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EFFECT OF LONG-TERM THERMAL AGING ON THE FRACTURE TOUGHNESS
OF AUSTENITIC STAINLESS STEEL BASE AND WELD METALS

1.0 INTRODUCTION

Type 304 and 316 stainless steel (SS) alloys are known to exhibit
adequate strength, excellent resistance to sodium, and high fracture
toughness. Because of these advantages, the steels are used in the components
of the Fast Flux Test Facility {(FFTF)-which is a liquid metal reactor. The
reactor is located at the U.S. Department of Energy's Hanford Site in
Richland, Washington. During the period of operation, components are
subjected to prolonged exposure to neutron irradiation, elevated temperatures,
and to liquid sodium on the inside surfaces. Long-term thermal aging was
postulated to degrade the fracture properties of the component materials;
therefore, the FFTF Aging Surveillance Fracture Toughness Program was
established to provide assurance that the structural integrity of the FFTF
primary piping and the reactor vessel is maintained throughout the reactor
lifetime.

Tensile and compact tension specimens taken from the actual heats of
FFTF component materials were heated in laboratery furnaces for 10,000,
20,000, 50,000, and 100,000 hours. The aging temperatures were 427 °C for the
vessel (304 SS and 308 SS weld metal), and 482 °C for the outlet piping (316
SS and 16-8-2 SS weld metal). Testing of specimens aged for 0, 10,000,
20,000, and 50,000 hours is completed and results have been reported [1-4].
Results for reactor materials aged at ‘566°C showed no degradation in fracture
properties [1]; therefore, thermal aging studies at 566°C were stopped, only
427- and 482°C-aging have been continued. The 100,000-hour aging completed in
September 1994 concluded the FFTF aging program. Specimens from this longest
aging time have been tested, and the results analyzed by means of the multi-
specimen method to evaluate the fracture toughness of the aged primary piping
and reactor vessel materials. These experimental data now are used to assess
the effect of thermal aging on the fracture toughness degradation potential.
Such information is needed to verify that the fracture toughness is adequate
for continued long-term safe operation of the FFTF or other similar reactors.

2.0 SUMMARY

One of the FFTF surveillance experiments is to investigate the effect of
thermal aging on the fracture toughness degradation of the unirradiated,
archival FFTF component materials. Tensile and compact tension specimens
taken from FFTF primary piping materials (Type 316 stainless steel (SS) and
16-8-2 SS weld metal) and from reactor vessel materials (304 SS and 308 SS
weld metal) were heated in laboratory furnaces for 100,000 hours. Fracture
toughness testing was performed on these specimens, which are 7.62- and
25.4-mm thick, respectively, at the aging temperature (piping materials were
aged at 482 °C and vessel materials at 427 °C). Results were analyzed with
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the multiple-specimen method; the test procedures of the method are detailed
in ASTM Standard E813.

Primary piping and reactor vessel materials exhibited high fracture
resistance in the unaged condition. The fracture toughness of Type 316 SS and
' 304 SS decreased as the specimens were aged for 20,000 hours. Thermal aging
continues to reduce the fracture toughness of FFTF component materials.
Results show that thermal aging has a strong effect on the toughness degrada-
tion of weld metals, particularly for 16-8-2 SS weld metal whose aged/unaged
J_ ratio is only 0.31 after 100,000-hour aging. The fracture toughness of the
308 SS and 16-8-2 SS weld metal fluctuated during 20,000 to 50,000-hour aging
but decreased as the aging time increased to 100,000 hours.  The fracture
surfaces of base and weld metal specimens were examined by scanning electron
microscope. Fractographs show that dimpie rupture and deep microvoids
dominate in the fracture surfaces of 316 base metal samples. Thermal aging
increases the size of the dimples in both base and weld metals from the
primary piping and the reactor vessel.

Longer exposures generate more transformation products and reduce
fracture toughness. Present studies show that 100,000-hour aging degrades the
fracture toughgess of both piping and vessel weld metals to a low value of
about 100 kJ/m°, an indication that the materials may fail after extended
service by non-ductile fracture. Therefore, fracture evaluations based on a
fracture mechanics approach should be considered for the primary piping and
reactor vessel of the FFTF or other reactors after 100,000-hour service.

