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1. INTRODUCTION

An assessment of the Advanced Test Reactor (ATR) vessel and primary coolant system [1] was
performed to evaluate the affects of aging on structural integrity inchuding irradiation
embrittlement of the reactor pressure vessel. In this analysis, data from the literature were used to
estimate lower bound fracture toughness for irradiated 308 stainless steel weld material. The
estimated toughness value was then used in a conservative approach for predicting fracture, and
it was concluded in the report [1] that the ATR primary vessel would adequately perform its
function.

However, the literature data sources used to estimate the minimum fracture toughness did not
exactly match materials and conditions in ATR, and it was recommended that a test program be
initiated to demonstrate the conservatism of the estimated material toughness. The results of the
test program that was carried out and conclusions drawn from the results are presented here.

Revision 1 of this EDF corrects a misconception in the conclusions concerning operation beyond
2014, and updates reactor vessel fluence estimates based on current data.

2. BACKGROUND

The report by Dumey et al. [1] found minimum fracture toughness values for the austenitic
stainless steel to be J;. = 684 ineIb/in? for cracks with T-S orientation (see ASTM E 1820) or
J;. = 889 ineIbfin? for cracks with T-L orientation. The Durney report further suggested that |
irradiation would not significantly degrade the fracture toughness of weld metal exposed to a
fluence of 3.13E+18 n/em? (E > 1 MeV).? A conservative fracture-mechanics-based analysis was
applied using a conservative lower bound fracture toughness of Ji; = 464 in=1b/in”. Determination
and justification of the critical crack sizes used in the analysis are presented in the report [1]. The
report concluded that the ATR primary vessel would continue to perform its intended functions
until at least an accumulated fast fluence of 3.13E+18 nfcm?, but recommended the assumptions
used in the analysis be verified by testing.

A vessel material test program initiated based on the recommendations of the Durney report [1]
investigated both the validity of using Ji. = 464 in-lb/in? as a lower-bound toughness and the
relative reduction of fracture toughness due to neutron irradiation of the Type 308 weldments.

The methodology for measuring fracture toughness is provided in Graham et al. [2], and presents
baseline fracture toughness data on unirradiated ATR vessel material. The vessel specimen '
irradiation program (VSIP) [3] was initiated to obtain fracture toughness specimens irradiated to
a fluence of at least 3.2E+18 n/cm?, with a target minimum of 1.5 x 10" n/em’ (E > 1 MeV).
Based on current projections, the target value of fluence for the irradiations is three times higher |
than the projected fluence in the ATR primary vessel weldment in 2060. !

* At that time, this fluence level was estimated to be greater than the ATR pressure vessel weldment accumulated
fluence through at least 2014. A revised accumulated fluence is provided later in the report, and indicates
3.13E+18 n/em? (E > | MeV) is a very conservative over-estimate.





Form 412.09 (Rev. 09)

Idaho National Laboratory .
ATR Identifier: EDF-TRA-ATR-1823
VESSEL SPECIMEN IRRADIATION Revision: 1
PROGRAM Effective Date:  06/19/08 Page: 4 of 9

Fracture toughness specimens and fluence monitor capsules were assembled by SWR-XX806
and placed in the ATR outer irradiation facility from June 1989 to May 1992. The specimens
were then shipped to the B& W NES Inc. Lynchburg Technology Center for fracture testing, and
the fluence monitors were taken to the INL Radiation Measurements Laboratory (RML) for
isotopic measurement.

3. RESULTS

Fracture Toughness

The fracture toughness test data, and tensile properties measurements, collected by B& W NES
are provided in the B&W report included as part of Appendix A. The B&W report documents
the load-displacement data and calculated crack measurements used to determine the initial
J-integral fracture toughness values. Review of the semi-automated analysis results generated by
B&W per ASTM E 813, and then ASTM E 1737, showed that various acceptance criteria
specified by these standards were not met. This invalidated the calculated fracture toughness
values. Further review of the original data and test procedures identified various problems.
Insufficient data were collected during the unload portions of the tests, and there was excessive
scatter in the raw data (indeterminate causes). Both led to inconsistent calculated crack lengths,
creating further perturbations in the data analysis.

In an effort to recover usable results form the raw test data, Bruce Young (MTI Inc.,

Alliance, OH) was tasked with analyzing the same raw data using an alternative approach. The
approach used and his results were reported to INL, and are included as part of Appendix A. He
used the “Normalization Data Reduction Technique.” This analysis approach was under
development at the time of his analysis, but since has been approved by ASTM and is included
as Appendix A15 in Standard E 1820-08 [4]. This analysis method proved to be successful in
providing valid fracture toughness results from the irradiated weldment test data. The technique,
as applied, was documented in the MTI Inc. report to INL.

Valid fracture toughness measurements were obtained from most of the test specimen data,
however it was not possible to obtain an acceptable fracture toughness value from specimen W-5
by any of the analysis techniques. Specimen W-5 data was inadmissible by the test standards
validity tests, and thus was eliminated from the sample set.

Fluence Measurements

The fluence monitor capsules contained several flux wires which were each analyzed for radio-
isotopic content at the INL RML. The fluence seen by the individual flux wires were then
determined based on the measured isotopic content. The final results obtained by J.W. Rogers of
INL RML are given in Appendix B. A table in Appendix B lists adjusted fluxes based on four
different isotopic inventories, and then the average for the position, and finally the average
fluence for the position. Appendix B also includes a figure that presents the average fluence by
outer irradiation facility position. The specimens of interest for this EDF were loaded in VSIP
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assemblies 2 and 5, which were irradiated in position OS-6 and 5 respectively. Data sheets from
the VSIP assembly work order (XX806) show the loading orientation of the fluence monitor
capsules relative to the fracture toughness specimens. Therefore, each test specimen can be
identified with a fluence monitor capsule that was irradiated in the same position.

Summary of Results

Table 1 summarizes fracture toughness and fluence values for VSIP weld specimens. Irradiated
and unirradiated specimens were removed from the same weldment. This weldment was
fabricated using a procedure [see Appendix A in Ref. 2] to simulate the construction of the ATR
primary vessel. The fracture toughness specimens were tested with the same T-L crack
orientation for all conditions. Unirradiated toughness data are from Graham et al. [2], and
irradiated toughness data are from the Bruce Young report in Appendix A. Fluences are from
Appendix B.

Table 1. Fracture toughness and fast fluence results from Type 308 weldment tests

J1e fluence irradiation position
Specimen (inelb/in?) (n/cw®} {E > 1 MeV) average fluence

W-1 737 1.32E+198 1.08E+19
W-~-5 invalid 9.47E+18 1.08BE+19
wW-9 769 B8.55E+18 1.0BE+19
W~-10 781 1.18E+159 1.08E+19
‘W-6 699 1.20E+19 1.52E+19
w-11 573 1.64E+19 1.52E+19
W-7 721 1.85E+19 1.52E+19
w-2 629 1.37E+18 1.52E+19
wld-2 1100 0’ 0

wld-3 889 0 0

Figure 1 is a plot of these data. The line through the data is a least squares fit and the paratlel
line below the fit is the lower 95% confidence level. The vertical lines indicate the estimated
fluence accumulated at the end of cycle 141A (1.34E+18 n/cm?) in March 2008 [5], and the
projected total fluence in fifty more years of operation at 175 MW and 90% efficiency
(4.82E+18 n/cm?). Note that current typical operation is about 105 MW and about 75%

efficiency.

As Figure 1 shows, the mean value of toughness at the projected year-2060 fluence accumulation
is about 880 in-Ib/in?, and the 95% confidence value of toughness at that fluence is about

730 in*Ib/in*. Compared to the measured unirradiated material toughness, the reduction in
weldment fracture toughness in 2060 is only about 15% from the unirradiated condition.
Comparing the 95% confidence level toughness in 2060 (730 in+lb/in?) with the estimated
toughness value (464 ine1b/in”) used in the original analysis by Durney et al. [11, the primary
vessel weldments will still have fracture toughness 35% higher. Based on the experimental
results, the 95% confidence level toughness of the weldments does not degrade to the level used
in the original analysis until accumulated fluence is four times higher than the projected year-

2060 maximum.
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Figure 1. J. fracture toughness measurements plotted verses fast fluence accumulation.

4. CONCLUSIONS
The original assessment [1] was directed toward showing irradiation and related aging effects
through the year 2014, even though the mission of ATR was expected to extend well beyond that

time. The VSIP fracture toughness assessment project showed the original assessment is safely
conservative in several ways.

The 1986 estimated fluence accumulation for 2014 (3.13E+18 n/em® ,E > 1 MeV) was very

conservative, given that the fluence accumulated in 2008 (forty years of operation) is less than
half of the 2014 assessment target.

The original fracture toughness test data also provide information on crack growth resistance

(J vs. Aa curves) following the initiation of growth (by definition when J;; is reached). The crack
growth resistance is continually and substantially increasing following initiation in the weldment
specimens. This means that there could be substantial stable crack growth in the vessel

weldments following crack growth initiation when J = J;, hence there is additional conservatism
beyond the original analysis results. :

As shown in Figure 1, the value of fracture toughness used in the original assessment {1} of the
primary vessel corresponds to more than 300 years of additional operation of ATR. Therefore,
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the effects of irradiation embrittlement (reduction of fracture toughness) on the ATR vessel
integrity will not be a concern for the foreseeable life of the facility.

The net result is that the assumptions made in the aging assessment [1] are conservative and that
the assessment is, and will continue to be, valid.
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Appendix B

VSIP Fast Neutron Fluxes and Fluences

Adjusted Flux
1.0 1.0 [ 0.680 | 0.835
Avg. Flux Avg. Fluence
ID “Fe | ®™Nb | 'y | BNp | 10 wems) | (10'% em?)
0S3-A | 211e9] 190e9] 184e9] 201e9 196+12 7.55
0S3-B | 235¢9| 203¢9| 209¢9 | 2189 216+14 8.32
1-A | OS3-E* | 291e9| 249¢9| 274¢9| 280e9 273£18 10.5
OS3-F | 2559 | 233e¢9| 239¢9| 250e9 244+10 939
083-V | 251e9| 219¢9 — — 235+16 9.04
0S4-G | 245¢9] 243¢9] 2919 | 2699 24420 14.4
0S4-H* | 273¢9 | 264e9| 333e9| 301e9 29230 17.2
4-B OS4-1 | 228¢9 | 230e9| 265¢9 | 2609 246+19 145
0S4-J | 205¢9 | 209¢9 | 203e¢9 | 230e9 212412 12.5
0S4-W | 235¢9| 234e9 - - 234£10 13.8
OS5K | 193¢9] 193e9] 212¢9] 214e9| 20312 12.0
5B 0S5-L | 257¢9| 255¢9| 313¢9{ 2869 278427 16.4
0S5-M* | 285¢9 | 286e9 | 366¢9| 318¢9 314+38 18.5
OS5-N [ 219¢9 | 222e9| 248e9| 241e9 232+14 13.7
0S6-P* | 361e9| 3139 [ 362e9| 342¢9 344123 13.2
A 086-Q | 260e9 | 232¢9 | 245¢9 | 247¢9 24611 9.47
OS6-R | 241e9| 214e9| 214e9| 220e9 222413 8.55
056-S | 320e9| 279¢9| 313e9| 310e9 306+18 11.8
3-A | OS7-T | 355¢9| 271e9] 302¢9] 272¢9] 300439 | 11.6
6B [ OS10-U [ 71.9¢9| 60.3¢9 | 66.4¢9 | 66.5¢9| 66.3+4.7 | 3.91

* Nearest to core.

Appendix B
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McDermott Technology, Inc.

Research and Deve!oprhent Division Alliance, Ohio

To: Ken Mayo - BWXT Services, Lynchburg (4)

From: Bruce Young (640) — Materials Engineering — ARC

Customer: BWXT Services ' File No.: RDD:CY00:43805-001-
000:01 SVR
Subject: Fracture Toughness Analysis Using the Normalization Technique on Date:
Data Provided by INEEL. November 1, 2000
SUMMARY

This report presents the results obtained from a fracture toughness analysis on data provided to BWXT by
Idaho Nuclear Engineering and Environmental Laboratory (INEEL). The analysis was completed using the
normalization technique to determine the J fracture toughness value for each data set. A previous report
issued by B&W Nuclear Environmental Services, Inc. indicates the data was obtained from tests conducted
on imradiated 308 Stainless Steel weld metal. The analysis results will be used to evaluate the conservatism
of the toughness value used in the Advanced Test Reactor’s (ATR) structural integrity analysis,

Analysis was attempted on eight data sets using the normalization technique. Seven of the data sets gave
results that were consistent with the analysis technique. One data set, specimen identity W-5, was unable
to be analyzed using this method. In discussions with B&W Nuclear Environmental Services, this
specimen was suspect in the original analysis. A suggestion was made that further metallurgical analysis
was needed to determine if the material tested was actually weld-metal. To the knowledge of the
investigator, no further examination was completed.

Using the seven data sets that gave consistent J results, a statistical analysis was performed. The mean J
value was 701 (in-Ibs/in’) with a standard deviation of 75.6 (in-Ibs/in®). Taking the mean minus three
standard deviations, a value of 474.3 (in-lbslinz) was obtained. The original assessment of ATR used a
value of 464 (in-Ibs/in®), which is conservative with respect to the three-si igma lower bound value obtained
from the normalization analysis. However, it is recommend that further investigation of specimen W-5 be
completed.
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INTRODUCTION

In August 1995, B&W Nuclear Environmental Services, Inc. (B&W NES) issued a report' detailing test
results for tensile and bend type fracture specimens. This report included fracture toughness results for 308
stainless steel weld metal tested at 125°F that had been irradiated tc flucnce Jevels of 1. X 10" and 1.2 x
10" n/em?®. The fracture toughness data in the B&W NES report was analyzed to ASTM E813-89 and
ASTM E1152-87.

In the discussion portion of the B& W NES report (Section 5), it was stated that there were not many data
points collected during the unload portion of the test. The lack of sufficient data points can lead 10 crack
length measurements having a large amount of scatter. As seen in the results of the J-R curves, the
calculation of an initial a, from the first three data points (in accordance with ASTM E813-89) is
inaccurate. In addition, there was significant backup in the J verses Aa data,

Upon further review of the initial report issued by B&W NES, it was determined that another approach to
analyzing the data was nceded. B&W NES contracted with Westmoreland Mechanical Testing and
Research, Inc. (WMT&R) to analyze the data in accordance to ASTM E1737-96. The rcasoning for re-
analyzing the data to ASTM E1737-96 was the inclusion of a new approach for calculating the initial a,
from the test data.

In October 1998, WMT&R issued a report’ that included the fracture toughness results for the eight weld
specimens. The results included the new approach in determining the initial a,, but the data in the unload
portion of the set was still sparse. The newer analysis technique was valid, but the data was still scattered
due to insufficient Joad-cod data points in the compliance unload portion of the test.

In November 1998, B&W NES contracted McDemmnott Technology, Inc. (MTT) to review the results
provided by WMT&R and to make recommendations. Upon MTT's review of the data, it was noted that
the regression data from compliance used to determine the crack lengths were too sparse and another
approach to analyzing the data was needed. In a subsequent discussion between MTI, B&W NES, and
INEEL, MTI recommend that the normalization® approach be applied to the data set.

In July 2000, INEEL centracted with BWXT Services which in tum contracted with MTI to provide the
normalization analysis. This report details the results of the normalization approach that was applied to the
datz of the eight weld specimens. ‘

BACKGROUND ON THE ANALYSIS APPROACH ‘

Landes® first proposed a normalization procedure based on the Key-Curve principle originally proposed by
Emst etal’. The development of the procedure has been described in a number of papers by Landes and
co authors &**, Recently, this normalization procedure was used in an ASTM round robin testing program
for determining a dynamic J-R curve. Joyce” developed the procedure used in that round robin. Porr*® has
suggested some modifications to the Joyce procedure, which Porr successfully used in very slow strain rate
J tests in an aggressive environment'™.. The analysis in this report has made use of the procedure developed
by Joyee and the modifications by Porr.

The advantage of the normalization procedure is the J-R curve can be obtained from the load-displacement
record and the initial and final physical crack lengths, without the need for a remote crack-iength
measurement approach such as unloading compliance or potential drop. This procedure is a significant
advantage when the testing conditions are such that unloading compliance or potential drop is difficult or
impossible to apply. It is particularly useful in dynamic fracture testing and testing in aggressive
environments such as corrosion crack-growth testing in high temperature water or fracture testing of
irmadiated materials.
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DESCRIPTION OF THE NORMALIZATION PROCEDURE 4

The load apd the load-line displacement records from the experiment are each normalized using the
following equations.

Pi

W(W—abi)n”'
/4

Py; - Normalized Load

W — Specimen Width

B ~ Specimen Thickness

Py— Load for 2 given Load-Displacement Pair
a; — Blunting Corrected Crack Length

7 — Plastic eta Factor

Pui=

R
i =
W

v’ — Normalized Plastic Displacement

Vi — Plastic Displacement for a give Load-Displacement Pair

The crack length used in this normalization procedure is the initial physical crack length corrected for the
crack tip blunting for all the load displacement pairs with the exception of the final load point. For the final
Toad point, the crack length is the final physical crack length. The points for the purpose of curve fitting are
then chosen between the normalized plastic load line displacement cutoff and the estimate of the last point
before crack initiation. A curve is then fit through these points and the final point calculated from the final
physical crack length. The crack length is then adjusted for all the load displacement pairs between the
normalized plastic displacement cutoff and the final point, such that the normalized load displacement
points fall on the curve fitted line.

The analysis procedure used in this study was incorporated into a customized computer program. This
program used the equations described by Joyce® to determine the normalized load and normatized data
pairs. An iteration routine was used to determine estimate of the last point prior to crack initiation. Porr'®
developed a method to estimate the point. This method uses the final data point and fits secant lines
between that point and the rest of the data. The point at vghich the tangency occurs is the estimated point
prior to the onset of cracking. Next, the function proposed by Joyce was curve it using the data between
the normalized displacement cutoff and the estimated point prior to the onset of cracking plus the data point
from the final crack length, The curve fit was developed using a predicted-corrected solution method.
Since this method is a predicted-corrected method, an initial guess for the fit coefficients needed to be
made. The data was reduced in such a manner that the initial guesses were all the same.

The function, used in curve fitting the data, is the following form.

a+bv prev? p
N = ————
d+v'p

Py; — Normalized Load
V' — Normalized Plastic Displacement
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Once the curve fit was established for the initial data set, a goodness of fit determination was made between
the data and the curve fit. If the goodness of fit was lower than minimum value specified by the user of the
software, the estimated crack initiation point was reduced by one data-pair and the curve fit process
repeated. Iteration continued until the desired goodness of fit was achicved.

Once the goodness of fit was met, the data after the normalized load displacement cutoff was moved to the
fitted line by an iteration process on crack length. This jteration process continued until the data was within
the deviation permitted. The permitted deviation was some given percent of normalized load between the
data point and the curve fit. Once all of the data had been moved 1o the curve, the known data triplet; crack
length, Load Line Displacement, and Load were used to obtain a J-R curve.

SPECIFIC PARAMETER VALUES USED IN THIS ANALYSIS

As noted in the description of the procedure, certain parameters that require values before the procedure
can be executed. The four parameters are data spacing, normalized plastic displacement cutoff, goodness
of fit limit, and deviation allowance. All of these parameters remained constant for all eight specimens.

The data spacing parameter sets the spacing between each load - load line displacement data pair. This
parameter is based on the load-fine displacement. Data spacing was set to .001” between data points. The
normalized plastic displacement cutoff sets a lower bound for the curve fit, that is, it ensures there is some
plasticity in the data. This parameter is set such that the Jower bound for the curve fit is still in the blunting
region. The normalized plastic displacement cutoff for all the data sets was set at .001 in/in.

The goodness of fit parameter measures how well the curve matches the data. If the goodness of fit
parameter is not met, then the data set used in the curve fit is reduced by one data point as described in the
previous section. The goodness of fit value, for the data analyzed in this report, was set to 0.99. The
deviation allowance parameter describes how close the data point must be to the curve fit during the crack
length iteration stage of the analysis. The deviation between the normalized load in the curve fit and the
normalized load for the data point had to be less than 0.1%.

RESULTS

' |
In previous analysis™, J values were invalid due to certain invalidity of the remote crack length
measurements (i.e.: compliance) with the actual physical crack lengths. Since there is no remote crack
length measurements used in this analysis, the J values should be considered valid for the crack lengths.
The only reason for invalidity would be if the specimen size criteria was violated. The largest J value in
the data set is 780.6 (in-lbs/in?). Using this value the uncracked ligament and the thickness must be greater
than 0.2 inches to be valid. Thus all of the specimens are valid and the J values should be considered Jic.

Comparisons were made between the initial physical crack length and the compliance derived crack
lengths. For each specimen, the compliance derived crack length was obtained by regressing on the initial
portion of the load vs. load line displacement data. This regression slope was inverted to obtain the initial
load line compliance. The compliance was then used to calculate an initial crack length. The error
between the physical crack length and the compliance crack length was less than ten percent.

The compliance calculated crack lengths under-estimate the physical crack lengths. Also, the pre-crack
shape of each specimen was irregular and thumb-nailed as can be seen in the original report’. The under-
estimation of the physicat crack Jength by the compliance of the specimen is not unusual since the
compliance function tends to favor the non-cracked portions of the crack front.
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The results of data analysis are summarized in Table 1.

Table 1 — Results Summary

Specimen J C G 2 Physical | Load Line Compliance Compliance 8 Error in 2o
(indbs/in?) | (indbsfin’) (in) (i) x 10% {in) ( Absolute %)
W-1 7312 1372.1 0.5096 0.63i6 i 6.83459 0.6135 30
W-2 628.7 10763 0.4242 0.6240 6.18743 0.6050 3.1
W-5 6989 12328 0.4589 0.6425 5.96506 0.5980 7.4
W-7 720.6 1320.7 0.4946 0.6828 933376 0.6760 1.0
W-9 768.6 1333.9 0.4581 0.6271 6.15729 0.6040 38
W-10 780.6 1355.0 0.4605 0.6066 5.55920 0.5810 44
W-11 5727 971.3 0.4074 0.6103 498967 0.5610 8.8

‘The results were obtained from the re-analysis of the raw data using the normalization technique. The
analyzed data and curve fits, for the analysis technique, can be found in Appendix I. Appendix I is only
data and results from the normalization procedure; the Appendix contains no data from the past reports.

The formula for the J-R curve is as follows:
) \C.
Aa\?
k

k =0.0394in.

Data graphs, with detailed results, are in Appendix I.

Using the seven data sets that gave T results, a statistical analysis was performed. The mean J vaiuc was
701 (in-bs/in?) with a standard deviation of 75.6 (in-Ibs/in?). Taking the mean minus three standard
deviations, a three-sigma lower bound value of 474.3 (in-1bs/in”) was obtained.

CONCLUSIONS

1. Using the seven data points obtained from the analysis in this report, the ATR value of 464 used in
their analysis is considered to be conservative.

2 The normalization technique shows reasonable statistical variation between specimens.

3. Specimen W-5 needs further investigation, which is outside the scope of this report.

B. A. Young, keéch Engineer II
Materials Engineering

Reviewed by: @" yedi

I'M. Bloom, Consulting Engineer

Numerical Modeljug and Structural Mechanics
Approved by: % [—@ qu

D.F. LaCount, Sr. Manager
Materials Engineering
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SUMMARY

Presented in this report are the test results for tensile and bend specimens that were irradiated
in Advanced Test Reactor (ATR) to fluence levels of 1.0 x 10" and 1.2x 10" n/cm?. These
specimens were made of 304 stainless steel (SS) base metal and 308 SS weld metal. The
fracture toughness and tensile strength data obtained from the irradiated specimens will be used
to evaluate the conservatism of the values used in ATR's reactor vessel structural integrity
analysis.

The tests were conducted in accordance with ASTM E8-94a (for tension tests) and ASTM
E813-89 and ASTM E1152-87 (for fracture toughness tests). Test results show that radiation
embrittlement was observed on both tensile and fracture toughness test results for the weld
metal. Both base and HAZ metals show significant ductility in the fracture toughness tests.
No comparison to unirradiated specimens was made due to the fact that only a minimum J
value was reported for the unirradiated specimens. However, radiation-induced embrittlement
was observed in the tensile testing for these two metals.
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1.0 INTRODUCTION

This testing program is part of the ATR's Reactor Vessel Integrity Surveillance Program to
monitor mechanical properties degradation due to irradiation. Tension specimens and bend
specimens made of type 304 stainless steel (base metal) and type 308 stainless steel (weld
metal) were irradiated in the Advanced Test Reactor (ATR) to two fluence levels, namely, 1.0
x 10" and 1.2x 10" n/cm®. These specimens were then stored in the ATR for two to three
years prior to being sent to B&W NESI Lynchburg Technology Center (LTC) for testing. Test
results from fracture toughness testing on bend specimens will be used to show that the reactor
vessel steel has appropriate margin for degradation of toughness due to irradiation
embrittlement.

2.0 CAPSULE RECEIPT AND DISASSEMBLY

A GE-100 cask containing sixteen (16) tensile specimens and eighteen (18) bend specimens
was received at LTC on May 19, 1994. The specimens were unloaded from the GE-100 cask
and stored in the Cask Handling Area Pool. The following shows the results of the radiation
survey before the specimens were stored in the pool.

Distance Radiation levels (Rem/hr)
2 inches > 1000
12 inches 150

1 meter I5

Due to the high radiation levels, additional shielding was designed and added in various
working areas to reduce radiation exposure to operators.

Prior to testing, specimens were decontaminated in an ultrasonic bath filled with water and
small amount of mild detergent. After decontamination, the specimens were transferred to the
Fatigue and Fracture Laboratory for testing.
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3.0 TENSION TEST RESULTS

Tensile testing was performed in accordance with B&W technical procedure TP-78 (Rev. 12)
which is in compliance with ASTM E8-94a and ASTM E21-92. All tensile specimens were
subsize round type specimens. The first type was 3 inches in length and 0.25 inch in diameter.
The second type was 2 inches in length and 0.16 inch in diameter. The tests were performed
using an MTS servohydraulic testing machine. The test machine is interfaced with the MTS
TestStar digital system. A B&W NESI certified program TNSLTEST was used to control the
machine and acquire the data during the test. All tensile tests were run using stroke control
with initial actuator travel rates ranging from 0.005 inch per minute to .01 inch per minute
depending on specimen size. This initial rate was used through the yield point. Following
specimen yielding, higher actuator speeds ranging from 0.02 inch per minute to 0.04 inch per
minute were used. The test was performed in an ATS split type furnace and temperature was
controlled to within &+ 5 °F of the test temperature.

Difficulty was experienced when loading four weld specimens which had smaller diameters
(W-5, W-6, W-7, W-8). The threads of the specimens and specimen adapters were examined.
It was found that the specimen threads were slightly larger than they should have been.
However, this small difference prevented full threading of the specimens into the adaptor.
After consulting with the ATR Project Manager, B&W NESI was instructed to use a die to
clean up the specimen threads. After the specimen threads were cleaned, the specimens were
loaded into the specimen adaptor (still with some difficuity) for testing. Note that cracks were
found in the threaded region of specimen W-8 (see Figure 1). W-8 was not tested.

The test results of W-5, W-6, and W-7 should be used with caution. Sufficient torque may
have been applied while cleaning up the threads to introduce 2 small amount of cold work.

The reason for apparent increase in thread size for these four specimens was unknown. One
possibility is the radiation-induced swelling effects. However, these effects are observed in
many types of stainless steels at higher temperatures and fluences. The other possibility was
that the specimens were not machined to the specifications. Given the fact that specimens
usually were vigorously examined for their compliance to the specifications prior to being sent
for irradiation, the chance for that to happen is Iow.

1Since the radiation levels for the specimens are high, no thermocouple wire was
attached onto the specimen surface for temperature measurement. A mock-up specimen
(unirradiated) was placed in the oven and heated up to 115, 120, and 125°F, respectively.
The temperature measurements on the specimen surface and those from furnace thermocouple

wire were compared. It was found that the difference between these two readings are within
1°F.
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Figure 2.

