity of channel iron section [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D2. Tensile Strength

D3. Area Determination

(a) For tensile yielding in the gross section:

ϕPn_Ch_ty_NL
T 126.522( ) kip�� Design tensile strength

(b) For tensile rupture in the net section:

ϕPn_Ch_tr_NL
T 191.7( ) kip�� Design tensile strength

U-BOLT

Tension, capacity of u-bolt [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

ϕRnv_ub_NL
T 13.254( ) kip�� Design tensile strength

Capacities For Lateral (Upward/Downward) Loading

RECTANGULAR HSS 

Flexure, capacity of horizontal rectangular HSS [AISC, Ch. F pg 16.1-44 thru 63]

F1. General Provisions

F7. Square and Rectangular HSS and Box-Shaped Members

1. Yielding

ϕMny_Ch_EL
T 84.348( ) kip in��� Design flexural strength

Total design strength of angle iron
section given flexural loadingϕFny_Ch_EL_Tot

T 3.923( ) kip��

B4. Classification of sections for local buckling (Table B4.1 Case 13)

2. Flange Local Buckling

3. Web Local Buckling
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Shear, capacity of horizontal rectangular HSS [AISC, Ch. G pg 16.1-64 thru 69]

G1. General Provisions

G5. Rectangular HSS and Box Members

G2. Members with Unstiffened or Stiffened Webs

1. Nominal Shear Strength

(b) For webs of all other doubly symmetric shapes... the web shear coefficient, C v, is
determined as follows:

ϕVn_Ch_EL
T 28.601( ) kip�� Design shear strength (G2-1) 

Flexure + Compression, capacity of horizontal rectangular HSS [AISC, Ch. H pg 16.1-70 thru 76]

H1. Doubly and Singly Symmetric Members Subject to Flexure and Axial Force

ϕFFC_EL 3.341 kip��

Flexure + Tension, capacity of horizontal rectangular HSS [AISC, Ch. H pg 16.1-70 thru 76]

H1. Doubly and Singly Symmetric Members Subject to Flexure and Axial Force

ϕFFT_EL 3.37( ) kip��

U-BOLT

Lateral, capacity of u-bolt [Hawkes, 6" U-bolt]

ϕVnv_ub_WL 0.546( ) kip�� Design lateral strength
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Appendix D.9.10

 RH-12 Capacities
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RH-12 CAPACITY
RH-12 is a gang hanger type support composed of a 3" adjustable clevis, a 5/8"
rod hanging from the 3" adjustable clevis, and a 6" adjustable clevis hanging
from the rod.  RH-12 hangs from and supports horizontal PCS pipes traveling in
the north/south direction.  The capacities of these components are calculated
below.

Component Capacity Overview:
- Downward Loading: 
  - Tension capacity of bottom portion of lower adjustable clevis's pin connection
  - Tension capacity of top portion of lower adjustable clevis's pin connection
  - Shear capacity of lower adjustable clevis's pin
  - Tension capacity of rod
  - Tension capacity of bottom portion of upper adjustable clevis's pin connection
  - Tension capacity of top portion of upper adjustable clevis's pin connection
  - Shear capacity of upper adjustable clevis's pin

(Procedures from AISC 13th Edition (LRFD))

References
1. Drawing 120925, "Primary Coolant System Pipe Hangers and Details," Revision 11, Lockheed Martin, April 21,
1997
2. ITT Grinnell Catalog PH81, "Pipe Hangers," ITT Grinnell Corporation, 1981
3. ANSI/AISC 360-05, "Steel Construction Manual, 13th ed.," American Institute of Steel Construction, Inc.,
March 9, 2005

Note: RH-12 is a gang hanger support with the above support comprised of the same 3" adjustable
clevis and 5/8" rod as that in the following calculations thus causing the capacity of the entire support
to be limited by the interaction of the two piping systems.

Assigned indices corresponding to number of
support types associated with these calculationsi 0��

Support =       0
                (RH-12)

Relationship between support and corresponding
indices

Geometric and Material Properties of Support Components
LOWER ADJUSTABLE CLEVIS (Clevis FIG 260 6")

Material Properties of Lower Adjustable Clevis as Defined in the Material Section of this Report:

Fy_LAC 33ksi�� Yield Strength for A7 Carbon Steel

Fu_LAC 60ksi�� Ultimate Strength for A7 Carbon Steel

ELAC 29000ksi�� Modulus of Elasticity for A7 Carbon Steel
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Geometric Properties of Lower Adjustable Clevis:

Combined thickness of upper portions of
adjustable clevis [Grinnell, Fig 260]tLAC_up 2

1
4

in
�
�

��



��"
�

�#
�

T
��

wLAC_up 1
1

2
in
�

�
��



T
�� Width of upper portions of adjustable clevis

[Grinnell, Fig 260]

ALAC_upi
tLAC_upi

wLAC_upi
��� Cross sectional area of upper portion

of adjustable clevis [Grinnell, Fig 260]

ALAC_up
T 0.75( ) in2
�

Combined thickness of lower portions of
adjustable clevis [Grinnell, Fig 260]tLAC_low 2

3
16

in
�
�

��



��"
�

�#
�

T
��

wLAC_low 1
1

2
in
�

�
��



T
�� Width of lower portions of adjustable clevis

[Grinnell, Fig 260]

ALAC_lowi
tLAC_lowi

wLAC_lowi
���

Cross sectional area of lower portion
of adjustable clevis [Grinnell, Fig 260]

ALAC_low
T 0.562( ) in2
�

dLAC_bolt
1
2

in
�
�

��



T
�� Diameter of adjustable clevis bolt [Grinnell, Fig

260]

Nominal bolt hole Diameter, in. (mm)
[AISC, Table J3.3]dLAC_hole

9
16

in
�
�

��



T
��

Shortest distance from edge of the bolt hole to
the edge of the member measured parallel to the
direction of the force, in. (mm) relation estimated
from photo DSCN2683

aparrallel_LAC_up dLAC_bolt��

Shortest distance from edge of bolt hole to the
edge of the member measured normal to the
direction of the force, in. (mm)

anormal_LAC_upi

wLAC_upi
dLAC_holei

�

2
��

Shortest distance from edge of the bolt hole to
the edge of the member measured parallel to the
direction of the force, in. (mm) relation estimated
from photo DSCN2683

aparrallel_LAC_low dLAC_bolt��

Shortest distance from edge of bolt hole to the
edge of the member measured normal to the
direction of the force, in. (mm)

anormal_LAC_lowi

wLAC_lowi
dLAC_holei

�

2
��
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UPPER ADJUSTABLE CLEVIS (Clevis FIG 260 3")

Material Properties of Upper Adjustable Clevis as Defined in the Material Section of this Report:

Fy_UAC 33ksi�� Yield Strength for A7 Carbon Steel

Fu_UAC 60ksi�� Ultimate Strength for A7 Carbon Steel

EUAC 29000ksi�� Modulus of Elasticity for A7 Carbon Steel

Geometric Properties of Upper Adjustable Clevis:

Combined thickness of upper portions of
adjustable clevis [Grinnell, Fig 260]tUAC_up 2

3
16

in
�
�

��



��"
�

�#
�

T
��

wUAC_up 1
1

4
in
�

�
��



T
�� Width of upper portions of adjustable clevis

[Grinnell, Fig 260]

AUAC_upi
tUAC_upi

wUAC_upi
��� Cross sectional area of upper portion

of adjustable clevis [Grinnell, Fig 260]

AUAC_up
T 0.469( ) in2
�

Combined thickness of lower portions of
adjustable clevis [Grinnell, Fig 260]tUAC_low 2

3
16

in
�
�

��



��"
�

�#
�

T
��

wUAC_low 1
1

4
in
�

�
��



T
�� Width of lower portions of adjustable clevis

[Grinnell, Fig 260]

AUAC_lowi
tUAC_lowi

wUAC_lowi
���

Cross sectional area of lower portion
of adjustable clevis [Grinnell, Fig 260]

AUAC_low
T 0.469( ) in2
�

dUAC_bolt
3
8

in
�
�

��



T
�� Diameter of adjustable clevis bolt [Grinnell, Fig

260]

Nominal bolt hole Diameter, in. (mm)
[AISC, Table J3.3]dUAC_hole

7
16

in
�
�

��



T
��

Shortest distance from edge of the bolt hole to
the edge of the member measured parallel to the
direction of the force, in. (mm) relation estimated
from photo DSCN2683

aparrallel_UAC_up dUAC_bolt��

Shortest distance from edge of bolt hole to the
edge of the member measured normal to the
direction of the force, in. (mm)

anormal_UAC_upi

wUAC_upi
dUAC_holei

�

2
��
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Shortest distance from edge of the bolt hole to
the edge of the member measured parallel to the
direction of the force, in. (mm) relation estimated
from photo DSCN2683

aparrallel_UAC_low dUAC_bolt��

Shortest distance from edge of bolt hole to the
edge of the member measured normal to the
direction of the force, in. (mm)

anormal_UAC_lowi

wUAC_lowi
dUAC_holei

�

2
��

ROD (Rod FIG 140 5/8")

Material Properties of Rod as Defined in the Material Section of this Report:

Fy_LAC 33ksi�� Yield Strength for A7 Carbon Steel

Fu_LAC 60ksi�� Ultimate Strength for A7 Carbon Steel

ELAC 29000ksi�� Modulus of Elasticity for A7 Carbon Steel

Geometric Properties of Rod:

Unthreaded diameter of eye rod, in. (mm)
[120925]dR

5
8

in
�
�

��



T
��

Plastic section modulus about the axis of
bending, in.3 [AISC, Table 17-27 pg17-39]ZRi

dRi


�

�



3

6
��

PIPE SECTION (2.5")

Material Properties of U-bolt as Defined in the Material Section of this Report:

Fy_PS 33ksi�� Yield Strength for A7 Carbon Steel

Fu_PS 60ksi�� Ultimate Strength for A7 Carbon Steel

EPS 29000ksi�� Modulus of Elasticity for A7 Carbon Steel

Geometric Properties of Pipe Section:

Area of pipe [????]
Ag 2.08in2� �T��

Diameter pipe 
 [????]Do 3.5in( )T��

t 0.216in( )T�� Thickness of pipe section [???]

Lv 0.203in( )T�� Distance from maximum to zero shear????

Capacities Resulting From Downward Loading
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UPPER ADJUSTABLE CLEVIS

Tension, capacity of top portion of upper adjustable clevis's pin connection [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

bUAC_upi
2 tUAC_upi

0.63in��� beff is an effective length
calculated as (2t + 0.63in) for
which can not be larger than
the actual distance from the
edge of the hole to the edge of
the part measured in the
direction normal to the applied
force

bUAC_up
T 1.38( ) in�

beff_UAC_upi
min bUAC_upi

anormal_UAC_upi
�


�
�



��

beff_UAC_up
T 0.406( ) in�

Pn_UAC_up_trpi
2 tUAC_upi
� beff_UAC_upi

� Fu_UAC��� Nominal axial strength (Pn)

(D5-1)
-n_trp 0.75�� Resistance factor for tension (-t)

-Pn_UAC_up_trpi
-n_trp Pn_UAC_up_trpi

���

-Pn_UAC_up_trp
T 13.711( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

Asf_UAC_up_bolti
2 tUAC_upi
� aparrallel_UAC_upi

dUAC_bolti
2

�


�
�

�
�



���

Asf_UAC_up_bolt
T 0.422( ) in2
� Effective Area

Pn_UAC_up_bolt_srpi
0.6 Fu_UAC� Asf_UAC_up_bolti

��� Nominal axial strength (Pn)
(D5-2)

-n_srp 0.75�� Resistance factor for tension (-t)

-Pn_UAC_up_bolt_srpi
-n_srp Pn_UAC_up_bolt_srpi

���

-Pn_UAC_up_bolt_srp
T 11.391( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength
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Apd_UAC_upi
dUAC_bolti

tUAC_upi
��� Projected bearing area in.2 (mm2

Rn_UAC_up_bsi
1.8 Fy_UAC� Apd_UAC_upi

��� Nominal bearing strength

- 0.75�� Resistance factor

-Rn_UAC_up_bsi
- Rn_UAC_up_bsi
���

-Rn_UAC_up_bs
T 6.265( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination

1. Gross Area

Ag_UAC_upi
AUAC_upi

�� Gross Area

(a) For tensile yielding in the gross section:

Pn_UAC_up_tyi
Fy_UAC Ag_UAC_upi

��� Nominal axial strength (Pn)
(D2-1)

-t_ty 0.9�� Resistance factor for tension (-t)

-Pn_UAC_up_tyi
-t_ty Pn_UAC_up_tyi

���

-Pn_UAC_up_ty
T 13.922( ) kip� Design tensile strength

Tension, capacity of bottom portion of upper adjustable clevis's pin connection [AISC, Ch. D pg 16.1-26 thru

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

bUAC_lowi
2 tUAC_lowi

0.63in��� beff is an effective length
calculated as (2t + 0.63in) for
which can not be larger than the

bUAC_low
T 1.38( ) in�



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A L. Crawford Date:    09/30/2008 Checker:      M. D. Landon Date:    09/30/2008

Calculation Sheet 
Page D.9.10-8 of D.9.10-17

actual distance from the edge of
the hole to the edge of the part
measured in the direction
normal to the applied force 

beff_UAC_lowi
min bUAC_lowi

anormal_UAC_lowi
�


�
�



��

beff_UAC_low
T 0.406( ) in�

Pn_UAC_low_trpi
2 tUAC_lowi
� beff_UAC_lowi

� Fu_UAC��� Nominal axial strength (Pn)