3.0 EXPERIMENTAL PROCEDURE
3.1 SPECIMEN PREPARATION

Compact tension specimens with a width (W) of 29.3 mm (1.154 in.) and
thickness (B) of 7.6 mm (0.3 in.) were prepared from primary piping (Type 316
SS and 16-8-2 SS weld metal); the compact tension specimens from the reactor
vessel (304 SS and 308 SS weld metal) have a width of 50.8 mm (2 in.) and
thickness (B) of 25.4 mm (1 in.) (Figure 1). The chemical compositions for
these materials are given in Table 1. Notches in weld specimens were centered
in the weld deposit and were oriented in a direction parallel to the welding
direction (see Figure lb in Ref. 4} . The notches in base metal specimens of
316 SS piping were oriented in the circumferential direction. In addition,
two tensile specimen were prepared for each set of compact tension specimens.

Preparation and testing of the thicker specimens from reactor vessel
materials (304 SS and 308 SS weld metal) were contracted to Accurate
Metallurgical Services (AMS), Inc, Santa Fe Springs, California; the thinner
specimens of primary piping (316 SS and 16-8-2 SS weld metal) were prepared
and tested by Metcut Research Associates (MRA), Inc, Cincinnati, Ohio. All
specimens tested were fabricated from the specimen blanks aged for
100,000 hours.
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3.2 TEST PROCEDURE

A11 specimens were fatigue precracked before testing by a serve-
hydraulic test machine. Fracture toughness testing was conducted at the aging
temperature, i.e., 427 °C for the thicker specimens of 304 SS and 308 SS weld
metal, and 482 °C for the thinner specimens of 316 SS and 16-8-2 SS weld
metal. Loadline displacements were measured by either a clip gage or from
loading time by correcting for the load-train and machine compliiance. In the
present work, AMS did not use a clip gauge to measure Toadline displacements
at high temperatures, but MRA did. The single-specimen method that uses the
electric-potential technique [2] to measure crack extension used previously
could not be used in the present work because the tests were performed by off-
site testers not equipped for the electric-potential technique. :

During testing, the load, loadline displacement, and ram displacement
were recorded continuously. The specimens were loaded to various displace-
ments to produce different amounts of crack extension as recommended in
American Society for Testing and Materials (ASTM) E813-91. After the test was
completed, each cracked specimen was heat tinted to reveal the crack
extension. Six specimens of each alloy were tested at the aging temperatures,
427 or 482 °C with one exception as noted in Section 4.1. Results were
analyzed by means of the J-integral approach. The value of J was determined
from the area under the load vs. the loadline displacement curve (Figure 2) by
the following equation [5]:

J=23 _(1ra)
Bb (1+&2)
where

A = area under load versus load-line displacement curve
B = specimen thickness
b = unbrokeg ligament size
a = [(2a/b)° + 2(2a/b) + 21* - (2a/b +1)
a = crack length.

The values of J were plotted in terms of crack extension (Aa) to
construct the J-Az curve. The crack extensions were obtained from direct
measures.

Fractographic examinations were performed on a scanning electron
microscope {SEM), model ESEM-E3, operated at 20 kV.

A1l specimens tested exhibited stable crack tearing. The initiation
fracture toughness, J,., was generally determined to be the value of J, where
a least-squares regression line through the Aa data points intersected the
blunting line (J = 2 o, Aa, where o, is the average of the yield and ultimate
strengths). For high-strain hardening materials [6] such as the materials
tested in this work, the notch in the specimen blunted initially in a manner
that J = 4 o, Aa. Fracture toughness data were obtained by this method for

3
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comparisons with those generated previously from piping and vessel materials
aged for 10,000 and 50,000 hours. Results also were analyzed by a power-law
regression analysis according to ASTM E813-91. Fracture toughness values
obtained in this work are termed J_  rather than J, Values of the tearing
modulus (T) were computed from the following equation

w.

where dJ/da is the slope of J-Aa curve, E is Young's modulus.

4.0 RESULTS‘AND DISCUSSION

Load-vs.-displacement curves for each specimen tested are attached in
Appendix A. Typical load and loadline displacement curves are shown in
Figure 2. The area under the 1oad vs. loadline displacement was measured to
determine the value of J for each specimen.

4,1 MULTIPLE-SPECIMEN METHOD

The values of J are plotted as a function of crack extension measured
from heat tinting of tested specimens. Since the value of critical fracture
toughness is determined from the J-Aa curve drawn through the J-vs.-crack
extension data points, additional data points are desirable. A set of six
specimens is commonly used to evaluate the value of J A1l materials tested
in this work invelved six specimens for the determlna%1on of fracture
toughness except the J_. value of 304 SS samples aged for 100,000 hours was
determined from three specimens.