A bend specimen is placed on the fixture.
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Load and strain were monitored and recorded continuously throughout the duration of each
test. Load was measured with a 55 kip MTS load cell. Strain was measured using a2 MTS
extensometer with 0.5 inch of available travel. The final diameter of each specimen was
measured using a dial caliper to determine material fracture properties. The tension test data
was analyzed using the B&W NESI certified computer program MTADS. This program uses
the load and strain data in conjunction with various specimen and testing parameters to
perform a standard ASTM E8-94a analysis. Reported values for each test include yield and
ultimate tensile strength, uniform and total elongation, reduction in area, fracture load,
fracture stress, fracture strength, and the Ramberg-Osgood strain hardening parameters.
Data analysis results are reported in Table 1. All test parameters are shown in Appendix A
along with test reports, reaftime data plots, and data analysis reports for each specimen.
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4.0 FRACTURE TOUGHNESS TEST RESULTS
4.1 Test Procedures

Several mock-up specimens were received from ATR. These specimens were used to verify
the MTS test system, MTS software, and the fixture which provides support during the test.
Also, control parameters used in the actual testing were obtained from these mock-up tests.

Two unnotched Charpy bars (one for each specimen geometry) were provided by ATR and
loaded to 10,000 and 4,000 pounds for large and small bend specimens, respectively, to
determine the machine/fixture compliance. These results were then used in correcting load-
line displacements during actual testing by subtracting the displacement caused by
machine/fixture compliance from measured test displacement as specified in ASTM E813-89
Annex Al.4 [4].

The J-integral fracture toughness testing was performed in accordance with Babcock & Wilcox
LTC Technical Procedure TP-177, Revision 5. This procedure is in compliance with ASTM
standards E813-89 and E1152-87.

The tests were performed in position control mode on a servohydraulic test machine equipped
with a 55 kip load cell. The three-point bending fixture used in this project is in compliance
with ASTM E813-89. Load and displacement were monitored continuously through loading
and unloading cycles with a load cell and a clip gage interfaced to a personnel computer.
Crack lengths were calculated based on material compliance relationships using load and
displacement data collected during the unloading portion of each cycle in conjunction with
specimen geometry information. These tests were performed in an ATS split type furnace and
temperature was controlled to within + 5 °F of the test temperature.”> The specimen was
heated to test temperature (usually it took 20 to 25 minutes) and scaked in the furnace for 20

minutes for the small bend specimens and 30 minutes for large bend specimens to assure
uniform specimen temperature.

Test machine control and data analysis was performed using the computer program
"JTEST.RO1". This program was developed by MTS Systems Corporation for both elastic-
plastic fracture toughness J,c test per ASTM E813-89 and ASTM E1152-87 and plane strain
fracture toughness K¢ test per ASTM E399-90. The portion involving the J,c testing was

2Gince the radiation levels for the specimens were high, no thermocouple wire was
attached onto the specimen surface for temperature measurement. Mock-up specimens
(unirradiated) supplied by ATR were placed in the oven and heated up to 115, 120, and
125°F, respectively. The temperature measurements on the specimen surface and those from
furnace thermocouple wire were compared. It was found that the difference between these two
treadings are within 1°F.
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certified per B&W NESI Nuclear Materials Engineering Implementing Procedure NME-QIP-
10 *Software Development, Procurement, and Utilization Controls”. The details of the
certification documents can be found in Reference [1].

4.2 InputData

The values for yield strength and tensile strength used for calculations during test were based
on the tension test results (Table 1). Note that for the weld metais, the average values of W1
and W2 were used. Test results from W5, W6, and W7 were not used since these results were
questionable. Specimen dimensions specified in the report provided by ATR 2] were used as
the input parameters for software JTEST.RO1. The percent unloading parameter specifies the
amount of unload for each unloading cycle during the test. An unloading value of 20% from
the current load was specified for each specimen.

The force and the crack mouth opening (COD) displacement of the unload were used to
calculate the crack length using compliance method. Because the extreme high and low ends
of the unioad process are relatively noisy, only the middle portion of the unload process is
used to calculate the crack length to achieve higher accuracy. The operator specifies the
portion of the load- displacement curve (o be used for compliance measurements. For these
tests, 15% and 85% of the unload was specified for the lower and upper limits, respectively.

Loading rate is specified in inches of displacement per second. Appropriate loading
displacement rates were used depending on the specimen geometries. The test parameters used
for each specimen are reported i Appendices B and C.

4.3 Program Execution

Initially, upon program execution, the specimen was loaded to approximately 30% of the limit
load to determine the initial crack length using the compliance method. The measured crack
length was used to compared with the final precrack crack length (provided by ATR) for
consistency. This process was then repeated for several times. If the results were consistent,
the crack length checking process was complete. If results were not consistent, the test system
was checked and the clip gage was examined for proper seating. This process was continued
until reproducible results were obtained. Since the load applied to the specimen was
significantly lower than the yield and the loads used in the precracking process, no impact to
the test results was expected.

Following the initial crack length measurement cycling, the actual test begins. The specimen
is loaded and unloaded in accordance with the parameters entered prior to the test. Load,
COD, and load-line displcement (LLD) data are collected continuously. Compliance (load vs.
COD) data collected during each unloading is used for a crack length calculation. Crack
length is calculated using the following equations.
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SE(B) specimen.
a/w = 0.999748-3.9504u;; +2.9821u;,2-3.2 1408u;;*+51.51654u;,*-113.03 Tu,’

where: vy = U[[BEC/(S/4)]"*+1] |

-R 2
(B-B)

B =B-
° B

B = specimen thickness

By, = net specimen thickness

C. = specimen crack opening compliance on an unloading/reloading sequence
S = span :

In this manner, real time load versus COD and load versus LLD curves are generated. These

curves are monitored during each test and test control parameters may be changed if necessary
based on material response.

4.4 Data Analysis
4.4.1 Calculation of J-R Curves
The data analysis program offers three optional routines:

i. Effective Yield Strength - Effective yield strength is the average of the yield strength
and the ultimate strength input by the operator. This option was selected.

2. Rotation Correction - This option allows the software to implement a geometry-based

rotational correction when calculating the crack length from specimen compliance.
This option was not selected since no compact tension specimens were. involved.

3. ASTM E813-89 Criteria or ASTM E813-81 Criteria - the operator has the choice of
using the data analysis method described in ASTM E813-89 or ASTM ES813-81 to
analyze the data. ASTM E813-89 was selected for data analysis.

Using the load versus LLD data, the J-R curve is calculated using the following equations.

I =JL+1

where:
], = the elastic component
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], = the plastic component

o The elastic component is calculated per ASTM E1152-87:

we -4
5 = FE(1V)
e E

[ Ps
(BBN) 1/2W3/2

1£02)
w

3(a/w)“2[1.99—(a/w)(1-a/W)(2.15-3.93(a/w>+2.7(a/w)2}
2 (1+2a/W} (1-a/w)>/?

a
f(—)=

w
where: v = Poisson's ratio

» The plastic component for the i® Joading step is calculated as follows:

ni A i —A i- a =2,
qu)=[qu_1‘+——(_ELl__P_u?-)] [1-v,( (4 Trish gy
b N bi

where 1, = 2.0
y; =10
b; = W-g
and
£y, *P, 1A A (-1 ]
Ao Bt > £ £

where: A, = the plastic portion of the area under the load versus displacement (LLD)
curve.

and A, = the plastic portion of the LLD
(Ap(l) = A - PC)
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Ay = total LLD after the i step
P; = i® step end load
C, = i® step compliance

44.2 CalmlanQn_Qﬁl

In the calculation of I, the data that lie between the 0.006" and 0.060" inch exclusion lines are
numerically fit to a power law expression:

] = C,(Aa)®
where C1 and C2 are constants.
The intersection of the power law curve and a 0.008" offset line is then determined. The
0.008" offset line has the slope of the theoretical blunting line and is described by the

following equation®:

J = 20, (A2-0.008)

where o; = material flow strength. (effective yield strength was used in this project)
The value of Aa is then varied until the following relationship is satisfied:

- C,(A2)2 = 20, (Aa-0.008)
The resulting value of Aa is then used to calculate J using both the power law expression and
the 0.008" offset relationship. If the two J values agree within 2%, then the power law value
is taken as Jo. If the two values do not agree, then the iteration stepsize for Aa is decreased
and the process is repeated until the 2% criteria is met.

4.4.3 Calculation of Tearing Modulus

Attempts are being made to describe stable crack growth under elastic-plastic conditions.
Several attempts have received notable attention. One is the tearing modulus concept

3For ductile material such as stainless steel, slopes larger than 2o, are used by some
researchers. In this project, 20, was used as defined in ASTM E313-89.
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developed by Paris et al. [3]. Paris has suggested calculating the slope of the curve, dl/da.
However, this slope is temperature dependent for most materials. Paris found that dividing J
by o; results ina reasonably temperature independent parameter:

as, . 1,_
LG l516

Since the J-Aa diagram and . o; are material characteristics, this parameter has a unique value
for a given material and therefore fully describes its stable tearing behavior. Paris further
introduced the parameter

£
o2

H

T (S50 ()

where T stands for "tearing modulus”. This value of Tow has to be compared to a similar
expression, T,,, Which is the tearing modulus applied to a known cracked body by the loading
system:

dJ) E
app gz’ WP 2
£

)

As soon as T,,, > Ty the occurrence of instability must be expected.

dJ/da can be calcutated from the power-law curve fit of the R-curve data presented in

Appendices B and C for each test. The values seen in Appendices B and C were calculated at
the point where the J;c or Jg values were determined.

4’-4-4 MMMm)

The K; fracture toughness is calculated from the Jic value calculated above. This calculation is
performed according to the following equation:

JICE ] 1/2

K=l
(1-v¥)

3

4.5 Crack Length Measurement

After the test, the specimens were heat-tinted in a furnace at 650 °F for 15 minutes. The
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specimens were then removed from the furnace and placed back onto the bend fixture and
fatigue-cycled to failure. For small band specimens, the crack length was measured in the
Fatigue and Fracture Laboratory (outside our hot cell facility) using a video micrometer
system due to their lower radiation levels. This system was calibrated prior to and after the
measurements were made. For the larger bend specimens, the specimens were transferred into
our hot cell facility due to their high radiation levels and the crack length was measured using
the same video micrometer system. Again, the video micrometer system was calibrated. All
specimens were photographed for their fracture surface appearance in the hot cell facility.

The cracks were measured at nine locations across the crack front spanning the specimen
thickness. These nine measurements were used to determine an average initial and final crack
length as follows:

+
(a,+a,)

1
a T —
8{ 2

= +aq_+a_+a. +a.+ta_+ta,+
AVG a,*a ta,tagra ta, va,l

where -
a ,vg is the average crack length from nine measurements
a, is nine point measured crack length

These values were later used as references to verify the accuracy of the crack length
determined from the compliance method

b

The results for all tests are summarized in Table 2. A Jic or a Jg is reported for each
specimen. If this value is reported as Jo, then an explanation of the Jic criteria violated is also
included. All weld metal specimens (small bend specimens) had J,c or Jq values while the
base metal and HAZ specimens (large bend specimens) were very ductile and the specimen
size requirement were violated. B&W NESI currently cannot analyze the data since the J
value is larger than the allowable I, defined in the ASTM E1152-87. However, the
calculated J_,, values (J.... = Bo,/20) were reported in Table 2.

4.6 Test Results

The test results, test parameters, and the J- R curve are shown in Appendices B and C.
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Table 2 Fracture Toughness Test Results

F Specimen Test Jlg, or Jy K; J,c Criteria
Identification Temperature (in-1b/in?) (ksi-in'?) Violations
) :
W-7 (weld) 125 668 148 none, J;.
W-6 (weld) 125 658 148 none, Jy.
W-5 (weld) 125 312 93 Jo, 9.4.1.7
W-1 (weld) 125 668 150 none, J;
W-2 (weld) 125 525 130 none, ¥,
W-9 (weld) 125 362 110 none, J,.
W-10 (weld) 125 763 151 none, J;.
W-11 (weld) 125 672 142 none, J;
f PM-1 125 > 1800* N/A N/A
PM-2 125 > 1800* N/A N/A
PM-3 125 > 1800* N/A N/A
PM-5 125 > 1800* N/A N/A
PM-6 125 > 1800* N/A N/A
HAZ-1 125 >2350* N/A N/A
HAZ-2 125 >2350* N/A N/A
i HAZ-3 125 >2350% N/A ' N/A
u HAZ-5 - 125 >2350* N/A N/A
“ HAZ-7 125 >2350*% N/A N/A .
*Calculated based on Jp, = B0,/20. HAZ metal had higher values because it has higher yield
stress.

4.7 HAZ Tension Specimens Metallography

Four broken HAZ tension specimens were transferred into LTC hot cell facilities for
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sectioning. The fracture surface was removed from the broken specimens first, then a 0.2 inch
long sample was sectioned from each specimen. These samples were then transferred out of
" cell to Failure Analysis Laboratory where specimens were mounted, polished, and etched to
reveal the weld metal. The etchant used was 15 mt HCI and 5 ml HNO; and the specimens
were swabbed in the etchant for 10 to 12 second. The photograph (magnification factor: 16X)
of the specimens can be found in Appendix F. No definite line to separate weld metal and
HAZ/base metals was observed on any of the specimens. However, a combination of larger
and smaller grains in the same specimen was observed. This was an indication that the
specimen was not totally made of base metal. The amount of large grains that could be find in
the specimen has good correlation with the mechanical test results. For example, HAZ-3
which has more large grains has higher yield strength than HAZ-4 which has limited large
grain.

5.0 DISCUSSION

Based on the test results shown in Table 2, the weld metal (type 308 stainless steel) is the
limiting material for the ATR reactor vessel. The J,. (or Jo) values range from 312 in-Ib/ in*to
763 in-Ib/in®. The value that was used in the original assessment performed by ATR was 464
in-Ib/in?[2]. The average of the J;. (or Ig) values of these eight specimens is higher than 464
in-Ib/in?. However, the J,. (or Jg) values of two specimens fall below 464 in-lb/in’.
Comparison of test results between the irradiated and unirradiated specimens since the
specimen orientation (e.g. T-L) was not provided for the irradiated specimens.

All large bend specimens were made of base or HAZ metals. All base metal specimens show
significant ductility. This can be observed from the J-a plot where the crack grew along the
blunting line (with a slope of 2. No standard E-813 and E1152 analysis was performed
since the interception of the Q008" offset line and the 0.006" and 0.60" exclusion line
(described in 4.4.2) was above the allowable o, specified in E1152.

In general, HAZ specimens also showed good ductility but was less compared to the base
metals. No standard E-813 and E1152 analysis was performed since the interception of the
0.008" offset line and the 0.006" and 0.60" exclusion line (described in 4.4.2) was above the
allowable I, specified in E1152.

One observation made on testing the irradiated specimens was that the specimen dimensions
(measurements made when the specimens were machined) provided by ATR were not
appropriate since the specimen could not be centered by a fixture designed based on ATR's
information®. This fixture was designed based on the fact that the distance from one

+Several bend specimens were measured for specimen thickness and specimens width in
the hot cell facility after testing. All measurements were consistent with the specifications
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referenced end to the center of the specimen was fixed. The fixture also acted as a specimen
stopper and provided the alignment for the second direction (specimens thickness direction) as
shown in Figure 2. Therefore, the specimens should have been centered and aligned using the
fixture. However, after the specimen was placed on the fixture, the center of the specimen
was not aligned with the loading fixture. The reason for the misalignment is unknown. In any
case, the specimens were centered by operator through the lead glass window (~ 24 inches
from the specimen). Through the help from specimen notch and marker on the loading
fixture, the center of the specimen was aligned with the center of the loading fixture within
1/32" (This was verified with the mock-up specimens). This was within the allowable 1%
deviation of the span length specified in the ASTM standard.

There were several specimens with noisier data. This was because of the fact that for the first
several specimens only 9 data points were collected during the unloading process for the
determination of the crack length. These data points did not provide good statistical basis for
the determination of crack length. This problem was identified and corrected by using
collecting 50 data points during the unloading process. Optimal testing parameters were '
established and therefore better experimental results were obtained for specimens tested later.

6.0 SUMMARY

1.  Fifteen tension and eighteen bend irradiated specimens have been tested in compliance
with ASTM standard E8-94 and ASTM EB13-89, respectively at 125°F.

2. Radiation embrittlement was observed in both tension and fracture toughness test results
on weld metal. '

3.  Significant ductility was observed in base and HAZ metal specimens. No compariSon

was made to unirradiated specimens due to insufficient data. However, radiation
embrittlement was observed in tension test results for both metals.
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APPENDIX A

Tension Test Results Record
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TADS : : 28 Jun., 1994
<890928.1259> TPENSILE DATA ANALYSIS File: WELD2

SPECIMEN ID PARAMETERS

Date of test . . . . . . . 6/24/94

Operator . . . . . . . . . BJV

Project number . . . . . . 0135

Specimen . . + . . . . . . WELD2

Test temperature . . . . . 125 F 52. C
Material . . . . « « . « « WELD

MOAUuluS « o« « « o« o+ o « = o 29575. ksi 203920. MPa
Cross Section type . . . CIRC

Fluence . « « « « + o= . « ©0.0000E+00
Technical Specification . . TP-78~-12

SET UP PARAMETERS

1.72E+07 psi 1.19E+05 MPa

Initial disp rate . . . . .0100 in/min .254 mm/min
Second. disp rate . . . . .0400 in/min 1.02 mm/min
Gauge length (Ext) . . . . 1.000 in 25.40 mm
DIMENSIONAL
biameter INITIAL . . . . . .2500 in 6.35 mm
FINAL . . . . - » .1629 in 4.14 mm
Axial Fidical INITIAL . . 1.0000 in 25.40 mm
FINAL . . .0000 in .00 mm
TEST RESULTS
Yield Strength . . . . . . 80553. psi 555.4 MPa
Tensile Strength . . . . . 102868. psi 709.3 MPa
Fracture Load . . . . . - 4333. 1b 19273. N
Fracture Stress . . . . . 207777. psi 1432.6 MPa
Fracture Strength . . . . 88272. psi 608:6 MPa
Young‘'s Modulus . . . .

Elongation (fiducial). . =1.0000
Uniform Elongation (Ext) . .2288
Total Elongation (Ext) . . .3546
Reduction in Diameter. . . 34.8 %

Reduction in Area . . . 57.5 %

CURVE FIT

Ramberg-0Osgood Egquation
Fit std Dev
Alpha .... 5.524 .010
N cees 5.922 .029
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TADS

<890928.1259> TENSTLE DATA

SPECIMEN ID PARAMETERS

Date of test . .
‘Operator . . . .
Project number .
Specimen . . . .
Test temperature
Material . . . .
Modulus . . . . .
Cross Section type .
Fluence . « o« « o o o

¢ ¢ ° -2 & o .

L] L] * L} * .

« ¢ e ¢ o s ¢

Technical Specification

SET UP PARAMETERS

Initial disp rate . .
Second. disp rate . .
Gauge length (Ext) . .

DIMENSIONAL

Diameter INITIAL . . .
FINAL « + «

Axial Fidical INITIAL
FINAL

TEST RESULTS

Yield Strength .
Tensile Strength
Fracture Load .
Fracture Stress
Fracture Strength
Young's Modulus . . .
Elongation (fiducial).

a e s @

.
-
.
L]
-

. . . . .

Uniform Elongation (Ext

Total Elongation (Ext)
Reduction in Diameter.
Reduction in Area . .

CURVE FIT

* B 8 Wt e & 5 & &

ANALYSIS

BIV

PMI

29

¢ o ® *& & % & o 3

. 1

1.

¢ s 3 »

60
87
4
472
87

7/1/94

0135

125 F

BASE

575. ksi

CIRC
0.000CE+0C
TP-78-12

0075 in/min
0600 in/min
.000 in

2500 in
1076 in
0000 in
0000 in

800. psi
704. psi
299. 1b
366, psi
584. psi

7.68E+06 psi

-1.

Ramberg-0sgood Equation

Alpha ....
N .- o s

22.189
3.033

0000
4393
4437
56.9 %
8l1.5 %

Fit Std
.019
.038

1 Jul., 1994
File: PM1

52. C

203920. MPa

.190 mm/min
1.52 mm/min
25.40 mm

6.35 mm
2.73 mn
25.40 mm
.00 mm

419.2 MPa
604.7 MPa
19123. N
3257.0 MPa
603%9 MPa
5.30E+04 MPa

Dev
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TADS 1 Jul., 1994
<890928.1259> TENSILE DATA ANALYSIS File: PM2

SPECIMEN ID PARAMETERS

Date of test . . . . . . . 7/1/94
Operator . + ¢ « » o ¢ + o BIV
Project number . . . . . . 0135°
Specimen . . . . . . . . . PM2
Test temperature . . . . . 125 F 52. C
Material . . « « « - « - - BASE
ModulusS . « - o « « » « - - 29575, ksi 203920, MPa
Cross Section type . . . . CIRC
Fluence . . « « « o « s « « 0,0000E+00
Technical Specification . . TP-78-12
SET UP PARAMETERS
Initial disp rate . . . . .0100 in/min .254 mm/min
Second. disp rate . . . & .0400 in/min 1.02 mm/min
Gauge length (Ext) . . . . 1.000 in 25.40 mm
DIMENSIONAL
Diameter INITYAL . . . . - .2500 in 6.35 mm
FINAL . -« « « « =« .1095 in 2.78 mn
Axial Fidical INITIAL . . 1.0000 in 25.40 mm
FINAL . . .0000 in .00 mnm
TEST RESULTS
Yield Strength . . « . . . 51002. psi - 351.7 MPa
Tensile Strength . . . . . 84649. psi 583.7 MPa
Fracture Load . . s« + - =« 4155. 1b 18482, N
Fracture Stress . . . . . 441237. psi 3042.3 MPa
Fracture Strength . . . . 84649. psi 583:7 MPa
Young‘s Modulus . . . . 6.35E+06 psi 4.38E+04 MPa
Elongation (fiducial). . . -1.0000
Uniform Elongation (Ext) . .4475
Total Elongation (Ext) . . .4475
Reduction in Diameter. . . 56.2 %
Reduction in Area . . . . 80.8 %

CURVE FIT

Ramberg-0Osgood Equation
Fit std Dev
Alpha .... 12.410 .028
N cres 3.603 .048
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TADS : 1 Jul., 1994
<890928.1259> TENSILE DATA ANALYSIS File: PM4

SPECIMEN ID PARAMETERS

Date of test . . . . . . . 7/1/94
Operator . . « . « « . « » BJV
Project number . . . . . . 0135
Specimen . . . . . . . . . PM4
Test temperature . . . . -« 125 F 52, C
Material . . . . + . -« . + BASE
Modulus . .« « = - « « + « « 29575, ksi 203920. MPa
cross Section type . . . . CIRC
Fluence . « « « « « s « « « 0.0000E+00
Technical Specification . . TP-78-12
SET UP PARAMETERS
Initial disp rate . . . . .0075 in/min .190 mm/min
Second. disp rate . . . . .0800 in/min 2.03 mn/nin
Gauge length (Ext) . . . . 1.000 in 25,40 mm
DIMENSIONAL .
Diameter INITIAL . . . . . .2500 in 6.35 mm
FINAL . « « & « & .1028 in 2.61 mm
Axial Fidical INITIAL . . 1.0000 in 25.40 mm
FINAL . . .0000 in .00 mm
TEST RESULTS
Yield strength . . . . . . 54400. psi 375.1 MPa
Tensile Strength . . . . . 84664. psi 583.8 MPa
Fracture Load . . . . . = 4156. 1b 18486. N
Fracture Stress . . . . . 500717. psi 3452.4 MPa
Fracture Strength . . . . 84664. psi 583:+8 MPa
Young‘'s Modulus . . . . 6.04E+06 psi 4.16E+04 MPa
Elongation (fiducial). . . =1.0000
Uniform Elongation (Ext) . .4480
Total Elongation (Ext) . . .4480
Reduction in Diameter. . . 58.9 %
Reduction in Area . . . . 83.1 %

CURVE FIT

Ramberg-Osgood Equation
Fit std Dev
Alpha .... 8.975 .038
- N cews 4.371 -077
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TADS 27 Jun,, 1994
<890928.1259> TENSILE DATA ANALYSIS File: PMS

SPECIMEN ID PARAMETERS

Date of test . . . . . . . 6/27/94
‘operator . . . . . . . . . BJV
Project number . . . . . . 0135
Specimen . . . . . . . . - PM5
Test temperature . . . . . 125 F 52. C
Material . . . + + +» « « « BASE
MOAUIUS o« o« « « » o o « « » 29575, ksi 203920. MPa
Cross Section type . . . . CIRC
Fluence . « « « « « « = « » 0.0000E+00
Technical Specification . ., TP-78-12
SET UP PARAMETERS
Initial disp rate . . . . .0100 in/min .254 mm/min
Second. disp rate . . . . .0400 in/min 1.02 mm/min
Gauge length (Ext) . . . . 1.000 in 25.40 mm
DIMENSIONAL
Diameter INITIAL . . . . . .2500 in 6.35 mm
FINAL . = + +» « .1095 in 2.78 mm
Axial Fidical INITIAL . . 1.0000 in 25.40 mm
FINAL . . .0000 in .00 mm
TEST RESULTS
Yield Strength . 61693. psi 425.4 MPa

Tensile Strength
Fracture lIocad .

. 95258. psi 656.8 MPa
. 4671. 1b . 20777. N

Fracture Stress . 496025. psi 3420.1 MPa
Fracture Strength - 95159, psi 656>1 MPa
Young's Modulus . . . . 1.95E+07 psi 1.34E+05 MPa
)

* & a9

-
-
-
-
-

. » [ ] . L]
L3 . . ] .

Elongation (fiducial). ~1.0000

Uniform Elongation (Ext .4223

Total Elongation (Ext) . .4523
Reduction in Diameter. . . 56.2 %
Reduction in Area . . . . 80.8 %
CURVE FIT
Ramberg-0Osgood Equation
Fit std Dev
Alpha ... 12,284 .013

N conn 3.436 .023
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TADS 27 Jun., 1994
<890928.1259> TENSILE DATA ANALYSIS File: PM6

SPECIMEN ID PARAMETERS

Date of test . . . . . . . 6/27/94
Operator . « » « « « « « o BIV
Project number . . . . . . 0135
Specimen . . . . . . . . . PM6
Test temperature . . . . =« 125 F 52. C
Material . . . . . . . . « BASE
MOQUIUS o « « « « « o o o« « 29575. ksi 203920. MPa
Cross Section type . . . . CIRC '
Fluence . - « « « + « » » » 0.0000E+00
Technical Specification . . TP-78-12
SET UP PARAMETERS
Initial disp rate . . . . .0100 in/min «254 mm/min
Second. disp rate . . . . .0400 in/min 1.02 mm/min
Gauge length (Ext) . . . . 1.000 in 25.40 mm
DIMENSIONAL
Diameter INITIAL . . .« . « .2500 in 6.35 mm
FINAL . « ¢« » « = .1053 in 2.67 mm
Axial Fidical INITIAL . . 1.0000 in 25.40 mm
FINAL . . .0000 in .00 mMm
TEST RESULTS
Yield Strength . . . . . . 52201, psi .359.9 MPa
.Tensile Strength . . . . . 87774. psi 605.,2 MPa
Fracture Ivad . « « « « &« 4309, 1b 19165. N
Fracture Stress . . . . . 495224. psi 3414.6 MPa
Fracture Strength . . . . 87774. psi 60532 MPa
‘Young's Modulus . . . . 1.47E+07 psi 1.02E+05 MPa
Elongation (fiducial)}. . . =1.0000
Uniform Elongation (Ext) . -4047
‘Potal Elongation (Ext) . . .4397
Reduction in Diameter. . . 57.9 %
Reduction in Area . . . . 82.3 %

CURVE FIT

Ramberg~Osgood Equation
Fit std Dev
alpha .... 11.699 .026
N cree 3.403 .037
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TADS 1 Jul., 1994
<890928.1259> TENSILE DATA ANALYSIS File: PM7

SPECIMEN ID PARAMETERS

Date of test . . . . « o « 7/1/94
Operator . . . ¢ < + » = o BIV
Project number . . . . . . 0125
Specimen . . . . o . . . . PM7
Test temperature . . . . . 125 F 52. C
Material . . .- . ¢« « - . . BASE
ModulusS . « - « « « s o « o 29575, ksi 203920. MPa
Cross Section type . . . . CIRC
Filuence . o« «» « » ¢ o o o o 0.0000E+00
Technical Specification . . TP-78-12
' SET UP PARAMETERS
Initial disp rate . . . . .0075 in/min .190 mm/min
Second. disp rate . . . . .0800 in/min 2.03 nm/min
Gauge length (Ext) . . . . 1.000 in 25,40 mm
DIMENSIONAL
Diameter INITIAL . . . . . .2500 in 6.35 mn
FINAL . -« « ¢ « - .1032 in 2.62 mm
Axial Fidical INITIAL . . 1.0000 in 25.40 mn
FINAL . . . 0000 in .00 mm
TEST RESULTS
Yield Strength . « . . . 45846. psi 316.1 MPa
‘Tensile Strength . . . . . 81350. psi 560.9 MPa
Fracture load . . . « . =« 3993. 1b 17762. N
Fracture Stress . . . . . 477860. psi 3294.8 MPa
Fracture Strength . . . . 81350. psi 56079 MPa
Young's Modulus . . . . 1.28E+07 psi 8.80E+04 MPa
Elongation (fiducial). . . =1.0000
Uniform Elongation (Ext) . .4432
Total Elongation (Ext) . . -4432
Reduction in Diameter. . . 58.7 %
Reduction in Area . . . . 83.0 %
CURVE FIT

Ramberg-0Osgood Equation
Fit std Dev
Alpha .... 10.457 .024
N ceen 3.749 .054
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TADS

<890928.1259> TENSILE DATA

SPECIMEN ID PARAMETERS

Date of test . .
Operator . . . .
Project number .
Specimen . . . .
Test temperature
Material . . . .
Modulus . . . . .
Cross Section type
Fluence . « . « .+ « .