(D5-1)
-n_trp 0.75�� Resistance factor for tension (-t)

-Pn_UAC_low_trpi
-n_trp Pn_UAC_low_trpi

���

-Pn_UAC_low_trp
T 13.711( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

Asf_UAC_low_bolti
2 tUAC_lowi
� aparrallel_UAC_lowi

dUAC_bolti
2

�


�
�

�
�



���

Asf_UAC_low_bolt
T 0.422( ) in2
� Effective Area

Pn_UAC_low_bolt_srpi
0.6 Fu_UAC� Asf_UAC_low_bolti

��� Nominal axial strength (Pn)
(D5-2)

-n_srp 0.75�� Resistance factor for tension (-t)

-Pn_UAC_low_bolt_srpi
-n_srp Pn_UAC_low_bolt_srpi

���

-Pn_UAC_low_bolt_srp
T 11.391( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_UAC_lowi
dUAC_bolti

tUAC_lowi
��� Projected bearing area in.2 (mm2

Rn_UAC_low_bsi
1.8 Fy_UAC� Apd_UAC_lowi

��� Nominal bearing strength

- 0.75�� Resistance factor

-Rn_UAC_low_bsi
- Rn_UAC_low_bsi
���

-Rn_UAC_low_bs
T 6.265( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
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only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination

1. Gross Area

Ag_UAC_lowi
AUAC_lowi

�� Gross Area

(a) For tensile yielding in the gross section:

Pn_UAC_low_tyi
Fy_UAC Ag_UAC_lowi

��� Nominal axial strength (Pn)
(D2-1)

-t_ty 0.9�� Resistance factor for tension (-t)

-Pn_UAC_low_tyi
-t_ty Pn_UAC_low_tyi

���

-Pn_UAC_low_ty
T 13.922( ) kip� Design tensile strength

Shear, capacity of upper adjustable clevis's pin [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

AUAC_bolti
�

dUAC_bolti
2



�
�

�
�



2

��� Nominal unthreaded body area

Applicable area for this case since
the bolt is in double shearAUAC_bolt_dsi

2 AUAC_bolti
���

Nominal Shear Stress in Bearing Type
Connections (A307) [AISC, Table J3.2]Fnv_bolt 24ksi��

Rnv_UAC_bolti
Fnv_bolt AUAC_bolt_dsi

��� Nominal strength (Rn)
(J3-1)

-b_sr 0.75�� Resistance factor

-Rnv_UAC_bolti
-b_sr Rnv_UAC_bolti

���

-Rnv_UAC_bolt
T 3.976( ) kip� Design shear strength

ROD

Tension, capacity of rod [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts
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Ab_Ri
�

dRi

2



�
�

�
�



2

��� Nominal unthreaded body area

Fnt_R 45ksi�� Nominal tensile stress (A307)
[AISC, Table J3.2]

Rnt_Ri
Fnt_R Ab_Ri

��� Nominal strength (Rn)
(J3-1)

-b_tr 0.75�� Resistance factor

-Rnt_Ri
-b_tr Rnt_Ri

���

-Rnt_R
T 10.354( ) kip� Design tension strength

LOWER ADJUSTABLE CLEVIS

Tension, capacity of top portion of lower adjustable clevis's pin connection [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

bLAC_upi
2 tLAC_upi

0.63in��� beff is an effective length calculated
as (2t + 0.63in) for which can not
be larger than the actual distance
from the edge of the hole to the
edge of the part measured in the
direction normal to the applied force

bLAC_up
T 1.63( ) in�

beff_LAC_upi
min bLAC_upi

anormal_LAC_upi
�


�
�



��

beff_LAC_up
T 0.469( ) in�

Pn_LAC_up_trpi
2 tLAC_upi
� beff_LAC_upi

� Fu_LAC��� Nominal axial strength (Pn)

(D5-1)
-n_trp 0.75�� Resistance factor for tension (-t)

-Pn_LAC_up_trpi
-n_trp Pn_LAC_up_trpi

���

-Pn_LAC_up_trp
T 21.094( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

Asf_LAC_up_bolti
2 tLAC_upi
� aparrallel_LAC_upi

dLAC_bolti
2

�


�
�

�
�



���
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Asf_LAC_up_bolt
T 0.75( ) in2
� Effective Area

Pn_LAC_up_bolt_srpi
0.6 Fu_LAC� Asf_LAC_up_bolti

��� Nominal axial strength (Pn)
(D5-2)

-n_srp 0.75�� Resistance factor for tension (-t)

-Pn_LAC_up_bolt_srpi
-n_srp Pn_LAC_up_bolt_srpi

���

-Pn_LAC_up_bolt_srp
T 20.25( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_LAC_upi
dLAC_bolti

tLAC_upi
��� Projected bearing area in.2 (mm2

Rn_LAC_up_bsi
1.8 Fy_LAC� Apd_LAC_upi

��� Nominal bearing strength

- 0.75�� Resistance factor

-Rn_LAC_up_bsi
- Rn_LAC_up_bsi
���

-Rn_LAC_up_bs
T 11.138( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination

1. Gross Area

Ag_LAC_upi
ALAC_upi

�� Gross Area

(a) For tensile yielding in the gross section:

Pn_LAC_up_tyi
Fy_LAC Ag_LAC_upi

��� Nominal axial strength (Pn)
(D2-1)

-t_ty 0.9�� Resistance factor for tension (-t)

-Pn_LAC_up_tyi
-t_ty Pn_LAC_up_tyi

���

-Pn_LAC_up_ty
T 22.275( ) kip� Design tensile strength

Tension,  capacity of bottom adjustable clevis's pin connection [AISC, Ch. D pg 16.1-26 thru 31]
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D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

bLAC_lowi
2 tLAC_lowi

0.63in��� beff is an effective length calculated
as (2t + 0.63in) for which can not be
larger than the actual distance from
the edge of the hole to the edge of
the part measured in the direction
normal to the applied force 

bLAC_low
T 1.38( ) in�

beff_LAC_lowi
min bLAC_lowi

anormal_LAC_lowi
�


�
�



��

beff_LAC_low
T 0.469( ) in�

Pn_LAC_low_trpi
2 tLAC_lowi
� beff_LAC_lowi

� Fu_LAC��� Nominal axial strength (Pn)

(D5-1)
-n_trp 0.75�� Resistance factor for tension (-t)

-Pn_LAC_low_trpi
-n_trp Pn_LAC_low_trpi

���

-Pn_LAC_low_trp
T 15.82( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

Asf_LAC_low_bolti
2 tLAC_lowi
� aparrallel_LAC_lowi

dLAC_bolti
2

�


�
�

�
�



���

Asf_LAC_low_bolt
T 0.562( ) in2
� Effective Area

Pn_LAC_low_bolt_srpi
0.6 Fu_LAC� Asf_LAC_low_bolti

��� Nominal axial strength (Pn)
(D5-2)

-n_srp 0.75�� Resistance factor for tension (-t)

-Pn_LAC_low_bolt_srpi
-n_srp Pn_LAC_low_bolt_srpi

���

-Pn_LAC_low_bolt_srp
T 15.187( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_LAC_lowi
dLAC_bolti

tLAC_lowi
��� Projected bearing area in.2 (mm2
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Rn_LAC_low_bsi
1.8 Fy_LAC� Apd_LAC_lowi

��� Nominal bearing strength

- 0.75�� Resistance factor

-Rn_LAC_low_bsi
- Rn_LAC_low_bsi
���

-Rn_LAC_low_bs
T 8.353( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination

1. Gross Area

Ag_LAC_lowi
ALAC_lowi

�� Gross Area

(a) For tensile yielding in the gross section:

Pn_LAC_low_tyi
Fy_LAC Ag_LAC_lowi

��� Nominal axial strength (Pn)
(D2-1)

-t_ty 0.9�� Resistance factor for tension (-t)

-Pn_LAC_low_tyi
-t_ty Pn_LAC_low_tyi

���

-Pn_LAC_low_ty
T 16.706( ) kip� Design tensile strength

Shear, capacity of lower adjustable clevis's pin [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

ALAC_bolti
�

dLAC_bolti
2



�
�

�
�



2

��� Nominal unthreaded body area

Applicable area for this case since
the bolt is in double shearALAC_bolt_dsi

2 ALAC_bolti
���

Nominal Shear Stress in Bearing Type
Connections (A307) [AISC, Table J3.2]Fnv_bolt 24ksi��

Rnv_LAC_bolti
Fnv_bolt ALAC_bolt_dsi

��� Nominal strength (Rn)
(J3-1)

-b_sr 0.75�� Resistance factor
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-Rnv_LAC_bolti
-b_sr Rnv_LAC_bolti

���

-Rnv_LAC_bolt
T 7.069( ) kip� Design shear strength

PIPE INTERMEDIATE OF GANG SUPPORT

Shear, capacity of intermediate pipe [AISC, Ch. G pg 16.1-68]

Fcr max
1.60 EPS�

Lv
Do

Do
t



�
�

�
�



5

4

�

0.78 EPS�

Do
t



�
�

�
�



3

2

�
�"
"
"
"
"
�

�#
#
#
#
#
�

max
1.60 EPS�

Lv
Do

Do
t



�
�

�
�



5

4

�

0.78 EPS�

Do
t



�
�

�
�



3

2

�
�"
"
"
"
"
�

�#
#
#
#
#
�

0.6 Fy_PS��if

0.6 Fy_PS� otherwise

��

Fcr 1.98 104
� psi� NEED TO SEE WHAT Lv REALLY IS!!!!

-shear 0.9��

Vn -shear Fcr�
Ag
2

���

Vn 18.533( ) kip�

SUMMARY OF RESULTS

Capacities Resulting From Downward Loading
LOWER ADJUSTABLE CLEVIS

Tension, capacity of top portion of upper adjustable clevis's pin connection [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

-Pn_UAC_up_trp
T 13.711( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

-Pn_UAC_up_bolt_srp
T 11.391( ) kip� Design tensile strength
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(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

-Rn_UAC_up_bs
T 6.265( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

-Pn_UAC_up_ty
T 13.922( ) kip� Design tensile strength

Tension, capacity of bottom portion of upper adjustable clevis's pin connection [AISC, Ch. D pg 16.1-26 thru
31]D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

-Pn_UAC_low_trp
T 13.711( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

-Pn_UAC_low_bolt_srp
T 11.391( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

-Rn_UAC_low_bs
T 6.265( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

-Pn_UAC_low_ty
T 13.922( ) kip� Design tensile strength

Shear, capacity of upper adjustable clevis's pin [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

-Rnv_UAC_bolt
T 3.976( ) kip� Design shear strength

ROD

Tension, capacity of rod [AISC, Ch. J pg 16.1-90 thru 121]



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A L. Crawford Date:    09/30/2008 Checker:      M. D. Landon Date:    09/30/2008

Calculation Sheet 
Page D.9.10-16 of D.9.10-17

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

-Rnt_R
T 10.354( ) kip� Design tension strength

LOWER ADJUSTABLE CLEVIS

Tension, capacity of top portion of lower adjustable clevis's pin connection [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

-Pn_LAC_up_trp
T 21.094( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

-Pn_LAC_up_bolt_srp
T 20.25( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

-Rn_LAC_up_bs
T 11.138( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

-Pn_LAC_up_ty
T 22.275( ) kip� Design tensile strength

Tension, capacity of bottom portion of lower adjustable clevis's pin connection [AISC, Ch. D pg 16.1-26 thru

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

-Pn_LAC_low_trp
T 15.82( ) kip� Design tensile strength

(b) For shear rupture on the effective area:

-Pn_LAC_low_bolt_srp
T 15.187( ) kip� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7
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J7. Bearing Strength

-Rn_LAC_low_bs
T 8.353( ) kip� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

-Pn_LAC_low_ty
T 16.706( ) kip� Design tensile strength

Shear, capacity of lower adjustable clevis's pin [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

-Rnv_LAC_bolt
T 7.069( ) kip� Design shear strength

PIPE INTERMEDIATE OF GANG SUPPORT

Shear, capacity of intermediate pipe [AISC, Ch. G pg 16.1-68]

Vn 18.533( ) kip�
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Appendix D.9.11

 RH-14A Capacities
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RH-14A CAPACITY
RH-14A spans between lines 1-34 and 1-40 and is comprised of two
6" adjustable clevis's and a 5/8" rod.  It is observed that RH-33 also
is comprised of a 6" adjustable clevis and RH-14 is comprised of a
5/8" rod.  Therefore this capacity calculation will represent the
formerly mentioned supports in determining its own tension capacity
(Note: Compression capacity for this support is evaluated in App
D.9.2])

Component Capacity Overview:
- Tension Loading: 
  - Tension capacity of RH-33's adjustable clevis [App D.9.6] 
  - Tension capacity of RH-14's 5/8" rod [??, App D15]

(Procedures from SEI/ASCE 8-02 (Applying LRFD))

Capacities For Downward Loading
ADJUSTABLE CLEVIS'S

Tension, capacity of upper adjustable clevis's pin connection [See [App D.9.6] for calculations
associated with results]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

ϕPn_acv_up_trp 21.094kip( )�� Design tensile strength

(b) For shear rupture on the effective area:

ϕPn_acv_up_bolt_srp 20.25kip( )�� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

ϕRn_acv_up_bs 11.138kip( )�� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

ϕPn_acv_up_ty 22.275kip�� Design tensile strength
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Tension, capacity of lower adjustable clevis's pin connection [See [App D.9.6] for calculations associated
with results]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

ϕPn_acv_low_trp 15.82kip�� Design tensile strength

(b) For shear rupture on the effective area:

ϕPn_acv_low_bolt_srp 15.187kip�� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