The J-Ba curves of specimens cut from primary piping and reactor vessel
materials and aged for 100,000 hours are shown in Figures 3 and 4, respec-
tively. The results of J_ and T determined by means of the mu1t1p1e-spec1men
method are given in Table 2. Previous data obtained from reactor vessel and
primary piping specimens aged for shorter times are listed in Table 3 for
comparisons. The dependence of fracture toughness and tearing modulus on
aging time for base metals and weld metals tested at the aging temperature is
shown in Figures 5 through 10. Both J_ and the aged/unaged ratio of J_ are
plotted as a function of aging time. The values of the tearing modulus are
plotted in terms of aging time for pr1mary piping and reactor vessel materials
as shown in Figures 9 and 10.

The values of J_ can be determined from the J-Aa curves with either a
linear regression anaiysis or a power-law regression analysis. Previous
results from aged samples were analyzed with a linear regression method. The
J_. value was evaluated at the intersection of the portion of the J-Aa curve

with the 0.15-mm offset and the blunting line. For comparison, all fracture

4
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toughness results from compact tension specimens fabricated from reactor
vessel and primary piping materials aged for times up to 100,000 hours were
obtained from the J-Aa linear regression analysis (Figures 5 through 8). The
fracture toughness results were also obtained from the power-iaw analysis.
Table 2 also lists the values of critical fracture toughness determined by a
power-law regression analysis according to ASTM E813-91. The values of J,
evaluated by this new method are much higher than those listed in Table 2 for
316 SS and 16-8-2 SS weld metal.

4.2 FRACTOGRAPHY

Fractographic examination of the fracture surfaces characterizes
fracture surface morphologies. Specimens of 316 SS with cracks propagating in
the axial direction exhibited Tower J_ values as compared to those with cracks
propagating in the circumferential orientation. As shown in the SEM
fractographs in Reference 4, the lower fracture toughness values in the axial
direction were attributed to the alignment of stringers in the axial
direction. In the circumferential orientation, stringers are normal to the
crack propagation direction; they nucleated deep microvoids that blunt the
crack tip as shown in Figure 1la. As a result, the fracture toughness of
specimens with cracks advancing in the circumferential direction is higher
than for those in the axial direction. The deep microvoids are shown in
Figure 11b where gross plastic deformation surrounding the microvoids is
visible.

The unaged 304 SS base metal exhibits a very high toughness and fails by
dimple rupture in a transgranular mode. For stainless steels subject to
thermal aging at temperatures below 900 °C, carbide network (M,C,) forms
first; longer exposures produce intermetallic phases such as_gﬁe sigma phase
[7]. Under triaxial stress conditions ahead of the crack tip, microvoids are
initiated at the interface between the matrix and a particle in the specimens
which fail in a ductile fracture mode. Cavities or dimples are formed by the
coalescence of microvoids. Dimple rupture is evidenced in Figure 12 for the
304 SS reactor vessel specimen. As shown in Figure 12a, the fracture features
are rough compared to the fatigue surfaces, which are flat.

Microvoid coalescence is the primary fracture mechanism for both unaged
and aged 16-8-2 SS and 308 SS weld metals (Figures 13 and 14). Dimples are
initiated by delta ferrite in these weld metals. Thermal aging transforms
delta ferrite into carbide or sigma phases if the aging temperature is high.
These transformation products provide microveid nucleation sites (see
Figure 14b). Generally, the dimple size increases with increasing aging time.

4.3 FRACTURE TOUGHNESS OF AGED ALLOYS

Previous results show that thermal aging to aging time of about
20,000 hours reduces the fracture toughness of 16-8-2 SS weld metal; the
toughness then increases for 50,000-hour aging, but it decreases again after
longer exposures. For 316 SS, the fracture toughness in the circumferential
direction decreases with increasing aging time. The effect of thermal aging

5
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on the fracture properties of reactor vessel material (304 SS and 308 SS weld
metal) is similar. Figures 5 through 10 show the effect of thermal aging on
fracture toughness and tearing modulus. Both fracture toughness and the
aged/unaged J_ ratio are plotted as a function of aging time. As shown in the
figures, long-term aging resulted in a significant reduction in fracture
toughness for primary piping as well as for reactor vessel materials.