.
.
.
.
-
»
-
.

Technical Specification

SET UP PARAMETERS

Initial disp rate
Second. disp rate . .
Gauge length (Ext) . .

.
L]

DIMENSIONAL

.Diameter INITIAL . . .

: ' FINAL . . .

Axial Fidical INITIAL
FINAL

TEST RESULTS

'Yield Strength . .
‘Tensile Strength .
Fracture Load . .
Fracture Stress .
Fracture Strength
Young‘'s Modulus . .
Elongation (fiducial)

s v s @

-
-
.
-
-
.
-

‘Uniform Elongation (Ext)

Total Elongation (Ext)
Reduction in Diameter.
Reduction in Area . .

CURVE FIT

-

ANALYSIS

BIV
013
HAZ

HAZ
29

0

* .

. 1.

» -
- -

. 1.

79
98

4
471
97
-1.49
-1.

[ L] * L]

¢ & = a @

Ramberg-0Osgood Equation

Alpha ....
N v

12.627
4.422

6/27/94

5
1
125 F

575. ksi

CIRC
.0000E+00
TP-78-12

0100 in/min
0400 in/min
000 in

2500 in
1139 in
0000 in
0000 in

292. psi
283. psi
805. 1b
598. psi
890. psi
E+07 psi
0000
4056
4494
54.4 %
79.2 %

28 Jun., 1994
File: HAZ1

52. C

203920. MPa

«.254 mm/min
1.02 mm/nmin
25.40 mn

6.35 mm
2.89 mm
25.40 mm

.00 mm

546.7 MPa
677.7 MPa
21373. N.
3251.7 MPa
675.0 MPa
1.03E+05 MPa

Fit std Dev

-026
. 065
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TADS 27 Jun., 1994
<890928.1259> TENSILE DATA ANALYSIS File: HAZ2

SPECIMEN ID PARAMETERS

Date of test . . . . . . . 6/27/94
Operator . . . . . . . . . BIV
Project number . . . . . . 0135
specimen . . . . . . . . . HAZ2
Test temperature . . . . . 125 F 52. C
Material . . . . . . . . . HAZ
Modulug . . . « « « o - » - 29575, ksi 203920. MPa
Cross Section type . . . . CIRC
Fluence . . « « « o« » « « « 0.0000E+00
Technical Specification . . TP-78-12
SET UP PARAMETERS
Initial disp rate . . . . .0100 in/min = .254 mm/min
Second. disp rate . . . . .0400 in/min 1.02 mn/min
Gauge length (Ext) . . . . 1.000 in - 25.40 mm
DIMENSIONAL
Diameter INITIAL . . . . . .2500 in 6.35 mm
FINAL +» « + + .« o .1081 in 2.75 mm
Axial Fidical INITIAL . . 1.0000 in 25.40 mnm

FINAL . . .0000 1n +00 mm

TEST RESULTS

Yield strength .
Tensile Strength
Fracture Load .
Fracture Stress
Fracture Strength

. 74264, psi 512.1 MPa
. 97209. psi 670.3 MPa
- 4757. 1b 21160. N

. L 2 4 [

517864. psi 3570.7 MPa

¢ @ * L] []

- . 96914. psi 66872 MPa
Young's Modulus . . . . 2.22E+07 psi 1.53E+05 MPa
Elongation (fiducial). . . <-1.0000
Uniform Elongation (Ext) . .4262
Total Elongation (Ext) . . .4470

Reduction in Dianmeter. . 56.7 %
Reduction in Area . . . 81.3 %

CURVE FIT

Ramberg-0Osgood Equation
Fit Std Dev
Alpha .... 15.942 .011
N PR 3.604 . 023
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TADS

<890928.1259> TENSILE DATA

| SPECIMEN ID PARAMETERS

Date of test .
Operator
Project number .
Specimen . . . .
Test temperature
Material .
Modulus . .
Cross Section typ .

Fluence . .

Technical Specification

o ¢ » » 0 0
s » ¢ s o 9

- - -

a & » e & 3

- - - . -

' SET UP PARAMETERS
Initial disp rate .

Second. disp rate . .
'Gauge length (Ext)

DIMENSIONAL

Diameter INITIAL . .
‘ FINAL . . .
‘Axial Fidical INITIAL
‘ FINAL

, TEST RESULTS

¥ield Strength .
‘Tensile Strength
Fracture Load .
Fracture Stress
Fracture Strength
'Young‘s Modulus .
'Elongation (fiducial}.

.
-
-
»
.

o« » e & 0

-
-
.
-
.
-
Y

‘Uniform Elongation (Ext)

Total Elongation (Ext)
Reduction in Diameter.
‘Reduction in Area . .

CURVE FIT

Ramberg-Osgood Equation

Alpha ....
N

e v

-

ANALYSIS

e » 8 o e & ¢ o 2

e o = &

L T I N

11.857
4,799

6/27/94
BIV
0135
HAZ3
125 F
HAZ
29575,
CIRC
0.0000E+00
TP-78-12

ksi

.0100
. 0400
1.000

in/min
in/min
in

in
in
in
in

.2500
-1050
1.0000
.0000

80989.
97961.
4766.
550397.
97090.
1.44E+07
-1.0000
.3496
.4482
58.0 %
B2.4 %

psi
psi
1b

psi
psi
psi

Fit std
.023
".064

27 Jun.,
File: HAZ3

52. C

203920. MPa

.254
1.02
25.40

6.35
2.67
25.40
.00

558.4
675.4
21199.
3795.0
66974
9.96E+04

MPa
MPa
N

MPa
MPa
MPa

Dev

1994

mm/min
mm/min
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TADS 27 Jun., 199%4
<890928.1259> TENSILE DATA ANALYSIS File: HAZ4

'SPECTMEN ID PARAMETERS

Date of test .

e« s = o o 6/27/94
Operator . . . . . . . . . BIV
Project number . . . . . . 0135
Specimen . . . o . . . . . HAZ 4
Test temperature . . . . . 125 F 52. C
Material . . . « » « . . . HAZ
MOAUIUS « « o « = « « « » « 29575. ksi 203920. MPa
Cross Section type . . . . CIRC
Fluence . . . « « + o » '« & 0.0000E+00
Techn1ca1 Specification . . TP-78-12
. SET UP PARAMETERS
Initial disp rate . . . . .0100 in/min .254 mm/min
Second. disp rate . . . . .0400 in/min 1.02 mm/min
Gauge length (Bxt) . . . . 1.000 in 25.40 mm
DIMENSIONAL

Dlameter INITIAL . « « « & .2500 in 6.35 mm

FINAL . . . . . .1060 in 2.69 mm
Ax1a1 Fidical INITIAL . . 1.0000 in 25.40 mm

FINAL . . .0000 in .00 mm
| TEST RESULTS
Yield Strength . . . . . . 71594. psi 493.6 MPa
Tensile Strength . . . . . 87023. psi 600.0 MPa
Fracture Ioad . « « « + =« 4269. 1b 1899¢. N
Fracture Stress . . . . . 483789. psi 3335.7 MPa
Fracture Strength . . . . 86974. psi 599°7 MPa
Young's Modulus . . . . 2.96E+07 psi 2.04E+05 MPa
Elongation (fiducial). . . -1.0000
Uniform Elongation (Ext) . .1198
Total Elongation (Ext) . .1203
Reduction in Diameter. . . 57.6 %
Reduction in Area . . . . 82.0 %
CURVE FIT
Ramberg-0Osgood Equation
Fit Std Dev
Alpha .... 4,113 .018

N cese 8.528 .094
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TADS

<890928.1259> TENSILE DATA

SPECIMEN ID PARAMETERS

Date of test .
Operator . . -
Project number
Specimen . ..
Test temperature
Material . . .+
Modulus . + « o o « -
Cross Section type .
FlLUBNTE « + + s o+ = =

a & & ¢ 2 b

-

Technical Specification

SET UP PARAMETERS

Initial disp rate . .
Second. disp rate . .
cauge length (Ext)

DIMENSIONAL

Diameter INITIAL . . .
FINAL . . . -

Axial Fidical INITIAL
FINAL

TEST RESULTS

'Yield Strength . .
Tensile Strength .
Fracture Load . .
Fracture Stress .
Fracture Strength
Young's Modulus . . .
Elongation (fiducial).

« & 0 = ¥
s ¢ s & @

-
.
-
.
-
-
L]

Uniform Elongation (Ext)
Total Elongation (Ext) .

Reduction in Diameter.
Reduction in Area . .

CURVE FIT

27 Jun., 1994
ANALYSIS File:

. 6/27/94

. BJV

. 0135

. HAZ4A

. 125 F 52.

. HAZ

. 29575. ksi 203920.

. CIRC

. 0.0000E+00

. TP-78-12
. .0100 in/min .254
. .0400 in/min 1.02
. 1.000 in 25.40
. .2500 in 6.35
. .1060 in 2.69
. 1.0000 in 25.40
. .0000 in .00
. 89785. psi 619.1
. 95769. psi 660.3
. 4692. 1b 20870.
. 531697. psi 3666.0
. 95586. psi 65951

6.05E+07 psi 4.17E+05

-1.

¢« 9 v 8

Ramberg-Osgood Equation

Alpha ....
N sena

13.185
5.741

0000
4429
4476
57.6 %
82.0 %

Fit std Dev
.023
.087

HAZA4A

C

MPa

mn/min
mm/min
mm

mm
nm
nm
mm

MPa
MPa
N

MPa
MPa
MPa






3
"0¢

Iqaaugﬁu

By ‘Ssau3g Bu
"0h

O0*
‘08

@
o

uteJyg Butassuibul

h9"0 95'0 gh'0  Oh'C e 0 he'o0 910 800 00°0
| I ! I ] | |

|

. :

| .

"69L56  SLN

a ‘69168  iP121A
Y3busi3g
(3 16 )4 G621 :rdwej 383 YhzgH iuewioadg

yhZbH 2114

h661

“funp 2

"0c

‘0h

08 09
ISy ‘ssau3g Butusauibul

"001

"0ct





TADS

.<890928.1259> TENSILE DATA

SPECIMEN ID PARAMETERS

Date of test . .
Operator .« .« - =«
Project number .
Specimen . . . -
Test temperature
Material . . . -
Modulus . - « « o «
cross Section type
Fluence . » « » = =«
Technical Specification

» @ a o o 0

»
.
-
.
3
-
»
.
-

e & ® o a - a & o =

SET UP PARAMETERS

Initial disp rate
Second. disp rate . .
Gauge length (Ext)

DIMENSIONAL

Diameter INITIAL . . .
FINAL « . « o

' Axial Fidical INITIAL

. Yield Strength .

. Fracture strength

FINAL

TEST RESULTS

Tensile Strength
Fracture Load .
Fracture Stress

-
.
-
-
»

- Young‘s Modulus . . .
. Elongation (fiducial).

Total Elongation (Ext)
Reduction in Diameter.

. Reduction in Area . .

CURVE FIT

.
-
-
-
-
-
-

‘Uniform Elongation (Ext)

-

ANALYSIS

. » L] - * . . [ - L]

6/3
bijv
013
W5

29

0.

. -

Ramberg-0Osgood Equation

Alpha ....
N s

. WELD

0/94
5
125 F

575. ksi

CIRC

0000E+00

TP-78-12

0050 in/min
0200 in/min

1 Jul., 1994
File: WS

52. C

203920. MPa

.127 mm/min
.51 mm/min

. .500 in 12.70 mm
. .1600 in 4.06 mm
. .1260 in 3.20 mm
. .5000 in 12.70 mm
. .0000 in .00 mm
. 80400. psi 554.4 MPa
. 110848. psi 764.3 MPa
. 1992. 1lb 8860. N
. 159755, psi 1101.5 MPa
. 99073, psi 6831 MPa

2.01E+07 psi 1.38E+05 MPa
. =1.0000
. . 0475
. .0844
. 21.2 %
. 38.0 %

Fit std Dev

.296 .022

10.767 .071
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TADS 1 Jul., 1994
<890928.1259> TENSILE DATA ANALYSIS File: W6

SPECIMEN ID PARAMETERS

Date of test . . . + - - - 7/1/94
Operator . « « « « « = - - BIV
PrOJect number . - . . » « 0135
Specimen . . + o ¢« o . - wé
Test temperature . . . - 125 F 52. C
Material . . . « « « « » o WELD
Modulus . « « « s « s o o @ 29575, ksi 203920. MPa
Cross Section type . . . . CIRC
Fluence . « « = - . « « « 0.0000E+00
Technical Spe01f1catlon . « TP-78-12
SET UP PARAMETERS
Initial disp rate . . . . .0050 in/min .127 mm/min
Second. disp rate . . . . .0200 in/min .51 mm/min
Gauge length (Ext)} . . . . .500 in 12.70 mm
DIMENSIONAL
'Diameter INITIAL . . . . - .1600 in 4.06 mm
| FINAL . « « « o .1330 in 3.38 mm
'axial Fidical INITIAL . . .5000 in 12.70 nm
FINAL . . .0000 in .00 mm
TEST RESULTS
' Yield Strength . . . . . . 114400. psi 788.8 MPa
Tensile Strength . . . . . 119306. psi 822.6 MPa
Fracture Ioad . . . . - - 2120. 1b 9431. N
 Fracture Stress . . . . . 152621, psi 1052.3 MPa
Fracture Strength . . . . 105458. psi 72731 MPa
Young‘'s Modulus . . . 2.96E+07 psi 2.04E+05 MPa
Elongation (flduc1a1). - . =1.0000
Uniform Elongatlon (Ext) . .0533
Total Elongation (Ext) . . .0671
Reduction in Diameter. . . 16.9 %
- Reduction in Area . . . . 30.9 %

CURVE FIT

Ramberg-Osgood Equation
Fit std Dev
Alpha «... .865 _ .014
N cvee 32.460 .209
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TADS 7 Jul., 1994
<890928.1259> TENSTILE DATA ANALYSIS File:

SPECIMEN ID PARAMETERS

Date of test . . .« « . - . 6/29/94
Operator . . - « « « » - BJV
Pro;ect number . . .+ - o » 0135
Specimen .+ . . ¢ o & s e - W7
Test temperature . .« . - - 125 F 52. C
Material . . « - « + .« - + WELD ,
Modulus . - . . .+ . . 29575. ksi 203920. MPa
cross Section type « » » « CIRC
Fluence . . + « = s « « « O0.C000E+00
Technical Spec1f1catlon . «» TP-78-12
SET UP PARAMETERS
Initial disp rate . . . . .0050 in/min .127 mm/min
Second. disp rate . . . . .0200 in/min .51 mm/min
Gauge length (Ext) . . . « .500 in 12.70 mm
DIMENSIONAL
Diameter INITIAL . . . - . .1600 in 4.06 mm
FINAL . . - - .1200 in 3.05 mm
Axial Fidical INITIAL . .5000 in 12.70 mn
FINAL . . .0000 in .00 mm
TEST RESULTS
yield Strength . . . . . . 116510. psi 803.3 MPa
Tensile Strength . . . . . 121715, psi 839.2 MPa
Fracture Load . . « - « = 2046. 1bd 9099. N
Fracture Stress . . . . . 180884. psi 1247.2 MPa
Fracture Strength . . . . 101747. psi 701v5 MPa
Young's Modulus . . . . 2.14E+07 psi 1.47E+05 MPa
Elongation (fiducial). . . -1.0000
Uniform Elongation (Ext) . .0337
Total Elongation (Ext) . . .0608
Reduction in Diameter. . . 25.0 %
Reduction in Area . . . . 43.8 %

CURVE FIT

Ramberg-0Osgood Equation
Fit Std Dev
Alpha cees .504 .016
cees 39.877 .289
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APPENDIX B -

Fracture Toughness Test Results (small bend specimens)
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Report: atr3jtest
Operator: BJ

Date: Fri Jan 06 10:30:24 1985
” plate: JIC Fracture Toughness

k. ucedure: SE(B)
Batch: ATRsmlbend3

J-Delta a(p) bata Tables : <w-1jic>

Step J
(in-1bf/in"2)
1 - 5.90434
2 21.5725
3 47.6094
4 87.0262
5 148.591
6 219.804
7 306.788
8 402,147
9 502.196
10 599.658
11 709.208
12 807.744
13 908.925
14 1010.44
15 1105.90
16 1187.87
17 1282.60
18 1381.02
19 1471.53
20 ) 1561.28
21 1641.46
22 1723.03
23 1804.95
24 1881.21
25 1963.84
26 2020.43
27 2094.85
28 2145.59

Specimen <w-1>

Delta a(p)

(in)
0.008534
-0.012961
~0.004524
-0.002497
0.003619
0.000233
0.002466
-0.000567
0.004924
0.007972
0.011834
0.016516
0.020282
0.023628
0.027588
0.032757
0.041260
0.043722
0.047549
0.051032
0.056095
0.061698
0.065703
0.070757
0.072946
0.081144
0.083551
0.090626

Load

(1bf)
330.201
651.033
985.649
1302.00
1553.91
1733.45
1841.32
1894.73

1914.03

1508.86
1895.42
1872.33
1850.28
1818.57
1781.01
1742.07
1700.37
1670.04
1644.89
1600.78
1568.38
1524.96
1492.23
1450.87
1404.35
1361.96"
1324.,.40
1281.32

coD

(in)
0.001253
0.002752
0.004423
0.006319
0.008318
0.010557
0.012884
0.015296
0.017811
0.020448
0.022929
0.025600
0.028201
0.030889
0.033646
0.036420
0.039074
0.041744
0.044518
0.047258
0.050032
0.052875
0.055563
0.058423
0.061352
0.064264
0.067056
0.069950

page 1





Report:
Operator:
Date:

T  plate:

Procedure:

Batch:

atr3jtest

BJ

Fri Jan 06 10:30:24 1995
JIC Fracture Toughness

SE(B)

ATRsmlbends

J-Delta a(p) Data Tables :

Step

WONAOMNSWN

Displ.

(in)
0.004379
0.008359
0.012408
0.016370
0.020385
0.024382
0.028379
0.032376
0.036408
0.040405
0.044368
0.048383
0.052380
0.056377
0.060409

0.064354"

0.068386
0.072366
0.076380
0.080395
0.084340
0.088424
0.092438
0.096384
0.100415
0.104395
0.108375
0.112528

<w-1jic>

Specimen <w-1>

Jd
Exclusion

Invalid
Invalid
Invalid
Invalid
Invalid
Invalid
Invalid
Invalid
Invalid
Invalid
Valid
Valid
Valid
Valid
Valid
Valid
Vvalid
Vvalid
Valid
Valid
Vvalid
Valid
valid
Invalid
Invalid
Invalid
Invalid
Invalid

Delta a(p)

Max/Min

Invalid
Invaliad
Invalid
Invalid
Invalid
Invalid
Invaliad
Invalid
Invalid
Invalid
Valid
valid
Valid
valigd
valid
Vvalid
valid
valiad
valid
Valid
valid
Valid
Valid
Invalid
Invalid
Invalid’
Invalid
Invalid

Displ.

for J calec.

(in)
0.002374
0.004406
0.006423
0.008465
0.020950
0.013857
0.017199
0.020872
0.024787
0.028815
0.032860
0.037014
0.041146
0.045335
0.049595
0.053777
0.058062
0.062226
0.066393
0.070676
0.074818
0.079165
0.083378
0.087575
0.091889
0.096126
0.100334
0.104748

page 2





prage 3

Report: atr3jtest
Operator: BJ
Date: Fri Jan 06 10:30:24 1995

¢ plate: JIC Fracture Toughness
Purucedure: SE(B)

Batch: ATRsmlbend3

J-Delta a(p) Data Tables : <w-ljic>

Specimen <w-1>

Step Normalized Energy
Compliance for J calc.
({ (none}) (in-1bf)
1 74.7230 0.372064
2 61.8088 1.35723
3 67.2593 3.01221}
4 65.3255 5.38393
5 62.2519 8.99251
6 61.1699 13.8597
7 61.2784 19.9482
8 60.3653 26.9385
9 62.7552 34.5250
10 68.2837 42.3685
11 65.6117 50.2035
12 71.0130 58.1758
13 73.8273 65.9928
14 76.5905 73.8197
15 82.8537 81.6217
16 87.7586 89.1440
17 93.5210 96.6441
18 ' 95.1017 103.785
i9 99.3331 110.826
20 105.083 117.896
21 110.339 " 124.574
22 115.229 131.425
23 : 120.199 137.896
24 123.796 - 144.184
25 133.173 150.449
26 135.269 156.413 N
27 146.546 162.172

28 ‘ 158.261 168.007





Report: atr3jtest

Operator: BJ

Date: Fri Jan 06 10:33:00 1995
Template: JIC Fracture Toughness

I cedure: SE(B)

Bacch: ATRsmlbend3

Test Summaries : <w-1ljic>

' ’ O
-- Identification: -- o
Template: ’ QJIC Fracture Toughness
Procedure: OSE (B)
General Information: 0

This Test is designed to run SE(B) style specimens.BThe test will be run u

Batch: OATRsmlbend3
Comments: O
Specimen Name: Ow-1
Comments: (@]
C
-- Geometry: -—- o
Specimen Geometry: OSE(B)
width 00.998 Oin
Notch Length 00.5 Cin
Thickness 00.501 Oin
Net Thickness 00.4 Oin
Span 04 Oin
Modulus of Elasticity 03.36e+07 Olbf/in"2
Yield Strength 089900 Olbf/in"2
U imate Tensile Strength 0106600 Olbf/in"2
Puisson's Ratio ©00.3 O(none)
Crack Plane Orientation (o)
Test Temperature 0125 Odeg_F
Compliance Calibration File: OC:\ts2\79050\SE(B) .CPL
K-Calibration File: OC:\ts2\79050\SE(B) .KCL
O
-- Precrack Parameters: -- : O
Final Kmax 020000 Olbf/in"1.5
Load Ratio, R (min/max) 00.1 O(none)
Test Frequency 010 CHzZ
Final Crack Length Q0.645 Oin
Cycle Limited Ooff
Maximum Number of Cycles 010000
Manual measurement O0ff
Compliance measurement oon
Upper LSF data range C90 O%
Lower LSF data range 010 C%
Automatic Inspection Hold Ooff
Inspection Interval (cycles) 010000
Q
~— Precrack Results: -- O
Precrack Cycles ' ' 00
Precrack Kmax 00 Olbf/in"1.5

Precrack Final X 00 Olbf/in"1.5





Report: atr3jtest

Operator: BJ

Date: Fri Jan 06 10:33:00 1995
Template: JIC Fracture Toughness

T cedure: SE(B)

Bu.cCh: ATRsmlbend3

Test Summaries : <w-1jic>

Precrack Pmax
Precrack Final P
Precrack crack length
Precrack user comment

—— Precrack Setup: =-
Load Sensor:
Ioad Range:
COD Sensor:
COD Range:

-- JIC Execution Parameters: -—-

Precycle Load

Test Control

Ramp Rate

UnLoad on Load Step

Load Step

Unload on COD Step

COD Step

UnLoad on Displacement Step
I »lacement Step

Urn.cad Pct of Current Load
Percent Unload

Unload Absolute

Absolute Unload

Number of Unloads

Crack Propagation Hold Time
Unload Rate

Reload Rate

Ramp To Initial Load

Pct Of Final Precrack Load
Load Ramp Rate

-~ JIC Test Setup: --
Load Sensor:
Load Range:
COD Sensor:
COD Range:
Displacement Sensor:
Displacement Range:
Frame Stiffness:

-— JIC Data Storage: -~
Event Log Filename:
Raw Data Filename:

Q00 Olbf

0-900 Olbf
©0.5875 QOin
Conly precrac.
0

O

OForce 1
010000 Olbf
OLength 2
00.5 Oin

O

O

0O-500 Olbf
Obisplacement

|

length is valid

0-0.0002 Oin/Sec

OOff

Q300 Olbf
ODff

00,001 Oin
(0.0)41

00.004 Oin
oon

020 0%

QOff

0300 Clbf

(0]

02 OSec

0300 Olbf/Sec
0300 Olbf/Sec
oon

Q100 O%

0-100 Olbf/Sec
o

O

OForce 1
010000 Olbf
CLength 2
00.5 QOin
Olength 1
00.5 Oin

0164700 Olbf/in
o

O

Oelog.txt
Oj££.000





Report: atr3ijtest

Operator: BJ

Date: Fri Jan 06 10:33:00 1995
Template: JIC Fracture Toughness

¥ edure: SE(B)

Ba.ch: ATRsmlbend3

Test Summaries : <w-1jic>

~= JIC Test Termination: -—-
End on maximum load
Maximum Load
End on maximum COD
Maximum COD
End on maximum displ.
Maximum Displacement
End on maximum Crack Length
Maximum Crack Length
End on maximum Crack Extension
Maximum Crack Length Extension
Termination Type
Hydraulic Shutdown

Precrack
Precrack
Precrack
Precrack
I :=rack
Precrack
Precrack
Precrack length

Precrack length

" Average Precrack

Final Precrack Lengths: --
length
length
length 3
length 4
length 5
length 6

7

8

9

N

length

«= Final JIC
crack length 1
crack length 2
crack length 3
crack length 4
crack length 5
6
7
8
9

Crack Lengths: --
Final
Final
Final
Final
Final
Final
Final

crack length
crack length
Final crack length
Final crack length
Average Physical Crack:

—— Calculated Crack Lengths: --
Pre Test Normalized Compliance:
Calculated Pre Test Crack Length:
Test Termination Normalized Compliance:
Calculated Test Term. Crack Length:

O

O

QOff

05000 Olbf
OOff

00.1 Oin
O0ff
0~0.245 Oin
O0ff

01 Oin

O0ff

O1 Oin
OControlled
oon

Q

0

00.6277 Oin
00.6369 Oin
00.6368 QOin
00.6359 Oin
C0.6334 Oin
00.6328 Cin
00.6271 Oin
00.6245 Oin
00.6236 Oin
00.631631 Oin
O

e}

Oin
Oin
Oin
Oin
Oin
Oin
Oin

00.7187
00.7168
00.7133
00.7172
00.7143
00.7241
00.7313
C0.7382 QOin
00.7399 Oin
00.723062 Oin