ϕRn_acv_low_bs 8.353kip�� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

ϕPn_acv_low_ty 16.706kip�� Design tensile strength

Shear, capacity of adjustable clevis's pin [See [App D.9.6] for calculations associated with results]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

ϕRnv_acv_bolt 7.069kip�� Design shear strength
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ROD

Tension, capacity of rod [See [??, App D15] for calculations associated with these results ]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

Assigned indices corresponding to number of
support types associated with these calculationsi 0��

Unthreaded diameter of eye rod, in. (mm)
[Grinnell, Fig 278 ph-52]dUI

5
8

in
�
�

��



T
��

Ab_UIi
π

dUIi

2



�
�

�
�



2

��� Nominal unthreaded body area

Nominal tensile stress (A307) [AISC, Table J3.2]
[AISC, Table J3.2 pg 16.1-104], A307 was
selected as a conservative bolt treatment

Fnt_UI 45ksi��

Rnt_UIi
Fnt_UI Ab_UIi

��� Nominal strength (Rn)
(J3-1)

ϕb_tr 0.75�� Resistance factor

ϕRnt_UIi
ϕb_tr Rnt_UIi

���

ϕRnt_UI
T 10.354( ) kip�� Design tension strength
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Appendix D.9.12

 RH-20G Capacities
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RH-20G CAPACITY
RH-20G spans between lines 1-41 and 1-40 and is comprised of one 6" adjustable clevis a 5/8" eye rod and a 6"
pipe clamp.  It is observed that RH-33 is also comprised of a 6" adjustable clevis and RH-14 is comprised of a
5/8" rod and 6" pipe clamp.  Therefore this capacity calculation will represent the formerly mentioned supports in
determining its own tension capacity (Note: Compression capacity for this support is evaluated in App D.9.2)

Component Capacity Overview:
- Tension Loading: 
  - Tension capacity of RH-33's adjustable clevis [App D.9.6] 
  - Tension capacity of RH-14's 5/8" rod [??, App D15]
  - Tension capacity of RH-14's pipe clamp [??, App D15]

(Procedures from SEI/ASCE 8-02 (Applying LRFD))

Capacities For Downward Loading
ADJUSTABLE CLEVIS'S

Tension, capacity of upper adjustable clevis's pin connection [See [App D.9.6] for calculations
associated with results

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

ϕPn_acv_up_trp 21.094kip( )�� Design tensile strength

(b) For shear rupture on the effective area:

ϕPn_acv_up_bolt_srp 20.25kip( )�� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

ϕRn_acv_up_bs 11.138kip( )�� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

ϕPn_acv_up_ty 22.275kip�� Design tensile strength
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Tension, capacity of lower adjustable clevis's pin connection [See [App D.9.6] for calculations associated
with results]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

ϕPn_acv_low_trp 15.82kip�� Design tensile strength

(b) For shear rupture on the effective area:

ϕPn_acv_low_bolt_srp 15.187kip�� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

ϕRn_acv_low_bs 8.353kip�� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

ϕPn_acv_low_ty 16.706kip�� Design tensile strength

Shear, capacity of adjustable clevis's pin  [See [App D.9.6] for calculations associated with results]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

ϕRnv_acv_bolt 7.069kip�� Design shear strength

ROD

Tension, capacity of rod  [See [??, App D15] for calculations associated with results]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

ϕRnt_UI 10.354kip�� Design tension strength
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PIPE CLAMP

Tension, capacity of clamp [AISC, Ch. D pg 16.1-26 thru 31]
D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

ϕPn_cl_trp 23.203kip�� Design tensile strength

(b) For shear rupture on the effective area:

ϕPn_cl_srp 34.172kip�� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

ϕRn_cl_bs 25.059kip�� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1 

D2. Tensile Strength

(a) For tensile yielding in the gross section:

ϕPn_cl_ty 33.412kip�� Design tensile strength

Shear, capacity of clamp's upper bolt [AISC, Ch. J pg 16.1-90 thru 121]
J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

ϕRnv_cl_bolt 15.904kip�� Design shear strength
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Appendix D.9.13

 RH-35 Capacities



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A L. Crawford Date:    09/30/2008 Checker:      M. D. Landon Date:    09/30/2008

Calculation Sheet 
Page D.9.13-2 of D.9.13-4

RH-35 CAPACITY
RH-35 spans between lines 1-40 and 1-42 and is comprised of two 6" adjustable clevis's and a 3/8" rod.  It is
observed that RH-33 is also comprised of a 6" adjustable clevis and an evaluation will be performed to determine
the capacity of the rod.  Therefore this capacity calculation will represent clevis capacity calculation results from
RH-33 in determining its own tension capacity (Note: Compression capacity for this support is evaluated in App
D.9.2)

Component Capacity Overview:
- Tension Loading: 
  - Tension capacity of RH-33's adjustable clevis [App D.9.6] 
  - Tension capacity of RH-35's 3/8" rod

(Procedures from SEI/ASCE 8-02 (Applying LRFD))

Capacities For Downward Loading
ADJUSTABLE CLEVIS'S

Tension, capacity of upper adjustable clevis's pin connection [See [App D.9.6] for calculations
associated with results]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

ϕPn_acv_up_trp 21.094kip( )�� Design tensile strength

(b) For shear rupture on the effective area:

ϕPn_acv_up_bolt_srp 20.25kip( )�� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

ϕRn_acv_up_bs 11.138kip( )�� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

ϕPn_acv_up_ty 22.275kip�� Design tensile strength
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Tension, capacity of lower adjustable clevis's pin connection [See [App D.9.6] for calculations associated
with results]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

ϕPn_acv_low_trp 15.82kip�� Design tensile strength

(b) For shear rupture on the effective area:

ϕPn_acv_low_bolt_srp 15.187kip�� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

ϕRn_acv_low_bs 8.353kip�� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

ϕPn_acv_low_ty 16.706kip�� Design tensile strength

Shear, capacity of adjustable clevis's pin  [See [App D.9.6] for calculations associated with results

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

ϕRnv_acv_bolt 7.069kip�� Design shear strength
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ROD

Tension, capacity of rod [??, App D15] for calculations associated with these results ]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

Assigned indices corresponding to number of
support types associated with these calculationsi 0��

Unthreaded diameter of eye rod, in. (mm)
[Grinnell, Fig 278 ph-52]dUI

3
8

in
�
�

��



T
��

Ab_UIi
π

dUIi

2



�
�

�
�



2

��� Nominal unthreaded body area

Nominal tensile stress (A307) [AISC, Table J3.2]
[AISC, Table J3.2 pg 16.1-104], A307 was
selected as a conservative bolt treatment

Fnt_UI 45ksi��

Rnt_UIi
Fnt_UI Ab_UIi

��� Nominal strength (Rn)
(J3-1)

ϕb_tr 0.75�� Resistance factor

ϕRnt_UIi
ϕb_tr Rnt_UIi

���

ϕRnt_UI
T 3.728( ) kip�� Design tension strength
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 RH-20 Capacities
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RH-20 CAPACITY
RH-20 is attached to line1-42 and is comprised of a 6" pipe
clamp, 5/8" rod, clevis, and a plate welded to the ceiling.  It is
observed that RH-22 also has an identical set of components
except for the ceiling connection.  Therefore this capacity
calculation will represent the capacity calculation results from
the RH-22 calculation to the extent of the ceiling connection
plate where the ceiling plate calculation associated with RH-25
will be implemented as they are the same with this respect.
(Note: Compression capacity for this support is evaluated in App
D.9.2])

Component Capacity Overview:
- Tension Loading: 
  - Tension capacity of RH-20's pipe clamp [32, D11] 
  - Tension capacity of RH-20's 5/8" rod [32, D11]
  - Tension capacity of RH-20's clevis [32, D11]
  - Tension capacity of RH-20's ceiling plate [32, D11]

(Procedures from SEI/ASCE 8-02 (Applying LRFD))

Capacities For Downward Loading
CLAMP

Tension, capacity of clamp [See [32, App D11] for calculations associated with these results ]
D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

ϕPn_cl_trp 23.203kip�� Design tensile strength

(b) For shear rupture on the effective area:

ϕPn_cl_srp 34.172kip�� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength
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ϕRn_cl_bs 25.059kip�� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

ϕPn_cl_ty 33.412kip�� Design tensile strength

Shear, capacity of clamp's upper bolt [See [32, App D11] for calculations associated with these results ]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

ϕRnv_cl_bolt 15.904kip�� Design shear strength

EYE ROD

Tension, capacity of eye rod [See [32, App D11] for calculations associated with these results ]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

ϕRnt_I 10.354kip�� Design tension strength

CLEVIS

Tension, capacity of clevis's intermediate section [See [32, App D11] for calculations associated with
these results]

D1. Slenderness Limitations

D2. Tensile Strength

(a) For tensile yielding in the gross section:

ϕPn_cv_int_ty 19.723kip�� Design tensile strength

(b) For tensile rupture in the net section:

Pn_cv_int_tr 39.844kip�� Design tensile strength
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Tension, capacity of clevis's pin connection [See [32, App D11] for calculations associated with these
results]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

ϕPn_cv_con_trp 17.578kip�� Design tensile strength

(b) For shear rupture on the effective area:

ϕPn_cv_bolt_srp 23.203kip�� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

ϕRn_cv_bs 20.883kip�� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

ϕPn_cv_con_ty 26.684kip�� Design tensile strength

Shear, capacity of clevis's pin [See [32, App D11] for calculations associated with these results ]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

ϕRnv_bolt 15.904kip�� Design shear strength
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TAB

Tension, capacity of tab [See [32, App D7] for calculations associated with these results ]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

ϕPn_Tab_trp 71.719kip�� Design tensile strength

(b) For shear rupture on the effective area:

ϕPn_Tab_bolt_srp 38.812kip�� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

ϕRn_Tab_bs 16.706kip�� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

ϕPn_Tab_ty 59.4kip�� Design tensile strength
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 RH-34 Capacities
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RH-34 CAPACITY
RH-34 is composed of a 6" adjustable clevis, 5/8" eye rod, and a
20" pipe clamp.

Component Failure Overview:
- Downward Loading: 
  - Tension capacity of adjustable clevis
  - Tension capacity of eye rod
  - Tension capacity of clamp
  - Shear capacity of clamp's upper bolt

i 0��

Geometric and Material Properties of Support Components
ADJUSTABLE CLEVIS (Clevis FIG 260 6")

Material Properties of Clevis:

Fy_acv 33ksi�� Yield Strength ASTM (A7)

Fu_acv 60ksi�� Ultimate Strength ASTM (A7)

E_acv 29000ksi�� Modulus of Elasticity AISC Symbols definition

Geometric Properties of Clevis:

Combined thickness of
upper portions of
adjustable clevis
[Grinnell, Fig 260]

tacv_up 2
1
4

in
�
�

��



��"
�

�#
�

T
��

wacv_up 1
1

2
in
�

�
��



T
�� Width of upper

portions of adjustable
clevis  [Grinnell, Fig
260]

Aacv_upi
tacv_upi

wacv_upi
��� Cross sectional area of upper portion

of adjustable clevis [Grinnell, Fig 260]

Aacv_up
T 0.75( ) in2
�

Combined thickness of lower portions of
adjustable clevis [Grinnell, Fig 260]tacv_low 2

3
16

in
�
�

��



��"
�

�#
�

T
��

wacv_low 1
1

2
in
�

�
��



T
�� Width of lower portions of adjustable clevis

[Grinnell, Fig 260]
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Aacv_lowi
tacv_lowi

wacv_lowi
���

Cross sectional area of lower portion
of adjustable clevis [Grinnell, Fig 260]

Aacv_low
T 0.562( ) in2
�

dacv_bolt
1
2

in
�
�

��



T
�� Diameter of adjustable clevis bolt [Grinnell, Fig

260]

Nominal bolt hole Diameter, in. (mm)
[AISC, Table J3.3]dacv_hole

9
16

in
�
�

��



T
��

Shortest distance from edge of the bolt hole to
the edge of the member measured parallel to the
direction of the force, in. (mm) relation estimated
from photo DSCN2683

aparrallel_acv_up dacv_bolt��

Shortest distance from edge of bolt hole to the
edge of the member measured normal to the
direction of the force, in. (mm)

anormal_acv_upi

wacv_upi
dacv_holei

�

2
��

Shortest distance from edge of the bolt hole to
the edge of the member measured parallel to the
direction of the force, in. (mm) relation estimated
from photo DSCN2683

aparrallel_acv_low dacv_bolt��

Shortest distance from edge of bolt hole to the
edge of the member measured normal to the
direction of the force, in. (mm)

anormal_acv_lowi

wacv_lowi
dacv_holei

�

2
��

EYE ROD (Welded Eye Rod FIG 248 5/8")

Material Properties of Eye Rod:

Fy_I 33ksi�� Yield Strength, ksi ASTM (A7)

Fu_I 60ksi�� Ultimate Strength, ksi ASTM (A7)

EI 29000ksi�� Modulus of Elasticity, ksi AISC Symbols definition

Geometric Properties of Eye Rod:

Unthreaded diameter of eye rod, in. (mm)
[Grinnell, Fig 278]dI

5
8

in
�
�

��



T
��

Plastic section modulus about the axis of
bending, in.3 (mm3)  [Grinnell, Table 17-27]ZIi

dIi

�

�



3

6
��
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CLAMP (Pipe Clamp FIG 212 20")

Material Properties of Clamp:

Fy_cl 33ksi�� Yield Strength ASTM (A7)

Fu_cl 60ksi�� Ultimate Strength ASTM (A7)

Ecl 29000ksi�� Modulus of Elasticity AISC Symbols definition

Geometric Properties of Clamp:

Combined thickness of both plates forming
the upper portion of the clamp, in. (mm)
[120925], [Grinnell, Fig 212]

tcl 2
5
8

in
�
�

��



��"
�

�#
�

T
��

Width of plates forming the clamp, in. (mm)
[120925], [Grinnell, Fig 212]wcl 2

1

2
in
�

�
��



T
��

Acli
tcli

wcli
��� Total cross sectional area of both sides of

clamp, in.2 (mm2)
Acl

T 3.125( ) in2
�

Bolt diameter, in. (mm)
[120925], [Grinnell, Fig 212]dcl_bolt 1

1

8
in
�

�
��



T
��

Nominal bolt hole Diameter, in. (mm)
[AISC, Table J3.3]dcl_hole 1

3

16
in
�

�
��



T
��

Shortest distance from edge of the pin hole to
the edge of the member measured parallel to
the direction of the force, in. (mm) hand
calculated from dcl_hole and [Grinnell, Fig 212]
data

aparrallel_cl
25
32

in
�
�

��



T
��

anormal_cli

wcli
dcl_holei

�

2
�� Shortest distance from edge of pin hole to

the edge of the member measured normal to
the direction of the force, in. (mm)

anormal_cl
T 0.656( ) in�
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Capacities Resulting From Downward Loading
ADJUSTABLE CLEVIS

Tension, failure of upper adjustable clevis's pin connection [Design of Members for Tension (D)]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

bacv_upi
2 tacv_upi

0.63in���

bacv_up
T 1.63( ) in� beff is an effective length calculated as

(2t + 0.63in) for which can not be
larger than the actual distance from
the edge of the hole to the edge of the
part measured in the direction normal
to the applied force 

beff_acv_upi
min bacv_upi

anormal_acv_upi
�+


�
�



��

beff_acv_up
T 0.469( ) in�

Pn_acv_up_trpi
2 tacv_upi
� beff_acv_upi

� Fu_acv��� Nominal axial strength (Pn)

(D5-1)
ϕn_trp 0.75�� Resistance factor for tension (-t)

ϕPn_acv_up_trpi
ϕn_trp Pn_acv_up_trpi

���

ϕPn_acv_up_trp
T 21.094( ) kip�� Design tensile strength

(b) For shear rupture on the effective area:

Asf_acv_up_bolti
2 tacv_upi
� aparrallel_acv_upi

dacv_bolti
2

�


�
�

�
�



���

Asf_acv_up_bolt
T 0.75( ) in2
� Effective Area

Pn_acv_up_bolt_srpi
0.6 Fu_acv� Asf_acv_up_bolti

��� Nominal axial strength (Pn)
(D5-2)

ϕn_srp 0.75�� Resistance factor for tension (-t)

ϕPn_acv_up_bolt_srpi
ϕn_srp Pn_acv_up_bolt_srpi

���

ϕPn_acv_up_bolt_srp
T 20.25( ) kip�� Design tensile strength
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(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_acv_upi
dacv_bolti

tacv_upi
��� Projected bearing area in.2 (mm2)

Rn_acv_up_bsi
1.8 Fy_acv� Apd_acv_upi

��� Nominal bearing strength

ϕ 0.75�� Resistance factor

ϕRn_acv_up_bsi
ϕ Rn_acv_up_bsi
���

ϕRn_acv_up_bs
T 11.138( ) kip�� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination

1. Gross Area

Ag_acv_upi
Aacv_upi

�� Gross Area

(a) For tensile yielding in the gross section:

Pn_acv_up_tyi
Fy_acv Ag_acv_upi

��� Nominal axial strength (Pn)
(D2-1)

ϕt_ty 0.9�� Resistance factor for tension (-t)

ϕPn_acv_up_tyi
ϕt_ty Pn_acv_up_tyi

���

ϕPn_acv_up_ty
T 22.275( ) kip�� Design tensile strength
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Tension, failure of lower adjustable clevis's pin connection [Design of Members for Tension (D)]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

bacv_lowi
2 tacv_lowi

0.63in���

bacv_low
T 1.38( ) in�

beff is an effective length calculated as
(2t + 0.63in) for which can not be larger
than the actual distance from the edge
of the hole to the edge of the part
measured in the direction normal to the
applied force 

beff_acv_lowi
min bacv_lowi

anormal_acv_lowi
�+


�
�



��

beff_acv_low
T 0.469( ) in�

Pn_acv_low_trpi
2 tacv_lowi
� beff_acv_lowi

� Fu_acv��� Nominal axial strength (Pn)

(D5-1)
ϕn_trp 0.75� Resistance factor for tension (-t)

ϕPn_acv_low_trpi
ϕn_trp Pn_acv_low_trpi

���

ϕPn_acv_low_trp
T 15.82( ) kip�� Design tensile strength

(b) For shear rupture on the effective area:

Asf_acv_low_bolti
2 tacv_lowi
� aparrallel_acv_lowi

dacv_bolti
2

�


�
�

�
�



���

Asf_acv_low_bolt
T 0.562( ) in2
� Effective Area

Pn_acv_low_bolt_srpi
0.6 Fu_acv� Asf_acv_low_bolti

��� Nominal axial strength (Pn)
(D5-2)

ϕn_srp 0.75� Resistance factor for tension (-t)

ϕPn_acv_low_bolt_srpi
ϕn_srp Pn_acv_low_bolt_srpi

���

ϕPn_acv_low_bolt_srp
T 15.187( ) kip�� Design tensile strength
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(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_acv_lowi
dacv_bolti

tacv_lowi
��� Projected bearing area in.2 (mm2)

Rn_acv_low_bsi
1.8 Fy_acv� Apd_acv_lowi

��� Nominal bearing strength

ϕ 0.75�� Resistance factor

ϕRn_acv_low_bsi
ϕ Rn_acv_low_bsi
���

ϕRn_acv_low_bs
T 8.353( ) kip�� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination

1. Gross Area

Ag_acv_lowi
Aacv_lowi

�� Gross Area

(a) For tensile yielding in the gross section:

Pn_acv_low_tyi
Fy_acv Ag_acv_lowi

��� Nominal axial strength (Pn)
(D2-1)

ϕt_ty 0.9� Resistance factor for tension (-t)

ϕPn_acv_low_tyi
ϕt_ty Pn_acv_low_tyi

���

ϕPn_acv_low_ty
T 16.706( ) kip�� Design tensile strength
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Shear, failure of adjustable clevis's pin [Design of Connections (J)]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

Aacv_bolti
π

dacv_bolti
2



�
�

�
�



2

��� Nominal unthreaded body area

Applicable area for this case since
the bolt is in double shearAacv_bolt_dsi

2 Aacv_bolti
���

Nominal Shear Stress in Bearing Type
Connections (A307) [AISC, Table J3.2]Fnv_bolt 24ksi��

Rnv_acv_bolti
Fnv_bolt Aacv_bolt_dsi

��� Nominal strength (Rn)

(J3-1)
ϕb_sr 0.75�� Resistance factor

ϕRnv_acv_bolti
ϕb_sr Rnv_acv_bolti

���

ϕRnv_acv_bolt
T 7.069( ) kip�� Design shear strength
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EYE ROD

NOTE:It was observed during inspection by Mark Russell that all of the applicable eye rods have welded eyes
even though they indicate otherwise on Drawing 120925, thus all eye rods in these calculations will be treated as
welded eye rods

Tension, failure of eye rod [Design of Connections (J)]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

Ab_Ii
π

dIi
2



�
�

�
�



2

��� Nominal unthreaded body area

Fnt_I 45ksi�� Nominal tensile stress (A307)
[AISC, Table J3.2]

Rnt_Ii
Fnt_I Ab_Ii

��� Nominal strength (Rn)
(J3-1)

ϕb_tr 0.75�� Resistance factor

ϕRnt_Ii
ϕb_tr Rnt_Ii

���

ϕRnt_I
T 10.354( ) kip�� Design tension strength

CLAMP

Tension, failure of clamp [Design of Members for Tension (D)]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

bcli
2 tcli

0.63in���

bcl
T 3.13( ) in� beff is an effective length calculated as

(2t + 0.63in) for which can not be
larger than the actual distance fro the
edge of the hole to the edge of the part
measured in the direction normal to
the applied force 

beff_cli
min bcli

anormal_cli
�+


�
�



��

beff_cl
T 0.656( ) in�
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Pn_cl_trpi
2 tcli
� beff_cli

� Fu_cl��� Nominal axial strength (Pn)

(D5-1)
ϕn_trp 0.75�� Resistance factor for tension (-t)

ϕPn_cl_trpi
ϕn_trp Pn_cl_trpi

���

ϕPn_cl_trp
T 73.828( ) kip�� Design tensile strength

(b) For shear rupture on the effective area:

Asf_cli
2 tcli
� aparrallel_cli

dcl_holei

2
�



�
�

�
�



���

Asf_cl
T 3.437( ) in2
� Effective area

Pn_cl_srpi
0.6 Fu_cl� Asf_cli

��� Nominal axial strength (Pn) (D5-2)

ϕn_srp 0.75�� Resistance factor for tension (-t)

ϕPn_cl_srpi
ϕn_srp Pn_cl_srpi

���

ϕPn_cl_srp
T 92.812( ) kip�� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_cli
dcl_bolti

tcli
��� Projected bearing area in.2 (mm2)

Rn_cl_bsi
1.8 Fy_cl� Apd_cli

��� Nominal bearing strength

ϕ 0.75�� Resistance factor

ϕRn_cl_bsi
ϕ Rn_cl_bsi
���

ϕRn_cl_bs
T 62.648( ) kip�� Design bearing strength
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(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination

1. Gross Area

Ag_cli
Acli

�� Gross area

(D3-1)
(a) For tensile yielding in the gross section:

Pn_cl_ty Fy_cl Ag_cl��� Nominal axial strength (Pn)
(D2-1)

ϕt_ty 0.9�� Resistance factor for tension (-t)

ϕPn_cl_ty ϕt_ty Pn_cl_ty���

ϕPn_cl_ty
T 92.813( ) kip�� Design tensile strength

Shear, failure of clamp's upper bolt [Design of Connections (J)]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

Acl_bolti
π

dcl_bolti
2



�
�

�
�



2

��� Nominal unthreaded body area

Applicable area for this case since the bolt
is in double shearAcl_bolt_dsi

2 Acl_bolti
���

Nominal shear stress in bearing type
connections (A307) [AISC, Table J3.2]Fnv_cl_bolt 24ksi��

Rnv_cl_bolti
Fnv_cl_bolt Acl_bolt_dsi

��� Nominal strength (Rn)
(J3-1)

ϕb_sr 0.75�� Resistance factor

ϕRnv_cl_bolti
ϕb_sr Rnv_cl_bolti

���

ϕRnv_cl_bolt
T 35.785( ) kip�� Design shear strength
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Summary of Results
Capacities Resulting From Downward Loading
ADJUSTABLE CLEVIS

Tension, failure of upper adjustable clevis's pin connection [Design of Members for Tension (D)]

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

ϕPn_acv_up_trp
T 21.094( ) kip��

(b) For shear rupture on the effective area:

ϕPn_acv_up_bolt_srp
T 20.25( ) kip��

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

ϕRn_acv_up_bs
T 11.138( ) kip��

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

ϕPn_acv_up_ty
T 22.275( ) kip��

Tension, failure of lower adjustable clevis's pin connection [Design of Members for Tension (D)]

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

ϕPn_acv_low_trp
T 15.82( ) kip��

(b) For shear rupture on the effective area:

ϕPn_acv_low_bolt_srp
T 15.187( ) kip��

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

ϕRn_acv_low_bs
T 8.353( ) kip��
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(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

ϕPn_acv_low_ty
T 16.706( ) kip��

Shear, failure of adjustable clevis's pin [Design of Connections (J)]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

ϕRnv_acv_bolt
T 7.069( ) kip��

EYE ROD

Tension, failure of eye rod [Design of Connections (J)]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

ϕRnt_I
T 10.354( ) kip��

CLAMP

Tension, failure of clamp [Design of Members for Tension (D)]

(b) For shear rupture on the effective area:

ϕPn_cl_srp
T 92.812( ) kip��

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

ϕRn_cl_bs
T 62.648( ) kip��

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

ϕPn_cl_ty
T 92.813( ) kip��

Shear, failure of clamp's upper bolt [Design of Connections (J)]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

ϕRnv_cl_bolt
T 35.785( ) kip��
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Appendix D.9.16

 RH-27A & 27B Capacities
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RH-27A & 27B CAPACITY
The upper portion of RH-27A & 27B is attached to line1-42 and is
comprised of a 2.5" pipe clamp, 5/8" rod, clevis, and a plate
welded to the ceiling.  It is observed that RH-25 also has an
identical set of components except for the pipe.  Therefore this
capacity calculation will represent the upper portion capacity
calculation results from the RH-25 calculation to the extent of the
pipe clamp. The remaining lower portion of the support gang
hangs from pipe for which the upper portion is attached with a
5/8" diameter u-bolt associated with RH-27A and 1/2" diameter
u-bolt associated with RH-27B (tension capacity is calculated for
this portion of the support).  The shear in the pipe between these
two support portions is also calculated.
(Note: Compression capacity for this support is evaluated in App
D.9.2])

Component Capacity Overview:
- Tension Loading: 
  - Tension capacity of RH-27's pipe clamp [32, D11] 
  - Tension capacity of RH-27's 5/8" rod [32, D11]
  - Tension capacity of RH-27's clevis [32, D11]
  - Tension capacity of RH-27's ceiling plate [32, D11]

