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3. Objective/Purpose
The purpose of this analysis is to evaluate the Advanced Test Reactor primary coolant system heat exchangers with
respect to the recently completed in-structure seismic motions of the site-specific probabilistic safe shutdown
earthquake.

4. Conclusions/Recommendations
The ATR primary coolant heat exchangers do not satisfy DOE-STD-1020 seismic criteria for the newly completed
in-structure motions of the probabilistic SSE, and would require some physical modification before they are qualified
to that upgraded seismic criteria. The limiting feature identified is anchorage of the heat exchangers to their
concrete supports.

If a strengthening design is undertaken, it is recommended that the heat exchanger pit level be used to provide as
much of the lateral load path as practical, to isolate the heat exchangers from the larger motions higher in the
building. Any future analysis should complete the evaluation of the heat exchanger nozzles, lugs, and supports.
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Scope and Structural System or Component (SSC) Description

This analysis evaluates the Advanced Test Reactor (ATR) primary coolant system (PCS) heat exchangers under loads
imposed by the recently developed in-structure seismic motions of the probabilistic soil-structure interaction analysis
(PSSI) (Ref 1). The attached piping imposes significant loads on the heat exchanger nozzles, which are accounted for by
including the piping in the model to a sufficient extent to properly develop the loads. The modeling and results are
documented in Appendix A. The structural evaluation is documented in Appendix B.

There are five heat exchangers located in the heat exchanger pit in the primary coolant piping space of the ATR. The
heat exchangers are approximately 38 feet tall and 6 feet in diameter. Details of the heat exchangers are provided in
Appendix A.

Design Inputs and Sources
a) Quality Level 1 is defined per QLD RTC-000550, "Seismic Analysis of ATR Seismic Category 1 SSC"
b) ATR SC-1 structures, systems and components (SSC) are analyzed for PC-4 ioading, which is the project
direction of the ATR Seismic Assessment Project, per PLN-588 (Ref. 2).
c) Seismic inputs are taken from the probabilistic soil-structure interaction analysis (PSSI) (Ref 1)
d) Acceptance Criteria are per DOE-STD-1020 (Ref. 3).
e) The analysis followed the provisions of ASCE 4-98 (Ref. 4)

Results of Literature Searches and Other Background Data

The heat exchangers were evaluated in 1975 in TR-570 (Ref. 5), which applied the site independent Housner-style
response spectrum in use at the time. Based upon the results of that evaluation, two lateral bracing systems were added.
Near the tops of the heat exchangers, seismic support rods were installed around the shell and were tied back to the heat
exchanger room north and south walls with rods anchored to plates installed in the walls with expansion bolts. The
second lateral bracing system involved the installation of struts between the reinforced concrete and steel columns
supporting the heat exchanger. The intent of these struts is to carry lateral loads to the heat exchanger pit walls, and thus
prevent bending overload of the support pillars. The bracing design is depicted in Figure 1.

In 2005, some anomalies regarding anchor bolt installation were discovered in the seismic bracing, and a structural
evaluation was undertaken to determine the acceptability of the existing design (Ref. 8). This evaluation was not done to
more modern definitions of the safe shutdown earthquake (SSE), but rather used the existing loads from Ref. 5. After
some correction to the anchor bolt installation (Ref. 7), the bracing was left in a condition adequate to support the loads
calculated in 1975.
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A new site-specific probabilistic seismic hazard analysis was completed in the 1990’s and used to define a design basis
earthquake (DBE) for the ATR. The most recent update to that DBE was issued in 2002 (Ref. 8). The ATR Seismic
Assessment project (Ref. 2) was undertaken to evaluate existing ATR seismic category 1 items against this newly defined
SSE. The first step in that process was to complete a soil-structure interaction (SSI) analysis of the TRA-670 building
(Ref. 1) which is based upon the SSE. One of the key results of the soil-structure interaction analysis is the definition of
sets of seismic motions to be applied simultaneously at various building locations. These are defined in terms of 32
response motion sets, each associated with the response of the building to the same input earthquake motion applied to
the SSI model with different soil parameters. The soil parameters were varied in the SSI analysis to match a probabilistic
distribution of soil properties. Each of the 32 input motion sets was applied to the heat exchanger model, with the
resulting demands sorted in ascending order and the seventh from the maximum taken as the demand associated with an
80% nonexceedence probability.
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Figure 1: Heat Exchanger with Bracing
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Assumptions

It is assumed that the heat exchangers and supports are accurately represented by their drawings. While an on-site
walkdown was performed, it was not practical to field verify every parameter important to this analysis. This assumption is
justified by the walkdown, and the long operational history of the heat exchangers where design discrepancies would
likely have been noticed. Structural evaluation procedures recognize that variations of parameters as found in the field
will vary from those used in the evaluations, and take this variation into account.

It is also assumed that the material condition of the heat exchangers is like-new. The shells and steel supports are
painted, and are located indoors in a dry and mild environment. The heat exchangers are subject to periodic inspection
and evaluation of the inspection results, which is outside the scope of this analysis.

Computer Code Validation

Two software codes were used to create and solve FE models. The IDEAS Simulation software (Ref. 9) was used to
create the finite element models. An I-DEAS export feature was then used to create an ABAQUS input file. Minor text
edits were made to the file to incorporate features not available in I-DEAS, with the results read into ABAQUS Standard,
Version 6.7-5 (Ref. 10) for processing. ABAQUS Standard validated the input, performed the solution runs, and
generated post-processing results for each model. ABAQUS Standard and Explicit, version 6.7-5 have been validated
following company procedures and documented in ECAR-202 (Ref. 11).

A Precision 690 workstation, which has 4 CPUs, 8 GB RAM, and runs on dual Linux and Windows platforms, was used in
the analysis. The ABAQUS Standard and Explicit, version 6.7-5 evaluation was performed on SUSE Linux 10.1.

Some response spectra were generated with ReSpect, a software program that was validated by comparison to the
results of a MathCad calculation (Appendix A, Section A.3.4.1 in ECAR-194 (Ref. 15)). Additional response spectra were
generated with ReSpect_var, a software program that was validated by comparison to the results of a MathCad
calculation (Appendix A, Section A.3.4.2 in ECAR-194 (Ref. 15)).

Calculations were also done using Microsoft Excel software (Ref. 12) and the Mathsoft Mathcad software (Ref. 13) on a
variety of platforms. This analysis software has been independently validated by visual inspection or hand calculation
during the checking process.

Calculations

Analysis Overview: The analysis approach uses a probabilistic time-domain nonlinear finite element model of the heat
exchangers and the major associated piping. Time history input is taken from the probabilistic soil-structure interaction
analysis of TRA-670 (Ref. 1). Appropriate inputs are selected independently for model anchor points from the locations
available in the SSI report. The time histories are repopulated to a 0.005 second baseline corrected to remove drift, and
otherwise conditioned as detailed in Appendix A.

Rayleigh damping (mass and stiffness proportional) parameters are selected to achieve a system level response that
closely matches the 5% modal damping response of a corresponding linear system. The nonlinear system model is
solved through direct integration for the 32 sets of independent time histories taken from the SSI analysis. A gravity load
was applied prior to application of the seismic loads, so weight was considered in conjunction with the seismic loading.
80% nonexceedance probability level results are reported for stresses in the heat exchanger shell, nozzles, and lugs, and
as forces and moment reactions at the heat exchanger supports. This process and the results are documented in detail in
Appendix A.

Evaluation Overview: The anchor bolt connection between the heat exchanger lug and the concrete pillar is identified as
a likely governing location for the structural system. Capacities for this connection are calculated based upon ACI-318-05
(Ref. 14). The capacity is compared to the demand reported in Appendix A.
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Results: The shear demand in the connection between the heat exchanger lug and the concrete pillar exceeds the
capacity with a demand to capacity ratio of about 1.9. The controlling failure mode is side breakout of the concrete, which
is not a ductile failure mode amenable to refined analysis approaches.

This connection is essential for the existing structural system, and the analysis concludes that some physical modification
to the load path will be necessary before the heat exchangers satisfy modern seismic criteria for the probabilistic SSE.
Because such a modification would affect the response of the system and the stress levels in the various components, it
was not deemed necessary at this time to complete the structural evaluation on a system that would be altered.

The existing system, however, showed large loads delivered to the heat exchanger from the elevated tie bracing. The
building motions at this level are much larger than the motions at the floor of the heat exchanger pit, as can be seen from

comparison of response spectra in Figure 2.

Comparison of Input Spectra

= Floor EW
=—=Floor NS
——Wall NS
w—\Wall EW

acceleration, g

Frequency, Hz

Figure 2: Comparison of Input Spectra

Recommendations

If a strengthening design is undertaken, it is recommended that the heat exchanger pit level be used to provide as much
of the lateral load path as practical, to isolate the heat exchangers from the larger motions higher in the building. In
particular, anchor points on the North wall of the heat exchanger cubicle should be avoided (See Figure 2 above). Any
future analysis will need to include a full evaluation of the heat exchanger nozzles, lugs, and supports.

Conclusions

The ATR primary coolant heat exchangers do not satisfy DOE-STD-1020 seismic criteria for the newly completed in-
structure motions of the probabilistic SSE, and would require some physical modification before they are qualified to that
upgraded seismic criteria. The limiting feature identified is anchorage of the heat exchangers to their concrete supports.
The capacity of top of these supports is 6 kips in the long direction (Appendix B) and the maximum demand for this
situation is 11.2 kips (Appendix A).
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A-1.0 Purpose

The purpose of this appendix is to define the modeling process and establish 80™ percentile output data
for the heat exchanger evaluation.

A-2.0 Results

The maximum 80" percentile tensile load in the heat exchanger seismic brace rods is 26,100 Ibf (see
Section A-7.1). The maximum 80" percentile compressive load in the heat exchanger seismic brace pipes
is 55,300 Ibf (see Section A-7.2). The maximum 80" percentile steel column loads are 71,200 Ibf in
compression, 4,250 Ibf in the east-west direction, and 726 Ibf in the north-south direction (see Section A-
7.3). The maximum 80™ percentile concrete column loads (see Section A-7.4) are shown in Table A-2.0-1.
The realization 14 midplane Tresca stress in the primary piping nozzles and heat exchanger lugs is 31,100
psi (see Section A-7.5). This is only for information as further evaluation is needed to establish 80"
percentile data

Table A-2.0-1 — Concrete column loads.

South-side concrete columns 80" East- and west-side concrete
percentile summary columns 80" percentile summary
Bottom Top Bottom Top

East-west shear 10,700 Ibf 10,200 Ibf 13,500 Ibf 55,600 Ibf
Vertical compression 86,200 Ibf 83,300 Ibf 102,000 Ibf 99,100 Ibf
North-south shear 5,330 Ibf 35,200 Ibf 11,700 Ibf 11,200 Ibf
East-west moment 264,000 in°lbf 402,000 in¢lbf 848,000 in¢Ibf 64,000 inelbf
Vertical torsion 69,800 inelbf 69,700 in«lbf 75,200 in<lbf 75,100 in<lbf
North-south moment 774,000 inelbf 57,800 inIbf 572,000 ineIbf 546,000 in-lbf
Vertical tension 22,600 Ibf 25,700 Ibf 27,500 Ibf 30,300 Ibf

A-3.0 Material Properties

The material properties below represent reasonable values for analysis. They are primarily based on
the material properties identified in the ATR Primary Coolant System Seismic Analysis [1].
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A-3.1 Concrete Material Properties

The concrete and rebar material properties are established in part from the ATR Primary Coolant
System Seismic Analysis [1]. The concrete properties are also from ACI 318-05 [2] and ASCE/SEI 43-05
[3] and the steel material properties are also established from AISC [4].)

f¢ := 3000-psi Concrete compressive strength [1].
Ib .

we .= 150 — Concrete density [2].
ft3

ve =017 Concrete Poisson's ratio [2].

1.5
3
Ec = (wc-f:—b) -33 -,/ fe-psi 1 -psi Concrete modulus of elasticity [2].

Ec = 3.321 x 10°psi

fy := 40-ksi Rebar yield strength [1].
Eg := 29«106-psi Rebar modulus of elasticity [4].
Ib .
wg :=490.— Steel density [4].
3
ft
Ece == %‘Ec Effective stiffness or reinforced concrete members

(Beams-Nonprestressed, ASCE/SEI 43-05 [3)).
Ece = 1.66 x 10° psi

A-3.2 Heat Exchanger (A212) Material Properties

Enqp = 2.8-10" -psi Modulus of elasticity [1].
voq2 = 0.27 Poisson's ratio [1].

4 Ibf-sec?
p212:=7.31737-10 ~-—— Mass density.

in

Ib
p212 = 0.283 —
in
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Gy212 := 38 ksi Engineering yield stress [1].

Note: ASTM A515 [6] (which replaces ASTM A212) gives slightly lower yield value. The
ATR Primary Coolant System Seismic Analysis [1] references A212B and is considered

accurate.

oy212 = 70-ksi Engineering ultimate stress [1].
()

£y212 = y212 Engineering yield strain (0.2% offset is not
E212 considered).

£y212 = 0.001357 =
n

212 = 0.17-—!E Minimum engineering ultimate strain based on
n elongation for the materials used [6].

OTy212 = oy212»(1 + sy212) True yield stress [5, p. 51].

6 Ty212 = 38051.6 psi

A-3.3 Bolt (A7) Material Properties

E7 := 3.0-10' -psi Modulus of elasticity [1].
vy =027 Poisson's ratio [1].
4 Ibf-sec2
p7:=7.31737-10 - ——— Mass density.
in

Ib
p7 = 0.283 =

in
cy7 = 33-ksi Engineering yield stress [1].

o7 = 60-ksi Engineering ultimate stress [1].
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Gy7 . . . ; .
Ey7 = —— Engineering yield strain (0.2% offset is not
E7 considered).

sy7 = 0.0011
g7 = 0.21 2
in
oTy7 = cy7'(1 + ay7)
oTy7 = 33036.3 psi

A-3.4 Pipe (A53) Material Properties

Esg := 3.0-10 -psi

vg3 = 0.27
-4 Ibf-sec2
p53:=7.31737-10 "
in
!
ps3 = 0.283 fo
in3
oy53 = 30-ksi
oy53 = 48-ksi
. Oy53
53 = ——
y Es3

in
= 0.001 —
£y53 in

Minimum engineering ultimate strain based on
elongation for the materials used [7].

True yield stress [5, p. 51].

Modulus of elasticity.

Poisson's ratio.

Mass density.

Engineering yield stress [8].

Engineering ultimate stress [8].

Engineering yield strain (0.2% offset is not
considered).
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in . . . . .
gy53 = 0.27-— Minimum engineering ultimate strain based on
n elongation for the materials used [8].

oTys3 = oy53-(1 + ey53) True yield stress [5, p. 51].

o Ty53 = 30030 psi

A-3.5 Support (A36) Material Properties

Ezg = 3.0~107~psi Modulus of elasticity [1].
v3g = 0.27 Poisson's ratio [1].
—4 Ibf-sec2 .
p3g = 7.31737-10 -~—— Mass density.
in

Ib
p3g = 0.283 e

in
oy36 = 36-ksi Engineering yield stress [1].
oy36 = 58-ksi Engineering ultimate stress [1].

_ Oy36 Enai . . . o .
€y36 = ngineering yield strain (0.2% offset is not
Ese considered).

£y36 = 0.0012%
€436 = o_2o-f—n Minimum engineering ultimate strain based on

n elongation for the materials used [9].
oTy36 = oya6-(1 + cy36) True yield stress [5, p. 51].

6 Ty36 = 36043.2 psi
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A-3.6 Water Material Properties

pPw = 62.3-E Mass density [10].

ft
Ib
pw = 0.0361 —3
in

A-4.0 Beam and Spring Section Properties and Spring Constants

The section properties below are included for modifications due to thread area and elbow flexibility
factors. The thread area calculations use equations from the Machinery’s Handbook [11] and elbow
flexibility factors calculations use equations from the ASME Boiler & Pressure Vessel Code [12]. The spring
constants are established for elements with limited load carrying capacity and to mimic contact.

A-4.1 Bolt Thread Areas

The thread area calculations are done on a 1 inch bolt with 10 threads per inch, a 7/8 inch boit with 18
threads per inch, and a 3/4 inch bolt with 14 threads per inch. (The threads per inch are chosen as the
lowest UNS number.) The output, using equations from the Machinery’s Handbook [11], is an effective
diameter for the finite element beam elements.

D1 :=1-in Nominal diameter.
nq:=10 Threads per inch.
0.9743-n\2 _ 7 . 2
Ay = 0.7854-(D1 - ——) = Z-de1 Tensile area [11].
nq
Agy = 0.64in°
4 . :
deq = ’—-A“ Effective diameter.
T
de1 = 0.903in
7 . . .
D2 = —-in Nominal diameter.

ny:=18 Threads per inch.
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0.9743-n\% _ n . 2
A = 0.7854-(D2 - —n——) = z-dez Tensile area [11].
2
A¢1 = 0.64in2
'4 L
de2 = [—Ap Effective diameter.
T
de2 = 0.8211in
3. . .
D3 = 2 -in Nominal diameter.
n3 = 14 Threads per inch.
09743-n\% _ n 2 .
At3:=0.7854{ D3 - — = —.de3 Tensile area [11].
n3 4
At = 0.64in?
,4 L
de3z:= |—Ag Effective diameter.
T
de3 = 0.68in

A-4.2 Elbow Flexibility Factors

The ASME Boiler & Pressure Vessel Code, NB-3686.2 Curved Pipe and Welding Elbows [12] defines

the flexibility factor as shown below considering that (a), (b), and (c) are met.
(a) R/ris not less than 1.7

(b) center line length Ra is greater than 2r

(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.
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k(do,t,P,R) = | dj < do—2:t Flexibility factor [12].

1
re z~(d° + dj)

h < tRr 2
4 1
3 3
r R
«— 6] - g —
wes({) {7)
ko(—o
1.6 1 R
kg« 02 if — > 17
r

Where: d, - Outside pipe diameter.

d; - Inside pipe diameter.
t - Pipe thickness.

P - Internal pressure.

R - Elbow radius.

The local variables r, h, and X are defined as shown in the code [12].

The flexibility factor is used to find the angular displacement of the elbow in the three orthogonal
directions as shown below.
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k - Flexibility factor.
1 M - Moment.
L - Elbow radius.
2 3 R w radius
E - Modulus of elasticity.
I - Area moment of inertia.
o - Angle along the elbow.
o 0 - Full elbow angle.
o - Angle along the elbow.
0 - Full elbow angle.
R Onom - Nominal angular displacement.
Elbow geometry 0ap - Actual (code) angular displacement.
Nominal angle derivations: Actual (code) angle derivations:
0
k-R
R = k. =
Onom1 = _Je My dot 8ab1 = K-6nom1 E1 ) M1 da
El 0
0
0
k-R
R = k. = .
Onom2 = — Je Ms da. Oab2 = k-bnom2 = 3 ] M2 da
El 0
0
R 0
R = = .
Onom3 = _F M3 do: 8ab3 = Onom3 GJ | Made
GJ J, "0

To address the flexibility factor in the finite element model, an effective area moment of inertia is
defined as shown below: The parabolic beam elements used in the finite element model then use the
effective moment of inertia for the bending directions and an unmodified polar moment of inertia for the
torsion direction. The acceptability of using a parabolic beam element to produce accurate results is
address in Appendix A of the ATR Primary Coolant System Seismic Evaluation [13].
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e = _II( Effective area moment of inertia.
Therefore:
]
R
Bab1 = —— | Mqda
Ele J
0
0
R
Oab2 = — | Ma2da
E-le J
0
_ R [°
0ab3 = ——:| Mada
GJ ‘)0

Two pipe elbows are defined below including a 20 pipe with a 3/8 inch wall thickness and a 36 inch pipe
with a 3/8 inch wall thickness.

A-4.2.1 Pipe (A53) 20 Inch Diameter and 3/8 Thickness

dog :=20-in Pipe outside diameter.

tp0 :=0.375-in Pipe thickness.

p125 = 125-psi Internal pressure [14].

ri2o := 1.5-dag Radius for long radius elbow.
rigg = 30in

Agg = —E-I:dzoz ~(d2o - 2-t20)2} Pipe cross section area.

Agg = 23.1202 in?
Aj20 = %'(dgo - 2-t20)2 Pipe internal area.

Aiog = 291 in2
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Agp- + Aj20-
Psw20 = 20 P21§ 120'Pw Mass density for the pipe with water.
20
2
-3 Ibf-sec
osw20 = 1.907 x 1073
in
b = 4 4 Pi f inerti
20 = o7 dog - (d20 - 2-t20) ipe area moment of inertia.
. 4
log = 1113.47 in
T 4 4 . o
Jog = 32 -[dzo - (d20 - 2.t20) ] Pipe polar moment of inertia.
. 4

Jop = 2226.9in

ki2o := k(d20, t20, P125. f120) Flexibility factor for long radius.

kj20 = 13.121

20 : - :
lel20 = - Effective moment of inertia for long radius.
120

lel20 = 84.864 in

A-4.2.2 Pipe (A53) 36 Inch Diameter and 3/8 Thickness

d3e == 36-in Pipe outside diameter.

t36 := 0.375-in Pipe thickness.

p125 = 125-psi Internal pressure [14].

rsie = dag Radius for short radius elbow.

rsag = 36in
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b’ 2 2 . .
Az = — dag” — (d36 - 2-t36) Pipe cross section area.
4

Asg = 41.9697 in”

Aizg = %-(d35 - 2-t3¢-;,)2 Pipe internal area.
.2
Ajzg = 975.9in
A3g: + A3
= 36:P212 ¥ N3G Pw Mass density for the pipe with water.
Psw36
Ase
-3 Ibf-sec2

psw3s = 2.903 x 10

in
l3g = 6_n4 ‘[d364 ~(das - 2't36)4] Pipe area moment of inertia.
. 4
lag = 6658.92 in

Jag = % '[d364 - (d36 - 2"‘36)4] Pipe polar moment of inertia.

Jag = 13317.8 in*

ks36 = k(d35,t36, pP125., rs36) Flexibility factor for short radius.
kg3 = 30.603
I
les36 = % Effective moment of inertia for short radius.

ks36

les36 = 217.592 in*

A-4.3 Spring Properties

Springs were used in several locations where nonlinear effects needed to be addressed. These
locations included the seismic brace pipes which were credited only with compressive loads. Additionally,
springs mimicking contact were put under the I-beam columns to prevent a tensile load. For the fine
meshed model, further contact springs were used in the bolted connections. (Note: The modulus of
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elasticity used for the spring calculations is that of the rebar steel. The difference between the modulus of
elasticity of this and the correct material (A36) was not considered significant.)

A-4.3.1 Seismic Brace Pipe Springs

The seismic brace pipes are all made from 6 inch Schedule 40 pipe.

dop =6.625-in

dip := 6.065-in

n( 2 2
Ap = z'(dop ~ dip )
Ap = 5.581in°
Pp = ~10%-Ibf

Es = 2.9 x 10’ psi

Lpn = 5ft +3.5-in

Mo
n=——"0"
P
Ib
kon = 2.549 x 10°
In
P
_Po
n-=7,7"—
% kon
Xon = ~0.3923in

Lps =7-ft+5-in

Ap-Es
kps =
Lps
Ibf
kps = 1.819 x 10° =
n
P,
_Pr
s =T
Xp kps

Xps = ~0.5499 in

Outside diameter for 6 inch Schedule 40 pipe.

Inside diameter for 6 inch Schedule 40 pipe.

Cross sectional area.

Nonlinear spring load. This is expected to be
higher than any load that could occur during
the dynamic analysis.

Modulus of elasticity.

Length of north-side seismic brace pipes.

North-side pipe stiffness.

North-side displacement under the n onlinear
spring load.

Length of south-side seismic brace pipes.

South-side pipe stiffness.

South-side displacement under the nonlinear
spring load.
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Lpw := 2-ft + 2:in Length of west-end seismic brace pipe.
ApEs . .
kpw = West-end pipe stiffness.
Ibf
kpw = 6.225 x 10° =
in
Pp , :
Xow = —— West-end displacement under the nonlinear
kpw spring load.
Xpow = —0.1606 in
Lpe :=1-ft+8-in Length of east-end seismic brace pipe.
Ap-Es i .
kpe = East-end pipe stiffness.
Lpe
Ibf
kpe = 8.093 x 10° =
in
Pp . .
Xpe = — East-end displacement under the nonlinear
kpe spring load.
Xpe = —0.1236in

me =4-ft+4-in

At
m =
pmi=
lof
kpm = 3.113 x 10° =
in
P
_ b
m =5
X kom

Xom = —0.3213in

Length of middie seismic brace pipes.

Middle pipe stiffness.

Middle displacement under the nonlinear
spring load.
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A-4.3.2 |-beam Column Base Springs

Agt = 13.2-in2 Cross sectional area for a 12x45 |-beam [4]

Lgt :=3:in Length for spring calculation.

This length is long enough to provide a stable run while being significantly short relative to
the overall column height.

Es = 2.0 x 10" psi Modulus of elasticity.
Ast-E
kst := st=s Spring stiffness.
Lst
8 Ibf

kst = 1.276 x 10° —
n

Pst := _106.|bf Nonlinear spring load. This is expected to be
higher than any load that could occur during
the dynamic analysis.

Displacement under the nonlinear spring load.

xst = ~7.837 x 10™ 3in

A-4.3.3 Contact Springs
Ag :=0.172 -in2 Cross sectional spring area.
Lg :=.5in Spring length.

This cross sectional area and length are adjusted to provide a stable run while providing
significant stiffness (given how many are used).

Es = 2.9x 10 psi Modulus of elasticity.
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o AsEs Spring stiffness.
S - Ls

lof
ks = 9.976 x 106%

Pg = 106.|bf Nonlinear spring load. This is expected to be
higher than any load that could occur during
the dynamic analysis.

P
Xg i= f Displacement under the nonlinear spring load.
s
X = 0.1in

A-5.0 Finite Element Model

The finite element model consists of the heat exchangers, the heat exchanger supports, and the large
primary and secondary piping near the heat exchangers. Figures A-5.1-1 — A-5.1-31 show the fine mesh
and Figures A-5.2-1 — A-5.2-7 show the coarse mesh. The fine mesh is used for a single realization set of
time histories. This model includes internal pressures and is intended to accurately establish stresses in the
heat exchanger nozzles and lugs. The coarse mesh is run for all 32 realizations and is intended to
accurately model the supports.

The restraints on the models have motion from nodal output of the Probabilistic Soil-Structure
Interaction Analysis (PSSI) [15). The output nodes from the PSSI [15] are 542, 552, 815, 1340, and 4119.
Table A-5.0-1 identifies the PSSI nodes and the corresponding model restraints. The restraints, colored as
identified in Table A-5.0-1, are shown in Figures A-5.1-1 - A-5.1-2. Gravitational loading is applied to all
elements having mass. The loads including spring hanger loads and internal pressures are identified with
the model area where they occur.

Table A-5.0-1 — PSSI nodes and the corresponding model restraints.

PSSI node Area in the model influenced by the PSSI node Model restraint color
542 East wall seismic brace rod attachment Cyan

552 Primary piping and south side seismic brace rod attachment | Golden Orange

815 North wall attachment Orange

1340 Top attachment over heat exchangers Red

4119 Base attachment for heat exchangers and primary piping Dark Green
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A-5.1 Fine Mesh

NX I-deas 5 : NX I-DEAS 5 Team : er2 : C:\er2\work\Stuart_misc\Heat_Ex 27-Sep-08 16:46:41

Database: C:\er2\work\Stuart_misc\Heat_Exchangers_Seismic\Heat_Exchang Units : IN
View : No stored Workb_View Display : No stored Option
Task : Boundary Conditions Model/Part Bin: Main
Model: all (w/pressure) Active Study: DEFAULT FE STURP¥rent Part: heat exchanger fe 1

Figure A-5.1-1 - Full fine meshed model viewed from the north-west.
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NX I-deas 5 : NX I-DEAS 5 Team : er2 : C:\er2\work\Stuart_misc\Heat_Ex 27-Sep-08 16:46:41

Database: C:\er2\work\Stuart_misc\Heat_Exchangers_Seismic\Heat_Exchang Units : IN

View : No stored Workb_View Display : No stored Option
Task : Boundary Conditions Model/Part Bin: Main
Model: all (w/pressure) Active Study: DEFAULT FE STUPYrent Part: heat exchanger fe 1

Figure A-5.1-2 — Full model viewed from the south-east.
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NX I-deas 5 : NX I-DEAS 5 Team : er2z : C:\er2\work\Stuart_misc\Heat_Exchan 10-Sep-08 10:28:43
Database: C:\er2\work\Stuart_misc\Heat_Exchangers_5Seismic\Heat_Exchang Units : IN
View : No stored Workb_View

Display : No stored Option
Task : Meshing Model /Part Bin: Main
Model: all (w/pressure) Active Study: DEFAULT FE STUDY Parent Part: heat exchanger fe 1

to) i i |
o { ] ] A T =
-~ 1 | | !

i ! | 1!
sl ; ! i —7 f

-

b

gt

Figure A-5.1-3 — Primary piping.

The primary piping elements, loads, and restraints represent most of model 1 and model 2 in the ATR
Primary Coolant System Seismic Evaluation [13]. This is used to better approximate heat exchanger nozzle
loads and no stress evaluation is performed on this mesh. This model does not share nodes with the heat
exchanger nozzles. It instead has a coupling defined to transfer loads from each connecting pipe element
to the corresponding shells in each flange. (Note: The coupling command is not specifically addressed in
the ABAQUS validation [56]. Scoping calculations were used to demonstrate that the coupling command

performed as expected.) The mesh is described in detail in the ATR Primary Coolant System Seismic
Evaluation [13] and no further description is given here.
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NX I-deas 5 : NX I-DEAS 5 Team : er2 : C:\er2\work\Stuart_misc\Heat_Exch 04-Sep-08 10:14:43

Database: C:\er2\work\Stuart_misc\Heat_Exchangers_Seismic\Heat_Exchang

Units : IN

View : No stored Workb_View Display : No stored Option
Task : Boundary Conditions Model/Part Bin: Main
Model: all (w/pressure) Active Study: DEFAULT FE STUDYParent Part: heat exchanger fe 1

24800 Ibf = 9600 Ibf 6800 Ibf

L1l
e U
%%

5800 Ibf 4800 Ibf

Figure A-5.1-4 — Secondary piping.

The mesh in Figure A-5.1-4 is based off of the INL drawings [16-25]. The loads are based on INL
drawings [16, 17] and field observation. This portion of the model does not share nodes with the heat
exchanger nozzles. It instead has a coupling defined to transfer loads from each connecting pipe element
to the corresponding shells in each flange. Similar to the primary piping side, this mesh is to more
accurately model the nozzle loads. No stress analysis is done on these elements.
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NX I-deas 5 : NX I-DEAS 5 Team : erz : C:\er2\work\Stuart_misc\Heat_Exch 04-Sep-08 14:55:34
Database: C:\er2\work\Stuart_misc\Heat_Exchangers_Seismic\Heat_Exchang Units : IN
View : No stored Workb_View Display : No stored Option
Task : Boundary Conditions Model/Part Bin: Main

Model: all (w/pressure) Active Study: DEFAULT FE STUDYParent Part: heat exchanger fe 1

Point mass (10 places) of 4115 |Ib "
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Figure A-5.1-5 — Secondary piping elements.

Figure A-5.1-5 shows all of the elements in the secondary piping. The point masses represent valve
and flange combinations and are sized based on equivalent valve and flange combinations calculated for

the primary piping [13].
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NX I-deas 5 : NX I-DEAS 5 Team : er2 : C:\er2\work\Stuart_misc\Hea 04-Sep-08 15:11:57

Database: C:\er2\work\Stuart_misc\Heat_Exchangers_Seismic\Heat_Exchang Units : IN

View : No stored Workb_View Display : No stored Option
Model/Part Bin: Main

Task : Boundary Conditions

Model: all (w/pressure) Active Study: DEFAULT FEP&THBY Part: heat exchanger fe 1

===

)

Figure A-5.1-6 — Linear beam elements representing 20" secondary piping.

Figure A-5.1-6 shows the ASTM A53 20" diameter by 3/8 inch thick secondary piping elements. The
density has been adjusted to include water as calculated for the 20" elbows in Section A-4.2.1.
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NX I-deas 5 : NX I-DEAS 5 Team : er2 : C:\er2\work\Stuart_misc\Hea 04-Sep-08 15:31:41

Database: C:\er2\work\Stuart_misc\Heat_Exchangers_Seismic\Heat_Exchang Units : IN
View : No stored Workb_View Display : No stored Option
Task : Boundary Conditions Model/Part Bin: Main
Model: all (w/pressure) Active Study: DEFAULT FEP&TEBY Part: heat exchanger fe 1

[ <

o
Sy

Figure A-5.1-7 — Parabolic beam elements representing 20” secondary piping elbows.

Figure A-5.1-7 shows the ASTM A53 20" diameter by 3/8 inch thick secondary piping element elbows.
The density and area moment of inertial has been adjusted to include water and flexibility factor as
calculated for the 20" elbows in Section A-4.2.1.
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NX I-deas 5 : NX I-DEAS 5 Team : er2 : C:\er2\work\Stuart_misc\Hea 04-Sep-08 15:43:09

Units : IN

Database: C:\er2\work\Stuart_misc\Heat_Exchangers_Seismic\Heat_Exchang )
Display : No stored Option

View : No stored wWorkb_View : _
Task : Boundary Conditions ) Model/Part Bin: Main
Model: all (w/pressure) Active Study: DEFAULT FEP&FHBY Part: heat exchanger fe 1

Figure A-5.1-8 — Linear beam elements representing 36" secondary piping.

Figure A-5.1-8 shows the ASTM A53 36" diameter by 3/8 inch thick secondary piping elements. The
density has been adjusted to include water as calculated for the 36" elbows in Section A-4.2.2.
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NX I-deas 5 : NX I-DEAS 5 Team : er2 : C:\er2\work\Stuart_misc\Hea 04-Sep-08 15:46:59

Database: C:\er2\work\Stuart_misc\Heat_Exchangers_Seismic\Heat_Exchang Units : IN
View : No stored Workb_View Display : No stored Option
Task : Boundary Conditions Model/Part Bin: Main
Model: all (w/pressure) Active Study: DEFAULT FEP&TEBY Part: heat exchanger fe 1

~/ i,

Figure A-5.1-9 — Parabolic beam elements representing 36" secondary piping elbows.

Figure A-5.1-9 shows the ASTM A53 36" diameter by 3/8 inch thick secondary piping element elbows.
The density and area moment of inertial has been adjusted to include water and flexibility factor as
calculated for the 36” elbows in Section A-4.2.2.
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NX I-deas 5 : NX I-DEAS 5 Team : er2 : C:\er2\work\Stuart_misc\Hea 04-Sep-08 15:49:51
Database: C:\er2\work\Stuart_misc\Heat_Exchangers_Seismic\Heat_Exchang Units : IN
View : No stored Workb_View Display : No stored Option

Task : Boundary Conditions Model /Part Bin: Main

Model: all (w/pressure) Active Study: DEFAULT FEPSTEBY Part: heat exchanger fe 1

| L

Figure A-5.1-10 — Linear beam elements representing 4" secondary piping supports.

Figure A-5.1-10 shows the ASTM A7 4” schedule 40 secondary piping element supports.
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NX I-deas 5 : NX I-DEAS 5 Team : er2 : C:\er2\work\Stuart_misc\Heat_Exc 04-Sep-08 16:58:03
Database: C:\er2\work\Stuart_misc\Heat_Exchangers_Seismic\Heat_Exchang Units : IN
View : No stored Workb_View Display : No stored Option
Model /Part Bin: Main

Task : Boundary Conditions

Model: all (w/pressure) Active Study: DEFAULT FE STUDRarent Part: heat exchanger fe 1

i

it

o

Figure A-5.1-11 — Heat exchangers and heat exchanger supports mesh.

Figure A-5.1-11 shows the heat exchangers 670 M-85, 670 M-2, 670 M-3, 670 M-4, and 670 M-5 from
near right to far left respectively. The heat exchanger mesh is based off of the INL drawings [26-51]. The
heat exchanger supports mesh is based off of the INL drawings [52-55].
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NX I-deas 5 : NX I-DEAS 5 Team : er2 : C:\er2\work\Stuart_misc\Heat_Exc 04-Sep-08 18:32:17

Database: C:\er2\work\Stuart_misc\Heat_Exchangers_Seismic\Heat_Exchang Units : IN

View : No stored Workb_View Display : No stored Option
Task : Meshing Model /Part Bin: Main
Model: all (w/pressure) Active Study: DEFAULT FE STUDRarent Part: heat exchanger fe 1
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Figure A-5.1-12 — Heat exchanger shell elements.

Figure A-5.1-12 shows the heat exchangers’ shell elements for heat exchangers 670 M-2 and 670 M-85
from left to right respectively. The shells in heat exchangers 670 M-3, 670 M-4, and 670 M-5 are the same
as those in heat exchangers 670 M-2. Per the ATR Primary Coolant System Seismic Analysis [1], the water
filled mass of each heat exchanger is 113,000 Ib. To accommodate this, the outer surface shells excluding
the nozzles and lugs have their density increased. This resuits in a total shell mass of 113,500 Ib and

114,000 Ib respectively.
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NX I-deas 5 : NX I-DEAS 5 Team :

er2 : C:\er2\work\Stuart_misc\Heat_Exc 04-Sep-08 17:17:29

Database: C:\er2\work\Stuart_misc\Heat_Exchangers_Seismic\Heat_Exchang

View : No stored Workb_View Display
Task : Boundary Conditions
Model: all (w/pressure)

Units : IN
: No stored Option

Model /Part Bin: Main
Active Study: DEFAULT FE STUDRarent Part: heat exchanger fe 1
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Figure A-5.1-13 — Pressure loading inside the heat exchanger shell elements.

Figure A-5.1-13 shows the heat exchanger pressure loading. The yellow elements passing through the
heat exchanger approximate structural members in the heat exchanger. The thin shells elements closing
off the nozzles were included to simplify the load balance. This created two separate enclosed regions.
The pressure in the lower region matched that of the primary piping (272 psi [13]). The pressure in the
upper region matched that of the secondary piping (125 psi [14]). The pressures on the yellow elements

passing through the heat exchanger are equal to the difference of the two pressures to balance the
pressure loading.
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Figure A-5.1-14 — Linear quadrilateral, 5/8” thick elements in the heat exchangers.

Figure A-5.1-14 shows the ASTM A212, 5/8” thick elements in the heat exchangers.
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Figure A-5.1-15 — Linear quadrilateral, 1" thick elements in the heat exchangers.

Figure A-5.1-15 shows the ASTM A212, 1" thick elements in the lower part of the heat exchangers, in
the lugs, and in a short portion of the primary nozzles. These elements are also used to close off all the
nozzles for pressure loading as shown by the orange elements.
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Figure A-5.1-16 — Linear quadrilateral, 3/4” thick elements in the heat exchangers.

Figure A-5.1-16 shows the ASTM A212, 3/3” thick elements in the lugs.
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Figure A-5.1-17 — Linear quadrilateral, 7” thick elements in the heat exchangers.

Figure A-5.1-17 shows the ASTM A212, 7” thick elements that divide the primary and secondary
pressures in the heat exchangers.
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Figure A-5.1-18 — Linear quadrilateral, 1.5” thick elements in the heat exchangers.

Figure A-5.1-18 shows the ASTM A212, 1.5" thick elements in the stiffened region supporting the lugs.
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Figure A-5.1-20 — Linear quadrilateral, 11/16" thick elements in the heat exchangers.

Figure A-5.1-19 shows the ASTM A212, 5/8” thick elements in the heat exchanger 670 M-2 secondary

nozzles. Figure A-5.1-20 shows the ASTM A212, 11/16" thick elements in the heat exchanger secondary
nozzle flanges.
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Figure A-5.1-22 — Linear quadrilateral, 2.5” thick elements in the heat exchangers.

Figure A-5.1-21 shows the ASTM A212, 2” thick elements in the heat exchanger 670 M-2 primary

nozzles. Figure A-5.1-22 shows the ASTM A212, 2.5” thick elements in the heat exchanger primary nozzle
flanges.
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Figure A-5.1-24 - Linear quadrilateral, 0.5" thick elements in the heat exchangers.

Figure A-5.1-23 shows the ASTM A212, 2.375” thick elements in the heat exchanger 670 M-85 primary
nozzles. Figure A-5.1-24 shows the ASTM A212, 0.5” thick elements in the heat exchanger 670 M-85
secondary nozzles.
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Figure A-5.1-25 — Heat exchanger support structure.

Figure A-5.1-25 shows the support structure currently attached to the heat exchangers. This was all
included in the model output for scoping calculations. Modifications to the input file were then made to
address three additional scenarios. First, the elements for the Oak blocks and bolts attaching the top
supports and the seismic support rods were deleted so that the heat exchangers were only supported at the
base. Second only the seismic supports were deleted. Third, only the elements for the Oak blocks and
bolts attaching the top supports were deleted. All four models were studied and based on project
management guidance; the model pursued was the one with the Oak blocks and bolts deleted.
Consequently, the top supports are in the model but they do not affect the results because they impart no
load to the heat exchangers.
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Figure A-5.1-26 — Heat exchanger top supports.

Figure A-5.1-26 shows the heat exchanger top supports as used for the dynamic analysis. The tee and
angle framework is based on drawing 121123 [55]. The plate structure (modeled with linear beam
elements) that is attached to the heat exchanger is based on the heat exchanger drawings [26-51]. For the
dynamic analysis, there is no attachment between the vertically oriented tees and the plates as the bolts
and Oak block elements in that area are removed. Consequently, the elements shown in Figure A-5.1-26
do not play a significant roll in the dynamic model.

The elements in Figure A-5.1-26 include contact springs (with the properties described in Section A-
4.3.3), rigid elements (to address offsets), and linear beams. The linear beams include ASTM A212 4x15.5
tees, 4’x4"x1/4” angles, 9"x3/4” rectangular cross section, 13"x1.5" rectangular cross section, and 3.5"x1”
rectangular cross section. The linear beams also include ASTM A7 7/8” bolts (with a cross sectional area
as calculated in Section A-4.1). Further detailed plots are not provided due to the insignificance of these
elements in the dynamic mode runs.
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Figure A-5.1-27 — Heat exchanger seismic rod supports.

Figure A-5.1-27 shows the linear beam elements in the seismic rod supports. Each rod is only
connected at its ends. Locations where rods cross do not have any interaction. The seismic support rods

are ASTM A36 with a 1 3/8” diameter circular section. The bands that go around and share nodes with the
heat exchanger are ASTM A36 with a 12"x3/4” rectangular cross section
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Figure A-5.1-28 — Heat exchanger base supports and non-shell elements in the heat exchanger lugs.

The heat exchanger base supports are the same for heat exchangers 670 M-2, 670 M-3, 670 M-4, and
670 M-5. Heat exchanger 670 M-85 is inset into walls on the east and west sides and has the same |-beam
column on the north and south as the other heat exchangers have on their north side. Where heat
exchanger 670 M-85 meets the walls, it is fixed. Likewise, the bases of the concrete columns are fixed.
The steel column bases are fixed in horizontal translation and a vertical nonlinear spring (as defined in
Section A-4.3.2) is put under the steel column with its base fixed. The spring offers compressive stiffness
but not tensile. The expectation for the wall attachment of heat exchanger 670 M-85 is that it is similar yet
more substantial than the columns. Consequently, the concrete columns are the focus for the base
attachment to concrete.
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Figure A-5.1-29 — Typical non-shell elements in the heat exchanger lugs.

Figure A-5.1-29 shows the rigid elements, contact springs, and bolt beam elements in the lugs and in
the lug to column attachment. For the heat exchanger to steel column non-shell elements, the rigid element
attaches the top of the column to the inner and outer edges (locations where welding occurred) of the
bottom of the heat exchanger lug (shell elements). The spring and beam elements in the vertical plane are
in the 3/4” gap modeled between the pieces of the heat exchanger lug. (Beams and springs occurring at
the same location share nodes.) The spring elements are contact springs (with the properties described in
Section A-4.3.3) and they pass between all of the corresponding nodes in the lug shell elements. The 8
linear beam elements are ASTM A7 1” bolts (with a cross sectional area as calculated in Section A-4.1).

For the heat exchanger to concrete column non-shell elements, the rigid element attaches the top of the
concrete column (or wall location) to the bottom of the vertical contact springs (with the properties described
in Section A-4.3.3) and bolt beam elements. The 4 linear beam elements are ASTM A7 1" bolts (with a
cross sectional area as calculated in Section A-4.1). The spring and beam elements in this horizontal plane
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Figure A-5.1-30 — Typical concrete and steel columns.

Figure A-5.1-30 shows the concrete and steel elements. The concrete column elements are linear
beam elements with cracked concrete material properties and an 18"x24” rectangular cross section. The
steel column elements are linear beam elements with ASTM A36 material properties and 12"x45 |-beam
section properties. The vertical spring at the base of the steel column provides compressive force but not
tensile force (with the properties described in Section A-4.3.2).
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Figure A-5.1-31 - Typical concrete and steel columns.

Figure A-5.1-31 shows the brace springs (with the properties described in Section A-4.3.1). The brace
springs carry compression and not tension.

A-5.2 Coarse Mesh

The coarse mesh (shown in Figures A-5.2-1 — A-5.2-7) is modeled without shell elements. The shell
elements are replaced with beams and rigid elements. This is done for efficiency so that the 32 model runs
can be performed in a reasonable amount of CPU time. Much of the model is the same as the fine mesh.
Consequently, only the changed portions will be discussed in detail.
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Figure A-5.2-1 - Full coarse meshed model viewed from the north-west.
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Figure A-5.2-2 — Modified portion of the coarse meshed model.

Figure A-5.3-3 shows the heat exchangers 670 M-85, 670 M-2, 670 M-3, 670 M-4, and 670 M-5 from
near left to far right respectively. The heat exchanger meshes have their densities adjusted such that heat
exchangers 670 M-85 weights 116,000 Ibs and the others weight 115,000 Ibs (with the difference due to the
thicker walled and relatively longer elements for the nozzles on heat exchangers 670 M-85.
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Figure A-5.2-3 — Linear beam elements representing the bulk of the heat exchangers.
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Figure A-5.2-3 shows the ASTM A212 linear beam elements representing the shell of the heat
exchangers. These beams have a cross section with a 69.25” outside diameter and a 68" inside diameter
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Figure A-5.2-4 — Typical top of the heat exchangers rigid elements.
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Figure A-5.2-5 — Typical lugs and nozzles.

Figure A-5.2-5 shows the typical lug and nozzle attachment for the heat exchangers. The heat
exchangers shown are heat exchangers 670 M-85 and 670 M-2 from left to right respectively. The
remaining heat exchangers are modeled like heat exchangers 670 M-2. The rigid element attachment
occurs at a vertical level near that of the nozzles.
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Figure A-5.2-6 — Linear beam elements representing each heat exchanger lug.

Figure A-5.2-6 shows the ASTM A212 linear beam elements representing a heat exchanger lug. These
beams are tee cross sections with larger one being made up of a vertical plate that is 21.5” x 3/4” and a
horizontal plate that is 12" x 1”. The smaller on is made up of a vertical plate that is 14" x 3/4" and a
horizontal plate that is 12" x 1”. The node between the two elements is where the bolted connection occurs.
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Figure A-5.2-7 — Linear beam elements representing heat exchanger nozzles.

Figure A-5.2-7 shows the ASTM A212, 5/8” thick elements in the heat exchanger 670 M-2 secondary
nozzles. The remaining heat exchangers are modeled like heat exchangers 670 M-2.





Calculation Sheet
Page A-53 of A-147

Project: ATR Life Time Extension Project ECAR No.: ECAR-398 Rev.: 0
Title: ATR PCS Heat Exchanger Seismic Analysis — Appendix A
Performer: R. E. Spears Date: 9/30/08 Checker: M. J. Russell Date: 9/30/08

A-6.0 Time Histories and Damping

The PSSI [15] provided the acceleration time histories used in this evaluation. The PSSI nodes
providing input for this evaluation are 542, 552, 815, 1340, and 4119 (see Table A-5.0-1 for model restraints
where these acceleration time histories are used). Additional manipulations to these acceleration time
histories were performed in the ATR Primary Coolant System Seismic Evaluation [13]. These
manipulations included summing the directional data (because the PSSI [15] ran three models per seismic
event), adding time step points so that the time step is 0.005 seconds, and removing drift.

The ATR Primary Coolant System Seismic Evaluation [13] also addressed the time duration for model
evaluation. Each time history has a duration of 40.96 seconds. Justification is provided in the ATR Primary
Coolant System Seismic Evaluation [13] for using only 20 seconds for the time duration for evaluation. This
is useful to reduce CPU time.

For time history analysis, a further consideration is how to address damping. A modal damping value
of 5% is applicable to this evaluation, as listed in Table 3-2 of ASCE/SEI 43-05 [3]. (This is applicable
because a significant portion of the model response is from the piping.) For dynamic, direct integration
analysis with ABAQUS [56], modal damping is not an option. Consequently, Rayleigh damping is used.
Rayleigh damping follows the equation

where the subscript “i” indicates a specific mode, € is the modal damping, w is the natural frequency, and a
and B are Rayleigh damping constants. To perform the analysis as a time history analysis, relevant
Rayleigh damping constants must be found.