O

O

073.1184 O(none)
00.618361 Oin
0144.123 O(none)
00.711987 Oin

o





‘Report: atr3jtest

Operator: BJ

Date: Fri Jan 06 10:33:00 1995
Template: JIC Fracture Toughness

I cedure: SE(B) _

Bauchs ATRsmlbend3

Test Summaries : <w-ljic>

~- Run-Time Report: --
Tast Duration:
Maximum ILoad:
Maximum COD:
Maximum Displacement:
Test Termination:

0
0883,951 CSec
01894.32 Olbf
00.0699034 Oin
00.111991 Oin
C
O

—- JIC Analysis Inputs ASTM E 813: --O

Upper LSF data range:
Lower LSF data range:
Blunting Factor M:
Minimum J value:
Modulus Factor Lambda:
Delta a(p) offset:

—- JIC Analysis Calculations: —-

Effective Yield Strength
Unload/Reload Compliance
Rotational Correction

J calculation

< 2:lta a(p) Curve Fit
J1C Test Validity

015 0%

085 O%

02 O(none)
0150 Olbf/in

"O1 O(none)

0O=-0.003 Oin

O

O

OAvg. of Yield & Ultimate
OUnload & Reload

OASTM E813-89

OASTM E813-89

OASTM E813--89

CASTM E813-89

O .

w= JIC Test Results ASTM E 813: --O

Number of Data Points:
Number of Valid Data Points:
Delta a(p) Min Limit Line:
Delta a(p) Max Limit Line:
Regression Slope dJQ/da at delta~aQ:
J-Delta a(p) Equation:

J (in-1bf/in"2) =

cl * (Delta a(p) (in)) °" c2
cl
c2

JQ
Delta a(Q)
Kj value:

028

013 '
00.00888855 Oin
00.068232 Oin
032628.5 Olbf/in"2
o

o B

o

07910

00.5513

0668.231 Oin-1bf/in"2
00.0112747 Oin
0149842 Olbf/in"1.5
o)

—— Validation Criteria ASTM E 813-89: --O

ASTM E813-89 Section 8.4.2:
tp = 76.59 Sec
Is tp b/w 6 Sec
and 600 Sec?
ASTM EB13-89 Section 7.1.1:
25 JQ/SFS = 0,17 in





Report: atr3jtest

Operator: BJ

Date: Fri Jan 06 10:33:00 1995
Template: JIC Fracture Toughness

I cedure: SE(B)

Bauchs ATRsmlbend3

Test Summaries : <w-1jic>

Is b0 > 25 JQ/SFS? OYes

Is B > 25 JQ/SFS? OYes
ASTM EB813-89 Section 7.2.2: Q
a0/W = 0.6329 o

Is a0/W b/w 0.5 & 0.75%? : OYes
ASTM E813-89 Section 7.5: O
Side grooving = 20.16 pct. o]

Is side grooving <= 25 pct.? OYes
ASTM E813-89 Section 7.6.4: 0
Precrack extension = 0.1316 in 0
Is precrack extension >= 0.05a0 o]

and >= 0.05118 in? OYes
ASTM E813-89 Section 7.6.1: e}
PL = 2365 1bf o]
ASTM E813-89 Section 8.4.3.6: (o]
is the load range of all compliance O
unloads <= 0.2PL or 0.5 times (o]

the current load? OYes
ASTM EB13-89 Section 9.3.1: O
Do all points used for regression lieO

b/w Delta a({p) min & max? OYes
ASCM E813-89 Section 9.2.2:3 o}

Does at least one data point lie b/w O
the 0.005906 in & 0.01969 in excl.OYes

Does at least one data point lie b/w O
the 0.03937 in & 0.05906 in excl. OYes

ASTM E813-89 Section 9.3.2: O
" Were at least 4 data points used for O
the J-Delta a(p) regression? OYes
ASTM E813-89 Section 9.4.1.3: 8
" Is the slope of the regression curve O
at JQ less than SFS? OY¥es
ASTM E813~89 Section 9.4.1.5: o
Are all precrack lengths within o}
7 pct. of the average? OYes
ASTM E813-89 Section 9.4.1.5: O
Are all final crack lengths within ©
7 pct. of the average? OYes
ASTM E813-89 Section 9.4.1.6: 0]
Are both near surface crack o}
extensions within 0.02W of the O
extension at the center? OYes
ASTM E813-89 Section 9.4.1.7: O

Is the difference between the crack O
extensions found from compliance O





Report: atr3jtest

Operator: BJ

Date: Fri Jan 06 10:33:00 1995
Template: JIC Fracture Toughness

T sedure: SE(B)

Ba.ch: ATRsnlbend3

Test Summaries : <w-1jic>

and the 9-point averages within
15 pct. of either of the 9-point
average or Delta a(p) max?
ASTM E813-89 Section 9.4.1.7:
EM from 9-point precrack front
average = 3.669e+07 lbf/in"2
Is EM within 10 pct. of nominal E?
Were the J values and curve fit
calculated per ASTM E813-89?
Is JQ = JIC per ASTM E813-89?
JIC value (ASTM E813-89):

OYes

O

OYes

OYes

0668.231 Oin-1bf/in"2






0.08 0.1

pecimen <W-2>

S

1500

]

™

-
L]

1000
500

e QA O < N
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Report:
Operator:
Date:

T »late:

Pr ucedure:

Batch:

J-Delta a{p) Da

Step

WONOL N WL

atrl

BJ

Thu ¢

jtest

Tan 05 14:47:04 1995

JIC Fracture Toughness

SE(B

ATRsmlbendl

a Tables : <w-2jic>
Specimen <W-2>
J Delta a(p)
(in-1bf/in"2) {in)

7.17983 -0.018378
11.4656 -0.015540
39.9530 0.006858
64.8098 -0.002294
110.434 -0.002008
154.182 0.001035
216.488 0.000530
291.833 0.001300
350.219 0.002010
438.292 0.004870
552.103 0.008096
628.160 0.012907
720.500 0,019422
811.259 0.023714
909,357 0.028467
1013.87 0.034461
1083.583 0.039583
1167.35 0.041645
1249.76 0.049893
1322.47 0.053820
1377.81 0.058646
1483.88 0.059311
1539.35 0.066094
1606.11 0.071679
1681.92 0.076978
1748.07 0.080865
1739.40 0.089390

Ioad

(1b£)
304.010
560.745
838.501
1123.84
1400.22
1637.31
1850.28
1992.26

- 2090.12

2136.65
2146.64
2143.19
2094.26
2051.87
2032.92
1981.57
1914.37
1868.20
1800,31
1752.06
1711.40
1667.29
1626.28
1541.16
1500.15
1446.39"
1387.81

coD

(in)
0.001064
0.002304
0.003683
0.005095
0.006629
0.008231
0.010041
0.011815
0.013728
0.015795
0.017898
0.019931
0.022240

0.024514.

0.026668
0.028942
0.031217
0.033474
0.035869
0.038126
0.040504
0.042813
0.045104
0.047534
0.049843
0.052427
0.054684

page 1





Report:
Operator:
Date:

T »>late:

P..cedure: SE(B)

Batch:

atrljtest
BJ

Thu Jan 05 14:47:04 1995
JIC Fracture Toughness

ATRsmlbendl

J=-Delta a(p) Data Tables :

Step

VaReNJaUnd&P

Displ.

(in)
0.002263
0.005365
0.008810
0.011912
0.015013
0.017942

. 0.021388

0.024489
0.027935
0.031036
0.034138
0.037239
0.040513
0.043786
0.046888
0.049989

0.053435

0.056708
0.059637
0.062911
0.066012
0.069286
0.072732
0.075661
0.078934
0.082380
0.085309

<w-2jic>

Specimen <W-2>

J
Exclusion

Invalid
Invaliad
Invalid
Invalid
Invalid
Invalid
Invalid
Invalid
Invalid
Invalid
Invalid
Valid
Valid
Valid
Vvalid
~ Vvalid
Valid
Valiad
valid
Valid
Valid
Valid
Valid
Invalid
Invaliad
Invalid
Invalid

Delta a{p)

Max/Min

Invalid
Invaliad
Invalid
Invalid
Invalid
Invaliad

* Invalid

Invalid
Invalid
Invalid
Invaliad
valid
Valid
Valid
valiad
valid
Valigd
Vvalid
valid
valid
Valid
Valid
valid
Invalid
Invalid

Invalid"

Invalid

Displ.
J calc.
(in)

.000417

-001960

.069826
.073598
.076883

Page 2





page 3

Report: atrlijtest
Operator: BJ
Date: Thu Jan 05 14:47:04 1995

T slate: JIC Hracture Toughness
P.ucedure: SE(B)
Batch: ATRsmlbendl

J-Delta a(p) Data Tables : <w-2jic>

Specimen <W-2>

Step Normalized Energy

Compliance for J calc.

( (ncne)) (in~1bf)

1 -8.01342 0.294304
2 87.5273 0.957207
3 56.8635 2.22531
4 55.7354 3.64149
5 41.3299 5.47643
6 43.5249 7.75448
7 44.6477 11.5292
8 40.7420 15.8927
9 56.1250 21.8035
10 55.1160 27.8780
11 44.0128 34.4946
12 53.0289 41.3016
13 58.8956 49.0006
14 64.3932 56.4640
15 61.3268 63.1479
16 55.1736 '70.1369
17 "67.3950 77.7801
is 80.1381 84.6229
18 77.4499 90.9010
20 ° 87.8835 97.3627
21 104.447 103.270
22 94.5416 109.366
23 111.052 115.556
24 113.824 _ 121.109
25 109.537 126.562

26 119.401 " 132.201 -

27 169.838 136.920






Report: atrljtest
Operator: BJ
Date: Thu Jan 05 14:49:03 1995
Template: JIC Fracture Toughness
F :edure: SE(B)
Baoch: ATRsmlbendl
Test Summaries : <w-2jic>

—- Identification: ~--
Template:
Procedure:

General Information:
This Test is designed to run SE(B)
Batch:
Commentss
Specimen Name:
Comments:

-- Geometry:
Specimen Geometry:
width
Notch Length
Thickness
Net Thickness
Span
Modulus of Elasticity
Yield Strength
T imate Tensile Strength
Poisson's Ratio
Crack Plane Orientation:
Test Temperature
Compliance Calibration File:
K-Calibration File:

—-- Precrack Parameters: --
Final Kmax
load Ratio, R
Test Frequency
Final Crack Length
Cycle Limited
Maximum Number of Cycles
Manual measurement
Compliance measurement
Upper LSF data range
Iower LSF data range
Automatic Inspection Hold
Inspection Interval (cycles)

{(min/max)

-— Precrack Results: --
Precrack Cycles
Precrack Kmax
Precrack Final X

O
O
QJIC Fracture Toughness
OSE (B)
O

style specimens.®EThe test will be run u
OATRsmlbendl

O

OoW-2

O

@]

Q

OSE(B)

©0.999 Oin

00.5 Oin

00.503 Cin

00.4 Oin

04 Oin

03.2e+07 Olbf/in"2
089900 Olbf/in"2
0106600 Olbf/in"2
00.3 O(none)

O

0125 Odeg F
OC:\ts52\79050\SE (B) .CPL,
0OC:\ts2\79050\SE(B) .KCL
O

o

020000 Olbf/in"1.5
C0.1 O(none)

O10 OHz

00.645 Oin

OOff

010000

Ooff

OOn

020 0%

010 O%

OOfE

010000

O

O

00

00 Olbf/in"1.5

00 Olbf/in"1.5






Report: atrijtest
Operators: BJ '

Date: Thu Jan 05 14:49:03 1995
Template: JIC Fracture Toughness

F edure: SE(B)
Bechi A’I‘Rsmeend 1

Test Summaries

<w-2jic>
Precrack Pmax 00 Olbf
Precrack Final 0-900 Olbf
precrack crack length ©00.5929 Oin
Precrack user C mment Oonly precrack length is valid

: O
-~ Precrack Setup: --— o
load Sensor: OForce 1

Load Range: 010000 Clbf
coOD Sensor:
cOD Range:

’ Olength 2
00.5 Oin
E 8]

- = JIC Execution Parameters: -- 0
Precycle Load '0-500 Olbf
Test Control ODisplacement
Ramp Rate 0-0.0002 Oin/Sec
UnLoad on Load Step COff
Icad Step 0300 Olbf
UnLoad on COD Step QOff
coD Step T _ 00.001 Oin
UnlLoad on Displacement Step , oon
r »>lacement Step 00.004 Oin
Un.oad Pct of Current Load oon
Percent Unload 020 O%
Unload Absolut ' _Ooff
Absolute Unloa 0300 Olbf
Number of Unloads : o2
crack Propagation Hold Time 02 OSec
Unload Rate ' 0300 Olbf/Sec
Reload Rate 0300 Olbf/Sec
Ramp To Initial Load oon
Pct Of Final Precrack Load 0100 O% -
load Ramp Rate 0-100 Olbf/Sec
. (@]
— JIC Test Setup: - O
Load Sensor: OForce 1
Load Range: 010000 Olbf
COoD Sensor: : OLength 2
COD Range: 00.5 Oin
Displacement Sensor: OLength 1
Displacement Range: 05 Oin
Frame Stiffness: 0164700 Olbf/in
O
-— JIC Data Storage: —— o]
Event Log Filename: ’ Celog.txt

Raw Data Filename: Ojbu. 000






Report: atrljtest

Operator: BJ

Date: Thu Jan 05 14:49:03 1995
Template: JIC Fracture Toughness

I :edure: SE(B)

B .ch: ATRsmlbendl

Test Summaries : <w-2jic>

-~ JIC Test Termination: —-
End on maximum load
Maximum Load
End on maximum COD
Maximum COD
End on maximum displ.
Maximum Displacement
End on maximum Crack Length
Maximum Crack Length
End on maximum Crack Extension
Maximum Crack Length Extension
Termination Type
Hydraulic shutdown

Precrack
Precrack
"Precrack
Precrack
F . crack
Precrack
Precrack length 7
Precrack length 8
Precrack length 9
Average Precrack:

Final Precrack Lengths: --
length 1
length 2
length 3
length 4
length 5
length 6

-= Final JIC
crack length
crack length
crack length
crack length
crack length
crack length
crack length
Final crack length
Final crack length
Average Physical Crack:

Crack Lengths: --
Final
Final
Final
Final
Final
Final
Final

VR~ WUNE

-— Calculated Crack Lengths: —-
Pre Test Normalized Compliance:
Calculated Pre Test Crack Length:
Test Termination Normalized Compliance:
Calculated Test Term. Crack Length:

(o]

o]

OOff

05000 Olbf
OOff

00.1 Oin
OOff

0-0.245 Oin
OOff

01 Oin

O0ff

01 Oin
OControlled
oon )
O

O
00.6173
00.6269
00.6261
0©0.6289
00.6264
00.6237
00.6221
00,6201 Oin
00,6185 Oin
00.624013 Oin
O

O
00.7604
00.7457
©0.7303
00.7223
00.7083
00.7154
00.7102
00.7138 Qin
00.7133 Oin
00.722856 Oin

Oin
Oin
Oin
Qin
Oin
Oin
Oin

Oin
Oin
Oin
oin
Oin
Oin
QOin

o]

O

071.75 O(none)
00.616239 Oin
0139.889 O{none)
00.709129 Oin

]






Report.: atrijtest

operator: BJ

Date: Thu Jan 05 14:49:03 1995
Template: JIC Fracture Toughness
P -edure: SE(B)

Bo_sht ATRsmlbendl

Test Summaries : <w-2jic>

-- Run-Time Report: --
Test Duration:
Maximum Load:
Maximum COD:
Maximum Displacement:
Run Time Parm Mpds
Test Termination:

-- JIC Analysis Inputs ASTM E 813:
Upper ISF data range:
Lower LSF data range:
Blunting Factor M:
Minimum J value:
Modulus Factor Lambda:
pDeita a(p) offset:

-- JIC Analysis Calculations: --
Effective Yield Strength
Unload/Reload Compliance

Rotational Correction
J 1ilculation
J-velta a(p)

e Fit
JIC Test Valid \

ty

st Results ASTM E 813:
Points:
Data Points:

-~ JIC T
Number of Data
Number of Vali
Delta a(p) Min Limit Line:

Delta a(p) Max Limit Lines
Regression Slope dJQ/da at delta-aQ:
J-Delta a(p) Eguations

J (in-1bf/in"2) =

¢l * (Delta a(p) (in)) * e2
cl
c2

JQ
Delta a(Q)
Kj value:

-~ Validation |Criteria ASTM E 813-89:
ASTM EB813-89 Section 8.4.2:
tp = 81.29 Sec
Is tp b/w 6 Sec
and 600 |Sec?
ASTM E813-89 Section 7.1.1:

O
0745.657 OSec
02093.85 Olbf
00.0544478 Oin
00.0863195 Oin
OYes
O
O

-=0
015 O%
085 0%
02 O(none)
‘0125 Olbf/in
01 C(none)
0-0.0035 Oin
o

O
OCAvg. of Yield & Ultimate

OUnload & Reload
OASTM E813-89
OASTM E813-89
OASTM E813-89
OASTM E813-89
o

--0
027
012
©0.00822533 Oin
00.0667182 Oin
028416.5 Olbf/in"2
o . e
O
0
07042
00.5701
0524.688 Oin-1bf/in"2
00.0105442 Oin
0129576 Olbf/in"1.5

--0





Report: atrlijtest

Operator: BJ

Date: Thu Jan 05 14:49:03 1535
Template: JIC Fracture Toughness
¥ zedure: SE(B)

Bu.ch: ATRsmlbendl

Test Summaries : <w-2jic>

25 JQ/SFS = 0.1335 in @]

Is b0 > 25 JQ/SFS? OYes

Is B > 25 JQ/SFS? OYes
ASTM E813-89 Section 7.2.2: o
a0/W = 0.6246 o}

Is a0/W b/w 0.5 & 0.75? OYes
ASTM E813-89 Section 7.5: e}
Side grooving = 20.48 pct. 6]

Is side groov1ng <= 25 pct. ? OYes
ASTM E813~-89 Section 7.6.4: . O
Precrack extension = 0.124 in 0]
Is precrack extension >= 0.05a0 @)

and >= 0.05118 in? OYes

ASTM E813-89 Section 7.6.1: o
PL = 2413 1bf . O
ASTM E813-89 Section 8.4.3.6: 0]
Is the locad range of all compliance O
unleoads <= 0.2PL or 0.5 times 0
the current load? Q
ASTM E813-~89 Section 9.3.1: O
Jo all points used for regression lieO
b/w Delta a(p) min & max? OYes
ASTM E813-89 Section 9.2.2: 0
Does at least one data point lie b/w O
the 0.005906 in & 0.01969 in excl.OYes
Does at least one data point lie b/w O
the 0.03937 in & 0.05906 in excl. OYes

ASTM E813-89 Section 9.3.2: O
Were at least 4 data points used for O
the J-Delta a(p) regression? OYes
ASTM ES813-~-89 Section 9.4.1.3: O
Is the slope of the regression curve O
at JQ less than SFS? OYes
ASTM E813-89 Section 9.4.1.5: O
Are all precrack lengths within e}
7 pct. of the average? OYes
ASTM E813-89 Section 9.4.1.5: O
Are all final crack lengths within O
7 pct. of the average? OYes
ASTM E813-89 Section 9.4.1.6: ¢}
Are both near surface crack o]
extensions within 0.02W of the 0
extension at the center? OYes
ASTM E813-89 Section 9.4.1.7: o]

Is the Qifference between the crack O






Report: atrljtest
Operator: BJ
Date: Thu Jan 05 14:49:03 1995
Template: JIC Fracture Toughness

I sedure: SE(B)
Bu.ch: ATRsmlbendl

Test Summaries : <w-2jic>

extension§ found from compliance
and the 9-point averages within
15 pet. of either of the 9-point
average o# pelta a(p) max?
ASTM E813-89 Se?tion 9.4.1.7:
EM from 9-point precrack front
average =  3.367e+07 1bf/in"2
Is EM within| 10 pct. of nominal E?
Were the J values and curve fit
calculated per ASTM E813-897
Is JQ = JIC per| ASTH E813-897
JIC Value (ASTM E813-89):

O<3C)9<D()O
o
0

©cQ
<
®
7

OYes
OYes
0524.688 Oin-lbf/in"2





Specimen <w-5>

1000
800—
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£ n
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-0.02 0 0.02 0.04 0.06 0.08
| Delta a(p) in
JQ ' = 312.206 in-1bf/inA2

Nelta a(0OY = 0 N0D946285 1in
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Specimen <w-5>
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Report:
Operator:
Date:

T -plate:

t cedure:

Batch:

atr2jtest

BJY
Fri

qan 06 13:36:09 19985

SE(B)

JIC Tracture Toughness

ATRsmlbend2

J-Delta a(p) Data Tables : <w-5jq>

Step .

VO

Specimen <w-5>

J Delta a(p)
fin-1lbf/in"2) (in)

12.3792 ~0.000889
18.8527 0.002049
46.3494 0.002814
61.2708 0.000453
90,9402 -0.001445
132.736 =-0.002472
182.900 '0.001043
236.981 0.003877
327.761 - 0.009796
3%92.050 0.015403
459,727 0.020855
521.176 0.026800
584.167 0.032802
656.133 0.038072
699.895 0.045240
758.837 0.053236
785.318 0.064942
863.450 0.067746

Load

(1bf)
231.642
411.529
594.861
773.714
957.391
1126.59
1269.95
1288.91
1245.83
1200.34
1150.03
1103.85
1057.67
1025.28
981.514
935.681
905.700
882.955

CoD

(in)
0.001580
0.003252
0.004958
0.006698
0.008593
0.010368
0.012367
0.014727
0.017226
0.019672
0.022240
0.024721
0.027185
0.029683
0.032199
0.034801
0.037471
0.040176

page 1





Report: atr2jtest

Operator: BJ

Date: Fri Jan 06 13:36:09 1995
T slate: JIC Fracture Toughness
P. .cedure: SE(B)

Batch: ATRsmlbend2

J-Delta a(p)} Data Tables :

Step Displ.
(in}
1 0.003125
2 0.006054
3 0.009500
4 0.012773
5 0.015875
6 0.019148
7 0.022077
8 0.025351
9 0.028624
10 0.0318%8
11 0.035171
12 0.038273
13 0.041546
14 0.044648
15 0.047749
16 0.051195
17 0.054296
18 0.057570

<w-5jg>.

Specimen <w=-5>

J
Exclusion

Invalid
Invalid
Invalid
Invalid
Invalid
Invalid
Invalid
Invalid
valiad
valid
valid
valid
valid
valid
valid
valid
Invalid
Invalid

Delta a(p)

Max/Min

Invalid
Invalid
Invalid
Invalid
Invalid
Invalid
Invalid
Invalid
valid
valid
valid
Vvalid
valid
valid
valid
valid
Invalid
Invalid

fo

Displ.

(in)

0.001718
0.003555
0.005888
0.008076
0.010062
0.012308

0.017525
0.021060
0.024610

0.031571
0.035125
0.038423
0.041790
0.045514
0.048797
0.052209

r J calc. .

0.014366

0.028189

page 2
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Report: atr2jtest
Operator: BJ i
Date: Fri Jan 06 13:36:09 1995

T »late: JIC Fracture Toughness
P. .cedure: SE (B‘

Batch: ATRsmlbend2

J-Delta a(p) Data Tables : <w-5jg>

Specimen <w-5>

Step Normalized Energy

Compliance for J calc.

({none)) (in-1bf)

1 -87.5415 0.298345
2 100.820C 0.884155
3 85.4734 2.03826
4 133.081 3.55011
5 131.173 5.28265
6 127.829 7.63800
7 124.986 10.1280
8 143.197 14.2779
9 135.294 18.8423
10 151.227 23.2611
11 162.106 27.5348
12 172.876 31.3952
13 183.669 35.3024
14 172.320 38.7855
15 196.916 42.2304
16 . 205.628 45.8486
17 244.641 48.9201

is _ 220.240 52.0256






Report: atr2jtest
Operator: BJ
Date: Fri Jan 06 13:40:05 1995
Template: JIC Fracture Toughness
P zedure: SE(B)
B...ch: ATRsmlbend2
Test Summaries : <w-5jq>

-~ Identification: ~-
Template:
Procedure:

General Information:
This Test is designed to run SE(B)

Batch:

Comments:

Specimen Name:

Conments:

-~ Geometry:
Specimen Geometry:
Width
Notch Length
Thickness
Net Thickness
Span
Modulus of Elasticity
Yield Strength
U imate Tensile Strength
Puusson's Ratio
Crack Plane Orientation
Test Temperature
Compliance Calibration File:
K-Calibration File:

== Precrack Parameters: --
Final Kmax
Load Ratio, R
Test Fregquency
Final crack Length
Cycle Limited
Maximum Number of Cycles
Manual measurement
Compliance measurement
Upper ISF data range
Lower LSF data range
Automatic Inspection Hold
Inspection Interval (cycles)

(min/max)

—-= Precrack Results:
Precrack Cycles
Precrack Kmax
Precrack Final K

~ OSE(B)

O
O
OJIC Fracture Toughness
OSE({B)
O

style specimeps.RThe test will be run u
OATRsmlbend2
O

Ow=5

o)

O

O

00.998 Oin

00.5 Oin

00.502 Oin

00.4 Oin

04 Oin

02,.76e+07 Olbf/in"2
089900 Olbf/in"2
0106600 Olbf/in"2
C0.3 O(none)

O

Q125 Odeg_F
OC:\ts2\79050\SE(B) .CPL
OC:\ts2\79050\SE(B) . KCL
O

0

020000 Olbf/in"1.$
00.2 O(none)
010 OHz

00.645 Oin
OOff

010000

QOff

O0On

090 0%

010 O%

OOff

010000

O

o

00

O0 Olbf/in"1.5
00 Olbf/in"1.5






Report: atr2jtest
Qperator: BY
Date: Fri Jan 06 13:40:05 1995
Template: JIC Fracture Toughness
T cedure: SE(B)

B...ch: ATRsmlbend2

Test Summaries |z <w=5jg>

Precrack Pmax 00 Olbf
Precrack Final P 0-300 Olbf
precrack crack length 00.6919 Oin
Precrack user comment Oonly precrack length is valid
O
- Precrack Setup: -- O
Load Sensor: : OForce 1
Load Range: ' 010000 Olbf
COD Sensor: ) OLength 2
COD Ranges - ’ ©0.5 Oin
O
-~ JIC Execution Parameters: -- O
Precycle Load 0-500 Olbf
Test Control Obisplacement
Ramp Rate 0-0.0002 Oin/Sec
Unload on Load Step OOff
Load Step 0300 Olbf
UnlLoad on COD Step OOff
CoD Step 00.001 Oin
UnLoad on Displacement Step o0n
I »lacement Step 00.004 Oin
Uun.oad Pct of (Current Load oon
Percent Unload 020 O%
Unload Absolu?e Ooft
Absolute Unload 0300 Olbf
Number of Unlqads o2
Crack Propagation Hold Time 02 Csec
Unload Rate 0300 Olbf/Sec
Relocad Rate 0300 Olbf/Sec
Ramp To Initial Load oon
Pct Of Final Precrack Load C100 O%
Load Ramp Rate ' 0-100 Olbf/Sec
» O
-— JIC Test Setup: —— o
Load Sensor: OForce 1
Load Range: 010000 Olbf
COD Sensor: OLength 2
COD Range: 00.5 Oin
Displacement Sensor: OLength 1
Displacement Range: ' 05 Oin
Frame Stiffness: 0164700 Olbf/in
O
~= JIC Data Storage: -— O
Event Log Filename: Oelog.txt

Raw Data Filename: Cja4.100







Report: atr2jtest

Operator: BJ

Date: Fri Jan 06 13:40:05 19385
Template: JIC Fracture Toughness

F <cedure: SE(B)

B._ch: ATRsmlbend2

Test Summaries : <w-5jQ>

—= JIC Test Termination: --
End on maximum load
Maximum Load
End on maximum COD
Maximum COD
End on maximum displ.
Maximum Displacement
End on maximum Crack Length
Maximum Crack Length
End on maximum Crack Extension
Maximum Crack Length Extension
Termination Type
Hydraulic Shutdown