(Procedures from SEI/ASCE 8-02 (Applying LRFD))

i 0��

CLAMP (Pipe Clamp FIG 212 2.5" [120925, Sheet 2])

Material Properties of Clamp as Defined in the Material Section of this Report:

Fy_cl 33ksi�� Yield Strength for A7 Carbon Steel

Fu_cl 60ksi�� Ultimate Strength for A7 Carbon Steel

Ecl 29000ksi�� Modulus of Elasticity for A7 Carbon Steel

Geometric Properties of Clamp:
Combined thickness of both plates forming the
upper portion of the clamp, in. (mm) [120925,
Sheet 2], [Grinnell, Fig 212 ph-18]

tcl 2
1
4


�
�

��



in��"
�

�#
�

T
��

Width of plates forming the clamp, in. (mm)
[120925, Sheet 2], [Grinnell, Fig 212 ph-18]wcl 1in( )T��

Acli
tcli

wcli
��� Total cross sectional area of both sides of

clamp, in.2 (mm2)
Acl

T 0.5( ) in2
�
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Bolt diameter, in. (mm) [120925, Sheet 2],
[Grinnell, Fig 212 ph-18]dcl_bolt 0.5in( )T��

Nominal bolt hole Diameter, in. (mm)
[AISC, Table J3.3 pg 16.1-105]dcl_hole

9
16

in
�
�

��



T
��

Shortest distance from edge of the pin hole to the
edge of the member measured parallel to the
direction of the force, in. (mm) hand calculated
from dcl_hole and [Grinnell, Fig 212 ph-18] data

aparrallel_cl
11
32

in
�
�

��



T
��

anormal_cli

wcli
dcl_holei

�

2
�� Shortest distance from edge of pin hole to

the edge of the member measured normal to
the direction of the force, in. (mm)anormal_cl

T 0.219( ) in�

U-BOLT (U-Bolt 2.5")

Note: In this analysis the tensile capacity of the u-bolt will be calculated based on the cross sectional area of
both u-bolt legs straddling the pipe.  Due to the complexity of u-bolt behavior given lateral loading, the associated
capacity was determined based on the [Hawkes] document, where the lateral capacity was shown to be 0.0412
that of the u-bolt's tensile capacity.  Given that the resistance factor is equivalent for both tension and shear ( - =
0.75) is was determined that the AISC resistance factors would be appropriately applied by multiplying the
resulting tensile capacity by the 0.0412 factor stated above.  

j 0 1����

Material Properties of U-bolt as Defined in the Material Section of this Report:

Fy_ub 33ksi�� Yield Strength for A7 Carbon Steel

Fu_ub 60ksi�� Ultimate Strength for A7 Carbon Steel

Eub 29000ksi�� Modulus of Elasticity for A7 Carbon Steel

Geometric Properties of U-bolt:

Diameter of pipe which the u-bolt supports
[127029], [Grinnell, Fig 137 ph-55]Dub 6.625in 4.5in( )T��

Diameter of u-bolt rod 
[127029], [Grinnell, Fig 137 ph-55]dub

5
8

in
1
2

in
�
�

��



T
��
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PIPE SECTION (2.5")

Material Properties of U-bolt as Defined in the Material Section of this Report:

Fy_PS 33ksi�� Yield Strength for A7 Carbon Steel

Fu_PS 60ksi�� Ultimate Strength for A7 Carbon Steel

EPS 29000ksi�� Modulus of Elasticity for A7 Carbon Steel

Geometric Properties of Pipe Section:

Area of pipe [32]
Ag 1.59in2� �T��

Diameter pipe 
 [32]Do 2.5in( )T��

t 0.203in( )T�� Thickness of pipe section [32]

Lv 0.203in( )T�� Distance from maximum to zero shear

Capacities For Downward Loading
CLAMP

Tension, capacity of clamp [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

bcli
2 tcli

0.63in���

beff is an effective length calculated as
(2t + 0.63in) which can not be larger than
the actual distance from the edge of the
hole to the edge of the part measured in
the direction normal to the applied force 

bcl
T 1.63( ) in�

beff_cli
min bcli

anormal_cli
�+


�
�



��

beff_cl
T 0.219( ) in�

Pn_cl_trpi
2 tcli
� beff_cli

� Fu_cl��� Nominal axial strength (Pn)

(D5-1)
ϕn_trp 0.75�� Resistance factor for tension (-t)
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ϕPn_cl_trpi
ϕn_trp Pn_cl_trpi

���

ϕPn_cl_trp
T 9.844( ) kip�� Design tensile strength

(b) For shear rupture on the effective area:

Asf_cli
2 tcli
� aparrallel_cli

dcl_bolti
2

�


�
�

�
�



���

Asf_cl
T 0.594( ) in2
� Effective area

Pn_cl_srpi
0.6 Fu_cl� Asf_cli

��� Nominal axial strength (Pn) (D5-2)

ϕn_srp 0.75�� Resistance factor for tension (-t)

ϕPn_cl_srpi
ϕn_srp Pn_cl_srpi

���

ϕPn_cl_srp
T 16.031( ) kip�� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

Apd_cli
dcl_bolti

tcli
��� Projected bearing area in.2 (mm2)

Rn_cl_bsi
1.8 Fy_cl� Apd_cli

��� Nominal bearing strength

ϕ 0.75�� Resistance factor

ϕRn_cl_bsi
ϕ Rn_cl_bsi
���

ϕRn_cl_bs
T 11.138( ) kip�� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

Since tensile yielding is the only value desired from D5.1.d, the gross area is the
only value required from section D3. "Area Determination" prior to applying D2.
"Tensile Strength"

D3. Area Determination

1. Gross Area

Ag_cli
Acli

�� Gross area
(D3-1)



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A L. Crawford Date:    09/30/2008 Checker:      M. D. Landon Date:    09/30/2008

Calculation Sheet 
Page D.9.16-6 of D.9.16-9

(a) For tensile yielding in the gross section:

Pn_cl_ty Fy_cl Ag_cl��� Nominal axial strength (Pn)
(D2-1)

ϕt_ty 0.9�� Resistance factor for tension (-t)

ϕPn_cl_ty ϕt_ty Pn_cl_ty���

ϕPn_cl_ty
T 14.85( ) kip�� Design tensile strength

Shear, capacity of clamp's upper bolt [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

Acl_bolti
π

dcl_bolti
2



�
�

�
�



2

��� Nominal unthreaded body area

Applicable area for this case since the bolt
is in double shearAcl_bolt_dsi

2 Acl_bolti
���

Nominal shear stress in bearing type connections
(A307) [AISC, Table J3.2 pg 16.1-104], A307 was
selected as a conservative bolt treatment and
includes an allowance for threads in the shear
plane

Fnv_cl_bolt 24ksi��

Rnv_cl_bolti
Fnv_cl_bolt Acl_bolt_dsi

��� Nominal strength (Rn)
(J3-1)

ϕb_sr 0.75�� Resistance factor

ϕRnv_cl_bolti
ϕb_sr Rnv_cl_bolti

���

ϕRnv_cl_bolt
T 7.069( ) kip�� Design shear strength

EYE ROD

Tension, capacity of eye rod [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

ϕRnt_I 10.354kip�� Design tension strength
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CLEVIS

Tension, capacity of clevis's intermediate section [AISC, Ch. D pg 16.1-26 thru 31]
D1. Slenderness Limitations

D2. Tensile Strength

(a) For tensile yielding in the gross section:

ϕPn_cv_int_ty 19.723kip�� Design tensile strength

(b) For tensile rupture in the net section:

Pn_cv_int_tr 39.844kip�� Design tensile strength

Tension, capacity of clevis's pin connection [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

ϕPn_cv_con_trp 17.578kip�� Design tensile strength

(b) For shear rupture on the effective area:

ϕPn_cv_bolt_srp 23.203kip�� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

ϕRn_cv_bs 20.883kip�� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

Design tensile strength
ϕPn_cv_con_ty 26.684kip��

Shear, capacity of clevis's pin [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

ϕRnv_bolt 15.904kip�� Design shear strength
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TAB

Tension, capacity of tab [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

ϕPn_Tab_trp 71.719kip�� Design tensile strength

(b) For shear rupture on the effective area:

ϕPn_Tab_bolt_srp 38.812kip�� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

ϕRn_Tab_bs 16.706kip�� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

ϕPn_Tab_ty 59.4kip�� Design tensile strength

U-BOLT

Tension, capacity of u-bolt [AISC, Ch. J pg 16.1-90 thru 121]

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

Nominal unthreaded body area
for BOTH bolts in combinationAubj

2 π

dubj

2



�
�

�
�



2

�

�
"
"
�

�
#
#
�

���

Nominal tensile stress (A307) [AISC, Table J3.2
pg 16.1-104], A307 was selected as a
conservative bolt treatmentFnv_ub 45ksi��

Rnv_ubj
Fnv_ub Aubj

��� Nominal strength (Rn)
(J3-1)

ϕb_sr 0.75�� Resistance factor
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ϕRnv_ub_NLj
ϕb_sr Rnv_ubj

���

ϕRnv_ub_NL
T 20.709 13.254( ) kip�� Design tensile strength

PIPE INTERMEDIATE OF GANG SUPPORT

Shear, capacity of intermediate pipe [AISC, Ch. G pg 16.1-68]

Fcr max
1.60 EPS�

Lv
Do

Do
t



�
�

�
�



5

4

�

0.78 EPS�

Do
t



�
�

�
�



3

2

�+
�"
"
"
"
"
�

�#
#
#
#
#
�

max
1.60 EPS�

Lv
Do

Do
t



�
�

�
�



5

4

�

0.78 EPS�

Do
t



�
�

�
�



3

2

�+
�"
"
"
"
"
�

�#
#
#
#
#
�

0.6 Fy_PS��if

0.6 Fy_PS� otherwise

��

Fcr 1.98 104
� psi�

ϕshear 0.9��

Vn ϕshear Fcr�
Ag
2

���

Vn 14.167( ) kip��
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Appendix D.9.17

 Wall Triangle Support Capacities
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WALL TRIANGLE SUPPORT CAPACITY
WTB support is anchored from the wall by an angle  wall support
frame and the remainder of the support is comprised of a  6"
adjustable clevis's and a 5/8" rod.  It is observed that RH-33 also is
comprised of a 6" adjustable clevis and RH-14 is comprised of a
5/8" rod.  Therefore this capacity calculation will represent the
formerly mentioned supports in determining its own tension capacity
and will evaluate the capacity of the angle  support from a linear
finite element model. (Note: Compression capacity for this support
is evaluated in App D.9.2])

Component Capacity Overview:
- Tension Loading: 
  - Tension capacity of RH-33's adjustable clevis [App D.9.6] 
  - Tension capacity of RH-14's 5/8" rod [37, App D15]
  - Angle  support frame

(Procedures from SEI/ASCE 8-02 (Applying LRFD))

Capacities For Downward Loading
ADJUSTABLE CLEVIS'S

Tension, capacity of upper adjustable clevis's pin connection [See [App D.9.6] for calculations
associated with results]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

ϕPn_acv_up_trp 21.094kip( )�� Design tensile strength

(b) For shear rupture on the effective area:

ϕPn_acv_up_bolt_srp 20.25kip( )�� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

ϕRn_acv_up_bs 11.138kip( )�� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1
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D2. Tensile Strength

(a) For tensile yielding in the gross section:

ϕPn_acv_up_ty 22.275kip�� Design tensile strength

Tension, capacity of lower adjustable clevis's pin connection [See [App D.9.6] for calculations associated
with results]

D1. Slenderness Limitations

D5. Pin-Connected Members

1. Tensile Strength

(a) For tensile rupture on the net effective area:

ϕPn_acv_low_trp 15.82kip�� Design tensile strength

(b) For shear rupture on the effective area:

ϕPn_acv_low_bolt_srp 15.187kip�� Design tensile strength

(c) For bearing on the projected area of the pin, see Section J7

J7. Bearing Strength

ϕRn_acv_low_bs 8.353kip�� Design bearing strength

(d) For yielding on the gross section ,use Equation D2-1

D2. Tensile Strength

(a) For tensile yielding in the gross section:

ϕPn_acv_low_ty 16.706kip�� Design tensile strength

Shear, capacity of adjustable clevis's pin [See [App D.9.6] for calculations associated with results

J3.  Bolts and Threaded Parts

6. Tension and shear Strength of Bolts and Threaded Parts

ϕRnv_acv_bolt 7.069kip�� Design shear strength
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ROD

Tension, capacity of rod [See [??, App D15] for calculations associated with these results

J3.  Bolts and Threaded Parts

6. Tension and Shear Strength of Bolts and Threaded Parts

Assigned indices corresponding to number of
support types associated with these calculationsi 0��

Unthreaded diameter of eye rod, in. (mm)
[Grinnell, Fig 278 ph-52]dUI

5
8

in
�
�

��



T
��

Ab_UIi
π

dUIi

2



�
�

�
�



2

��� Nominal unthreaded body area

Nominal tensile stress (A307)  [AISC, Table J3.2
pg 16.1-104], A307 was selected as a
conservative bolt treatment

Fnt_UI 45ksi��

Rnt_UIi
Fnt_UI Ab_UIi

��� Nominal strength (Rn) (J3-1)

ϕb_tr 0.75�� Resistance factor

ϕRnt_UIi
ϕb_tr Rnt_UIi

���

ϕRnt_UI
T 10.354( ) kip�� Design tensile strength
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ANGLE FRAME

Finite Element Model
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Finite Element Model Results
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Geometric and Material Properties of Support Components
ANGLE  SECTIONS (1-1/2" x 1-1/2" x 3/16" Angle  Cross Section)