Finding the Rayleigh damping constants is a multi-step problem. First, the 5% damping response
spectra are found for the thirty-two sets of east-west, north-south, and vertical acceleration time histories.
Second, a modal analysis is run on the given piping model in a gravitationally loaded state to establish the
effective mass versus natural frequency. Third, the 80" percentile time histories for each direction are
established relative to the response spectra and effective mass. Fourth, the effective mass is used to
establish the lower point where the Rayleigh damping curve crosses the 5% damping curve. Fifth, Rayleigh
damping constants are found that cause the Rayleigh damping curve to cross the 5% damping curve at the
selected lower point and a reasonable upper point. Sixth, the Rayleigh damping response spectra are
found using the 80" percentile time histories and the Rayleigh damping constants. The seventh step is to
generate a cumulative weighted response curve. This uses the curve generated by subtracting the 5%
damping response spectra from the Rayleigh damping response spectra. The weighted response is then
the effective mass at each natural frequency multiplied by the difference in response spectra at that natural
frequency (corresponding to the effective mass). These values are then summed for the significant
effective mass values in all three directions. If the sum produces a positive number, then the Rayleigh
damping values are considered acceptable.

In the first step for calculating Rayleigh damping constants for finite element models, the 5% damping
response spectra are found for the thirty-two sets of east-west, north-south, and vertical acceleration time
histories. The time histories are from PSSI node 4119 which provides the base input to the heat
exchangers. The response spectra analyses are performed with the ReSpect (see Appendix A.3.4 in the
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ATR Primary Coolant System Seismic Evaluation [13] for validation). Each ReSpect run produces a
separate report (.rpt text file) file. Each report file contains 10 columns (columns 0 —9). Column 0 is time,
column 1 is east-west acceleration, column 2 is vertical acceleration, column 3 is north-south acceleration,
column 4 is east-west displacement, column 5 is vertical displacement, column 6 is north-south
displacement, column 7 is east-west velocity, column 8 is vertical velocity, and column 9 is north-south
velocity. The output of ReSpect is a print (.prn text file) file containing 5% damping response spectra at 300
frequency points between 0.1 Hz and 100 Hz. Each print file contains 19 columns (columns 0 — 18).
Column 0 is frequency, column 1 is relative east-west displacement, column 2 is relative east-west velocity,
column 3 is relative east-west acceleration, column 4 is relative north-south displacement, column 5 is
relative north-south velocity, column 6 is relative north-south acceleration, column 7 is relative vertical
displacement, column 8 is relative vertical velocity, column 9 is relative vertical acceleration, column 10 is
total east-west displacement, column 11 is total east-west velocity, column 12 is total east-west
acceleration, column 13 is total north-south displacement, column 14 is total north-south velocity, column 15
is total north-south acceleration, column 16 is total vertical displacement, column 17 is total vertical velocity,
and column 18 is total vertical acceleration. (The variable ordering for the ReSpect program was driven by
the output format for ABAQUS.)

The thirty-two print files containing all of the response spectra are read into a single Mathcad file. The
total acceleration response spectra are extracted for each direction and written out as three Excel files (to
reduce the volume of unneeded data). Further processing is done in another Mathcad file. In the new
Mathcad file, the Excel files are read into three variables named “RS_05y,,” “RS_05y,,” and “RS_05",
defined for the east-west, north-south, and vertical total response spectra respectively. Column 0 for each
file is frequency and column number and realization number match for the rest of the columns.

For the second step, effective mass values for the modes of the models are needed. To accomplish
this, ABAQUS modal analyses are run with the input files “HtExall10FRbb.inp” for the fine mesh (see
Section A-8.1 for a reduced version of the input) and “HtExbeam10FRbb.inp” for the coarse mesh (see
Section A-8.2 for a reduced version of the input). The frequency range checked for modes is from 0 Hz to
50 Hz. (The response spectra show very close to rigid body response for natural frequencies above 50 Hz.
Consequently, the above 50 Hz natural frequencies are not considered significant for the damping
calculation.) Upon completion of the model runs, effective mass in all three directions versus frequency are
gathered from the models and read into separate Mathcad files under the variable “dat™ in each. Column 0
in the variable “dat’” is the number assigned to each mode. Columns 1 — 6 are the effective masses for the
1 — 6 directions (where the 1-direction is north-south, the 2-direction is vertical, the 3-direction is east-west,
and the remaining directions are rotational and not needed). Column 7 is not used and has zeros in it.
Column 8 is the natural frequencies associated with the effective mass values. The last three rows of the
variable “dat™” are a row of zeros, a row with the summed effective mass values, and a row with the total
model mass (repeated for only the 1-, 2-, and 3-direction effective mass columns). Below are the last 6
rows of the variable “dat’.”
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For the fine mesh:
0 1 2 3 4 5 6 7 8
A42 443 0.01 R.98:10 -3 0.12| 2.44-103| 3.23-104| 2.08-10% 0 49.41
|4743 444 0.05 0.04 0.45| 3.88:104| 1.07-104| 1.13-104 0 49.8
dat’ = |44q 445 0.19 0.94 0.01| 2.55-104| 2.73:103| 1.07-105 0 49.91
u4s 0 0 0 0 0 0 0 0 0
|446 0| 2.55103| 2.41-103| 2.46-103| 3.08:108| 3.31:108 | 3.95-108 0 0
|44? 0| 2.66:103| 2.66:103| 2.66:103 0 0 0 0 0
The array “dat™ is then used to define the following variables.
Mot = dat'rows( dat)-1, 1 Mot = 2655 Total model mass.
freq := submatrix(dat', 0, rows(dat') — 4,8, 8) Frequency.
Meh1 := submatrix(dat', 0, rows(dat') — 4,1, 1) Effective mass in the east-west
direction.
Meh2 := submatrix(dat', 0, rows(dat') — 4,3, 3) Effective mass in the east-west
direction.
Mey ;= submatrix(dat',0, rows(dat') — 4,2,2) Effective mass in the east-west
direction.
For the coarse mesh:
0 1 2 3 4 5 6 7 8
369 370 0.16 0.12 0.04| 423.03 2.62| 4.85103 0 48.98
370 371 0.13 0.095.86-10 -3| 1.77-104| 3.62:104| 1.67-105 0 49.25
dat' = 371 372 0.02 1 0.11| 7.89:104| 2.27-104| 3.87-105 0| 4983
(372 0 0 0 0 0 0 0 0 0
373 0| 2.48103| 2.38:103| 2.48:103| 3.16-108| 3.34-108 4108 0 0
37 0| 2.67-103| 2.67-103| 2.67-103 0 0 0 0 0

The array “dat™ is then used to define the same variables. (Total model mass is shown below because
it differs slightly between the two models.)

Mot = 2667 Total model mass.

Myot := dat rows(dat)-1, 1
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Additional cumulative effective mass percentage variables are defined for plotting purposes (due to
cumulative effective mass percentage being an easier plot for visualization of the model’s effective mass).
This is calculated with the subroutine “Mesum.” This subroutine accepts an effective mass vector and total
mass scalar. It simply sums the effective mass as a function of frequency and divides the sum by the total
mass to establish a percentage.

Mesum(Me , M) := | sum « 0
for jeO.. rows(rne) -1

SUmM < Mg_+ sum
|

sum
outj ¢~ —
Mtot
out
Meh1 = Mesum(mem , mtot) Cumulative effective mass in the east-west direction.
Meh2 = Mesum(meh2= mlot) Effective mass in the east-west direction.
Mey = Mesum(mew mtot) Effective mass in the east-west direction.

Figures A-6.0-1 and A-6.0-2 show the effect mass and cumulative effective mass percentage versus
frequency for the fine mesh and the coarse mesh.
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Figure A-6.0-1 — Fine mesh effective mass and cumulative effective mass percentage versus
frequency.
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The third step is to establish the 80" percentile response spectrum. To do this, a subroutine “P80wt” is
written. This subroutine accepts a response spectra array, a frequency vector that corresponds with the
effective mass vector, and an effective mass vector. The output is a two column array where column zero is
the ordered realization numbers and column 1 is the values used to decide the order. The subroutine starts
with a “for” loop that populates a vector with the sequentially ordered realization numbers. Next, a “for” loop
populates a vector with the base 10 logarithm values for the response spectra frequencies. Then, a “for”
loop is performed to define the variable “dat.” This variable contains the effective mass multiplied by the
response at the natural frequency of that effective mass. The response is found by log-linear interpolation.
The curve being interpolated is the given realization response spectrum versus the base 10 logarithm of the
frequency. The point where the interpolation takes place is the given base 10 logarithm of the effective
mass frequency. Once the effective mass multiplied by the response has been calculated for all of the
realizations, a “for” loop is performed to sum all of the values for each realization. This serves as an
indication of model response for each realization. Finally, the realization numbers vector is augmented with
the sum of the effective mass multiplied by response vectors. The output is this array sorted by the sum.

P8OW(RS ,fe,mg) := | for i€0.. cols(RS) -2
ordj < i+ 1

for ic0. last(Rs'?)
fl°gi — |Og(RSi ,0)

for je1..cols(RS) -1
for ie0.. last(fe)

. (j
datj j1 « mei-llnterp[ﬂog.RS ) ,|09(fei))
for i€0..cols(dat) -1
outs « Z(d«'ﬂt)<i>

csort(augment(ord , outs) , 1)

Having the “P80wt” subroutine, the 80" percentile realizations can be selected for each mesh.
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For the fine mesh:

P80H1 := PBOWt(RS_.OSm freq, meh1)round(32-80-%)—1 o Eightieth percentile realization for
east-west motion.

P80y = 26

P80H2 = P80wl(RS_05H2,freq ” meh2)round(32- 80.%)-1,0 Eightieth percentile realization for
north-south motion.

P80H2 = 17

P80y := PBOWt(RS_05V ,freq, mev)round(32- 80-%)-1, 0 Eightieth percentile realization for
vertical motion.

P80y = 21

For the coarse mesh:

P80H1 := PBOWH(RS_05H1, freq, Meh1)round(32-80-%)—1,0  Eightieth percentile realization for
east-west motion.

P80H1 = 30

P80H2 = PBOW‘I:(RS_OSHZ’ freq, 'T'eh2)round(32-80-%)-1 .0 Eightieth percentile realization for
north-south motion.

P8O0 = 28

P80y := P80wl( RS_05y, freq, mev)round( 32.80-%)-1,0 Eightieth percentile realization for
vertical motion.

P8Oy = 21

For graphing purposes, subroutine “RS,” is written. It accepts the response spectra array containing
the 32 realizations and stacks them into a two column array with column 0 being frequency and column 1
being response spectra.

RS5(RS) := |out « augment(RS<0) ; RS<1>)

for je2.. cols(RS) -1

out « stack(out s augment(RS<0) , RS<j> ))
out
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RSaH1 = RSa(RS_05H1] Graphing variable for all east-west response spectra.
RSgH2 = RSa(RS_OS H2) Graphing variable for all north-south response spectra
RSay = RSa(RS_OS\/) Graphing variable for all vertical response spectra.

Figures A-6.0-3 and A-6.0-4 show the response spectra data for all 32 realizations as data points.
They also show the response spectra realizations selected as 80" percentile for each mesh. For additional
information, the 80" percentile east-west, north-south, and vertical time histories and cumulative energy
ratio are shown in Figure A-6.0-5 - Figure A-6.0-8 for the fine mesh. The variables are defined as shown
below using previously defined subroutines.

At = 0.005 Time step.

vel := lntE(augmem(t ,ag0h1,380n2,380y))  Velocity time histories for all three direction

dis := Intg(vel) Displacement time histoiies for all three directions.
V8oh1 := \J'el<‘I> East-west velocity time history.

Vgoh2 = Vel<2) North-south velocity time history.

Vgoy = \a't=.‘l<'?'> Vertical velocity time history.

X80h1 = dis(1> East-west displacement time history.

Xgoh2 = dis<2) North-southdisplacement time history.

Xgov = dis<3) Vertical displacement time history.

Egoh1 = et(aggm , At) East-west cumulative energy time history.

Egon2 = et(aaohz, At) North-southcumulative energytime history.

Egov = et(aagv, At) Vertical cumulative energytime history.
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Figure A-6.0-3 — All realizations (red) and fine mesh 80" percentile (blue) 5% damping response
spectra.
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Figure A-6.0-4 — All realizations (red) and coarse mesh 80" percentile (blue) 5% damping response
spectra.
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Figure A-6.0-5 — Fine mesh east-west 80" percentile time histories.
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Figure A-6.0-6 — Fine mesh north-south 80" percentile time histories.
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Figure A-6.0-7 — Fine mesh vertical 80" percentile time histories.
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Figure A-6.0-8 — Fine mesh cumulative energy ratio versus time for 80" percentile data.

For further information, the fine mesh 80" percentile east-west, north-south, and vertical fast Fourier
transform amplitudes are shown in Figure A-6.0-8 based on the variable definitions below.

fftagon1 := fft(submatrix{agon1, 1, last(agon1) . 0, 0)) H1 Fast Fourier transform
fftagonz = fﬂ(Smeatl'iX(aBth, 1 ,Iast(agohz) ,0,0)) H2 Fast Fourier transform
fftagoy := fft(submatrix(agoy, 1, last(agoy) . 0, 0)) V Fast Fourier transform.
At = 0.005 Time step.
fny = L fy = 100 Nyquist frequency.

2-At
J=0. Iast(fﬁaggm) Graph counting variable.
fo.: Iy Output angular velocity.

P Iast(fﬂaaom)
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Figure A-6.0-9 — Fine mesh fast Fourier transform amplitudes for 80" percentile data.
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The fourth step is to use the effective mass to establish the lower point where the Rayleigh damping
curve crosses the 5% damping curve. This lower crossing frequency is defined as the frequency at or
below where the cumulative effective mass percent reaches 5%. As shown in Figure A-6.0-10, this occurs

at 0.98 Hz.

The fifth step is to find Rayleigh damping constants that cause the Rayleigh damping curve to cross the
5% damping curve at the selected lower point and a reasonable upper point. Based on scoping analysis,
the upper point is selected at 10.1 Hz. The derivation below shows the Rayleigh damping constants
calculation and Figure A-6.0-10 shows the resulting damping curve plotted with the desired damping curve.

og = 2-1-0.98 Lower end of the natural frequency range.
®1 :=2710.1 Upper end of the natural frequency range.
£ :=0.05 Desired damping value.
_ B-op _ o B-o
B =i & = st
2-ap 2 2-01 2
-1
... 1 o0
1 o1 |\B & p 1. o 13
209 2 209 2
/ -1
1 © §
—_— i 2-01-00-
8 209 2 [EJ] _ im0+m1i
af = . =
] s 2.5
L 201 2 img + 01 )
(0561
ap = 3 Constants definition.
1.436 x 10
a =afg a = 0.5613
B=ap4 B =1436x 107>
a B-o i ; ; ’
gg(m) = 2— + o Definition for Rayleigh damping (for plotting).
-

fg :=0.01,0.03.. 100 Graphing nature frequencies in Hertz (for plotting)
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Figure A-6.0-10 — Rayleigh damping curve and desired damping curve versus frequency.

The Sixth step is to establish the Rayleigh damping response spectra for the 80" percentile time
histories and the Rayleigh damping constants. This is performed with the ReSpect_vardamp (see Appendix
A.3.4 in the ATR Primary Coolant System Seismic Evaluation [13] for validation) program. This program is
very similar to the ReSpect. The important difference between the two programs is that ReSpect_vardamp
uses Rayleigh damping where ReSpect uses constant damping. The input file and the output file format are
the same between the two programs.

Figures A-6.0-11 and A-6.0-12 show comparisons of the response spectra for 5% damping and
Rayleigh damping. Figures A-6.0-13 and A-6.0-14 show the response spectra differences between

Rayleigh damping and 5% damping.
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Figure A-6.0-11 — Response spectra for 5% damping (red) and fine mesh Rayleigh damping (blue).
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Figure A-6.0-12 — Response spectra for 5% damping (red) and coarse mesh Rayleigh damping (blue).
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Figure A-6.0-13 — Fine mesh response spectra difference.
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Figure A-6.0-14 — Coarse mesh response spectra difference.

f
Frequency [Hz]

The seventh step is to generate cumulative weighted response curves for the two meshes. This uses
the curves generated by subtracting the 5% damping response spectra from the Rayleigh damping
response spectra (shown in Figures A-6.0-15 and A-6.0-16). The weighted response is then taken as the
effective mass at each natural frequency multiplied by the difference in response spectra at that natural
frequency (corresponding to the effective mass). These values are then summed for the significant
effective mass values in all three directions. If the sum produced a positive number, then the Rayleigh
damping values are considered acceptable.
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The subroutine “Damp,” is written to perform this task. It accepts response spectra difference, the
response spectra frequencies, the effective mass, and the effective mass frequencies as input. The first
“for” loop is written to generate the base 10 logarithm values for the response spectra frequencies. Next,
the “sum” variable is set to zero. Then, a “for” loop is performed that generates the cumulative effective
mass multiplied by response versus effective mass frequency. Similar to the subroutine “P80wt,” a log-
linear interpolation is performed to establish response difference at a given effective mass frequency. The
output for the subroutine is then the cumulative weighted response curve.

Dampwt(ARS, f,mg, fe) == | for ic0.. last(f)
fIogi « |°g(fi)

sum<« 0
for i€0..last(fe)

out 0« fei
sSum <« sum + mei- Ilnterp(fkJg ,ARS, Iog(fei))

outj 1 < sum

out

The cumulative weighted response for each direction is calculated below. The plots showing all three
directions summed for each mesh are shown in Figures A-6.0-15 and A-6.0-16.

ARSyt h1:= DampM(RS_varggm - RS_05g0h1,f, Men1, freq) East-west cumulative
- weighted response.

ARSyt h2 = DamM(RS_Varaohz — RS_05g0h2, f, Meh2, freq) North-southcumulative
el weighted response.

ARSyt v := Dampy(RS_varggy — RS_05g0y, f, Mgy, freq) Vertical cumulative
- weighted response.
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Figure A-6.0-15 — Summed cumulative weighted response for the fine mesh.
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Figure A-6.0-16 — Summed cumulative weighted response for the coarse mesh.

The important feature of Figures A-6.0-15 and A-6.0-16 is that the last point has a value greater than
zero. Because the last point value is greater than zero, the selected Rayleigh damping constants are
acceptable relative to the code-specified 5% modal damping.
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A-7.0 Model Runs and Calculations

Having all of the data needed for the model runs, the model runs proceeded in a series of steps. First,
the fine meshed model was setup and run using realization 14 data. Only one fine mesh model was run
and realization 14 was selected based on scoping calculations that indicated it could be a representative
80" percentile realization. The results showed it conservative and not conservative depending on which
output was considered. Consequently, its output is scaled to address the variability. Second, a base input
file was generated. Third, the Python script “HtExbeam_32inps_Linux.py” (see Section A-8.5) was run to
edit the base input file into the 32 unique input files for the different realizations. Fourth, the Perl script
“run_HtEx_beam10bb.p!” (see Section A-8.6) was used to run all of the input files in ABAQUS. Fifth, the
Python script “HtEx_out.py” (see Section A-8.7.1) along with the ABAQUS/Viewer run file
“HtEx_rpy_out.rpy” (see Section A-8.7.2) were run to generate report files for all of the realizations of the
needed reaction force and nodal force data. Sixth, The Python script “rpt2prn.py” (see Section A-8.8) was
used to edit the report files into print files easily read into Mathcad. Table A-7.0-1 shows the variables input
into Mathcad.

Table A-7.0-1 — Variable definition.

Variable name * Description

RFbby Seismic brace rod translational reaction forces

RFbr, Seismic brace pipe translational reaction forces

RFsb, Steel column translational reaction forces

RFcb, Concrete column translational and rotational reaction forces
RFft, Heat exchanger lug translational and rotational nodal forces

* The subscript “x” in the variables is the realization number (eg. “RFbb;" is for realization 1).

The Mathcad variables have their data all ordered in a similar manner. The 0 column is time, the 1
column is the translational load in the east-west direction for the first node, the 2 column is the translational
load in the east-west direction for the second node... After all of the translational node loads for the east-
west direction are given, the vertical and north-south translational loads are given respectively. If angular
loads are given, they follow in a similar pattern.

To organize the data, the following definitions are made for RFbb(j), RFbr(j), RFsb(j), RFcb(j), and
RFft(j). The variable “j" represents a column number in an input variable that is unique to a load direction
and node. The definitions generate an array with the 0 column being time and the other 32 columns being
load data for a given load direction and node (where the column number equals the realization number).
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RFbb1 () := augment(Rbe1<j> RFbbyY | Rbe3<j> : Rbe4<j) , Rbe5<j> , Rbee,(i) ; Rbe7<j> 'RFbbg )
RFbb2 (j) := augment(Rbeg<j> RFbb1o Y, Rbe11<j> ,RFbb1 2<i> : Rbe13<i> RFbb1a” .Rbe15(j> "RFbbyg )
RFbb3 (j) := augment(Rbe17<i> : Rbe13<j> : Rbe19(j) , Rbezo(p , Rbe21<j> , Rbe23<j> ) Rbe23(i> ] Rbe24<j> )
RFbb4 (j) = augment(R1=b|:>25<j> . Rbegs(P : Rbe27<j> : Rbegg(i> . Rbegg@ ] Rbe3o<j> , Rbe31<j> : Rbesz(i) )

RFbb(j) = augment(Rbe1(0> ,RFbb1 (j), RFbb2 (j) , RFbb3 (j) , RFbb4 ( j))

RFbr1(j) := augment(Ran(j) ,RFbrz(j> ,RFbr3<j> ,RFI:sr.s,<j> ,RFbrs(p ,RFbrs<j> ,RFbr7<j> ,RFbrg(P )

RFbr2(j) == augment(RFbrg(p Rbrio? RFbrig?  RFbro” , RFbria?  RFbrqa? | RFbrqs | RFbr16<j>)
RFbr3(j) := augment(RFbrw(j) ,RFbr13(i> ,RFbr1g<j> ,RFbr;go(j> ,RFbr21<j> ,RFtJrzz(j> ,RFI:;rz;;(j> ,RFbr24(j> )
RFbr4 (j) := augment(RFbr25<j) ,RFbr26<j> ,RFbrg-/(j) ,RFbrz,g(j> ,RFbrzg<j) ,RFbr3g<i> ,RFbr31(j) ,RFI::r;:,z(j> )

(0%

RFbr(j) := augment(RFbr1 ,RFbr1 (j), RFbr2(j) , RFbr3(j) , RFbra j))

RFsb1(j) = augment(RFsb1<j> ,RFsb2<j> ,RFsb3<j> ,RFsb4<]) ,RFSb5<j> ,RFsbs(j) ,RFSb7<j>,RFSb8(j> )

RFsb2(j) = augment(RFsb9<j>,RFsbm(j) ,RFsb11<j> ,RFsb12(p ,RFsb13(j> ,RFsbm<j> ,RFsb15<j> ,RFSb16<j> )
RFsb3(j) = augment(RFsbw(j) ,RFSb18<i> ,RFsb19<j> ,RFst:nzg<j> ,RFsb21(j> ,RFsbgz<i> ,RFshzg<j> ,RFsb;m<i> )
RFsb4(j) := augment(RFsb25(j>,RFsbzs(P,RFsb27<j>,RFsb28<j>,RFsbzg(p,RFsb30<j>,RFsb31(p,RFsb32<j>)

©

RFsb(j) := augment(RFsb1 ,RFsb1(j),RFsb2(j),RFsb3(j), RFsb4( j)]

RFcb1()) = augment(RFcb1<j> ,RFCb;g(j} ,F!Fcb;a,(j> ,RFcb,:;<i> ,RFCb5(j> ,RFcbs(j) ,RFcb'{(j) ,RFcbg(j) )
RFcb2(j) = augment(RFcbg(p.RFcbm(j),RFcb11(j>,RFcb12<j>,RFcb13(j>,RFcb14(j>,RFcb15(i).RFcb15<j>)
RFcb3(j) == augment(RFcbW(i) ‘RFcbya? ,RFcbio | RFcbao ,RFcbot ,RFcbaa | RFcbaa? . RFcbaa? )
RFcb4 (j) = augment(RFcbzf,(j) ‘RFcbog | RFcb27<j) : RFcb23<j> RFcbge | RFcb3g(j) , RFcb31<j> ,RFcb32<j>)

RFcb(j) := augment(Rch<0> ,RFcb1(j),RFcb2(j),RFcb3(j), RFcb4(j))

RFft1(j) == augment(RFft1 RFft2}> RFfte,J> RFft4J> RFﬁ5J) RFfte-,<l> RFft7<J> RFft (P)

RFft2(j) := elugment(RFftgJ> RFﬂ1gJ> RFft11J> RFI‘t12l> RFft13<J> RFﬂ14J> RF\°t15}> RFft15<l))
RFft3(j) = augment(RFﬂ17 RFft13J> RF‘MQl> RFftgop RF1°t21J> RFftng) RFft23J> RFﬂ24(J>)
RFft4(j) := augment(RFﬂ25J).RFftzsp,RFﬂg;f’).RFftza}).RFﬁng,RFﬂ:;oJ),RFﬂM P,RFﬂag(P)

RFft(j) := augment(RFﬂ1<0> ,RFft1(j), RFft2(j) , RFft3(j), RFﬂ4(j))
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A-7.1 Heat Exchanger Seismic Brace Rods 80" Percentile Loads

To evaluate the seismic brace rods, the 80" percentile tensile load must be found. To do this, the
amplitudes of the translational force vectors are found at each of the seismic brace rod restraint locations.
Subroutine “RFbb,m," below is written to find these amplitudes for a given node at all time steps and
realizations. For input, this subroutine accepts a column number for the first column where the given nodal
output exits. It uses this to identify which node is to be evaluated. The first step in the subroutine is then to
define the zero column of the temporary output variable with the time vector. Second, total number of
nodes is identified knowing that only three load directions are put in the data file. Third, the reaction force
arrays are defined for each direction for the given node. (They are arrays because they consist of the
vector results of all 32 realizations.) Finally, the amplitude is found for each time step and realization and
the final array is output.

RFbbamp(nd) = out? « RFbby®

Nond « %-(cols(RFbm) - 1)

RF1 < RFbb(nd)
RF2 « RFbb (nd + nond)
RF3 « RFbb(nd + 2-nopg)

for je1. 32
for i<0.. rows(RF1) -1

.
t. . RF
out, 55) |

’

(RF1i _ Rng i

1 ’

out

The variable “Ndy," below lists the nodes at the seismic brace rod restraint locations in the order that
they are reported (with the zero term being a place holder). For example, defining “nd” as 15 in the
subroutine above produces the amplitude array for node 45912 in the model.
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(0

45695
45697
45699
45701
45766
45768
45770
45772
45837
Ndpp = | 45839
45841
45843
45908
45910
45912
45914
45979
45981
45983
45985

Figure A-7.1-1 shows three of the 32 time history results produced if the definition below is made. The
curves are for the 24", 8", and 22" realizations respectively.

RFbb45912 := RFbbamp(15)





Calculation Sheet
Page A-80 of A-147

Project: ATR Life Time Extension Project ECAR No.: ECAR-398 Rev.: 0
Title: _ATR PCS Heat Exchanger Seismic Analysis — Appendix A
Performer: R. E. Spears Date: 9/30/08 Checker: M. J. Russell Date: 9/30/08
4 Load Amplitude versus Time
510 T T T T
410*
(24
5 RFbbgsg12 %
O] @ 3:10%
2 RFbbssg12
E.
(22)
< RFbbgsgt2 -~ 2-10°
g p——
- |
1-10*
‘!. ?‘hj el l
(o
RFbb45912
Time [sec]

Figure A-7.1-1 — Force amplitude time histories for node 45912.

To establish the 80™ percentile realization for a given node, the subroutine “RFbb,,q” is defined. For
input, this subroutine accepts a column number for the first column where the given nodal output exits. The
first step in the subroutine is then to run the subroutine “FRbb.y,” for the given node number. Second, an
array is generated with the zero column being the maximum load for each realization and the one column
being the realization number. Finally, the array is sorted base on the maximum load and output.

Rbeord( nd) = | RF « Rbeamp(nd)
for je1..32

t:1utj"| ]

outj 0 - max(RFq) )

csort(out,0)

Continuing the node 45912 example, the definition below can be made. Observing the definition below
along with Figure A-7.1-1, realization 22 has the lowest maximum load, realization 8 has the 26" (which is
the 80" percentile) lowest maximum load, and realization 24 has the highest maximum load.
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0 1 0

1] 1.457-104 22 17| 2.066-104 7

2| 151104 3 18| 2.087-104 29

3 | 1.543-104 10 19| 2.157-104 5

4| 1.617-104 19 20| 2.179-104 27

5| 1.66-104 30 21| 2.258-104 14

6 | 1.664-104 21 22| 2.409-104 9

7 | 1.723-104 13 23| 2.584-104 20
RFbborg(15) = 8 | 1.737-104 1 RFbbgrg(15) = (24| 2.587-104 18

9| 175104 12 25| 2.602-104 11

10| 1.792-104 17 26| 2.615-104 8

11| 1.866-104 25 27| 2.644-104 4

12| 1.927-104 32 28| 2.678-104 31

13| 1.953-104 23 29| 3.135-104 2

14| 1.976-104 15 30| 3.329-104 26

15| 2.049-104 16 31| 3.452-104 6

16| 2.06-104 28 32| 4.29-104 24

To find the 80" percentile load for each node and establish the maximum 80" percentile load for all of
the nodes, the subroutine “RFbbpaxso” is defined. The first step in the subroutine is to load the temporary
“out” variable with zeros. Second, a “for” loop runs the subroutine “RFbb,4” for each node. Within the “for”
loop, a comparison of the 80" percentile values performed. For a loop cycle, if the current 80™ percentile
load is greater than the recorded 80" percentile load, the zero column of the “out” variable is loaded with the
80" percentile load value, the one column is loaded with the node data column value, and the two column is
loaded with the realization number for the 80" percentile load.

Rbemaxao =

out

for

out

0,14—0

j&ta %-(cols(RFbm) - 1)

RFord < RFbbord(j)

if outo‘ 0

outo‘oe RF

Out0,1

~ RFordround(32-,8) ,0

ordround (32-.8),0
«]

out

0,2 RFordround(az-.a},1





Calculation Sheet
Page A-82 of A-147

Project: _ATR Life Time Extension Project ECAR No.: ECAR-398 Rev.: 0
Title: _ATR PCS Heat Exchanger Seismic Analysis — Appendix A
Performer: R. E. Spears Date: 9/30/08 Checker: M. J. Russell Date: 9/30/08

Below are the subroutine “RFbbpmaxeo” results. As shown the 80" percentile load is 26,100 Ibf, and it
occurs at node 45912 under the realization 8 loading.

RFbbmaxgo = (26147 15 8) Ndob, = 45912

A-7.2 Heat Exchanger Seismic Brace Pipes 80" Percentile Loads

To evaluate the seismic brace pipes, the 80" percentile compressive load must be found. This
evaluation is performed with the same set of subroutines as used in section A-7.1. However, they are
modified to use the correct data. These subroutines are shown below.

RFbramp(nd) := out® « Rebr

NOnd « %-(cols(RFbrﬂ -1)

RF 1 « RFbr(nd)
RF2 « RFbr(nd + nopg)
RF3 « RFbr(nd +2-nopg)

for je1..32
for i<0.. rows(RFq)—1

out. . «

T
RF RF2. . RF3.
s ( 1i.i 21,1 31,1) |

out

RFbrord( ﬂd) = |RF « RFbramp( nd)
for je1..32

outj,1<—j

outj, 0¢ ma)((RF<j> )

csort(out, 0)
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RFbrmaxao = Outo 1 <0

for jel.. %-(cols(RFbm) -1)

RFord < RFbrord(J)

if outy o< RFord 1432.8).0

Ol.ll’o‘0

00!0’1

«— RF
0rd; 5 und(32-.8),0

ol

out

0,2 < RFord ), 4(32..8).1

out

The variable “Nd,,” below lists the nodes at the seismic brace rod restraint locations in the order that
they are reported (with the zero term being a place holder). For example, defining “nd” as 21 in the

subroutine above produces the amplitude array for node 30434 in the model.

N dbrT _ 0 1 2 3 4 5 6 7 8 9 10
0 0| 30429 | 30441 | 24252 | 24264 | 18075 | 18087 | 8451 | 8518 | 40833 | 40845
NdbrT o 1 12 13 14 15 16 17 18 19 20
0 [ 30439 30443 | 24262 | 24266 | 18085 | 18089 | 8509 | 8522 | 40843 | 40846
N dbrT ol 21 22 23 24 25 26 27 28 29 30
0 | 30434 | 30442 | 8422 | 8516 | 24257 | 24265 | 18080 ( 18088 | 8480 8520

Using subroutine “RFbram,” with “nd” defined as 23 produces the amplitude array for node 8422 in the
model. Figure A-7.2-1 shows three of the 32 time history results produced if the definition below is made.

The curves are for the 11", 15", and 29" realizations respectively.

RFbr 8422 := RFbr amp(21)
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Figure A-7.2-1 — Force amplitude time histories for node 8422.

To establish the 80" percentile realization for a given node, the subroutine “RFbr.4” is used.
Continuing the node 8422 example, the definition below can be made. Observing the definition below along
with Figure A-7.2-1, realization 29 has the lowest maximum load, realization 15 has the 26™ (which is the
80" percentile) lowest maximum load, and realization 11 has the highest maximum load.
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0 1 0 A
1| 4.388:104 29 17| 5.103-104 17
2 | 4.462:104 9 18| 5.156-104 23
3 | 4.496-104 1 19| 5.214-104 25
4 | 4502-104 2 20| 5.242-104 32
5| 4.721-104 30 21| 5.26-104 3
6 | 4.792:104 28 22| 5.34-104 5
7 | 4.857-104 16 23| 5.415-104 31
RFbrorg(21) = 8 | 4.868-104 8 RFbrord(21) = 24| 5.426:104 27
9| 4.872:104 7 25| 5.503-104 13
10| 4.899-104 21 26| 5.531-104 15
11| 4.917-104 12 27| 5.653-104 24
12| 4.923-104 22 28| 5.753-104 26
13| 4.95104 10 29| 5.792-104 6
14| 4.965-104 20 30| 5.841-104 19
15| 5.066-104 14 31| 6.371-104 4
16| 5.066-104 18 32| 6.73:104 "

To find the 80" percentile load for each node and establish the maximum 80" percentile load for all of
the nodes, the subroutine “RFbrmaxso” is defined. Below are the subroutine “RFbryaxso” results. As shown
the 80" percentile load is 55,300 Ibf, and it occurs at node 30434 under the realization 15 loading.

RFbrmaxgo = (55311 21 15) Ndpr,, = 30434

A-7.3 Heat Exchanger Steel Columns 80" Percentile Loads

To evaluate the heat exchanger steel columns, the 80" percentile translational loads in all three
directions at the bases must be found. This evaluation is performed with a similar set of subroutines as
used in section A-7.1. A subroutine for finding amplitude is not needed as the 80™ percentile for each
direction is found. The subroutine “RFsb.” is then modified to start with defining the reaction force array
and also to find the maximum absolute value with consideration of positive and negative amplitudes. The
modification to “RFsbmaxso” is to add an additional loop. This additional loop addresses each direction
separately and puts the results of each direction on a separate row of output. These subroutines are shown
below.





Calculation Sheet
Page A-86 of A-147

Project: _ATR Life Time Extension Project ECAR No.: ECAR-398 Rev.: 0
Title: _ATR PCS Heat Exchanger Seismic Analysis — Appendix A
Performer: R. E. Spears Date: 9/30/08 Checker: M. J. Russell Date: 9/30/08
RFsbgrd(nd) = | RF « RFsb(nd)
for je1..32
outj 1 «j
outi 0¢ max(( max(RF<J>) lmln(RF ’>) )
csort(out, 0)

RFSbmaxao = 0Ut2 1 «~0

NOnd « %-(cols(RFsbﬂ -1)

for ie0..2
for je1..nopd

RFord < RFSbord(j + i‘"Ond)

i OUti,(} . RF°’dround(32-.8),0

OUti ,0 & RFordround(SZ.B) ,0

ouli’1 «— |

OlJti ,2 L RFordround(32-.8), 1

out

The variable “Nds,” below lists the nodes at the seismic brace rod restraint locations in the order that
they are reported (with the zero term being a place holder). For example, defining “nd” as 7 in the
subroutine above produces the amplitude array for node 46720 in the model.

N dst _ 0 1 2 3 4 5 6 7 8 9 10 11 12
0 0| 8448| 18072 | 24249 | 30426 | 40830 | 44021 | 46720 | 46721 | 46722 | 46723 | 46724 | 46725

Definition of the reaction force array in the vertical direction for node 46720 is shown below. This is
done considering that the node output is listed for all of the nodes in a single direction before listing the next
direction and the vertical direction is the second direction output. Consequently, the “nd” must equal 7 plus
the total number of nodes to get the vertical output for node 46720. Figure A-7.3-1 shows three of the 32
time history results produced if the definition below is made. The curves are for the 2™ 23" and 31°
realizations respectively.
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1
NOgp = E-(cols(RFsm) -1) Total number of nodes.
nogp = 12

Load Amplitude [Ibf]

Calculation Sheet
Page A-87 of A-147

RFsbgg720 := RFsb(7 + nogp)

5 Load Amplitude versus Time
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Figure A-7.3-1 — Force time histories for node 46720.

To establish the 80" percentile realization for a given node, the subroutine “RFsbq” is used.
Continuing the vertical direction for node 46720 example, the definition below can be made. Observing the
definition below along with Figure A-7.3-1, realization 31 has the lowest maximum load, realization 23 has
the 26" (which is the 80" percentile) lowest maximum load, and realization 31 has the highest maximum

load.
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0 1 0 1

1| 4.912-104 31 17| 6.208-104 7

2 | 5.074-104 18 18| 6.227-104 11

3| 5.48104 15 19| 6.286:104 22

4 5511-104 14 20| 6.303-104 25

5| 5.571-104 21 21| 6.34-104 30

6 | 5.594-104 1 22| 6.419:104 29

7 | 5.652-104 13 23| 6.42-104 16
RFSbord(7+n°sb) =[8| 5736104 3 RFsbo,-d(?+n03b) = (24| 6.68-104

9 | 5.798:104 19 25| 6.943-104

10| 5.833-104 28 26| 7.124-104 23

11| 5.877-104 12 27| 7.497-104 8

12| 5.945-104 27 28| 7.681-104 4

13| 5.968-104 32 29| 7.952-104 17

14| 6.005-104 20 30| 8.214-104 6

15| 6.07-104 10 31| 9.148:104 24

16| 6.106-104 26 32| 9.289-104 2

To find the 80" percentile load for each node in each direction and establish the maximum 80"
percentile load for all of the nodes, the subroutine “RFsbnaxo” is defined. Below are the subroutine
“RFsbmaxso” results. As shown, the maximum 80" percentile load is 4250 Ibf in the east-west direction and it
occurs at node 18072 under realization 16 loading. The maximum 8o percentile load is 71,200 Ibf in
compression and it occurs at node 46720 under realization 23 loading. The maximum 80" percentile load is
726 Ibf in the north-south direction and it occurs at node 24249 under realization 11 loading.

4249 4 16 Ndsp,, = 18072
RFsbmaxg0 = | 71240 7 23 Ndsp,, = 46720
726 4 11 Ndsp,, = 24249

A-7.4 Heat Exchanger Concrete Columns 80" Percentile Loads

To evaluate the heat exchanger concrete columns, the 80" percentile translational and rotational loads
in all three directions at the bases and tops must be found. The vertical direction is divided further to
establish the 80" percentile compressive and tensile loads. This evaluation is performed similar to the
Section A-7.3 evaluation. However, the additional details require additional changes to the approach. One
significant difference is that the loads at the top of the heat exchanger concrete columns are output as
element nodal forces instead of reaction forces. This produces additional unneeded nodal data. Below are
the nodes corresponding to the heat exchanger elements that connect to the concrete columns (and the
steel columns and the wall attachment locations).
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N dﬂT = 0 1 2 3 4 5 6 7 8 9 10
0 0| 37880 | 40826 | 40627 | 40831 | 40693 | 40836 | 40759 | 44022 | 8221 | 8449
NdftT » 1 12 13 14 15 16 17 18 19 20

0 46| 8420| 8353| 8507 | 8287 | 8478 | 17869 | 18073 | 15122 | 18068

N dﬂ;T 21 22 23 24 25 26 27 28 29 30
0 | 18001 | 18083 | 17935 | 18078 | 24046 | 24250 | 21299 | 24245 | 24178 | 24260

N dﬁT 31 32 33 34 35 36 37 38 39 40
0 | 24112 24255 | 30223 | 30427 | 27476 | 30422 | 30355 | 30437 | 30289 | 30432

The nodes for the heat exchanger concrete column bases are shown below.

N dch » 0 1 2 3 4 b 6 7 8 9 10 1 12
0] 0| 8419 8477 | 8506 | 18067 | 18077 | 18082 | 24244 | 24254 | 24259 | 30421 | 30431 | 30436

Definition of the reaction force array in the vertical direction for node 8419 is shown below. This is done
considering that the node output is listed for all of the nodes in a single direction before listing the next
direction and the vertical direction is the second direction output. Consequently, the “nd” must equal 1 plus
the total number of column bottom nodes to get the vertical output for node 8419. (The definition of the total
number of column top nodes is also shown below.) Figure A-7.4-1 shows five of the 32 time history resuits
produced if the definition below is made. The curves are for the 4™, 24", 11", 17", and 13" realizations
respectively.

Nogp := %-(cols(RFcbﬂ -1) Total number of botton nodes.
nocp = 12

noft := % (cols(RFft1) — 1) Total number of top nodes.
nog = 40

RFcbgg19 := RFcb(1 + nocp)
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Figure A-7.4-1 — Force time histories for node 8419.

Due to the need for compressive and tensile 80" percentile loads, the ordering subroutine is defined
two different ways as “RFcq” (for envelope of all loads) and “RFcqq,” (for the tensile loads). The subroutine
“RFcCoq” is defined similar to the subroutine in Section A-7.3. The subroutine “RFcqq,” finds only minimums
(which are appropriate for tensile loads) and then reverses the sort at the end to put the amplitude value at
the highest ordered value. If a column only has compressive loads, then the zero placeholder is recorded
as the minimum. This ensures that compressive load values are not mixed with tensile load values.
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RFcord(RF) == | for je1..32
c:utj r «]
oulj 0 — max(( max(RF<'>) |min(RF<J>)| ))
csort(out,0)
RFcorgRF) = | for je1..32
out, , «j

j,1

c:ut].,0 - min(RF(j))

reverse (csort(out, 0))

Example output for each subroutine. The first is for the compressive load in node 8419 and the second
is for the tensile load in the same node. Observing the definition below along with Figure A-7.4-1,
realization 13 has the lowest maximum load relative to compression, realization 17 has the lowest maximum
load relative to tension, realization 11 has the 26™ (which is the 80" percentile) lowest maximum load in
compression and in tension, realization 24 has the highest maximum load in compression, and realization 4
has the highest maximum load for both tension.
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0 1 0 1
1| 62592 13 17| 73145 3
2 | 62735 9 18| 73583 5
363718 29 19| 74469 8
4 | 66326 28 20| 75443 23
5 | 66824 12 21| 77892 7
6 | 67053 32 22| 78141 2
7 | 67476 16 23| 78564 18
RFcord(RFeb(1 + nocp)) = [8 [ 68615 21| RFCcord(RFeb(1 + nocp)) = [24] 80411| 20
9 | 69392 15 25| 83777 14
10| 69472 19 26| 86260 1
11| 69527 1 27| 89653 31
12| 70079 30 28| 95982 26
13| 70831 25 29 (106921 17
14| 71824 27 30143440 6
15| 71891 10 31144989 4
16| 73072 22 32(175482 24
0 1 0 1
1 0 17 17| -3955 3
2 0 22 18| -5471 7
3 0 30 19| -6146 21
4 0 29 20| -7537 10
5 0 2 21| -7837 28
6 0 5 22| -8893 15
7 0 23 23113390 9
RFcorgWRFeb(1 + nocp)) =8 o[ 12| RFcoraRFeb(1 +nogp)) = [24[19508[ 20
9 0 25 25120734 18
10 0 13 26121066 11
1 0 14 27 124535 8
12| -341 32 28129449 26
13| -703 27 29130061 6
14| -1908 19 30439137 31
15| -3392 16 31146103 24
16| -3776 1 32152926 4

A further node variable is defined below to identify only the nodes of concern for the bottom and top of

each heat exchanger concrete column.
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Bottom Top
8419 8420 Heat Exchanger 670-M-2 east
8506 8507 Heat Exchanger 670-M-2 south
8477 8478 Heat Exchanger 670-M-2 west
18067 18068 Heat Exchanger 670-M-3 east
18082 18083 Heat Exchanger 670-M-3 south
Ndgon = 18077 18078 Heat Exchanger 670-M-3 west
24244 24245 Heat Exchanger 670-M-4 east
24259 24260 Heat Exchanger 670-M-4 south
24254 24255 Heat Exchanger 670-M-4 west
30421 30422 Heat Exchanger 670-M-5 east
30436 30437 Heat Exchanger 670-M-5 south
30431 30432 ) Heat Exchanger 670-M-5 west

At this point, subroutine “RF¢ons0” can be defined to output 80" percentile data for each heat exchanger
concrete column. Subroutine “RFcongo” has an input of a row number for the variable “Ndc.,". The first step
in this subroutine is to use the two node numbers in the defined row of the variable “Ndc.," to find the
matching rows from the variables “Ndc,” and “Ndg” (which in turn correlates with the reaction force array
columns). The second step is to loop through each of the six degrees of freedom for the top and bottom
heat exchanger column nodes. For each degree of freedom, the subroutine “RFc,4” is used on the top and
bottom nodes. The bottom node 80" percentile load value is defined to the zero column of the “out”
variable. The bottom node 80" percentile realization value is defined to the one column of the “out”
variable. The top node 80" percentile load value is defined to the two column of the “out” variable. The top
node 80" percentile realization value is defined to the three column of the “out” variable. The third step is to
repeat the vertical degree of freedom evaluation using the subroutine “RFcq" (for tensile loads). The load
amplitudes are the values stored to the “out” variable. Finally, the “out” variable is output.
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RFcongo()) =

Pb < matCh(Ndconi’ o’ Ndcb)o

pt <~ mateh(Ndgon, . Nof)o

for ie0..5

RFp, <« RFcord(RFcb(pp + i-noch))
RFt < RFcorg(RFft(pt + i-nog))

out. .« RFp

i,0 round(32-.8),0

c::uti 1€ RFp

out; 5« RFt und(32-.8),0

round(32-.8),1

out. , « RF
i,3 tound(32-.8), 1

RFp « RFCordv(RFCb(pb it n0cb))
RF¢ < RFCorg~RFft(pt + nog))

outg o ¢ |RF|;.

6 round(32-.8), 0‘

out, , « RFp

6,1 round(32-.8),1

outg 5 ¢ IRFtround(SZ-.a),Ol

ut
outg 3« RFt nd(32.8), 1

out

Below are the subroutine “RFcongo” results.
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Bottom Top Concrete column 80th percentile loads
load real. load real. for the east column of 670-M-2.
11087 27 50276 31)  East-westshear.
86260 11 83167 11 Vertical compression.
6684 9 6197 10 North-south shear.
RFcongo(0) =| 480361 9 34787 15 East-west moment.
39951 20 39923 20 Vertical torsion.
513222 27 386918 31 North-south moment.
\ 21066 11 23891 11 Vertical tension.
Bottom Top Concrete column 80th percentile loads
load real. load real. for the south column of 670-M-2.
10742 13 10213 13  East-west shear.
86165 2 83316 2 Vertical compression.
4308 1 29296 21 North-south shear.
RFcongo(1) =| 203017 9 345765 25 East-west moment.
41633 4 41569 4 Vertical torsion.
773684 13 57761 13 North-south moment.
\ 15028 9 17854 9 Vertical tension.
Bottom Top Concrete column 80th percentile loads
load real. load real for the west column of 670-M-2.
(13455 24 29205 26\ East-westshear.
93865 20 90820 20 Vertical compression.
6096 25 5477 14 North-south shear.
RFcong0(2) =| 430438 22 30932 14 East-west moment.
40987 26 40956 26 Vertical torsion.
572318 27 520181 6 North-south moment.
\ 20958 11 23579 11 Vertical tension.
Bottom Top Concrete column 80th percentile loads
load real. load real. for the east column of 670-M-3.
11377 24 39845 23  East-westshear.
88824 11 85765 11 Vertical compression.
6310 12 6206 28 North-south shear.
RFcongo(3) =| 461676 28 35119 28 East-west moment.
51824 25 51791 25 Vertical torsion.
509260 24 496124 23 North-south moment.
20364 26 23334 26 ) \Vertical tension.
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Bottom Top Concrete column 80th percentile loads
load real. load real for the south column of 670-M-3.
( 7623 26 7570 24\ East-westshear.
85345 2 81855 2 Vertical compression.

4769 1 32663 12 North-south shear.
RFcongo(4) =| 239886 9 381844 11 East-west moment.
55905 24 55844 24 Vertical torsion.
559480 19 42226 24 North-south moment.
\ 18912 11 21945 11 ) Vertical tension.

Bottom Top Concrete column 80th percentile loads
load real. load real. for the west column of 670-M-3.

(11265 5 30074 15 East-west shear.
94452 26 91266 26 Vertical compression.

8526 5 7915 5 North-south shear.
RFcongo(5) =| 610823 5 44275 5 East-west moment.
47779 13 47786 13 Vertical torsion.
502143 5 546190 6 North-south moment.

\ 22952 31 25980 31 ) Vertical tension.

Bottom Top Concrete column 80th percentile loads
load real. load real for the east column of 670-M-4.
(10472 23 28951 2 ) East-westshear.
95440 11 92126 11 Vertical compression.
6210 9 5755 9 North-south shear.
RFcongo(6) =| 445286 9 32091 15 East-west moment.
35870 22 35892 22 Vertical torsion.