-=- Final Precrack Lengths: --
Precrack length
Precrack length
Precrack length
Precrack length
¥ crack length
Piecrack length
Precrack length
Precrack length
Precrack length
Average Precrack:

VoOoNaUdLNKW

—-— Final JIC
crack length 1
crack length 2
crack length 3
crack length 4
crack length 5
6
7
8

Crack Lengths: --
Final
Final
Final
Final
Final
Final
Final

crack length
crack length
Final crack
Final crack
Average Physical Crack:

— Calculated Crack Lengths: --
Pre Test Normalized Compliance:
Calculated Pre Test Crack Length:
Test Termination Normalized Compliance:
Calculated Test Term. Crack Length:

O

0]

Ooff

05000 Olbf
QOff

00.1 Oin
OOff
O-0.245 Oin
OOfE

01 Oin

Ooff

01 Oin
CControlled
COn

O

o
00.6134
00.6167
00.6166
00.6263
00.6276
00.6279
00.6265 0Oin
00.6248 Oin
00.618 Oin
00.622763 Oin
o .
O
00.7977
00,7957
00.7839
Q0.7834
00.7783
00.7822
06.7711
00.7796 Oin
00.7807 Oin
00.782925 Oin

O

O

0123.057 C(none)
00.691982 Oin
0224.086 O(none})
00.762228 Oin

O

Cin
Oin
Oin
Oin
Oin
Oin

Oin
Oin
Oin
Oin
Oin
Oin
Oin






Report: atr2jtest

Operator: BJ

Date: Fri Jan 06 13:40:05 1995

Template: JI

T ~=edure: SE(B)

Test Summaries |3

-- Run-

Test Duration:

Maximum Load:
Maximum COD:

C Fracture Toughness

B..ch: ATRsmlbend2

<w-5jq>

Time Report: --

O

0464.846 OSec
01238.87 Olbf
00.0398709 Oin

Maximum Displacement: 00.057374 Oin

Run Time Parm Mods OYes
Test Termination: o
% O
-== JIC Anal&sis Inputs ASTM E 813: --O
Upper LSF data range: 015 0%
lLower LSF data| range: 085 O%
Blunting Factor M: 02 O{none)
Minimum J value: 00 Olbf/in
Modulus Factor‘Lambda: 01 O(none)
Delta a(p) offset: 0-0.0025 Oin
O
-- JIC Apalysis calculations: -- O
Effective Yield Strength OAvg. of Yield & Ultimate
Unload/Reload Compliance OUnload & Reload

Rotational Correction
J 1lculation
J-~velta a(p) Curve Fit
JIC Test Validity

OASTM E813-89
CASTM EB13-89
OASTM E813-89
CASTM E813-89

O
-- JIC Test Results ASTM E 813: --O
Number of Datagpoints: 018
Number of Valid Data Points: )
Delta a(p) Min Limit Line: 00.00729899 Oin
Delta a(p) ' Limit Line: 00.0632579 Oin
Regression Slope dJQ/da at delta-aQ: 016891.7 Olbf/in"2
J-Delta a(p) Egquation: o] )
J (in—lbf/gn‘z) = 0
cl * (Delta a(p) (in)) °~ c2 o]
cl 03392
c2 00.5118
JQ 0312.206 Oin-1bf/in"2
Delta a(Q) 00.00946285 Oin
Kj Vvalue: 092827.3 Olbf/in"1.5
O
-- validation |[Criteria ASTM E 813-89: ——C
ASTM E813-89 Section 8.4.2: e}
tp = 76.63 Sec o
Is tp b/w 6 SecC Q
and 600 Sec? OYes
ASTM EB813-89 Section 7.1.1: O






Report: atr2jtest

Operator: BJ

Date: Fri Jan 06 13:40:05 1995
Template: JIC Fracture Toughness

T zedure: SE(B}

L. _ch: ATRsmlbend2

Test Summaries : <w=-5jg>

25 JQ/SFS = 0.07944 in O
Is b0 > 25 JQ/SFS? OYes
Is B > 25 JQ/SFS? OYes
ASTM E813-89 Section 7.2.2: 0
a0/W = 0.624 o
Is a0/W b/w 0.5 & 0. 752 OYes
ASTM E813-89 Section 7.5: O
Side grooving = 20.32 pct. O .
Is side grooving <= 25 pct.? OYes
ASTM E813-89 Section 7.6.4: 0]
Precrack extension = 0,1228 in 0
Is precrack extension >= 0.05a0 o]
and >= 0.05118 in? "QOYes
ASTM E813-89 Section 7.6.1: 0

PL = 1540 1bf O
ASTM EB13-89 Section B.4.3.6: O
Is the load range of all compliance O
unlcads <= 0.2PL or 0.5 times 0]

O

the current load? Yes
ASTM E813-89 Section 9.3.1: O
Y0 all points used for regression lieO
b/w Delta a(p) min & max? OYes

ASTM EB813-89 Section 9.2:.2:.
Does at least one data point lie b/w O
the 0.005906 in & 0.01%969 in excl.OYes
Does at least one data point lie b/w O
the 0.03937 in & 0.05906 in excl. OYes

ASTM E813-89 Section 9.3.2: O
Were at least 4 data points used for O
the J-Delta a(p) regression? OYes
ASTM EB813-89 Section 9.4.1.3: O
Is the slope of the regression curve O
at JQ less than SFsS? OYes
ASTM E813-89 Section 9.4.1.5: O
Are all precrack lengths within O
7 pct. of the average? OYes
ASTM E813-89 Section 9.4.1.5: O
Are all final crack lengths within O
7 pct. of the average? OYes
ASTM E813-89 Section 9.4.1.6: O
Are both near surface crack O
extensions within 0.02W of the (o]
extension at the center? OYes
ASTM E813-89 Section 9.4.1.7: 6]

Is the difference between the crack O






Report: atrﬁjtest

Operator: BJ

Date: Fri | Jan 06 13:40:05 1995
Template: JIC| Fracture Toughness

T cedure: SE(B)

v che ATRsmlbendz

i
Test Summaries|: <w-5jg>

extensions found from compliance
and the 9-p01nt averages within
15 pct. 9f either of the 9-point
average or Delta a(p) max?
ASTM E813-89 Sgction 9.4.1.7:
EM from 9-p9int precrack front
average = 1. 688e+07 lbf/ln 2
Is EM w1th1n 10 pct. of nominal E?
Were the J values and curve fit
calculated per ASTM E813-89?
Is JQ = JIC per ASTM E813-897
JQ Value (ASTM E813-89):

o

C)g()OC)g(DC)O

2
]
1]

0312.206 Oin-lbf/in"2





Specimen <w-6>

2500
2000—
J L
J' .
L. -
- 1500—
1 B
b B
£ o
/ 1000—
1 |
n N
A |
) -
500— :
ol L1y l:f:.ll"iillill]!:}‘l‘l]llllil
-0.02 0 0.02 0.04 0.06 0.08 0.1
Delta a(p) in |
JQ = 657.843 in-1lbf/inA2

Nel+a alnYy = N0 N1T1221R 4in





A o

Hh O+

2000

Specimen <w-6>

500

llLlIIJllllillIll it i

0.016 0.032 0.048 0.064 0.08
COD in





o= apoH

2000

1000— N
500
0 1114' [Itlll 1|1lr| lllll 1111 | 1![111
0 0.0342857 0.0685714

Displacement in

0.102857






Report: atr3jtest
Operator: BJ

Date: Fri Jan 06 10:29:44 1995
T >late: JIC Fracture Toughness

Prucedure: SE(B)
Batch: ATRsmlbend3

J-Delta a(p) Data Tables : <w-6jic>

Step J
(in-1b£f/in”"2)
1l 50.3398
2 86.6737
3 144.285
4 216.710
5 294.914
6 395.128
7 493.789
8 - 603.862
9 709.133
0 - 812.272
11 917.335
12 1021.01
13 1118.24
14 1214.00
15 1308.80
16 1399.77
17 | 1490.16
18 1567.31
19 1644.40
20 1738.13
21 1814.14
22 : 1890.67
23 1973.16
24 2036.21
25 2042.78
26 2171.22
27 2296.37

Specimen <w-6>

Delta a(p)

(in)
0.021878
0.010006
0.006444
0.003247

-0.002132
0.002581
0.004595
0.009681
0.014911
0.014336
0.020114
0.024471
0.026612
0.035898
0.038507
0.042140
0.047176
0.053079
0.060137
0.061080
0.067600
0.070710
0.073095
0.079720
0.081357
0.086820
0.091234

Load

(1bf)
902.253
1217.57
1480.16
1675.56
1804.79
1873.02
1896.11
1903.00
1882.32
1858.20
1833.73
1793.07
1745.17
1694.51
1650.75
1613.18
1567.70
1533.23
1492.57
1454.66
1426.41
1388.50
1356.11
1320.95
1302.00
1245.14"
1180.35

CoD

(in)
0.004113
0.005940
0.007852
0.009972
0.012229
0.014607
0.017122
0.019621
0.022205
0.024841
0.027391
0.030097
0.032785
0.035438
0.038195
0.040883
0.043674
0.046379
0.049153
0.051927
0.054667
0.057510
0.060284
0.063110
0.063489
0.068434
0.073414
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page 2

Report: atrijtest

Operator: BJ

Date: Fri Jan 06 10:29:44 1995
T sjlate: JIC Fracture Toughness
Prucedure: SE(B)

Batch: ATRsmlbend3

J-Delta a(p) Data Tables : <w~6jic> |

Specimen <w-6>

Step

VoSO msWN -

Displ.

(in)
0.009909
0.013906
0.017869
0.021832
0.025829
0.029861
0.033893
0.037890
0.041870
0.045902
0.049847
0.053948
0.057893
0.061908
0.065922
0.069902
0.073917
0.077862
0.081894
0.085908
0.090026
0.093920
0.097883
0.101880
0.102397
0.109392
0.116387

J
Exclusion

Invalid
Invalid
Invalid
Invalid
Invalid
Invalid
Invalid
.Valid
valid
valid
valid
valiad
valid
Valigd
valid
valid
Valia
valid
valid
Valid
valid
Invalid
Invalid
Invalid
Invalid
Invalid
Invalid

Delta a(p)
Max/Min

valid
valid
Invalid
Invalid
Invalid
Invalid
Invalid
valid
valid
Vvalid
valid
valid
valid
valid
valid
valid
valid
valid
valid
valid
Vvalid
Invalid
Invalid
Invalid
Invalid
Invalid"
Invalid

. Displ.
for J calc.
.~ (in)
10.004431
10.006514
10.008882
10.011659
:10.014871
10.018489
10.022380
1 0.026336
1 0.030441
'0.034619
+0.,03B713
' 0.043061
'10.047297
| 0.051619
| 0.055899
1 0.060107
1 0.064398
' 0.068553
10,072832
1 0.077076
1 0.081366
- 0.085490
| 0.089649
' 0.093860
' 0.094492
' 0.101832
,0.109160





Report: atr3jtest
Operator: BJ

Date: Fri Jan 06 10:29:44 1995
T »slate: JIC Fracture Toughness

P.ucedure: SE(B)
Batch: ATRsmlbend3

J-Delta a(p) Data Tables : <w-6jic>

Step Normalized

Compliance
( (none))
1 68.5143
2 71.5032
3 66.6667
4 63.5498
5 65.5031
6 65.0227
7 69.6497
8 68.9149
9 72.8662
10 78.9703
11 79.9190
12 85.2301
13 93.1046
14 93.7678
15 101.473
16 107.443
17 110.876
18 118.419
19 124.032
20 130.433
21 132.839
22 142.206
23 148.098
24 151.634
25 151.252
26 : 163.978

27 180.083

Specimen <w-6>

Energy
for J calc.
{(in-1bf)
2.44886
4.69024
7.94583
12.4027
18.0904
24.8632
32.3278
39.973b
47.8870
55.8276
63.5290
71.5491
79.1975
86.7544
94.0460
101.026
107.981
114.528
121.132
127.494
133.774
139.671
145.483
151.222
152.058
161.606
170.714

prage 3





Report: atr3jtest
Operator: BJ

Date: Fri Jan 06 10:31:42 1995
Template: JIC Fracture Toughness

I cedure: SE(B)
L _.ch: ATRsmlbend3

Test Summaries : <w-6jic>

~= Identification: --
Template:
Procedure:
General Information:

This Test is designed to run SE(B)

Batch:
Comments:
Specimen Name:
Comments:

T - == Geometry: --
Specimen Geometry:
Width
Notch Length
Thickness
Net Thickness
Span
Modulus of Elasticity
Yield Strength
T imate Tensile Strength
Fuisson's Ratio
Crack Plane Orientation
Test Temperature
Compliance Calibration File:
K=-Calibration File:

-- Precrack Parameters:
Final Kmax
Load Ratio, R {min/max)
Test Frequency
Final Crack Length
Cycle Limited
Maximum Number of Cycles
Manual measurement
Compliance measurement
Upper LSF data range
Lower LSF data range
Automatic Inspection Hold
Inspection Interval (cycles)

-= Precrack Results: --

Precrack Cycles
Precrack Kmax
Precrack Final K

O

0 I

GJIC Fracture Toughness
OSE (B)

O

style specimens.®The te
OATRsmlbend3

O

Ow—-6

o] '

0]

o)

' OSE(B)

00.999 Oin
00.5 Oin
00.503 Oin
00.4 Oin
04 Oin
03.311e+07 Olbf/in"2 |
089900 Olbf/in"2
0106600 Olbf/in"2
00.3 O(none})

O

0125 Odeg_F
OC:\ts2\79050\SE(B) .CPL
OC:\ts2\79050\SE(B) .KCL
O

o) |
020000 Olbf/in"1.5
00.1 O(none)

010 OHz -

00.645 Oin

Coff

010000

COff

oon

090 O%

10 O%

OOff

010000

O

O

©o0

00 Olb£f/in"1.5

©C0 O1lbf/in”"1.5

st will be run u





Report: atr3jtest

operator: BJ

Date: Fri Jan 06 10:31:42 1895
Template: JIC Fracture Toughness

I cedure: SE(B)

Ba.chs ATRsmlbend3

Test Summaries : <w-6jic>
Precrack Pmax

Precrack Final P
precrack crack length
Precrack user comment

-- Precrack Setup: --
Load Sensor:
load Range:
COD Sensor:
COD Range:

-- JIC Execution Parameters: --
Precycle Load
Test Control
Ramp Rate
UnLoad on Load Step
load Step
Unload on COD Step
COD Step
UrToad on Displacement Step
I placement Step
Unioad Pct of Current Load
Percent Unload
Unload Absolute.
Absolute Unload
Number of Unloads
Crack Propagation Hold Time
Unload Rate
Reload Rate
Ramp To Initial Load
Pct Of Final Precrack Load
Load Ramp Rate

-= JIC Test Setup: --
Load Sensor:
Load Range:
COD Sensor:
COD Range:
Displacement Sensor:
Displacement Range:
Frame Stiffness:

-- JIC Data Storage: --
Event Log Filename:
Raw Data FileFame:

0900 O1lbf

03900 Olbf

00.5993 Oin

Oonly precrack length is valid
O

O

CForce 1
010000 Olbf
OLength 2
00.5 Oin

O

o
"0~500 Olbf

ODisplacenent
0-0.0002 Oin/Sec
COfE

0300 O1bf
Coff

00.001 Oin
oon

00.004 Oin
oon

020 O%

OOff

0300 Clbf

02

Q2 OSec

0300 Olbf/Sec
0300 Olbf/Sec
O0n

0100 O%

0~100 Olbf/Sec
O

O

OForce 1
010000 Olbf
OLength 2
00.5 Oin
OLength 1
00.5 Oin
0164700 Olb£/in
O

O

Oelog.txt
0Ojg£.000

.





Report: atr3jtest

Operator: BJ

Date: Fri Jan 06 10:31:42 1995
Tenplate: JIC Fracture Toughness

F cedure: SE(B)

B...ch: ATRsmlbend3

Test Summaries : <w~6jic>

-= JIC Test Termination: --
End on maximum load
Maximum Load
End on maximum COD
Maximum COD
End on maximum displ.
Maximunm Displacement
End on maximum Crack Length
Maximum Crack Length
End on maximum Crack Extension
Maximum Crack Length Extension
Termination Type
Hydraulic Shutdown

-- Final Precrack Lengths: --
Precrack length
Precrack length
Precrack length
Precrack length
F crack length
Precrack length
Precrack length
Precrack length
Precrack length 9
Average Precrack:

OIS W

-= Final JIC Crack Lengths: --

Final crack length 1
Final crack length 2
Final crack length 3
Final crack length 4
Final crack length 5
Final crack length 6
Final crack length 7
Final crack length 8
Final crack length 9
Average Physical Crack:

-=- Calculated Crack Lengths: -—-
Pre Test Normalized Compliance:
- Calculated Pre Test Crack Length:
Test Termination Normalized Compliance:
Calculated Test Term. Crack Length:

0

O

ooff

05000 Olbf
OO0ff

00.1 Oin
O0ff
0-0.245 Oin
QOff

01 Oin
QOff

O1 Oin

"OControlled

OOn

O

O

00.6353 Oin
00.6387 Oin |
00.6414 Oin
00.6441 Oin
00.6456 Oin
00.6452 Oin
00.6407 Oin
00,6388 Oin
00.6399 Oin
00.641513 QOin
O

O

00.7663 Oin
00.7576 Oin
00.7532 Oin -
00.7526 Oin
©0.7417 Oin
00.7468 Oin
00.734 Oin
00.7435 Oin
00.7532 Oin
00.748644 Oin
C

O

077.1986 O(none)
00.62737 Oin
0l61.54 O{none)
00.726604 Oin
O





Report: atr3jtest
Operator: BJ

pate: Fri Jan 06 10:31:42 1995
Template: JIC Fracture Toughness

T zedure: SE(B)
Bw.Ch ATRsmlbend3

Test Summaries : <w=-6jic>

~= Run-Time Report: --

Test Duration:
Maximum Load:
Maximum COD:

Maximum Displacement:
Run Time Parm Mods
Test Termination:

o

0868.302 OSec
01844.7 Olbf
00.0733495 Oin ‘
00.116685 Oin
OYes

o

O

—= JYIC Analysis Inputs ASTM E 813: -0

Upper LSF data range:
Lower LSF data range:
Blunting Factor M:
Minimum J value:
Modulus Factor Lambda:
Delta a(p) offset:

-- JIC Analysis Calculations: --

Effective Yield Strength
Unload/Reload Compliance
Rotational Correction

¢ 1ilculation

J-velta a(p) Curve Fit
JIC Test validity

-- JIC Test Results ASTM E 813: =

Number of Data Points:

Number of Valid Data Points:

Delta a(p) Min Limit Line:
Delta a(p) Max Limit Line:

Regression Slope dJQ/da at delta-aQ:

J-Delta a(p) Equation:
J (in-1bf/in"2) =

cl * (Delta a(p) (in))

cl

c2
J9
Delta a(Q)
Kj Vvalue:

— Validation Criteria ASTM
ASTM EB813-89 Section 8.4.2:

tp = 18.77 Sec
Is tp b/w 6 Sec
and 600 Sec?

ASTM ES813-89 Section 7.1.1:

015 0%
Q85 O%
02 O{none)

0200 Olbf/in

C1 O(none)
0~-0.008 Qin

O o

O

OAvg. of Yield & Ultimate
OUnload & Reload
OASTM E813-89
OASTM E813-89
OASTM E813-89
COASTHM E813-89

O

-0

027

O14

00.00883088 Oin
00.0683041 Oin
032940.8 Olbf/in"2
O )

0

o

08186

00.5613

0657.843 Oin-1bf/in"2
00.0112218 Oin
0147585 Olbf/in"1.5
0

E 813-89: --0O





Report: atr3jtest

Operator: BJ

Date: Fri Jan 06 10:31:42 1995
Template: JIC Fracture Toughness

I cedure: SE(B)

Bu.chs ATRsmlbend3

Test Summaries : <w-6jic>

25 JQ/SF5 = 0.1674 in O

Is b0 > 25 JQ/SFS? OYes

Is B > 25 JQ/SFS8? CYes
ASTM E813-89 Section 7.2.2: O
a0/W = 0.6422 O

Is a0/W b/w 0.5 & 0.757 OYes
ASTM E813-89 Section 7.5: : o
Side grooving = 20.48 pct. 0

Is side grooving <= 25 pct.? OYes
ASTM EB13-89 Section 7.6.4: 0]
Precrack extension = 0.1415 in O
Is precrack extension >= 0.05a0 o

and >= 0.05118 in? OYes
ASTM E813-89 Section 7.6.1: O

PL = 2275 1bf O
ASTM E813-89 Section 8.4.3.6: O
Is the load range of all compliance ©
unloads <= 0.2PL or 0.5 times o]

O

the current load? Yes
ASTM E813-89 Section 9.3.1: O
Jdo all peints used for regression 1lieC
b/w Delta a(p) min & max? OYes
ASTM E813-89 Section 9.2.2: 8]

Does at least one data point lie b/w O
the 0.005906 in & 0.01969 in excl.OYes

Poes at least one data point lie b/w O
the 0.03937 in & 0.05906 in excl. OYes

ASTM E813-89 Section 9.3.2: O
Were at least 4 data points used for ©
the J-Delta a(p) regression? OYes
ASTM E813-89 Section 9.4.1.3: o
Is the slope of the regression curve O
at JQ less than SFS? OYes
ASTM E813-88 Section 9.4.1.5: 0]
Are all precrack lengths within o
7 pct. of the average? QOYes
ASTM E813-89 Section 9.4.1.5: o)
Are all final crack lengths within o©
7 pct. of the average? OYes
ASTM E813-89 Section 9.4.1.6: O
Are both near surface crack O
extensions within 0.02W of the o
extension at the center? OYes
ASTM E813-89 Section 9.4.1.7: O

Is the gifference between the crack O





Report: atr3jtest

Operator: BJ -

Date: Fri}Jan 06 10:31:42 1995
Template: JIC Fracture Toughness

T cedure: SE(B)

Bwuch: ATRsmlbend3

Test Summaries : <w-6jic>

extensions found from compliance
and the 9-point averages within
15 pct. of either of the 9-point
average or Delta a(p) max?
ASTM E813-89 Section 9.4.1.7:
EM from 9-point precrack front
average = 3.642e+07 lbf/in"2
Is EM within 10 pct. of nominal E?
Were the J values and curve fit
calculated per ASTM E813-89?
Is JQ = JIC per ASTM E813-897?
JIC vValue (ASTM E813-89):

O()C)Q(D()C
[
n

Qo9
® O
7] u

OYes

0657.843 Oin-1bf/in"2





Y

NS>SB HSNHD O F

JQ

Nal+a o n)

Specimen <w-7>

2000

1500—

1000—

500—

el - e e o m - o 4

NN [ T O B

0.02 0.04 0.06 0.08
Delta a(p) in ,

= 668.231 in-1bf/inA2
= 0 N112747 in






o' @apot

Specimen <w-7>

1500_

10003—

SOOf ————————————————————————————————————
0 T T T O I[J_lllllsilii
0 0.016 0.032 0.048 0.064 0.08

COD in






R o N o T o I o B

Specimen <w-7>

1500

1000—

500—

Ol ¢ 11 Pt L1 | 144 I | 1

1 1t

0

!
0.02 0.04 0.06 0.08 0.1
Displacement in






Report: atr2jtest
Operator: BJ

Date: Fri Jan 06 09:30:36 1995
T -plate: JIC Fracture Toughness

¥ .cedure: SE(B)
Batch: ATRsmlbend2

J-Delta a(p) Data Tables

Step J
{in-1bf/in"2)
1 5.70865
2 17.6263
3 36.5370
4 66.8403
5 100.309
6 144.780
7 195.214
8 258.129
9 330.208
10 403.396
11 477.764
12 554.437
13 627.053
14 700.904
15 777.034
16 848.088
17 923.920
18 994.623
19 1008.09
20 1098.34
21 1171.17
22 1268.19
23 1342.57
24 1426.08
25 1500.33
26 1577.40
27 1649.72
28 1723.71
29 1798.68
30 1843.51
31 1898.94
32 1960.96

<w=7jic>
Specimen <w-7>

Delta a(p)

(in)
0.031433
0.016655
0.008027
0.009968
0.004160
3.64e-05

-0.000146
-0.004189
0.000940
0.001400
0.004613
0.005275
0.009163
0.013104
0.014338
0.017092
0.020096
0.022892
0.024609
0.024157
0.031692
0.031566
0.038776
0.040284
0.044075
0.048827
€.052005
0.054259
0.057480
0.063951
0.069882
0.072156

Load

(1bf£)
228.196
426,347
640.350
857.454
1062.50
1223.09
1334.74
1405.04
1442.26
1460.18
1461.21
1464.31
1456.39
1447.43
1431.23
1420.89
1403.66
1386.09
1369.54
13%58.86
1324.40
1293.73
1265.82
1238.94
1200.34
1178.63"
1150.03
1116.60
1089.38
1043.54
1012.53
987.028

coD
(in)
0.001460
0.002856
0.004320
0.005819
0.007508
0.009179
0.011023
0.012952
0.014934
0.017002
0.019086
0.021189
0.023291
0.025462
0.027598
0.029718
0.031906
0.034094
0.034439
0.037144
0.039918
0.042726
0.045535
0.048326
0.051152
0.053961
0.056855
0.059681
0.062576
0.065488
0.068382
0.071294

page 1






page 2

Report: atr2jtest
Operator: BJ
Date: Fri Jan 06 09:30:36 1955

T wlate: JIC Fracture Toughness
E. .cedure: SE(B) i
Batch: ATRsmlbend2 ;

|
J-Delta a(p) Data Tables : <w-7jic>

Specimen <w-7>

Step Displ. J Delta a(p)  Displ.
Exclusion Max/Min for J calc.
(in) (in)

1 0.004069 Invalid valid 0.002683
2 0.007290 Invalid Valid 0.004702
3 0.010443 Invalid Invalid 0.006555
4 0.013683 Invalid valid 0.008476
5 0.016887 Invalid Invalid 0.010436
6 0.020126 Invalid Invalid 0.012700
7 0.023262 Invalid Invalid 0.015158
8 0.026467 Invalid Invalid 0.017936
9 0.029637 Invalid Invalid - i0,020880
10 0.032859 Invalig Invalid 0.023993
11 0.036081 Invalid Invalid 0.027209
12 0.039251 Invalid Invalid 0.030360
13 0.042473 valid valid 0.033630
14 0.045660 valid valid 0.036872
15 0.048848 valid valid i0.040158
16 0.052087 valid valid 0.043460
17 0.055309 valid Vvalid 0.046786
18 0.058531 valid valid 0.050115
19 0.058927 Valid valid 0.050612
20 0.062838 valid valid 0.054588
21 0.066887 valid valid 0.058846
22 0.070884 valid valid 10.063029
23 0.074899 valig Vvalid '0.067213
24 0.078827 valid valid i0.071305
25 0.082876 Valid valid 0.075588
26 0.086908 valia valid ~ 10,079751
27 0.090939 Valid valid '0.083957
28 0.094919 valid valia '0.088140
29 0.098917 valid valid 0.092302
30 0.102879 Valid Valid '0.096543
31 0.106911 Invalid Invalid 0.100763
32 0.110925 Invalid Invalid 0.104933





Report: atrZzjtest
Operator: BJ
Date: Fri |Jan 06 09:30:36 1995

T vlate: JIC

E. cedure: SE(B)

Batch: ATRj

J-Delta a(p) D

Fracture Toughness
mlbend2
ta Tables : <w-7jic>

Specimen <w-7>

Step Normalized Energy

Compliance for J calc.