The fracture toughness of 304 SS and 308 SS weld metal decreases with
aging time, a phenomenon that is consistent with the previous studies [1].
Thermal aging appears to increase the tearing resistance of 316 SS and 16-8-2
SS weld metal while reducing the tearing resistance of 304 SS and 308 SS weld
metal slightly. The fracture toughness of 16-8-2 SS weld metal is about one-
half that of 316 SS. Thermal aging has a stronger effect on the fracture
toughness of 16-8-2 weld metal than on 316 base metal, as illustrated in
Figure 6 where the aged/unaged J, ratio is 72% for 316 SS and 31% for 16-8-2
SS weld metal after 100,000 hours of aging. Although the initiation fracture
toughness of 316 SS decreases, the tearing modulus increases (Figure 9) with
aging time.

The effect of aging on the fracture properties of the reactor vessel
base metal and weld after thermal aging at 427 °C are shown in Figures 7
and 8. As seen in the figures, 50,000-hour aging caused a 30% reduction in J,
and a 20% decrease in tearing modulus. Longer exposures resulted in further
degradation in both fracture toughness and tearing modulus; there was no
evidence of a saturation in fracture toughness degradation at this
temperature. The J, ratio shown in Figure 8 indicates that the fracture
toughness degradation rates for both 304 SS and 308 SS weld metal are
comparable. The tearing modulus of the materials continues to decrease with
aging time; this trend differs from what is observed for 316 SS primary piping
materials in which the tearing resistance increases slightly with thermal

aging.

SEM fractography is used to correlate the microstructural change and
toughness degradation. As evidenced by fractography, thermal aging induced
carbide precipitation and sigma phase formation in piping and vessel welds.
High concentrations of stress were created around these particles causing the
nucleation of microvoids and the reduction of fracture toughness. Microvoid
coalescence and dimple size changes resulting from aging are closely related
to the fracture mechanism for 16-8-2 SS and 308 SS weld metals.

Fracture toughness values larger than 140 kJ/m? or lower than 25 kJ/m’
are classified as "high toughness" or "low toughness,” respectively.
Similarly, tearing modulus values larger than 100 or Tower than 10 are "high
tearing resistance” or "low tearing resistance." Because aging for 50,000
hours did not degrade fracture toughness values formgil FFTF component
materials except 308 SS weld metal to below 140 kJ/m® (Figures 5 and 7),
fracture control was not an important engineering issue. Also, because the
tearing moduli remained above 100 (Figures 9 and 10), potential tearing
instabilities and non-ductile failures are not expected to occur in stainless
steel components aged for less than 100,000 hours. However, the present
studies indicate that the fracture toughness of the materials continues to
decline with increasing aging time; the fracture toughness values of the weld

6
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metals are degraded to below 140 kJ/mz, therefore, fracture evaluation needs
attention after 100,000 hours of aging, although the tearing resistance is not
affected significantly. Any ?ossibi1ity that such long-term aged materials
with J, values below 140 kJ/m" fail by non-ductile fracture should not be
ruled out; engineering fracture evaluation for the components made of these
materials should be considered in design and safety analyses.

5.0 CONCLUSION

The values of fracture toughness for FFTF primary piping and reactor
vessel materials aged for 100,000 hours are determined by using the multi-
specimen method. Results clearly show that the fracture resistance of both
stainless steel base and weld metals decreases with increasing aging time.
The trend for aging time shorter than 50,000 hours is erratic, but the
fracture toughness is substantially reduced for longer exposures. Test
results on 16-8-2 SS weld metal show that fracture resistance deteriorates
rapidly with aging time longer than 50,000 hours. The fracture toughness of
308 SS weld metal also decreases with aging time at a degradation rate
comparable to that of 304 SS base metal with aging time longer than 50,000
hours (Figure 8).

Fractographic examination of base metal specimens revealed that the
stringer-created microvoids resulted from the perpendicular alignment of
stringer to the crack propagation direction and that the fracture surfaces of
weld-metal specimens were characterized by the appearances of dimple rupture.
Thermal aging produces carbides and causes delta ferrite transformation to
second phases. As a result, more microveid nucleation sites are provided and
fracture resistance is reduced. Increases in aging time do not alter the
features of the fracture surfaces appreciably but change the size of tear
ridges in base metals and dimples in weld metals.