451373 19 507145 31 North-south moment.
22199 9 25071 9 Vertical tension.
Bottom Top Concrete column 80th percentile loads
load real. load real for the south column of 670-M-4.
[ 8630 26 8191 19 East-west shear.
80683 4 77693 4 Vertical compression.

4898 14 34003 14 North-south shear.
RFcongo(7) = | 240431 22 399263 26 East-west moment.
46423 14 46354 14 Vertical torsion.
624449 19 46292 19 North-south moment.
\ 19512 9 22308 9 Vertical tension.
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Bottom Top Concrete column 80th percentile loads
load real. load real for the west column of 670-M-4.

/ 10108 31 39546 25\ East-west shear.
97105 26 94221 26 Vertical compression.
5905 22 5683 7 North-south shear.
RFcongo(8) =| 427033 26 31172 2 East-west moment.
37775 25 37743 25 Vertical torsion.
454311 31 525708 5 North-south moment.
25926 11 28547 11 )  Vertical tension.

Bottom Top Concrete column 80th percentile loads
load real. load real for the east column of 670-M-5.

(12384 23 26578 27 ) East-west shear.
85844 11 82955 11 Vertical compression.
7568 26 7483 11 North-south shear.
RFcongo(9) =| 561621 26 42243 11 East-west moment.
75152 27 75141 27 Vertical torsion.
525557 31 532877 23 North-south moment.
\ 23465 6 26500 6 ) Vertical tension.

Bottom Top Concrete column 80th percentile loads
load real. load real. for the south column of 670-M-5.

(9270 24 8848 11\ East-westshear.
85044 7 81950 7 Vertical compression.
5325 25 35221 2 North-south shear.
RFcongo(10) = | 264027 25 402125 15 East-west moment.
69762 30 69672 30 Vertical torsion.
672023 24 50247 8 North-south moment.
\ 22577 19 25662 19 Vertical tension.

Bottom Top Concrete column 80th percentile loads
load real. load real for the west column of 670-M-5.

(9984 31 55640 15 East-westshear.
102012 20 99061 20 Vertical compression.
11697 28 11169 11 North-south shear.

RFcongo(11) = | 848209 10 63981 11 East-west moment.
590587 2 59506 2 Vertical torsion.

467943 31 456653 15 North-south moment.

\ 27463 11 30324 11 Vertical tension.
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To summarize output data, one further subroutine can be written which envelopes south-side columns
and east- and west-side columns. The following definitions are first made to separate the south-side
columns from the east- and west-side columns.

(0 )
2
3
Row numbers 5 Row numbers for
js = for south side jew = east and west
7 columns 6 side columns
10 8
9
1

The subroutine “RFconsoeny’ accepts one of the above two variables as input. The first step is then to
loop through the nodes identified by the given variable above. If a load value in an iteration of the loop
represent a maximum, then it is defined as the enveloping value. The definition of the maximum 8o"
percentile data is similar to that of subroutine “RFcons0” €xcept the node number producing the maximum
data is added to the output.

RF congoenvli cb) = outy 5«0

for je0..last(j cp)
for ie0..6

RF < RF conBO(j cbj]

< RFi,

if outi 0 0

outi’oeRFi’O

cuuti 1 « Nd con; g

Outi,zf—— RFi,1

if outi’3< RFi,2
outi’3<—RFi,2

outi‘4 <« Nd conj 1

outi'seRFi,s

?

out

Below are the subroutine “RF¢ongoeny’ results.
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Concrete column 80th
Bottom Top percentile south column
load node real. load node real. enveloping loads .

10742 8419 13 10213 8420 13\ East-westshear.
86165 8419 2 83316 8420 2 Vertical compression.
5325 18067 25 35221 18068 2 North-south shear.
RFcon80enis) = | 264027 18067 25 402125 18068 15 | East-west moment.
69762 18067 30 69672 18068 30 | Vertical torsion.
773684 8419 13 57761 8420 13 North-south moment.
\ 22577 18067 19 25662 18068 19 ) Vertical tension.

Concrete column 80th
Bottom Top percentile east-west
load node real. load node real.  columns enveloping loads .

13455 8506 24 55640 24260 15 East-west shear.
102012 24259 20 99061 24260 20 Vertical compression.
11697 24259 28 11169 24260 11 | North-south shear.
RFcongoenjew) = | 848209 24259 10 63981 24260 11 | East-west moment.
75152 24244 27 75141 24245 27 | Vertical torsion.
572318 8506 27 546190 18068 6 North-south moment.
27463 24259 11 30324 24260 11 ) Vertical tension.

A-7.5 Heat Exchanger Lug Realization 14 Shell Stresses

The shell model (Figure A-5.1-1) was run for only realization 14. This serves as an example of the
stresses that could occur in the nozzles and lugs. This model included plasticity in the material properties.
However, no plasticity occurred during the model run. The Tresca stress for the lugs and primary piping
nozzles portion of the heat exchangers is shown in Figures A-7.5-1 — A-7.5-2.
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8, Tresca

Multiple section points,
(Avg: 0%)
+4.221e+04
+3.870e+0
+3.520e+0
+3.16%e+04
+2.818e+04
+2.468e+04
+2.117e+04
+1.766e+04
+1.416e+04
+1.085e+04
+7.142e+03
+J.635e+03
+1.285e+02

Y

L.

Step: Session Step, Step for Viewer non-persistent fields
The maximum value over all selected frames

Primary var: 8, Tresca

Deformed Var: not set Deformation Scale Factor: not set

SDAC I-DEAS ABAQUS FILE TRANSLATOR 24-Sep-08 19:26:13
ODB: HtExall11A14HTOLbb.odo  Abaqus/Standard Version 6.75 Wed Sep 24

Figure A-7.5-1 — Surface Tresca stresses.
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S, Tresca
Multiple section points
(Avg: 0%)

+2.855e

+2.596e

+2.336e+04
+2.077e+04
+1.817e+04
+1.558e+04
+1.289e4+04
+1.038e+04
+7.800e+03
+5.208e+03
+2.812e+03
+1.849e+01

Y

I

Step: Session Step, Step for Viewer non-persistent fields

The maximum value over all selected frames

Primary Var: 8, Tresca

Deformed Var: not set Deformation Scale Factor: not set

SDRAC I-DEAS ABAQUS FILE TRANSLATOR 24-Sep08 19:26:13
ODB: HtExall11R14HTOLbb.odb  Abaqus/Standard Version 8.75 Wed Sep 24

Figure A-7.5-2 — Midplane Tresca stress.
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A-8.0 Abbreviated Input Files and Script Files Data

M. J. Russell

Date: 9/30/08

The input files below have element and node data removed to reduce the data to an amount
reasonable for printing. Using this and the mesh descriptions in Section A-5.0, generation of a similar

complete input file should be possible.

A-8.1 Natural Frequencies for the Fine Meshed Model

Below is a reduced version of the base model input file “HtExall11FRbb.inp.” This contains header

information, materials, and step information.

**% J——

**%

**% NX I-deas 5.0 ABAQUS STANDARD TRANSLATOR

**% FOR ABAQUS VERSION 6.x

**%

**% MODEL FILE: C:\er2\work\Stuart_misc\Heat_Exchangers_Seismic\Heat_Exchanger_NX5.mf1
“*% INPUT FILE: C:\er2\work\Stuart_misc\Heat_Exchangers_Seismic\input\HtExall10R14HTOLbb.inp
“*% EXPORTED: AT 19:26:13 ON 24-Sep-08

*“*% PART: heat exchanger fe 1

**% FEM: all (w/pressure)

**%

**% UNITS: IN-Inch (pound f)

**% ... LENGTH : inch

**% .. TIME :sec

*% ... MASS : Ibf-sec**2/in

**% ... FORCE : pound (ibf)

*% ... TEMPERATURE : deg Fahrenheit

**%

**% COORDINATE SYSTEM: PART
**%

*“*% SUBSET EXPORT: OFF

**%

**%  NODE ZERO TOLERANCE: OFF

**%

**%

*x0/

**0zp
*HEADING
*x0/
*“*% MODAL DATA

KROQf e ————
*MATERIAL,NAME=A212

*ELASTIC, TYPE=ISOTROPIC

2.80000E+07, 2.70000E-01

*DENSITY

7.31737E-04,

*PLASTIC

38051.6, 0.0

*DAMPING, ALPHA=0.5613, BETA=1.436E-03
*MATERIAL,NAME=CONCRETE_CRACKED

*ELASTIC, TYPE=ISOTROPIC

1.66000E+06, 1.70000E-01
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*DENSITY

2.24800E-04,

*DAMPING, ALPHA=0.5613, BETA=1.436E-03
*MATERIAL,NAME=A7BOLT

*ELASTIC, TYPE=ISOTROPIC

3.00000E+07, 2.70000E-01

*DENSITY

7.31737E-04,

*PLASTIC

33036.3, 0.0

*DAMPING, ALPHA=0.5613, BETA=1.436E-03
*MATERIAL NAME=A53_36

*ELASTIC, TYPE=ISOTROPIC

3.00000E+07, 2.90000E-01

*DENSITY

2.90300E-03,

*PLASTIC

36043.2,00

*DAMPING, ALPHA=0.5613, BETA=1.436E-03
*MATERIAL NAME=A53_20

*ELASTIC, TYPE=ISOTROPIC

3.00000E+07, 2.90000E-01

*DENSITY

1.90700E-03,

*DAMPING, ALPHA=0.5613, BETA=1.436E-03
*MATERIAL NAME=SST304_RED20X05
*ELASTIC, TYPE=ISOTROPIC

2.80000E+07, 3.00000E-01

*DENSITY

1.59000E-03,

*DAMPING, ALPHA=0.5613, BETA=1.436E-03
*MATERIAL,NAME=SST304_B30X0438_R
*ELASTIC, TYPE=ISOTROPIC

2.80000E+07, 3.00000E-01

*DENSITY

2.25500E-03,

*DAMPING, ALPHA=0.5613, BETA=1.436E-03
*MATERIAL,NAME=SST304_B24X0312_BR
*ELASTIC, TYPE=ISOTROPIC

2.80000E+07, 3.00000E-01

*DENSITY

2.15000E-03,

*DAMPING, ALPHA=0.5613, BETA=1.436E-03
*EXPANSION, TYPE=ISO

1.00000E-35,

*CONDUCTIVITY, TYPE=ISO

5.62022E+00,
*MATERIAL,NAME=SST304_B20X0312_R
*ELASTIC, TYPE=ISOTROPIC

2.80000E+07, 3.00000E-01

*DENSITY

2.15200E-03,

*DAMPING, ALPHA=0.5613, BETA=1.436E-03
*MATERIAL NAME=SST304_V24

*ELASTIC, TYPE=ISOTROPIC

2.80000E+07, 3.00000E-01

*DENSITY

2.24600E-05,

*DAMPING, ALPHA=0.5613, BETA=1.436E-03
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*MATERIAL,NAME=SST304_18X0312
*ELASTIC, TYPE=ISOTROPIC

2.80000E+07, 3.00000E-01

*DENSITY

2.00200E-03,

*DAMPING, ALPHA=0.5613, BETA=1.436E-03
*MATERIAL NAME=SST304_24X0375_1
*ELASTIC, TYPE=ISOTROPIC

2.80000E+07, 3.00000E-01

*DENSITY

2.15000E-03,

*DAMPING, ALPHA=0.5613, BETA=1.436E-03
*MATERIAL NAME=SST304_20X0312_1
*ELASTIC, TYPE=ISOTROPIC

2.80000E+07, 3.00000E-01

*DENSITY

2.15200E-03,

*DAMPING, ALPHA=0.5613, BETA=1.436E-03
*MATERIAL NAME=SST304_30X0438
*ELASTIC, TYPE=ISOTROPIC

2.80000E+07, 3.00000E-01

*DENSITY

2.25000E-03,

*DAMPING, ALPHA=0.5613, BETA=1.436E-03
*MATERIAL NAME=SST304_RED24X0375
*ELASTIC, TYPE=ISOTROPIC

2.80000E+07, 3.00C00E-01

*DENSITY

2.15000E-03,

*DAMPING, ALPHA=0.5613, BETA=1.436E-03
*MATERIAL,NAME=SST304_RED18X0312
*ELASTIC, TYPE=ISOTROPIC

2.80000E+07, 3.00000E-01

*DENSITY

2.00200E-03,

*DAMPING, ALPHA=0.5613, BETA=1.436E-03
*MATERIAL,NAME=SST304_RED30X05_1
*ELASTIC, TYPE=ISOTROPIC

2.80000E+07, 3.00000E-01

*DENSITY

2.00200E-03,

*DAMPING, ALPHA=0.5613, BETA=1.436E-03
*MATERIAL NAME=SST304_24X0375
*ELASTIC, TYPE=ISOTROPIC

2.77000E+07, 3.00000E-01

*DENSITY

2.15200E-03,

*DAMPING, ALPHA=0.5613, BETA=1.436E-03
*MATERIAL NAME=SST304_RED24X05
*ELASTIC, TYPE=ISOTROPIC

2.77000E+07, 3.00000E-01

*DENSITY

2.15200E-03,

*DAMPING, ALPHA=0.5613, BETA=1.436E-03
*MATERIAL,NAME=SST304_RED36X05
*ELASTIC, TYPE=ISOTROPIC

2.77000E+07, 3.00000E-01

*DENSITY

2.33900E-03,
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*DAMPING, ALPHA=0.5613, BETA=1.436E-03
*MATERIAL NAME=SST304_T3775X1375
*ELASTIC, TYPE=ISOTROPIC

2.77000E+07, 3.00000E-01

*DENSITY

1.29800E-03,

*DAMPING, ALPHA=0.5613, BETA=1.436E-03
*MATERIAL,NAME=SST304_36X05
*ELASTIC, TYPE=ISOTROPIC

2.77000E+07, 3.00000E-01

*DENSITY

2.33900E-03,

*DAMPING, ALPHA=0.5613, BETA=1.436E-03
*MATERIAL,NAME=SST304_RED30X05
*ELASTIC, TYPE=ISOTROPIC

2.77000E+07, 3.00000E-01

*DENSITY

2.05800E-03,

*DAMPING, ALPHA=0.5613, BETA=1.436E-03
*MATERIAL NAME=SST304_30X04375
*ELASTIC, TYPE=ISOTROPIC

2.77000E+07, 3.00000E-01

*DENSITY

2.25900E-03,

*DAMPING, ALPHA=0.5613, BETA=1.436E-03
*MATERIAL NAME=SST304_20X0312
*ELASTIC, TYPE=ISOTROPIC

2.77000E+07, 3.00000E-01

*DENSITY

2.15400E-03,

*DAMPING, ALPHA=0.5613, BETA=1.436E-03
*MATERIAL,NAME=SST304_B30X04375_R
*ELASTIC, TYPE=ISOTROPIC

2.77000E+07, 3.00000E-01

*DENSITY

2.25900E-03,

*DAMPING, ALPHA=0.5613, BETA=1.436E-03
*EXPANSION, TYPE=ISO

1.00000E-35,
*MATERIAL,NAME=SST304_B20X0312_BR
*ELASTIC, TYPE=ISOTROPIC

2.77000E+07, 3.00000E-01

*DENSITY

2.15400E-03,

*DAMPING, ALPHA=0.5613, BETA=1.436E-03
*MATERIAL NAME=SST304_B36X05_R
*ELASTIC, TYPE=ISOTROPIC

2.77000E+07, 3.00000E-01

*DENSITY

2.33900E-03,

*DAMPING, ALPHA=0.5613, BETA=1.436E-03
*MATERIAL,NAME=A36

*ELASTIC, TYPE=ISOTROPIC

3.00000E+07, 2.70000E-01
*DENSITY

7.31737E-04,

*PLASTIC

36043.2, 0.0

*DAMPING, ALPHA=0.5613, BETA=1.436E-03
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*MATERIAL,NAME=A7_STEEL2
*ELASTIC, TYPE=ISOTROPIC
3.00000E+07, 2.90000E-01
*DENSITY

7.31737E-04,

*DAMPING, ALPHA=0.5613, BETA=1.436E-03

*MATERIAL,NAME=A7_STEEL
*ELASTIC, TYPE=ISOTROPIC
3.00000E+07, 2.90000E-01
*DENSITY

7.31737E-04,

*DAMPING, ALPHA=0.5613, BETA=1.436E-03

*MATERIAL NAME=A212_DENSE
*ELASTIC, TYPE=ISOTROPIC
2.80000E+07, 2.70000E-01
*DENSITY
3.81600E-03,
*PLASTIC
38051.6,0.0

*DAMPING, ALPHA=0.5613, BETA=1.436E-03

*SHELL SECTION,
ELSET=SHELL7_0,
SECTION INTEGRATION=SIMPSON ,
MATERIAL=A212
7.00000E+00,
*SHELL SECTION,
ELSET=SHELLO_625,
SECTION INTEGRATION=SIMPSON ,
MATERIAL=A212_DENSE
6.25000E-01,
*SHELL SECTION,
ELSET=SHELL1_5,
SECTION INTEGRATION=SIMPSON ,
MATERIAL=A212_DENSE
1.50000E+00,
*SHELL SECTION,
ELSET=SHELLO_375,
SECTION INTEGRATION=SIMPSON ,
MATERIAL=A212
3.75000E-01,
*SHELL SECTION,
ELSET=SHELL1_6875,
SECTION INTEGRATION=SIMPSON ,
MATERIAL=A212
1.68750E+00,
*SHELL SECTION,
ELSET=SHELL2_0,
SECTION INTEGRATION=SIMPSON ,
MATERIAL=A212
2.00000E+00,
*SHELL SECTION,
ELSET=SHELIL2_5,
SECTION INTEGRATION=SIMPSON ,
MATERIAL=A212
2.50000E+00,
*SHELL SECTION,
ELSET=SHELL2_375,
SECTION INTEGRATION=SIMPSON ,
MATERIAL=A212
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2.37500E+00,

*SHELL SECTION,

ELSET=SHELLO_5,
SECTION INTEGRATION=SIMPSON ,
MATERIAL=A212

5.00000E-01,
*SPRING, ELSET=CONTACT_SPRING,NONLINEAR

-1.0000E+6, -0.10
0.0000E+0Q, 0.0000E+0
*SPRING, ELSET=ST_BEAM_SPRING,NONLINEAR

-1.0000E+6, -7.837E-3
0.0000E+0, 0.0000E+0
*SPRING, ELSET=BRACE_SPRING_N,NONLINEAR

-1.0000E+86, -0.3923
0.0000E+0, 0.0000E+0
*SPRING, ELSET=BRACE_SPRING_S,NONLINEAR

-1.0000E+6, -0.5499
0.0000E+0, 0.0000E+0
*SPRING, ELSET=BRACE_SPRING_W,NONLINEAR

-1.0000E+6, -0.1606
0.C000E+0, 0.0000E+0
*SPRING, ELSET=BRACE_SPRING_E,NONLINEAR

-1.0000E+6, -0.1236
0.0000E+0, 0.0000E+0
*SPRING, ELSET=BRACE_SPRING_M,NONLINEAR

-1.0000E+6, -0.3213
0.0000E+0, 0.0000E+0
*SPRING, ELSET=TUNNEL_RES_SPRING NEWID80, NONLINEAR

-1.0000E+6, -0.2686968

0.0000E+0, 0.0000E+0

1.0000E+6, 0.6717423519
*SPRING, ELSET=PS-7 NEWID81

1.0000E+01,
*SPRING, ELSET=RH22X_SPRING NEWID82, NONLINEAR

0.0000E+0, 0.0000E+0
1.0000E+6, 7.399
*SPRING, ELSET=PR6_SPRING NEWID79 NEWID85

1E+01,

*MASS, ELSET=LMASS20VAL_FLG, ALPHA=0.5613
1.06590E+01,

*MASS, ELSET=LMASS24LAP NEWID77 NEWID83, ALPHA=0.5613
1.23800E+00,

*MASS, ELSET=LMASS24GT BIN1 NEWID78 NEWID84, ALPHA=0.5613
1.73920E+01,

**%

*Surface, type=NODE, name=CP1IN

CP1IN, 1.0

*COUPLING, CONSTRAINT NAME=COUPLINGO, REF NODE=45011, SURFACE=CP1IN
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*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CP10UT

CP10UT, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING1, REF NODE=45012, SURFACE=CP10UT
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CS1IN

CS1IN, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING2, REF NODE=45013, SURFACE=CS1IN
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CS10UT

CS10UT, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING3, REF NODE=45014, SURFACE=CS10UT
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CP2IN

CP2IN, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING4, REF NODE=45021, SURFACE=CP2IN
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CP20UT

CP20UT, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING5, REF NODE=45022, SURFACE=CP20UT
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CS2IN

CS2IN, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING6, REF NODE=45023, SURFACE=CS2IN
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CS20UT

CS20UT, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING7, REF NODE=45024, SURFACE=CS20UT
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CP3IN

CP3IN, 1.0

*COUPLING, CONSTRAINT NAME=COUPLINGS8, REF NODE=45031, SURFACE=CP3IN
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CP30UT

CP30UT, 1.0

*COUPLING, CONSTRAINT NAME=COUPLINGS, REF NODE=45032, SURFACE=CP30UT
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CS3IN

CS3IN, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING10, REF NODE=45033, SURFACE=CS3IN
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CS30UT

CS30UT, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING11, REF NODE=45034, SURFACE=CS30UT
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CP4IN

CP4IN, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING12, REF NODE=45041, SURFACE=CP4IN
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CP40UT

CP40UT, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING13, REF NODE=45042, SURFACE=CP40UT
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CS4IN

CS4IN, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING14, REF NODE=45043, SURFACE=CS4IN
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CS40UT

CS40uUT, 1.0





Calculation Sheet
Page A-109 of A-147

Project: ATR Life Time Extension Project ECAR No.: ECAR-398 Rev.: 0
Title: _ATR PCS Heat Exchanger Seismic Analysis — Appendix A
Performer: R. E. Spears Date: 9/30/08 Checker: M. J. Russell Date: 9/30/08

*COUPLING, CONSTRAINT NAME=COUPLING15, REF NODE=45044, SURFACE=CS40UT
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CP5IN

CP5IN, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING16, REF NODE=45051, SURFACE=CP5IN
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CP50UT

CP50UT, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING17, REF NODE=45052, SURFACE=CP50UT
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CS5IN

CS5IN, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING18, REF NODE=45053, SURFACE=CS5IN
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CS50UT

CS50UT, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING19, REF NODE=45054, SURFACE=CS50UT
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

**%

*STEP,INC=1000000,NLGEOM
*STATIC, STABILIZE, FACTOR=0.01
0.005,1.0,1.0E-08,1.0
**% BOUNDARY CONDITION SET 1
**% RESTRAINT SET 1
*BOUNDARY,OP=NEW
BS000002, 4,6, 0.00000E+00
ND411%h, 1, , 0.00000E+00
ND4119v, 2, ,  0.00000E+00
ND4119h, 3, , 0.00000E+00
ND552, 1,3, 0.00000E+00
ND815, 1,3, 0.00000E+00
ND1340, 1,3, 0.00000E+00
ND542, 1,3, 0.00000E+00
**% LOAD SET 1
*CLOAD,OP=NEW
50200, 2, 3.1000E+03
50196, 2, 4.5000E+03
44441, 2, 4.8000E+03
44474, 2, 4.8000E+03
44480, 2, 4.8000E+03
50195, 2, 5.6000E+03
44486, 2,5.8000E+03
50192, 2, 6.5000E+03
BS000003, 2, 6.8000E+03
50415, 2, 7.2000E+03
50414, 2, 7.8000E+03
50416, 2, 7.8000E+03
50417, 2, 7.8000E+03
50398, 2, 8.1000E+03
50409, 2, 8.4000E+03
50395, 2, 8.7000E+03
50400, 2, 8.9000E+03
50403, 2, 9.0000E+03
50187, 2, 9.2000E+03
BS000004, 2, 9.6000E+03
50190, 2, 1.0100E+04
50191, 2, 1.7100E+04
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*DLOAD,OP=NEW

BS000005, P,-1.2500E+02
BS000006, P,-2.7200E+02
BS000007, P, 1.4700E+02

ALLBB, GRAYV, 386.09, 0.0,-1.0, 0.0
*OUTPUT, FIELD ,FREQUENCY=100
*NODE OUTPUT

UV.ARF

*ELEMENT OUTPUT, DIRECTIONS=YES
1,3,5

NFORC,S,PEEQ

*MONITOR, NODE=10875, DOF=1
*END STEP

**%

*STEP,INC=10
*FREQUENCY, EIGENSOLVER=LANCZOS, NORMALIZATION=DISPLACEMENT
.50.,
*OUTPUT, FIELD
*NODE OUTPUT
u
**ELEMENT OUTPUT
**E,S,SF
***NODE PRINT, MODE=1
*x U
“* RF
“END STEP

A-8.2 Natural Frequencies for the Coarse Meshed Model

Below is a reduced version of the base model input file “HtExbeam11FRbb.inp.” This contains header

information and step information.

**% o o o T o o T I e o o o e e e i e e e e e e v e e e e o e e e e o e S e . e e o o et e
**%

**% NX |-deas 5.0 ABAQUS STANDARD TRANSLATOR

“*% FOR ABAQUS VERSION 6.x

**%

*“*% MODEL FILE: C:\er2\work\Stuart_misc\Heat_Exchangers_Seismic\Heat_Exchanger_NX5.mf1
**% INPUT FILE: C:\er2\work\Stuart_misc\Heat_Exchangers_Seismicinput\HtExbeam11R14bb.inp
"% EXPORTED: AT 20:36:53 ON 24-Sep-08

**% PART: heat exchanger fe 1

**% FEM: all W\ base and top support (beams simple)

**%

**% UNITS: IN-Inch (pound f)

**% ... LENGTH : inch

“*% .. TIME :sec

**% ... MASS : Ibf-sec**2/in

“*% ... FORCE : pound (Ibf)

*% ... TEMPERATURE : deg Fahrenheit

**%

**% COORDINATE SYSTEM: PART
**%

**% SUBSET EXPORT: OFF

**%

*% NODE ZERO TOLERANCE: OFF
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**% e —— e T T T P P ——

**%

**%

*HEADING

SDRC I-DEAS ABAQUS FILE TRANSLATOR 24-Sep-08 20:36:53

**%
*STEP,INC=1000000,NLGEOM
*STATIC, STABILIZE, FACTOR=0.01
0.005,1.0,1.0E-08,1.0
**% BOUNDARY CONDITION SET 1
**% RESTRAINT SET 1
*BOUNDARY,OP=NEW
BS000002, 4,6, 0.00000E+Q0
ND4119h, 1, , 0.00000E+Q0
ND4119v, 2, ,  0.00000E+00
ND411oh, 3, , 0.0000CE+00
ND552, 1,3, 0.00000E+00
ND815, 1,3, 0.00000E+00
ND1340, 1,3, 0.00000E+00
ND542, 1,3, 0.00000E+00
**% LOAD SET 1
*CLOAD,OP=NEW
50200, 2, 3.1000E+03
50196, 2, 4.5000E+03
44441, 2, 4.8000E+03
44474, 2, 4.8000E+03
44480, 2, 4.8000E+03
50195, 2, 5.6000E+03
44486, 2, 5.8000E+03
50192, 2, 6.5000E+03
BS000003, 2, 6.8000E+03
50415, 2, 7.2000E+03
50414, 2, 7.8000E+03
50416, 2, 7.8000E+03
50417, 2, 7.8000E+03
50398, 2, 8.1000E+03
50409, 2, 8.4000E+03
50395, 2, 8.7000E+03
50400, 2, 8.9000E+03
50403, 2, 9.0000E+03
50187, 2, 9.2000E+03
BS000004, 2, 9.6000E+03
50190, 2, 1.0100E+04
50191, 2, 1.7100E+04
*DLOAD,OP=NEW
ALLBB, GRAV, 386.09, 0.0,-1.0, 0.0
*OUTPUT, FIELD ,FREQUENCY=100
*NODE OUTPUT
UV.ARF
*ELEMENT OUTPUT, DIRECTIONS=YES
1,3,5
NFORC,S,PEEQ
*MONITOR, NODE=46150, DOF=1
*END STEP

**%
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**%

*STEP,INC=10

*FREQUENCY, EIGENSOLVER=LANCZOS, NORMALIZATION=DISPLACEMENT
.50,

*OUTPUT, FIELD

*NODE OUTPUT

u

**ELEMENT OUTPUT
*E,S,SF

***NODE PRINT, MODE=1
*k U

Fek RF

*END STEP

A-8.3 Model Run for the Fine Meshed Model

Below is a reduced version of the base model input file “HtExall1 1R14HTOLbb.inp.” This contains

header information and step information.

**% - — e e

**%

“*% NX |-deas 5.0 ABAQUS STANDARD TRANSLATOR

**% FOR ABAQUS VERSION 6.x

**%

**% MODEL FILE: C:\er2\work\Stuart_misc\Heat_Exchangers_Seismic\Heat_Exchanger_NX5.mf1
**% INPUT FILE: C:\er2\work\Stuart_misc\Heat_Exchangers_Seismiclinput\HtExall10R14HTOLbb.inp
*“*% EXPORTED: AT 19:26:13 ON 24-Sep-08

**% PART: heat exchanger fe 1

“*% FEM: all (w/pressure)

**%

**% UNITS: IN-Inch (pound f)

**% ... LENGTH : inch

**% ... TIME :sec

**% ... MASS : Ibf-sec**2/in

**% ... FORCE : pound (Ibf)

“*% ... TEMPERATURE : deg Fahrenheit

**%
™%  COORDINATE SYSTEM: PART
**%

% SUBSET EXPORT: OFF

**%

%  NODE ZERO TOLERANCE: OFF

**%

**% ——————————— o i e e e e e e o e e B B i e e v e . it e e e s e i e
**%

**%

*HEADING

SDRC I-DEAS ABAQUS FILE TRANSLATOR 24-Sep-08 19:26:13
**%

*AMPLITUDE, NAME=ND4119H1R14
*AMPLITUDE, NAME=ND4119H2R14
*AMPLITUDE, NAME=ND4119VR 14
*AMPLITUDE, NAME=ND552H1R14
*AMPLITUDE, NAME=ND552H2R 14
*AMPLITUDE, NAME=ND552VR 14
*AMPLITUDE, NAME=ND815H1R 14
*AMPLITUDE, NAME=ND815H2R 14
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*AMPLITUDE, NAME=ND815VR14

*AMPLITUDE, NAME=ND1340H1R14

*AMPLITUDE, NAME=ND1340H2R14

*AMPLITUDE, NAME=ND1340VR14

*AMPLITUDE, NAME=ND542H1R 14

*AMPLITUDE, NAME=ND542H2R 14

*AMPLITUDE, NAME=ND542VR 14

**%

**%

*Surface, type=NODE, name=CP1IN

CP1IN, 1.0

*COUPLING, CONSTRAINT NAME=COUPLINGO, REF NODE=45011, SURFACE=CP1IN
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CP10UT

CP10UT, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING1, REF NODE=45012, SURFACE=CP10UT
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CS1IN

CS1IN, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING2, REF NODE=45013, SURFACE=CS1IN
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CS10UT

CS10UT, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING3, REF NODE=45014, SURFACE=CS10UT
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CP2IN

CP2IN, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING4, REF NODE=45021, SURFACE=CP2IN
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CP20UT

CP20UT, 1.0

*COUPLING, CONSTRAINT NAME=COUPLINGS5, REF NODE=45022, SURFACE=CP20UT
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CS2IN

CS2IN, 1.0

*COUPLING, CONSTRAINT NAME=COUPLINGS6, REF NODE=45023, SURFACE=CS2IN
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CS20UT

CS20UT, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING7, REF NODE=45024, SURFACE=CS20UT
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CP3IN

CP3IN, 1.0

*COUPLING, CONSTRAINT NAME=COUPLINGS, REF NODE=45031, SURFACE=CP3IN
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CP30UT

CP30UT, 1.0
*COUPLING, CONSTRAINT NAME=COUPLING9, REF NODE=45032, SURFACE=CP30UT
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CS3IN

CS3IN, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING10, REF NODE=45033, SURFACE=CS3IN
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CS30UT

CS30UT, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING11, REF NODE=45034, SURFACE=CS30UT
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM
*Surface, type=NODE, name=CP4IN

CP4IN, 1.0
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*COUPLING, CONSTRAINT NAME=COUPLING12, REF NODE=45041, SURFACE=CP4IN
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CP40UT

CP40UT, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING13, REF NODE=45042, SURFACE=CP40UT
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CS4IN

CS4IN, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING14, REF NODE=45043, SURFACE=CS4IN
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CS40UT

CS40UT, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING15, REF NODE=45044, SURFACE=CS40UT
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CP5IN

CPS5IN, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING16, REF NODE=45051, SURFACE=CP5IN
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CP50UT

CP50UT, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING17, REF NODE=45052, SURFACE=CP50UT
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CS5IN

CS5IN, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING 18, REF NODE=45053, SURFACE=CS5IN
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

*Surface, type=NODE, name=CS50UT

CS50UT, 1.0

*COUPLING, CONSTRAINT NAME=COUPLING19, REF NODE=45054, SURFACE=CS50UT
*DISTRIBUTING, WEIGHTING METHOD=UNIFORM

**%

*STEP,INC=1000000,NLGEOM
*STATIC, STABILIZE, FACTOR=0.01
0.005,1.0,1.0E-08,1.0
**% BOUNDARY CONDITION SET 1
**% RESTRAINT SET 1
*BOUNDARY,OP=NEW
BS000002, 4,6, 0.00000E+00
ND4118h, 1, , 0.00000E+00
ND4119v, 2, , 0.00000E+00
ND4119h, 3, , 0.00000E+00
ND552, 1,3, 0.00000E+00
ND815, 1,3, 0.00000E+00
ND1340, 1,3, 0.00000E+00
ND542, 1,3, 0.00000E+00
**% LOAD SET 1
*CLOAD,OP=NEW
50200, 2, 3.1000E+03
50196, 2, 4.5000E+03
44441, 2, 4.8000E+03
44474, 2, 4.8000E+03
44480, 2, 4.8000E+03
50195, 2, 5.6000E+03
44486, 2, 5.8000E+03
50192, 2, 6.5000E+03
BS000003, 2, 6.8000E+03
50415, 2, 7.2000E+03





Calculation Sheet
Page A-115 of A-147

Project: ATR Life Time Extension Project ECAR No.: ECAR-398 Rev.: 0
Title: _ATR PCS Heat Exchanger Seismic Analysis — Appendix A
Performer: R. E. Spears Date: 9/30/08 Checker: M. J. Russell Date: 9/30/08

50414, 2, 7.8000E+03

50416, 2, 7.8000E+03

50417, 2, 7.8000E+03

50398, 2, 8.1000E+03

50409, 2, 8.4000E+03

50395, 2, 8.7000E+03

50400, 2, 8.9000E+03

50403, 2, 9.0000E+03

50187, 2, 9.2000E+03
BS000004, 2, 9.6000E+03

50190, 2, 1.0100E+04

50191, 2, 1.7100E+04
*DLOAD,OP=NEW
BS000005, P,-1.2500E+02
BS000006, P,-2.7200E+02
BS000007, P, 1.4700E+02
ALLBB, GRAV, 386.09, 0.0,-1.0, 0.0
*OUTPUT, FIELD ,FREQUENCY=100
*NODE OUTPUT
UV,ARF
*ELEMENT OUTPUT, DIRECTIONS=YES
1,35
NFORC,S,PEEQ
*MONITOR, NODE=10875, DOF=1
*END STEP

**% Note: Damping is address in the material properties

**%

*STEP,INC=10000000,NLGEOM

*DYNAMIC, HAFTOL=1.0E+05

0.01,20.0,1.0E-08,0.01

**% BOUNDARY CONDITION SET 1

**% RESTRAINT SET 1

**%

*BOUNDARY,OP=NEW

BS000002, 4,6, 0.00000E+00

*BOUNDARY, AMPLITUDE=ND4119H1R 14, OP=NEW, TYPE=ACCELERATION
ND411%h, 1,,  1.00000E+00

*BOUNDARY AMPLITUDE=ND4119VR14,0P=NEW,TYPE=ACCELERATION
ND4119v, 2,, 1.00000E+00
*BOUNDARY,AMPLITUDE=ND4119H2R14,0P=NEW,TYPE=ACCELERATION
ND4119h, 3,, -1.00000E+00
*BOUNDARY,AMPLITUDE=ND552H1R14,0P=NEW,TYPE=ACCELERATION
ND552, 1,, 1.00000E+00
*BOUNDARY,AMPLITUDE=ND552VR14,0P=NEW,TYPE=ACCELERATION
ND552, 2,, 1.00000E+00
*BOUNDARY,AMPLITUDE=ND552H2R14,0P=NEW, TYPE=ACCELERATION
ND552, 3,, -1.00000E+00

*BOUNDARY, AMPLITUDE=ND815H1R14,0P=NEW, TYPE=ACCELERATION
ND815, 1,,  1.00000E+00

*BOUNDARY, AMPLITUDE=ND815VR14,0P=NEW,TYPE=ACCELERATION
ND815, 2,, 1.00000E+0Q0

*BOUNDARY,AMPLITUDE=ND815H2R 14,0P=NEW,TYPE=ACCELERATION
ND815, 3, -1.00000E+00
*BOUNDARY,AMPLITUDE=ND1340H1R14,0P=NEW,TYPE=ACCELERATION
ND1340, 1,, 1.00000E+00

*BOUNDARY, AMPLITUDE=ND1340VR14,0P=NEW, TYPE=ACCELERATION
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ND1340, 2,, 1.00000E+00
*BOUNDARY,AMPLITUDE=ND1340H2R14,0P=NEW,TYPE=ACCELERATION
ND1340, 3,, -1.00000E+00
*BOUNDARY, AMPLITUDE=ND542H1R14,0P=NEW,TYPE=ACCELERATION
ND542, 1,, 1.00000E+00
*BOUNDARY AMPLITUDE=ND542VR 14,0P=NEW,TYPE=ACCELERATION
ND542, 2,  1.00000E+00
*BOUNDARY AMPLITUDE=ND542H2R14,0P=NEW,TYPE=ACCELERATION
ND542, 3, -1.00000E+00
**% LOAD SET 1
*CLOAD,OP=NEW
50200, 2, 3.1000E+03
50196, 2, 4.5000E+03
44441, 2, 4.8000E+03
44474, 2, 4.8000E+03
44480, 2, 4.8000E+03
50195, 2, 5.6000E+03
44486, 2,58000E+03
50192, 2, 6.5000E+03
BS000003, 2, 6.8000E+03
50415, 2, 7.2000E+03
50414, 2, 7.8000E+03
50416, 2, 7.8000E+03
50417, 2, 7.8000E+03
50398, 2, 8.1000E+03
50409, 2, 8.4000E+03
50395, 2, 8.7000E+03
50400, 2, 8.9000E+03
50403, 2, 9.0000E+03
50187, 2, 9.2000E+03
BS000004, 2, 9.6000E+03
50190, 2, 1.0100E+04
50191, 2, 1.7100E+04
*DLOAD,OP=NEW
BS000005, P,-1.2500E+02
BS000006, P,-2.7200E+02
BS000007, P, 1.4700E+02
ALLBB, GRAV, 386.09, 0.0,-1.0, 0.0
*OUTPUT, FIELD ,FREQUENCY=8
*NODE OUTPUT
UV.ARF
*ELEMENT OUTPUT, DIRECTIONS=YES, ELSET=0UTBB
1,35
NFORC,S,PEEQ
*OUTPUT, HISTORY, FREQUENCY=1
*ENERGY OUTPUT
ALLSE ALLAE ALLKE,ETOTAL,ALLPD,ALLWK,ALLFD, ALLVD
*NODE OUTPUT,NSET=BBND
RF,RF1,RF2,RF3
*NODE OUTPUT,NSET=CONBASE
RF,RF1,RF2,RF3
*NODE OUTPUT,NSET=STBASE
RF,RF1,RF2,RF3
*ELEMENT OUTPUT, ELSET=BOLTS
NFORC1,NFORC2,NFORC3,NFORC4,NFORC5,NFORCS,
*ELEMENT OUTPUT, ELSET=SUPPIPES
NFORC1,NFORC2,NFORC3,NFORC4,NFORC5,NFORCS,
*"MONITOR, NODE=10875, DOF=1
*END STEP
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A-8.4 Base Model for the Thirty-Two Coarse Meshed Model Runs

Below is a reduced version of the base model input file “base_HtExbeam11bb.inp.” This contains
header information and step information.

**% -— — e o o e o e e e e e et e o B S B B L et e e e e S e

**%

*% NX I-deas 5.0 ABAQUS STANDARD TRANSLATOR

“*% FOR ABAQUS VERSION 6.x

**%

**% MODEL FILE: C:\er2\work\Stuart_misc\Heat_Exchangers_Seismic\Heat_Exchanger_NX5.mf1
**% INPUT FILE: C:\er2\work\Stuart_misc\Heat_Exchangers_Seismicinput\HtExbeam11R14bb.inp
“*% EXPORTED: AT 20:36:53 ON 24-Sep-08

**% PART: heat exchanger fe 1

**% FEM: all w\ base and top support (beams simple)

**%

**% UNITS: IN-Inch (pound f)

**% ... LENGTH : inch

**% ... TIME :sec

*% ... MASS : Ibf-sec**2/in

*“*% ... FORCE : pound (Ibf)

**% ... TEMPERATURE : deg Fahrenheit

**%

**% COORDINATE SYSTEM: PART

**%

**% SUBSET EXPORT: OFF

**%

“*% NODE ZERO TOLERANCE: OFF

**%

**% ——— ————
**%

**%

*HEADING

SDRC I-DEAS ABAQUS FILE TRANSLATOR 24-Sep-08 20:36:53

**%

*STEP,INC=1000000,NLGEOM
*STATIC, STABILIZE, FACTOR=0.01
0.005,1.0,1.0E-08,1.0
**% BOUNDARY CONDITION SET 1
**% RESTRAINT SET 1
*BOUNDARY,OP=NEW
BS000002, 4,6, 0.00000E+00
ND411%h, 1, ,  0.00000E+00
ND4119v, 2, , 0.00000E+00
ND411¢h, 3, , 0.00000E+00
ND552, 1,3, 0.00000E+00
ND815, 1,3, 0.00000E+00
ND1340, 1,3, 0.00000E+00
ND542, 1,3, 0.00000E+00
**% LOAD SET 1
*CLOAD,OP=NEW
50200, 2, 3.1000E+03
50196, 2, 4.5000E+03
44441, 2, 4.8000E+03
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44474, 2, 48000E+03
44480, 2, 4.8000E+03
50195, 2, 5.6000E+03
44486, 2, 5.8000E+03
50192, 2, 6.5000E+03
BS000003, 2, 6.8000E+03
50415, 2, 7.2000E+03
50414, 2, 7.8000E+03
50416, 2, 7.8000E+03
50417, 2, 7.8000E+03
50398, 2, 8.1000E+03
50409, 2, 8.4000E+03
50395, 2, 8.7000E+03
50400, 2, 8.9000E+03
50403, 2, 9.0000E+03
50187, 2, 9.2000E+03
BS000004, 2, 9.6000E+03
50190, 2, 1.0100E+04
50191, 2, 1.7100E+04
*DLOAD,OP=NEW

ALLBB, GRAV, 386.09, 0.0,-1.0, 0.0
*OUTPUT, FIELD ,FREQUENCY=100

*NODE OUTPUT
UV.ARF

*ELEMENT OUTPUT, DIRECTIONS=YES

1,3,5
NFORC,S,PEEQ

*MONITOR, NODE=46150, DOF=1

*END STEP

**%

**% Note: Damping is address in the material properties

**%

*STEP,INC=10000000,NLGEOM

*DYNAMIC, DIRECT
0.00125,20.0,1.0E-08,0.00125

**% BOUNDARY CONDITION SET 1

**% RESTRAINT SET 1
**%

*BOUNDARY,OP=NEW
BS000002, 4,6,

0.00000E+00

Checker:

M. J. Russell

Date: 9/30/08

*<<-BOUNDARY ,AMPLITUDE=ND4119H1R<real> OP=NEW,TYPE=ACCELERATION-->>

ND4119H, 1,

1.00000E+00

*<<--BOUNDARY , AMPLITUDE=ND4119VR<real>, OP=NEW,TYPE=ACCELERATION-->>

ND4119V, 2,

1.00000E+00

*<<--BOUNDARY AMPLITUDE=ND4119H2R<real> OP=NEW,TYPE=ACCELERATION-->>

ND4119H, 3,, -1.00000E+00

*<<--BOUNDARY AMPLITUDE=ND552H1R<real> OP=NEW,TYPE=ACCELERATION-->>

ND552, 1,,  1.00000E+00

*<<--BOUNDARY ,AMPLITUDE=ND552VR<real>,OP=NEW, TYPE=ACCELERATION-->>

ND552, 2, 1.00000E+00

*<<--BOUNDARY, AMPLITUDE=ND552H2R<real>OP=NEW,TYPE=ACCELERATION-->>

ND552, 3, -1.00000E+Q0

*<<--BOUNDARY AMPLITUDE=ND815H1R<real> OP=NEW,TYPE=ACCELERATION-->>

ND815, 1,  1.00000E+00

*<<--BOUNDARY AMPLITUDE=ND815VR<real>,OP=NEW, TYPE=ACCELERATION-->>

ND815, 2,, 1.00000E+Q0

*<<-BOUNDARY AMPLITUDE=ND815H2R<real>, OP=NEW,TYPE=ACCELERATION-->>
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ND815, 3, -1.00000E+00
*<<--BOUNDARY AMPLITUDE=ND1340H1R<real>, OP=NEW,TYPE=ACCELERATION->>
ND1340, 1,, 1.00000E+00
*<<--BOUNDARY, AMPLITUDE=ND1340VR<real> OP=NEW,TYPE=ACCELERATION-->>
ND1340, 2,, 1.00000E+00
*<<-BOUNDARY AMPLITUDE=ND1340H2R<real> OP=NEW,TYPE=ACCELERATION-->>
ND1340, 3, -1.00000E+00
*<<--BOUNDARY AMPLITUDE=ND542H1R<real> OP=NEW,TYPE=ACCELERATION-->>
ND542, 1,,  1.00000E+00
*<<--BOUNDARY ,AMPLITUDE=ND542VR<real> OP=NEW, TYPE=ACCELERATION-->>
ND542, 2,, 1.00000E+00
*<<--BOUNDARY AMPLITUDE=ND542H2R<real>, OP=NEW,TYPE=ACCELERATION-->>
ND542, 3, -1.00000E+00
**% LOAD SET 1
*CLOAD,OP=NEW
50200, 2, 3.1000E+03
50196, 2, 4.5000E+03
44441, 2, 4.8000E+03
44474, 2, 4.8000E+03
44480, 2, 4.8000E+03
50195, 2, 5.6000E+03
44486, 2, 5.8000E+03
50192, 2, 6.5000E+03
BS000003, 2, 6.8000E+03
50415, 2, 7.2000E+03
50414, 2, 7.8000E+03
50416, 2, 7.8000E+03
50417, 2, 7.8000E+03
50398, 2, 8.1000E+03
50409, 2, 8.4000E+03
50395, 2, 8.7000E+03
50400, 2, 8.9000E+03
50403, 2, 9.0000E+03
50187, 2, 9.2000E+03
BS000004, 2, 9.6000E+03
50190, 2, 1.0100E+04
50191, 2, 1.7100E+04
*DLOAD,OP=NEW
ALLBB, GRAV, 386.09, 0.0,-1.0, 0.0
*OUTPUT, FIELD ,FREQUENCY=4
*NODE OUTPUT
UVAARF
*ELEMENT OUTPUT, DIRECTIONS=YES
1,3,5
NFORC,S,PEEQ
*MONITOR, NODE=46150, DOF=1
*END STEP

A-8.5 Input File Generation Script

The Python script “HtExbeam_32inps_Linux.py” below modifies the base model input file
‘base_HtExbeam11bb.inp” (Section A-8.4) for each of the 32 time history realizations. It does this by going
to the directory where the time histories (produced by the ATR Primary Coolant System Seismic Evaluation
[13]) are found. It then gets the time histories for the needed PSSI [15] nodes 4119, 552, 815, 1340, and
542. These are imported for the correct realization and then the boundary conditions that use them are
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edited for the same realization. The result of each cycle is a unique input file for its corresponding
realization (ie. “HtEx_beam11bb_R1.inp” for realization 1, “HtEx_beam11bb_R2.inp” for realization 2, ...).

import time
import os

st = time.time()

Base_dir = r'"/nome/er2/er2/work/Stuart_misc/Heat_Exchangers_Seismic/input" #Base Directory

#Base_dir = r"/home/crawal/PCS2/Automated_Evaluation/" #Base Directory

md|_dir = "HtExbeam" #Model Directory

dir_pre = 'real' #Prefix for folder representing each realization
Base_file = r'base_HtExbeam11bb.inp" #Primary inp file to adapt

new_inp = 'HtEx_beam11bb_R’ #Prefix for inp with time history

TH_dir = 'Substructure_time_histories/Acceleration_Time_Histories_Combined'

script_dir_1 = Base_dir+os.sep+'scripts’

script_dir_th = '/home/fserob1/ATR/PCS/PCS2/Automated_Evaluation/py_scripts/Generating_input_Files'
TH_pre = 'hist2fitTrap_'