((none)) (in-1bf)

1 120.299 0.268499
2 122.697 0.925906
3 111.818 1.90984
4 107.056 3.35843
5 106.459 5.25767
6 105.057 7.88449
7 108.951 11.0810
8 105.271 14.9448
9 105.066 19.2036
i0 105.778 23.7969
11 108.793 28.5663
12 107.816 33.2498
13 113.127 38.1063
14 116.519 42,8973
15 - 118.703 47.7032
16 124.819 52.4888
17 125.953 $7.2607
18 131.451 61.9800
19 127.071 62.6681
20 132.256 68.2102
21 145.650 74.0300
22 146.444 79.6042
23 149.943 85.0460
24 156.778 90.2651
25 168.559 - 95.5801
26 167.213 © 100.611
27 178.214 105.599
28 188.759 110.424
29 188.433 115.096
30 206.554 119.723
31 207.972 124.135
32 226.208 128.373

page 3





Reports: atr2jtest
Operator: BJ
Date: Fri Jan 06 09:33:36 1995
Template: JIC Fracture Toughness
P <edure: SE(B)
5. .ch: ATRsmlbend2
Test Summaries : <w-7jic>

~— Identification: -
Template:
Procedure:

General Information:
This Test is designed to run SE(B)
Batch:
Comments:
Specimen Name:
Comments:

«~— Geometry: -~
Specimen Geometry:
Width
Notch Length
Thickness
Net Thickness
Span
Modulus of Elasticity
Yield Strength
U imate Tensile Strength
Pc.sson's Ratio
Crack Plane Orientation
Test Temperature
Compliance Calibration File:
KX-Calibration File:

-= Precrack Parameters: --

Final Kmax
Load Ratio, R
Test Frequency
~ Final Crack Length

Cycle Linited

Maximum Number of Cycles
Manual measurement
Compliance measurement
Upper LSF data range

Lower LSF data range
Automatic Inspection Hold
Inspection Interval (cycles)

(min/max)

—=— Precrack Results: -~-
Precrack Cycles
Precrack Kmax
Precrack Final K

‘010 OHz -

O
O
QJIC Fracture Toughness
OSE (B)
0

style specimens.®The test will be run u
CATRsmlbend2

O

Ow-7

O

O

G

OSE(B}

00.999 QOin

00.5 Oin

00.503 Oin

00.4 Qin

04 Oin '
03.3e+07 Olbf/in"2
089900 Olbf/in"2
0106600 Olbf/in"2
©0.3 O(none)

O

0125 Odeqg_F
OC:\ts2\79050\SE(B) .CPL
OC:\ts2\79050\SE(B) .KCL
O

O
020000 Olbf/in"1.s
00.1 O(none)

00.645 Oin
OOff

010000

Qoff

Ooon

090 O%

010 O%

OOff

010000

O

O

o0

00 Olbf/in"1.5
O0 Olbf/in"1.%






Report: atr2jtest
Operator: BJ

Date: Fri [Jan 06 09:33:36 1995

Template: JIC Fracture Toughness
P <edure: SE(B)
B. .ch: ATRgmlbend2

Test Summaries : <w-7jic>

Precrack Pmax

Precrack Final P )
Precrack crack length
Precrack user comment

-- Precrack Setup: --
load Sensor: ‘
Load Range:

COD Sensor:
COD Range:

~= JIC Execution Parameters: =--

Precycle Load
Test Control

Ramp Rate .
UnlLoad on Load|Step
Load Step .
UnLoad on COD Step
COD step

Unload on Displacement Step
L Jlacement Step

T.e0ad Pct of rrent load
Percent Unload

Unload Absolut

Absolute Unloag

Number of Unloads

Crack Propagation Hold Time
Unload Rate
Reload Rate
Ramp To Initial Load

Pct Of Final Precrack Load
Load Ramp Rate

-- JIC Test Setup: -—
Load Sensor:
Toad Range:-
COD Sensor:
COD Range:
Displacement Sensor:
Displacement Rane:
Frame Stiffnesr:

-— JIC Data Storage: -~
Event Log Filename:
Raw Data Filename:

00 Olbf

0O-900 Olbf

00.6555 Oin

Oonly precrack length is valid
O

O

OForce 1
010000 Olbf
OLength 2
00.5 Oin

O

o]

'0~500 Olbf

Chisplacement
C-0.0002 Oin/Sec
Ooff »
Q300 Olbf

OOff

00.001 Oin

Ooon

00.004 Oin

OoCn

020 O%

OOff

0300 Ol1bf

02

02 OSec

0300 Olbf/Sec
0300 Clbf/Sec
oon

0100 O% -
O-100 Olbf/Sec
o]

o .
OForce 1
016000 Olbf
OLength 2
00.5 Oin
OLength 1
05 Oin
0164700 Olbf/in
O

@)
Oelog.txt
Ojo4.100





Report: atr2jtest

Operator: BJ

Date: Fri Jan 06 09:33:36 1995
Template: JIC Fracture Toughness
P <edure: SE(B)

B. .ch: ATRsmlbend2

Test Summaries : <w-7jic>

-~ JIC Test Termination:
End on maximum load
Maximum Load
End on maximum COD
Maximum COD
End on maximum displ.
Maximum Displacement
End on maximum Crack Length
Maximum Crack Length
End on maximum Crack Extension
Maximum Crack Length Extension
Termination Type
Hydraulic Shutdown

-

Precrack
Precrack
Precrack
Precrack
F =rack
P, <Crack
Precrack
Precrack length
Precrack length
Average Precrack:

Final Precrack Lengths: --
length
length
length
length
length
length
length

BN RWNPR

-~ Final JIC Crack Lengths: --
crack length 1
crack length 2
crack length 3
crack length 4
crack length S
crack length 6
7
8
9
a

Final
Final
Final
Final
Final
Final
Final crack length

Final crack length

Final crack length

Average Physical Crack:

—=- Calculated Crack Lengths: ~-
Pre Test Normalized Compliance:
Calculated Pre Test Crack Length:
Test Termination Normalized Compliance:
Calculated Test Term. Crack Length:

O

O

00334
05000 Olbf
QOff

00.1 Oin
COff
0-0.245 QOin
OOff

01 Oin
OOff

01 Cin

"QControlled
- O0n

O

O
00,6833
00.6893
©0.6895
00.6849
00.6855
00.6819
00.6765 Oin
00.6798 Oin
00.667 Oin
00.682819 Cin
o]

O
00.7637
00.7602
©0.7502
C0.7612
00.7527
00.7601
Q0.7698
00.7724 Oin
00.7817 Oin
00.762412 Oin

O

e

0111.967 O(none)
00.680322 Oin

Oin
Oin
Oin
Oin
Oin
Oin

Oin
Oin
Cin
Oin
Cin
Oin
Cin

'0208.578 O(none)

00.755478 Oin
O B






Report: atr%jtest

Operator: BJ

Date: Fri |Jan 06 09:33:36 1995
Template: JIC Fracture Toughhness
F =edure: SE( )

B. .ch: ATRsmlbend2

Test Summaries : <w=7jic>

~- Run-Time Report: --
Test Duration:
Maximum Load:
Maximum COD:
Maximum D1splacement'
Run Time Parm Mods
Test Termination:

O

0899.274 OSec

01433.92 Olbf

00.0712301 Oin
00.110027 Oin

OYes

O

O

-~ JIC Analysis Inputs ASTM E 813: --O

Upper LSF data| range:
Lower LSF data| range:
. Blunting Factor M:
Minimum J valu
Modulus FactorTLambda'
Delta a(p) offset:

.=— JIC Analysis Calculations: —-

Effective Yield Strength
Unload/Reload Compliance
Rotational Correction

J 1ilculation |
J-uselta a(p) Curve Fit
JIC Test Validity’

015 O%
085 O%
02 O(none)

'099.9999% Olbf/in

Ol O(none)
0-0.003 Oin

O

0

OAvg. of Yield & Ultimate
CUnload & Reload
OASTM E813-89
OASTM E813-89
OASTM E813-89
OASTM E813-89

O

~= JIC Test Results ASTM E 813: --0

Number of Data| Points:
Number of Valid Data Points:
Delta a{p) Min Limit Line:
Delta a{p) Max| Limit Line:
Regression Slope dJQ/da at delta-aQ:
J-Delta a(p) Eguation‘
J (in-lbf/in"2) =
cl * (Delta a{(p) (in)) ** c2
cl
c2
JQ
Delta a(Q)
Kj value:

032

018

00.00885971 Oin
00.0689349 Oin
034885.9 Olbf/in"2
o -~

o

o]

09353

00.5882

0668.231 Oin-1lbf/in"2
0©0.0112747 Oin
0148498 Olbf/in*1.5
o

-= Validation Criteria ASTM E 813-89: --0O

ASTM EB13-89 Section 8.4.2:

tp = 74.92 Sec
Is tp b/w G\Sec
and 600 Sec? .
ASTM E813-89 Section 7.1.1:






Report: atr2jtest

Operator: BJ

Date: Fri Jan 06 09:33:36 1995
Template: JIC Fracture Toughness

F <edure: SE(B)

E. ch: ATRsmlbend2

Test Summaries : <w-7jic>

25 JQ/SFS = 0.17 in 0

Is b0 > 25 JQ/SFS? OYes

Is B > 25 JQ/SFS? CYes
ASTM E813-8% Section 7.2.2: o
a0/W = 0.6835 0

Is a0/W b/w 0.5 & 0.75? OYes
ASTM E813-89 Section 7.5: e}
Side grooving = 20.48 pct. o]

Is side grooving <= 25 pct.? OYes
ASTM E813-89 Section 7.6.4: e}
Precrack extension = 0.1828 in 0
Is precrack extension >= 0.05a0 0

and >= 0,05118 in? ‘OYes

ASTM EB13-89 Section 7.6.1: o]
PL = 1673 1bf O
ASTM E813-~89 Section 8.4.3.6: O
Is the load range of all compliance O
unloads <= 0.2PL or 0.5 times o)
the current load? 0
ASTM E813-89 Section 9.3.1: o
Jo0 all points used for regression lie0
b/w Delta a(p) min & max? OYes

ASTM E813-89 Section 9.2.2: O

Does at least one data point lie b/w O
the 0.005906 in & 0.01969 in excl.OYes

Does at least one data point lie b/w O
the 0.03937 in & 0.05906 in excl. OYes

ASTM E813-89 Section 9.3.2: . O
Were at least 4 data points used for O
the J-Delta a(p) regression? OYes
ASTM E813-89 Section 9.4,1.3: o]
Is the slope of the regression curve O
at JQ less than SFS? OYes
ASTM E813-89 Section 9.4.1.5: o]
Are all precrack lengths within O
7 pct. of the average? OYes
ASTM E813-89 Section 9.4.1.5: C
Are all final crack lengths within ©
7 pct. of the average? OYes
ASTM E813-89 Section 9.4.1.6: Q
Are both near surface crack @]
extensions within 0.02W of the o]
extension at the center? OYes
ASTM E813-89 Section 9.4.1.7: O

Is the difference between the crack O






Report: atr2jtest

oOperator: BJ

Date: Fri Jan 06 09:33:36 1995
Template: JIC gracture Toughness

¥ cedure: SE(B)

r .ch: ATRsmlbend2

Test Summaries : <w-7jic>

extensions found from compliance
and the 9~point averages within
15 pct. of either of the 9-point
average or Delta a(p) max?
ASTM E813-89 chtion 9.4.1.7:
EM from 9-pqint precrack front
average = 3.362e+07 1bf/in"2

000Q000
a

Is EM within 10 pct. of nominal E? OYes
Were the J valqes and curve fit 0

calculated per ASTM E813-897 OYes
Is JQ = JIC per ASTM E813-89? CYes

JIC Value (ASTM E813-89): 0668.231 Oin-1bf/in"2






o

NSB RHE - o

JQ
Delta a(0)

Specimen l<w- 9>

2500

2000

1500

500

A R
TR »1 L1y T3 17 :ﬂ Ly

1

0 0.02 0.04 0.06
Delta a(p) in

= 362.257 in-1bf/inA2
= 0.00971757 in






o O

th O

Specimen <w-9>

2500 -

2000

Illlllll

1500

1000

Ill‘l|lrll||

500—

OI!]Illillllillii!l‘Ilillilllllillllll

-0.01 0 O.

01 0.03 0.05 0.07

COD in






o' o Ot

2000

A4

Specimen <w-9:

2500 - - - - - — LTI T _

1500

1000F=

500

O 111

Ljilll L1l }If lll 4

| Lll Lid

0

0.02

0.04 0.06 0.08
Displacement in

0.1






Report:
Operator:
Date:

% dlate:

Procedure:

Batch:

atrijtest

BJY

Fri|Jan 06 11:03:04 1995

JIC | Fracture Toughness
SE(B)

ATRsmlbend4

|
J-Delta a(p) Data Tables

Step

VOIS LN

J

' (in-1bf/in*2)

8.14808
26.1952
53.5306
94.1241
153.118
235.132
324.000
424.425
533.011
633.453
747.987
853.682
958.129
1069.43
1164.48
1274.15
1364.70
1459.05
1557.94
1642.09
1741.22
1819.91
1895.98
1969.69
2057.26
2130.90
2200.12

<w-9jic>
Specimen <w-9>

Delta a(p)

(in)
0.042509
0.016504
0.005998
0.000167
0.000204
0.006256
0.008782
0.012944
0.017574
0.018431
0.020796
0.025823
0.034109
0.035770
0.042122
0.046089
0.053713
0.059549
0.061500
0.066437
0.068733
0.074782
0.081249
0.087855
0.089720
0.094719
0.099807

Load

{1bf)
377.412
725.124
1075.59
1391.94
1644.54
1824.09
1931.26
1984.33
2004.66
2009.14
2000.18
1971.58
1942.63
1913.34
1879.22
1838.21
1783.08
1713.47
1679.69
1654.19
1626.97
1589.06
1535.65
1484.9%9
1455.35
1421.24
1376.78

CoD

(in)
0.001391
0.002924
0.004699
0.006560
0.008610
0.010902
0.013263
0.015813
0.018414
0.021068
0.023704
0.026375
0.029063
0.031854
0.034594
0.037282
0.040056
0.042881
0.045656
0.048385
0.051135
0.053943
0.056821
0.059681
0.062472
0.065264
0.068107

page 1





Report:
Operator:
Date:

7 plate:

Batch:

atr4jtest

J-Delta a{p) Data Tables :

Step

VOAUIWN -

Displ.

(in)

0.004758

0.008738
0.012752
0.016698
0.020764
0.024744
0.028707
0.032721
0.036701
0.040698

. 0.044730

0.048710
0.052742
0.056756
0.060771
0.064785
0.068731
0.072779
0.076759
0.080739
0.084737
0.088786
0.092714
0.096780
0.100777
0.104723
0.108755

Fri Jan 06 11:03:04 1995
JIC Fracture Toughness
Procedure: SE(B)
ATRsmlbend4

<w=9jic>

Specimen <w-9>

J
Exclusion

Invalid
Invalid
Invalid
Invalid
Invalid
Invalid
valid
valid
Valid
valid
valia
valig
Valid
Valid
valid
Valid
valid
Vvalid
Vvalid
valid
Invalid
Invalid
Invalid
Invalid
Invalid
Invalid
Invalid

Delta a(p)

Max/Min

valid
Valid
Invalid
Invaligd
Invalid
Invalid
valid
valiad
valid
valid
Valid
valid
valid
valid
valid
Valid
valid
valiad
valid
valid
Invalid
Invalia
Invalid
Invalid
Invalid
Invaliad
Invalid

£

Displ.

(in)
0.002466
0.004335
0.006222
0.008246
0.010779
0.013669
0.016981
0.020673
0.024529
0.028499
0.032586
0.036739
0.040947
0.045139
0.049361
0.053624
0.057904
0.062376
0.066561
0.070696
0.074858
0.079137
0.083390
0.087764
0.091941
0.096094
0.100395

DY J calc.

page 2
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Report: atr4jtest
Operator: BJ
Date: Fri Jan 06 11:03:04 1995

7 »late: JIC Fracture Toughness
Procedure: SE(B)
Batch: ATRsmlbend4

J-Delta a(p) Data Tables : <w-9jic>
|

Specimen <w-9>

\

Step Normalized Enerqgy
‘ Compliance for J calc.
| ((none)) (in-1bf)

1 78.9450 0.439200
2 65.4481 1.45611
3 64.5348 3.16046
4 61.0046 5.68805
S 60.2502 9.59259
6 56.7331 -14.7001
7 57.8764 21.0382
8 59.5567 28.4003
9 | 59.5092 36.2322
10 ‘ 65.4180 44.3507
11 | 64.4733 52.6836
12 i 68.2993 61.0835
13 i 71.9556 69.4698
14 73.5886 77.7017
15 81.1686 85.8354
16 81.2478 93,9094
17 87.3467 101.800
18 94.0233 109.740
19 97.9354 116.957
20 104.755 123.974
21 106.025 130.934
22 } 113.482 137.944
23 % 118.697 144.711
24 | 125.330 151.445
25 ! 132.289 157.682
26 ‘ 136.143 163.776

27 i 144.401 169.912






Report: atrajtest
Operator: BJ
Date: Fri Jan 06 11:05:25 1995
Template: JIC Fracture Toughness
E :edure: SE(B) .
Bacch: ATRsmlbend4
Test Summaries : <w-9jic>
, 's)
-- Identification: -- 0
Template: ) QJIC Fracture Toughness
Procedure: OSE(B)
General Information: o
This Test is designed to run SE(B) style specimens.®The test will be run u
Batch: CATRsmlbend4
Comments: o
Specimen Name: Ow-9
Comments: O
O
. -= Geometry: -- N O
Specimen Geometry: OSE (B)
Width 00.999 Oin
Notch Length Q0.5 Oin
Thickness 00.5015 Oin
Net Thickness 00.4 Oin
Span 04 Oin
Modulus of Elasticity 03.313e+07 Olbf/in"2
¥Yi-~ld Strength , 089900 Olbf/in"2
1 imate Tensile Strength 0106600 Olbf/in"2
Poisson's Ratio _ 00.3 O(none)
Crack Plane Orientation 0
Test Temperature Q0125 Odeg_F
Compliance Calibration File: OC:\ts2\79050\SE(B) .CPL
K-Calibration File: OC:\t82\79050\SE(B).KC%
o] ‘
—-- Precrack Parameters: -- O
Final Kmax 020000 Olbf/in"1.5
Load Ratio, R (min/max) 00.1 O(none)
Test Frequency 010 CHz
Final Crack Length 00.645 Oin
Cycle Limited OOff
Maximum Number of Cycles 010000
Manual measurement Coff
Compliance measurement Oo0n
Upper LSF data range ' : 090 O%
Lower LSF data range 010 O%
Automatic Inspection Hold O0ff
Inspection Interval (cycles) 010000
o
-- Precrack Results: -- O
Precrack Cycles Co
Precrack Kmax 00 Olbf/in~1.5
Precrack Final K 00 Olbf/in"1.5






Report: atr4jtest

Operator: BJ

Date: Fri Jan 06 11:05:25 1995
Template: JIC Fracture Toughness

' cedure: SE(B)

buwchi ATRsmlbend4

Test Summaries : <w-9jic>
Precrack Pmax

Precrack Final P

Precrack crack length
Precrack user comment

-- Precrack Setup: --
Load Sensor:
Load Range:
COD Sensor:
COD Range:

. -= JIC Execution Parameters: --
Precycle Load
Test Control
Ramp Rate
UnLoad on Load Step
Load Step
UnLoad on COD Step
COD Step :
UnLoad on Displacement Ste
I placement Step
Unioad Pct of Current Load
Percent Unload
Unload Absolute
Absolute Unload
Number of Unloads
Crack Propagation Hold Time
Unload Rate
Reload Rate
Ramp To Initial Load
Pct Of Final Precrack Load
Ioad Ramp Rate

~= JIC Test Setup: --
Load Sensor:
Load Range:
COD Sensor:
COD Range:
Displacement Sensor:
Displacement Range:
Frame Stiffness:

-- JIC Data Storage: -—-
Event Log Filename:
Raw Data Filename:

00 Olbf

0-900 Olbf
©0.5836 Oin
Oonly precrack length is valid
O

0

OForce 1
010000 Olbf
OLength 2
00.5 Oin

O

(0]

0-500 Olbf
ODisplacement
0-0.0002 Oin/Sec
OOff

0300 O1bf
OOff

00.001 Oin
Oon

00.004 Oin
(0.0},

020 O%

OOfLf

0300 Olbf

o2

02 OSec

0300 Olbf/Sec
0300 Olbf/Sec
Ooon

0100 O%

0-100 Olbf/Sec
o]

O

OForce 1
010000 Olbf
Olength 2
00.5 Oin
Clength 1

05 Oin :
0164700 Olbf/in
0

o
Oelog.txt
Ojbe. 000





Report: atrijtest

Operator: BJ

Date: Pri Jan 06 11:05:25 1995
Template: JIC Fracture Toughness

I sedure: SE(B)

Bacoch: ATRsmlbend4

Test Summaries : <w-9jic>

== JIC Test Termination: --
End on maximum load
Maximum lLoad
End on maximum COD
Maximum COD
End on maximum displ.
Maximum Displacement
End on maximum Crack Length
Maximum Crack Length
End on maximum Crack Extension
Maximum Crack Length Extension
Termination Type
Hydraulic Shutdown

-—- Final Precrack Lengths: -~
Precrack length 1
Precrack length 2
Precrack length 3
Pracrack length 4
I :rack length S
Precrack length 6
Precrack length 7
Precrack length 8
Precrack length 9
Average Precrack:

-- Final JIC Crack Lengths: =~
Final crack length
Final crack length
Final crack length
Final crack length
Final crack length
Final crack length
Final crack length
Final crack length
Final crack length
Average Physical Crack:

Lo AW

—— Calculated Crack ILengths: --
Pre Test Normalized Compliance:
Calculated Pre Test Crack Length:.
Test Termination Normalized Compliance:
Calculated Test Term. Crack Length:

O

O

Q0ff

05000 Olbf
OOff

00.1 Oin
QOff
0-0.245 Oin
O0ff

01 Oin
COff

Q1 Oin
CControlled
o0on

O

QO

©0.6257 Oin
00.6272 Cin
00.6257 Oin
00.6331 Oin
00.6277 Oin
00.6314 Cin
00.6225 Oin
00.6263 Oin
C0.6198 Oin
00.627081 Oin
O

O

00.7198 Oin
00.7185 Oin
00.716 Oin
©0.7205 Oin
00.7221 Oin
00.7233 Oin
00.7165 Oin
00.7222 Oin
00.7303 Oin
00.720519 Oin

o

O

070.0469 O(none)
00.612536 Oin
0143.563 O(none)
©0.712343 Oin

O
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Report: atrdjtest
Operator: BJ

Date: Fri Jan 06 11:02:31 199%

~ plate: JIC Fracture Toughness

+_ucedure: SE(B)
Batch: ATRsmlbend4

J-Delta a{p) Data Tables : <w-1lljic>

Step : J
(in-1b£/in"2)

1 8.09867
2 27.1805
3 57.8120
4 102.747
5 159.591
6 224.160
7 302.364
8 386.324
9 488.494
10 586.895
11 694.647
12 . 800.722
i3 905.572
14 1003.21
15 1099.35
16 1186.60
17 1262.76
18 1342.56
19 1419.12
20 1505.03
21 1569.68
22 1631.35
23 1686.85
24 1747.78
25 1788.33

Specimen <w-11>

Delta a(p)

(in)
0.029026

- 0.016519

0.017151
0.016370
0.013623
0.007154
0.002750
0.000901
0.002885
0.006077
0.011090
0.020642
0.025926
0.030481
0.036205
0.044827
0.058160
0.064199
0.070159
0.075007
0.081583
0.089890
0.097479
0.103579
0.113013

Load
{1bf)
401.535
730.293
1060.77
1385.40
1678.32
1919.20
2093.57
2190.75
2237.96
2239.69
2200.06
2136.65
2079.10
2032.92
1973.65
1891.28
1750.34
1683.48
1623.52
1577.00
1500.15
1420.55
1365.06
1307.86
1232.39

CcoD

(in)
0.001580
0.003045
0.004527
0.006250
0.008145
0.010092
0.012056
0.014210
0.016381
0.018604
0.020982
0.023394
0.025806
0.028201
0.030614
0.033146
0.035869
0.038419
0.040952
0.043485
0.046104
0.048757
0.051376
0.054012
0.056700

page 1






page 2

\
Report: atrdjtest ‘
Operator: BJ ,
Date: Fri Jan 06 11:02:31 1995
T plate: JIC Fracture Toughness
}.ocedure: SE(B) ‘
Batch: ATRsmlbend4 ‘

J-Delta a(p) Data Tables : <w-1l1jic>

Specimen <w-11>

Step

VERNIAU&WNE

Displ.

(in)
0.003569
0.007170
0.010736
0.014372
0.017955
0.021539
0.025123
0.028724
0.032342
0.035891
0.039527
0.043179
0.046780
0.050381
0.053930
0.057531
0.061150
0.064733
0.068351
0.071918
0.075519
0.079172
0.082807
0.086391
0.090009

J
Exclusion

Invalid
Invalid
Invalid
Invalid
Invalid
Invalid
Invalid
Invalid
Invalid
Invalid
valid
valid
valid
valid
valid
valid
Vvalid
Vvalid
Invalid
Invaliad
Invalid
Invalid
Invalid
Invalid
Invalid

Delta a(p)
Max/Min

valid
Valid
valid
valid
valid
Invalid
Invalid
Invalid
Invalid
Invalid
valid
valid
valid
valid
valid
valid
valid
valid
Invalid
Invalid
Invalid
Invalid
Invalid
Invalid
Invalid

Displ.
for J calc.:
 {in)
0.001131
0.002736
0.004296
0.005960
10.007765
0.009886
10.012411
'0.015422
10.018754
10.022293
0.026169
10.030206
'0.034157
'0.038038
1 0.041947
0.046048
| 0.050522
.054512

\
i
| 0.078450
| 0.082526
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Report: atr4jtest
Operator: BJ
Date: Fri Jan 06 11:02:31 1995

= plate: JIC Fracture Toughness
F.ucedure: SE(B)

Batch: ATRsmlbend4

J-Delta a(p) Data Tables : <w-1l1jic>

Specimen <w-11>

Step Normalized Energy
Compliance for J calc.