Previous work showed that fracture evaluation was not an important
engineering issue for FFTF piping and vessel materials aged less than _
50,000 hours. However, as the present study shows, longer-term thermal aging
generates significantly more transformation products and reduces fracture
toughness. Specifically, the fracture toughness of botg piping and vessel
weld metals degrades to a lower value of about 100 kJ/m® after 100,000-hour
aging, an indication that the materials may fail by non-ductile fracture.
Therefore, fracture evaluation analyses based on a fracture mechanics approach
should be considered for the FFTF primary piping and reactor vessel.
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Table 1 Chemical Composition (wt. %)
Component | Outlet Piping | Outlet Piping | Reactor Reactor
Vessel Vessel
Material 316 SS 16-8-2 SSW 304 S§ 308 SSW
Heat No. 55319 Y2367R16/8/2 | 300380 D/H |
C _0.061 0.045 0.060 0.07
Mn 1.91 1.25 1.60 1.92
S 0.34 0.29 0.57 0.62
S 0.021 0.013 0.012 0.010
P 0.021 0.024 0.018 0.010
Cr 16.34 16.36 18.61 20.26
Ni 12.14 8.62 8.64 9.58
Mo 2.30 1.67 0 0.16 i
* S§ = Stainless steel
SSW = Stainless steel weld metal
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Table 3 Fracture Toughness of Aged Reactor Vessel and Primary Piping
(Test temp. = Aging temp.)

e o
Material | Component | Aging | Aging J T J. Ratio REFE-
temp | time (h) | (ka/m?) (aged/un- | RENCE
304 SS Reactor 427 0 751 611 1 2
Vessel
50,000 533 503 0.71 2
100,000 438 473 0.58 p.w.
308 SSW Reactor 427 0 155 254 1 2
Vessel
20,000 166 184 1.07 2
50,000 117 184 0.75 2
100,000 103 158 0.66 p.w
316 SS Primary 482 0 549 596 | 1
{L-C) Piping )
100,000 395 683 0.72 p.w
16-8-2 Primary 482 0 373 248 | |
SSW Piping
20,000 223 414 0.6 4
51,539 283 441 0.76 3
| 100,000 114 445 0.31 p.W.
* p.w. : present work

11
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Figure 2. Load and Loadline Displacement Records for
304 SS and 316 SS Aged for 100,000 Hours
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Figure 3.

J-Aa Curves for 316 SS and 16-8-2 SS Weld Metal (SSW)
Aged for 100,000 Hours and Tested at Aging Temperature
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Figure 4.

J-Aa Curves for 304 SS and 308 SS Weld Metal Aged for
100,000 Hours and Tested at Aging Temperature
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Figure 5. Aging Time Dependence of J_ Value for FFTF Piping Materials
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Figure 6. Aging Time Dependence of Aged/Unaged J, Ratio
for FFTF Piping Materials
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Figure 7. Aging Time Dependence of J_ Value for FFTF Reactor Vessel Materials
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Figure 8. Aging Time Dependence of Aged/Unaged J_ Ratio
for FFTF Reactor Vessel Materials

J ratio, aged/unaged

12 ] I 1 ] | |
FFTF Reactor Vessel Material
o 304 SS
e 308 SSW
10+ .
0.8 + _
Ref. 2
0.6 Aging and Test T
Temp. = 427 C
04 ] | | | i I

AY 0 20 40 60 80 100 120
Aging Time, kh

19



WHC-SD-FF-TRP-019
Rev. O

Figure 9. Aging Time Dependence of Tearing Modulus for FFTF Piping Materials
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Figure 10. Aging Time Depeﬁdence of Tearing Modulus for FFTF
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Figure 11. SEM Fractographs of 316 SS Aged for 100,000 Hours Showing

(a) Crack Fronts (200x), (b} Deep Dimples (1000x)
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Figure 12. SEM Fractographs of 304 SS Aged for 100,000 Hours Showing
(a) Crack Front (200x), (b) Microvoid Coalescence (1000x)
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Figure 13. SEM Fractographs of 16-8-2 SS Weld Metal Aged for 100,000 Hours
Showing {(a) Crack Fronts (200x}, (b) Dimple Size (1000x)
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Figure 14. SEM Fractographs of 308 SS Weld Metal Aged for 100,000 Hours Showing
(a) Crack Front (200x), (b) Dimpies and Transformation Products (1000x)
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APPENDIX A