Cost_nodes =[4119, 552, 815, 1340, 542]

for x in xrange(1,33):

case_dir = dir_pre+str(x) #Attaching numeric value of realization to folder
os.chdir(Base_dir+os.sep+md|_dir+os.sep+case_dir) #Change the current working directory to path
#os.sep is the seperator specific to the operating

system

print os.getcwd() #Return a string representing the current working
directory

outfile = open(new_inp+str(x)+'inp','w') #Defines the output file to write to

for line in open(script_dir_1+o0s.sep+Base_file): #Goes through each line in primary inp file

if line.find("<<--Replace Time History-—>>") |=-1: #Looks for line with specified statement

th_file = open(script_dir_th+os.sep+TH_dir+os.sep+dir _pre+str(x)+os.sep+"histpoly_combined_R"+str(x)+".dat")
th_data = th_file.readlines()
th_file.close()
cnt=0
stop_pnt = len(th_data)
just_srt=stop_pnt-4
lengthNodes = len(Cost_nodes)
while cnt < stop_pnt:
for y in xrange(0,lengthNodes):
if cnt >= stop_pnt:
print cnt
break
if th_data[cnt].find(""AMPLITUDE, NAME=ND"+str(Cost_nodes[y]}+"H1R"+str(x)} I=-1:
outfile.write(th_data[cnt])
print th_data[cnt]
cnt +=1
while cnt < stop_pnt and th_data[cnt][0] i="*":
outfile.write(th_data[cnt])
if th_data[cnt].find('40.96,") 1=-1:
cnt +=1
break
else:
cnt+=1
if th_data[cnt].find("*AMPLITUDE, NAME=ND"+str(Cost_nodes[y])+"H2R"+str(x)) !=-1:
outfile.write(th_datafcnt])
print th_datafcnt]
cnt += 1
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while th_data[cnt][0] !="*":
outfile.write(th_data[cnt])
if th_data[cnt].find('40.96,") !=-1:
cnt += 1
break
else:
cnt += 1
if th_data[cnt).find("*AMPLITUDE, NAME=ND"+str(Cost_nodes[y])+"VR"+str(x)) !=-1:
outfile.write(th_data[cnt})
print th_data[cnt]
cnt+=1
while cnt < stop_pnt or th_datafcnt]{0] !="*"
outfile.write(th_data[cnt])
if th_data[cnt].find('40.96,") '=-1:

ent+=1
break
else:
cnt +=1
else:
cnt +=1
#print cnt,len(th_data)
#for th_line in open("real_%02d.th"%x): #Looks for Time History file labeled 'real_(realization#).th'
# outfile.write(th_line) #Writes out Time History data where line occured

elif line.find('<<--BOUNDARY,AMPLITUDE=ND'+str(Cost_nodes[0])+'H1R<real>, OP=NEW, TYPE=ACCELERATION-->>") |=-
1:
line_x4119 = line.replace('<<--
BOUNDARY,AMPLITUDE=ND'+str(Cost_nodes[0])+'H1R<real>, OP=NEW,TYPE=ACCELERATION--
>>' 'BOUNDARY,AMPLITUDE=ND'+str(Cost_nodes{[0])+'H1R"+str(x)+',OP=NEW,TYPE=ACCELERATION')
outfile.write(line_x4119)
elif line.find('<<-BOUNDARY ,AMPLITUDE=ND'+str(Cost_nodes[0])+'H2R<real>, OP=NEW, TYPE=ACCELERATION-->>") |=-
1.
line_z4119 = line.replace('<<--
BOUNDARY,AMPLITUDE=ND'+str(Cost_nodes[0])+'H2R<real>,OP=NEW,TYPE=ACCELERATION--
>>''BOUNDARY,AMPLITUDE=ND'+str(Cost_nodes[0])+'H2R'+str(x)+',OP=NEW, TYPE=ACCELERATION")
outfile.write(line_z4119)
elif line.find('<<--BOUNDARY ,AMPLITUDE=ND'+str(Cost_nodes[0])+'VR<real>, OP=NEW, TYPE=ACCELERATION-->>') I=-1:
line_y4119 = line.replace('<<--
BOUNDARY AMPLITUDE=ND'+str(Cost_nodes[0])+'VR<real>, OP=NEW TYPE=ACCELERATION--
>>' 'BOUNDARY,AMPLITUDE=ND'+str(Cost_nodes[0})+'VR'+str(x)+',OP=NEW,TYPE=ACCELERATION')
ouftfile.write(line_y4119)
elif line.find('<<--BOUNDARY ,AMPLITUDE=ND'+str(Cost_nodes[1])+'H1R<real>, OP=NEW, TYPE=ACCELERATION-->>') |=-
1:
line_x552 = line.replace('<<--
BOUNDARY , AMPLITUDE=ND'+str(Cost_nodes[1])+'H1R<real>,OP=NEW,TYPE=ACCELERATION--
>>''BOUNDARY,AMPLITUDE=ND'+str(Cost_nodes[1])+'H1R+str(x)+',OP=NEW, TYPE=ACCELERATION')
outfile.write(line_x552)
elif line.find('<<--BOUNDARY ,AMPLITUDE=ND'+str(Cost_nodes[1])+'H2R<real>, OP=NEW,TYPE=ACCELERATION-->>") |=-
1:
line_z552 = line.replace('<<--
BOUNDARY,AMPLITUDE=ND'+str(Cost_nodes|1])+'H2R<real>, OP=NEW, TYPE=ACCELERATION--
>>''BOUNDARY,AMPLITUDE=ND'+str(Cost_nodes[1])+'HZR+str(x)+',OP=NEW,TYPE=ACCELERATION')
outfile.write(line_z552)
elif line.find('<<--BOUNDARY ,AMPLITUDE=ND'+str(Cost_nodes[1])+'VR<real>,OP=NEW TYPE=ACCELERATION-->>") 1=-1:
line_y552 = line.replace('<<--
BOUNDARY,AMPLITUDE=ND'+str(Cost_nodes[1])+'VR<real>,OP=NEW,TYPE=ACCELERATION--
>>''BOUNDARY, AMPLITUDE=ND'+str(Cost_nodes[1])+'VR'+str(x)+',0P=NEW,TYPE=ACCELERATION')
outfile.write(line_y552)
elif line.find('<<--BOUNDARY AMPLITUDE=ND'+str(Cost_nodes[2]}+'H1R<real>, OP=NEW,TYPE=ACCELERATION-->>'") |=-
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line_x815 = line.replace('<<--
BOUNDARY,AMPLITUDE=ND'+str(Cost_nodes[2])+'H1R<real>,OP=NEW,TYPE=ACCELERATION--
>>''BOUNDARY,AMPLITUDE=ND"+str(Cost_nodes[2])+'H1R'+str(x)+,0P=NEW,TYPE=ACCELERATION")
outfile.write(line_x815)
elif line.find('<<--BOUNDARY ,AMPLITUDE=ND'+str(Cost_nodes[2])+'H2R<real> OP=NEW,TYPE=ACCELERATION-->>") I=-
1:
line_z815 = line.replace('<<--
BOUNDARY,AMPLITUDE=ND'+str(Cost_nodes[2])+'H2R<real>,OP=NEW,TYPE=ACCELERATION--
>>''BOUNDARY AMPLITUDE=ND'+str(Cost_nodes[2]}+'H2R'+str(x)+' , OP=NEW,TYPE=ACCELERATION')
outfile.write(line_z815)
elif line.find('<<--BOUNDARY ,AMPLITUDE=ND"+str(Cost_nodes[2]}+'VR<real>,OP=NEW,TYPE=ACCELERATION-->>') |=-1:
line_y815 = line.replace('<<--
BOUNDARY, AMPLITUDE=ND'+str(Cost_nodes[2])+'VR<real>, OP=NEW,TYPE=ACCELERATION--
>>''BOUNDARY,AMPLITUDE=ND'+str(Cost_nodes[2])+'VR'+str(x)+',OP=NEW, TYPE=ACCELERATION')
outfile.write(line_y815)
elif line.find('<<--BOUNDARY , AMPLITUDE=ND'+str(Cost_nodes[3])+'H1R<real> OP=NEW,TYPE=ACCELERATION-->>") I=-
1:
line_x1340 = line.replace('<<--
BOUNDARY ,AMPLITUDE=ND'+str(Cost_nodes[3])+'H1R<real> OP=NEW,TYPE=ACCELERATION--
>>' 'BOUNDARY , AMPLITUDE=ND'+str(Cost_nodes[3])+'H1R"+str(x)+' ,OP=NEW,TYPE=ACCELERATION")
outfile.write(line_x1340)
elif line.find('<<--BOUNDARY, AMPLITUDE=ND'+str(Cost_nodes[3])+'H2R<real>, OP=NEW,TYPE=ACCELERATION—>>") |=-
1:
line_z1340 = line.replace('<<--
BOUNDARY AMPLITUDE=ND'+str(Cost_nodes[3])+'H2R<real>, OP=NEW,TYPE=ACCELERATION--
>>''BOUNDARY AMPLITUDE=ND'+str(Cost_nodes[3])+'H2R'+str(x)+',OP=NEW,TYPE=ACCELERATION')
outfile.write(line_z1340)
elif line.find('<<-BOUNDARY AMPLITUDE=ND'+str(Cost_nodes[3])+'VR<real>,OP=NEW, TYPE=ACCELERATION-->>') I=-1:
line_y1340 = line.replace('<<--
BOUNDARY,AMPLITUDE=ND'+str(Cost_nodes[3])+'VR<real>,OP=NEW,TYPE=ACCELERATION-
>>''BOUNDARY AMPLITUDE=ND'+str(Cost_nodes[3))+'VR'+str(x)+,OP=NEW,TYPE=ACCELERATION")
outfile.write(line_y1340)
elif line.find('<<--BOUNDARY AMPLITUDE=ND"+str(Cost_nodes{4])+'H1R<real>, OP=NEW,TYPE=ACCELERATION-->>") I=-
1
line_x542 = line.replace('<<--
BOUNDARY AMPLITUDE=ND'+str(Cost_nodes{4])+'H1R<real> OP=NEW,TYPE=ACCELERATION--
>>' 'BOUNDARY, AMPLITUDE=ND'+str(Cost_nodes[4])+'H1R"+str(x)+,OP=NEW,TYPE=ACCELERATION")
outfile.write(line_x542)
elif line.find('<<--BOUNDARY ,AMPLITUDE=ND"+str(Cost_nodes[4])+'H2R<real>, OP=NEW, TYPE=ACCELERATION-->>') |=-
1:
line_z542 = line.replace('<<--
BOUNDARY AMPLITUDE=ND'+str(Cost_nodes[4])+'H2R<real>, OP=NEW,TYPE=ACCELERATION--
>>''BOUNDARY ,AMPLITUDE=ND'+str(Cost_nodes[4]}+'H2R'+str(x)+',OP=NEW,TYPE=ACCELERATION')
outfile.write(line_z542)
elif fine.find('<<--BOUNDARY AMPLITUDE=ND'+str(Cost_nodes[4])+'VR<real> OP=NEW, TYPE=ACCELERATION-->>') =-1:
line_y542 = line.replace('<<--
BOUNDARY AMPLITUDE=ND'+str(Cost_nodes[4])+'VR<real>,OP=NEW, TYPE=ACCELERATION--
>>''BOUNDARY,AMPLITUDE=ND'+str(Cost_nodes[4]}+'VR'+str(x)+,0P=NEW,TYPE=ACCELERATION")
outfile.write(line_y542)
else:
outfile.write(line)
outfile.close()
print time.time()-st
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A-8.6 Model Run Script

The Peri script “run_HtEx_beam11bb.pl” below is used to run all 32 ABAQUS runs in order. The use of
the “Parallel::ForkManager” inside the script makes it so that the number of ABAQUS runs running
simultaneously can be set. The number currently in the file is three.

#! Jusr/bin/perl

use strict;
use warnings;
use Cwd;

use Parallel::ForkManager;
use POSIX qw(stritime);

# This subroutine returns an iterator (i.e. a code reference) that dynamically generates
# a list of strings based on a pattern. This is useful for generating all names of
# the cluster nodes for instance ;)

# Define the needed variables

my $abg_exe = "abq675";

my $base_dir = "/home/er2/er2/work/Stuart_misc/Heat_Exchangers_Seismic/input";
my $script_dir = "$base_dir/scripts";

my $mdt_dir = "HtExbeam";

my $inp_pre = "HtEx_beam11bb_R";

my $dir_pre = "real";

my $pm = new Parallel::ForkManager(2);

my $iter = gen_hostnames ("[1-32]");

while (my $host = $iter->()) {
$pm->start and next;
chdir("$base_dir/$mdI_dir/$dir_pre$host’) or die "Could not find $base_dir/$mdI_dir/$dir_pre$host" ;
print "$base_dir/$mdi_dir/$dir_pre$host; abq675 cpus=1 mp_mode=MPI double job=$inp_pre$hostin";
*$abqg_exe double int job=$inp_pre$host™;
$pm->finish

$pm->wait_all_children;

sub gen_hostnames {
my $pat = shift;
my @tokens = split /[\[\]J/, $pat;
for (my $i=1; $i < @tokens; $i+=2) {
$tokens[$i] = [split (/-/, $tokens[$i])];
unshift @{$tokens[$i]}, $tokens[$i]->[0];
}

# return the iterator
my $FINISHED = 0;
return sub {
return if $FINISHED;
my $finished_incrementing = 0;
my $resuit ="
for my $token (reverse @tokens) {
if (ref $token eq ") { # plain string
$result = $token . $result;
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}else {

my ($current, $start, $end) = @S$token;

$result = $current . $result;

unless ($finished_incrementing) {
if ($current == $end) { $token->[0] = $token->[1] }
else { $token->[0]++; $finished_incrementing = 1}

}

}
$FINISHED = 1 unless $finished_incrementing;
return $result;

A-8.7 Model Output Script

The Python script “HtEx_out.py” and ABAQUS/Viewer run file “HtEx_rpy_out.rpy” below are used to
pull the needed data from the ABAQUS runs. The ABAQUS/Viewer run file contains the basic pattern for
pulling data out of the ABAQUS runs. The Python script edits the ABAQUS/Viewer run file for each
realization. Then is runs ABAQUS/Viewer with the edited ABAQUS/Viewer run file.

A-8.7.1 Python Script

import os
import time

abqg_exe = rabq675'

base_dir = r/home/er2/er2/work/Stuart_misc/Heat_Exchangers_Seismic/input'+os.sep
script_dir = base_dir+'scripts'+os.sep

rpy_file = "HtEx_rpy_out.rpy'

mdl_dir = "HtExbeam"

odb_pre = "HtEx_beam11bb_R"

new_rpy = 'pcs.rpy’

dir_pre ='real'

for x in xrange(1,33):
case_dir = dir_pre+str(x)
os.chdir(base_dir+mdl_dir+os.sep+case_dir)

outfile = open(new_rpy,'w')
for line in open(script_dir+rpy_file):
if line.find("<-ODB-Replace->") 1=-1:
line = line.replace('<-ODB-Replace->',0db_pre+%d.odb'%x)
elif line.find("<-Path-Replace->") 1=-1:
line = line.replace('<-Path-Replace->' base_dir+md_dir+os.sep+case_dir+os.sep+odb _pre+str(x))
outfile. write(line)
ouftfile.close()
os.system('%s viewer -replay %s'%(abq_exe,new_rpy))

A-8.7.2 ABAQUS/Viewer Run File

# -*- coding: mbcs -*-
#
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# Abaqus/Viewer Version 6.7-5 replay file

# Internal Version: 2008_01_21-15.23.13 80075
# Run by er2 on Mon Aug 18 08:07:44 2008

#

import sys

# from driverUtils import executeOnCaeGraphicsStartup

# executeOnCaeGraphicsStartup()

#: Executing "onCaeGraphicsStartup()" in the site directory ...

from abaqus import *

from abaqusConstants import *

session.Viewport(name="Viewport: 1', origin=(0.0, 0.0), width=259.033172607422,
height=249.742492675781)

session.viewports['Viewport: 1'].makeCurrent()

session.viewports['Viewport: 1'.maximize()

from viewerModules import *

from driverUtils import executeOnCaeStartup

executeOnCaeStartup()

o1 = session.openOdb(name="'<-ODB-Replace->')

session.viewports['Viewport: 1'].setValues(displayedObject=01)

#: Model: /home/er2/er2/work/Stuart_misc/Heat_Exchangers_Seismic/input/HtExbeam/real1/HtEx_beam11bb_R1.odb
#: Number of Assemblies: 1

#. Number of Assembly instances: 0

#: Number of Part instances: 1

#: Number of Meshes: 1

#: Number of Element Sets: 120

#: Number of Node Sets: 15

#. Number of Steps: 2

session.viewports['Viewport: 1'.odbDisplay.basicOptions.setValues(
averageElementOutput=False)
odb = session.odbs['<-ODB-Replace->']
session.xyDataListFromField(odb=0db, outputPosition=ELEMENT_NODAL, variable=((
'NFORC1', ELEMENT_NODAL), (NFORC2', ELEMENT_NODAL), (NFORC3',
ELEMENT_NODAL), ), elementSets=('PART-1-1.SUPPIPES', ))
X0 = session.xyDataObjectsNFORC1: Pl: PART-1-1 E: 43807 N: 30429']
x1 = session.xyDataObjects NFORC1: PI: PART-1-1 E: 43807 N: 30441']
x2 = session.xyDataObjects[ NFORC1: Pl: PART-1-1 E: 43808 N: 24252']
x3 = session.xyDataObjectsNFORC1: Pl: PART-1-1 E: 43808 N: 24264']
x4 = session.xyDataObjects[NFORC1: Pl: PART-1-1 E: 43809 N: 18075')
x5 = session.xyDataObjectsNFORC1: PI: PART-1-1 E: 43809 N: 18087']
x6 = session.xyDataObjects[NFORC1: Pl: PART-1-1 E: 43810 N: 8451']
x7 = session.xyDataObjects| NFORC1: Pl: PART-1-1 E: 43810 N: 8518']
x8 = session.xyDataObjects| NFORC1: PIl: PART-1-1 E: 43811 N: 40833']
x9 = session.xyDataObjects[NFORC1: Pl: PART-1-1 E: 43811 N: 40845']
x10 = session.xyDataObjectsNFORC1: Pl: PART-1-1 E: 43812 N: 30439
x11 = session.xyDataObjects[[NFORC1: Pl: PART-1-1 E: 43812 N: 30443']
x12 = session.xyDataObjects| NFORC1: Pl: PART-1-1 E: 43813 N: 24262']
x13 = session.xyDataObjectsNFORC1: Pl: PART-1-1 E: 43813 N: 24266']
x14 = session.xyDataObjects|NFORC1: Pl: PART-1-1 E: 43814 N: 18085')
x15 = session.xyDataObjects| NFORC1: Pl: PART-1-1 E: 43814 N: 18089']
x16 = session.xyDataObjects{NFORC1: Pl: PART-1-1 E: 43815 N: 8509']
x17 = session.xyDataObjects|NFORC1: PI: PART-1-1 E: 43815 N: 8522')
x18 = session.xyDataObjects[NFORC1: Pl: PART-1-1 E: 43816 N: 40843']
x19 = session.xyDataObjects|'NFORC1: Pl: PART-1-1 E: 43816 N: 40846']
x20 = session.xyDataObjects'NFORC1: Pl: PART-1-1 E: 43817 N: 30434']
x21 = session.xyDataObjects['NFORC1: PI: PART-1-1 E: 43817 N: 30442']
x22 = session.xyDataObjects[NFORC1: Pl: PART-1-1 E: 43818 N: 8422']
x23 = session.xyDataObjects| NFORC1: Pl: PART-1-1 E: 43818 N: 8516']

mmmmmmmmmmmmmm:
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x24 = session.xyDataObjectsNFORC1: Pi: PART-1-1
x25 = session.xyDataObjects['NFORC1: Pl: PART-1-1
x26 = session.xyDataObjects['NFORC1: PI: PART-1-1
x27 = session.xyDataObjectsNFORC1: Pl: PART-1-1
x28 = session.xyDataObjects[NFORC1: Pl: PART-1-1
x29 = session.xyDataObjects[NFORC1: PI: PART-1-1
x30 = session.xyDataObjects[NFORC2: PI: PART-1-1
x31 = session.xyDataObjects['NFORC2: Pl: PART-1-1
x32 = session.xyDataObjects'NFORC2: Pl: PART-1-1
x33 = session.xyDataObjects[NFORC2: PI: PART-1-1
x34 = session.xyDataObjects['NFORC2: Pi: PART-1-1
x35 = session.xyDataObjects[NFORC2: PI: PART-1-1
x36 = session.xyDataObjects[NFORC2: PI: PART-1
x37 = session.xyDataObjectsNFORC2: PI: PART-1-1

1

1

1

: 43819 N: 24257']
: 43819 N: 24265']
1 43820 N: 180807
1 43820 N: 18088']
143821 N: 84801]

143821 N: 8520

: 43807 N: 30429']
: 43807 N: 30441']
143808 N: 24252']
: 43808 N: 24264']
43809 N: 18075
: 43809 N: 18087']
143810 N: 8451}

43810 N: 85187}

143811 N: 40833']
143811 N: 40845')
143812 N: 30439']
143812 N: 30443']
143813 N: 24262']
43813 N: 24266')
143814 N: 18085']
143814 N: 18089']
: 43815 N: 8509')

143815 N: 8522']

143816 N: 40843')
143816 N: 40846']
143817 N: 30434']

E

E

E

E

E

E

E

E

E

E

E

E

E

E

x38 = session.xyDataObjectsNFORC2: Pl: PART-1-1 E

x39 = session.xyDataObjectsNFORC2: PI: PART-1-1 E

x40 = session.xyDataObjects| NFORC2: PI: PART-1-1 E

x41 = session.xyDataObjects[ NFORC2: Pl: PART-1-1 E

x42 = session.xyDataObjects[NFORC2: PI: PART-1-1 E

x43 = session.xyDataObjects['NFORC2: PI: PART-1-1 E

x44 = session.xyDataObjects['NFORC2: PI: PART-1-1 E

x45 = session.xyDataObjects| NFORC2: PI: PART-1-1 E

x46 = session.xyDataObjects| NFORC2: PI: PART-1-1 E

x47 = session.xyDataObjects[NFORC2: PI: PART-1-1 E

x48 = session.xyDataObjects['NFORC2: Pl: PART-1-1 E

x49 = session.xyDataObjectsNFORC2: PI: PART-1-1 E

x50 = session.xyDataObjectsNFORC2: Pi: PART-1-1 E

x51 = session.xyDataObjects[NFORC2: PI: PART-1-1 E: 43817 N: 30442']

x52 = session.xyDataObjectsNFORC2: Pl: PART-1-1 E: 43818 N: 8422']

x53 = session.xyDataObjects NFORC2: PI: PART-1-1 E: 43818 N: 8516']

x54 = session.xyDataObjectsNFORC2: PI: PART-1-1 E: 43819 N: 24257']

x55 = session.xyDataObjectsNFORC2: PI: PART-1-1 E: 43819 N: 24265']

x56 = session.xyDataObjects NFORC2: PI: PART-1-1 E: 43820 N: 18080']

x57 = session.xyDataObjects| NFORC2: PI: PART-1-1 E: 43820 N: 18088']

x58 = session.xyDataObjects'NFORC2: PI: PART-1-1 E: 43821 N: 8480

x59 = session.xyDataObjects'NFORC2: PI: PART-1-1 E: 43821 N: 8520

x60 = session.xyDataObjects| NFORC3: PI: PART-1-1 E: 43807 N: 30429']

x61 = session.xyDataObjects| NFORC3: PI: PART-1-1 E: 43807 N: 30441']

x62 = session.xyDataObjectsNFORC3: Pl: PART-1-1 E: 43808 N: 24252

x63 = session.xyDataObjectsNFORC3: PI: PART-1-1 E: 43808 N: 24264'|

x64 = session.xyDataObjects[ NFORC3: Pl: PART-1-1 E: 43809 N: 18075']

x65 = session.xyDataObjects|'NFORC3: PI: PART-1-1 E: 43809 N: 18087']

x66 = session.xyDataObjects| NFORC3: Pl: PART-1-1 E: 43810 N: 8451

x67 = session.xyDataObjectsNFORC3: PI: PART-1-1 E: 43810 N: 8518']

x68 = session.xyDataObjects| NFORC3: PI: PART-1-1 E: 43811 N: 40833']

x69 = session.xyDataObjectsNFORC3: PI: PART-1-1 E: 43811 N: 40845']

x70 = session.xyDataObjectsNFORC3: Pl: PART-1-1 E: 43812 N: 30439']
E: 43812 N: 30443']
E: 43813 N: 24262']
E: 43813 N: 24266')
E: 43814 N: 18085']
E: 43814 N: 18089']
E: 43815 N: 8509']
E: 43815 N: 8522')
E: 43816 N: 40843']
E: 43816 N: 40846']
E: 43817 N: 30434')
E: 43817 N: 30442']
E: 43818 N: 8422

1
1
x71 = session.xyDataObjectsNFORC3: PI: PART-1-
X72 = session.xyDataObjects NFORC3: PI: PART-1-
x73 = session.xyDataObjects NFORC3: PI: PART-1-
x74 = session.xyDataObjects NFORC3: PI: PART-1-
x75 = session.xyDataObjectsNFORC3: PI: PART-1-
X76 = session.xyDataObjectsNFORC3: Pl: PART-1-
X77 = session.xyDataObjects NFORC3: PI: PART-1-
x78 = session.xyDataObjectsNFORC3: PI: PART-1-
x79 = session.xyDataObjects'NFORC3: PI: PART-1-
x80 = session.xyDataObjects{NFORC3: Pi: PART-1-
x81 = session.xyDataObjects['NFORC3: Pl: PART-1-
x82 = session.xyDataObjectsNFORC3: PI: PART-1-
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x83 = session.xyDataObjects[NFORC3: PI: PART-1-1 E: 43818 N: 8516']
x84 = session.xyDataObjects[NFORC3: Pl: PART-1-1 E: 43819 N: 24257']
x85 = session.xyDataObjectsNFORC3: Pl: PART-1-1 E: 43819 N: 24265']
x86 = session.xyDataObjects NFORC3: Pl: PART-1-1 E: 43820 N: 18080']
x87 = session.xyDataObjects| NFORC3: PI: PART-1-1 E: 43820 N: 18088']
x88 = session.xyDataObjects| NFORC3: PI: PART-1-1 E: 43821 N: 8480']
x89 = session.xyDataObjectsNFORC3: PI: PART-1-1 E: 43821 N: 8520
session.writeXYReport(fileName='<-Path-Replace->_br.rpt’,
appendMode=0FF, xyData=(x0, x1, x2, x3, x4, x5, x6, X7, x8, x9, x10, x11,
x12, x13, x14, x15, x16, x17, x18, x19, x20, x21, x22, x23, x24, x25, x26,
x27, x28, x29, x30, x31, x32, x33, x34, x35, x36, x37, x38, x39, x40, x41,
x42, x43, x44, x45, x46, x47, x48, x49, x50, x51, x52, x53, x54, x55, x56,
x57, x568, x59, x60, x61, x62, x63, x64, x65, x66, X67, x68, x69, x70, x71,
X72, x73, x74, X75, x76, x77, X78, x79, x80, x81, x82, x83, x84, x85, x86,
x87, x88, x89))
del session.xyDataObjectsNFORC1: Pi: PART-1-1 E: 43807 N: 30429']
del session.xyDataObjectsNFORC1: PI: PART-1-1 E: 43807 N: 30441']
del session.xyDataObjectsNFORC1: Pl: PART-1-1 E: 43808 N: 24252
del session.xyDataObjects|NFORC1: Pl: PART-1-1 E: 43808 N: 24264']
del session.xyDataObjects|NFORC1: PI: PART-1-1 E: 43809 N: 18075']
del session.xyDataObjects/' NFORC1: Pl: PART-1-1 E: 43809 N: 18087']
del session.xyDataObjects| NFORC1: Pl: PART-1-1 E: 43810 N: 8451']
del session.xyDataObjects[[NFORC1: Pl: PART-1-1 E: 43810 N: 8518']
del session.xyDataObjects|'NFORC1: Pl: PART-1-1 E: 43811 N: 40833']
del session.xyDataObjects| NFORC1: Pl: PART-1-1 E: 43811 N: 40845]
del session.xyDataObjects[ NFORC1: Pl: PART-1-1 E: 43812 N: 30439
del session.xyDataObjects| NFORC1: PI: PART-1-1 E: 43812 N: 30443
del session.xyDataObjects| NFORC1: Pl: PART-1-1 E: 43813 N: 24262']
del session.xyDataObjectsNFORC1: Pl: PART-1-1 E: 43813 N: 24266']
del session.xyDataObjects| NFORC1: PI: PART-1-1 E: 43814 N: 18085']
del session.xyDataObjects[NFORC1: PI: PART-1-1 E: 43814 N: 180891
del session.xyDataObjects[ NFORC1: PI: PART-1-1 E: 43815 N: 8509']
del session.xyDataObjects| NFORC1: PI: PART-1-1 E: 43815 N: 8522
del session.xyDataObjects| NFORC1: PI: PART-1-1 E: 43816 N: 40843']
del session.xyDataObjects NFORC1: Pl: PART-1-1 E: 43816 N: 40846']
del session.xyDataObjects| NFORC1: PI: PART-1-1 E: 43817 N: 30434']
del session.xyDataObjects NFORC1: Pl: PART-1-1 E: 43817 N: 30442']
del session.xyDataObjects[ NFORC1: PI: PART-1-1 E: 43818 N: 8422
del session.xyDataObjectsNFORC1: Pl: PART-1-1 E: 43818 N: 8516']
del session.xyDataObjects'NFORC1: PI: PART-1-1 E: 43819 N: 24257']
del session.xyDataObjects[ NFORC1: PI: PART-1-1 E: 43819 N: 24265'|
del session.xyDataObjectsNFORC1: Pl: PART-1-1 E: 43820 N: 18080']
del session.xyDataObjects[ NFORC1: PI: PART-1-1 E: 43820 N: 18088']
del session.xyDataObjects|NFORC1: Pl: PART-1-1 E: 43821 N: 8480']
del session.xyDataObjectsNFORC1: Pi: PART-1-1 E: 43821 N: 8520
del session.xyDataObjects[NFORC2: PI: PART-1-1 E: 43807 N: 30429']
del session.xyDataObjects[NFORC2: Pl: PART-1-1 E: 43807 N: 30441']
del session.xyDataObjectsNFORC2: PI: PART-1-1 E: 43808 N: 24252']
E: 43808 N: 24264']
E: 43809 N: 18075']
E: 43809 N: 18087
E: 43810 N: 8451']
E: 43810 N: 8518']
E: 43811 N: 40833
E: 43811 N: 40845']
E: 43812 N: 30439']
E: 43812 N: 30443
E: 43813 N: 24262"
E: 43813 N: 24266']

1-1
1-1
del session.xyDataObjects'NFORC2: Pl: PART-1-1
del session.xyDataObjects|NFORC2: Pi: PART-1-1
del session.xyDataObjects['NFORC2: Pl: PART-1-1
del session.xyDataObjects[ NFORC2: PI: PART-1-1
del session.xyDataObjects[[NFORC2: Pl: PART-1-1
del session.xyDataObjects[NFORC2: PI: PART-1-1
del session.xyDataObjectsNFORC2: Pl: PART-1-1
del session.xyDataObjects['NFORC2: PI: PART-1-1
del session.xyDataObjects| NFORC2: PI: PART-1-1
del session.xyDataObjects[NFORC2: PI: PART-1-1
del session.xyDataObjects| NFORC2: PI: PART-1-1
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del session.xyDataObjectsNFORC2: Pl: PART-1-1
del session.xyDataObjects|NFORC2: PI: PART-1-1
del session.xyDataObjectsNFORC2: PI: PART-1-1
del session.xyDataObjectsNFORC2: PI: PART-1-1
del session.xyDataObjects|NFORC2: PI: PART-1-1
del session.xyDataObjects|'NFORC2: PI: PART-1-1
del session.xyDataObjects|NFORC2: PI: PART-1-1
del session.xyDataObjects| NFORC2: PI: PART-1-1
del session.xyDataObjectsNFORC2: PI: PART-1-1
del session.xyDataObjects| NFORC2: PI: PART-1-1
del session.xyDataObjects|NFORC2: PI: PART-1-1
del session.xyDataObjects[ NFORC2: PI: PART-1-1
del session.xyDataObjectsNFORC2: PI: PART-1-1
del session.xyDataObjects[NFORC2: PI: PART-1-1
del session.xyDataObjectsNFORC2: Pl: PART-1-1
del session.xyDataObjectsNFORC2: Pl: PART-1-1
del session.xyDataObjectsNFORC3: Pl: PART-1-1
del session.xyDataObjects|NFORC3: PI: PART-1-1
del session.xyDataObjectsNFORC3: Pl: PART-1-1
del session.xyDataObjectsNFORC3: PI: PART-1-1
del session.xyDataObjects|'NFORC3: PI: PART-1-1 E: 43809 N: 18075']
del session.xyDataObjects[NFORC3: PI: PART-1-1 E: 43809 N: 18087']

E: 43814 N: 18085']
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
del session.xyDataObjectsNFORC3: Pl: PART-1-1 E: 43810 N: 8451']
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E

: 43814 N: 18089
- 43815 N: 8509']
: 43815 N: 85221
: 43816 N: 40843
: 43816 N: 40846']
1 43817 N: 30434']
- 43817 N: 30442']
: 43818 N: 8422']
: 43818 N: 85161
- 43819 N: 24257']
- 43819 N: 24265')
- 43820 N: 18080']
- 43820 N: 18088
: 43821 N: 8480
: 43821 N: 85201
- 43807 N: 30429']
- 43807 N: 304411
- 43808 N: 24252']
- 43808 N: 24264']

del session.xyDataObjects| NFORC3: PI: PART-1-1 E: 43810 N: 8518
del session.xyDataObjects|'NFORC3: PI: PART-1-1 E: 43811 N: 40833']
del session.xyDataObjects[NFORC3: PI: PART-1-1 E: 43811 N: 40845']
del session.xyDataObjectsNFORC3: PI: PART-1-1 E: 43812 N: 30439']
del session.xyDataObjects NFORC3: PI: PART-1-1 E: 43812 N: 30443
del session.xyDataObjects| NFORC3: Pl: PART-1-1 E: 43813 N: 24262
del session.xyDataObjects'NFORC3: PI: PART-1-1 E: 43813 N: 24266']
del session.xyDataObjects NFORC3: PI: PART-1-1 E: 43814 N: 18085]
143814 N: 18089']
: 43815 N: 8509']
: 43815 N: 8522']
: 43816 N: 40843']
: 43816 N: 40846']
143817 N: 304341
: 43817 N: 30442
143818 N: 84221
143818 N: 8516']
143819 N: 24257"]
143819 N: 24265']
: 43820 N: 18080']
: 43820 N: 18088']
: 43821 N: 8480
: 43821 N: 8520

1

1

del session.xyDataObjectsNFORC3: PI: PART-1-1

del session.xyDataObjects|NFORC3: PI: PART-1-1

del session.xyDataObjects| NFORC3: PI: PART-1-1

del session.xyDataObjects NFORC3: PI: PART-1-1

del session.xyDataObjectsNFORC3: PI: PART-1-1

del session.xyDataObjects['NFORC3: Pl: PART-1-1

del session.xyDataObjects[NFORC3: PI: PART-1-1

del session.xyDataObjects|'NFORC3: PI: PART-1-1

del session.xyDataObjects['NFORC3: PI: PART-1-1

del session.xyDataObjectsNFORC3: PI: PART-1-1

del session.xyDataObjects NFORC3: PI: PART-1-1

del session.xyDataObjects[NFORC3: Pl: PART-1-1

del session.xyDataObjects|NFORC3: PI: PART-1-1

del session.xyDataObjectsNFORC3: Pl: PART-1-1

del session.xyDataObjects[[NFORC3: Pl: PART-1-1

odb = session.odbs['<-ODB-Replace->']

session.xyDatalistFromField(odb=odb, outputPosition=ELEMENT_NODAL, variable=((
'‘NFORC1', ELEMENT_NODAL), (NFORC2', ELEMENT_NODAL), (NFORC3!,
ELEMENT_NODAL), (NFORC4', ELEMENT_NODAL), (NFORCS5', ELEMENT_NODAL), (
‘NFORCG6', ELEMENT_NODALY), ), elementSets=('"PART-1-1.FEET', ))

x0 = session.xyDataObjectsNFORC1: PI: PART-1-1 E: 43760 N: 37880']

x1 = session.xyDataObjects[NFORC1: Pl: PART-1-1 E: 43760 N: 40826']

x2 = session.xyDataObjects'NFORC1: PI: PART-1-1 E: 43761 N: 40627']

x3 = session.xyDataObjects| NFORC1: PI: PART-1-1 E: 43761 N: 40831']

x4 = session.xyDataObjects|NFORC1: Pl: PART-1-1 E: 43762 N: 40693']

x5 = session.xyDataObjects| NFORC1: Pl: PART-1-1 E: 43762 N: 40836']

x6 = session.xyDataObjects'NFORC1: Pl: PART-1-1 E: 43763 N: 40759]

X7 = session.xyDataObjectsNFORC1: PI: PART-1-1 E: 43763 N: 44022]
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x8 = session.xyDataObjects['NFORC1: PI: PART-1-1 E: 43764 N: 8221']
x9 = session.xyDataObjects[NFORC1: Pl: PART-1-1 E: 43764 N: 8449']
x10 = session.xyDataObjectsNFORC1: Pl: PART-1-1 E: 43765 N: 46']
x11 = session.xyDataObjects['NFORC1: PI: PART-1-1 E: 43765 N: 8420']
x12 = session.xyDataObjectsNFORC1: Pi: PART-1-1 E: 43766 N: 8353
x13 = session.xyDataObjects[NFORC1: Pl: PART-1-1 E: 43766 N: 8507']
x14 = session.xyDataObjects[[NFORC1: Pl: PART-1-1 E: 43767 N: 8287']
x15 = session.xyDataObjectsNFORC1: Pl: PART-1-1 E: 43767 N: 8478'
x16 = session.xyDataObjectsNFORC1: Pl: PART-1-1 E: 43774 N: 17869']
x17 = session.xyDataObjectsNFORC1: Pl: PART-1-1 E: 43774 N: 18073']
x18 = session.xyDataObjectsNFORC1: PI: PART-1-1 E: 43775 N: 15122']
x19 = session.xyDataObjectsNFORC1: PI: PART-1-1 E: 43775 N: 18068']
x20 = session.xyDataObjects NFORC1: Pl: PART-1-1 E: 43776 N: 18001']
x21 = session.xyDataObjects NFORC1: PI: PART-1-1 E: 43776 N: 18083']
x22 = session.xyDataObjectsNFORC1: Pl: PART-1-1 E: 43777 N: 17935')
x23 = session.xyDataObjects NFORC1: Pl: PART-1-1 E: 43777 N: 18078']
x24 = session.xyDataObjects| NFORC1: Pl: PART-1-1 E: 43783 N: 24046']
x25 = session.xyDataObjectsNFORC1: Pl: PART-1-1 E: 43783 N: 24250']
x26 = session.xyDataObjectsNFORC1: Pl: PART-1-1 E: 43784 N: 21299']
x27 = session.xyDataObjects| NFORC1: PI: PART-1-1 E: 43784 N: 24245']
x28 = session.xyDataObjectsNFORC1: PI: PART-1-1 E: 43785 N: 24178']
x29 = session.xyDataObjectsNFORC1: Pl: PART-1-1 E: 43785 N: 24260']
x30 = session.xyDataObjects[NFORC1: Pl: PART-1-1 E: 43786 N: 24112
x31 = session.xyDataObjectsNFORC1: Pl: PART-1-1 E: 43786 N: 24255']
x32 = session.xyDataObjects| NFORC1: Pl: PART-1-1 E: 43792 N: 30223']
x33 = session.xyDataObjects NFORC1: PI: PART-1-1 E: 43792 N: 30427’
x34 = session.xyDataObjectsNFORC1: PI: PART-1-1 E: 43793 N: 27476']
x35 = session.xyDataObjectsNFORC1: Pl: PART-1-1 E: 43793 N: 30422']
x36 = session.xyDataObjectsNFORC1: PI: PART-1-1 E: 43794 N: 30355']
x37 = session.xyDataObjects| NFORC1: Pl: PART-1-1 E: 43794 N: 30437']
x38 = session.xyDataObjects['NFORC1: PI: PART-1-1 E: 43795 N: 30289
x39 = session.xyDataObjectsNFORC1: Pl: PART-1-1 E: 43795 N: 30432
x40 = session.xyDataObjectsNFORC2: PI: PART-1-1 E: 43760 N: 37880']
x41 = session.xyDataObjects[NFORC2: Pl: PART-1-1 E: 43760 N: 40826']
x42 = session.xyDataObjectsNFORC2: PI: PART-1-1 E: 43761 N: 40627']
x43 = session.xyDataObjects[NFORC2: Pl: PART-1-1 E: 43761 N: 40831']
x44 = session.xyDataObjectsNFORC2: PI: PART-1-1 E: 43762 N: 40693']
x45 = session.xyDataObjects NFORC2: Pl: PART-1-1 E: 43762 N: 40836']
x46 = session.xyDataObjects[NFORC2: PI: PART-1-1 E: 43763 N: 40759]
x47 = session.xyDataObjects| NFORC2: PI: PART-1-1 E: 43763 N: 44022']
x48 = session.xyDataObjects| NFORC2: PI: PART-1-1 E: 43764 N: 8221']
x49 = session.xyDataObjectsNFORC2: PI: PART-1-1 E: 43764 N: 8449]
x50 = session.xyDataObjects[NFORC2: Pl: PART-1-1 E: 43765 N: 46']
x51 = session.xyDataObjects[NFORC2: Pi: PART-1-1 E: 43765 N: 8420]
x52 = session.xyDataObjects| NFORC2: PI: PART-1-1 E: 43766 N: 8353']
x53 = session.xyDataObjects|NFORC2: PI: PART-1-1 E: 43766 N: 8507']
x54 = session.xyDataObjects[NFORC2: PI: PART-1-1 E: 43767 N: 8287']
x55 = session.xyDataObjectsNFORC2: PI: PART-1-1 E: 43767 N: 8478']
x56 = session.xyDataObjects| NFORC2: PI: PART-1-1 E: 43774 N: 17869']
x57 = session.xyDataObjects| NFORC2: PI: PART-1-1 E: 43774 N: 18073']
x58 = session.xyDataObjectsNFORC2: PI: PART-1-1 E: 43775 N: 15122
x59 = session.xyDataObjects[NFORC2: PI: PART-1-1 E: 43775 N: 18068']
x60 = session.xyDataObjects[NFORC2: PI: PART-1-1 E: 43776 N: 18001']
x61 = session.xyDataObjects'NFORC2: PI: PART-1-1 E: 43776 N: 18083
x62 = session.xyDataObjects'NFORC2: PI: PART-1-1 E: 43777 N: 17935]
x63 = session.xyDataObjects NFORC2: PI: PART-1-1 E: 43777 N: 18078']
x64 = session.xyDataObjects[[NFORC2: PI: PART-1-1 E: 43783 N: 24046']
x65 = session.xyDataObjects[NFORC2: PI: PART-1-1 E: 43783 N: 24250']
X66 = session.xyDataObjects| NFORC2: PI: PART-1-1 E: 43784 N: 21299']
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x67 = session.xyDataObjects NFORC2: Pl: PART-1-1 E: 43784 N: 24245']
x68 = session.xyDataObjects| NFORC2: PI: PART-1-1 E: 43785 N: 24178']
X69 = session.xyDataObjects| NFORC2: PI: PART-1-1 E: 43785 N: 24260']
X70 = session.xyDataObjects[ NFORC2: Pl: PART-1-1 E: 43786 N: 24112']
X71 = session.xyDataObjects| NFORC2: Pl: PART-1-1 E: 43786 N: 24255']
x72 = session.xyDataObjects[NFORC2: Pl: PART-1-1 E: 43792 N: 30223']
x73 = session.xyDataObjects[ NFORC2: Pl: PART-1-1 E: 43792 N: 30427']
X74 = session.xyDataObjectsNFORC2: Pl: PART-1-1 E: 43793 N: 27476']
x75 = session.xyDataObjects|NFORC2: Pl: PART-1-1 E: 43793 N: 30422']
X76 = session.xyDataObjects['NFORC2: Pl: PART-1-1 E: 43794 N: 30355']
x77 = session.xyDataObjectsNFORC2: PI: PART-1-1 E: 43794 N: 30437']
X78 = session.xyDataObjects|'NFORC2: PI: PART-1-1 E: 43795 N: 30289']
X79 = session.xyDataObjects[NFORC2: Pi: PART-1-1 E: 43795 N: 30432’
x80 = session.xyDataObjects['NFORC3: PI: PART-1-1 E: 43760 N: 37880']
x81 = session.xyDataObjects|'NFORC3: Pl: PART-1-1 E: 43760 N: 40826']
x82 = session.xyDataObjectsNFORC3: Pl: PART-1-1 E: 43761 N: 40627']
x83 = session.xyDataObjects['NFORC3: PI: PART-1-1 E: 43761 N: 40831']
x84 = session.xyDataObjects'NFORC3: Pi: PART-1-1 E: 43762 N: 40693']
x85 = session.xyDataObjectsNFORC3: Pl: PART-1-1 E: 43762 N: 40836']
x86 = session.xyDataObjectsNFORC3: PI: PART-1-1 E: 43763 N: 40759']
x87 = session.xyDataObjects['NFORC3: Pl: PART-1-1 E: 43763 N: 44022']
x88 = session.xyDataObjects|NFORC3: PI: PART-1-1 E: 43764 N: 8221']
x89 = session.xyDataObjects| NFORC3: PI: PART-1-1 E: 43764 N: 8449']
x90 = session.xyDataObjects| NFORC3: PI: PART-1-1 E: 43765 N: 46']

x91 = session.xyDataObjects|'NFORC3: Pl: PART-1-1 E: 43765 N: 8420]
x92 = session.xyDataObjects'NFORC3: PI: PART-1-1 E: 43766 N: 8353']
x93 = session.xyDataObjects['NFORC3: Pl: PART-1-1 E: 43766 N: 8507']
x94 = session.xyDataObjectsNFORC3: Pl: PART-1-1 E: 43767 N: 8287']
x95 = session.xyDataObjectsNFORC3: Pl: PART-1-1 E: 43767 N: 8478']
X96 = session.xyDataObjects[NFORC3: PI: PART-1-1 E: 43774 N: 17869']
x97 = session.xyDataObjects NFORC3: PI: PART-1-1 E: 43774 N: 18073']
x98 = session.xyDataObjects[ NFORC3: PI: PART-1-1 E: 43775 N: 15122']
x99 = session.xyDataObjects|NFORC3: PI: PART-1-1 E: 43775 N: 18068']
x100 = session.xyDataObjects[NFORC3: PI: PART-1-1 E: 43776 N: 18001']
x101 = session.xyDataObjects[NFORC3: PI: PART-1-1 E: 43776 N: 18083']
x102 = session.xyDataObjects[NFORC3: PI: PART-1-1 E: 43777 N: 17935
x103 = session.xyDataObjectsNFORC3: Pl: PART-1-1 E: 43777 N: 18078]
x104 = session xyDataObjectsNFORC3: Pl PART-1-1 E: 43783 N: 24046']
x105 = session.xyDataObjectsNFORC3: PI: PART-1-1 E: 43783 N: 24250']
x106 = session.xyDataObjects[NFORC3: PI: PART-1-1 E: 43784 N: 21299']
x107 = session.xyDataObjects NFORC3: PI: PART-1-1 E: 43784 N: 24245']
x108 = session.xyDataObjects[NFORC3: Pl: PART-1-1 E: 43785 N: 24178']
x109 = session.xyDataObjects[NFORC3: Pi: PART-1-1 E: 43785 N: 24260']
x110 = session.xyDataObjectsNFORC3: PI: PART-1-1 E: 43786 N: 24112']
x111 = session.xyDataObjects| NFORC3: Pt: PART-1-1 E: 43786 N: 24255']
x112 = session.xyDataObjects| NFORC3: Pl: PART-1-1 E: 43792 N: 30223']
x113 = session.xyDataObjects|NFORC3: Pl: PART-1-1 E: 43792 N: 30427']
x114 = session.xyDataObjects|NFORC3: PI: PART-1-1 E: 43793 N: 27476"]
x115 = session.xyDataObjectsNFORC3: Pl: PART-1-1 E: 43793 N: 30422']
x116 = session.xyDataObjectsNFORC3: PI: PART-1-1 E: 43794 N: 30355']
x117 = session.xyDataObjects| NFORC3: PI: PART-1-1 E: 43794 N: 30437']
x118 = session.xyDataObjects| NFORC3: Pl: PART-1-1 E: 43795 N: 30289']
x119 = session.xyDataObjects NFORC3: PI: PART-1-1 E: 43795 N: 30432']
X120 = session.xyDataObjectsNFORC4: Pl: PART-1-1 E: 43760 N: 37880']
x121 = session.xyDataObjects[NFORC4: PI: PART-1-1 E: 43760 N: 40826']
x122 = session.xyDataObjects[NFORC4: PI: PART-1-1 E: 43761 N: 40627'|
x123 = session.xyDataObjectsNFORC4: PI: PART-1-1 E: 43761 N: 40831']
x124 = session.xyDataObjects'NFORC4: PI: PART-1-1 E: 43762 N: 40693']
x125 = session.xyDataObjectsNFORC4: PI: PART-1-1 E: 43762 N: 40836'|
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x126 = session.xyDataObjects[NFORC4: Pl: PART-1-1
x127 = session.xyDataObjectsNFORC4: Pi: PART-1-1
x128 = session.xyDataObjectsNFORC4: PI: PART-1-1
x129 = session.xyDataObjects| NFORC4: Pl: PART-1-1
x130 = session.xyDataObjectsNFORC4: Pl: PART-1-1
x131 = session.xyDataObjects[NFORC4: Pl: PART-1-1
x132 = session.xyDataObjects[[NFORC4: PI: PART-1-1
x133 = session.xyDataObjects'NFORC4: PI: PART-1-1
%134 = session.xyDataObjects| NFORC4: PI: PART-1-1
x135 = session.xyDataObjects NFORC4: PI: PART-1-1
x136 = session.xyDataObjects[ NFORC4: Pl: PART-1-1
x137 = session.xyDataObjects| NFORC4: Pl: PART-1-1
x138 = session.xyDataObjects|NFORC4: PI: PART-1-1
x139 = session.xyDataObjects[ NFORC4: Pl: PART-1-1
x140 = session.xyDataObjects['NFORC4: Pl: PART-1-1
x141 = session.xyDataObjects{'NFORC4: PI: PART-1-1
x142 = session.xyDataObjects[ NFORC4: Pi: PART-1-1
x143 = session.xyDataObjects| NFORC4: PI: PART-1-1
X144 = session.xyDataObjects[NFORC4: PI: PART-1-1
x145 = session.xyDataObjects|NFORC4: Pl: PART-1-1
x146 = session.xyDataObjects|NFORC4. PI: PART-1-1
x147 = session.xyDataObjects[ NFORC4: Pl: PART-1-1
x148 = session.xyDataObjects|'NFORC4: Pl: PART-1-1
x149 = session.xyDataObjects[NFORC4: PIl: PART-1-1
x150 = session.xyDataObjects['NFORC4: PI: PART-1-1
x1561 = session.xyDataObjects|'NFORC4: Pl: PART-1-1
x152 = session.xyDataObjects| NFORC4: Pi: PART-1-1
x153 = session.xyDataObjects[ NFORC4: PI: PART-1-1
x154 = session.xyDataObjects[NFORC4: PI: PART-1-1
x155 = session.xyDataObjects|' NFORC4: Pl: PART-1-1
x156 = session.xyDataObjects[NFORC4: Pl: PART-1-1
x157 = session.xyDataObjects NFORC4: Pl: PART-1-1
x158 = session.xyDataObjectsNFORC4: PI: PART-1-1
x159 = session.xyDataObjectsNFORC4: PI: PART-1-1
x160 = session.xyDataObjects| NFORC5: Pl: PART-1-1
x161 = session.xyDataObjectsNFORC5: PI: PART-1-1
x162 = session.xyDataObjectsNFORCS5: Pl: PART-1-1
x163 = session.xyDataObjects[[NFORCS5: Pl: PART-1-1
x164 = session.xyDataObjects|NFORCS5: Pl: PART-1-1
x165 = session.xyDataObjectsNFORCS5: Pl: PART-1-1
x166 = session.xyDataObjects NFORC5: PI: PART-1-1
x167 = session.xyDataObjects[NFORC5: Pi: PART-1-1
x168 = session.xyDataObjects NFORC5: PI: PART-1-1
x169 = session.xyDataObjects| NFORC5: PI: PART-1-1
x170 = session.xyDataObjects|'NFORCS5: Pl: PART-1-1
x171 = session.xyDataObjects['NFORC5: PI: PART-1-1
x172 = session.xyDataObjects['NFORCS5: PI: PART-1-1
x173 = session.xyDataObjects|' NFORCS5: Pl: PART-1-1
x174 = session.xyDataObjects[NFORC5: Pl: PART-1-1
x175 = session.xyDataObjects| NFORCS5: PI: PART-1-1
x176 = session.xyDataObjects['NFORC5: PI: PART-1-1
x177 = session.xyDataObjects NFORCS5: Pl: PART-1-1
x178 = session.xyDataObjects' NFORCS5: PI: PART-1-1