Material Properties of Angle  Sections as Defined in the Material Section of this Report:
FyAngle 33ksi�� Yield Strength for A7 Carbon Steel

FuAngle 60ksi�� Ultimate Strength for A7 Carbon Steel

EAngle 29000ksi�� Modulus of Elasticity for A7 Carbon Steel

Section Properties:

Length of top leg of angle section [120931,
Detail 15] L1Angle 1

1

2
in
�

�
��



T
��

Length of lower side leg of angle  section
[120931, Detail 15] L2Angle 1

1

2
in
�

�
��



T
��

Thickness of angle  section [120931, Detail 15] 
tAngle

1
4

in
�
�

��



T
��

scaled it to be 1/4in but might actually be 3/16
Cross sectional area of angle  section [AISC
1958, pg 33]AAngle 0.688in2� �T��

rAngle_gyrationXX 0.46in( )T��

Radius of gyration about the geometric neutral
axes XX and YY and principal minor Z-Z axis
[AISC 1958, pg 32]

rAngle_gyrationYY 0.46in( )T��

rAngle_gyrationZZ 0.29in( )T��

IAngleXX 0.11in4� �T��
Moment of inertia about principle geometric axes
[AISC 1958, pg 32]

IAngleYY 0.11in4� �T��

IAngleZZi
rAngle_gyrationZZi


�

�



2 AAnglei
��� Moment of inertia about minor Z-Z axis as

modified from [Mechanics of Materials, Eqn.
12-10a,b pg 823] 

IAngleZZ
T 0.058( ) in4
�

IAngleMPi
IAngleXXi

IAngleYYi
� IAngleZZi

��� Moment of inertia about major principle axis as
derived from Note 6 of [Mechanics of Materials,
Table E-5, pg 888]IAngleMP

T 0.162( ) in4
�

Distance between geometric neutral axes and
outer face of flanges [AISC 1958, pg 32]xAngle 0.44in( )T��

Length of top angle  member of support frame
[120931, Detail 15] LAngle_Top 16.125in( )T��
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Length of side angle  member of support frame
[120931, Detail 15] LAngle_Side 3in( )T��

Length of bottom angle  member of support
frame as scaled from [120931, Detail 15] LAngle_Bottom 14in( )T��

LAngle LAngle_Topi
LAngle_Bottomi



�

�



T
�� Vector representing three lengths

q 0 1���� Indices used to account for two different sections

ANGLE  SECTIONS (1-1/2" x 1-1/2" x 3/16" Angle  Cross Section)

Section Properties:

Length of top leg of angle section [120931,
Detail 15] L1CAngle 2.5in( )T��

Length of lower side leg of angle  section
[120931, Detail 15] L2CAngle 2.5in( )T��

Thickness of angle  section [120931, Detail 15] 
tCAngle

1
4

in
�
�

��



T
��

Cross sectional area of angle  section [AISC
1958, pg 33]ACAngle 0.53in2� �T��

rCAngle_gyrationXX 0.46in( )T��

Radius of gyration about the geometric neutral
axes XX and YY and principal minor Z-Z axis
[AISC 1958, pg 32]

rCAngle_gyrationYY 0.46in( )T��

rCAngle_gyrationZZ 0.29in( )T��

ICAngleXX 0.11in4� �T��
Moment of inertia about principle geometric axes
[AISC 1958, pg 32]

ICAngleYY 0.11in4� �T��

ICAngleZZi
rCAngle_gyrationZZi


�

�



2 ACAnglei
��� Moment of inertia about minor Z-Z axis as

modified from [Mechanics of Materials, Eqn.
12-10a,b pg 823] 

ICAngleZZ
T 0.045( ) in4
�
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ICAngleMPi
ICAngleXXi

ICAngleYYi
� ICAngleZZi

��� Moment of inertia about major principle axis as
derived from Note 6 of [Mechanics of Materials,
Table E-5, pg 888]ICAngleMP

T 0.175( ) in4
�

Distance between geometric neutral axes and
outer face of flanges [AISC 1958, pg 32]xCAngle 0.44in( )T��

LCAngle 4in( )T�� Vector representing three lengths

U-BOLT (U-Bolt 6")

Note: In this analysis the tensile capacity of the u-bolt will be calculated based on the cross sectional area of
both u-bolt legs straddling the pipe.  Due to the complexity of u-bolt behavior given lateral loading, the associated
capacity was determined based on the [Hawkes] document, where the lateral capacity was shown to be 0.0412
that of the u-bolt's tensile capacity.  Given that the resistance factor is equivalent for both tension and shear ( - =
0.75) is was determined that the AISC resistance factors would be appropriately applied by multiplying the
resulting tensile capacity by the 0.0412 factor stated above.  Since this support is only held   by one nut this is a
conservative estimation as the [Hawkes] document is more applicable for U-Bolts with double nuts.

Material Properties of U-bolt are Defined Immediately Prior to Applicable Calculations for this Support :

Geometric Properties of U-bolt:

Diameter of pipe which the u-bolt supports
[127033], [Grinnell, Fig 137 ph-55]Dub 6

5

8
in
�

�
��



T
��

Diameter of u-bolt rod 
[127033], [Grinnell, Fig 137 ph-55]dub

5
8

in
�
�

��



T
��

Modes that will Propagate into Capacity Calculations for 1.5 x 1.5 x 0.25 Angle
(Flexure, Tension, Compression, Shear)

ANGLE  SECTIONS

Flexure, capacity of angle  section [AISC, Ch. F pg 16.1-44 thru 63]

F1. General Provisions

Given resistance factor for shear

ϕb 0.9��

Calculate the lateral-torsional buckling modification factor for a nonuniform moment loading on the beam
caused by loading of the pipe 

Absolute value of maximum moment in the
unbraced segmentMmax F Length�+( ) F Length���

Absolute value of moment at quarter point
of the unbraced segmentMA F Length�+( )

3
4

F� Length���

Absolute value of moment at centerline
of the unbraced segmentMB F Length�+( )

1
2

F� Length���



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    A. L. Crawford Date:    09/30/2008 Checker:      M. D. Landon Date:    09/30/2008

Calculation Sheet 
Page D.9.17-10 of D.9.17-24

Absolute value of moment at three-
quarter point of the unbraced segmentMC F Length�+( )

1
4

F� Length���

Cross-section monosymmetry parameter
(value of 1.0 is assigned because it
correlates to singly symmetric members
subjected to single curvature bending)

Rm 1.0��

Cb F Length�+( )
12.5 Mmax F Length�+( )�

2.5 Mmax F Length�+( )� 3 MA F Length�+( )�� 4 MB F Length�+( )�� 3 MC F Length�+( )��
Rm�



�
�

�
�



��

Cb F LAnglei
�+


�
�



1.6666666666666666667.

F10. Single Angles

First determine value between geometric axis of rotation and extreme fiber to determine yielding moment
about axis of bending (one for major, one for minor) [AISC, Table 17-27 pg 17-42]

Perpendicular distance from minor axis to end of
angle  legsDlegs_mi

L1Anglei
2 xAnglei
��


�
�



cos
π

4

�
�

��



���

Dtip_mi
xAnglei

2��� Perpendicular distance from minor axis to outer
point where legs meet

Extrememinori
max Dlegs_m Dtip_m�+� ���

Point farthest from the principle minor neutral axis

Extrememinor
T 0.622( ) in�

Equation to calculate yielding moment about
minor axis of rotation from moment of inertia and
Extreme values [Mechanics of Materials,
Equation 6-74 pg 454]

My_minori

FyAngle IAngleZZi
�

Extrememinori

��

Yielding Moment for rotation about the principle
minor axisMy_minor

T 3.069( ) kip in���

Perpendicular distance from major axis to each of
the angle  legsDlegs_Mi

L1Anglei

2
��

ExtremeMajori
max Dlegs_M� ���

Point farthest from the principle major neutral axis

ExtremeMajor
T 1.061( ) in�

Equation to calculate yielding moment about
major axis of rotation from moment of inertia and
Extreme values [Mechanics of Materials,
Equation 6-74 pg 454]

My_Majori

FyAngle IAngleMPi
�

ExtremeMajori

��
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Yielding Moment for rotation about the principle
major axisMy_Major 5.045( ) kip in���

1. Yielding (Applied to both minor and major axis bending)

Mny_minori
1.5 My_minori

���
Nominal flexural strength for rotation about minor
principle axis

Mny_minor
T 4.603( ) kip in���

ϕMny_minor ϕb Mny_minor���

Design flexural strength for rotation about minor
principle axisϕMny_minor

T 4.143( ) kip in���

Mny_Majori
1.5 My_Majori

���

Nominal flexural strength for rotation about minor
principle axis

Mny_Major
T 7.567( ) kip in���

ϕMny_Major ϕb Mny_Major���

Design flexural strength for rotation about minor
principle axisϕMny_Major

T 6.81( ) kip in���

2. Lateral-Torsional Buckling (Applied for major axis bending)

Calculate the lateral-torsional buckling moment

(iii) For bending about the major principal axis of equal-leg angles:

Meq

0.46 EAngle� L1Anglei


�

�



2
� tAnglei



�

�



2
� Cb F LAngleq

�+

�

�



�

LAngleq

�� (F10-5)

Me
T 193.895 223.326( ) kip in���
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For single angles without continuous lateral-torsional restraint along the length

(a & b) calculation

MnLTBq
0.92

0.17 Meq
�

My_Majori

�


�
�
�

�
�
�



Meq
� Meq

My_Majori
 if

1.92 1.17
My_Majori

Meq

��


�
�
�

�
�
�



My_Majori
� Meq

My_Majori
�if

1.5 My_Majori
� 1.5 My_Majori

1.92 1.17
My_Majori

Meq

��


�
�
�

�
�
�



My_Majori
� if Meq

My_Majori
�if

��

MnLTB
T 7.567 7.567( ) kip in��� Nominal flexural strength

ϕMnLTB ϕb MnLTB���

Design flexural strength for flexure about major
principle axis for top, side, and bottom angle
sections

ϕMnLTB
T 6.81 6.81( ) kip in���

3. Leg Local Buckling

Determine if supports are compact (1), non-compact (2),  or slender (3)

B4. Classification of sections for local buckling (See Case 6 of Table B4.1 )

b2ti

L1Anglei

tAnglei

��

Width to thickness ratio

b2tT 6( )�

Definition of ,p and ,r from Table B4.1 Case 6 (Flexure in legs of single angles)
to be applied in classification logic.  ,p is the separation point between a
compact and noncompact member. ,r is separation point between a
noncompact and slender member.

λp 0.54
EAngle
FyAngle

��� λr 0.91
EAngle
FyAngle

���
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Classificationi 1 b2ti λp if

2 λp b2ti� λr if

3 λr b2ti�if

��

ClassificationT 1( )�

(a) For compact sections, the limit state of leg local buckling does not apply .

Find the minimum capacity for flexure

ϕMn_minori
min ϕMny_minori



�

�



��
Capacity for flexure about minor axis

ϕMn_minor
T 4.143( ) kip in���

ϕMn_Majorq
min ϕMny_Majori

ϕMnLTBq
�+


�
�



��
Capacity for flexure about minor axis

ϕMn_Major
T 6.81 6.81( ) kip in���

Tension, capacity of angle  section [AISC, Ch. D pg 16.1-26 thru 31]

D1. Slenderness Limitations

There is no maximum slenderness limit for design of members in tension

D2. Tensile Strength

Must apply section D3. "Area Determination" prior to applying D2. "Tensile Strength"

D3. Area Determination

1. Gross Area

Ag_Anglei
AAnglei

�� Gross area

2. Net Area

An_Anglei
Ag_Anglei

�� Net area

3. Effective Net Area

Shear lag factor
[AISC, Table D3.1 (case 8) pg 16.1-29]UAngle 0.6��

Ae_Anglei
An_Anglei

UAngle��� Effective net area
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(a) For tensile yielding in the gross section:

Pn_Angle_ty FyAngle Ag_Angle��� Nominal axial strength (Pn)

ϕt_ty 0.9�� Resistance factor for tension (-t)

ϕPn_Angle_ty ϕt_ty Pn_Angle_ty���

ϕPn_Angle_ty
T 20.434( ) kip�� Design tensile strength

(b) For tensile rupture in the net section:

Pn_Angle_tr FuAngle Ae_Angle��� Nominal axial strength (Pn)

ϕt_tr 0.75�� Resistance factor for tension (-t)

ϕPn_Angle_tr ϕt_tr Pn_Angle_tr���

ϕPn_Angle_tr
T 18.576( ) kip�� Design tensile strength

Find the minimum capacity for tension

ϕPn_Angle_ti
min ϕPn_Angle_tyi

ϕPn_Angle_tri
�+


�
�



��

ϕPn_Angle_t
T 18.576( ) kip�� Absolute tensile strength

Compression, capacity of angle  section [AISC, Ch. E pg 16.1-32 thru 43]

E1. General Provisions

ϕc 0.9�� Resistance factor for compression

E2. Slenderness Limitations and Effective Length

Apply E5 to determine the slenderness ratio (KL/r) for single angles

E5. Single Angle Compression Members

The nominal compressive strength of single angle members shall be determined in accordance with
Section E3 (compressive Strength for Flexural Buckling of Members Without Slender Elements) or
Section E7 (Members with Slender Elements), as appropriate, for axially loaded members, as well as
those subject to the slenderness modification of Section E5(a) or E5(b), provided the members meet the
criteria imposed.