( (none)) (in-1bf)
1 60.9464 0.373818
2 52.8646 1.28978
3 51.5544 2.69636
4 48.5332 4.74875
5 45.8556 7.55804
6 44.6021 11.4376
7 43.4474 16.5858
8 46.6427 23.1544
9 46.6114 30.6522
10 50.4884 38.7217
11 53.3857 47.4769
12 57.6851 56.3412
13 60.5305 64.8040
14 65.1999 72,9079
15 69.1676 80.8797
16 76.9229 88.9687
17 88.3431 97.2752
18 ' 96.1981 104,217
19 104.763 110.913
20 104.538 ’ 117.185
21 117.146 123.549
22 126.384 129.705
23 136.878 135.324
24 143.847 140.668

25 156.579 145.951





Report: atr4jtest

Operator: BJ

Date: Fri Jan 06 11:04:23 1995
Template: JIC Fracture Toughness

¥} cedure: SE{B)

Bacch: ATRsmlbend4

Test Summaries : <w-11ljic>

O
- Identiflcatlon' - o]
Template: QJIC Fracture Toughness
Procedure: OSE(B)
General Information: O
This Test is designed to run SE(B) style specimens.®The test will be run u
Batch: OATRsmlbend4
Comments: O
Specimen Name: Cw-11
Comments: (o]
: o
—— Geometry: -- 0
Specimen Geometry: OSE(B)
Width 00.999 Oin
Notch Length 00.5 Cin
thickness A 00.501 Oin
Net Thickness : 00.4 Oin
Span 04 Oin
Modulus of Elasticity O3e+07 Olbf/in"2
Yield Strength , 089900 Olbf/in"2
1 imate Tensile Strength 0106600 Olbf/in"2
Poisson's Ratio 00.3 O(none)
Crack Plane Orientation O
Test Tenmperature ‘ 0125 Odeg F
Compliance Calibration File: OC:\ts2\79050\SE(B) .CPL
K-Calibration File: OC:\ts2\79050\SE(B) .KCL
O
-~ Precrack Parameters: -- O
Final Kmax 020000 Olbf/in"1.5
Load Ratio, R (min/max) 00.1 O(none)
Test Frequency 010 OHz
Final Crack Length ' 00.645 Oin
Cycle Limited Ooff
Maximum Number of Cycles 010000
Manual measurement QOff
Compliance measurement oon
Upper LSF data range 090 0%
Lowver ISF data range 010 O%
Automatic Inspection Hold OOff
Inspection Interval {cycles) O10000
' O
-~ Precrack Results: —- O
Precrack Cycles 00
Precrack Kmax O0 Olhf/in"1.5

Precrack Final K 00 Olbf/in"1.5





Report: atrajtest

Operator: BJ

Date: Fri Jan 06 11:;04:23 1995
Template: JIC Fracture Toughness

I cedure: SE(B)

Bu.Ch: ATRsmlbend4

Test Summaries : <w-1lljic>

Precrack Pmax
Precrack Final P
Precrack crack length
Precrack user comment

—- Precrack Setup: -~
ILoad Sensor:
Load Range:
COD Sensor:
COD Range:

—-— JIC Execution Parameters: -—

Precycle Load oo

Test Control

Ramp Rate

UnLoad on Load Step

Load Step

UnLoad on COD Step

coD Step

UnLoad on Displacement Step
I >lacement Step

Uniocad Pct of Current Load
Percent Unlocad

Unload Absolute

Absolute Unload

. Number of Unloads

Crack Propagation Hold Time
Unload Rate

Reload Rate

Ramp To Initial Load

Pct Of Final Precrack Load
Load Ramp Rate

~= JIC Test Setup: ——
Load Sensor:
Load Range:
COD Sensor:
COD Range:
Displacement Sensor:
Displacement Range:
Frame Stiffness:

-- JIC Data Storage: -~
Event lLog Filename:
Raw Data Filename:

00 Olbf

0-960 QOlbf

00.5969 Oin

Oonly precrack length is valid
O

O

QForce 1
010000 Clbf
OLength 2
00.5 Oin

O

0
0-500 Olbf

ODhisplacement
0-0.0002 Oin/Sec
OOff

0300 Clbf
OOff

©0.001 Oin
O0n

00.004 Oin
O0n

020 O%

COff

0300 Olbf

02

O2 OSec

0300 Olbf/Sec
0300 Olbf/Sec
oon

0100 O%

0-100 Olbf/Sec
O

O

OForce 1
010000 Olbf
OLength 2
00.5 Oin
OLength 1

05 Oin
0164700 Olbf/in
0

o)

Celog.txt
Cjce.000





Report: atr4ijtest

Operator: BJ

Date: Fri Jan 06 11:04:23 1995
Template: JIC Fracture Toughness

F <cedure: SE(B)

b. _ch: ATRsmlbend4

Test Stmmaries : <w-1ljic>

~~ JIC Test Termination:
End on maximum load
Maximum Load
End on maximum COD
Maximum COD
End on maximum displ.
Maximum Displacement
End on maximum Crack Length
Maximum Crack Length
End on maximum Crack Extension
Maximum Crack Length Extension
Termination Type
Hydraulic Shutdown

Precrack
Precrack
Precrack
Precrack
I csrack
P.ecrack
Precrack
Precrack length
Precrack length
Average Precrack:

Final Precrack Lengths: --
length
length
length
length
length
length
length

oo PE

—— Final JIC
crack length
crack length
crack length
crack length
crack length
crack length
crack length
Final crack length
Final crack length
Average Physical Crack:

Crack Iengths: ~-
Final
Final
Final
Final
Final
Final
Final

VWO

== Calculated Crack Lengths: --
Pre Test Normalized Compliance:
Calculated Pre Test Crack Length:
Test Termination Normalized Compliance:
Calculated Test Term. Crack Length:

O .

O

QOff

05000 Olbf
OOff

00.1 Oin
COff
0-0.245 Oin
O0ff

0Ol Oin
OOff

O1 Cin
"OControlled
Oo0n

(@

O

00.608 QOin
00.611 Oin
00.6114 Oin
00.6107 Cin
00.6181 Cin
00.6132 Oin
00.6092 Oin
00.6051 Oin
00.6001 Oin

00.610344 Oin
O

O
00.7332
00.7242
00.7281
00.7247
00.7308
00.7432
00.7539 Oin
00.7626 Oin
00.776 Oin
00.740263 Oin

O

O

068.91921 O(none)
00.610021 Oin
0156.765 O(none)
©0.723034 Oin

O

Oin
Oin
Qin -
Cin
Oin
Oin





Report: atrajtest

Operator: BJ

Date: Fri Jan 06 11:04:23 1995
Template: JIC Fracture Toughness
F ~edure: SE(B)

B. _ch: ATRsmlbend4

Test Summaries : <w-11jic>

-—- Run-Time Report: -- o}
Test Duration: 0744.611 OSec
Maximwum Load: : 02173.46 Olbf
Maximum COD: 00.0566533 Oin
Maximum Displacements: ©00.0899376 Oin
Run Time Parm Mods OYes
Test Termination: o
o
-- JIC Analysis Inputs ASTM E 813: -0
Upper LSF data range: 015 O%
Lower LSF data range: 085 O%
Blunting Factor M: : 02 O(none)
Minimum J value: ) "0250 Olbf/in
Modulus Factor Lambda: 01 O(none)
Delta a(p) offset: 00 Oin
. o}
—- JIC Analysis calculatioms: -- O
Effective Yield Strength OAvg. of Yield & Ultimate
Unload/Reload Compliance OUnload & Reload ,
Rotational Correction OASTM E813-89
< 1alculation . OASTM E813-89
J-uelta a(p) Curve Fit OASTM E813-89
JIC Test Validity OASTM E813-89
(o]
-- JIC Test Results ASTM E 813: —O
Number of Data Points: - 025
Number of Valid Data Points: o]}
Delta a(p) Min Limit Line: 00.00904714 Oin
Delta a(p) Max Limit Line: 00.0659252 Oin
Regression Slope 4JQ/da at delta-aQ: 023458.9 Olbf/in"2
J-Delta a(p) Equation: o -
J (in-1bf/in"2) = o]
cl * (Delta a(p) (in)) "~ c2 O
cl 03931
c2 ' Q0.3936
JQ 0672.009 Oin-1bf/in"2
Delta a(Q) 00.0112939 Oin
Kj Value: 0141987 Olbf/in"1.5
(o)
~- Validation Criteria ASTM E 813-89: -=0
ASTM E813-89 Section 8.4.2: o]
tp = 68.1 Sec o)
Is tp b/w 6 Sec _ o]
and 600 Sec? OYes

ASTM ES13-89 Section 7.1.1: o





Report: atr4jtest

Operator: BJ

Date: Fri Jan 06 11:04:23 1995
Template: JIC Fracture Toughness
F zedure: SE(B) '

Bo.chs ATRsmlbend4

Test Summaries : <w-1lljic>

25 JQ/SFS = 0.171 in ‘ O

Is b0 > 25 JQ/SFS? OYes

Is B > 25 JQ/SFS? OYes
ASTM E813-89 Section 7.2.2: O
a0/W = 0.611 0

Is a0/W b/w 0.5 & 0.75? OYes
ASTM E813-89 Section 7.5: 0
Side grooving = 20.16 pct. e

Is side grooving <= 25 pct.? OYes
ASTM E813-89 Section 7.6.4: 0
Precrack extension = 0.1103 in o]
Is precrack extension >= 0.05a0 o}

and >= 0.05118 in? OYes
ASTM E813-89 Section 7.6.1: O

PL = 2483 1bf O
ASTM E813-89 Section 8.4.3.6: O
Is the load range of all compliance O
unloads <= 0.2PL or 0.5 times (o]

O

the current load? Yes
ASTM E813-89 Section 9.3.1: 0]
J0 all points used for regression 1lieO
b/w Delta a(p) min & max? OYes
ASTM E813-89 Section 8.2.2: o]

Does at least one data point lie b/w O
the 0.005906 in & 0.01969 in excl.OYes

Does at least one data point lie b/w O
the 0.03937 in & 0.05506 in excl. OYes

ASTM E813-89 Section 9.3.2: O

" Were at least 4 data points used for O
the J-Delta a(p) regression? OYes

ASTM ES13-89 Section 9.4.1.3: o]

Is the slope of the regression curve O

at JQ less than SFS? OYes
ASTHM E813-89 Section 9.4.1.5: O
Are all precrack lengths within o]
7 pct. of the average? OYes
ASTM E813-89 Section 9.4.1.5: O
Are all final crack lengths within O©
7 pct. of the average? OYes
ASTM E813-89 Section 9.4.1.6: O
Are both near surface crack 0
extensions within 0.02W of the 0]
extension at the center? OYes
ASTM E813-89 Section 9.4.1.7: o]

Is the difference between the crack O





Report: atr4jtest

Operator: BJ

Date: ¥ri Jan 06 11:04:23 1595
Template: JIC Fracture Toughness

F edure: SE(B)

B...ch: ATRsmlbend4

Test Summaries 3 <w-1lljic>

extensions found from compliance
and the 9-point averages within
15 pct. of either of the 9-point
average or Delta a(p) max?
ASTM E813-89 Section 9.4.1.7:
EM from 9-point precrack front
average = 3.006e+07 1bf/in"2
Is EM within 10 pct. of nominal E?
Were the J values and curve fit
calculated per ASTM E813-897
Is JQ = JIC per ASTM E813-897
JIC Value (ASTM E813-89):

OOOQOOO
[\
L]

F
0
0

OYes
OYes

0672.009 Oin-1bf/in"2





APPENDIX C

Fracture Toughness Test Results (large bend specimens)
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Template: JIC Fracture Toughness

Procedure: SE(B)

Batch: ATRlrgbendHAZlow

cecimen:

a Time Execute Data Table

Step

haz-1

Number

Crack
Length
in
0.9051%89
0.899919
0.892995
0.889174
0.88755%5
0.884721
0.889871
0.888296
0.887032
0.888296
0.886924
0.886777

0.884648

0.884952
0.885428
0.888813
0.888531
0.887628
0.892294
0.893860
0.893019
0.908047
0.899160
0.897108
0.904291
0.901267
0.902592
0.905068
0.904597
0.905479
0.910100
0.914800
0.916903
0.923415
0.928010
0.931641
0.935251
0.936713
0.937033
0.941353
0.946034
0.950959
0.954364
0.959046
0.966080
0.973135
0.978832
0.982444

J

in-1bf/in*2

10.5790
22.3795
39.9477
79.7196
122.467
207.309
295.801
400.051
511.105
610.095
728.263
834.764
859.054
1014.54
1171.41
1327.51
1495.75
1659.17
1809.05
1974.17
2147.88
2257.62
2474.07
2656.62
2785.86
2853.84
3058.45
3269.89
3491.35
3718.37
3909.55
4100.89
4316.93
4485.98
4657.70
4863.77
5051.23
5085.92
5373.41
5626.13
5871.05
6117.45
6370.74
6607.90
6811.50
7005 .60
7220.50
7454.80

Delta a

in
0.017199
0.011919
0.004995
0.001174
-0.000445
-0.003279
0.001871
0.000296
-0.000968
0.000296
-~0.001076
-0.001223

-0.003352

-0.003048
-0.002572
0.000813
0.000531
-0.000372
0.004294
0.005860
0.005019
0.020047
0.011160
0.009108
0.016291
0.013267
0.014592
0.017068
0.016597
0.017479
0.022100
0.026800
0.028903
0.035415
0.040010
0.043641
0.047251
0.048713
0.049033
0.053353
0.058034
0.062959
0.066364
0.071046
0.078080
0.085135
0.090832
0.094444

Corr.

(none)
0.995761
0.997888
0.998061
0.998626
0.998403
0.998591

0.998118

0.997302
0.997285
0.998159
0.9978670
0.997562
0.998206
0.997312
0.998821
0.998370
0.998860
0.998507
0.998909
0.998172
0.997256
0.996005
0.853982
0.993585
0.992855
0.994260
0.992639
0.993210
0.992828
0.994259
0.994967
0.993621
0.995014
0.994720
0.994460
0.995465
0.995674
0.994842

0.993689

0.994086
0.994420
0.995781
0.996548
0.995582
0.997044
0.997586
0.996030
0.995697
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Template: JIC Fracture Toughness

Procedure:

ATR95

Batch: 72895

~ -acimen:

. .n Time Execute Data Table

Step

HAZ~-2

Number

VWO SWN

10

12
13
14
15
16
17
18
19

Crack
Length
in
0.841541
0.816073
0.816297
0.819356
0.822836
0.824508
0.828749
0.834253
0.843284
0.850226
0.855429
0.859906
0.864968
0.873208
0.881710
0.887685
0.897009

0.907760

0.912572

J

in-1bf/in"2
35.6293
160.315
431.046
764.102
1117.60
1476.40
1827.99
2180.62
2515.37
2861.37
3206.24
3556.41
3907.19
4231.77
4538.70
4859.17
5149.85
5422.20
5733.46

Delta a

in

~0.020759
-0.046227
-0.046003
~0,042944
~0.039463
~0.037792
-0.033551
-0.028047
-0.019016
-0.012074
~0.006871
-0.002394

0.002668

0.010908.

0.019410
0.025385
0.034709
0.045460
0.050272

Corr.

(none)
0.998272
0.999292
0.999394
0.999456
0.999190
0.999300
0.999100
0.999243
0.998878
0.998658
0.998859
0.998777
0.998634
0.998286
0.998671
0.998941
0.998348
0.998565
0.998910

page 1





LN SB PeNHO R B e

7000

6000

5000

4000

Illlli—lllllllllllll

3000

2000

1000

:I/I!J'Illl'llll:l/lllJ'[ill'IllI‘

':!lll]—flll‘llllT

]
Co
o
N

0.02 0.04 0.06 0.08
delta A in

0.1






Ot

Hh O

JIC - HAZ-3

6000

5000

IIIT|II!I

4000

IR

3000

T

I

2000

1000

o1 14 1111 |!i£ Le b1y 1!|4L1¢' L]

0 0.06 0.12 0.18 0.24 0.3
C.0.D. in





Template: JIC Fracture Toughness

Procedure:

ATR95

Batch: 72795

~ecimen:

n Time Execute Data Table

Step

HAZ-3

Number

Crack
Length
in
0.864825
0.862592
0.862462
0.864815
0.865617
0.865138
0.868144
0.868975
0.872812
0.874597
0.876965
0.881862
0.884697
0.889055
0.889228
0.893772
0.900397
0.908360
0.911911
0.916557
0.920099
0.926105
0.933043
0.937693
0.941915
0.947612
0.952508
0.956398

J

in-1bf/in"2
29.7949
116.335
289,052
537.314
806.992
1083.08
1356.94
1639.38
1919.26
2209.68
2500.98
2773.57
3056.80
3333.74
3637.85
3905.33
4160.45
4393,.56
4659.13
4922.17
5184.62
5427.28
5659.48
5904.23
6142.11
6368.64
6595.37
6839.10

Delta a

in
0.000225
-2.002008
-0.002138
0.000215
0.001017
0.000538
0.003544
0.00437%
0.008212
0.009997
0.012365
0.017262
0.020097
0.024455
0.024628
0.029172
0.035797
0.043760
0.047311
0.051958
0.055499
0.061505
0.068443
0.073093
0.077315
0.083012
0.087908
0.091798

corr.

(none)
0.998054
0.998394
0.998250
0.997747
0.998419
0.997594
0.997444
0.997636
0.998588

0.998191

0.998562
0.998205
0.998825
0.998623
0.998478
0.998077
0.998611
0.998784
0.998923
0.998835
0.998636
0.998897
0.998881
0.998839
0.999175
0.998504
0.999090
0.999011
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page 1
Template: JIC Fracture Toughness
Procedure: SE(B)
Batch: ATR1rgbendHAZlow
~~ecimen: . haz-5
n Time Execute Data Table

Step Crack J Delta a Corr.
Number Length
in in-1bf/in"2 in {none)
1 0.900165 9,.4847C 0.022965 0.994474
2 0.890526 28.2461 0.013326 0.989393
3 0.882746 83.1281 0.005546 0.993752
4 0.879311 180.373 0.002111 0.993509
5 0.878933 326.832 0.001733 0.995639
6 0.876327 499.643 -0.000873 0.995569
7 0.880286 674.101 0.003086 0.996258
8 0.879639 848.804 0.002439 0.996173
9 0.880537 1034.59 0.003337 0.996969
10 0.881323 1227.55 0.004123 0.996042
11 0.882336 1411.92 0.005136 0.996975
12 0.884800 1592.13 0.007600 0.996491
13 0.886076 1787.41 0.008876 0.996648
14 0.887320 1981.75 0.010120 0.995416
15 0.887348 2174.51 0.010148 0.995445
16 0.888683 2374.30 0.011483 0.995833
17 0.893006 2555.60 0.015806 0.995778
18 0.896971 2743.67 0.019771 0.996111
19 0.897069 2936.87 0.019869 0.995602
20 0.900050 3125.64 0.022850 0.996805
21 0.903011 3310.17 0.025811 0.996229
22 0.902816 3520.73 0.025616 0.997722
23 0.905580 3701.33 0.028380 0.997025
24 0.908728 3884.36 0.031528 0.997468
25 0.910289 4076.65 0.033089 0.997756
26 0.911532 4086.64 0.034332 0.998163
27 0.916124 4357.12 0.038924 0.997302
28 0.923344 4603.39 0.046144 0.997952
29 0.930693 4849.29 0.053493 0.998250
30 0.934548 5118.26 0.057348 0.998267
31 0.938252 5380.67 0.061052 0.998230
32 0.943208 5626.36 0.066008 0.998372
33 0.949954 5862.17 0.072754 0.998424
34 0.958616 6061.83 0.081416 0.998609
35 0.963309 6300.52 0.086109 0.998627
‘36 0.967461 6542.39 0.090261 0.998143
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Template: JIC Fracture Toughness

Procedure:

ATRSS5

Batch: 81195

onecimens

n Time Execute Data Table

Step

HAZ-7

Number

1

RRHOONOWEWN
N

Crack
Length
in

0.940196
0.919525
0.918714
0.921342
0.925424
0.926175
0.932359
0.935929
0.940504
0.944545
0.949304
0.958799
0.965394
0.972446
0.979471
0.987631
0.994642
1.00216
1.01135

J

in-1bf/in"2

42.0717
228.323
598.522
1025.98
1470.10
1930.30
2378.63
2833.32
3286.08
3736.31
4178.79
4579.12
4991.27
5395.07
5792.91
6152.24
6536.57
6888.41
7206.19

Delta a

in
0.0111%6
-0.009475
-0.010286
-0.007658
-0.003576
-0.002825
0.003359
0.006929
0.011504
0.015545
0.020304
0.029799
0.036394
0.043446
0.050471
0.058631
0.065642
0.073157
0.082351

Corr.

(none)
0.996822
0.988288
0.995956
0.995728
0.994112
0.955250
0.994717
0.995656
0.994481
0.993875
0.993836
0.996241
0.996373
0.997303
0.998294
0.998444

- 0.997978

0.998266
0.998155

page 1





NS H RSN HD B e

o

J vs delta A ?M~\

70000 7

- / /
- C / /
6000— / /
= /. //
B /.
| 5000E— i /
: — / /
- ey /
4000— Y /
- / i /
— A /
3000— YA /
N -/ /
- A /
2000— e /
B i /
— YAV /
1000— i /
= /o /o
O_ELBV H(Ii\lill‘llllyllllllllI‘Ill
-0.02 0 0.02 0.04 0.06 0.08 0.1

delta A in





R O I

o -

4000

I I

3200

1 1T

——

2400

S A

1600

1

800

0

‘,‘

lllliJll[ N

I

llll-lllll

0

0.04

0.08 0.12
C.0.D.

0.16
in

0.2






Template:

Batch: ATR1rgbendBASEloW

~~ecimen: pm-1l

n Time Execute Data Table

Step

Number

HHEYOSOUdWNF
N O

=
W

Ccrack

Length
in

0.858030

0.862032
0.869625
0.879017
0.902840
0.896756
0.900787
0.904690
0.881624
0.880732
0.878370
0.876144
0.872633
0.876177
0.878495
0.880643
0.878269
0.881900
0.883252
0.886961
0.886048
0.885835
0.888885
0.888442
0.850595
0.892286
0.889611
0.895344
0.900181
0.901872
0.902238
0.905135
0.903488
0.904560
0.908152
0.914999
0.915510
0.918909
0.926219
0.926935
0.932948
0.934278
0.940413
0.946218

JIC Fracture Toughness
Procedure: SE(B)

J

in-1bf/in"2

4.96594
38.2804
155.809
318.549
475.612
685.653
745.022
818.587
928.433
999.337
1080.50
1158.44

1238.47

1302.75
1311.17
1452.14
1608.82
1752.65
1905.27
2037.80
2207.40
2378.04
2525.70
2685.44
2843.113
2992.93
3175.64
3309.56
3450.70
3612.36
3777.44
3932.73
4111.31
4204.13
4421.79
4629.60
4886.43
5114.98
5306.73
5562.54
5753.48
6005.03
6198.53
6387.59

Delta a

in
-0.013770
-0.009768
-0.002175
0.007217
0.031040
0.024956
0.028987
0.032890
0.009824
0.008932
0.006570
0.004343
0.000833
0.004377
0.006695
0.008843
0.00646%9
0.010100
0.011452
©.015161
0.014248
0.014035
0.017085
0.016642
0.018795
0.020486
0.017811
0.023544
0.028381
0.030072
0.030438
6.033335
0.031688
0.032760C
0.036352
0.043189
0.043710
0.0647109
0.054419
0.055135
0.061148
0.062478
0.068613
0.074418

corr.

(none)
0.992827
0.997988
0.999032
0.993009
0.998629
0.996797
0.995533
0.997136
0.994900
0.994154
0.994292
0.991295
0.991822
0.988473
0.991674
0.990988
0.990715
0.992331
0.990796
0.993677
0.993728
0.990714
0.990475
0.990598
0.991721
0.993298
0.994038
0.994023
0.996645
0.996400
0.997164
0.997967
0.996342
0.996524
0.996552
0.996221
0.997116
0.997246
0.997075
0.997750
0.997323
0.998747
0.998728
0.998865
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Template: JIC Fracture Toughness

Procedure:

ATR95

Batch: 81095

~-~gcimen:

. .n Time Execute Data Table

Step

PM-2

Number

Crack
Length
in
0.879788
0.857509
0.844400
0.840311
0.834802
0.834300
0.832383
0.831640
0.833326
0.836831
0.837736
0.839690
0.841253

. 0.840261

0.841985
0.845723
0.857495
0.860238
0.865136
0.871648
0.870720
0.876760
0.880948
0.885745
0.887725
0.889406
0.894968
0.895202
0.901371
0.907305

J

in-1bf/in"2

28.9634
192.438
459.559
744.269
1031.55
1317.89
1611.27
1911.85
2206.56
2497.48
2800.61
- 3111.90
3414.27
3743.98
4052.21
4351.95
4585.35
4907.91
5198.34
5475.61
5821.54
60384.07
§381.62
6666.92
6975.21
7300.58
7560.32
7897.11
8148.00
8398.64

Delta a

in
0.022488
0.000209
-0.012900
~0.016989
-0.022498
-0.023000
-0.024917
-0.025660
-0.023974
~-0.020469
~0.019564
-0.017610
=-0.016047
-0.017039
-0.01531%
-0.011577
0.000195
0.002938
0.007836
- 0.014348
0.013420
0.019460
0.023648
0.028445
0.030425
0.032106
0.037668
0.037902
0.044071
0.050005

Corr.

(none)
0.997848
0.995857
0.989458
0.991375
0.995627
0.996708
0.997745
0.997348
0.997472
0.997180
0.997396
0.998206
0.998699
0.998419
0.998444
0.998425
0.998880
0.998547
0.999049
0.998400
0.998641
0.998518
0.998765
0.998473
0.998626
0.998676
0.998396

© 0.998612

0.998497
0.997933
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Template: JIC Fracture Toughness

Procedure:

ATR95

Batch: 81095

~~acimen:

n Time Execute Data Table

Step

PM-3

Number

Crack
Length
in
0.848874
0.849725%
0.837933
0.837596
0.833596
0.829232
0.839106
0.836717
0.840902
0.848831
0.869458
0.869782
0.875488
0.882304
0.884054
0.893389
0.904965
0.908926
0.916051
0.922282

J

in-1bf/in"2
29,7798
233.996
593.251
957.512
1334.91
1726.13
2081.38
2488.47
2871.20
3236.53
3530.84
3945.84
4320.16
4689.06
5098.45
5433.05
5733.03
6093,45
6418.97
6750.52

Delta a

in
-0.007626
-0.006771
-0.018567
-0.018%04
-0.022904
-0.027268
-0.017394
-~0.019783
~0.015598
~-0.007669
0.012958
0.013282
0.018988
0.025804
0.027594
0.036889
0.048465
0.052426
0.059551
0.065782

Corr.

{none)
0.997419
0.988551
0.987057
0.991156
0.996294
0.997845
0.997633
0.998049
0.998442

© 0.998326

0.997829
0.997274
0.997647

-0.997484

0.998252
0.9388541
0.998559
0.998308
0.998297
0.998550

page 1





N SB HSNFD B -

J vs delta A ?M"L/'

10000

8000

]llllljill

6000

4000

2000

ITII,I.III’TIEII

0 111

/

J A |

.IIIII!'LEISJ/IIIIIIJJi‘liLl

-0.02

0

0.02 0.04 0.06 0.08 0.1
delta A in





Template: JIC Fracture Toughness

Procedure: SE{B)

Batch: ATRlrgbendBASElow

~-ecimen: pm-5

. .n Time Execute Data Table

Step
Number

Crack
Length
in
0.859351
0.858355
0.862228

0.864069

0.865493
0.874711
0.884370
0.900302
0.902880
0.897750
0.894354
0.894692
0.887974

. 0.888099

0.887807
0.888948
0.887691
0.889404
0.892039
0.893644
0.894317
0.890510
0.890739
0.888947
0.889251
0.888180
0.887061
0.889278
0.894176
0.892656
0.892293
0.896723
0.902549
0.900487
0.904110
0.904701
0.905834
0.903950
0.904860
0.916817
0.915518
0.921952
0.923913
0.931373
0.936682
0.941739

J

in-1bf/in"2

11.0139
32.2703
111.415
225.820
345.064
464.031
587.736
704.075
844.381
993.316
1149.64
1293.39
1461.76
1607.14
1756.56
1909.68
2057.58
2216.88
2356.17
2507.95
2661.41
2842.02
2996.40
3170.78
3188.80
3434.17
3688.66
3919.17
4135.01
4392.62
4655.05
4873.66
5079.19
5352.35
5573.76
5828.26
6073.93
6355.21
6383.50
6639.74
7050.61
7366.46
7747.37
8048.74
8378.82
8706.73

Delta a

in
-0.002749
-0.003745
0.000128
0.001968
0.003393
0.012611
0.022270
0.,038202
0.040780
0.035650
0.032254
0.032592
0.025874
0.025999
0.025707
0.026848
0.025591
0.027304
0.029939
0.031544
0.032217
0.028410
0.028639
0.026847
0.027151
0.026080
0.024961
0.027178
0.032076
0.030556
0.030193
0.034623
. 0.040449
0.038387
0.042010
0.042601
0.043734
0.041850
0.042760
0.054717
0.053418
0.059852
0.061813
0.069273
0.074582
0.079639

Corr.

(none)
0.997190
0.998481
0.998940
0.899148
0.999043
0.999355
0.999359
0.998861
0.997389
0.997726
0.998016
0.987033
0.995188
0.995681
0.994399
0.994707
0.995866
0.994197
0.993938
0.994315
0.992368
0.994025
0.993062
0.991899
0.991471
0.980279
0.989967
0.992723
0.990426
0.992543
0.991700
0.992429
0.992733
0.992612
0.992740
0.992078
0.992818
0.992187
0.993269
0.993731
0.993231
0.995992
0.955054
0.996470
0.997552
0.998280
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Template: JIC Fracture Toughness

Procedure: ATR95

Batch: 81195

~-secimen:

. .n Time Execute Data Table

Step

Number

v WNE

PM-6

Crack
Length
in
0.842832
0.840961
0.841228
0.844349
0.846494
0.849086
0.842559
0.849809
0.844618
0.846881
0.855544
0.853282
0.858607
0.864354
0.865728
0.875848
0.883002
0.879523
0.890177
0.904357
0.906311

J

in-1bf/in"2

28.9174
237.695
580.366
934.231
1304.09
1681.79
2099.25
2468.09
2897.61
3294.09
3662.71
4097.13
4483.20
4865.07
5293.86
5632.45
6004.35
6478.88
6801.60
7068.55
7487.41

Delta a

in
-0.008368
-0.010239
-0.008972
-0.006851
-0.004706
-0.002114
-0.008641
-0.001391
-0.006582
-0.004319
0.004344
0.002082
0.007407
0.013154
0.014529
0.024648
0.031802
0.028323
0.038977
0.053157
0.055111

Corr.