1

1

1

1

1

1

E: 43763 N: 40759']
E: 43763 N: 440221
E: 43764 N: 8221']
E: 43764 N: 84491
E: 43765 N: 46']

E: 43765 N: 84207
E: 43766 N: 8353
E: 43766 N: 8507']
E: 43767 N: 82871
E: 43767 N: 84781
E: 43774 N: 17869
E: 43774 N: 18073
E: 43775 N: 15122
E: 43775 N: 18068']
E: 43776 N: 180011
E: 43776 N: 180831
E: 43777 N: 17935
E: 43777 N: 18078']
E: 43783 N: 24046']
E: 43783 N: 24250']
E: 43784 N: 212991
E: 43784 N: 24245']
E: 43785 N: 24178
E: 43785 N: 24260
E: 43786 N: 241121
E: 43786 N: 24255']
E: 43792 N: 30223]
E: 43792 N: 30427']
E: 43793 N: 27476']
E: 43793 N: 30422']
E: 43794 N: 30355']
E: 43794 N: 30437']
E: 43795 N: 30289
E: 43795 N: 30432
E: 43760 N: 37880']
E: 43760 N: 40826']
E: 43761 N: 40627']
E: 43761 N: 40831
E: 43762 N: 40693']
E: 43762 N: 40836']
E: 43763 N: 40759
E: 43763 N: 44022']
E: 43764 N: 82211
E: 43764 N: 84491
E: 43765 N: 46']

E: 43765 N: 84201
E: 43766 N: 83531
E: 43766 N: 8507']
E: 43767 N: 82871]
E: 43767 N: 84781
E: 43774 N: 17869']
E: 43774 N: 18073
E: 43775 N: 15122']
E: 43775 N: 18068']
E: 43776 N: 180011
E: 43776 N: 18083']
E: 43777 N: 17935']
E: 43777 N: 180781
E: 43783 N: 24046']

x179 = session.xyDataObjects| NFORCS5: Pi: PART-1-
x180 = session.xyDataObjects['NFORC5: PI: PART-1-
x181 = session.xyDataObjects| NFORCS5: PI: PART-1-
x182 = session.xyDataObjects|NFORCS5: Pl: PART-1-
x183 = session.xyDataObjects| NFORCS5: PI: PART-1-
x184 = session.xyDataObjects|'NFORCS5: PI: PART-1-
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x185 = session.xyDataObjects[[NFORC5: Pl: PART-1-1
x186 = session.xyDataObjects[[NFORCS5: Pl: PART-1-1
x187 = session.xyDataObjects['NFORCS5: PI: PART-1-1
x188 = session.xyDataObjects[NFORCS5: Pl: PART-1-1
x189 = session.xyDataObjects['NFORCS5: Pl: PART-1-1
x190 = session.xyDataObjects[NFORCS5: Pl: PART-1-1
x191 = session.xyDataObjects['NFORC5: PI: PART-1-1
x192 = session.xyDataObjectsNFORCS5: Pl: PART-1-1
x193 = session.xyDataObjects[[NFORCS5: PI: PART-1-1
x194 = session.xyDataObjects[[NFORC5: PI: PART-1-1
x195 = session.xyDataObjects[[NFORCS5: Pl: PART-1-1
x196 = session.xyDataObjects[[NFORCS5: Pl: PART-1-1
x197 = session.xyDataObjects[[NFORCS5: PI: PART-1-1
x198 = session.xyDataObjectsNFORC5: Pl: PART-1-1
x199 = session.xyDataObjectsf NFORC5: Pl: PART-1-1
%200 = session.xyDataObjects['NFORCS: Pl: PART-1-1
x201 = session.xyDataObjectsNFORCS: PI: PART-1-1
x202 = session.xyDataObjectsNFORC6: Pl: PART-1-1
x203 = session.xyDataObjects[[NFORCS6: PI: PART-1-1
%204 = session.xyDataObjectsNFORCS6: Pl: PART-1-1
x205 = session.xyDataObjectsNFORCS6: PI: PART-1-1
x206 = session.xyDataObjects[ NFORC6: PI: PART-1-1
x207 = session.xyDataObjects[NFORCS: Pl: PART-1-1
%208 = session.xyDataObjects{' NFORC6: Pl: PART-1-1 E: 43764 N: 8221']
X209 = session.xyDataObjects| NFORCS: PI: PART-1-1 E: 43764 N: 8449']
1
1

: 43783 N: 24250']
- 43784 N: 21299']
: 43784 N: 24245']
: 43785 N: 241781
- 43785 N: 24260']
- 43786 N: 241121
- 43786 N: 24255']
: 43792 N: 302231
: 43792 N: 30427']
- 43793 N: 27476')
: 43793 N: 304221
- 43794 N: 30355']
: 43794 N: 30437']
: 43795 N: 30289
: 43795 N: 30432
: 43760 N: 37880']
: 43760 N: 40826']
- 43761 N: 40627']
- 43761 N: 40831
: 43762 N: 40693']
: 43762 N: 40836']
: 43763 N: 40759')
- 43763 N: 44022']

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

x210 = session.xyDataObjectsNFORCS: PI: PART-1-1 E: 43765 N: 46']

X211 = session.xyDataObjects'NFORCS: PI: PART-1-1 E: 43765 N: 8420']

%212 = session.xyDataObjects NFORCS: Pl: PART-1-1 E: 43766 N: 8353]

%213 = session.xyDataObjectsNFORCS: PI: PART-1-1 E: 43766 N: 8507']

%214 = session.xyDataObjectsNFORCS: PI: PART-1-1 E: 43767 N: 8287']

X215 = session.xyDataObjects['NFORCS6: PI: PART-1-1 E: 43767 N: 8478]

X216 = session.xyDataObjectsNFORCS: Pi: PART-1-1 E: 43774 N: 17869']

x217 = session.xyDataObjectsNFORCBS: PI: PART-1-1 E: 43774 N: 18073']

%218 = session.xyDataObjects NFORCS: PI: PART-1-1 E: 43775 N: 15122

X219 = session.xyDataObjectsNFORC6: Pl: PART-1-1 E: 43775 N: 18068']

X220 = session.xyDataObjects{' NFORCS: PI: PART-1-1 E: 43776 N: 18001']
E: 43776 N: 18083']
E: 43777 N: 17935'])
E: 43777 N: 180781
E: 43783 N: 24046']
E: 43783 N: 24250']
E: 43784 N: 21299']
E: 43784 N: 24245']
E: 43785 N: 24178')
E: 43785 N: 24260']
E: 43786 N: 24112']
E: 43786 N: 24255']
E: 43792 N: 30223']
E: 43792 N: 30427']
E: 43793 N: 27476']
E: 43793 N: 30422']
E
E

X221 = session.xyDataObjects NFORCG6: Pl: PART-1-1
x222 = session.xyDataObjects[NFORC6: PI: PART-1-1
x223 = session.xyDataObjects['NFORCS: Pl: PART-1-1
x224 = session.xyDataObjects NFORCS6: PI: PART-1-1
x225 = session.xyDataObjectsNFORC6: PI: PART-1-1
x226 = session.xyDataObjectsNFORC6: PI: PART-1-1
x227 = session.xyDataObjects| NFORCS6: Pl: PART-1-1
x228 = session.xyDataObjectsNFORCS6: PI: PART-1-1
x229 = session.xyDataObjects| NFORCS: PI: PART-1-1
x230 = session.xyDataObjects['NFORC8: Pl: PART-1-1
x231 = session.xyDataObjects NFORCS6: PI: PART-1-1
x232 = session.xyDataObjects{ NFORC6: Pl: PART-1-1
x233 = session.xyDataObjects| NFORCS6: PI: PART-1-1
X234 = session.xyDataObjectsNFORCS6: Pl: PART-1-1
x235 = session.xyDataObjects| NFORCG6: PI: PART-1-1
%236 = session . xyDataObjects| NFORC6: Pl: PART-1-1 E: 43794 N: 30355']
X237 = session.xyDataObjectsNFORC6: PI: PART-1-1 E: 43794 N: 30437']
%238 = session.xyDataObjects| NFORCS6: Pl: PART-1-1 E: 43795 N: 30289']
X239 = session.xyDataObjects NFORC6: PI: PART-1-1 E: 43795 N: 30432']
session.writeXYReport(fileName='<-Path-Replace->_ft.rpt’,

xyData=(x0, x1, x2, x3, x4, x5, x6, X7, x8, x9, x10, x11, x12, x13, x14,

x15, x16, x17, x18, x19, x20, x21, x22, x23, x24, x25, x26, x27, x28, x29,

x30, x31, x32, x33, x34, x35, x36, x37, x38, x39, x40, x41, x42, x43, x44,
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x45, x46, x47, x48, x49, x50, x51, x52, x53, x54, x55, x56, x57, x58, x59,
x60, x61, x62, x63, x64, x65, x66, x67, x68, x69, X70, X71, x72, x73, x74,
X75, X76, x77, x78, x79, x80, x81, x82, x83, x84, x85, x86, x87, x88, x89,
x90, x91, x92, x93, x94, x95, x96, x97, x98, x99, x100, x101, x102, x103,
x104, x105, x106, x107, x108, x109, x110, x111, x112, x113, x114, x115,
x116, x117, x118, x119, x120, x121, x122, x123, x124, x125, x126, x127,
x128, x129, x130, x131, x132, x133, x134, x135, x136, x137, x138, x139,
x140, x141, x142, x143, x144, x145, x146, x147, x148, x149, x150, x151,
x162, x153, x154, x155, x156, X157, x158, x159, x160, x161, x162, x163,
x164, x165, x166, x167, x168, x169, x170, x171, x172, x173, x174, x175,
x176, x177, x178, x179, x180, x181, x182, x183, x184, x185, x186, x187,
x188, x189, x190, x191, x192, x193, x194, x195, x196, x197, x198, x199,
x200, x201, x202, x203, x204, x205, x2086, x207, x208, x209, x210, x211,
x212, x213, x214, x215, x216, X217, x218, x219, x220, x221, x222, x223,
X224, x225, x226, x227, x228, x229, x230, x231, x232, x233, x234, x235,
x236, x237, x238, x239))
del session.xyDataObjects|NFORC1: Pl: PART-1-1 E: 43760 N: 37880
del session.xyDataObjects'NFORC1: Pl: PART-1-1 E: 43760 N: 40826']
del session.xyDataObjects'NFORC1: Pl: PART-1-1 E: 43761 N: 40627']
del session.xyDataObjects[NFORC1: Pl: PART-1-1 E: 43761 N: 40831
del session.xyDataObjects| NFORC1: PI: PART-1-1 E: 43762 N: 40693]
del session.xyDataObjectsNFORC1: Pl: PART-1-1 E: 43762 N: 40836']
del session.xyDataObjects NFORC1: Pi: PART-1-1 E: 43763 N: 40759
del session.xyDataObjects[NFORC1: Pl: PART-1-1 E: 43763 N: 44022']
del session.xyDataObjectsNFORC1: PI: PART-1-1 E: 43764 N: 8221
del session.xyDataObjects| NFORC1: PI: PART-1-1 E: 43764 N: 8449']
del session.xyDataObjects[NFORC1: PI: PART-1-1 E: 43765 N: 46']
del session.xyDataObjects|NFORC1: Pl: PART-1-1 E: 43765 N: 8420]
del session.xyDataObjectsNFORC1: Pl: PART-1-1 E: 43766 N: 8353
del session.xyDataObjects[[NFORC1: Pl: PART-1-1 E: 43766 N: 8507']
del session.xyDataObjectsNFORC1: Pl: PART-1-1 E: 43767 N: 8287']
del session.xyDataObjects[ NFORC1: Pl: PART-1-1 E: 43767 N: 8478]
del session.xyDataObjects|NFORC1: PI: PART-1-1 E: 43774 N: 17869]
del session.xyDataObjectsNFORC1: PI: PART-1-1 E: 43774 N: 18073']
del session.xyDataObjectsNFORC1: PI: PART-1-1 E: 43775 N: 15122
del session.xyDataObjectsNFORC1: PI: PART-1-1 E: 43775 N: 18068']
del session.xyDataObjectsNFORC1: Pl: PART-1-1 E: 43776 N: 18001']
del session.xyDataObjects NFORC1: PI: PART-1-1 E: 43776 N: 18083']
del session.xyDataObjects| NFORC1: Pl: PART-1-1 E: 43777 N: 17935']
del session.xyDataObjects NFORC1: PI: PART-1-1 E: 43777 N: 18078']
del session.xyDataObjectsNFORC1: PI: PART-1-1 E: 43783 N: 24046']
del session.xyDataObjects|NFORC1: PI: PART-1-1 E: 43783 N: 24250']
del session.xyDataObjects[NFORC1: Pl: PART-1-1 E: 43784 N: 21299']
del session.xyDataObjects[NFORC1: Pl: PART-1-1 E: 43784 N: 24245']
del session.xyDataObjects|NFORC1: Pl: PART-1-1 E: 43785 N: 24178']
del session.xyDataObjects[NFORC1: PI: PART-1-1 E: 43785 N: 24260']
del session.xyDataObjects[NFORC1: PI: PART-1-1 E: 43786 N: 24112
del session.xyDataObjectsNFORC1: Pl: PART-1-1 E: 43786 N: 24255']
del session.xyDataObjectsNFORC1: PI: PART-1-1 E: 43792 N: 30223']
del session.xyDataObjectsNFORC1: PI: PART-1-1 E: 43792 N: 30427']
del session.xyDataObjects[ NFORC1: PI: PART-1-1 E: 43793 N: 27476']
del session.xyDataObjects[NFORC1: PI: PART-1-1 E: 43793 N: 30422']
del session.xyDataObjects[NFORC1: Pl: PART-1-1 E: 43794 N: 30355]
del session.xyDataObjects[NFORC1: Pl: PART-1-1 E: 43794 N: 30437']
del session.xyDataObjects[NFORC1: Pl: PART-1-1 E: 43795 N: 30289
del session.xyDataObjectsNFORC1: Pl: PART-1-1 E: 43795 N: 30432]
del session.xyDataObjects[ NFORC2: PI: PART-1-1 E: 43760 N: 37880']
del session.xyDataObjects|NFORC2: Pl: PART-1-1 E: 43760 N: 40826']
dei session.xyDataObjects[ NFORC2: PI: PART-1-1 E: 43761 N: 40627
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del session.xyDataObjectsNFORC2: Pl: PART-1-1
del session.xyDataObjects[NFORC2: PI: PART-1-1
del session.xyDataObjects[NFORC2: PI: PART-1-1
de! session.xyDataObjects[NFORC2: PI: PART-1-1
del session.xyDataObjects[NFORC2: PI: PART-1-1
del session.xyDataObjects['NFORC2: PI: PART-1-1
del session.xyDataObjects[NFORC2: PI: PART-1-1
del session.xyDataObjects|'NFORC2: Pl: PART-1-1
det session.xyDataObjects|NFORC2: PI: PART-1-1
del session.xyDataObjectsNFORC2: PI: PART-1-1
del session.xyDataObjects[NFORC2: PI: PART-1-1
del session.xyDataObjectsNFORC2: Pl: PART-1-1
del session.xyDataObjects[[NFORC2: Pl: PART-1-1
del session.xyDataObjectsNFORC2: Pl: PART-1-1
del session.xyDataObjectsNFORC2: PI: PART-1-1
del session.xyDataObjects['NFORC2: PI: PART-1-1
del session.xyDataObjects['NFORC2: Pl: PART-1-1
del session.xyDataObjects[NFORC2: PI: PART-1-1
del session.xyDataObjectsNFORC2: Pl: PART-1-1
del session.xyDataObjects[NFORC2: Pl: PART-1-1
del session.xyDataObjectsNFORC2: PI: PART-1-1
del session.xyDataObjects[[NFORC2: PI: PART-1-1
del session.xyDataObjects|NFORC2: PI: PART-1-1
del session.xyDataObjects[[NFORC2: Pi: PART-1-1
del session.xyDataObjectsNFORC2: Pl: PART-1-1
del session.xyDataObjectsNFORC2: PI: PART-1-1
del session.xyDataObjects|NFORC2: PI: PART-1-1
del session.xyDataObjects['NFORC2: PI: PART-1-1 E: 43786 N: 24112
del session.xyDataObjects[NFORC2: Pl: PART-1-1 E: 43786 N: 24255']

E: 43761 N: 40831']
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
del session.xyDataObjectsNFORC2: Pl: PART-1-1 E: 43792 N: 30223']
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E

: 43762 N: 40693']
143762 N: 40836"]
143763 N: 40759']
143763 N: 44022'1
1 43764 N: 8221]

1 43764 N: 8449')
143765 N: 46']

1 43765 N: 8420')
143766 N: 83531

: 43766 N: 8507"]

1 43767 N: 8287']

1 43767 N: 8478]
143774 N: 17869']
143774 N: 18073')
143775 N: 15122
143775 N: 180681
143776 N: 18001
243776 N: 18083']
143777 N: 17935']
143777 N: 18078']
143783 N: 24046']
143783 N: 24250
143784 N: 21299
1 43784 N: 24245")
143785 N: 24178
143785 N: 24260']

del session.xyDataObjectsNFORC2: PI: PART-1-1 E: 43792 N: 30427']
del session.xyDataObjects[NFORC2: PI: PART-1-1 E: 43793 N: 27476']
del session.xyDataObjectsNFORC2: PI: PART-1-1 E: 43793 N: 30422']
del session.xyDataObjectsNFORC2: PI: PART-1-1 E: 43794 N: 30355]
del session.xyDataObjectsNFORC2: PI: PART-1-1 E: 43794 N: 30437']
del session.xyDataObjects'NFORC2: PI: PART-1-1 E: 43795 N: 30289']
del session.xyDataObjectsNFORC2: PI: PART-1-1 E: 43795 N: 30432]
del session.xyDataObjectsNFORC3: Pl: PART-1-1 E: 43760 N: 37880']
del session.xyDataObjectsNFORC3: Pl: PART-1-1 E: 43760 N: 40826']
del session.xyDataObjectsNFORC3: PI: PART-1-1 E: 43761 N: 40627']
del session.xyDataObjectsNFORC3: PI: PART-1-1 E: 43761 N: 40831]
: 43762 N: 40693
: 43762 N: 40836']
: 43763 N: 40759']
143763 N: 44022
143764 N: 8221']

1 43764 N: 8449

: 43765 N: 46']

1 43765 N: 8420

1 43766 N: 8353']
143766 N: 8507']
143767 N: 8287')
143767 N: 8478
143774 N: 17869']
: 43774 N: 18073
: 43775 N: 151221]
: 43775 N: 18068']
: 43776 N: 18001']
: 43776 N: 18083]

del session.xyDataObjects|NFORC3: Pi: PART-1-1
del session.xyDataObjects['NFORC3: Pl: PART-1-1
del session.xyDataObjects[NFORC3: Pi: PART-1-1
del session.xyDataObjectsNFORC3: Pl: PART-1-1
del session.xyDataObjects[[NFORC3: PI: PART-1-1
del session.xyDataObjectsNFORC3: PI: PART-1-1
del session.xyDataObjects{NFORC3: PI: PART-1-1
del session.xyDataObjects[NFORC3: Pl: PART-1-1
del session.xyDataObjects[[NFORC3: PI: PART-1-1
del session.xyDataObjects|NFORC3: PI: PART-1-1
del session.xyDataObjectsNFORC3: PI: PART-1-1
del session.xyDataObjects[NFORC3: Pl: PART-1-1
del session.xyDataObjects[NFORC3: PI: PART-1-1
del session.xyDataObjectsNFORC3: PI: PART-1-1
del session.xyDataObjects[ NFORC3: PI: PART-1-1
del session.xyDataObjects|NFORC3: PI: PART-1-1
del session.xyDataObjectsNFORC3: Pl: PART-1-1
del session.xyDataObjectsNFORC3: PI: PART-1-1
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del session.xyDataObjects['NFORC3: PI: PART-1-1
del session.xyDataObjects['NFORC3: Pl: PART-1-1
del session.xyDataObjects['NFORC3: Pl: PART-1-1
del session.xyDataObjects[NFORC3: Pl: PART-1-1
del session.xyDataObjects[NFORC3: PI: PART-1-1
del session.xyDataObjects| NFORC3: PI: PART-1-1
del session.xyDataObjectsNFORC3: PI: PART-1-1
del session.xyDataObjectsNFORC3: Pl: PART-1-1
del session.xyDataObjects[NFORC3: Pl: PART-1-1
del session.xyDataObjects['NFORC3: PI: PART-1-1
del session.xyDataObjects[NFORC3: PI: PART-1-1
del session.xyDataObjectsNFORC3: Pl: PART-1-1
del session.xyDataObjectsNFORC3: PI: PART-1-1
del session.xyDataObjectsNFORC3: PI: PART-1-1
del session.xyDataObjectsNFORC3: Pl: PART-1-1
del session.xyDataObjects|NFORC3: Pl: PART-1-1
del session.xyDataObjects{NFORC3: Pl: PART-1-1
del session.xyDataObjectsNFORC3: Pl: PART-1-1
del session.xyDataObjects NFORC4: PI: PART-1-1
del session.xyDataObjectsNFORC4: Pl: PART-1-1
del session.xyDataObjects| NFORC4: Pl: PART-1-1
del session.xyDataObjects[NFORC4: PI: PART-1-1
del session.xyDataObjectsNFORC4: Pl: PART-1-1
del session.xyDataObjects[NFORC4: PI: PART-1-1
del session.xyDataObjectsNFORC4: Pl: PART-1-1
del session.xyDataObjects['NFORC4: Pi: PART-1-1
del session.xyDataObjects| NFORC4: PI: PART-1-1
del session.xyDataObjects[NFORC4: Pl: PART-1-1 E: 43764 N: 8449']
del session.xyDataObjects['NFORC4: Pl: PART-1-1 E: 43765 N: 46']

E: 43777 N: 17935']
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
del session.xyDataObjectsNFORC4: PI: PART-1-1 E: 43765 N: 8420
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E

- 43777 N: 18078']
- 43783 N: 24046']
- 43783 N: 24250']
- 43784 N: 21299
: 43784 N: 24245']
: 43785 N: 24178]
- 43785 N: 24260
- 43786 N: 24112']
- 43786 N: 24255']
- 43792 N: 30223']
- 43792 N: 30427']
- 43793 N: 27476')
: 43793 N: 304221
: 43794 N: 30355']
: 43794 N: 30437']
: 43795 N: 30289
: 43795 N: 30432']
: 43760 N: 378801
: 43760 N: 40826']
- 43761 N: 40627']
- 43761 N: 40831
- 43762 N: 40693']
- 43762 N: 40836']
: 43763 N: 40759
: 43763 N: 44022')
- 43764 N: 8221']

del session.xyDataObjectsNFORC4: Pi: PART-1-1 E: 43766 N: 8353']

del session.xyDataObjectsNFORC4: Pl: PART-1-1 E: 43766 N: 8507']

del session.xyDataObjects['NFORC4: PI: PART-1-1 E: 43767 N: 8287']

del session.xyDataObjects[NFORC4: Pl: PART-1-1 E: 43767 N: 8478

del session.xyDataObjects| NFORC4: PI: PART-1-1 E: 43774 N: 17869
del session.xyDataObjects| NFORC4: PI: PART-1-1 E: 43774 N: 18073')
del session.xyDataObjects| NFORC4: PI: PART-1-1 E: 43775 N: 15122]
del session.xyDataObjects[NFORC4: PI: PART-1-1 E: 43775 N: 18068']
del session.xyDataObjects[NFORC4: PI: PART-1-1 E: 43776 N: 18001]
del session.xyDataObjects[NFORC4: PI: PART-1-1 E: 43776 N: 18083]
del session.xyDataObjects|'NFORC4: PI: PART-1-1 E: 43777 N: 17935
del session.xyDataObjects|NFORC4: PI: PART-1-1 E: 43777 N: 18078']
del session.xyDataObjectsNFORC4: Pl: PART-1-1 E: 43783 N: 24046']
del session.xyDataObjectsNFORC4: PI: PART-1-1 E: 43783 N: 24250')
del session.xyDataObjects[NFORC4: Pl: PART-1-1 E: 43784 N: 21299
del session.xyDataObjectsNFORC4: PI: PART-1-1 E: 43784 N: 24245']
: 43785 N: 24178]
1 43785 N: 24260']
143786 N: 24112']
143786 N: 24255')
143792 N: 30223']
143792 N: 30427
143793 N: 27476")
: 43793 N: 304221
143794 N: 30355']
143794 N: 30437')
143795 N: 30289')
143795 N: 30432
143760 N: 37880

1
del session.xyDataObjects[[NFORC4: Pl: PART-1-1
del session.xyDataObjects['NFORC4: Pl: PART-1-1
del session.xyDataObjectsNFORC4: Pl: PART-1-1
del session.xyDataObjectsNFORC4: Pl: PART-1-1
del session.xyDataObjects|NFORC4: PI: PART-1-1
del session.xyDataObjectsNFORC4: Pl: PART-1-1
del session.xyDataObjectsNFORC4: Pl: PART-1-1
del session.xyDataObjectsNFORC4: PI: PART-1-1
del session.xyDataObjectsNFORC4: Pl: PART-1-1
del session.xyDataObjects|' NFORC4: Pl: PART-1-1
del session.xyDataObjects['NFORC4: PI: PART-1-1
del session.xyDataObjects{NFORC4: Pl: PART-1-1
del session.xyDataObjects{NFORC5: Pl: PART-1-1
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del session.xyDataObjectsNFORCS5: PI: PART-1-1
del session.xyDataObjects[NFORC5: PI: PART-1-1
del session.xyDataObjectsNFORC5: Pl: PART-1-1
del session.xyDataObjects NFORCS5: PI: PART-1-1
del session.xyDataObjects|NFORC5: Pi: PART-1-1
del session.xyDataObjects|NFORCS5: PI: PART-1-1
del session.xyDataObjects|NFORCS5: PI: PART-1-1
del session.xyDataObjects| NFORC5: PI: PART-1-1
del session.xyDataObjects|NFORC5: PI: PART-1-1
del session.xyDataObjects['NFORCS5: PI: PART-1-1
del session.xyDataObjects|NFORCS5: PI: PART-1-1
del session.xyDataObjectsNFORCS: Pl PART-1-1
del session.xyDataObjects|NFORC5: PI: PART-1-1
del session.xyDataObjects|NFORCS5: Pl: PART-1-1
del session.xyDataObjects|'NFORCS5: Pl: PART-1-1
del session.xyDataObjects| NFORC5: PI: PART-1-1
del session.xyDataObjects| NFORCS5: Pl: PART-1-1
del session.xyDataObjectsNFORCS5: Pl: PART-1-1
del session.xyDataObjects[NFORC5: Pl: PART-1-1
del session.xyDataObjectsNFORCS5: PI: PART-1-1
del session.xyDataObjects['NFORC5: PI: PART-1
del session.xyDataObjects['NFORC5: PI: PART-1-1

1

1

1

143760 N: 40826"]
: 43761 N: 40627']
143761 N: 40831']
143762 N: 40693']
: 43762 N: 40836']
143763 N: 40759']
: 43763 N: 44022']
143764 N: 8221')
143764 N: 8449']

: 43765 N: 46']

: 43765 N: 84201
143766 N: 8353')

1 43766 N: 8507')

1 43767 N: 8287'}

1 43767 N: 8478
143774 N: 17869')
143774 N: 18073
143775 N: 15122
: 43775 N: 18068']
43776 N: 18001']
143776 N: 18083']
143777 N: 179351
143777 N: 18078
1 43783 N: 24046')]
143783 N: 24250
143784 N: 21299']

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

del session.xyDataObjects[NFORCS5: PI: PART-1-1 E

del session.xyDataObjectsNFORCS5: Pl: PART-1-1 E

del session.xyDataObjectsNFORCS5: PI: PART-1-1 E

del session.xyDataObjectsNFORCS5: PI: PART-1-1 E

del session.xyDataObjects[[NFORCS5: Pl: PART-1-1 E: 43784 N: 24245]

del session.xyDataObjects[NFORCS5: PI: PART-1-1 E: 43785 N: 24178

del session.xyDataObjects|'NFORCS5: PI: PART-1-1 E: 43785 N: 24260]

del session.xyDataObjects NFORCS5: Pl: PART-1-1 E: 43786 N: 24112]

del session.xyDataObjects| NFORCS5: PI: PART-1-1 E: 43786 N: 24255']

del session.xyDataObjects| NFORCS: PI: PART-1-1 E: 43792 N: 30223

del session.xyDataObjects' NFORC5: Pl: PART-1-1 E: 43792 N: 30427']

del session.xyDataObjects NFORCS: Pl: PART-1-1 E: 43793 N: 27476']

del session.xyDataObjectsNFORCS5: Pl: PART-1-1 E: 43793 N: 30422

del session.xyDataObjectsNFORCS5: PI: PART-1-1 E: 43794 N: 30355']

del session.xyDataObjects[NFORCS: PI: PART-1-1 E: 43794 N: 30437']

del session.xyDataObjects| NFORCS: Pl: PART-1-1 E: 43795 N: 30289

del session.xyDataObjectsNFORCS5: Pl: PART-1-1 E: 43795 N: 30432

del session.xyDataObjects|'NFORCS: PI: PART-1-1 E: 43760 N: 37880

del session.xyDataObjects NFORCS: PI: PART-1-1 E: 43760 N: 40826'|
E: 43761 N: 40627']
E: 43761 N: 40831']
E: 43762 N: 40693')
E: 43762 N: 40836']
E: 43763 N: 40759']
E: 43763 N: 44022"
E: 43764 N: 8221
E: 43764 N: 8449']
E: 43765 N: 46']
E: 43765 N: 8420']
E: 43766 N: 83531
E: 43766 N: 8507']
E: 43767 N: 8287')
E: 43767 N: 8478']
E: 43774 N: 17869']
E: 43774 N: 18073']
E: 43775 N: 15122
E: 43775 N: 18068']

del session.xyDataObjects|NFORCS6: Pl: PART-1-1
del session.xyDataObjects[NFORC6: Pl: PART-1-

del session.xyDataObjectsNFORC6: Pl: PART-1-
del session.xyDataObjects[[NFORC6: Pl: PART-1-
del session.xyDataObjects['NFORCB6: Pl: PART-1-
del session.xyDataObjects[[NFORC6: Pl: PART-1-
del session.xyDataObjects[[NFORC6: PI: PART-1-
del session.xyDataObjectsNFORC6: PI: PART-1-
del session.xyDataObjectsNFORC6: PI: PART-1-
del session.xyDataObjectsNFORC6: Pl: PART-1-
del session.xyDataObjects|NFORCG: PI: PART-1-
del session.xyDataObjects[NFORCS6: Pl: PART-1

del session.xyDataObjects[ NFORCS: Pl: PART-1-
del session.xyDataObjectsNFORCS: PI: PART-1-
del session.xyDataObjects[NFORCB6: Pl: PART-1-
del session.xyDataObjectsNFORCB6: Pl: PART-1-
del session.xyDataObjectsNFORCS6: Pl: PART-1-
del session.xyDataObjects[NFORCS6: Pl: PART-1-
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del session.xyDataObjectsNFORCBS: PI: PART-1-1
del session.xyDataObjects{NFORC6: PI: PART-1-1
del session.xyDataObjects{NFORC6: PI: PART-1-1
del session.xyDataObjectsNFORCS: PI: PART-1-1
del session.xyDataObjects'NFORCS: PI: PART-1-1
del session.xyDataObjects[ NFORC6: PI: PART-1-1
del session.xyDataObjectsNFORCS6: Pl: PART-1-1
del session.xyDataObjectsNFORCS6: PI: PART-1-1
del session.xyDataObjects|NFORCS: PI: PART-1-1
del session.xyDataObjects|'NFORCS: PI: PART-1-1
del session.xyDataObjects['NFORC6: PI: PART-1-1
del session.xyDataObjectsNFORCS: PI: PART-1-1
1
1
1
1
1
1
1
1

43776 N: 18001']
143776 N: 18083']
43777 N: 17935']
43777 N: 18078
43783 N: 24046']
43783 N: 24250']
43784 N: 21299']
43784 N: 24245)
43785 N: 24178
43785 N: 24260']
43786 N: 241121]
43786 N: 24255']
43792 N: 30223']
43792 N: 30427']
43793 N: 27476']
43793 N: 30422']
43794 N: 30355
43794 N: 30437
143795 N: 302897
143795 N: 30432']

del session.xyDataObjects|NFORCB6: Pl: PART-1-

del session.xyDataObjects[NFORCS6: PI: PART-1-

del session.xyDataObjects[NFORCS: PI: PART-

del session.xyDataObjects|'NFORCB6: Pl: PART-

del session.xyDataObjectsNFORCS6: PI: PART-1-

del session.xyDataObjects[NFORCS6: PI: PART-1-

del session.xyDataObjects|NFORC6: PI: PART-1-

del session.xyDataObjects[NFORC6: PI: PART-1-

odb = session.odbs['<-ODB-Replace->']

session.xyDataListFromField(odb=o0db, outputPosition=NODAL, variable=((RF',
NODAL, ((COMPONENT, 'RF1'), (COMPONENT, 'RF2"), (COMPONENT, 'RF3", )}, ),
nodeSets=('"PART-1-1.BBND"', ))

X0 = session.xyDataObjects['RF:RF1 PI: PART-1-1 N: 45695']

x1 = session.xyDataObjects{'RF:RF1 Pl: PART-1-1 N: 45697']

X2 = session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 45699

x3 = session.xyDataObjects['RF:RF1 Pi: PART-1-1 N: 45701']

x4 = session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 45766']

x5 = session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 45768']

x6 = session.xyDataObjects['RF:RF1 PI: PART-1-1 N: 45770

X7 = session.xyDataObjects['RF:RF1 Pl PART-1-1 N: 45772']

x8 = session.xyDataObjects['RF:RF1 PI: PART-1-1 N: 45837']

x9 = session.xyDataObjects['RF:RF1 PI: PART-1-1 N: 45839/

x10 = session.xyDataObjects['RF:RF1 PI: PART-1-1 N: 45841']

x11 = session.xyDataObjects['RF:RF1 PI: PART-1-1 N: 45843']

x12 = session.xyDataObjects['RF:RF1 PI: PART-1-1 N: 45908']

x13 = session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 45910']

x14 = session.xyDataObjects['RF:RF 1 PI: PART-1-1 N: 45912']

x15 = session.xyDataObjects[RF:RF1 PI: PART-1-1 N: 45914']

X16 = session.xyDataObjects['RF:RF1 PI: PART-1-1 N: 45979/]

x17 = session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 45981']

x18 = session.xyDataObjects['RF:RF1 PI: PART-1-1 N: 45983']

x19 = session.xyDataObjects['RF:RF1 PI: PART-1-1 N: 45985']

x20 = session.xyDataObjects[RF:RF2 PI: PART-1-1 N: 45695']

x21 = session.xyDataObjects['RF:RF2 Pl: PART-1-1 N: 45697']

x22 = session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 45699']

x23 = session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 45701']

x24 = session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 45766']

x25 = session.xyDataObjects['RF:RF2 Pl: PART-1-1 N: 45768']

x26 = session.xyDataObjects['RF:RF2 Pi: PART-1-1 N: 45770']

x27 = session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 45772']

x28 = session.xyDataObjects{'RF:RF2 Pl: PART-1-1 N: 45837']

x29 = session.xyDataObjects['RF:RF2 Pl: PART-1-1 N: 45839']

x30 = session.xyDataObjects['RF:RF2 Pl: PART-1-1 N: 45841']

x31 = session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 45843']

x32 = session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 45908']

%33 = session.xyDataObjects['RF:RF2 Pl: PART-1-1 N: 45910

X34 = session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 45912
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x35 = session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 45914']

x36 = session.xyDataObjects['RF:RF2 Pl: PART-1-1 N: 45979’

x37 = session.xyDataObjects['RF:RF2 Pl: PART-1-1 N: 45981’}

x38 = session.xyDataObjects['/RF:RF2 PI: PART-1-1 N: 45983’}

x39 = session.xyDataObjects['RF:RF2 Pl: PART-1-1 N: 45985']

x40 = session.xyDataObjects['RF:RF3 PI: PART-1-1 N: 45695')

x41 = session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 45697']

x42 = session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 45699')

x43 = session.xyDataObjects['/RF:RF3 Pl: PART-1-1 N: 45701']

x44 = session.xyDataObjects['RF:RF3 PI: PART-1-1 N: 45766']

x45 = session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 45768']

x46 = session.xyDataObjects[RF:RF3 PI: PART-1-1 N: 45770']

x47 = session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 45772’

x48 = session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 45837']

x49 = session.xyDataObjects['RF:RF3 PI: PART-1-1 N: 45839')

x50 = session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 45841']

x51 = session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 45843']

x52 = session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 45908']

x53 = session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 45910’}

x54 = session.xyDataObjects['RF:RF3 PIl: PART-1-1 N: 45912']

x55 = session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 45914]

x56 = session.xyDataObjects['/RF:RF3 Pl: PART-1-1 N: 45979

x57 = session.xyDataObjects['/RF:RF3 Pl: PART-1-1 N: 45981']

x58 = session.xyDataObjects['RF:RF3 PI: PART-1-1 N: 45983']

x59 = session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 45985']

session.writeXYReport(fileName='<-Path-Replace->_bb.rpt',
xyData=(x0, x1, x2, x3, x4, x5, x6, X7, x8, x9, x10, x11, x12, x13, x14,
x15, x16, x17, x18, x19, x20, x21, x22, x23, x24, x25, X26, x27, x28, x29,
x30, x31, x32, x33, x34, x35, x36, x37, x38, x39, x40, x41, x42, x43, x44,
x45, x46, x47, x48, x49, x50, x51, x52, x53, x54, x55, x56, x57, x58, x59))

del session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 45695']

del session.xyDataObjects['RF:RF1 PI: PART-1-1 N: 45697']

del session.xyDataObjects['RF:RF1 PI: PART-1-1 N: 45699']

del session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 45701']

del session.xyDataObjects['RF:RF1 Pi: PART-1-1 N: 45766']

del session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 45768']

del session.xyDataObjects['RF:RF1 PI: PART-1-1 N: 45770']

del session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 45772']

del session.xyDataObjects['RF:RF1 PI: PART-1-1 N: 45837']

del session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 45839

del session.xyDataObjects|'RF:RF1 Pl: PART-1-1 N: 45841'}

del session.xyDataObjects['RF:RF1 Pl; PART-1-1 N: 45843']

del session.xyDataObjects['RF:RF1 PI: PART-1-1 N: 45908']

del session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 45910']

del session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 45912')

del session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 45914']

del session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 45979']

del session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 45981']
del session.xyDataObjects['RF:RF1 PI: PART-1-1 N: 45983']
del session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 45985']
del session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 45695']
del session.xyDataObjects['RF:RF2 Pi; PART-1-1 N: 45697']
del session.xyDataObjects['/RF:RF2 PI: PART-1-1 N: 45699']
del session.xyDataObjects['RF:RF2 Pl: PART-1-1 N: 45701']
del session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 45766']
del session.xyDataObjects['RF:RF2 Pl: PART-1-1 N: 45768']
del session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 45770']
del session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 45772']
del session.xyDataObjects{'RF:RF2 PI: PART-1-1 N: 45837']
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del session.xyDataObjects['RF:RF2 PI: PART-1-
del session.xyDataObjects['RF:RF2 PI: PART-1-
del session.xyDataObjects['RF:RF2 PI: PART-1-
del session.xyDataObjects['RF:RF2 PI: PART-1-
del session.xyDataObjects['RF:RF2 Pl: PART-1-
del session.xyDataObjects['RF:RF2 Pl: PART-1-
del session.xyDataObjects['RF:RF2 Pl: PART-1-
del session.xyDataObjects['RF:RF2 Pl: PART-1-
del session.xyDataObjects['RF:RF2 Pl: PART-1-
del session.xyDataObjects['RF:RF2 PI: PART-1-
del session.xyDataObjects['RF:RF2 PI: PART-1-
del session.xyDataObjects['RF:RF3 PI. PART-1-
del session.xyDataObjects{'RF:RF3 PI: PART-1-
del session.xyDataObjects['RF:RF3 PI: PART-1-

1 N: 45839']
1
1
1
1
1
1
1
1
1
1
1
1
1
del session.xyDataObjects['RF:RF3 PI: PART-1-1
1
1
1
1
1
1
1
1
1
1
1
1
1

1 45841']
145843
: 45908']
: 45910
459121
1 45914
- 45979']
1 45981']
: 45983']
: 45985']
1 45695']
: 45697
1 45699']
45701
: 45766']
: 45768']
1 45770']
145772
: 45837']
: 45839
1 45841')
: 45843
: 45908']
- 45910']
1 45912']

del session.xyDataObjects['RF:RF3 PI: PART-1-
del session.xyDataObjects['RF:RF3 PI: PART-1-
del session.xyDataObjects['RF:RF3 PI: PART-1-
del session.xyDataObjects['RF:RF3 PIl: PART-1-
del session.xyDataObjects['RF:RF3 PI: PART-1-
del session.xyDataObjects['RF:RF3 Pl: PART-1-
del session.xyDataObjects['RF:RF3 Pl: PART-1-
del session.xyDataObjects['RF:RF3 Pl: PART-1-
del session.xyDataObjects['RF:RF3 Pl: PART-1-
del session.xyDataObjects{'RF:RF3 Pl: PART-1-
del session.xyDataObjects['RF:RF3 PI: PART-1-
del session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 45914']
del session.xyDataObjects['RF.RF3 PI: PART-1-1 N: 45979']
del session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 45981']
del session.xyDataObjects['RF:RF3 PI: PART-1-1 N: 45983']
del session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 45985']
odb = session.odbs['<-ODB-Replace->']
session.xyDataListFromField(odb=0db, outputPosition=NODAL, variable=(('RF",
NODAL, ((COMPONENT, 'RF1'), (COMPONENT, 'RF2'), (COMPONENT, 'RF3',)), (
‘RM’, NODAL, ((COMPONENT, 'RM1'), (COMPONENT, 'RM2'), (COMPONENT, 'RM3"),
), ), nodeSets=('"PART-1-1.CONBASE', ))
x0 = session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 8419
x1 = session.xyDataObjects[RF:RF1 PI: PART-1-1 N: 8477
x2 = session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 8506']
x3 = session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 18067']
x4 = session.xyDataObjects['RF:RF1 PI: PART-1-1 N: 18077']
x5 = session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 18082']
X6 = session.xyDataObjects[RF:RF1 Pl: PART-1-1 N: 24244']
x7 = session.xyDataObjects[[RF:RF1 PI: PART-1-1 N: 24254’
x8 = session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 24259']
x9 = session.xyDataObjects['RF:RF1 PI: PART-1-1 N: 30421']