The effects of eccentricity on single angle members are permitted to be neglected when the members are
evaluated as axially loaded compression members using the effective slenderness ratios specified below,
provided that : (1) members are loaded at the ends in compression through the same one leg; (2)
members are attached by welding or by minimum two-bolt connections; and (3) there are not intermediate
transverse loads.
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Determine if supports are compact (1), non-compact (2),  or slender (3) to determine if it is appropriate to
apply E3 or E7

B4. Classification of sections for local buckling (See Case 6 of Table B4.1 )

b2ti

L1Anglei

tAnglei

��

Width to thickness ratio

b2tT 6( )�

Definition of ,p and ,r from Table B4.1 Case 6 (Flexure in legs of single angles) to be applied in
classification logic. ,p is the separation point between a compact and noncompact member. ,r
is separation point between a noncompact and slender member.

λp 0.54
EAngle
FyAngle

��� λr 0.91
EAngle
FyAngle

���

Classificationi 1 b2ti λp if

2 λp b2ti� λr if

3 λr b2ti�if

��

ClassificationT 1( )�

Since the angle  sections are determined to be compact E3 is applicable

(a) For equal-leg angles or unequal leg angles connected through the longer leg that are individual
members or are web members of planar trusses with adjacent web members attached to the same side
of the gusset plate or chord: 

These calculations are with reference to the neutral geometric axes

L2rq

LAngleq

rAngle_gyrationXXi

�� Length to radius of gyration ratio

KLrq 72 0.75 L2rq�� L2rq 80 if

32 1.25 L2rq�� L2rq 80�if

��
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E3. Compressive Strength for Flexural Buckling of Members Without Slender Elements (verified through
classification)

Feq

π
2EAngle

KLrq� �2
�� Fe is the elastic critical buckling stress

Fe
T 29.626 31.83( ) ksi��

Calculating the variables Limit, Op1, and Op2 to be utilized in logic to determine flexural buckling stress .

Limit 4.71
EAngle
FyAngle

��� Op1q 0.658

FyAngle

Feq



�
�
�

�
�
�

FyAngle�� Op2q 0.877 Feq

���

Limit 139.625�

Fcrq
Op1q KLrq Limit if

Op2q KLrq Limit�if

��
Fcr is the flexural buckling stress 

Fcr
T 20.703 21.383( ) ksi��

ϕPn_Angle_cq
ϕc Fcrq

� AAnglei
���

ϕPn_Angle_c
T 12.819 13.24( ) kip�� Design compressive strength

Shear, capacity of angle  cross section [AISC, Ch. G pg 16.1-64 thru 69]

G1. General Provisions

ϕv 0.9�� Resistance factor for shear

G4. Single Angles

The nominal shear strength, Vn, of a single angle leg shall be determined using equation G2-1 with C v =
1.0, Aw = bt where b = width of the leg resisting the shear force, in. (mm) and kv = 1.2.

Cv 1.0( )T�� Web shear coefficient

Web area (Since L1Angle = L2Angle this is
applicable regardless of which leg is resisting the
shear.

Awi
L1Anglei

tAnglei
���

kv 1.2( )T�� Web plate buckling coefficient
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Vni
0.6 FyAngle� Awi

� Cvi
���

Vn
T 7.425( ) kip�� Nominal shear strength

ϕVn ϕv Vn���

ϕVn
T 6.682( ) kip�� Design shear strength

Capacities Due to Downward Loading for 1.5 x 1.5 x 3/16" sections
ANGLE  SECTIONS

Flexure + Tension, capacity of element 3 (node 1) [AISC, Ch. H pg 16.1-70 thru 76]

fT_DL_e6n2 0.716��

Factor relating capacity to applied loading
generated by finite element model [App D18A, pg
D18A-6]

fF_DLy_e6n2 3.55in��

fF_DLz_e6n2 5.4438in��

ϕAFFT_DL_e6n2
1

fT_DL_e6n2
ϕPn_Angle_t0

8
9

fF_DLy_e6n2
ϕMn_minor0

fF_DLz_e6n2
ϕMn_Major0

�

�
�
�

��
�



��

��

Applied Force capacity for
flexure + tension (H1-1a)

ϕAFFT_DL_e6n2 0.662 kip��

Shear, capacity of elements 3, 4, 5, & 6 (nodes 1, 6, 7, 8, & 3) [AISC, Ch. G pg 16.1-64 thru 69]

AISC's shear provisions for single angles [AISC, Ch. G4, pg 16.1-68] only provides treatment for loading applied
in the direction of the geometric axes.  The shear ratios provided from part A of this Appendix provides the shear
ratios along the major and minor principle axes.  Therefore a rotation matrix rotating the system by �+/4 radians
was applied to generate the equivalent shear ratios along the geometric axes and the maximum of these was
applied to the above calculated shear capacity of one leg in order to relate the shear capacity to the applied
loading.  Since this coordinate transformation would generate equivalent results despite the leg which the shear
load was applied or the direction which it is applied the absolute values of the shear factors were applied as the 
principle axes.

Factor relating capacity to applied principle minor
y-axis shear loading generated by finite element
model [App D18A, pg D18A-6]

fS_DLy_e9n11 1.59��

Factor relating capacity to applied principle major
z-axis shear loading generated by finite element
model [App D18A, pg D18A-6]

fS_DLz_e9n11 0.993��
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Converting primary axis shear loading to geometric axis shear loading using rotation matrix rotation by � / 4
radians

fS_DLmax_e9n11 max fS_DLy_e9n11 fS_DLz_e9n11�+� ���

fS_DLmax_e9n11 1.59�

ϕAFS_DL_e9n11

ϕVni

fS_DLmax_e9n11
��

ϕAFS_DL_e9n11 4.203 kip�� Applied Force capacity for shear

Flexure + Compression, capacity of elements 7, 8, 9, & 10 (nodes 4, 9 , 10 ,11, & 1) [AISC, Ch. H pg
16.1-70 thru 76]

fC_DL_e11n4 0.716��

Factor relating capacity to applied loading
generated by finite element model [App D18A, pg
D18A-6]

fF_DLy_e11n4 0.447in��

fF_DLz_e11n4 4.58659in��

ϕAFFC_DL_e11n4
1

fC_DL_e11n4
ϕPn_Angle_c1

8
9

fF_DLy_e11n4
ϕMn_minor0

fF_DLz_e11n4
ϕMn_Major1

�

�
�
�

��
�



��

��

Applied Force capacity for
flexure + compression

ϕAFFC_DL_e11n4 1.336 kip�� (H1-1a)
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Modes that will Propagate into Capacity Calculations for 2.5 x 2.5 x 0.25 Angle
(Flexure, Tension, Compression, Shear)

ANGLE  SECTIONS

Flexure, capacity of angle  section [AISC, Ch. F pg 16.1-44 thru 63]

F1. General Provisions

Given resistance factor for shear

ϕb 0.9��

Calculate the lateral-torsional buckling modification factor for a nonuniform moment loading on the
beam caused by loading of the pipe 

Absolute value of maximum moment in the
unbraced segmentMmax F Length�+( ) F Length���

Absolute value of moment at quarter point
of the unbraced segmentMA F Length�+( )

3
4

F� Length���

Absolute value of moment at centerline
of the unbraced segmentMB F Length�+( )

1
2

F� Length���

Absolute value of moment at three-
quarter point of the unbraced segmentMC F Length�+( )

1
4

F� Length���

Cross-section monosymmetry parameter
(value of 1.0 is assigned because it
correlates to singly symmetric members
subjected to single curvature bending)

Rm 1.0��

Cb F Length�+( )
12.5 Mmax F Length�+( )�

2.5 Mmax F Length�+( )� 3 MA F Length�+( )�� 4 MB F Length�+( )�� 3 MC F Length�+( )��
Rm�



�
�

�
�



��

Cb F LAnglei
�+


�
�



1.6666666666666666667.

F10. Single Angles

First determine value between geometric axis of rotation and extreme fiber to determine yielding moment
about axis of bending (one for major, one for minor) [AISC, Table 17-27 pg 17-42]

Perpendicular distance from minor axis to end of
angle  legsDlegs_mi

L1CAnglei
2 xCAnglei
��


�
�



cos
π

4

�
�

��



���

Dtip_mi
xCAnglei

2��� Perpendicular distance from minor axis to outer
point where legs meet
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Extrememinori
max Dlegs_m Dtip_m�+� ���

Point farthest from the principle minor neutral axis

Extrememinor
T 1.146( ) in�

Equation to calculate yielding moment about
minor axis of rotation from moment of inertia and
Extreme values [Mechanics of Materials,
Equation 6-74 pg 454]

My_minori

FyAngle ICAngleZZi
�

Extrememinori

��

Yielding Moment for rotation about the principle
minor axisMy_minor

T 1.284( ) kip in���

Perpendicular distance from major axis to each of
the angle  legsDlegs_Mi

L1CAnglei

2
��

ExtremeMajori
max Dlegs_M� ���

Point farthest from the principle major neutral axis

ExtremeMajor
T 1.768( ) in�

Equation to calculate yielding moment about
major axis of rotation from moment of inertia and
Extreme values [Mechanics of Materials,
Equation 6-74 pg 454]

My_Majori

FyAngle ICAngleMPi
�

ExtremeMajori

��

Yielding Moment for rotation about the principle
major axisMy_Major 3.275( ) kip in���

1. Yielding (Applied to both minor and major axis bending)

Mny_minori
1.5 My_minori

���
Nominal flexural strength for rotation about minor
principle axis

Mny_minor
T 1.926( ) kip in���

ϕMny_minor ϕb Mny_minor���

Design flexural strength for rotation about minor
principle axisϕMny_minor

T 1.733( ) kip in���

Mny_Majori
1.5 My_Majori

���

Nominal flexural strength for rotation about minor
principle axis

Mny_Major
T 4.912( ) kip in���
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ϕMny_Major ϕb Mny_Major���

Design flexural strength for rotation about minor
principle axisϕMny_Major

T 4.421( ) kip in���

2. Lateral-Torsional Buckling (Applied for major axis bending)

Calculate the lateral-torsional buckling moment

(iii) For bending about the major principal axis of equal-leg angles:

Meq

0.46 EAngle� L1CAnglei


�

�



2
� tCAnglei



�

�



2
� Cb F LCAngle0

�+

�

�



�

LCAngle0

�� (F10-5)

Me
T 2.171 103

� 2.171 103
�� � kip in���

For single angles without continuous lateral-torsional restraint along the length

(a & b) calculation

MnLTBq
0.92

0.17 Meq
�

My_Majori

�


�
�
�

�
�
�



Meq
� Meq

My_Majori
 if

1.92 1.17
My_Majori

Meq

��


�
�
�

�
�
�



My_Majori
� Meq

My_Majori
�if

1.5 My_Majori
� 1.5 My_Majori

1.92 1.17
My_Majori

Meq

��


�
�
�

�
�
�



My_Majori
� if Meq

My_Majori
�if

��

MnLTB
T 4.912 4.912( ) kip in��� Nominal flexural strength

ϕMnLTB ϕb MnLTB���

Design flexural strength for flexure
about major principle axis for top,
side, and bottom angle  sections

ϕMnLTB
T 4.421 4.421( ) kip in���
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3. Leg Local Buckling

Determine if supports are compact (1), non-compact (2),  or slender (3)

B4. Classification of sections for local buckling (See Case 6 of Table B4.1 )

b2ti

L1CAnglei

tCAnglei

��

Width to thickness ratio

b2tT 10( )�

Definition of ,p and ,r from Table B4.1 Case 6 (Flexure in legs of single angles)
to be applied in classification logic.  ,p is the separation point between a
compact and noncompact member. ,r is separation point between a
noncompact and slender member.

λp 0.54
EAngle
FyAngle

��� λr 0.91
EAngle
FyAngle

���

Classificationi 1 b2ti λp if

2 λp b2ti� λr if

3 λr b2ti�if

��

ClassificationT 1( )�

(a) For compact sections, the limit state of leg local buckling does not apply .

Find the minimum capacity for flexure

ϕMn_minori
min ϕMny_minori



�

�



��
Capacity for flexure about minor axis

ϕMn_minor
T 1.733( ) kip in���

ϕMn_Majorq
min ϕMny_Majori

ϕMnLTBq
�+


�
�



��
Capacity for flexure about minor axis

ϕMn_Major
T 4.421 4.421( ) kip in���
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Shear, capacity of angle  cross section [AISC, Ch. G pg 16.1-64 thru 69]

G1. General Provisions

ϕv 0.9�� Resistance factor for shear

G4. Single Angles

The nominal shear strength, Vn, of a single angle leg shall be determined using equation G2-1 with C v =
1.0, Aw = bt where b = width of the leg resisting the shear force, in. (mm) and kv = 1.2.

Cv 1.0( )T�� Web shear coefficient

Web area (Since L1Angle = L2Angle this is
applicable regardless of which leg is resisting the
shear.

Awi
L1CAnglei

tCAnglei
���

kv 1.2( )T�� Web plate buckling coefficient

Vni
0.6 FyAngle� Awi

� Cvi
���

Vn
T 12.375( ) kip�� Nominal shear strength

ϕVn ϕv Vn���

ϕVn
T 11.137( ) kip�� Design shear strength

Capacities Due to Downward Loading for 1.5 x 1.5 x 3/16" sections
ANGLE  SECTIONS

Shear, capacity of element 1 (node 1) [AISC, Ch. G pg 16.1-64 thru 69]

AISC's shear provisions for single angles [AISC, Ch. G4, pg 16.1-68] only provides treatment for loading applied
in the direction of the geometric axes.  The shear ratios provided from part A of this Appendix provides the shear
ratios along the major and minor principle axes.  Therefore a rotation matrix rotating the system by �+/4 radians
was applied to generate the equivalent shear ratios along the geometric axes and the maximum of these was
applied to the above calculated shear capacity of one leg in order to relate the shear capacity to the applied
loading.  Since this coordinate transformation would generate equivalent results despite the leg which the shear
load was applied or the direction which it is applied the absolute values of the shear factors were applied as the
principle axes.