(none)
0.996964
0.998846
0.997969
0.998207
0.997682
0.998590
0.999148
0.998925
0.998730
0.999036
0.998951
0.998966
0.999171
0.998702
0.998854
0.998946
0.998892
0.998563
0.998987
0.998533
0.998734
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APPENDIX D

Photographs for Bend Specimen Fracture Surfaces





APPENDIX E

Nomenclature for Fracture Toughness Test Report





Final K _,,

The maximum stress intensity desired for the final portion of precracking. This value, the current precrack
length, the final crack length, and the load ratio are used by the software to determine the precrack
command loads.

Load Ratio (R)

The ratio of the minimum to maximum load used during precracking. The minimum load will be
determined by this value.

Test Frequency (5 to 50 Hz)

Frequency used in the precracking proéess.

" Final Crack Length

The desired crack length achieved through precracking. When this is reached, precracking stops.
Cycle Limited

Check for precracking to stop after a specified number of cycles. If selected, the precracking stops when
"Maximum Number of Cycles"” is reached.

Maximum Number of Cycles

The number of cycles at which precracking stops, if "Cycle Limited” is selected.

Crack Length Monitoring

There are two methods. The manual/visual method relies on the operator to periodically stop the test,
measure the crack length, enter the crack length at the appropriate prompt, and then continue running the
test. The compliance method relies on a gauge attached to the specimen to measure the specimen
compliance. Since the compliance of the specimen is proportionat to the crack length, the measured
compliance is used to estimate and record the crack length automatically.

Upper LSF Data Range

The percentage of the measured load range to be used as the upper limit for linear least squares fit
compliance determination.

Automatic Inspection Hold

Check for precracking to hold every "Inspection Interval” to allow crack length measurement.





Inspection Interval

The number of cycles after which precracking should Hold. This is only active if "Automatic Inspection
Hold" is selected.

Precycle Load

The precycle option is provided to minimize the non-linearity in acquired data at the start of the test.
Test Control (COD or Displacement) |

The control mode for the Ramp-To-Next and Crack-Propagation-Hold phases of the Ji test.. The choices
ac;i zigD and Displacement. The Unload and Reload segments of the J. test will always be in Load

Ramp Rate

This is the rate at which the system should ramp to the next end level in the Ramp (to next) segrment of
the J test.

Unload on Load Step
Check for unioad to take place on Load Step if the other step increments have not triggered first.
Load Step

This is the load increment that will be added to the current load Jevel at the beginning of each Ramp (to
next) segment to determine a maximum load for this step.

Unload on COD Step
Check for unload to take place on COD Step if the other step increments have not triggered first.
COD Step

This is the COD increment that will be added to the current COD level at the beginning of each Ramp (to
next) segment to determine a maximum COD for this step.

Unload on Displacement Step

Check for unload to take place on Displacement Step if the other step increments have not triggered first.





Displacement Siep

This is the displacement increment that will be added to the current displacement level at the beginning
of each Ramp (to next) segment to determine a maximum displacement for this step.

Unload on Pct of Current Load

Check for unload to take place as a percent of the load at the end of the Hold (crack propagation) segment.
If both percent unload and absolute unload are chosen, the smaller of the two resulting values will be used.

Percent Unload

The amount of force to unload as a percentage of the step peak load. If both percent unload and absolute
unload are chosen, the smaller of the two resulting values will be used.

Unload Absolute

Check for a maximum unload to take place regardiess of the percentage of the stcpvpeak fToad. If both
percent unload and absolute unload are chosen, the smaller of the two resulting values will be used.

Absolute Unload

The amount to unload in both the Unload and Reload segments in force units. If both percent unload and
absolute unload are chosen, the smatler of the two resulting values will be used.

Number of Unloads
The number of unload and reload segment pairs.to perform in each step of the J. test.
Crack Propagation Hold Time

The length of time to hold at constant COD or Displacement in the Hold (crack propagation) segment of
the J,c test. If this time is zero, the Hold (crack propagation) segment of the test will be bypassed.

Unload Rate
The rate at which the system will unload the specimen in the Unload segments in each step.
Reload Rate

The rate at which the system will reload the specimen to the load value at the beginning of the first Unload
segment in each step.

Ramp to Initial Load





Check if the first step should ramp in load control to a particular load. The load is based on a percentage
of the final precrack load. This allows the user to start with loads closer to loads of the final precrack load
for the specimen. This option helps speed the test and eliminates step data which may not be desired.
Pct of Final Precrack Load

This specifies the percentage of the load of the final precrack cycle which should be used as the load for
the end of the first Ramp (to next) segment. This is only active if "Ramp To Initial Load" is selected.

Load Ramp Rate

The ramp rate for the initial Ramp (to next) segment when it is done in load control. This is only active
if "Ramp To Initial Load" is selected.

Frame Stiffness

The inverse of the compliance of the test system. This term is used to determine the displacement due to
load frame deflection, and deformation of fixtures. The resulting displacement is subtracted from the
measured displacement when calculating the energy absorbed by the specimen. This is particularly
important when using SE(B) specimens.

Specimen Geometry [FFC(T), LLC(T), DC(T), or SE(B)]

Use the list box to select the appropriate geometry. All specimens in a batch must have the same
geometry. Once a batch is created, the geometry can not change unless all the existing specimens in that
batch are deleted.

Event Logging

Check if the events during test execution should be recorded.

Event Log Filename

Name the file where events during the test will be listed.

Upper LSF Data Range

Enter the percentage of the measured load range, in 2 loading/unloading sequence, that is used as the upper
limit for linear least squares fit compliance determination.

Lower LSF Data Range

Enter the percentage of the measured load range, in a loading/unloading sequence, that is used as the lower
limit for linear least squares fit compliance determination.





End on Maximum Load

Check if the test should end when the "Maximum Load" specified is reached.

Maximum Load

Test completes at the load entered if "End on maximum load" is checked.

End on Maximum COD

Check if the test should terminate when the "Maximum COD" specified is reached.
Maximum COD

Test completes at the COD entered if "End on Maximum COD" is checked.

End on Maximum Displacement

Check if the test should terminate when the "Maximum Displacement” specified is reached.
Maximum Displacement

Test completes at the displacement entered if "End on Maximum Displacement"” is checked.
End on Maximum Crack Length

Check if the test should terminate when the "Maximum Crack Length" specified is reached.
Maximum Crack Length

Test completes when crack length reaches the length entered if "End on Maximum Crack Length” is
reached.

End on Crack Length Extension

Check if the test should end when the maximum amount of crack extension beyond the test initial crack

length,

Maximum Crack Length Extension

Test completes when the crack extension reaches the amount specified if End on Crack Length Extension
is checked. :

Termination Type





If immediate is chosen to end the test, the test will shut down immediately upon reaching a termination
criteria. If Controlled is chosen, the test will end after the next hold, unload, reload sequence.

Hydraulic Shutdown

Check if hydraulics should be turned off when the test is ended.

Width (W)

For C(T) specimens, enter the distance from the center of the loading pin holes to the back face of the
spec.imen. For SE(B) specimens, enter the distance from the notched side to the opposite side of the
specimen.

Notch Length

For C(T) specimens, enter the length of the specimen's machined notch measured from the center of the
loading pin holes to the tip of the notch. For SE(B) specimens, enter the length of the specimen's
machined notch measured from the notched side to the tip of the notch.

Thickness (B)
Enter the thickness of the specimen.
Net Thickness (B,)

For ungrooved specimens Net Thickness should have the same value as Thickness. All tests where net
thickness is not equal to thickness are listed as invalid since ASTM E647-93 does not discuss grooved
specimens.

Span (S)

“This is only used for SE(B) specimens. Span is the distance between the two supports on the same side
of the specimen.

Modnulus of Elasticity

Modulus is an estimate of the materials initial stiffness below its elastic limit. This value can be changed,
either in the Assign Modulus window or here in the Batch Editor.

Yield Strength

Yield Strength as determined by ASTM E* or EN 10002. Typically the value is determincd as 0.2%
offset yield point.

Ultimate Tensile Strength





Ultimate Tensile Strength is the maximum tensile stress that a material is capable of sustaining. This is
also known as "Ultimate Strength” or "Tensile Strength.”

Poisson's Ratio

Poisson's Ratio is the absolute value of the ratio of transverse strain to the corresponding axial strain
resulting from uniformly distributed axial stress below the proportional limit of the material.

Crack Plane Orientation

Enter up to 32 characters. This is an identification of the plane and direction of a fracture in relation to
product geometry. This identification is designed by a hyphenated code. See ASTM E 399-90 3.1.3.3
and Figures 1 through 3.

Pin Center from Crack Plane

Enter the distance that is one half the span between the load points (center of pin holes). It is used by the
software in correction calculations for specimen rotation of C(T) specimens.

COD Half-Gage Length

Enter the distance that is one half the distance between the displaccmcnt measurement points (COD
attachment edges). It is used by the software in correction calculations for specimen rotation of C(T)
specimens.

COD Distance From Load Line

Enter the distance between the displace measurement points and load points (center of pin holes). For
LLC(T) specimens this is zero.

Test Temperature

Enter the test temperature as required by ASTM 813. The J. test method covers the determination of J
with a loading rate that is slow and environmentally assisted cracking is assumed to be negligible.

Number of Cycles

The number of cycles executed during precracking.
Final Precrack Length

The final crack length reached during precracking.

Final P,





The maximum loading during the final precracking cycle.
Precrack P,

The maximum loading during the entire precracking process.

Final K,;,x

The maximurm stress intensity on the final cycle of precracking.
Precrack K.

The maximum stress intensity during the entire precracking process.
Comment

This field allows you to enter a short comment up to 32 characters which is displayed in the final Test
Results Report Summary.

OK Batton

Saves these values for the current specimen. Switches the test mode to ;. Test Control.
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Metallography for HAZ Tensile Specimens
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Department of Energy
Idaho Operations Office
1955 Fremont Avenue
Idaho Falls, ID 83415

September 3, 2010

Chuck Broscious
Environmental Defense Institute
P.O. Box 220

Troy, ID 83871-0220

SUBJECT: FOIA Response (10-032) (OM-PA-10-063)

Dear Mr. Broscious:

This is in partial response from the Idaho Operations Office (DOE-ID), regarding your June 23,
2010 letter and August 23, 2010 clarification e-mail.

In section I, you requested documents that you indicated that you may have already received and
asked DOE-ID to verify that it had sent them to you. Please note our responses to your request

below:

2010 Request

RESPONSE/STATUS as of 8/25/2010

Section I, 1:

Advanced Test Reactor (ATR) Safety
Analysis Reports to include but not limited to
the (current revision and table of contents)
of}

a. Severe Accident Analysis — Upgraded
Final Safety Analysis Report for the
ATR;

b. Emergency Management Hazards
Assessment for Reactor Technology
Complex (RTC);

c. Design Basis Reconstruction;

d. RTC/INTEC Seismic Hazard
Report(s);

e. ATR Certification Reports 2006 to
present.

a. Current version of SAR is being
reviewed.

b. EHA-50 is being reviewed.

¢. “Design Basis Reconstruction” (i.e.,
Reconstitution) is the name of an effort
under the Life Extension Program,; it is
not a document.

d. A search for responsive documentation
beyond what was provided in 2008/2009
is ongoing.

e. Facility Certification Reports are no
longer required; none have been prepared
since FCR-29.

Section I, 2:

Un-reviewed Safety Questions (USQ) and
Deficiency Reports between 2007 and
current to include but not limited to:

Responsive USQs are currently being
identified; The request for "Deficiency
Reports" is too broad; taken literally, it would
involve tens of thousands of pages of material
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a. RTC, ATR, ATR-Critical and
Neutron Radiography Reactor
(NMIS) reactors;

and would include topics having nothing
whatsoever to do with the ATR. Specific
reports or topics need to be identified.

3. Occurrence reports dated 2007 to the
present to include, but not be limited to:

a. ATR emergency reactor shutdowns (i.e.
5/30/10) due to control rod failure and/or
other system failures, not otherwise
specifically listed in Section II below.

There have been no "ATR emergency reactor
shutdowns" due to any condition or event.

b. Radiation monitoring reporting reports
due to the fact that the ATR/RTC “high level
radiation monitoring system is not working”

There is no responsive documentation beyond
what was provided in 2008/2009.

c. Reports related to ATR primary reactor
coolant heat exchangers leaks or corrosion;
referenced in the Facility Certification Report
No. 29 (referenced below by pg.) that states
that secondary heat exchangers are seriously
corroded and “should be replaced” because
both “are operating beyond 200% of their 20
year design life”

A search for responsive documentation
beyond what was provided in 2008/2009 is
ongoing.

d. Reports on all safety equipment not
qualified to current seismic criteria

A search for responsive docurnentatibn
beyond what was provided in 2008/2009 is
ongoing.

e. Reports related to ATR confinement leaks
“above the 125% acceptance line”

There is no responsive documentation beyond
what was provided in 2008/2009.

f. Reports on on-site raw emergency reactor
coolant water supplies that are not sufficient
in ongoing commercial power outages

There is no responsive documentation beyond
what was provided in 2008/2009.

g. Reports related to ATR vessel vent valve
releases radiation directly to the atmosphere
during loss-of-coolant event

There is no responsive documentation beyond
what was provided in 2008/2009.

h. Reports on ATR power level that show at
435 MW (SAR-15.4.12) reduced to 150 MW
due to core safety assurance problems

There is no responsive documentation that
addresses this assertion [Item 3.h.] as written.

i. Reports on liquid waste evaporator pond
liners are leaking [p. 26]

There is no responsive documentation beyond
what was provided in 2008/2009.

j. Reports on reactor core internal change-
outs (i.e. C/2 N-16) “failed two to four years
after change-outs and are expected to fail two
to four years from now” [pg. 26]

There is no responsive documentation beyond
what was provided in 2008/2009.

k. Reports on during commercial power
failure, emergency diesel power generators
failed to start [pg. 12 & 30]

There is no responsive documentation beyond
what was provided in 2008/2009.

1. Reports on required National Fire
Protection inspection failed because fire

There is no responsive documentation beyond
what was provided in 2008/2009.
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dampers “were not made for inspection and
some dampers were installed backwards”

[p. 10]

m. Reports on effects of aging on structural
integrity including irritation embrittlement
[sic] of the reactor pressure vessel [p. 27]

Enclosed are two responsive documents:

1. “Review of Advanced Test Reactor Vessel
Neutron Irradiation Affects”

2. “ATR Vessel Specimen Irradiation
Program”

Both documents are considered fully
releasable.

n. Reactor fuel failure events [p. 5]

There have been no "reactor fuel failure
events,"

Section I, 4:

Independent Engineering Consultant analysis
reports related to the ATR for the period
2006 to the present.

No responsive documents exist.

Section I, 5:
Engineering Design File reports related to the
ATR for the period 2007 to present.

The request for "Engineering Design File
reports” is too broad; taken literally, it would
involve thousands of pages of material.

In section I, you requested "all internal reports cited/referred to in the DOE-Idaho Bi-Weekly
Operations Summary/INL website Updates. On July 11, 2010, I sent you an e-mail with the
internet address to a website [http://www.hss.energy.gov/csa/analysis/orps/finalorps/orps.html]
that would allow you to access the cited internal reports. On July 13, 2010, in response to your
inquiries regarding navigating the website, [ sent a step-by-step direction for identifying the
reports you had requested at that site. In response, you indicated that all the requested
information was not available on the site. The reports that are currently available via the OPPS
database represent all that have been issued as final. The additional 2010 reports cited in the
DOE Idaho Biweekly Operations Summary (per your email of 8/12/10) are draft documents that
have not been reviewed/ approved for issuance as final reports; they will be available on the
website as soon as that process is complete. All other cited reports (with the exception of NE-
ID-BEA-ATR-2008-0016, which has been cancelled) are readily available to anyone with

internet access at http://www.hss energy.gov/csa/analysis/orps/finalorps/orps.html.

I am the authorizing official for purposes of determining to withhold information. You may
appeal, pursuant to 10 C.F.R. § 1004.8, the denial of information by the DOE. The appeal must
be made within 30 calendar days of receipt of a letter denying any portion of the request.

The appeal should be sent to the Director, Office of Hearings and Appeals, HG-1, U.S. L’Enfant
Plaza Building, U.S. Department of Energy, 1000 Independence Avenue, SW, Washington, DC
20585-1615.

The written appeal, including the envelope, must clearly indicate that a Freedom of Information
Act Appeal is being made. The appeal must contain all the elements required by 10 C.F.R.
1004.8. to the extent applicable. Judicial review will thereafter be available to you: (1) in the
District of Columbia; (2) in the district where you reside; (3) in the district where your principal



http://www.hss.energy.gov/csa/analysis/orpslfinalorps/orps.html
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place of business is located; or (4) in the district where the DOE records are located. If you
appeal, Please provide me a copy of the same.

I appreciate the opportunity to assist you with this matter. If you have any questions about this
correspondence, please contact me at 208-526-5190.

Sincerely,

FOIA Officer

Enclosures
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RECORD NOTES:

1. This letter is in partial response to a FOIA request.

2. This letter was drafted by Clay Ogilvie and Reviewed by Brad Bugger and M. McKnight.
3. This letter/memo closes Pegasus number N/A

4. The attached correspondence has no relation to the Naval Nuclear Propulsion Program.

5. The attached correspondence has no relation to the ARRA stimulus funding.
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Review of Advanced Test Reactor Vessel Neutron Irradiation

Affects \ wr@&’ %R__./
R. Boston, M. McAnulty W
December 5, 2007 “ 7
1
INTRODUCTION

This assessment was conducted in response to recent questions regarding the affect of neutron
irradiation on the Advanced Test Reactor (ATR), Reactor Vessel (RV).

The assessment was conducted by M. McAnulty and R. Boston. Mr: McAnulty is a FdCIhty
Representative at the Reactor Technoiooy Complex (RTC). He has a bachelor’s degree and is a
licensed Professional Engineer in the field of Mechanical Engineering registered in the State of
ldaho. Mr. Boston is the RTC Team Lead and has a master’s degree in Nuclear Engineering.

It is common knowledge that gamma radiation causes only a heating affect on metals and does
-not result in embrittlement. Therefore, gamma irradiation of the RV was not investigated.

- DISCUSSION OF THE CURRENT REACTOR VESSEL ANALYSIS
The ATR Upgraded Final Safety Analysis Report (SAR-153) [BEA, 2007a] section 4.3.2.8 cites
a 1987 reference (Durney, PG-T-87-009) which validated that the RV could continue to operate
at least through 2014. Engineering Design File EDF-TRA-ATR-1823 (BBWI, 2002) conducted
further analysis of the fracture toughness of the Vessel Specimen Irradiation Program.

Inspection of ATR in-service components is governed by the ATR Inservice Inspection (ISI)
Plan (PLN-859) [BEA, 2007b] which “1mplements a program for periodic inspection and testing
of pressure boundary components and equipment in selected process systems. The Plan specifies
the systems to be inspected, the types of inspections to be performed, the inspection schedules,
and the standards for evaluation of inspection results. The Plan also specifies requirements for
performing repairs, replacements, and modifications to the systems included in the Plan.”

“The ATR ISI Plan is based on Section X1 of the ASME Boiler and Pressure Vessel Code.
Section X1 was developed by the American Society of Mechanical Engineers for application to
commercial nuclear power plants of the type currently in operation and is the industry standard
for in-service inspection. The ATR IST Plan was developed using Section X1 as a model.
However, the requirements of Section X1 are adjusted as appropriate for applicability to the
unique design and operational features of the ATR. Significant exceptions and modifications to
Section XI requirements are denoted in the Plan.”

The ATR primary systems were evaluated to determine susceptibility to intergranular stress
corrosion cracking (IGSCC) and erosion/corrosion phenomena. The conclusion of the
evaluations is that the primary systems are not susceptible to these phenomena because of the
materials of construction (austenitic stainless steel), favorable water chemistry, and low
operating temperatures. No corrosion, erosion or cracking have been detected during past IS]






plan weld inspections, and conunued inspections will assure any erosion/corrosion or IGSCC is
detected (Carlson, 2007).

The ATR primary systems have also been evaluated for fatigue. Based on an analysis of the
highest stressed area of the reactor vessel it can conservatively tolerate 10 cycles per ASME
design code. Since the primary system averages less than one cycle per week there is adequate
safety margin against fatigue for the life of the facility. The highest stressed regions in the
primary piping system are in welds that are included in the ISI plan. Fatigue problems are not
expected because of ductile material properties and low stresses, and continued inspections will
-assure any cracking is detected before failure (Carlson, 2007).

The projected fluence throngh 2014 was based on ATR operations at 250 MW with an 80%
reactor use, which projected a peak fast fluence at 20 of 2.7x1018 nvt. Historically, the ATR
operates well below 250 MW and 80% utilization which conclude that the existing assumption is
still valid. Although more data is available to determine the current cumulative fluence on the
reactor vessel and obtain a more accurate projected fluence, the current assumption is more
conservative as projected fluence based on operating data (up to present) would be less than the
projected fluence back in 1986: :

The degradation of fracture toughness in weld material based on WGR-1 20-86, which was
referenced in JEDw-25-86 (Dwight, 1986), changed from 135 ksiVin unirradiated to 54 ksivin

irradiated which is significant. However it should be noted that Figure 3 in WGR-120-86 draws

a straight line between the two values on a semi-log graph to interpolate the fracture toughness at
a fluence of 6x10"7 to be 120 ksivin. This is not appropriate since there is a break between 10°
and 10" on the graph and no explanation to the relationship of fracture toughness and neutron
embrittlement that supports graphical interpolation. In addition, there are articles in the Joumnal
of Nuclear Materials which suggest a fracture toughness dependence on irradiation temperature
which may result in lower values of fracture toughness for the vessel than those of the test
specimens which were irradiated at much higher temperatures.

As a result of the discrepancies noted in WGR-120-86, the fracture toughness values presentedv in
WGR-120-86 are queéstionable.

Further research identified credible fracture toughness values provided in EDF-TRA-ATR-1823.

This report documents the fracture toughness testing by B&W Nuclear Environmental Services,

~ Inc. Lynchburg Technology Center and data normalization by McDermott Technology, Inc.
(MDI). A normalization procedure was performeéd by MDI because the results failed the
acceptance criteria outlined in ASTM E813-87. At the time of the report this normalization.

_procedure was a recognized approach in the materials testing community but was not adopted by
the American Society for Testing and Materials (ASTM) testing standards. This normalization
procedure has since been accepted in ASTM E1820-06 annex 15. Additionally, the Vessel
Specimen Irradiation Program documented that the specimens were irradiated in the south
capsule irradiation tank which suggests the irradiation temperature is consistent with that of the
ATR reactor vessel thus negating any irradiation temperature dependencies. In this analysis,
data from the literature was used to estimate lower bound toughness for irradiated 308 stainless
steel weld material (J-Integral = 464 in-Ib/in®). Using a conservative approach for predicting






fracture, the analysis concluded that the vessel would adequately perform its function at this
lower bound toughness value.

Fracture toughness is relevant when dxscussmo material failures associated with a pre-existing
flaw. Initial crack size, applied loading, and fracture toughness determine the rate of crack
growth and final crack length prior to fajlure. Margin of safety is typically thought of as a ratio
of the applied stress to the maximum allowable stress neglecting the presence of a crack or the
material’s fracture toughness. However if the applied stress is considered constant and the
fracture toughness is reduced through neutron embrittlement, a comparison could be made with
- the reduction in the critical crack lenqth

Give that critical crack size, a, =— SI[ , a ratio of critical crack size is,
7

ar _irradigled K Ie _irradiated .
ar _ mnirradiated K I | unirradicned
Reduction in critical crack size would be a concern if the critical crack size is less than what

could be detected by In-Service Inspection or if the critical crack size would violate the leak
before break concept of vessel design.

Therefore, EDF-TRA-ATR-1823 adequately justifies that the ATR reactor vessel fracture
toughness and projected neutron fluence are conservative and supports aging assessment to 2014.
It should be noted that based on more recent neutron fluence data, the projected fluence could be
extended beyond 2014.

EXTRAPOLATION BEYOND 2014
In the ATR Vessel Lifetime And Primary Coolant System 1IGSCC Assessment (Dumey, 1987) it
was determined that:

“The relationship between the critical flaw sizes versus K1 in Figures 14(a), (b), and ()
for upset conditions and in Figures 15(b) and (d) for emergency conditions are used in
conjunction with Ki, =114 ksmn“ (JI, = 464 in .=lb /in® in Table 14) to calculate the
critical flaw sizes for the weld metal . This value was selected because it is the lowest of
the results in Table 14 and it is assumed that a fluence of 3 .13 x 10*® n/em? (E>1MeV)
will not reduce the fracture toughness.”

Further RV specimen irradiation analysis found the fracture toughness relationship is as shown
in Figure One. To determine an approximation of 1he safe operating life for the RV, the fluence
to reach the fracture toughness limit of 464 in-1b/in® was determined (). Refer to Figure One
below for the remainder of this diseussion. The line through the data (upper red line) is a least
squares fit and the parallel line below (blue lme) the fit is the lower 95% conﬁdence interval.
The tic mark on the fluence axis at 1.27 x 10'® (all fluences in units of n/cm % rc,presents the
fluence projected to be accumulated at the 2004 CIC, and the tic mark at 4.75 x 10'% represents






the fluence estimated to be accumulated in an additional fifty years operating (the year 2054) at
175 MW at 90% efficiency. Extrapolating out to a fluence of 1.5 x 10*° (which is still above the
fracture toughness limit) would be to the year 2171. This extrapolation is not intended to be used
as a technical basis for the ATR safety analysis report review or approval but for a general
understanding of the robustness or fragility of the ATR RV,
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CONCLUSION

Therefore, EDF-TRA-ATR-1823 conservatively justifies that the ATR reactor vessel fracture
toughness and projected neutron fluence are conservative and SUPPOILS aging asse
It should be noted that based on more recent neutron fluence data, the projected fl
extended beyond 2014. Performance of a realistic assessment by extrapolating the available data

shows that the ATR Reactor Vessel shonld be resistant to neutron embrittlement and COITOS1ioN
for well into the future.
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The difference between K and J values in fracture toughness is that K is based on
at the crack root and has units of ksiVin, where J is based on strain enercry has uni

APPENDIXONE
FRACTURE TOUGHNESS

(sometimes Ib/in). The equivalencies are:

: 2

; K
E for plane stress
K? 2

J= I—-v*
)

Aésuming Young’s modulus (E) is 30,000 ksi and a Poisson’s ratio (v) 0f 0.3, the I
toughness value of K=135 ksivin would be an equivalent of J=553 in-1b/in’. Tt sh

for plain strain '8

stress intensity
ts of in-Tb/in’

racture
puld be noted

that this correlation is only valid under linear elastic conditions, and ASTM E1737 does not
allow the J value results according to that test standard to be used to obtain the K values.

The value of 464 in-1b/in” was referenced by PG-T-87-009, which appears to be the lowest value
listed in a referenced table from J.D. Landes and D.E. McCabe, Toughness of Austenitic

Stainless Steel Pipe Welds, EPRI NP-4768, October 1986.

The value of 464 in-Ib/in” seems conservative since all our tests resulted in much higher Js.

To clarify fracture toughness notations, the commonly seen subscripts are: Roman

to describe the mode shown in Figure 2, and ¢ stands for critical values.

¥

Mode 1

Figure 2: Three Basic Modes of Loading !
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