2Z22222222222222222ZZZZ2ZZ2ZZ222Z22Z

x10 = session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 30431']
x11 = session.xyDataObjects[RF:RF1 Pl: PART-1-1 N: 30436']
x12 = session.xyDataObjects{'RF:RF2 Pl: PART-1-1 N: 8419']

x13 = session.xyDataObjects[RF:RF2 Pl: PART-1-1 N: 8477']

x14 = session.xyDataObjects{'RF:RF2 PI: PART-1-1 N: 8506']

x15 = session.xyDataObjects[RF:RF2 PI: PART-1-1 N: 18067']
x16 = session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 18077']
x17 = session.xyDataObjects['RF:RF2 Pi: PART-1-1 N: 18082']
x18 = session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 24244]
x19 = session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 24254
x20 = session.xyDataObjects[RF:RF2 Pl: PART-1-1 N: 24259
x21 = session.xyDataObjects['RF:RF2 Pl: PART-1-1 N: 30421']
X22 = session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 30431']
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x23 = session.xyDataObjects['RF:RF2 Pl: PART-1-1 N: 30436']
x24 = session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 8419']
x25 = session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 8477'|
x26 = session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 8506']
x27 = session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 18067'}
x28 = session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 18077']
x29 = session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 18082
x30 = session.xyDataObjects['RF:RF3 PI: PART-1-1 N: 24244']
x31 = session.xyDataObjects['RF:RF3 PI: PART-1-1 N: 24254']
x32 = session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 24259']
x33 = session.xyDataObjects['RF:RF3 PI: PART-1-1 N: 30421']
x34 = session.xyDataObjects['RF:RF3 PI: PART-1-1 N: 30431]
x35 = session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 30436']
x36 = session.xyDataObjects['RM:RM1 Pl: PART-1-1 N: 8419']
x37 = session.xyDataObjects[RM:RM1 PI: PART-1-1 N: 8477']
x38 = session.xyDataObjects|RM:RM1 PI: PART-1-1 N: 85086']
x39 = session.xyDataObjects['RM:RM1 Pl: PART-1-1 N: 18067']
x40 = session.xyDataObjects|RM:RM1 PI: PART-1-1 N: 18077']
x41 = session.xyDataObjects|'RM:RM1 PI: PART-1-1 N: 18082"]
x42 = session.xyDataObjects['RM:RM1 PI: PART-1-1 N: 24244']
x43 = session.xyDataObjects'RM:RM1 Pl: PART-1-1 N: 24254']
x44 = session.xyDataObjects[RM:RM1 Pl: PART-1-1 N: 24259']
x45 = session.xyDataObjects[RM:RM1 Pi: PART-1-1 N: 30421']
x46 = session.xyDataObjects|RM:RM1 Pi: PART-1-1 N: 30431']
x47 = session.xyDataObjects[RM:RM1 Pi: PART-1-1 N: 30436
x48 = session.xyDataObjects['RM:RM2 Pl. PART-1-1 N: 8419/]
x49 = session.xyDataObjects['RM:RM2 Pl: PART-1-1 N: 8477']
x50 = session.xyDataObjects['RM:RM2 PI: PART-1-1 N: 8506']
x51 = session.xyDataObjects['RM:RM2 Pl. PART-1-1 N: 18067']
x52 = session.xyDataObjects['RM:RM2 Pl: PART-1-1 N: 18077']
x53 = session.xyDataObjects['/RM:RM2 Pl: PART-1-1 N: 18082']
x54 = session.xyDataObjects['RM:RM2 Pl: PART-1-1 N: 24244']
x55 = session.xyDataObjects['/RM:RM2 Pl: PART-1-1 N: 24254']
x56 = session.xyDataObjects['RM:RM2 Pl: PART-1-1 N: 24259']
x57 = session.xyDataObjects[RM:RM2 PI: PART-1-1 N: 30421']
x58 = session.xyDataObjects{RM:RM2 PI: PART-1-1 N: 30431]
x59 = session.xyDataObjects|RM:RM2 Pi: PART-1-1 N: 30436']
x60 = session.xyDataObjects|'RM:RM3 Pi: PART-1-1 N: 8419]
x61 = session.xyDataObjects[RM:RM3 Pi: PART-1-1 N: 8477']
x62 = session.xyDataObjects[RM:RM3 PI: PART-1-1 N: 8506']
x63 = session.xyDataObjects|'RM:RM3 PI: PART-1-1 N: 18067']
x64 = session.xyDataObjects|'RM:RM3 PI: PART-1-1 N: 18077']
x65 = session.xyDataObjects['RM:RM3 P!: PART-1-1 N: 18082']
x66 = session.xyDataObjects['/RM:RM3 Pi: PART-1-1 N: 24244']
x67 = session.xyDataObjects['/RM:RM3 Pi: PART-1-1 N: 24254}
x68 = session.xyDataObjects['RM:RM3 Pi: PART-1-1 N: 24259
x69 = session.xyDataObjects['RM:RM3 PI: PART-1-1 N: 30421"

x70 = session.xyDataObjectsRM:RM3 PI: PART-1-1 N: 30431']

x71 = session.xyDataObjectsRM:RM3 PI: PART-1-1 N: 30436']

session.writeXYReport(fileName='<-Path-Replace->_cb.rpt,
xyData=(x0, x1, x2, x3, x4, x5, x6, X7, x8, x9, x10, x11, x12, x13, x14,
x15, x16, x17, x18, x19, x20, x21, x22, x23, x24, x25, x26, x27, x28, x29,
x30, x31, x32, x33, x34, x35, x36, x37, x38, x39, x40, x41, x42, x43, x44,
x45, x46, x47, x48, x49, x50, x51, x52, x53, x54, x55, x56, x57, x58, x59,
X60, x61, x62, x63, x64, x65, x66, x67, x68, x69, x70, x71))

del session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 8419']

del session.xyDataObjects[RF:RF1 PI: PART-1-1 N: 8477']

del session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 8506']

del session.xyDataObjects[RF:RF1 PI: PART-1-1 N: 18067']
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del session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 18077']
del session.xyDataObjects[RF:RF1 Pl: PART-1-1 N: 18082}
del session.xyDataObjects[RF:RF1 Pl: PART-1-1 N: 24244']
del session.xyDataObjects['RF:RF1 PI: PART-1-1 N: 24254']
del session.xyDataObjects|'RF:RF1 Pl: PART-1-1 N: 24259']
del session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 30421']
del session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 30431']
del session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 30436']
del session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 8419']
del session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 8477']
del session.xyDataObjects['RF:RF2 Pl: PART-1-1 N: 8506']
del session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 18067']
del session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 18077']
del session.xyDataObjects['RF:RF2 Pi: PART-1-1 N: 18082']
del session.xyDataObjects['RF:RF2 P|. PART-1-1 N: 24244']
del session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 24254']
del session.xyDataObjects['RF:RF2 Pl: PART-1-1 N: 24259']
del session.xyDataObjects['RF:RF2 Pl: PART-1-1 N: 30421']
del session.xyDataObjects['RF:RF2 Pl: PART-1-1 N: 30431']
del session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 30436']
del session.xyDataObjects['RF:RF3 Pi: PART-1-1 N: 8419
del session.xyDataObjects['/RF:RF3 Pl: PART-1-1 N: 8477']
del session.xyDataObjects['RF:RF3 PI: PART-1-1 N: 8506']
del session.xyDataObjects['RF:RF3 PI: PART-1-1 N: 18067']
del session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 18077']
del session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 18082']
del session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 24244']
del session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 24254')
del session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 24259']
del session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 30421']
del session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 30431']
del session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 30436']
del session.xyDataObjects|'RM:RM1 PI: PART-1-1 N: 8419
del session.xyDataObjects|'RM:RM1 PI: PART-1-1 N: 8477’}
del session.xyDataObjects|'RM:RM1 PI: PART-1-1 N: 8506
del session.xyDataObjects['/RM:RM1 PI: PART-1-1 N: 18067']
del session.xyDataObjects['RM:RM1 PI: PART-1-1 N: 18077]
del session.xyDataObjects['RM:RM1 PI: PART-1-1 N: 18082']
del session.xyDataObjectsRM:RM1 Pl: PART-1-1 N: 24244’
del session.xyDataObjectsRM:RM1 Pl: PART-1-1 N: 24254']
del session.xyDataObjects[[RM:RM1 Pl: PART-1-1 N: 24259']
del session.xyDataObjects['RM:RM1 Pl: PART-1-1 N: 30421']
del session.xyDataObjectsRM:RM1 Pl: PART-1-1 N: 30431']
del session.xyDataObjects[[RM:RM1 Pl: PART-1-1 N: 30436']
del session.xyDataObjects['RM:RM2 Pl: PART-1-1 N: 8419']
del session.xyDataObjects|'RM:RM2 PI: PART-1-1 N: 8477']
del session.xyDataObjects|'RM:RM2 Pl: PART-1-1 N: 8506']
del session.xyDataObjects[RM:RM2 PI: PART-1-1 N: 18067']
del session.xyDataObjects|'RM:RM2 PI. PART-1-1 N: 18077']
del session.xyDataObjects['RM:RM2 PI: PART-1-1 N: 18082']
del session.xyDataObjects|'RM:RM2 PI: PART-1-1 N: 24244’
del session.xyDataObjects|RM:RM2 PI: PART-1-1 N: 24254']
del session.xyDataObjects['RM:RM2 PI. PART-1-1 N: 24259']
del session.xyDataObjects[[RM:RM2 PI: PART-1-1 N: 30421]
del session.xyDataObjects[[RM:RM2 Pi: PART-1-1 N: 30431
del session.xyDataObjects[[RM:RM2 Pi: PART-1-1 N: 30436']
del session.xyDataObjects['RM:RM3 PI: PART-1-1 N: 8419']
del session.xyDataObjects|'RM:RM3 PI: PART-1-1 N: 8477']
detl session.xyDataObjects|RM:RM3 PI: PART-1-1 N: 8506']
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del session.xyDataObjects[RM:RM3 PI: PART-1-1 N
del session.xyDataObjects['RM:RM3 Pl: PART-1-1 N
del session.xyDataObjects['RM:RM3 PI: PART-1-1 N
del session.xyDataObjects[RM:RM3 PI: PART-1-1 N
del session.xyDataObjects['RM:RM3 PI: PART-1-1 N: 24254']
del session.xyDataObjects['RM:RM3 PI: PART-1-1 N
del session.xyDataObjects[RM:RM3 PI: PART-1-1 N
del session.xyDataObjects[RM:RM3 PI: PART-1-1 N
del session.xyDataObjects|'RM:RM3 PI: PART-1-1 N

odb = session.odbs['<-ODB-Replace->']

session.xyDataListFromField(odb=0db, outputPosition=NODAL, variable=(('RF',
NODAL, ((COMPONENT, 'RF1"), (COMPONENT, 'RF2'), (COMPONENT, 'RF3"), )), ),

nodeSets=('PART-1-1.STBASE', ))
x0 = session.xyDataObjects['RF:RF1 PI:
x1 = session.xyDataObjects['RF:RF1 PI:
x2 = session.xyDataObjects['RF:RF1 PI:
x3 = session.xyDataObjects['RF:RF1 PI:
x4 = session.xyDataObjects['RF:RF1 PI:
x5 = session.xyDataObjects['RF:RF1 PI:
x6 = session.xyDataObjects['RF:RF1 PI:
X7 = session.xyDataObjects['RF:RF1 PI:
x8 = session.xyDataObjects['RF:RF1 PI:
x9 = session.xyDataObjects['RF:RF1 PI:

x10 = session.xyDataObjects['RF:RF1 PI:
x11 = session.xyDataObjects['RF:RF1 PI:
x12 = session.xyDataObjects['RF:RF2 PI:
x13 = session.xyDataObjects['RF:RF2 PI:
x14 = session.xyDataObjects['RF:RF2 Pi:
x15 = session.xyDataObjects['RF:RF2 P!:
x16 = session.xyDataObjects['RF:RF2 P!:
x17 = session.xyDataObjects['RF:RF2 P!:
x18 = session.xyDataObjects['RF:RF2 PI:
x19 = session.xyDataObjects{'RF:RF2 PI:
x20 = session.xyDataObjects[RF:RF2 PI:
x21 = session.xyDataObjects['RF:RF2 PI:
x22 = session.xyDataObjects['RF:RF2 PI:
x23 = session.xyDataObjects[ RF:RF2 PI:
x24 = session.xyDataObjects['/RF:RF3 PI:
x25 = session.xyDataObjects['RF:RF3 PI:
x26 = session.xyDataObjects['RF:RF3 PI:
x27 = session.xyDataObjects['RF:RF3 PI:
x28 = session.xyDataObjects['RF:RF3 PI:
x29 = session.xyDataObjects['RF:RF3 PI:
x30 = session.xyDataObjects['RF:RF3 PI:
x31 = session.xyDataObjects['RF:RF3 PI:
x32 = session.xyDataObjects['RF:RF3 PI:
x33 = session.xyDataObjects['RF:RF3 PI:
x34 = session.xyDataObjects['RF:RF3 PI:
x35 = session.xyDataObjects['RF:RF3 PI:

- 18067']
- 18077
- 180821
- 24244

- 24259
- 304211
- 304311
- 30436']

PART-1-1 N: 8448
PART-1-1 N: 18072'}
PART-1-1 N: 24249’
PART-1-1 N: 30426']
PART-1-1 N: 40830']
PART-1-1 N: 44021']
PART-1-1 N: 46720']
PART-1-1 N: 46721']
PART-1-1 N: 46722']
PART-1-1 N: 46723']
PART-1-1 N: 46724
PART-1-1 N: 46725']
PART-1-1 N: 8448']
PART-1-1 N: 18072']
PART-1-1 N: 24249
PART-1-1 N: 304286']
PART-1-1 N: 408301]
PART-1-1 N: 44021']
PART-1-1 N: 46720']
PART-1-1 N: 46721]
PART-1-1 N: 46722']
PART-1-1 N: 46723']
PART-1-1 N: 46724
PART-1-1 N: 46725']
PART-1-1 N: 8448')
PART-1-1 N: 180721
PART-1-1 N: 24249
PART-1-1 N: 30426']
PART-1-1 N: 40830']
PART-1-1 N: 44021]
PART-1-1 N: 467207
PART-1-1 N: 46721']
PART-1-1 N: 46722']
PART-1-1 N: 46723']

PART-1-1 N: 46724}
PART-1-1 N: 46725']

session.writeXYReport(fileName='<-Path-Replace->_sb.rpt',

xyData=(x0, x1, x2, x3, x4, x5, x6, x7, x8, x9, x10, x11, x12, x13, x14,
x15, x16, x17, x18, x19, x20, x21, x22, x23, x24, x25, x26, x27, x28, x29,

x30, x31, x32, x33, x34, x35))

del session.xyDataObjects['RF:RF1 PI: PART-1-1 N: 8448']

del session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 18072']
del session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 24249']
del session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 30426']
del session.xyDataObjects['RF:RF1 PI: PART-1-1 N: 40830')
del session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 44021']
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del session.xyDataObjects['RF:RF1 Pl: PART-1-1 N: 46720']
del session.xyDataObjects['RF:RF1 PI: PART-1-1 N: 46721']
del session.xyDataObjects['RF:RF1 PI: PART-1-1 N: 46722']
del session.xyDataObjects['RF:RF1 PI: PART-1-1 N: 46723']
del session.xyDataObjects['RF:RF1 PI: PART-1-1 N: 46724']
del session.xyDataObjects['RF:RF1 PI: PART-1-1 N: 46725']
del session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 8448']
del session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 18072']
del session.xyDataObjects['RF:RF2 Pl: PART-1-1 N: 24249']
del session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 30426']
del session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 40830']
del session.xyDataObjects['RF:RF2 Pl: PART-1-1 N: 44021']
del session.xyDataObjects['RF:RF2 Pl: PART-1-1 N: 46720']
del session.xyDataObjects['RF:RF2 Pl: PART-1-1 N: 46721’
del session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 46722']
del session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 46723']
del session.xyDataObjects['RF:RF2 PI: PART-1-1 N: 46724']
del session.xyDataObjects['RF:RF2 Pl: PART-1-1 N: 46725']
del session.xyDataObjects['RF:RF3 PI: PART-1-1 N: 8448']
del session.xyDataObjects['RF:RF3 PI: PART-1-1 N: 18072']
del session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 24249']
del session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 30426']
del session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 40830']
del session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 44021']
del session.xyDataObjects['RF:RF3 PI: PART-1-1 N: 46720']
del session.xyDataObjects['RF:RF3 PI: PART-1-1 N: 46721
del session.xyDataObjects['RF:RF3 Pl: PART-1-1 N: 46722']
del session.xyDataObjects['RF:RF3 PI: PART-1-1 N: 46723']
del session.xyDataObjects['RF:RF3 PI: PART-1-1 N: 46724']
del session.xyDataObjects['RF:RF3 PI: PART-1-1 N: 46725']

sys.exit(0)

A-8.8 File Modification for Mathcad Script

The Python script “rpt2prn.py” below loads each report (.rpt) file, removes the header lines, and saves it
out as a print (.prn) file. This is done to make the file easily read into Mathcad.

import os, string

base_dir = r'C:\er2\work\Stuart_misc\Heat_Exchangers_Seismic\output'
file_prefix = rHtEx'

file_type = ".rpt'

output_dir = base_dirt+os.sep+'prns’

os.chdir(base_dir+os.sep+'rpts')

if os.path.isdir(output_dir) == False:
os.mkdir(output_dir)

for file in os.listdir("./):
if file.find(file_prefix) 1=-1 and file.find(file_type) !=-1:
tmp_file = open(file)
tmp_data=tmp_file.readlines()[4:]
tmp_file.close()
print file
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outfile = open(output_dir+os.sep+os.path.splitext(file)[0]+'.prn','w’)
for line in tmp_data:
outfile.write(line)

outfile.close()
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Heat Exchanger Anchorage Evaluation
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The purpose of the following calculations is to evaluate the allowable capacities of the anchorage to
the short columns supporting the Heat Exchanger (see dwg. 121084 (S-65)).

# HEAT EXCHANGER
o)
JJ*, SEF DET Z(L1Y)
S SUPPORT

4-ROLTS-

.*———-?Z
f 3
|

hm*—{,._ﬁ_ T — |

_fum' EXCHANGER

= 1N
E 9‘ 1 1 A - 6) gh‘.:
ol =) [t 1= Able s
| PP amEC,a
] LugATRR SUPPORT ) “31?’ m("f
' B
g 2 L4 41 [
| © 1 lav4aumon pouTs A
g » (TYPE A) 1‘] (08 e U-BRRS®G (TTP)
3t
4%
o
§
Ei i HPEL 4
lg Jé%{%by :3&1 OWEs DOWELS BELOW EL 4i
3= _A,l PATGH WITH MURY AR WHERE WE
TYPICAL LAYOUT
HEAT EXCH&N‘G‘_ERLOFOUHDATIONS
't B

Excerpt from drawing 121084 showing plan view of the heat exchanger supports
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ANCHOR BOLTS |
8 /

4 o
' m (p@) &
0

BLB4B8 "

)
ec(TP) A Y

-
-t |
3

HPEL48.00

A 3

ELOW EL4E.00 AND
WHERE NE(ESSARY

SECTION A-A(c2,ts)
NO SCALE
Excerpt from drawing 121084 showing an elevation of a typical heat exchanger support column

Column cross
section:
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Baseplate:

4-1# Anchor Bolts
(TYPE &)

3.0

0'-8" x1"x1'~0"—

3.0

Base plate dimensions:
“u ,'_.‘_‘

SLELVE——

24.0

-

L

ANCHOR BOLT
DETAILS [\
HO BCALE

——— /

Anchor dimensions
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ACI 349-06, Appendix B, does not address "J" or "L" bolts. It only addresses headed or nutted anchor bolts.
ACI 318-05 Appendix D does include "J" or "L" bolts. Therefore, the following calculations are based on ACI
318-05, Appendix D. Note that -02 variables were used throughout, with a correlation as specified Unless
otherwise noted, dimensions are from the design drawings [2]

fy bolt = 33ksi
f

u_bolt = 60ksi

Do)t =4

dbOlt = lin

2
T 'dbolt

.2
AbOlt = AbOlt =(.785in
¢y :=75in $1:=3in
Cy = 9in 85 = 6in

Crax'= ma)(cl R °2) Crax= 9-in

Cmin = min(cl ,02) Crmin="7-% in

fc = 3-ksi
b :=18in
h :=24in

'D.5.1 - Steel strength of anchor in tension

¢ :=0.75

2
Age = 0.606n

fut = mir(fu_bolt , 1.9 fy_bolt 5 125(81)

¢N s :=¢ 'nbolt‘A -f dN s = 10908k1p

se ‘ut

Yield strength of ASTM A-7 bolting [1}1
Tensile strength of ASTM A-7 bolting [1]
Number of anchor bolts

Diameter of anchor bolts

Area of a single anchor bolt

Edge distance and hole spacing

Edge distance and hole spacing

Smax'= ma){sl,sz) Smax= 6-in

Strength of concrete [2]
Width of short side

Width of long side

Based on ductile steel (D.4.4)

Net tensile area (see AISC 13th Table 7-18)

fut = 60000psi (D.5.1.2)

Steel strength of 4 anchors in tension (Eqn. D-3)
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D.5.2 - Concrete breakout strength of anchor in tension

¢ =070
Smax | ®max
h.c:=m R h.r=6in
ef 3{( 3 15 ef
Ay =%he Ay, =324in
1.5hge =9 in
.2

A, =bh A, =432in
k:=24

fe hef ' 2 .
Np =k |—-psi{ — [ -in Np = 19.32kip

psi in
y;=10

®min
Yy :=0.7+ 03 Wy =0.95
1L.5h ¢

y3:=1.0
yy=1.0

Ap
Ncbg = A—w1~\u2-w3-\y4-Nb Ncbg = 24.472kip

no

Assume condition B (D.4.4)

Effective anchor embedment depth (D.5.2.3)

Projected concrete failure of one anchor when not
limited by edge distance or spacing Egqn D-6

Therefore, A, will be limited by the area of the column.

Projected concrete failure of a group of anchors

Factor for cast-in anchors (D.5.5.2)

Basic concrete breakout strength in tension
(Eqn. D-7)

Modification factor for eccentrically loaded anchor
group assuming no eccentricity (Eqn. D-9 -
Same as ? .. )

Modification factor for edge effects (Eqn. D-11 -
Same as ? .4 )

Modification factor assuming cracked concrete
(D.526-Sameas? )

Modification factor for post-installed anchors
(D.52.7-Sameas ? ., \)

Nominal concrete breakout strength in tension of a
group of anchors Egn D-5

Concrete breakout strength in tension
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D.5.3 - Pullout strength of anchor in tension

¢ :=0.70 Assume condition B (D.4.4)

ep =4.5dyg) e, =4.5in &, cannot exceed 4.5d, (D.5.3.5)

N. =09 .e.-d N, = 12.15kip Pullout strength in tension of a single anchor in cracked

p ¢ “h “bolt p

concrete

y3:=1.0 Modification factor assuming cracked concrete
(D.5.26,perD.5.3.-Same as ? )

an = W3'Np an = 12.15kip Nominal pullout strength in tension of a single anchor

N pn = o '“bolt'an N pn = 34.02kip Pullout strength of group of 4 L-bolts in tension
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D.5.4 Concrete side-face blow out strength of a headed anchor in tension

Note: since L-bolts are used side face blowout failure is not applicable, Per ACI 318-05 D.5.4 requirements are
applicable to headed anchors.

D.6.1 - Steel strength of anchor in shear

¢ :=0.65 Based on ductile steel (D.4.4)

Vg =gy 0.6Age Ty pori-0-8 Vg = 69.81kkip Nominal strength in shear of a group of anchors as governed by
- the steel strength (D.6.1.2 & D.6.1.3)

oV =9V oV ¢ = 45.377kip Anchor group shear strength

D.6.2 - Concrete breakout strength of anchor in shear

¢ =070 Assume condition B (D.4.4)

Calculate Shear Capacity in Direction Parallel to Long Side of Column

Cly = 9in Coy = 7.5in Sly = 3in Syy = 6in Cymin = ma)(cly, c2y) Cymin = 9-in
Ay, =4 2 Ay, = 364.5in
voy = .5Cymin voy = Sin
. . .2
Ayy =min(3-cqy + 51y, 18in)-1.5¢)y Ayy = 243in
ys:=1 Modification factor for eccentrically loaded anchor
group assuming no eccentricity (Eqn. D-26 - Same
. as?..y)
2
=¥ _0.833
Cly
C
yg=0.7+ 0.3 o yg = 0.867 Modification factor for edge effect (Eqn. D-28 - Same as ?ed,V)
. ly
yy:=1.0 Modification factor assuming cracked concrete
(D.6.2.7 - Same as ? .\,
li=hgp 1= 6in Bearing area of anchor bolts are not known since they

are in sleeves. Assume the annulus in the sleeves is
grouted. (D.6.2.2)
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02
!
1 1.5
: d f c
bolt 1
Vgy =7 —— | - [——[—={ 2| bf v, =14813kip Eqn. D-24
Y Aol in psi \_In Y
in

A
vy . ; :
Vepoy = ——— Vs Vs W7V \Y = 8.559kip Nominal concrete breakout strength in shear of a
OB Avoy SYETT by Tebgy group of anchors (Eqn. D-22)
OV cbgy = Vobgy OV chgy = 5-991kip Concrete breakout shear strength in direction

parallel to long side

Calculate Shear Capacity in Direction Parallel to Short Side of Column

C1y'=7.5in Coy = 9in S1x'= 6in 8oy = 3in Cxmin'= min(clx, CZX) Cxmin= 7.5in
2 .2
Ayox =45 Cmin Ayox = 253.125in
Ay =min(3-cq, + 51,,24in) 1501 Ay = 270in”
vs=1 Modification factor for eccentrically loaded anchor group
assuming no eccentricity (Eqn. D-26 - Same as ? . /)
C
2
=12
C1x
C
Yg:=07+03 yg = 0.94 Modification factor for edge effect (Eqn. D-28 - Same as ?ed,V)
1. ‘CIX
y7:=1.0 Modification factor assuming cracked concrete
(D6.2.7-Same as ? ;)
l:=hgs 1= 6in Bearing area of anchor bolts are not known since they

are in sleeves. Assume the annulus in the sleeves is
grouted. (D.6.2.2)

| 0.2
— 1.5
i dport | fc [ ©1
Vipy = 7| — ’ S = b Vi = 11269Kip Eqn. D-24
dpolt in psi \_in
in
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.2
Avx =270in

.2
Avox = 253.%in

Ay <2A, =1 OK D.6.2.1
. Avx ~ y
Vebgx = 7 VsVeWrVbx  Vebgx = 11299kip
VOxX
OV cbgx = Vebgx 8V chgx = 7-909kip
Capacity Summary:

Tension in concrete anchors:

4N ¢ = 109.08kip

N cbg = 17.13kip <--- Controls tension

&N ) = 34.02kip

Shear in concrete anchors:

9V ¢ = 45.377kip

oV = 7.909kip

cbgx

v =5991kip < Controls shear

cbgy

Demand Summary:

Nominal concrete breakout strength in shear of a
group of anchors (Eqn. D-22)

Concrete breakout shear strength in direction
parallel to short side

Steel strength of 4 anchors in tension

Concrete breakout strength of 4 anchors in tension

Pullout strength of 4L-bolts in tension

~ Group of 4 anchor shear strength

Group of 4 concrete breakout strength in shear

Group of 4 concrete breakout shear
strength in direction parallel to long side

The maximum shear demand on the anchorage occurs in the east-west direction, and is reported
in Appendix A to be 55 kip. This is obviously in excess of the shear capacity by itself. There is no
need to evaluate tension/shear interaction or other loads. Recommend design modification be

considered
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4. Conclusions/Recommendations
The battery room walls, as modified by the proposed desigr, would be seismically adequate to preclude adverse interaction with
the batteries or with other eguipment in the event of a safe shutdown earthquake.
The proposed bracing design satisfied the applicable structural design codes.

It is recommended the bracing design installed consistent with the design documented in Drawing 600847.
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Scope and Brief Description

The purpose of this calculation is to perform a structural evaluation of the bracing necessary to attach the tops of the reinforcad
cancrete block walls enclosing the TRA-670-E58/E59 battery room to the ceiling above the walls. This is based upon recommendations
in a recent seismic evaluation of these walls performed by others (Ref. 1). The block walls are not themselves a seismic category 1
S8C, but are considered a potential seismic interaction hazard to the safety related, seismic category 1 battery banks. The objective of
the anchorage modification is therefore to provide adequate anchorage to preclude adverse interaction with the battery banks during a
safe shutdown earthquake (SSE). The anchorage design evaluated here is documented in Reference 6.

Design Inputs and Sources
a) Quality Level 1 is defined per QLD RTC-000633, "Seismic Interaction Structural Anchorage"
b) ATR SC-1 structures, systems and components (SSC) are analyzed for PC-4 loading, which is the project direction of the ATR
Seismic Assessment Project, per PLN-588 (Ref. 2).
€) Seismic inputs are taken from the probabilistic soil-structure interaction analysis (PSSI) (Ref 3), as applied in the ARES
calculation (Ref. 1).

Results of Literature Searches and Other Background Data

TRA-670-E58/E59 battery room walls were evaluated in ARES calculation number 0802301.01-5-007 (called “group 8" walls in Ref. 1,
see page 61). This calculation recommended that the battery room walls be anchored at their tops with supplemental anchorage
having an out of plane (to the walls) capacity of at least 400 pounds per linear foot. This recommendation was based upon uncertainty
about the attachment of the vertical reinforcement to the ceiling above the walls,

A subsequent drawing search discovered an inactive drawing showing details of the battery room walls which indicated there was no
connection of the vertical reinforcement to the ceiling (Ref. 4). Field investigation with re-bar finding equipment to confirm this drawing
also revealed that in some places the tops of the vertical bars were as low as 32 inches below the ceiling, leaving the top three courses
of conerete block without vertical reinforcement.

In light of this information, it was decided that the out of plane anchorage recommended in reference 1 should take the form of lateral
bracing acting at an elevation on the wall where vertical reinforcement was present. A design for such bracing is documented in
Reference 6. Evaluation of this design is the subject of this calculation report,

Assumptions
Except where field verification is noted, it is assumed that physical materials and configurations conform to the cited drawings and
specifications.

Computer Code Validation
Mathcad version 13 is used. Validation of the calculations is by manual checking performed by the technical checker.
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Analysis

The first step in the evaluation of the wall is to analyze the impacts to the dynamic analysis of Ref. 1 created by the proposed bracing
modification. The unmedified wall has an effective height of ten feet, which will be lowered to seven feet by the instailation of lateral
bracing acting three feet below the ceiling. This shortening of the wall is expected to increase the frequency of the wall's response, and
move the response closer to the peak of the in-structure response spectra. This will tend fo increase the acceleration demands upon
the wall. However, a shorter effective height of the wall will also decrease the bending demand for a given acceleration level, which will
tend to counteract the frequency effect.

The evaluation method of Reference 1 is reproduced in Appendix A, with the wall height modified and resulting changes in the
numerical values propagated through the analysis. The result of this re-evaluation confirms the expected increase in response
frequency and acceleration demand, and an overall reduction {improvement) in the demand to capacity ratio of the wall,

The proposed bracing design is then evaluated, with calculations as documented in Appendix A. The conclusion of the bracing design
is that the proposed design is adequate.

Recommendations
It is recommended the bracing design be installed consistent with the design documented in Reference 6.

Concilusions
The battery room walls, as modified by the proposed design, would be seismically adequate to preclude adverse interaction with the
batteries or with other equipment in the event of a safe shutdown earthquake.

The proposed bracing design satisfies the appiicable structural design codes.

References
1. ARES calculation number 0602301.01-S-007, “Seismic Evaluation of Concrete Block and Shielding Walls in TRA-B70,”
Revision 0, July 2008,
2. PLN-588, "ATR Seismic Assessment Plan,” Rev. 3, May 2007.

3. “Probabilistic Soil-Structure Interaction of TRA-670," Report No. CJC-INL-C-003 Revision 1, Carl J. Costantino and
Associates, Spring Valley NY, November 2007.

4. Drawing 155667, “ATR Battery Bank Enclosure Partial Floor Plan and Details,” Revision 3, 1975,
3. AISC, Manual of Steel Construction, Allowable Stress Design, Ninth Edition, 1989.

6. Drawing 500847, “ATR First Baserment Battery Area Wall Anchoring Installation and Detail," Revision 0, Octaber 2008,
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The demand and capacity for the battery room wall are calculated in ARES caiculation number
0602301.01-5-007 (referred to as "Group 8" wall in the ARES calculation). The present modifcation
to the wall will alter the effective height of the wall, by adding stiff bracing 36 inches down from the
top of the wall. This change will affect the capacity, response frequency and demand for this wall,
The magnitude and acceptability of these changes need to be evaluated.

The following calcuation is based upon ARES 0602301.01-S-007, to which the cited page numbers
will refer. Only those parts of the ARES calculation which affect the final demand to capacity
evaluation of the wall are modified here.

Wall parameters from the ARES calculation:

Height of the wall (also referred to as H) page 62,

Aw= 120-in - 36:in minus the depth of the new bracing

d:=3.81in Effective depth to centroid of reinforcement, page 63
&o=0.25-in Distance to neutral axis, page 63
M, = 10020—Ibf-%l Moment capacity, page 63
W= 52-1b—2f Weight per unit area, page 64
ft

Calcluate permissible drift, per method of EPRI NP-6041-SL, following ARES page 65

L
P oo 9
CLd~™ 30 This parameter is now less than 1.0, so take the
calculated value
Fopg = 0.735

0.005 Calculated value remains greater than 0.04 radians, sc

AmL := min 0.04, ‘Ferg take as 0.04 radians

d

AmL = 0.04 Permissible drift limit, radians
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A, = AmL.L Permissible drift limit, adjusted for modified wall
height. This value has decreased, and so is
conservative relative to the clearance evafuations in the

Ay =3.36in ARES calculation.
8(¢Mn) Ay
SAC= & y 4‘_1: Seismic capacity, page 66. This has increased (from
wL 1.1269) as expected for the shorter wall.
Sac = 2462 g
1Y |15 Sac
f = (—) New secant frequency, page 66. This has also
2n Ay increased as expected.
f = 3.278 Hz

Determine the seismic demand associated with this frequency. Use the tables provided with the
ARES caiculation, taken from the probabilistic soii-structure interaction analysis. The input will be
the north-south (y-direction) average spectral acceleration of the ceiling (node 1234) and floor (node
576), interpolated for 6% damping, as was done in the ARES calculation. Conservatively take the
provided frequency of 3.286 Hz rather than interpolate to 3.275 Hz for this small difference.

8a51234 = 0.6009-¢ Spectral acceleration for 5% damped

Sal0j534:= 0.4333.¢g Spectral acceleration for 10% damped

6-5
561234 = (m)'(samxzm = SaS)234) + Sa51334

Sab934 = 0.567 g 6% damped spectral acceleration at ceiling

SaSg9q = 0.5095-g Spectral acceleration for 5% damped

| el ion for 109
Sallsg = 0.3700-g Spectral acceleration for 10% damped

886576 = (m)(8310576 - 335576) + 535576
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6% damped spectral acceleration at floor
Sa6g7q = 0.482 ¢ » Gampedsp

Ave_Sa:= 0'5'(Sa61234 + S36576) Average spectral acceleration applicable to

the wall. This has increased from the previous

Ave Sa=0524g value of 0.4335g from ARES page 66

Ave Sa
Sac

= 0213 New demand to capacity ratio

The new demand to capacity ratio is less than unity and therefore acceptable, and is lower than the
ARES calculated value of 0.39. The net affect of effectively shortining the wall is an improvement in
the demand to capacity ratio. The modified wall is acceptable. END OF WALL EVALUATION PER
ARES METHOD.

The ARES calculation recommends that top anchorage with a capacity of 400 Iof / ft be provided
(ARES page 117). This is based upon the peak of the response spectra, and is therefore not
affected by the frequency and seismic demand changes calculated above. However, the distribution
of load between the top and the bottom was assumed in ARES to be 50/50, and that will be
affected. Calculate the horizontal demand.

a:= 36-in height of wall above bottom bracing attachment
SATR = 0.6974-g ZPA acceleration at the top of the wall - node
1234
fio:= 16.38-Hz Page 65, for wall height of 10ft
L+a 2
fy:= 1 0'( ) Adjust wall frequency for a 7-foot height
L
f7 =33.429Hz Frequency for an 7-foot unbraced length

Look up spectral acceleration values for 7 at the top and bottom of the wall. Use values for 33.24Hz
rather than interpolating between frequencies for this small difference. Note that damping
interpolation is not required, because at this high frequency, 5% and 10% damped responses are
essentially identical.

SAp = 0.246-¢ Acceleration response at bottom (node 576)

SAT:=0717¢ Acceleration response at top (node 1234)
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SA 1= 0.5(SAg + SAT)
SA, =0481g

SA =L
g
2

Rp =

Ibf
Rg = 87633~

Rp
w10 ft

COF :=

COF = 0.169

w 5
R i= ;[(SAA)-[E)-M + SATR-3-ﬂJ

Ibf
Ry = 218336 —
T fi
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Average wall response

The lateral reaction force for the wall section below
bracing will be divided between the fioor and the
bracing.

Lateral reaction at the bottom of the wall

Check the coefficient of friction that would be
required to lateraily restrain the bottom of the wall,
based upon the bottom lateral reaction and the full
wall weight,

Friction of 0.17 is easilty justified -- wall does not
require anchorage at the bottom

Calculate a lateral reaction force at the bracing,
taking 5/8 of the unbraced reaction at the top
(moment end) for a moment-pinned condition, and
ail of the wall above the bracing is also reacted at
the top

This evaluation shows that the 400 pound per linear foot specified by ARES is a conservative load fo

the braced design. Use 400 Ib/ft.

The capacity of the bracing needs to be evaluated. The bracing is shown in drawing 600847. Future
references to sheet numbers will be for this drawing unless otherwise stated.

F,:= 400. 221
fi

Ldoor =3.ft + 4-in
Lspacing = 9.75%in + 12:in

LtOI = 6-in

Horizontal demand, ARES page 117

Door length from drawing 155667grid B-4

Spacing around north door frame, sheet 3

Brace location tolerance (x2 braces), note 3
sheet 1
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L + Lgnacing + Lig) + | 23 + = |-in

_ door ™ “spacing ™ ol ( 8) Bracing spacing is irregular; calculate the largest

Lirip = 2 tributary length for a single brace per the draft
drawings.

Lysgh = 3.818 1

Pr= Frlygp .
The required load on the maximally loaded brace

1527 x 1 03]b ¢ is the linear demand times the tributary length.

The force in the brace diagonal will be calculated based upon the distance from the toe of the brace
to the outermost bolting hole in both the horizontal and vertical directions. Y is up; x is
perpendicular to the braced wall.

=2 &5 THRU

¥
i ,_ ——
10— 3 75/ A E
x p— 2375 /18- f
(5.0) 250 '
—=] le— 10 ‘
i
A ‘ f: ,:’ " BACKGOUGE
~ 50025 A8y £
/
|
T S
| A
£yt
' A1338.0 73
i
|
| |
Il
ref——1 f/
— h
\ "
— K 2.63 THRU /154

-2 WELDMENT /)

SCALE: 1/8
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lh = 25n

37.3-in

Linchors = 23.75-in — 3.75:in — 4-in

Lanchors = 161in

Ih

o = atan| —
o = 33,832 deg

P

r

Py .=
diag sin(a)

3
Pdiag = 2.743 x 10" Ibf
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10/23/2008

length of horizontal member
length of vertical member

minimum spacing between ceiling anchors, see
sheet 5 -2 weldment and sheet {1 note 2

angle between vertical and diagonal

force in the diagonal member when maximum
bracing force is applied at the bolt hole of the
vertical member. This may be either
compressive or tensile.

Calculate the allowable compressive stress in the diagonal. Neglect permissible increases in ASD

based capacities.
.2
Adlag = 1.19in

r:=0491.in

Pdiag

fa tr —
A

diag

3.
£, = 2305 x 107 psi

1= ’lh2 + l\,2

| = 44903 in
= 1.0

K
Fy = 36000-psi

Area of the 2.5 x 2.5 x.0.25 angle, per AISC
property table
Min radius of gyration per AISC property table

compressive stress in the diagonal

length of the diagonal

conservatively take K=1.0 {pinned-pinned)

assumed yield strength of steel
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E := 29000000-psi

assumed elastic modulus of steel

ASD Eqn E2-1

ASD Eqn E2-1 (gives lower capacity than Eqn

E2-2)
Fa=1.403 x 104 psi Allowable compressive stress
fa
— =0.164 Demand to capacity ratio for compression.
Fa

There is some small eccentricty of the angle due to the offset of the centroid from the plane of
loading (the outside of the angie leg) which will result in a small and negligible bending moment in
the diagonal. The compression demand is low. No need to evaluate interaction with bending due to
eccentricity or flexural/torsional buckling. The diagonal brace is acceptable as a compression
member.

Tensile allowable loads will be higher than compressive; therefore the diagonal brace is also
acceptable as a tensile member.

Calcluate the length of weld on the end of the diagonal, Consider only the depth of the vertical or
horizontal member (neglecting the weld on the other side of the diagonal leg and the crossing
angle ). This calculation also constitutes a bounding evaluation of the weld at the square corner.

lyeld = 2.5in conservatively take length of the weld equal to
the depth of the connection
3.
~-in
16

tweld = \/5 filiet weld is called out as 3/16 inch
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ayeld = lweld tweld area of weld

Bl = 0331 in°

Conservatively assume 80ksi ultimate strength filler metal

Pweldjjgw = dwelg 60000-psi-0.3 Allowable shear load in the weld, ASD Table J2.5
Pweld, 1 = 5-966 x 10° Ibf
Pdiag _ :
— =046 Demand to capacity ratio of weld in shear.
Pweldallow

Bending in the diagaonal is negligible. Only one of two welds joining each end of the diagonal to the
brace weldment is considered -- capacity is adequate based upon this conservative approximate
evaluation.

Analyze the anchor bolt loads for the brace using an ASD approach. Conservatively assume all
forces on the brace are transmitted through the bolts (no contact with the ceiling or wall other than
at bolts). Neglect permissible increases to adjust allowable stress design to strength design.

F. .= 5457.1bf Hilti technical data allowable tensile and shear
e ' capacity for HILTI HDA-P 20 M12x125/30 in 3000
psi concrete. Slab is 36 inches thick, so base

Fy = 2889-1bf material thickness is acceptable.

M= Pl . . .
rv Moment applied to the boit pattern in the ceiling

P

LR The tensile bolt could be either the nearest or
anchors

farthest from the corner, depending upon direction

f loading.
f = 3.56x 10° Ibf of loading
i
— = (1.652 Tensile D/C ratio
Fy
b
do= 2 Shear demand, per bolt

f, = 763.542 Ibf

¢
}S_ = 0.264 Shear D/C ratio

s
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£ i £ 1
(-t-J + [i] = 0.917 interaction < 1.2 therefore acceptable
F F
t s

Evaluate the bending moment in the top piece of the brace based upon hole locations and allowable
stress.

. .3 Section modulus of 2.5 x 2.5 x 0.25 angle, per
&= 0394 AISC property table for x-x section (assume angle
is held in plane of ceiling or wall)
Fp = F,-0.6: 1.7 Bending allowable stress. Credit adjustment of 1.7
Y for strength design from DOE-STD-1020-02 Section
s 232
Fy, = 3.672x 10 psi
F, = Pdiag-cos(a) Calculate axial force in the vertical member

F, = 2278 x 10° Ibf

maximum distance from brace vertex to bolt hole,

Spolthole = 5.75-in sheet 5 -2 weldment, with +2 inches from note 2
Mppax = Fy'®bolthole maximum moment occurs where the bolt is farthest
from a corner, which is at the square corner of the
brace
Mma.x
=5
G = 3325 x 104 psi maximum bending stress in the brace, based upon
smallest bolt spacing within tolerance
p
Fb" = 0.906 bending D/C ratic < 1 acceptable

The design tolerance of plus or minus 2.0 inches on bolt hole location is acceptable.

OTHER CONSIDERATIONS

When the wall is pulling away from the brace, the bracing force will be transmitted to the wail by the
1/2 inch through bolted threaded rod. This rod is acceptable by inspection for the approximately 1.5
kip load. There is a 4 x 12 inch by 0.25 inch thick back plate on the wall at each anchor point. This
plate distributes the load to the reinforced block, and is acceptable by inpsection.

The relevant features of the brace have been considered. The brace is acceptable for the specified
seismic load of 400 pounds per linear foot of wall.
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4.3.1.1 Product Description

The Hilti HDA Undercut Anchoris a
heavy duty mechanical undercut anchor
whose undercut segments incorporate
carbide tips so as o perform a self-
undercutting process designed to
develop a ductile steel fallura. The HDA
system includes either preset {(HDA-P)
or through-set {HDA-T) style anchors,
stop drill bits, setting tool, and roto-
hammer drill for four metric bolt sizes:
M10 (3/8"), M12 (1/2"), M16 (5/8") and
M20 (3/4). The HDA is available in a
sherardized and 316 stainless stesl
versions for outdoor environments.
Each size/style is offered In two lengths
to accommodate various material
thicknesses to be fastened (except
M10).

Product Features

¢ Undercut sagments provide cast-
in-place like performance with
limited expansion stresses

* Bolt meets ductility requirements
of ACI 318-05 Saction D1

» Self-undercutting wedges provide
an easy, fast and reliable anchor
instaflation

s Excellent performance in cracked

4.3.1.2 Material Specifications W

concrate (tension zones, earth-
quake-resisting structures}

* Undercut keying load transfer
allows for reduced edge distances
and anchor spacings

» Through-set style provides
increased shear capacity

* Fully removable

+ Sherardized {53 um zing) and

316 stainless steel for corrosive
environments

+ Sherardized zinc coating has
equivalent corrosion resistance to
hot dipped galvanizing

Guide Specifications

Undercut Anchors Undercut anchors
shall ba of an undercut style with brazed
tungsten carbides on the embeddsd
end that perform the self-undercutting
process. Undercut portion of anchor
shall have a minimum projected bearing
area equal to or greater than 2.5 times
the nominal bolt area. The bolt shall
conform to ISO 898 class 8.8 strength
requirements. Anchors dimensioned
and supplied by Hilti.

Instaliation Refer to 4.3.1.3 and 4.3.1.4.

A ni,
HDA-T/-TF/-P/-PF carbon steel cone bol; M10, M12, M16 and M20 hed (MPe) ksl MPe)
meets strength requirements of IS0 898, class 8.8 92,6 {B40) 116 (80O)
HDA-T/-TF/-P/-PF carbon steel skeeve; M10 & M12
conforms to European Standard No. 25CrMoS4 - 122.3 (850}
HOA-T/-TF/-P/-PF carbon steel sleeve; M16
conforms to Eurppean Standard No. 25CrMoS54 - 101.5 {700)
HDA-T/-TF/-P/-PF carhon steel sleeve; M20
conforms to European Standard No. 25CMoS4 - 79.8 (550)
HDA-TR/-PR stainless stee! cone bolt; M10, M12 and M16
conforms to AISI 316 or 316 Ti 87 (600) 116 (BOO)
HDA-TR/-PR stainless steel sieeve; M10 and M12
conforms 10 Al 316 0r 316 Tl - 123.3 (850)
HDA-TR/-PR stainless steel Skeeve; M16 conforms to AIS 316 or 316 T - 101.5 (700

HDA-T/-TF/-P/-PF nut conforms to DIN 934, grade 8

HDA-TR/-PR meat conforms to DiN 934, grade A4-80

43.1.1
43.1.2
4313

Product Description
Material Specifications
Technical Data
Ingtallation Instructions
Ordering Information
HDA Removal Tool

4314
4315
43,16
43.1.7

Sample Calculations

RO T

[

-

HDA-P
Undercut Anchor
(Pro-Set Type)

HDA-T
Undercut Anchor
(Thmugh-Set Typs)

Listings/Approvals

ICC-ES (International Code Council)
ESR-1546

Chy of Los Angeles

Research Report No, 25422

European Technical Approval (ETA)
ETA-29/0009

ETA-99/0016

Qualified under NOA-1 Nuclear Quality
Program

Building Code Compliance

IBC 2008
UBC 1997

HDA-T/-TF/-TR/-P/-PF/-PR, washer conforms to DIN 6796

HDA-T/-P compaonents are electroplated riin. 5 wm zing

HDA-TF/-PF sherartized components have average 53 um zinc

Hilll, . (LIS} 1-800-870-8000 | www.us.hilticom | en sapanol 1-800-875-5000 | Hilti (Canada) Gorp. 1-800-363-4458 | www.hitti.ca | Product Technival Guide 2003 268






EAcooanial Ancounnig Syslom:s

4.3.1 HDA Undercut Anchor

4.3.1.3 Technical Data

Anchor Nomenclature
1t Dasign Anchor
P-pro-set before baseplats
T-through-get after/through
baseplate
Blank-carbon steel zinc piated
F-carbon stee| sherardized
R-R-316 stainless steel
Drill bit diameter {mm)
Metric
-~ Throad diamwier (mm)
HDA-PF 22 M 12 x 125 / 50
Minimum embedment of mdercut
Maximum fastening thickness
Table 1 - HDA SpecHications
Anchor Sire HOA-THOA-P M1Dx 10020 M12 3250 M2 12550 W16 x 190740 M16x 19060 W20 1 250/50 20 1 2501100
h Thickness ol es
maletid, min,! mm fin) 170 6-¥4) 1900-1/2) 190717 70 [10:58 270 (1058 301334 350 {13-34)
{ Total anchor length mnfn} 150 (5.90 190(7.48 Ho@Zn W5 H0.8Y 295(11.61} W0 {14.17 410(16.14
orgth 1.0. coce? (o I L [ R 5 ¥ W
ty  Fastening thiclness
HOA-T g ma (n) 10038 10039 vk 15059 150.5% 2078 w09
HOA-T, mex mm ) 0073 0018 50{1.9% 4158 80238 50(1.57 100,94
HOAR, man. mn fn} 207 £ AL %0(.9% 0058 60 2.36 50{.90 10384
d  Nom dia of ol bir mm 2 2 2 k] k| n i
h, Mndphdodok  mmfn) 1T .21 1U5B30 1456.30 209 WA 26 {1047 266 (10.47)
h,  Ehecheanchoing dopth  mes (n) W0E94 125499 1549 190748 190 7 45 30834 500840
d,  Recommended dearance
foleme)  HOAT  mmin} nag 20515 2301518 2014 20114 £(-35 01915
HA-P mm ) 12(113 16 1416} 18 1004 28 ney
d,  AchoDiametw HDAT mmfn) 19 0.748) 210827 np8n /0 21143 %042 % (1.4
HDA-P mm (i) 1010.394) 1280473 120478 1506% 16 0.5 2078 2078
4,  Washe damebr e (in) 75008 315(1.33 35033 4550.7% 455{1.19 80¢157) 50{1.97)
Sy  Width acvoss Rals ) 17 10 )i ] U F] £ 3
Tue Mot ligpiating v N (1) 0137 05 80 50 06 10 E 300 (21) ]
Seeve properties
A, Oosscoalaes  metind 196 [0:304) {0.345) 23 (0.3} 5 {0650 445 {0.600) §156(1.040 6756 {1.047
5,  Dastcsacionmodks o n) 596 (0.03%4) 790075 TR0 21001288 210 DABY 3950 0.241) 00241}
Bait properties
A, Bok nominal arca mn? (i} 5012 113{0.175) 30475 21012 mNny 31496 0.487) FI4160.487)
A, Bodlensonie ma? (1) 58 (0.000) ETET Rk I3 5T 0243 157 {0243 45 0.390 245 0.350)
5, Eostesectoomodks  weife) | 67 {0004% 1700071} 17 0.007) 200179 203 D0V 130053 S 005
A Undexcut earing wea®  som¥ (%) 200403 354 .54 354 (3.549) 624 096N 6 [0.967) 707.1(1.096) TO7.1 {1.0%6)
1 Base material thickness as required to minimize split- 3 Minimum thickness of fastened pan 85 required to 5 Torque tightening of he anchor Is not required for
ting as per the CCD design method. ensure engagement of full slgeve cross saction in proper sel. Toque Ingm may reduce initial slip
2 Length cade in accordance with ICC-ES Acceptance snear. under foad and can improve fatigua pertormance.
Criteria AC183. 4 Metric stop drik bit must be used. See Section 4.3.1.4 6 Recommended area for calculating maximum bearing
for uss of matched tolerance diamond core bits. stress in accordance with the CCD method.
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| HDA Undercut Anchor 4.3.1

4.3.1.3.1 Design information -
Undercut Anchors

Undercut anchors represent the state of the art in post-
Installed anchor technology. When properly designed and
proportioned, they transfer tension loads to the concrete in
much the same way Bs cast-in-place headed bolts, that is, via
bearing. Since friction Is less critical in developing tension
capacity, lower expansion forces are transmitted to the
concrete. This reduces the overall stress stats in the concrete
prior to and during loading. The Hilti HDA Undercut Anchor
System Is the result of extensivs research to determine the
optimum geometry for load transfer at the bearing surface.
Besides allowing for easy installation, the self-undercutting
system automatically results in an excellent fit between the
anchar bearing surface and the undercut, critical for limiting
initlal displacemants. Maximurn bearing stresses
comrespending to steel failure are limited to approximately 12
f.. sufficiently low 1o preclude crushing in the bearing region.
This limits displacements at both service and ultimate loads.