Factor relating capacity to geometric vertical axis
[App D18A, pg D18A-6]fS_DLy_e9n11 1��
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Converting primary axis shear loading to geometric axis shear loading using rotation matrix rotation by
� / 4 radians

fS_DLmax_e9n11 max fS_DLy_e9n11 fS_DLz_e9n11�+� ���

fS_DLmax_e9n11 1�

ϕAFS_DL_e9n11

ϕVni

fS_DLmax_e9n11
��

ϕAFS_DL_e9n11 11.137 kip�� Applied Force capacity for shear
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Appendix D.9.18

 Anchorage Refinements Associated With Model 1-4
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Anchorage Refinement
The purpose of this section is to perform analysis refinement of select anchorage capacities,
previously determined in a previous analysis [37, Appendix E7].  Reference numbering (shown
following) corresponds to references as defined in previous analysis [37]. 

From previous capacity analysis [37, Appendices E4 & E7].  Will depict references as {xx},
using different brackets.:

Common Weld parameters

Fycs 33 ksi��� Fucs 60 ksi��� Minimum yield and tensile strengths of ASTM A7 {1}
carbon steel, used to evaluate support and anchorage
structures.

Fexx 60 ksi��� E6010 & E6011 weld filler electrode ultimate strength {2} 

Fya36 36 ksi��� Minimum material yield and tensile strengths of ASTM A36 {17} carbon
steel, used to evaluate some anchorage structures.

Fua36 58 ksi���

ϕfw 0.75�� Fillet weld resistance factor {3, Table J2.5}

Fw = 0.6 Fexx� 1.0 0.5 sin θ( )1.5
��� �� Nominal strength of the weld metal {3, eqn

J2-5}

For => θ 0 deg���
Nominal strength for longitudinal
loaded fillet weldsFwl 0.6 Fexx� 1.0 0.5 sin θ( )1.5

��� ���
�

�
��� Fwl 36 ksi�

For => θ 90 deg���
Nominal strength for
transversely loaded fillet weldsFwt 0.6 Fexx� 1.0 0.5 sin θ( )1.5

��� ���
�

�
��� Fwt 54 ksi�

Rtw
Fwt
Fwl

�� Rtw 1.5� Strength capacity ratio of transverse to longitudinal welds

As indicated above, transverse welds provide 50% strength capacity increase over that of
longitudinal welds.

Note - If there are combinations of longitudinal and transverse segments within the same weld
pattern, Fwl (longitudinal nominal strength) will be used to determine corresponding weld
capacities.  Also, if the weld is loaded in differing orthogonal directions, Fwl is used to determine
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weld capacities.

Aw
2

2
1
16

� in2
��� Aw 0.044 in2

� Area of 1/16-in fillet per inch of weld

Let => Rnw Fwl Aw��� Rnw 1.591 kip� Nominal strength of weld {3, eqn J2-4} to
be used for longitudinal and mixed weld
patterns.

Vnw ϕfw Rnw��� Vnw 1.19 kip� Nominal shear strength of longitudinal &
mixed fillet per 1/16-in of weld per inch {3,
Table J2.5}

Vntw Rtw Vnw��� Vntw 1.79 kip� Nominal shear strength of transverse
fillet per 1/16-in of weld per inch {3,
Table J2.5}

Steel Plate Embed parameters

wemb 4 in��� temb 0.5 in��� Width and thickness of steel plate embed {4, det.
25} that anchorage welds are attached to.

When the load acts in same direction as the axis of the weld, the base metal (or steel plate
embed) capacity must also be considered to determine which condition is limiting.

ϕFcs 0.9 0.6� Fycs��� ϕFcs 17.82 ksi� Nominal shear strength of steel plate
embed (or base material) {30, p. 345}.

Rnemb wemb temb� ϕFcs��� Nominal shear strength of steel plate embed along width
{30, eqn 7.23}.

Rnemb 35.64 kip�

When the resultant load acts in differing directions (i.e., out of plane) to the weld axis, the steel
plate embed anchorage governs the design strength capacity of weld.  All weld resultant loads
are SRSS using methods as defined by Blodgett {6, p. 7.4-7}.

ϕtemb 11.25 kip��� Design pull-out strength of steel plate embed's anchor in tension
and shear, obtained from Appendix C [37].

ϕsemb 12.188 kip���

Lembanc 1 ft��� Anchor spacing along steel plate embed 
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nϕtemb 9.38 kip��� Design axial and shear capacity for a group of steel plate embed
anchors remote from edges, obtained from Appendix C [37].  The
"n" corresponds to number of anchors overlapped.

nϕsemb 12.188 kip���

MS-3, (Type 43) Anchorage

Support MS-3 [23, det. 3] is a horizontal mechanical snubber that is anchored through a clevis
structure [20, det. 1] to the ceiling.  The snubbers is rated for 50-kips [19, PSA-35].  The clevis
structure is anchored with ten 1-1/4 Phillips Redhead bolts.  However, inspection of the anchors
revealed that three  anchors were loose and would not accept torque (See NCR 42043). For the
analysis that follows, these three anchors are assumed to have no tensile or shear capacity. The
locations of the loose bolts are shown in the figure below. The snubber is loaded in the N-S
direction.

Common Anchor Structure parameters

ϕt 0.75�� Resistance factor for tensile rupture [3, Sect. D2]

ϕsf 0.75�� Resistance factor for shear rupture [3, Sect. D5]

ϕ 0.75�� Resistance factor for bearing [3, Sect. J7]

ϕb 0.9�� Resistance factor for flexure [3, Sect. F1]
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dbms3 1.25 in��� Anchor bolt diameter

Anchor bolts - In the N-S direction, the studs are subject to shear and pull-out, as a result of
the clevis plate pivoting about its short side edge and prying the bolts outward. 

Pallms3 4.89 kip��� Allowable pull-out strength capacity of
single anchor is the same as computed for
MS-2.

Pbtms3 1 Pallms3��� Pbtms3 4.89 kip� Pull-out strength capacity of a single MS-3
anchor.

Loose boltsLoose bolts

Taking moments about the front plate edge and assuming
that the load in each bolt is proportional to the distance
from the edge. Maximum lateral load that may be placed
on clevis, based on anchor pull-out capacity.

Pbtpms3
Pbtms3 70.5 in�( )�

14 in�( )
��

Pbtpms3 24.625 kip�

Maximum shear capacity of anchor bolts are determined, using DOE/EH-0545 [13, Section
6.3].

Lsms3 9 in��� Center-to-center anchor spacing [20, det. 1]
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Lsms3
2 dbms3�

3.6� => RSsms2 1.0�� Spacing reduction factor [13, Sect. 6.3.4.1]

Nominal shear load of 1-1/4 Redhead Trubolt, with minimum
embedment and based on 4,000-psi concrete ultimate strength
[24] divided by factor of 3.

Vnomms3
44.385 kip�

3
��

Vnomms3 14.795 kip�

RFs 0.95��

Vallms3 Vnomms3 RFs� 1( )��� Vallms3 14.055 kip� Allowable shear capacity of
single anchor

Vsbms3 7 Vallms3��� Vsbms3 98.387 kip� Maximum shear strength
capacity of MS-3 anchors.

Pbtpms3
Vsbms3

0.25� Pbtpms3 24.625 kip� Anchor pull-out capacity governs

Determine MS-3 clevis structure limiting capacity:

tcms3 1.5 in��� dchms3 1.526 in��� Clevis plate thickness, hole diameter, & width
at top and bottom.

wctms3 5 in��� wcbms3 2 ft���

The design tensile strength of pin-connected members shall be the lower value obtained
according to the limit states of tensile rupture, shear rupture (also known as tear-out) bearing,
and yielding [3, Sect. D5.1].  Yielding need not be checked, for the clevis plate (for this
application ) is subjected to bending and not tension. 

Clevis plates tensile rupture on net effective area

acms3
wctms3 dchms3�

2
�� acms3 1.737 in� Shortest distance from hole edge to

clevis plate edge, in direction of tensile
load.

bceffms3 if 2 tcms3� 0.63 in�� acms3 2 tcms3� 0.63 in��� ��+ acms3�+�� ����

bceffms3 1.737 in�

Nominal tensile rupture



Project:                     ATR Life-Time Extension Project               ECAR No.:          ECAR-194 Rev.:   0 
Title:                                          ATR Primary Coolant System Piping Seismic Evaluation                                    _
Performer:    Clark/Ellis Date:    09/28/2008 Checker:      M. D. Landon Date:    09/28/2008

Calculation Sheet 
Page D.9.18-7 of D.9.18-10

strength capacity [3, eqn
D5-1]

Pcntms3 2 tcms3� bceffms3� Fucs��� Pcntms3 312.66 kip�

Pcntrms3 2ϕt Pcntms3��� Pcntrms3 468.99 kip� Design tensile rupture strength
capacity for 2x clevis plates

Check shear rupture of clevis at pinned connection:

Acsfms3 2 tcms3� acms3
dchms3

2
�



�
�

�
�



��� Acsfms3 7.5 in2
� Shear rupture area

Pcnsfms3 0.6 Fucs� Acsfms3��� Nominal shear rupture strength capacity [3, eqn
D5-2] of single plate

Pcnsfms3 270 kip�

Design tensile rupture strength
capacity of 2x clevis platesPcnsrms3 2ϕsf Pcnsfms3��� Pcnsrms3 405 kip�

Check bearing strength of pin-connection:

dcpms3 1.5 in��� Pin diameter

Acpdms3 dcpms3 tcms3��� Acpdms3 2.25 in2
� Projected bearing area of

single clevis plate

Nominal bearing strength
capacity for single clevis
plate [3, eqn J7-1]

Rcnpdms3 1.8 Fycs� Acpdms3��� Rcnpdms3 133.65 kip�

Pcnpdms3 2ϕ Rcnpdms3��� Pcnpdms3 200.475 kip� Design bearing strength
capacity for 2x clevis
plates.

Pin bearing strength capacity limiting for pin-connection members

Pcnpdms3
Pcntrms3

0.427� <
Pcnsrms3
Pcntrms3

0.864� => Pcnpdms3 200.475 kip�
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Check clevis plate bending (at transition):

Ztms3 2
tcms3 wctms3

2
�

4


�
��

��
�


��� Ztms3 18.75 in3
� Plastic modulus for 2x clevis

plate, at transition section [3,
Table 17-27]

Mntms3 Fycs Ztms3��� Mntms3 51562.5 ft lbf�� Nominal flexure strength at
transition [3, eqn F11-1]

Pntms3
ϕb Mntms3�

9.25 in�( )
�� Pntms3 60.2 kip� Design bending capacity at

transition of clevis plates

Check clevis plate weld (at base):

ts_ms3
1
2

in��� Clevis plate attachment fillet weld size

Lwms3 wcbms3� ��� Lwms3 24 in� Weld perimeter of single clevis
plate

Check fillet throat area in localized region of single clevis plate:

tplt3 1 in��� Clevis structure base plate thickness

Asplt3 tplt3 wcbms3��� Asplt3 24 in2
� Cross-section shear area of base plate,

located directly  under clevis plate.

Awtcplt3
2

2
ts_ms3� Lwms3��� Fillet throat area of weld perimeter about single clevis

plate.

Awtcplt3 8.485 in2
�

Awtcplt3
Asplt3

0.354� Fillet throat area is less than that of base plate section.  No
adjustment of  weld perimeter is necessary.

Maximum design shear strength capacity of
2x clevis plates longitudinal weld loaded in
shear

Vnwms3 Vnw ts_ms3�
16
in


�
�

��



�
2Lwms3

in
���
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Vnwms3 458.21 kip�

Determine maximum load that may be placed on clevis plate weld, due to combined shear and
bending:

fnwms3
Vnwms3

2 Lwms3�
�� fnwms3 9.546

kip
in

� Unit force capacity of weld

Awms3 2 Lwms3��� Awms3 48 in� Line area of 2x clevis plate weld
segments

Line section modulus of 2x rectangular
perimeter weld segments [6, p. 7.4-7]Swms3 2 tcms3 wcbms3�

wcbms3
2

3
�


�
��

��
�


���

Swms3 456 in2
�

Pnwms3
Awms3



�
�

�
�



2 Pnwms3 14 in�( )�

Swms3

�
"
�

�
#
�

2

� = fnwms3 Shear & bending resultant
loading clevis structure weld

Pnwms3
1

Awms3
2

14 in�( )2

Swms3
2

�� = fnwms3

Pnwms3
fnwms3

1

Awms3
2

14 in�( )2

Swms3
2

�

�� Pnwms3 257.283 kip� Maximum combined
shear & bending
capacity for clevis plate
attachment weld

Clevis plate bending at transition, is limiting strength capacity of clevis structure.

Pntms3
Pnwms3

0.234� <
Pcnpdms3
Pnwms3

0.779� => Pntms3 60.203 kip�
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Pbtpms3
Pntms3

0.409� => Pbtpms3 24.625 kip� Maximum capacity of anchor bolt
pull-out governs anchorage strength
capacity of MS-3 support.

Wall Triangle Support Anchorage

The anchorage associated with this support was not analysed
because the angle iron frame portion was shown to have a very
low capacity due to the eccentricity introduced by the
anchorage offset.  The fact that the support did not qualify for
the loadings that would be provided by the seismic event of
interest and the anchorage would need to be moved in order to
rid the support of unessacary eccentricity supports our
decision to not calculate the associated anchorage capacity.
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