The HDA is equipped with a shear sleeve machined from high
grade carbon steel. When used in the pre-set configuration
(HDA-P), shear loads are transferred through the threaded bolt
to the sleeve and subsequently to the concrete in bearing. In
through-set applications (HDA-T}, the sleeve engages the part
to be fastened, thus substantially increasing the ultimate
shear capacity of the anchorage. At ultimate, the slesve and
bolt act In concert to develop the full shear capacity of the
anchor.

The HDA Undercut Anchor Is proportioned to consistently
develop the bolt strength in tension at critical edge distances
and spacings. At spacings and edge distances less than
critical, concrete cone failure will generally limit the ultimate
load. The reduction of expansion forces allows for deslgned
installations at minimum edge distances and spacings
significantly less than those typically used for other types of
mechanical expansion anchors. It is virtually imposstble for
the HDA Undercut Ancher to fail by pulfout or pull-through.
The predictability of the faiiure modes assoclated with the
HDA Undercut Anchor allow for increased repeatability in
determining uttimate capacities for a particular design
condition.

The HDA Underciit Anchor was extensively tested prior 1o
market introduction. Testing included static tension, shear,
and obliqua loading of both single anchors and groups,
shock, seismic groups, selsmic and shock loading. Exhaustive
testing of the HDA performance in cracks confirms it's
suitability for instaliation in tension zones. Design data is
provided in three formats.

Hit], Inc. (US) 1-B00-875-B000 | www.us:hiftkcom | on oeps

4.3.1.3.2 Design Method

4.3.2.3.2.1 Strongth Design
(LRFD)

ACI 318 Appendix D replaces the strengih design provisions of
the IBC 2006 and provides a comprehensive and rational
framawork for calculating anchor capacity, The applicability of
the method to the HDA Undercut Anchor is based on the
similarity of performance and failure modes established for the
HDA with those associated for cast-in-place headed bolts.
This method can also be used for design in Canada according
to CSA A23.3-94 providing the appropriate f factors for steel
and concrate, See Section 4.1.6.

4.3.2.3.2.2 Allowable Stress
Design (ASD)

Compatible with existing Hiltl design methods. Test data to
develop the average ultimate load capacity, and evaluating
the date using the 5% fractile method to determine the
allowable working load. See ESR-1546 Section 4.2.
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4.3.1 HDA Undercut Anchor

Table 2 — HDA Strength Design information

Nominal anchior diametsr
Design parametsr Symbol Units W10 Miz M18 (7]
HOA HOA-F| HDA-H HDA KDA-F | WDAR HWOAHDAF | HOA-R HDA
mm 19 21 28 35
Anchar 0.D. - in) 075 083 114 (1.38)
mm 100 125 190 250
. embedme ht g mi
Effective min. em m dept! [, i) 3.94) (4.82) (7.48) 0.9
mm 80 100 150 200
Minimum edgs distance Con in) (3-1/8) o) (5-7/8) -8
) mm 100 125 190 250
Minimum anchor spacing Smn in) @) 5 7-1/2) @8
mm 170 190 270 350
Minimum member thickness D @) (6-3/4) 7112 {10-5/8) {13-3/49)
Anchor categony? 1,203 - 1
Strength reduction factor fof tension, é i 0.75
steel fallura modes3 :
Strength reckuction factor for shear é 065
steel failure modes? ’
Strenpth raduction facior for tension, ¢ Cond. A 0.78
corcrate faillure modes3 Cond. B 0.65
Strength reduction factor for shear, " Cond. A 0.75
concrete fallure modes? Cond. B 0.70
Yield strangth of anchor steel 1, in 92800 | 87,000 | 02800 | 87000 | 92800 [ 67000 | 92,800
Uttimate strangth of anchor steel fu b/in2 116,000
Tensile stress area Ap In2 0.090 0.131 0.243 0.380
Steg) strength In tenslon N, b 10,440 15,196 28,188 44,080
Eflectiveness facior uncragked concrete Kyp - 30 30
Eflectiveness factor cracked concreted kg - 24 24
5 [ - 1.25 1.25
Pullout srength cracked concrateé ng b B,992 11,240 22,481 33,721
Stesl strangin in shear static”
HOA-P/PF/PR Ve b 5013 6,070 7,284 8,992 13,556 16,861 20,772
Stee] strength in shear, selsmicT. 8
HOA-PPEPR Vo smis b 4,496 5620 6,518 B,093 12,140 15.062 18,658
Axial stitfness In service load rangg
in gracked / uncracked concretg10 B 1000 bin. 80/100

1 Actual iy for HDA-T is given By By e + (i - acuw) WHEIE fy, 15 Qiven In Tabie 1 and fy i5 ihe thickness of the part(s) being fastened.

2 SeeAC!318-05D.4.4,

3 For use with the load combinations of AC) 31B8-05 8.2. Condition A applies whera the potertial concrete failure surfaces are cressed by supplementary rein-
forcement proportioned to tie the potantial concrete fallure prism into the structural member. Concition B appfies where 3uch supplementary reinforcement Is
not provided, o where puliout or pryout strength governs.

See ACI 318-050.5.2.2,

See ACI 31805 0.5.2.6.

See ESR-1546, Section 4.1.3.

For HOA-T see Tabie 3.

See ESR-1546, Section 4.1.6.

Sphtting fallura under extemat load does nol govern the resistance of the HDA. Therefore, no values for the critical edge distance c,, are provided since tis
calulation is not reguired for design.

10 Minimum axlal stifiness values, maximum values may be 3 times larger (e.g. due to high strengih concrete)
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HDA Undercut Anchor 4.3.1

Table 3 - Steel Strength in Shear, HDA-T (Ib)

Stoel Strength Stzel Strength
Anchor Designation Thickness of fastened pari(s) in Shear, In Shear,
Static _Setsanic!
mm in. Vo [
HOA-T 20-M108100 MW=st<1h 3Bs=l< W8 13,938 ‘Tﬁ
15=t<20 58 =t<1316 15,737 14,162
0=1<15 VB =1< 58 16,636 15,062
E HDA-T 22 M1 2125 T5=t=50 Wi =t<? 18,659 16,636
= 15=t<?) 58 <1< 1316 30,674 27,421
W=i<2 1316 =1 < 4,821 31,548
- T 30- . :

: HDA-T 30-M16:190 H=1<q T=T< 136 8218 34,39
2 396
= W=ts6l 1-3f16 =1 <2-3/8 11,365 37.093

W=1<35 1316 st < 1-9/8 45,187 20,690
HDA-T 37-M20x250 H=1<50 T=1<2 50,807 45,636
0=t =100 2=st<d 54,629 49233
W0=1<15 TW=1<58 16312 73,038
HOA-TR 20-M10x100 Be1< 5= (<1316 16,188 14,613
W=1<15 VB=1<58 2023 17,885
E HDA-TR 22-M12x125 =1 =50 WB=1<2? 7.956 50,008
g B =1<20 58 = 1< 116 5,745 32,148
0=1<25 136 =t <1 37,768 33946
HDA-TR 30-M16x190 BB 1 =1< 19718 39,566 35,520
M=t =60 1-36<st<2-38 40,918 36,869

1 The nominal steel strengin ¥, ... for ihe HDA-P shal be taken from Table 2.
Table 4 - HDA-P/T, HDA-PF/TF & HDA-PR/TR Allowable Static Tension {ASD), Normal Weight Uncracked Concrete (lb)!34

Concrets Compressive Strangth?
Nowinsl | Embedment Tiem 2500 pal 7'5= 3000 peb 7'z 4000 Tz 5000 pal
Ancher | Deptnb, [ Condilon | Condiion | Comdition | Condiion | Conditon ondiion—|Gouditon | Goediien
Dismetsr | mm___in. A B A B A B A B
MID_ | 100|394 | 5593 4,872 5593 5,593 5,593 5503 5503 5,503
Miz_ | 125 [492 | 7.4 6.798 8,141 B,141 8,141 8141 8,141 8,141
Mi6__ | 190 |7.48 | 14,704 12,743 15,101 15,10t 15,101 15,101 15,101 15,101
M20 | 250 |9.84 | 22,185 19,227 23514 23,548 3614 23674 23,614 23514

1 Values are for single anchers with no edge distance o spacing reduction, For other cases, see ICC ESR-15486, Sectfon 4.2.
2 Values are for normal waight concrete, For sand-lightweight concrete, mutiply values by 0.85. For alk-ightweight concrete, multiply values by 0.75. Sea ACI 318-05D.3.4.

3 Condition A applias where the potential concreta fallure surtaces are crossed by supplementary reinfoicement proportioned to tia the poiential concrete failure prism into the
structural member, Condition B applias where such supplementary reinforcement ks not provided, or where puliou of pryoul strength governs. See ACI 318-05D.4.4.

4 Allowabie static lension loads for 2,500 psi are calculated by multiplying the concrete breakout sirength N, by the strength reduction ¢ factor of 0.65 and dviding by ana of 1.4
according to ICC ESR-1546 Section 4.2. N, is calculated as per ACI 318-05 0.5.2.2. This kad may be adjusted for other concrets strengths according © ICC ESR-1546 Section
4.1.3 by using the following equation.

[fc
N = N J 2
b [ 2500

Table 5 - HDA-P/T, HDA-PF/TF & HDA-PR/TR Allowabie Static Tension (ASD), Normal Weight Cracked Concrete (Ib)1.34

Hominal Embedment

Anchor Depith i, Concrate Compressive Strength?

Diameter

mm |, 1'o= 2000 psf 1'z= 3000 psi o= 2000 psl 1= GO0D psl

M10 100 { 3,64 3.734 4,573 5,281 5,593
W12 125 | 4.92 4,668 5717 6,601 8,085
M16 190 | 7.48 9,336 11,434 13,203 15,11
M20 250 | 9.84 14,003 17,150 19,804 23,614

1 Values are for single anchors with no adge distance or spacing reduction, For other cases, see ICC ESR-1546, Sectien 4.2,
2 Values are for normat weight concrete. For sand-lightweight concrete, multiply valugs by 0.85. For all-ightweight concrete, multiply values by 0.75. See ACI 218-05D.3.4.
9 All valves applicable to aither Condition A or Congition B (pullout or steel faiure contro}. See ACt 318-05 D.4.4.

4 Allowabie static tansion loads for 2,500 are cakculated by multipling the pullout strangth N, by the strength reduction ¢ factor of 0.65 and dividing by an & of 1.4 according 1o
ICC ESR-1546 Section 4.2. See Table 2 for A,,. This load may be adjusted for other concrats strengths according to ICC ESR-1546 Settion 4.1.3 by using the following aquation.

f'e

Noare = Noner 2500
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4.3.1 HDA Undercut Anchor

Tahle 6 - HDA-P/T, HDA-PF/TF & HDA-PR/TR Allowabla Seismic Tenslon (ASD), Normal Weight Concrete (Ib)13:4

Nominal Embeadment

Anchor Depth h,, Concrete Comprassive Strangth?

Diamater

mm | In. o 2000 pei em 3000 psi om 4000 ps| I'om 6000 pst

M10 100 | 3.4 3,564 4,365 5,041 5339
M12 125 | 4.92 4,455 5,457 6.301 7.717
M16 190 { 7.48 8,911 10914 12,603 14,414
M20 250 | 9.84 13,367 16,371 18,904 22,541

Values are tor single anchors with no edge distance or spaging reduction. For other cases, see ICC ESR-1546, Section 4.2,
Vakss are for normal weight concrats. For sand-tightweight concreta, multiply valuas by 0.85. For all-lightwelght concrete, multiply values by 0.75. Ses AC! 318-05 D.3.4.
Al values appiicable 10 elther Condition A or Gondition B (pullout or stesl failwe controf. See ACI 318-05 D.4.4.

Aliowable satsmic tenslon oads for 2,500 psi are calcuiated by multiplying the pullout strengih N, by the strength reduction § factor of 065, then mutiplying by a 0.75 factor
descrive In AC 318-05 D.3.3.3, and dividing by en o of 1.1 according 10 ICC ESR-1546 Section 4.2. See Table 2 for N, This load may be adjusted for other concrete
strengths according to ICC ESR-1546 Section 4.1.3 by using the following equation.

PO A

f'c
N e = N —
pecte = Tener\f 3500
Table 7 - HDA-P, HDA-PF & HDA-PR Allowable Static and Seismic Shear (ASD), Steel {(ib}?
Nominal anchor diameter
Design parameter Units Mo w2z M16 M20
HDA HODA-R HDA HDA-R HDA HDA-R HDA
Allowable static stee! capaciy?
HOA-/PR Ib 2,327 2,816 3,382 4175 6,204 7,828 9,644
Adowable seismic steel capacity®
HOA-B/PR: b 1,893 2,491 2,889 3,587 5,380 6,675 6,269

1 Values are ior single anchors with no edge distance or spacing reduction due to concrele failure.

2 Aligwahle static shear loads are calculated by muttphing V;, by the strength reduction ¢ factor of 0.65 and diviging by an o of 1.4 according to ICC E58-1546 Section 4.2.
Soa Table 2 for ¥, .

3 Allowable seismic shear loads are calculated by multiplying ¥, by the strength reduction ¢ factor of 0,65, then multiply by 0.75 as per ACI 318-05 0.3.3.3, and dividing by an o
ol 1.1 according to ICC ESR-1546 Section 4.2. See Tabla 2 for ¥, .

Table 8 - HDA-T/TF/TR Allowable Static and Seismis Shear (ASD), Steael (Ib)1.2

Allowable Alowable
Anchor Designation Thickness of fastened pari(s) Siatic Steol Sefsmic Steel
Capacity Capacity

mm 1Y ¥, [—

HDA-T 20-M10x160 MW=t<15 I8 =st< B 6,471 5,570

15st<20 58 =1 < 13146 7.306 6,277

M0st<ih W =t<H8 7,724 6,875

'; HDA-T 22-M120125 1551550 Tixi<? 35663 7373
= 15=t<20 58 <t«< 1316 14,195 12,155
- . M=t1<25 Wi6si<i 16,074 13549
& HDAT30-MiBxi%0 2521<%0 Ts1< 136 17,744 15,244
T W =t=6D T-316 =1 < 2-3/8 19,205 16,43
0=t<35 1316 =t < 1-V8 20,980 16,033

HDA-T 37 -M20x250 B =1<50 T=1<2 73589 20,225

50=1=100 2=t<4 25,363 21,819

0s1<15 VB s1<a8 7,202 677

HOA- TR 20-M10x100 B=1<20 5R =1 <1316 7515 BTG

D=1<15 VE=tl<o 5,354 7,90

E HDA-TR 22-M12x125 =t =50 SBat<? 10333 8,967
§ 15st<20 5B =t<13/16 16,596 14,247
W=1<% W6 s1<) 17,53 15,084

HDA-TR 30-M16x190 /=<3 T=t< 1316 78,370 15,742

D=1 =60 116 =1< 2-38 18,896 16,340

1 Values are for singke anchors with no edge distance or spacing reduction due to concrete failure.

2 Allowable shear loads calculated using the steel strengths in shear from Table 3, multiplying by by the strenqth reduction ¢ factor ot 0.65, and dividing by 1.4 according to ICC
ESR-1546 Section 4.2
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4.3.1.4 Installation Instructions
Setting Operation HDA-P/-PR/-PF (Pre-Set Style)

= T

1. Drill a hole to tha reguired depth using a stop drill bit
matched to the anchor, {refer 1o specification tablg
and ordering info)). l rebar is encountered, use a Hilt
melric matched Jolerance diamond core bit 1o drik
through the rebar. Remov the concrete core and
finish drilling the hole with the siop dill bit. Abways
consult with the Enginear of Record before cutting

2. Claan hole with comprassed air or a hand air pump
such that driling debris fs evacuated.

3. Inserl tha anghor into the hole by hand, so that the
cone 5its on the botiom of the dritled hole. Do pot
ramove the plastic cap which protacts the threaded
rod, bsing the assigned setting too) and Hiitl hammer
drill, the setting tool is guided over the anchor red and
engages the grooves in the sleeva. It is critical to use
the specifled Hilti hammer drills.

()
4, The anchor Is set with the specified “r
Hitti hammer ¢rill in hammer drill mode

and n the specified gear. During the setfting
provedure, both driling and impaci energy are
transterred to the sleeve by the setting 1oof, causing
the sleeve 10 slkle over tha conical end of the anchor
bolt while forming the undercut in the base material,

On the saiting tool, the red ring indicates the progress

of the setting operation, When this marking i flush
with the concrate surface, check the anchor for prop-
ar setting {refer to slep 5).

5. The anchor is correctly set and the
undercut is fully formed when the red
mark on 1he anchor bolt is visible above the
top edga of the sleevs, The op edge of the
anchor sleeve must be positioned approx. 3mm
below the concrete surface. If the anchor setting time
axcesds 60 seconds for M10, M12 or M16 anchors
or 120 saconds for M20 anchors the installation
failad and the anchors must not be loaded.

Setting Operation HDA-T/-TR/-TF {Through-Set Style)

6. Remove the plastic thread protector cap. Secure the
pari 10 ba fastened by using the conical spring wash-
er and nut provided. Apply a torque not 1o excead the
maximum values given in tha Specification Table.
Torque & not required to sat the anchor.

1. Drill a hote fo the required depth using a stop dril bit
matched 10 tha anchor, (refer to specification tabig
and ordering ino,). i rebar is encouniered, use a Hit
metric matched tolerance dizmond core bit to drill
through the rebar. Remeve the concrete cora and fin-
ish grilling the hale with the stop drill bit, Always con-
sult with the Engineer of Record before cutting rebar.

2. Clean hole with compressed air or @ hand alr pump
such that drilling debris ks evacuated.

3. Insart tha anchor Inlo the hole by hand, 50 thal the
cone sits on the bottom of the drilled hole, D ot
ramove the plastic cap which protects the threaded
rod. Using the assigned setting tpol and Hilti kammer
grill, the setting tool is guided over the anchor rod
and sngages the grooves in the sieeve. !l is critical
1o use the spetified Akt hammer drills.

4. Tha anchor Is set with the specified
Hittt hammer ceill in hammer drill =
mode and in the specified gear. During
the setting procedure, both driling and
impact energy are transferred to the sleeva by
the setting tool, causing the sleeve to slida over
the conical end of the anchor bolt while forming the
undercut In the base material, 0n the setiing tool,
18 red ring Indicates the progress of the seting
oparation. When this marking is flush with the con-

nécted parl, check the anchor for proper setting {refer

to step 5).

5. The anchor Is set and the
undercut i3 fully formed when the %
red marking on the anchor bolt is visible
above tha 1op edga of the sieeve, The top
adige of the anchor sieeve must be positioned
epprox. 3mm below the surface of th fixture,
anchor satting time excesds 60 seconds for M0,
M12 or M16 anchars or 120 seconds for M20
anchors the installation falled and the anchor
must not be loaded.

6. Ramove the plastic thread protector cap. Secure the
part 10 be fastened by using the conical spring wash-
er and nut provided. Apply a torque not to exceed the
maximum values given in the Specification Table.
Torque is not required to set 1ha anchor.

The HDA Undercut Anchor, dasigned to carry significant, safety-relevant loads, must be installed cormoctly with the prescribed tools
to function properly. Carelully follow all instructions located inside the box. Installer training is also available upon request.
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4.3.1 HDA Undercut Anchor

Table 8 - Equipment required for setting HDA Anchors
HDA carbon steel - galvanized

Anchor Hilti Hamwner Dridl Stop drill bit Setting took Single impact; RPM under
TEPS | TE35 | TEGB/ | TE75 | TET6/ energy for | load (1/min}
O an™ | {13} goar) TE 58-ATC re-arc | €SSOI} | Tooeme satting
max impact energy
HDA-P 20-M10x100/20 - TE-C-HDA-B 20x100 | TE-G-HOA-S1 20 M10 37-4a7 750 - 500
. TE-Y-HDA-B 20x100 | TE-V-HDA-ST 20 M10 65-75 480 - 500
ADA-T 20-M10x300/20 v TE-C-HDA-B 20x120 | TE-C-HDA-ST 20 M10 3.7-47 250 - 500
v TE-Y-HDA-B 20%120 | TE-Y-HDA-ST 20 M10 85-7.5 480 - 500
HDA-P 22-M12x125/30 v TE-G-HDA-B 52x125 | TE-C-HDA-ET 27 M12 3.7-47 260 - 500
. TE-Y-HDA-B 22x125 | TE-Y-HDA-ST 22 M12 85-75 1 480-500 |
HOA-T 22-M12x125/30 . TE-C-HDA-B 22156 | TE-C-HDA-ST 22 M12 37-4.7 250 - 500
. TE-Y-HDA.B 22x155 | TE-Y-HDA-ST 22 M12 5-1.5 480 - 500
HDA-P 22-M12x126/50 . TE-C-HDA-B 22x125 | TE-C-HDA-5T 22 M12 a7-47 250 - 500
. TE-Y-HDAB 22x125 | TE-Y-HDA-ST 22 M12 55-7.5 480 - 500
HDA-T 22-M12x125/50 - TE-C-HDA-B 22x175 | TE-C-HDA-ST 22 M12 37-47 250 - 500
v TE-Y-HDA-B 22x175 | TE-Y-HDA-5T 22 M12 65-1.5 48D - 500
HDA-F 30-M16x180/40 v . TE-Y-HDA-B 30x190
HDA-T 30-M16x100/40 v . TE-V-HDA-B 30x230 y i )
HOA-P 30-M16x190/80 . | TEVHOAB 30x190] [E Y-HOA-STIOMIE | 7.0-80 150 -3%0
HDA-T 30-M1€x180/60 . . TE-Y-HDA-B 30x250
HDAP 37-M20X250/50 . TE-Y-HDA-B 37 %250
HDA-T 37-M20x250/50 . TE-Y-HDAB 37x300 | - o, 10 }
HOA-P 37-M20x250/100 e vrioABaTees0] TE T HOASTSTM20| | BO-0.0 260
HDA-T 37-M20%250/100 . TE-¥-HDA-B 37300
HDA-R carbon steel - galvanized
Anchor Hilti Hammer Drill Stop drill bit Setting tool Single impact | RPM under
TEZS TE35 | TES6/ TETS | TET6/ unergy for load (1/min}
CApS T | (151 gear) TE 80-ATC 76-ATC | ESSN = | o setting
max impact energy
HDA-PR 20-M10x100/20| __+ . TE-G-HDA-B 20x100 | TE-C-HDA-ST 20 M10 3.7-47 250 - 620
. TE-Y-HDA-B 20x100 | TE-V-HDA-ST 20 M10 65-7.5 480 - 500
HOA-TR 20-M10x100/20] - TE-C-HDA-B 20x120 | TE-G-HDA-ST 20 M10 7 -4.7 250 - 820
. TE-Y-HDA-B 20x120 | TE-Y-HDA-ST 20 M10 5.75 480 - 500
HDA-PR 22-M12x125/30]__ = . TE-C-HDA-B 22x125 | TE-C-HDA-ST 22 M12 3.7-47 750 - 620
. TE-Y-HDA-B 22x125 | TE-V-HOA-ST 22 M12 85-75 480 - 500
NDA-TR Z-M1Zx126730) o . TE-C-HDA-B 22x155 | TE-C-HDA-ST 22 M12 3.7-4.7 250 - 620
. TE-Y-HDA-B 22x155 | TE-Y-HDA-ST 22 M12 65-75 480 - 500
HDA-PR 22-M12x125/50| = . TE-G-HDA-B 22x125 | TE-C-HOA-ST 22 M12 3.7-47 250 - 620
. TE-Y-HDA-B 221125 | TE--HDA-ST 22 M12 6.5-1.5 480500 |
HDA-THR 22-M12x125/50|___» . TE-G-HDAB 222175 | TE-C-HDA-ST 22 M12 3.7-4.7 250 - 620
. TE-Y-HDA-B 22x175 | TE-Y-HDA-ST 22 M12 85-7.5 480 - 500
HDA_PR 30-M16x190740 v v TE-Y-HDA-B 30x190
ADA-TR 30-M18x180/40 v . TE-Y-HDA-B 30x230
HDAPR 30-M16x190/60 . T TEvHOA B 30x80] = " HOA-STIOMIG | 7.0-80 150 - 350
HDA-TR 30-M16x 15060 . . TE-Y-HOA-B 30x250
HDA carbon steel - sheradized
Anchor Hilti Hermmer Drill ] Stop drill bit Setting tool Single impact| RPM under
TERS | TE3S | TE 66/ | TETS l TE 78] energy for | load {1/min)
TS | (18t goar) TE 56-ATC 76ATC | €3OS | T Torre sotting
max impact snargy
HOA-PF 20 M10°x100/20 . | ] TE-C-HDA-B 20°x100
DA 2C MO 10020 = 1 1 e CRDAT So-g| TE"C-HDA-ST 20 M10 35-40 610 - 630
TDA-PF 22-M1Z-x125/30 . TE-C-HDA-B 222125
HDATE 22-M12°%125/30 . TE-G-HDA-B 22°x166
HOAPF 22 MA2X125/50 . TE.G-HOAE 22x125| [T'C TDAST22MI2] | 38-40 610- 630
HDATF 22-M12°x125/50 . TE-C-HDA B 22°x175
HDAPT 30-W16"%190/40 . P YE-Y-HDA B 30'x190
HDA-TF 30-M16°x190/40 . v TE-¥-HDA-B 30230
HDAPT 30-M10°x100/60 . - e VDA 30 g0 TE Y- HDA-ST 30 M16 70-90 150 - 350
HDA-TF 30-M16°x180/60 . . TE-Y-HDA-B 30°x250
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HDA Undercut Anchor 4.3.1

4.3.1.5 Ordering information

HoA-T anchor (EILL -1 #C) oo | ———
FN—T HOA-T F HDA-TR HOW | HDA-T Anchor Stop Drin Bt Diamond Core Bit | Seiting Tool
Anchor
fam No. Sam No. Box lﬁllliol‘:'.‘?’ﬂﬂﬂ. Description (mim)
danized 316 Stainlasy Oty | thickness fastoned Rerm No. ol x orik depth Diameter Hem Mo, Descrplion
saroas 330901 133351 | 12 |HDAT MiokIooo | S2080  TECBAONZ fpnny, oy |I81643 TECSTHIS
237450 TE-Y-B20x120 207133 TE-FST-MI0
wos lasoosz |sowasz | B |HOATMizxiosay |-R02082 TECBINS fopn, gy |31644  TEGSTMNS
237452 IE-YB22x156 287134 TE-VSTMI2
1540 1330363 |330353 | & |FOATM2x125/50 | 332003 TE-C-Bezi75_|2emm /) | 331844 TEL-STMI2
a3ies2 |a39354 330354 | 4 |HDAT MIGx130/40 | 332008 TE-V-B30x230 | 30mn (1-1/8" | 331846  TEY-STMIb
31553 |339365 |330355 | 4 [HDATMIGnI90/0 | 332099  TE--B30N250 | 30mm (1-1/8") [331846  TE-V-ST-MI
3067 | - | 2 |FDATM20=250/50 | 339271 TEY-BO7<300 | 7mm (1-3/67) | 330269  TEV-STM20
330268 | - ~ 1 > [HDA-TM20:250/100 | 330272 TE-Y-B37x50 | 37mm (1-3/7 | 338269 TE-V-ST-M20
HDA-T Anchor (JEJ(T—_-T wem] =N = T
HD&-P HOA-P F HOA-F R HOA-P Anchos Stop Drik BiY Diamond Core Bit_| Switing Tool
Ahor
Tem No. em No. Hom W Box | dia ¥ minemb/ma. Dr3cription {mm)
Gavanirsg Sherandsed | 316 Stainless Oty | thickness faxiened Hem No. O, X Oril dapth Duaneter e Ne. Detrigtion
warses \naonse |3asaas | 12 |Honp oxtoorzo | 332089 TECBAONO0 |, epey | 391843 TEC-STMID
237449 TE-V-B20X100 287133 TE-V.STMI0
vt |saasr |sa00a7 | 6 |Honpmizzse [DI001 TECBRNIZ o, g (09184 TELSTMIS
237451 TE-B22x125 287134 TEYSTMI3
1547 |339356 (339348 | © |HDAPMI2xi2550 | 332091 TEC-B2p1Z5 | 22mm (¢/8) [ 331844 TE-C-STMI2
331555 |239350 339340 | 4 |FDA-P M16x190/40 | 332097 TE-Y-B30x180 | 30mm (1-1/8") |331846 _VE-Y-ST-M16
1551 1339360 |339350 | 4 |HDAP MI6x190/60 | 332097  TE-Y-B304190 | 30mm (i-1/87 [331846  TE¥ST-MI6
35 | - | - 2 [HDAP M20@250/50 | 339270 TE-V-BO7x250 | 37mm (1-3/8") | 339269 TE-Y-ST-M20
w0266 | - | - 2 [HDA P M0:250/100 | 339270 TE-¥B37x250 | 37mm (1-3/8") | 330269  TE-Y-5T-M20
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4.3.1 HDA Removal Tool

4.3.1.6 HDA Removal

L

The Hilti HDA Removal Tool is designed to remove the Hilti Product Features
HDA Undercut Mechanical Anchor when Installed in standard + Complete removal of HDA design anchors for temporary
applications in accordance with HIt guidslines. applications

s The removal process strips the threads to prevent reuse
of anchors for safety purposes

» Sultable for all rotary hammers with TE-C style chucks

Removal Instructions

& &
ilighial

1, Remove the nut and washar 2. Push back the grip (against 4, Insert the adapter {drive) into 5. Pul adapler {drive} onto the 8, To retyrn the tool to its stari-

'u.
e

from 1he threaded rod, (also this spring pressure;. the drill chuck and lock thraaded spindle of the ing position, put the adapter
remove fastening part for 3. Allow tha two drive lugs T (TE 25 recomemended), removal tool and switch {drive) on the other end of
HDA-P applcations). paqe e groovs n he mportant on the g, the threaded spinde.
anhor glgeve using a slight Switch off the hammer- B The anchor sleevs will be 9, Switch on the hammer dril
twisting movement of the ' ing wjgn the rem:'aT extracted. unitdl the adapier stop reach-
qrip. Release tha grip. tool will b# permanently 7. Disengage the dive lugs g5 the removal tool.
damaged if this step from the groova by fitting
is neglected.). up and twisting the grip.
* Use low speed
(setting 1 for the TE 25).

Removal Tool with Adapter

Applicable
Item No. Description Qy/Prg Anchor Sizes

mesl— 333433 TE-C-HDA-RT 20-M10 1 HDA M10
333434 TE-C-HDA-RT 22-M12 1 HDA M12

333435 TE-C-HDART 30-M16 1 HDA M16

339273 TE-C-HDA-RT 37-M20 1 HiDA M20

298 Hilfi, Inc. (US) 1-B00-379-8000 | www.us-hiithgom | an espan! 1-800-878-5000 | Hiti (Canada) Corp. 1-800-383-4458 | www.hittica | Product Technical Guide 2008






Fe Pt 1 Ao Lot

HDA Undercut Anchor 4.3.1

4.3.1.7 Sampie Calculations

3.000 |b shear
s 6.000 Ib tension

Plan

Given:
f'; = 3,500 psl, Cracked Concrete, No Supplementary Reinforcement

Loads: Tension 4,0001bDL
2,000 Ib LL
Neo Eccentricity, Non-Seismic Loads
Shear 2,000 b DL
1,000 b LL
No Eccentricity, Non-Seismic Loads

Calculation per ACI 318-05 Appendix D and ESR-1546 ACI 318-05 Reference
Try an HDA-T M10 Anchor hy=3.84in Code Reference
Check Spacing, Edge Distance, Thickness ESR-1546
Table 5
Smn=41n. < 11in. OK
Crn=3.1251in. < 8in. OK
Brin=675in. < 7in. OK

Calculate Factored Loads
Use ACI 318-05 Chapter 3 Load Factors 9.2.1
N, = 1.2 (4,000 ib) + 1.6 (2,000 1b) = 8,000 Ib Jor anchor group
N, = 4000 ib / anchor

V,, = 1.2 (2,000 Ib} + 1.6 {1,000 Ib} = 4,000 b for anchor group
V. = 2000 Ib / anchor

Calculate Steel Strength in Tension ¢ N,

¢=075 D.4.4{aji) ESR-1546
Ny = (MHAL) (F) D.5.1.2 Table 5
= {2) (0.09 in®} (116,000 1b/in%} {D-3)

= 20,880 Ib for anchor group

N .= 10,440 Ib/anchor ESR-1546
N, = (2-anchors) (10,440 Ib/anchor} Table 5
N, = 20,880 Ib for anchor group

&N, = {0.75)(10,440 Ib/anchor) = 7830 Ib/anchor
For the anchor group: (2)($ N, ) = (2)(7830 Ib/anchor)
— ¢ N, for the ancher group = 15,660 Ib
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4.3.1 HDA Undercut Anchor

Calculate Concrete Breakout Strength in Tension ¢ Ny

Cuatagory 1, Condition B ¢ =065 D.4.4(cil} ESR-1546
Table 5
A
N:bn= [( :ﬁ ‘Woc,n) (W .d.N) (‘I’C‘N) (1;' m,N) (Nb)] D.5.2.1
{D-5)
hy=394in.—=15hy=591in -+ 3h,= 11.82in. ESR-1548
Table 5
r h
Ay = 9{hy)" = 130.7 in” D.5.2.1(b) {D-€)
Aw=(59+11+59)(59+59) =269.7in° A . q98
Anco
no eccentricity Yen=10 D524
©-9)
Cypmin = 811, 1.5h,=5.91in. D.5.25
(D-10)
Cunin> 150y >
use D.5.2.6
use k,, for cracked concrete to calculate Ny,
splitting does not govern D.5.2.7 ESR-1546
Sect. 4.1.2
‘FGP.N =10
Ny = K, V flu: (h-l)u
kg =24, hy=394in. ESR-1546
Table §
SNy = {0.65) [{1.93)(1.0)(1.0){1.0)(1.0){11,104 Ib})] = {0.65) [(21.431 Ibj]
G Nopg = 13,930 1
Calculate Pullout Strength ¢ N,
Category 1, Condition B & =0.65 D.4.4{c)(i)) ESR-1546
Anchor Category 1, Condition B Yable 5
Npo = 'P:,PNp D.5.3.1
{D-14)
N, for post-instalted anchors based on testing D.5.3.2
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HDA Undercut Anchor 4.3.1

Nonre = Noner Tc_ for cracked concrete ESR-1548
2500 Sect. 4.1.3
ESR-1546 {Table 5) Ny = B992 Ib for one anchor ESR-1546
2500 Table 5
Nonre = | (8992 1) ——-]
o [ 2500

Ny re = 10,639 b / anchor

[ Noare = 0:65)(10.638) = 6915 b fanchor |

Concrete side-face blowout strength of a headed anchor in tension D.5.4
RD.5.4
The design requirements for side-tace blowout...."are applicable to headed anchors that usually
are cast-in anchors. Splitting during installation rather than side-face blowout generally governs
post-installed anchors....... " Side-face blowout for post-installed anchors could be calculated
if the bearing area A, i3 known. Ay 18 given for HDA anchars in Table 1 of this section.
Sida-face blowout will not control for this example.

Summary for Tension

Design steel strength = ¢ N, = 7830 ib/anchor
Factored service load = ¢ N, = 4000 Ibfanchor
G N> N, — OK

Deslgn concrete breakout strength = ¢ Ny, = 13,930 Ib for anchor group
Factored service load = N, = 8000 ib for anchor group

@ Nepg> N, =+ OK

Design pullout strength = ¢ N, = 6915 Ib/anchor

Factored service load = N, = 4000 Ib/anchor ¢ Ny, > N, —+ OK

Calculate Steel Strength in Shear ¢ V,,

¢ =065 D.4.4{a}{i) ESR-1548
Teble §

V. = 13,938 Ib/anchor ESR-1546

Assume base plate thickness = 0.50 in. Table 6

¢ V, = (0.65)(13,938 Ib/anchor) = 9058 Ib/anchor

Calculate Concrete Breakout Strength in Shear ¢ V.,

Condition B ¢=0.70 D.4.4{cMi) ESR-1546
A Table 5
Veng = ( A ) (¥ s O ) (V) tvh)] D.62.(b)
ca (D-22)
A AN L™
— = -
1.5¢,, 1" 1.5€, e . ‘i‘ ’
Plan 1.5¢, n 1.5€4
Section
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4.3.1 HDA Undercut Anchor

A = (A.5KC) = (4.5)8 In)? =288 in" D.62.1
{D-23)

Ay = (1.5, + 1110 + 16,7 In) = (12, + 11 in. +12in}7 in) = 245 in”

AV: — 0.85
Aveo
no eceentricity Dg§25
{0-2)
Gz > 1.5an N0 adge condition perpendicular to shear ivad D626
(D-27)
¥y =10
cracked concrete , no supplementary reinforcement D.68.2.7

€ V02 14
V= 7(-&:) ]f dy 1} f'e (Ga) D62.2

{0-249)
£, = hyfor HDA-TM10 — (. =3.94in

d, = 0.75 in. for HDA-T M10 anchor ESR-1546
Note; ESR-1548 only lists do for HDA-T anchors. I HDA-P anchors Table 5
are being used, refer to the Hilti Product Tech Gulde to obtain
values of d,..

d, = 0.394 in, for HDA-P M10 ancher

For this example, an HDA-T anchor is being considered
soused,=0.75in.

', = 3,500 psl Co=8in

3.94 in.\02 - s
V= T(W / 0.75 In. |/ 3,500in. (8in.)

—- [v., =11,308 b/ anchor,

b Ve = {0.70){(0.85)(1.041.01.0(1 1,308 Ib) = 11,308 b
= {0.70)[(9612)]

¢ Vepg = 672810

Calculate Pryout Strength ¢V,

Condltion B ¢=070 D.4.4{c}i) ESR-1546
Table

Vipg = (ke XN ca) 0.6.3.1 (b}
(0-30}
fyy=3.941n. > 2510, ke =20 ESR-1546
Table 5
Newg = 21,431 1b

& Ving = (0.70}(2)(21,431 1b) = 30,003 for anchar group
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HDA Undercut Anchor 4.3.1

Summary for Shear

Design steel strength = ¢ V,, = 9059 Ib/anchor
factored service load = V,, = 2000 Ib/anchor
dVu>V,+0K

Design concrete breakout strength = ¢ Vipg = 6728 10 for anchor group
Factored service load = ¥, = 4000 Ib for anchor group
@ Vg >+ OK

Design concrete pryout strength = ¢ V,;, = 15,001 Ib/anchor
Factored service load = V,,, = 2000 ib/anchor
PVp> Viu— OK

Check Interaction Equation
Determine controliing design loads:

Tension: # N,, = (2-anchors) (7830 Ib/anchor) = 15,660 |b for anchor group

¢ Ny = 13,930 1k for anchor group

CONTROLS & N, = (2-anchors} (6915 b/anchor) = 13,830 Ib for anchor group
Shear: & V,a = (2-anchors} (9059 b/anchor) = 18,118 Ib for anchar group
CONTROLS ¢ Voo = 8728 Ib for anchor group

¢V, = 30,003 Ib for anchor group

(0.2) (¢ Vopg) = 1346 1b V,, =40001b Ve > (0.2) (9 Viog)
(0.2) {¢ Np) = 276610 N.. = B000 b Nya > 0.2 (8N,
Nea . Via

oN,* e, = 2

BODOL . 40001 _ )
T80 T Giasl - o o t0ews =117

117 <12+ 0K

USE HDA-T M10 Anchor
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Analysis Plan for
ANALYSIS OF TRA-670 UTILITY BATTERY ROOM WALL ANCHORAGE

Analysis Plan
Scope: The purpose of this calculation is the evaluate the proposed bracing necessary to attach the tops of the reinforced concrete
block walls enclosing the TRA-670-E58/ES9 battery room to the ceiling above the walls. This is based upon recornmendations in a
recent seismic evaluation of these walls performed by others (Ref. 1). The block walls are not themselves a seismic category 1 SSC,
but are considered a potential seismic interaction hazard to the safety related, seismic category 1 battery banks. The objective of the

bracing modification is therefore to provide adequate anchorage to preclude adverse interaction with the batter banks during a safe
shutdown earthquake (SSE). Scope includes the effect of the bracing on the wall, and the structural capacity of the bracing itself.

Deliverables: The deliverable shall be a checked and approved ECAR.

Assumptions: Assumptions are made as to material of construction, since the design is not fully specified during analysis. These do
not require verification, as they are conservative relative to the possible choices.0

Quality Level: 1 per QLD RTC-000633, *Seismic Interaction Structural Anchorage
Natural Phenomena Hazards criteria: PC-4 per PLN-588 Rev 3.

Load scenarios and acceptance criteria — bracing only supports out of plane loads, and seismic are the only such loads. Use DOE-
STD-1020-02 load combination, where Dns=0 (for the bracing). DOE-STD-1020-02 acceptance criteria apply.

Calculation and analysis software to be used: Mathcad will be used
Verification/validation requirements for calculation and analysis software: None — calculations will be checked by hand.
Budget: not defined

Schedule: not defined

Approvals

; JWMM—A/Z’W%//J;rkL’CM /0/279/0/(

equester — Dave Rowsell Date

MJ‘ — [D/L'S'/Dﬁ’

(Péformer = Stuart Jensen Date

/0// z 5{/0 g

f—C. C. O'Brien Date
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Title: ATR 670-D-323 Concrete Block Wall and Door Frame Seismic Upgrade Analysis

1. Index Codes

Building/Type: TRA-670 SSC ID: 670-D-323 Site Area: ATR Complex
2. Quality Level: 1 RTC-QLD-000633
3. Objective/Purpose

The purpose of this Engineering Calculations and Analysis Report (ECAR), is to perform calculations to support the installation
of a seismic bracket per INL Drawing 601091.

The DC power supply for 670-M-11 emergency coolant pump, (which is safety related per SAR-153), penetrates the concrete
block wall above door 670-M-323, located in the 1% Basement of ATR. This wall has been identified by the ARES Corporation,
as a potential seismic weakness. The new bracket and associated anchors will tie the 670-D-323 door frame and concrete
block wall to the ATR canal wall.

4.  Conclusions/Recommendations

Based upon this analysis, it is recommended that the proposed seismic bracket and anchorage design be installed per INL
Drawing 601091.

In conclusion, the new bracket and associated anchors will add the required support to the ATR 670-D-323 door frame to
prevent a failure of the concrete block wall and 670-M-11 DC power supply during a PC-4 seismic event. This modification will
ensure that 670-M-11 will perform its safety function.

5. Review (R) and Approval (A) and Acceptance (Ac)":

Typed Name/Crganization o Signature/Date?
Performer/Author B. L. MoonAN411 %’L’( O~ 75 / Z ‘C-/ )
Technical Checker R R. R. Winn/AW221 Pagls ch g - /‘f%?«;"/f 4
Independent Peer Reviewer’ R S. R. Jensen/W210 7l ./ ___/ ’ yd 0/29,/063'
Performer's Manager A S. W. Monk/W411 7 /(J-YVL{J"K/( [”/ 27/04%
Requester Ac C. W. Brooks/W221 '0} Z?} 08
Nuclear Safety’ Ac N/R
Document Control B. R. Pike/GB62 B{,{ {is P i 73/ },, /0/‘5’0/9,6
1 Review and Approval are required. See LWP-10200 for definitions and responsibilities.
2 An Electronic Change Request {ECR) indicating final review and concurrence by the listed individuals can be used in lieu of signatures.
3 If Required, per LWP-10200.
6.  Additional Distribution: Document Control:

(Name and Mail Stop)
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Appendixes

Appendix A — Anchorage and Material Analysis

Appendix B — Engineering Calculations and Analysis Plan (ECAP)
Appendix C — Load and Moments Diagram

Appendix D - Hilti HDA-T Undercut Anchor Vendor Data
Appendix E — MathCAD Version 14 Software Validation

Scope and Brief Description
The scope of this analysis is to analyze the new bracket and associated anchorage, as shown on INL Drawing 601081, to be installed
on the Advanced Test Reactor (ATR) 670-D-323 southeast side of the door frame and north side of the ATR concrete canal wall. The

bracket and anchorage need to be designed to prevent the doorway from collapsing during an ATR Safe Shutdown Earthquake (SSE)
seismic event.

Design Inputs and Sources

The allowable stresses for this analysis will be determined using American Institute of Steel Construction {AISC) Manual of Steel
Construction, Allowable Stress Design (Ref. 1).

Seismic loads applied to the concrete block and shielding walls in TRA-870 is per Reference 2.

Background

During a seismic evaluation of ATR, performed by the ARES Carporation, the ATR 670-D-323 door frame and concrete block wall were
identified as possible points of failure in a seismic event. The ATR Emergency Coolant Pump 670-M-11, (which is required to operate
following an ATR Safe Shutdown Earthquake (SSE)), power cable conduit runs through the concrete block wall above

670-D-323. If the wall was to collapse, the 870-M-11 power cable may be severed, which would disable the 670-M-11 emergency pump.
Assumptions

None
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Computer Code Validation

. Computer type: Dell Precision 670, INL Property# 386768

Computer program name and revision: MathCAD, Version 14

Inputs: See Appendix A

Outputs: See Appendix A

Evidence of, or reference to, computer program validation: See Appendix E

Bases supporting application of the computer program to the specific physical problem: MathCAD is a mathematical
computing software developed specifically to perform this type of calculations.

~papow

Body

See Appendix A

Recommendations

Based upon this analysis, it is recommended that the proposed bracket and anchorage design be installed per INL Drawing 601091,

References
1. Manual of Steel Construction Allowable Stress Design, American Institute of Steel Construction (AISC), Ninth Edition

2. Seismic Evaluation of Concrete Block and Shielding Walls in TRA-670, Calculation No. 0602301 .01-5-007, Rev 0, ARES
Corporation, 07/08/08.

3. INL Drawing 121053, Rev 7, “Reactor Building First Basement Concrete SH #2"
4. American Society of Testing and Materials (ASTM}), A36 Structural Steel, 1992

5. Mechanical Engineering Design, Seventh Edition, 2004, Shigley, Mischke, Budynas





TEM-10200-1

12/11/2007 ENGINEERING CALCULATIONS AND ANALYSIS REPORT
Rev. 01
ECAR No.: ECAR-420 ECAR Rev. No.: 0

Title: ATR 670-D-323 Concrete Biock Wall and Door Frame Seismic Upgrade Analysis

Appendix A

Anchorage and Material Analysis
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The following calculations are divided into five sections:
Section 1, Force and Moment Calculations
Section 2, Anchor Force Calculations
Section 3, Bracket Material Stress Calculations
Section 4, Connection Plate Material Stress Calculations
Section 5, Connection Plate Weld Calculations

/i-v

New Bracket

Figure A1
New Bracket

Al ECAR-420





Section 1 - Force and Moment Calculations
Force and moment values; M,, F,, and M, were taken from the ARES Corporation Report "Seismic Evaluation of

Concrete Block and Shielding Walls in TRA-670." (Ref. 2). These values were calculated for the existing bracket
which is mounted along the angled, approx. 20 degrees from vertical, ATR Canal Wall, as shown in Figure 4-1 in
Appendix C. The new bracket, as shown in Figure A1, is oriented vertically, thus the given moment valyes
previously mentioned were divided by cos 20 degrees to provide accurate values for anchorage and material
calculations.

M, := 3490Ibf-in Moment M, (see Appendix C)
Fy 1= 1560lbf Force F, (see Appendix C)
M3 := 13160Ibf -in Moment M, (see Appendix C)
8 := 20deg Approximate Angle of Canal Wall (Ref. 3)
My
My, = Calculated Moment M, ,
cos(6)

M, =3713.98:Ibf in

M
My, = 3 Calculated Moment M.,
cos(8)

M5, = 14004.58-1bf -in

FLATE B

M1 NO CREDIT TAKEN
FOR THREADED
ROD OR BACKING
/W PLATE

[

*\ PLATE C
M3a

Figure A2
Force, Moments, and Plate Identification
Bracket Detail

PLATE A
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Section 2 - Anchor Force Calculations
The following calculations were performed to determine anchor shear and tension loads. Dimensional distances
and Moments d, - d;, M, and M;,. respectively, are shown on Figure A3, correspond with the following shear

and tension equations.

v 1)
12ﬂ(dﬂ/’/g(

3/4;,(“5) o /
/

\

T
k\“ﬁ &
Q — %
\?7
f 2 ”

]
-’/
\\ 3/ 4“,4
Figure A3
Dimensional Identification
Bracket Detail

Shear
anchors := 2 Number of Anchors
dl = 12in Vertical Distance Between Anchor Holes

{see Figure A3)
d, := 8in Horizontal Distance from edge of Plate A to Center of Anchor Hole

(see Figure A3)

A3 ECAR-420





dy = 12in Horizontal Distance from edge to edge of Plate A
(see Figure A3)

M
F S Anchor Shear Force Induced by Moment M
lanchor dl 1a

Flanchor = 309.51bf

F
2 Anchor Shear Force (per anchor) induced by Force F,

F = —
Zanchor anchorsn

Faanchor = 780-1bf

Franchor = Flanchor * F2anchor Total Anchor Shear Force

Franchor = 1089-5-1bf]

Tension

M
= 3a Anchor Pullout (Tension) Force (per anchor) induced by Moment M.,

Fiension : ( a - dz)(anchorsn)

F 1750.57-1bq

tension ~

With the calculated shear and tension loads of approx 1100 Ibf and 1750 Ibf, respectively, a Hilti M12 HDA-T
Undercut Anchor will be used. Anchor ratings taken from the Hilti vendor data are shown in Table A4. The
ATR canal wall is composed of 3000 psi concrete, but the Hilti vendor data for shear and tension ratings only
specifies 2500 psi concrete, thus using the ratings for 2500 psi concrete is a conservative approach. The
recommended spacing for these anchors for full capacity is 14-3/4". The spacing for this design is 12", so the
anchors will be de-rated by 0.95 (see Appendix D). With anchor design considerations above, the Hilti M12
HDA-T Undercut Anchor will be sufficient, with ample margin, for this design.

M12 HDA-T Load Rating T able
2500 psi
Concrete S(Itggl
(Ibf)
Shear 7005
(De-rated Value) (6655)
Tension 5235 6710
(De-rated Value) (4973) (6375)
Table A4

M12 HDA-T Load Rating
(Allowable Shear and Tension Loads)
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Section 3 - Bracket Material Stress Calculations

Tstee] -= 36000psi

0, = (crsteel)(o.so)

o, =21600-psi
dy = 18in
dg = .750in

Ig = 0.63-in4

C = d4
Av 2

CAv:()il']
ds

CAp = —
Ah 2

cAh =0.38in

(M 1 a)(CAv)

A5

Minimum Yield Stress of ASTM A36 Steel
(Ref. 4, Page 355, Table 3)

Calculated Allowable Strength .
(Ref. 1, Page 5-49, Equation F3-3)

Plate A - Vertical Dimension
(see Figure A3)

Plate A - Thickness
(see Figure A3)

Moment of Inertia
(Plate A - Vertical Orientation)

Moment of Inertia
(Plate A - Horizontal Orientation)

Distance from outer edge to middle of plate
(Plate A - Vertical Orientation)

Distance from outer edge to middle of plate
(Plate A - Horizontal Orientation)

Bending Stress Induced by Moment M,
(Plate A - Vertical Orientation)

ECAR-420





Bending Stress Induced by Moment M,
= (Plate A - Horizontal Orientation)

Combined Bending Stress Induced by Moments

(TAB = ,G’A2+O’B2 M1aand M38

(Allowable Stress = 21,600 psi)

[7AB = 8299.52ps| OK

Plate B will not be analyzed because it will be enveloped by the Connection Plate C analysis in Section 4. Plate
B will be the same thickness as Plate A.

The weld connection between Plates A & B will be a full penetration weld (performed in the shop); therefore, the
stress on this weld joint will be similar to 0,5 above. The allowable stress on the weld filler material is 21,000 psi

(see Section 5), which is greater than o, above. Based on this, no further analysis will be performed on this

weld connection.
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Section 4 - Connection Plate Material Stress Calculations

bc = 12in

.75in

1l

hc M
1
Iy = E(bc)(hc)3

Iyo =042 in4

= —(nc) (bc)’

IyC = 108-in4
JC = GC + ch
.4
Jo = 108.42:in
b
C
M —
( la)( 5 ]
T, =
Ct I

Mg = (F2)(6in)

Stotal = TCt + b

[Stotal = 20974.04 ps] OK

Plate C - Base Dimension

Plate C - Thickness

Plate C - X Moment of Inertia

Plate C - Y Moment of Inertia

Plate C - Second Polar Moment of Area

Torsional Shear Stress induced by Moment M.

Moment Induced by Force F,

Bending Stress induced by Moments Mg, and M5,

Total Stress induced by Moments Mg, My, and M,,
(Allowable Stress = 21,600 psi)
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Section 5 - Connecting Plate Weld Calculations

The following calculations were performed to determine weld bending and shear stresses. The connecting plate
(Plate C) will consist of two identical welds, one connecting the plate to the doorway channel and the other
connecting the plate to the bracket. The connecting plate will be welded to the existing door frame, which is
made from 3/16" thick channel, using a 3/16" fillet weld. Since the welds are identical and have the same loading
characteristics, this analysis will only address the welds connecting the doorway channel and connecting plate.

Stress Due to Moment M,

by, == 1.75in
dy, = 12in
hy, := .1875in
3 2 .3 4
L 8(by)” + 6(by) (dy)” + dyy by
= -
12 2b,, +dy,

272970

I, =272.97-in

Iy = 0.707(1, )(hy)

Stress Due to Moment F,
2

i, = T—(ﬁ-bw + dw)
I,= 270-in’

Ly = 0.707(hy)(1)

.4
lw= 35.79-in

A8

Weld Horizontal Distance
Weld Vertical Distance

Weld Size

Weld Unit Second Polar Moment of
Area
(Ref. 5, Page 472, Table 9-1)

Weld Second Polar Moment of Area
(Ref. 5, Page 471, Equation 9-6)

Weld Torsional Shear Stress due to Moment M.,

Weld Unit Second Moment of Area
(Ref. 5, Page 476, Table 9-2)

Weld Second Moment of Area
(Ref. 5, Page 475, Section 9-4c)

ECAR-420





b b

——l
.
4

Xpar = 0.2in
Cw = by = Xpar y
Cw = 1.55in fx
M c
Opy = M Weld Bending Stress due to Moment F,

Stress Due to Moment M,,

(Msa)(w)

TM3a Weld Bending Stress due to Moment M,

I

w

T70xx = 70000psi Minimum Tensile Strength - 70XX Weld Filler Material

T70xxa = (970xx)(0:30) Calculated Allowable Strength
(Ref. 1, Page 5-70, Table J2.5)

WS, o6al = ™1a + “F2 + TM3a Total Combined Weld Stress _
(Allowable Stress = 21,000 psi)

WS, otal = 1629.23-ps’ OK
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Engineering Calculations and Analysis Plan
ATR 670-D-323 Concrete Block Wall and Door Frame Seismic Upgrade
Analysis

SCOPE

The purpose for this Engineering Calculations and Analysis Plan (ECAP) is to
document analyses to be performed, as identified in section 2 of this document, to
support the scope.

The scope of the document is to analyze a new bracket and anchorage to be
installed on the Advanced Test Reactor (ATR) 670-D-323 concrete block wall
and door frame. The bracket and anchorage need to be designed to prevent the
doorway from collapsing during an ATR Safe Shutdown Earthquake (SSE)
seismic event.

DELIVERABLES

The seismic analysis of the ATR 670-D-323 concrete block wall and door frame
bracket and anchorage will be completed and an ECAR will be generated to
document the results.

ASSUMPTIONS

None

QUALITY LEVEL

The Quality Level Determination (QLD) for this analysis is covered under RTC-
000633 and is Quality Level 1.

NATURAL PHENOMENA HAZARDS (NPH) CRITERIA

The NPH for this analysis will be PC-4 seismic per Reference 1.

LOAD SCENARIOS AND ACCEPTANCE CRITERIA

Load scenarios and acceptance criteria will be per References 1 (Appendix C) and
2, respectively.

VERIFICATION/VALIDATION REQUIREMENTS

This analysis will be technically checked by a competent engineer within the ATR
Complex engineering organization and independently peer reviewed by a

ECAR-420





10.

competent person within the performer’s organization not directly involved with
this analysis.

BUDGET/SCHEDULE
The estimated cost to complete this analysis is approximately $2,000. The time

frame in which this design will be implemented will be determined by ATR
Programs management and scheduling department.

REFERENCES

1. Seismic Evaluation of Concrete Block and Shielding Walls in TRA-670,
Calculation No. 0602301.01-S-007, Rev 0, ARES Corporation, 7/8/08.

2. Manual of Steel Construction Allowable Stress Design, American Institute of
Steel Construction, Ninth Edition (AISC), 1989

SIGNATURES

Requestor: CX@'MQ Date: (0[28 /08
Performer: Zwﬁk A Mo Date: /240
Perforrnf:wganager: %%IM Date: /&_/ZS! ase
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CALCULATION SHEET

Project No.  0602301.01 Calculation No.  0602301.01-8-007 Rev. 0 |PageNo.119o0f262
Title:  Seismic Evaluation of Concrete Block and Shielding Walls in TRA-670
Prepared By:  Philip S. Hashimoto Date: 7/8/08 Checked By: Chip Conselman Date: 7/8/08

M2 (R “in

17 1.5, ¥
Flz .50 —\G
v~

Mz 3 &9 RN

BLAOCET

CANBL
Wb /2.«5>

Figure 23-1. Door Frame Bracket Reactions for Strengthening Design.
240 QUALITATIVE REVIEW OF FIRE WALLS
Fire walls are identified on the following drawings:
. Drawing No. 623067, TRA 670, ATR Fire Wall Designation, First Floor Plan- Elev 96°-0"

. Drawing No. 623068, TRA 670, ATR Fire Wall Designation, First Basement Floor Plan- Elev 79°-0"

Drawing No. 623069, TRA 670, ATR Fire Wall Designation, Second Basement Floor Plan- Elev 60°-0"
. Drawing No. 623070, TRA 670, ATR Fire Wall Designation, Mezzanine Floor Plans

The fire walls are shown on Figures 24-1 to 24-4. Many of these walls are constructed of concrete block.
Concrete block fire walls considered to satisfy PC-4 seismic criteria are highlighted in yellow. These walls are
either explicitly included in the seismic evaluation above, or are judged to be acceptable based on similarity to

Calculation Sheet (02/07)
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HDA Undercut Anchor 4.3.1
; I Mechanical Anchoring Systerns
O 4.3.1.3 Setting Details —C @7 145
e Anchor Nomenclature
T
4= Hilti Design Anchor
P-pra-set before baseplate
! T-through-set after/through
i > baseplate
& dh dn [ .
- Blank-carbon steei zinc plated
LN SN~ [ K] NN .
N RN N D0 F-carbon steel sherardized
NN R NN NN \\\ - R-R-316 stainless steel
_ .\\\\ \\\\ \\\\\ o \\\\ Memc
4 £ RN SO AN NN
= RN NN NN NN / Thread diameter {mm)
NN NN RN NNN ‘Z
~N N A | o £ . >N NN
N N N N NN O N N N S N
NN §\ N :\:\ HDA-P-F M 12 x 125 / 50
NN N
Sy N T NN Minkmum embedment of undercut
N - NN
RN AN ' ‘\ RN AN Maximum fastening thickness
- N
HDA-T G HDA-P &
Specification Table
Anchor Size HOA-THDAP M0 x 100/20 M12 x 125730 M12x125/0 M1§x 130/40 W16 % 190/60 W20 x 250/50 M20 % 250100
Stop dill bit for HDA-T TEC-HDAB20x120 | TEC-HOAB22x155 | TECHDA-B22x175 | TEYHDA-B0x230 [ TEV-HDA-B30x250 | TE-Y-HDAB37x300 | TE-Y-HDA-B 37x 350
Stop drill bit for HDA-P TECHOAB20x100 | TEG-HDAB22x125 | TEC-HDA-B22x125 | TEYHDA-B30x190 | TEVHDAB30x130 | TE-Y-HDAB37x250 | TE-Y-HDA-B37x250
Seting Toot TEC-HOA-ST 20-M10 | TEC-HDA-ST 22-M12 | TEC-HDA-ST22M12 | TEYHDAST30-MI6 | TEY-HDA-ST30-M16 | TE-Y-HDA-ST 37 - M20 | TE-Y-HDA-ST 37 - M20
h Thickness ef base
material, mir. mm fn) 105-12) 170659 170 6-58) BB 5019778 (5 380{15)
¢ Toalancho length mm fn, 150 (5.90) 10748 0227 51083 25{1161) 30 (14.17) 41011614
length 1.0, code? Jetlar ! L N R ] v W
ta Fastening thickness
HDA-T, min2 mm in.) 16(0.39) 10 .39 106.39 15{0.59 15{0.59) 20079 20079
HDA-T, max, mm fin,) noy 30{1.18) 5041.97) 401,58 60 (2.36) 50{1.97) 100394
HDA-P, max mm fn.) 2079 01019 500197 400158 60 (2.36) 504197 1003.34)
dy  Nom. dia. of drl) bit! mm 20 2 v 30 30 ki) kY
i Min.depthof crill o'z~ mm fin.) 107(4.21) 134506.20) 1345030 203(7.99) .o arRe ] 266 (1047) 26 (1047
e  Effective anchoring depth  mm §in,) 100(394) 125(4.52) 125(6.92) 190 (7 48 190{7.48) 250(9.34) 250 (9.847)
d Recommended clearance
tolefmin)  HOAT  mm{n) 211 23{15416) B{1516) 3241-14) R[-14) 40{1-916) 40 (i-916)
HOAF  mm{n) 12011 149/16) 143186 183/4) 18(349) 20 208
8§,  Anchor Diameler DAT  mm ) 100748 o {0.827) 10827 0(1.149 {1,142 36142 %142
) HOA-P mm i) 1010.394) 120472 12{0472) 160620 16 {0.630) 20{0.79) 20(0.78
d,  Washer diameter ma i) 275 (1.08) 35132 350137 5179 &5(1.79 50(187) 50167
S, Width across flats mm {in.) 17 19 19 24 24 30 0
Tox M tightening torgue®  Nm (fi-lh) 50{37 8039 80 {59) 120 (88) 120 {88} 300 721) 300 (221)
Sleave propertias
Ay Cossseconalaea  man(nd) 196 {0.304) 223 {0.346) 223 (0.345) 45 (0.690) 445 (0.630) 6756 {1.047; 675.6{1.047)
Sq Flastc secion modulus — man® () 596 0.0364) 779 {0.0475) 779 (0.0475) 2110 (0.1268) 2110(0.1288) 3950 0.241) 3950 (0.241)
Bof propertes
Ay Bolt noming! area mm? ﬁn?J 78500122 113(0.175) 13{0.173) 201 (0.312 201032 314160487 314.16 (0.487)
A Bolt tension area mm? fin? 58 (0.000) #4.310.131) 8430131 157 {0.243) 157 {0.243) 245(0.380) 245{0.380)
S, Elastic section moduhus  mmd 67 (0.0041) 17 0.0071) 17 {.0071) 2300179 20300179 5413003 5413 (0,033
Ay Undercul bearing red  mm? () 2600403 354 [0.549) 354 (0.549) 624 0.967 624 (0.967) 7071 (1.096) 707.10.096)

i 1 Base material thickness as required to minimize split- 3
i ting as per the CCD design method.

2 Length code in accorcdance with ICC-ES acceptance
criteria ACO1.

-

shear.

Minimum thickness of fastened part as required to
ansure engagement of fuli sleeve cross section in

4 Metric stop drill bit must be used. See Section 4.3.1.4
for use of matched tolerance diamond core hits.

Hammer Drills for Anchor Setting

5 Torque tightering of the anchor is not required for
proper set. Torgue tightening may reduce initial slip
under load and can improve fatigue performance.

6 Recommended area for calculating maximum bearing
stress in accorcance with the CCO method,

! Anchar Size HDA-THDA-P

i Speed under load {rpm)

M10% 10020 | M12x 12530 | M12x 125/50 | M16.x 19040 | W16 x 19660 | M20x 250550 | M20 x 250400
Driting system for anchar setting TE24, TEZS first gear TE76 Max. hammering power, TE-76 TE-76
Single impact energy Joules ffi-b) 37-4727-35 710-9062-68 70-836.1-61)
250~ 5i¥) 160350

Hilti, Inc. (US) 1-8(10-879-8000 | Product Technicai Guide 2004 | Hilti (Canada) Corporation 1-800-363-4458 =11 Ws il 1

Visit Hilti Online
US www.us.hifti.com
Canada www.ca.hilti.com
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4.3.1

HDA Undercut Anchor

Mechanical Anchoring Systems |

4.3.1.3.2.3 Allowable Stress Design

Combined Shear and Tension Loading

N, \&3 ( v, )5:3
+ <1.0
( Nm\:) U'en

HDA, HDA-R and HDA-F Undercut Anchor Allowable Tension Loads

in Normal Weight Concrete

Concrate Capacity®
Anchor Embedment f,>17.4 MPa (2,500 psi) Steel Capacity!
Size, mm Depth, mm {in.) Tension, kN (lb) Tension, kN {b}
- iM10 100 (4} 15.4 (3,466) 20.7 (4,660)
Mz 125 {5) 23.3(5,235) 29.8 (6,710
M16 190 (7.5} 40.9{9,187) 53 (11,930)
M20 250 (9.8 68 (15,287) 83 (18,645)

HDA, HDA-R and HDA-F Undercut Anchior Ultimate Tension Loads

in Normal Weight Concrete?

Concrate Capacity?
Anchor Embedment f. = 17.4 MPa (2,500 psi)
Size, mm Depth, mm {in.) Tension, kN (h)
M10 100 (4} 47 (10,560
M2 125 (5) 71 (15,954)
M16 190 (7.5 127 {28,621)
M20 250 (9.8} 204 (45,744)

HDA, HDA-R and HDA-F Undereut Ancher Allowable2 Shear Loads in Concrete

1 Provided the anchor is placed at of
greater than critical edgs and spacing
distarces, the steel capacity can be
used, Steel capacity is based on the
minimum mechanicar properties, and
caiculgted per AISC equation:
(.334gFu.

When edge or spacing influence
factors are invodved, apply them to
ceneete capachy values.

3 All uftimate foad values represent the
average vafues ohtained in testing.

L3

Anchor Embedment 1, 2 17.4 MPa (2,500 psi)
Size, mm Depth, mm (in } Shear, kN {ib)
HDA-P HDA-T
M0 100 {4) 4.6 (1,027 28.7 (6,453)
M12 125 (3) 12.2(2,750) 31.2{7,005)
M16 190 (7.5) 23.3(5,240) 52,6 (11,835)
M20 250 (3.8) A 33.2(7.460) 81.0 (18,210)

HDA, HDA-R and HDA-F Undercut Anchor Ultimate Shear Loads in Concretel

1 Allultimatz loads represent the

average vales obtained in testing

Anchor Embedment 1. 2 17.4 MPa (2,500 psi)
Size, mm Depth, imm (in.) Shear, kN 45y
HDA-P HDA-T
T
W10 100 (4 29 15,516) 96 (21,640
M12 125 (5) 42 (9,510) 130 {29,140
M16 190 (7.5) 75 (16,930) 221 (49,700)
M20 250 (9.8) 120.6 (27,100} 313 (70,400)

2 Alowzble loads detsrmined by 5%
Tractile, See Section 2.2.3,

Visit Hitti Online
www. s, hilti.com US
www.ca.hilti,com Canada
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4.3.1

—I Mechanical Ancharing Systems

HDA Undercut Anchor

Anchor Spacing and Edge Distance Guidelines (See Anchoring Technology Section 4.1.3)
Anchor Spacing Adjustment Factors Edge Distance Adjustment Factors
5 = Actual Spacing t = Actuai edge distance
Saip = 1.0y Con = 0.8 Mg HDA-T Shear
Sa = S.D hef Ccr = 20 hef
Con = D8Ny HDA-P Tension & Shear
Gy = 1.5Ng HOA-T Tensicn
CY I P 30
Anchor Size e mm (i) i
i Cer, HDA-T Sh
M10 100 (3.94) 20 % Shear & Tension ... 20 =
M12 125 (4.92) e ] . =
M16 190 (7.48) L B } )
M20 250 (9.84) - '
o]
0 7T T T T 7T 11
0 2 4 B 8 1.0
Anchor $pacing Adjustment Factor Edge Distance Adjustment Factor
) (v Frond
Load Adjustment Factor Load Adjustment Factor
Anchar Spacing, 1, Erlge Distance, {,
- HOA-P Tension/Shear
HDA Tension/Shear - HBA-T Tension _ HOA-T Shear
Spacing Anchor Diasneter Edge Dist. Anchor Diameler " Edge Dist, Anchor Dizmeter
s, mm (it Mie [ M2 Mi6 ¢, wm fin) W5 M2 | o,mmin) | WO Wiz Wie M2
00 4|08 [ - 80 (318) fneibl s 0 [ 3] 026
10 438 085 e Toe0 (1R iR 90 (312 032 :
125 (4-7/8) | 0.88 0.84 15 T Zesiq0p) 4] 038 [ 0.6
135 {5516 | 087 085 0110 (438 £1115{ 4-1/2) | 0.48 0.33
150 ( 5-7/8) | 083 0.86 i 120 (4-34) 311300 518 ] 0.57 8.41 !
175 ( 6-7/8)| 0.90 0.87 B 140 { 5-1/2) el 152( 61 0.71 .52 0.26
190 { 7-1/2)] 091 (.88 0.84 150 ( 5-7/8) 1 180( 7] 0.88 066 | 035 EF
295 ( §-7/8) | 0.94 0.90 0.85 82 & 1200 7-78)] 1.00 0.76 0.42 0.26
250 ( 9-7/8) ) 0.96 ° 0.92 0,86 160 [ 6-1/4) . 225 §-7/8) 048 0.50 Q.32
275 (10-7/8) | *0.98 0.94 0.87 188 { 7-3/8) 1 1.00 . 250( 9-7/8) 1.00 0.58 0.38
300 (1-28 | 1.00 0.95 0.88 200 { 7-7/8) 0.94 091 | 275 (10-7/8) 0.66 0.45
325 (12-3/4) 297 Q.90 220 { 8-58) 0.96 092 300 (11-7/8) 074 0.51
375 {14-34) 1.00 0.92 240 { %1/2) 0.97 093 [320012-14) 0.81 0.56
450 [17-34) 095 260 {10-1/4 0.93 094 | 340 (13-38) ! 0.87 041
500 {19-5/8) 097 270 (10-56) 0.99 095 | 350(14-1/8) 094 | 066
570 (22:1/2) 100 285 (11-114) 1.00 035 [380( 18 100 .71
600 (23-5/8) 300 (11-7/8) 096 | 4001534 0.76
650(25-9/16) 325 {12-y4) 097 | 425 (15-34) 0.82
TOZ7-916) 350 (1394 0.89 450 [17-3/4) .58
750 £9-172) 375 {14-34) 100 | 475018-34) 0.94
500 {19-5/8) 1.00
Sm,n = 10 hgf Sc,- = SU hef Cmin = 08 h_g\ Cu = 15‘ hef Cmin = U,B hm {;cr = 2.0 hef
'w = 008 8 +0.78 f = 0126 ¢ +0.808 fw = 062 ©_ ~0.236
hel hel he-f
for 5y > 8> 8pq fOr Gy > 6 2> Gy for G > € > Ggy
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MathCAD Version 14 Software Validation





Refer to Engineering Calculations and Analysis Report, "Computer Code Validation" Section for computer and software
information.

MathCAD Version 14

All MathCAD calculations performed in this ECAR consist of basic mathematical equations containing addition,
multiplication, and division operators. in order to V&V MathCAD 14, a mathematical equation, containing all the
previously mentioned operators, were taken and compared to hand calculations performed using a Texas Instruments
Voyage 200 calculator. The original MathCAD equation has been modified by inserting a "v" in the super subscript of
each variable to differentiate between the original and V&V equations. Some of the variable values have also been
changed in the V&V equation.

W, = 50 Ibf
apy = 1.0

va =25

Ipv =15

hypy = 101.5in
Zihy = 12in
Fav =12

Ssv = 0.386

Founy = 45821





| ™

200 _ Ceicutarjons,
o~ | Waur SORS
Q¢ )0
; Ry: 175
- P
.2
m Wohy= 100.400
Favs 1.2
Ssv: 630

)
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The purpose of this calculation is to perform a structural evaluation of the supplemental anchorage for the PPS cabinets in the
first basement of TRA-670. The exact configuration and capacity of the existing anchorage are unknown, so supplemental

anchorage is being provided. The supplemental anchorage is designed to hold the cabinets fast during a safe shutdown
earthquake (SSE).
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4.  Conclusions/Recommendations

The design documented in Drawing 600848 provides adequate capacity to secure the ATR PPS cabinets against PC-4 level safe
shutdown earthquake loading.

Revision 1 of this analysis considers the as-installed condition where a minimum of four (4) Hilti HDA anchors are installed on the
side of each long cabinet, and the end anchors of the short cabinet are inset about seventeen (17) inches from the end of the
cabinet. This analysis concludes that the as-installed configuration satisfies the applicable seismic requirements.
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Scope and Brief Description

The purpose of this caiculation is to perform a structural evaluation of the supplemental anchorage for the Plant Protective System
(PPS) cabinets (Ref. 1) in the first basement of TRA-670. The exact configuration and capacity of the existing anchorage are unknown,
so supplemental anchorage is being provided. The supplemental anchorage is designed to hold the cabinets fast during a safe
shutdown earthquake (SSE).

Design Inputs and Sources
a) Quality Level 1 is defined per QLD RTC-000550, "Seismic Analysis of ATR Seismic Category 1 SSC"
b) ATR SC-1 structures, systems and components (SSC) are analyzed for PC-4 loading, which is the project direction of the ATR
Seismic Assessment Project, per PLN-588 (Ref. 2).
¢) Seismic inputs are taken from the probabilistic soil-structure interaction analysis (PSSI) (Ref 3).

Results of Literature Searches and Other Background Data

The seismic functionality of the PPS cabinets has been previously evaluated (Ref. 4). This evaluation included consideration of the
structural integrity of the rooms, potential interaction hazards, and the operability of the equipment within the cabinets. However, the
exact configuration and capacity of the existing anchorage was unknown. Rather than perform destructive testing and examination to
determine the existing capacity, it was thought preferable to design and install supplemental anchorage with known capacity. Such
anchorage has been designed as shown in Drawing 600848 (Ref. 1).

The seismic input at the PPS room location is based upon a probabilistic soil-structure interaction which produced 80% non-
exceedance probability (NEP) in-structure response spectra suitable for evaluation of ATR equipment (Ref. 3). Since these spectra are
available for a limited number of points at each floor of TRA-670, the analyst must select the point with reported spectra that is most
representative of the location of interest. The selection of spectra is further discussed under “Analysis.”

An extensive document search was conducted to determine the weight of the PPS cabinets. No documented weight value was found.
Therefore, this analysis will be based upon conservative estimates. This is considered acceptable, as will be demonstrated, because of
the overall robustness of the anchorage design.

Revision 1 of this analysis considers the as-installed condition where a minimum of four (4) Hilti HDA anchors are installed on the side
of each long cabinet, and the end anchors of the short cabinet are inset about seventeen (17) inches from the end of the cabinet.

Assumptions
Except where field verification is noted, it is assumed that physical materials and configurations conform to the drawings and
specifications.
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Computer Code Validation

Mathcad versions 13 and 14 are used on Dell desktop computers running Windows XP professional service pack 2. Validation of the
calculations is by manual checking performed by the technical checker.

Analysis
The analysis is based upon the in-structure spectra from Reference 3. The map of the first basement, showing points with available
spectra, is copied here as Figure 1.

gt

L
e ‘“?‘1“’ g
. g

Figure 1: Locations of In-Structure Response Spectra
As can be seen, node 796 is in the center of the PPS rooms, and provides an appropriate input for the PPS room evaluations.

The input is taken as peak of the horizontal 3% damped response spectra, which is conservative, and at the ZPA of the vertical spectra.
Using the vertical ZPA is justified by the fact that the cabinets are by inspection rigid in the vertical direction. The input spectra applied
are illustrated in Figures 2-4 below.
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Figure 2: East-West Spectra
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Figure 3: North-South Spectra
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Node 796: Z Direction ARS (SR88)

25

15 -

05

0

0.1 100

Frequency {Hz)

Figure 4: Vertical Spectra

To evaluate the anchorage, the overturning and restoring moments about the short axis of the cabinets are calculated. From these, a
required hold-down force at each edge of the cabinets is derived. There is also one short cabinet, for which the long axis is not much
longer than the short axis. Because no supplemental anchorage is provided at the short ends of the cabinets, this short cabinet is also
evaluated for overturning in the long direction. The required hold-down force on the anchors at the end of the cabinet is calculated, and
is less than the per-foot required hold-down force for short axis overturning. Therefore, long-axis overturning is not considered further.

The prying action of the new base angle is considered, and a tensile load on the new anchor bolts is determined. The number of
required bolts is calculated from this tensile demand, and compared to the number of bolts provided in the design.

Next the bending in the base angle of the supplemental anchorage is considered. A section modulus per unit length of bending is
calculated based upon the thickness of this angle leg material. An allowable bending stress is calculated based upon allowable stress
design (Ref. 5) adjusted with a 1.7 factor from DOE-STD-1020-02 (Ref. 6). The total moment in the base angle is calculated, and an
effective bending length determined. Because this bending length is less than the distance from the anchor bolts to the edge of the
angle, no further consideration of baseplate bending is deemed necessary.

Finally, the capacity of the connection between the supplemental anchorage and the cabinet is considered. This is based upon the
allowable shear stress for the connection bolts, and the tear-out capacity over the bolt holes in the base angle. Both of these are found
adequate.

Additional analysis is added in Revision 1 to consider the as-installed condition with fewer anchors, and variances in anchor bolt
location. The same methods and approach used for the original design are applied to the as-installed design.

Recommendations
It is recommended the supplemental anchorage design be installed consistent with the Drawing 600848 (Ref. 1).
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Conclusions

The design documented in Drawing 600848 provides adequate capacity to secure the ATR PPS cabinets against PC-4 level SSE
loading.

Revision 1 concludes that the as-installed configuration with a minimum of four Hilti HDA anchors per side of a long PPS cabinet, and

the corner anchor of the short PPS cabinet inset about 17 inches from the end, also satisfies the applicable seismic requirements and is
therefore acceptable.
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Calculate the demands and capacities of the supplemental anchorge. Anchorage is shown on
multisheet Drawing 600848. Unless otherwise noted, sheet references are from that drawing.

EXISTING CABINET FRAME —\

— EXISTING CABINET DOOR

; ! ;f' A A

POy

& ! & Vi 5
| 4 i & \—"h <
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~ 18X .50 THRU CABINET USING
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EXISTING CONCRETE PAD —, 4 (18 MINY
\ .~ 3 Rer
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. k¢ lanchor ¥
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Ry | - I RN y'j
'\\\ . . sy ‘ langle { }f.
~ N . }A"
e
o <

lang]e = 6-1n
lanchor = 4°in
t = 2 in
angle 8

Ibf
Mg p = 400-ﬁ—'g'

item 3 drawing 600848

-3 detail zone D-7 sheet 5 drawing 600848,
see note 3 sheet 1 for +/- 1.0 inch location

item 3 drawing 600848

total cabinet weight calculated at 3000 Ib in
Appendix C -- conservatively use 400 Ib/ft
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heap, = 88.75-in cabinet height from sheet 2
do,p = 35.78-in cabinet depth from Appendix C
%g:”ﬁm depth of center of gravity -- from Appendix C
height of center of gravity -- from Appendix C
hcg = 57.44-in g 9 Y PP
conservatively assume neutral axis for cabinet
d, = ().75.(1%lb overturning halfway from the center
a, = 0534-g Node 796 vertical ZPA
Node 796 3% east-west spectral peak
oy = 1.122-g
Node 796 3% north-south spectral peak
apg = 0.716-g
M, = mcab'hcg’ans overturning moment
in-1bf
M, = 1.645 x 10% 12
M. =m_(d. . —-d. }[l-g- 4a restoring moment, using 100-40-40 rule from
b b g
= Meat{eab ~ deg) ) ASCE 4 3.2.7.2
in-1bf
M, = 1944 x 10> -2
Mpet = Mo = M; Net moment
4 in-1bf
M= 1451 x 10 -——
Mnet
F, =
dn
Ibf .
F, = 540.594-? required holdown force
F _F 1angle
anchor -~ 'V’ anchor force, considerin i
langle ~ Lychor g prying on the angle

base
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3 Ibf

F =1622x 10—
f

anchor
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Check anchor demands in the short cabinet for long-axis overturning. [n this case use total loads
rather than per foot, and assume a single anchor point on each side at the uplifting end.

IShOI‘t = 61-in

MoOghort = Meab short 2ew Neg

Moy ¢ = 131 x 10>-in-Ibf

lshort

Mrshort = Meab Ishort 2 ~(1~g - '4'av)

Mrgp o = 4877 x 10"-inIbf

Moghort = Mrghort
20075 ot

FanchS}1011 =

Fanchs}10rt = 899.166-1bf

Approximate length of short cabinet, section
D-D sheet 4

overturning moment about long axis on short
cabinet -- again assume center of gravity at 2/3
up the cabinet

restoring moment, using 100-40-40 rule

Calculate anchor force, assuming an effective
moment arm of 3/4 the cabinet length. Divide
be two anchors, one each on north and south.

The anchorage demand to resist long-axis overturning of the short cabinet is less than the demand
per foot for the short axis. The short axis will govern for all cabinets.

Calculate the number of concrete anchors required for a long cabinet

Tallow = 5456-1bf
Sallow = 6675-1bf

~ Fanchor 126°in
Panch, |, = p

3
PaHCheach = 2838 x 107 1bf

Panchtot := Panch ht 0'4’FanChshort

c€ac

allowable tensile and shear loads in anchors,
from HILTI technical data sheet

Add the short axis overturning resistance
using 100-40-40 rule
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3
PaHChtot =3.198 x 107-1bf

Panchy o Demand to capacity ratio of concrete anchors

in tension

= 0.586
Tal]ow

Shear capacity, at 6675 Ibf per bolt times 12 bolts, is adequate by inspection.

Calclulate the length of angle required to resist the bending imposed at the angle leg by the uplift of
the cabinet and the holdown of the anchor bolt.

2
S n tangle
angle ™ ¢ Section modulus of angle per unit length
in
Sangle = 0281-——
TYangle = 36000-psi Yield stress of the base angle - Ref. 8
Fbangle = Uyangle'0~6' 1.7 Allowable bending stress in the base angle

0.6 per Ref. 5, 1.7 per Ref. 6 2.3.2.

Mangle = Fv'(langle - lanchor) Moment demand on the angle
1 _ Mangle' 126-in required length to develop adquate section
"angle = g TFb modulus to resist imposed bending.
angle’ ™ “angle
There are six anchor bolts, each at least 2
| 131914 inches from an edge. There will clearly be
Tedapgle = 1--171'I0 adquate bending resistance in the base angle

regardless of the yield line pattern.

Check connection between the new angle base and the cabinet frame:

apoyq = 0.0775-in” tensile area of 3/8-16UNC - Ref 7 pg 328

REVISION 1 CHANGE: CABINET BOLTS ARE CHANGED TO GRADE 5 FROM GRADE 8

outy 1 = 120000-psi ultimate strength of SAE grade 5
bolting -- Ref. 7 pg 341

Fspoit = 0.17-ap1¢ 0Uty o) Allowable shear stress in bolting - Ref. 5

3
FSbOltz 1.581 x 107-1bf





ECAR-423 Revision 1
Appendix A: Calculations

FV-126-in
Nreqbolt = Fsb 1
olt

Nreqpqy = 3.59
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Number of required connetion bolts

Twelve bolts are provided per side; about 4
would be required. By inspection, the design
is also adequate for the contribution from
east-west motion

No need to check tear out of the angle in the cabinet frame, because the bolts are holding the
angle down and are loading the angle in its large direction. Check tear out of the base angle.

. 3 .
dpolthole = P
Npolt = 12
thot = Fv~126-in

Fviot

Tholt =

Tpop = 1.682 x 10°-psi

REVISION 1 CALCULATIONS

Nbolt 2{tangte dbolthole)

minimum required web above drilled hole,
Section G-G sheet 4 (see note 4 sheet 1)

number of bolts attaching base angle to long
cabinet, sheet 3 section B-B

Total shear demand for long cabinet

Shear stress in tear-out area above the bolt
hole. Assume a V-pattern tear-out.

shear stress acceptable by inspection.

Calculate the minimum required number of anchors for the long cabinets in PPS rooms A-C

llong = 126-in
3 Ibf
Fanchor = 1622 x 10 e
= 3 Ibf
Tallow = 5456 x 107
_ Fanchor liong
req -’
3 Tallow
Npeq = 3.121

Length of long cabinets, approximate, as
used in Revision 0 above

Anchor load from Rev. 0 above

Alllowable tensile capacity, as in Rev 0 above

Minimum number of required anchors

Minimum anchors. Round up to 4. A long
cabinet with at least 4 properly installed
anchors on each side will be adequately
restrained.
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Calculate the new maximum anchor load on the short cabinet in PPS room D. This is based upon
the actual placement location of the corner anchor, which was not consistent with the original
design due to problems in drilliing the anchor hole. At the corner where the first anchor is farthest in
from the corner, the distance is approximately 17 inches.

Ishort = 61+in Approximate length of short cabinet, section
D-D sheet 4, from Rev 0 above
Mogport = 131 % 105-in~1bf overturning moment about long axis on short

cabinet, from Rev. 0 above

restoring moment, using 100-40-40 rule, from

4 .
Mrshort = 4.877 x 10 -in-1bf Rev 0 above

Mo — Mr Calculate anchor force, assuming a neutral
short short . .
= axis at 3/4 the cabinet length. The anchors are
shortrev1 (0,751 174 ) .
I:( I hort 'm] approximately 17 inches from the end of the
cabinet Divide by two anchors, one each on
north and south.

Fanch

Fanch 1= 1.431 x 103-lbf

shortrev
Calculate anchor loads for short axis overturning on the short cabinets

F 1
Feach := _anchor_short The long axis overturning demand is the force

3 times the short cabinet length, divided by the
number of anchors for the short cabinet

Feach = 2.748 x 103'1bf

The demand for short axis overturning is greater than that for long axis. Multiply the long axis
overturning demand by 0.4 and add to the short axis demand, using the 100-40-40 directional
combination rule from ASCE 4-98.

Fmax := Feach + 0.4-Fanchgy,  +001

Fmax = 3.32 x 103-lbf

Fmax 0.600 Demand to capacity ratio for the maximally
- loaded anchor on the short cabinet.

Tallow

The number of installed anchors and the demand to capacity ratio for the maximally loaded anchor
are acceptable based upon the new design information in revision 1. The shear demand remains
very small relative to capacity as in revision 0. The revised design is acceptable.
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NMechamcal Anchoring Systems )

4.3.1 HDA Undercut Anchor

Table 6 - HDA-P/T, HDA-PF/TF & HDA-PR/TR Allowable Seismic Tension (ASD), Normal Weight Concrete (Ib)1.3.4

Nominal Embedment

Anchor Depth b, Concrete Compressive Strength?

Diameter

mm | in. {'c= 2000 psi P'c= 3000 psi o= 4000 psi {'c= 6000 psi

M10 100 | 3.94 3,564 4,385 5.041 5,339
M12 125 | 4.92 4,455 5,457 6,301 17.717
M16 190 | 7.48 8,911 10,914 12,603 14,414
M20 250 | 9.84 13,367 16,371 18,904 22,541

1 Values are for single anchors with no edge distance or spacing reduction. For other cases, see ICC ESR-1546, Section 4.2.
2 Values are for normal weight concrete. For sand-lightweight concrete, multiply vatues by 0.85. For all-lightweight concrete, multiply values by 0.75. See AC1 318-05 D.3.4.
3 All values appticable to either Condition A or Condition B (puliout or stee! failure controf), See ACI 318-05 D.4.4.

4 Allowable seismic tension foads for 2,500 psi are calculated by multiplying the pullout strength N, by the strength reduction ¢ factor of 0.65, then multiplying by a 0.75 factor
describe in AC} 318-05 D.3.3.3, and dividing by an cx of 1.1 according to ICC ESR-1546 Section 4.2. See Table 2 for M,,. This load may be adjusted for other concrete

strengths according to ICC ESR-1546 Section 4.1.3 by using the following equation.

f'c

N =N, i
enccfe pRecr 2500

Table 7 - HDA-P, HDA-PF & HDA-PR Allowable Static and Seismic Shear (ASD), Steel (Ib)1

Neminal anchor diameter

Design parameter Units M10 M2 M16 M20
HDA HDA-R HOA HDA-R HDA HDA-R HDA

Allowabie static stee! capacity?

HDA-P/PR Ib 2,327 2,818 3,382 4,175 6,294 7,828 9,644

Akowable seismic steel capacity?

HDA-P/PR ] 1,893 249 2,889 3,587 5,380 6,675 8,269

1 Values are for single anchors with no edge distance or spacing reduction due to concrete failure.

2 Allgwable static shear loads are calculated by multiplying Y, by the strength reduction @ factor of 0.65 and dividing by an o of 1.4 according to ICC ESR-1546 Section 4.2.
See Table 2 for ¥, .

3 Allowabie seismic shear loads are calculated by multiplying V,, by the strength reduction ¢ factor of 0.65, then multipty by 0.75 as per AC 318-05 D.3.3.3, and dividing by an o
ot 1.1 according to ICC ESR-1546 Section 4.2. See Table 2 for Vi, .

Table 8 - HDA-T/TF/TR Allowable Static and Seismis Shear {ASD), Steel (Ib)1,2

Allowable Allowable
Anchor Designation Thickness of fastened pari(s) Static Steet Sefsiic Steel
Capacity Capacity

mm in. v, [

T=i<5 W=1<58 5471 5579

HDA-T 20-M10x100 5 =1<20 S8 =T<T3/16 7306 §.277

B o 0=i<15 YB=<1<58 7.724 5,675
% HDA-T 22-M122125 B=1=50 W =t<2 8,663 7.373
= B =1<20 58 = 1< 13776 74,195 12,155
- o W=1<2 TWi6=1<1 16,07 13,849
< HOAT 30-M16x190 252t < 30 T=1<1-316 17.744 15,244
£ 0=t=60 TH6 <1< 2-378 19,205 16,430
20=<1<35 1316 =t < 1-3/8 20,980 18,033

HDA-T 37-M20x250 B=1<50 T=1<2 23,589 20.225

50=1= 100 7s1<4 25363 37,819

W=T<15 T=1<58 7.200 6177

HDA-TR 20-M10x100 B =t<20 B8 = 1< 13/16 7515 5,476

0=t<15 VB =1< 5B 3,394 7.971

E HDA-TR 22-M12x125 1551 550 HB=t<2? 10333 8,867
3 B=1<20 58 < U< 1316 16,506 14247
0=1<2 136 =1<1 17,635 15,044

HDA-TR 30-M16x190 B=1<d 1=t< 136 18.370 15,740

V=1 =60 1316 <1< 2-38 18,99 16,340

1 Values are for single anchors with no edge distance or spacing reduction due to concrete failure.

2 Aliowable shear loads calculated using the steel strengths In shear from Table 3, multiplying by by the sirength reduction ¢ factor of 0,65, and dividing by 1.4 according to ICC
ESR-1546 Section 4.2. ‘ ’

) 1-800-878-8000 | www.us.hilticom | en espariol 1-800-876-5000 | Hilti (Canada) Corp. 1-800-363-4458 | www.hilti.ca | Product Technical Guide 2008
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Estimate

Approximate weight of PPS cabinets

Cabinet A, B, and C overall dimensions from manual measurements and verified in drawing 911978:

W,,pi= 127.5in  Hoyp = 8875in Dy = 35.78in

Cabinet made up of 11 gauge plate material while doors are made up of 12 guage. Weight for
these materials was taken from http://www.engineeringtoolbox.com/gauge-sheet-d_915.html

Plate o, = 5 lb_2f Door 4o, := 4.375 %
ft ft
Internal sheet material (item # 5 in drawing 911978)
Int_Plate := 76.71in long
Internal Bracket Information (item # 15 on drawing 911978)

Int_bracket:= 76.71in  long

Weight of known components:

Cabinet Shell
Area_back:= W ., -H .1 Area_back = 1.132 x 1O4~in2
. . 3.2
Area_side := 2-H_,,-D.op Area_side = 6.351 x 107-in
3.2
Area_top := D, Wap Area_top = 4.562 x 107-in

Total_shell := Area_back + Area_side + Area_top

Total_shell = 2.223 x 104-in2

Weight_shell := Total_shell-Platey. Weight_shell = 771.824-1bf
Cabinet doors

Area_door := 6-:19.12in-84.05in  Area_door = 9.642 x 103~in2

Area_front := 2.38in-127.5in-2 + 2.12in-84.05in-5 + 1.06in-84.05in-2

Weight_front := Area_front-Plate j,,, Weight_front = 58.195-1bf
Weight_door := Area_door-Door 4., Weight_door = 292.949-1bf

Larger Internal Components

Area_plate := Int_Plate-8in-12  Area_plate = 7.364 x 103~in2
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Estimate

Bracket := 11-(Int_bracket-8in + Int_bracket-2in-4)

Bracket = 1.35 x 104~in2

Weight of Larger Internal Components

Weight_internal := Area_plate-Platey,, + Bracket-Platey.

Weight _internal = 724.483-1bf
ASSUME: The frame, bolts, wires, etc. are about 25% of the total cabinet weight.

Total Weight of Shell for PPS cabinets A, B, and C with 25% added for misc parts such as
bolts and smaller components

Weight_cab := (Weight _shell + Weight_front + Weight_door + Weight_internal)-1.25

Weight_cab = 2.309 x 10°-Ibf

Weight of cabinet components (rough approximation of controls was made)

Comparator Cabinets:

Weight Amp := 301bf Weight_widerange := 30lbf Weight_monitor := 251bf
Weight_switch := 5Ibf Weight modules := 60-1bf
Weight_psc := 1401bf

Weight_comp := Weight_ Amp + Weight_switch + Weight_psc + Weight_widerange ...
+ Weight _modules + Weight_monitor

Weight comp = 290-1bf

Logic Cabinets:

Weight_modules_l := 391bf Weight_psl := 2001bf
Weight_logic := Weight modules | + Weight psl

Weight logic = 239-1bf

Test Cabinet:
Weight_test := 80Ibf
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Weight total ;== Weight_cab + Weight_comp + Weight_logic + Weight_test

Total weight for PPS Cabinets A, B, And C:

Weight_total = 2.918 x 10°-1bf

ASSUME: Cabinet D has only 65% of total metal of Cabinets A, B, and C becasue itis a
shorter cabinet without the three comparator cabinets.

Total weight for PPS Cabinet D

Weight _cabinetD := 0.65-Weight_cab + Weight_logic + Weight_test
Weight cabinetD = 1.82 x 103-1bf

Location of Center of Gravity

Comparator Cabinet:

[(251bf-31.225in) + (30Ibf-41.755in) + (30Ibf-52.255in) + (75Ibf-64.94in)]

HeightcGept = 1601bf

. _ [(101bf-18.57in) + (8Ibf-29in) + (91bf-39.57in) + (5Ibf-52.255in) + (60Ibf-64.94in
HelghtCch2 = 021bf

. __ [(51bf-18.57in) + (12Ibf-29in) + (41bf-39.57in) + (121bf-52.255in) + (601bf-64.94i
HelghtCch3 = 041bf

. [(71b£-39.56in) + (71bf-50.675in) + (1001bf-62.755in)]
HCIghtCGlI =

1141bf

. [(12Ibf-39.56in) + (121bf-50.6751in) + (1001bf-62.7551n)]

H61ghtCG12 =

124]bf

HeightCGt := 50in
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(HeightcGopy- 160Ibf) + (Height oo 921bf) + Heightgeps 94Ibf ..
+ (Height - 1141bf) + (Height gy 1241bf) + (Height oy 801bf)

1601bf + 921bf + 94Ibf + 1141bf + 1241bf + 0Ibf

HelghtCG =

Height = 55.408-in

(1601bf-10.625in) + (921bf-31.88in) + (941bf-53.125in) + 1141bf-74.375in ...
+(1241bf-95.625in) + (801bf-116.875in)

1601bf + 921bf + 941bf + 1141bf + 1241bf + 80Ibf

Width =

Widthc = 59.206-in
DCpthCG = 025Dcab

Depth = 8.945-in

Center of Gravity for Cabinet D

(Heightyy-1141bf) + (Height opp- 1241bf) + (Height oy 801bf)
1141bf + 1241bf + 80Ibf

HelghtCGD =

[(1141bf-10.625in) + (1241bf-31.88in) + (801bf-53.125in)]
1141bf + 1241bf + 80Ibf

Depth of Center of Gravity same on cabinet D as on cabinets A, B, and C
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Analysis Plan for
ANALYSIS OF TRA-670 PPS CABINET SUPPLEMENTAL ANCHORAGE

Analysis Plan

Scope: The purpose of this calculation is to evaluate the proposed supplemental anchorage for the ATR PPS cabinets shown in
Drawing 600848.

Deliverables: The deliverable shall be a checked and approved ECAR.

Assumptions: It will be assumed that drawings and specification accurately represent the physical items. The cabinet weight shall be
estimated.

Quality Level: 1 per QLD RTC-000550, "Seismic Analysis of ATR Seismic Category 1 SSC”
Natural Phenomena Hazards criteria: PC-4 per PLN-588 Rev 3.

Load scenarios and acceptance criteria — anchorage only supports seismic loads. Use DOE-STD-1020-02 load combination, where
Dns=0 (for the bracing). DOE-STD-1020-02 acceptance criteria apply. Use in-structure spectra from the probabilistic SSI analysis.

Calculation and analysis software to be used: Mathcad versions 13 and 14 will be used.
Verification/validation requirements for calculation and analysis software: Calculations will be checked by hand.
Budget: not defined

Schedule: not defined

Approvals

Qe jofse s

Requester & Performer’'s Manager — Dave Rowsell Date

Q{% t0/30/0 6

Performer — Stuart Jensen Date !