Load Versus Displacement Records for J. Fracture Toughness Tests
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Additional Test Records for 316 Stainless Steel and
16-8-2 Stainless Steel Weld
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TO: Westinghouse Hanford Company PROJECT WO: 1665-62077-3
ATTN: Bill Roberson
PSS Procurement DATE: March 31, 1995
2355 Stevens Drive
Richland, WA 99352 AUTHORIZATION: MWGSWV380208
PROJECT: Precracking and Fracture Toughness Testing of (12) Compact Tension
Specimens Prepared by Metcut Research from Material with Necessary
Identification Supplied by Wescinghouse Hanford Company.
Material Identity: 16-8-2 Stainless Steel and 316 Stainless Sceel
Test Specification: ASTM E813, Multiple Specimen Technique
Test Environment: 900°F, Laboratory Ailr
Nominal Specimen Size, (in.):
Depth, W: 1.154
Thickness, B: 0.300
Height, 2H: 1.385
Length, L: 1.443
Discussion: One group of 16-8-2 stainless steel specimens comprised
of six specimens and another group of six 316 stainless steel specimens
were to be tested per ASTM E813 using che multiple specimen technigue.
Test conditions were 900°F in laboratory air. Each specimen was to
have digital recordings of Load, Machine Ram Displacement, and
Specimen Load-Line Displacement. This was achieved by taking this
information electronically at the rate of approximately six readings
per second for the duraction of the test. However, due to electronic
malfunction, no data was obtained for specimens TA323 and TA532.
Please see the following pages for data presentation.
/A M Moo ot 4 M
Thomas E. Arnold, Manager Kenneth G. Horner
Dynamics Testing Testing Specialist
NOTE: This report may only be duplicated or copied in its entirecty.
Page 1 of 1 IARPTSA00E107]-3 CLE

Mereut Research Associates. Inc,  ® 3980 Rosslyn Drive  *  Cincinnati. Ohio +3209-1196
Tel (303) 271-5100 ¢ Fax 15135 2719311
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Job Number 62077
Customer
Operator LR Bramlage
Date @2-16-1993
Material sS
Specimen Type C(T)
Specimen ID TAS21
Machine 60076
Extensometer 27189
Clip Gage Cal {(in/volt) ?.02020
Load Cell Cal (lb/volt) 200. 0
Environment AIR
Temperature RT
K Calibration Type P

KCT CT2o
2 @. 88600 1. @002
1 4. 64000 -4, 06320
2 ~-13. 32000 11.24200
3 14. 72000 -106. Q24000
4 -3, 60002 464. 32999
3 0. 000006 -650@. 67999

Specimen Characteristics

Specimen Thickness (in) B ¢. 300
Net Spec. Thickness (in) Bn @. 300
Notch Depth (in) h 0.301
Specimen Width (in) W 1.156
Young’s Modulus (l1QEB&} E 28,300

Test Parameters

Max Load for E adj. (1lb) 300.0
Stress Ratio (R) @.25
Initial a {(in) 9.301
Final a (in) 0.771
Initial Kmax (ksi sqrlinl) 20.35@
Final Kmax (ksi sqrfinl) 20. 50
Initial Maximum Load (1lb) 830.3
Final Maximum Load (1lb)} 362.5
K-Gradient (l1/in) @. 200
Minimum Slope Level (%) 5.2
Number of Slcopes 1@.
Minimum Corr Coeff @. 990
Data on load or unload LOAD AND UNLOAD
Final a/V¥ Q.6670
a/W Increment for Printout 2. 2050
Waveform Type SINEWAVE
Frequency (Hz) 25. 200

Command-Feedback Error
Command-Feedback Error
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Job Number 62077
Specimen ID TAS21
N Number of cycles
alin) Crack length measured from load line
a’/w Ratio of crack length to specimen width
P{1lh) Maximum force
dK(kei sqriinl]) Cyclic strees intensity
EvB/P Normalized compliance
Snum Number of slopes for crack length determination
Corr Correlation coefficient

da/dN{in/cyc) Crack growth rate
N a a/w P dK EvB/P Snum Corr da/dN

2,783 0.5082 .439 300 5.65 27.560 10 ©.9991 3.651E-04
3,341 0.5072 .439 300 S5.64 27.476 10 ©.9985 -4.473E-07
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92,607 ©0.5123 .443 aos 15.38 28.056 13 ©@.9996 -~-7.014E-08
123,564 ©.35181 .448 833 16. 5@ 28.736 13 0.99397 2.261E-07
113,970 0.5239 .453 843 16.50 29. 432 16 ©.9998 S5.481E-07
121,036 ©@.5296 .458 877 17. 40 30. 136 13 9.9998 6.78QE-07
127,540 ©0.5356 .463 864 17. 40 30. 9@6 13 ©.9998 8&.8SlE-07
134,698 0.5412 .4638 832 17.40 31.638 13 0.9997 B8.471E-07
141,210 0.5471 .473 839 17. 40 32.429 13 0.9997 8.647E-07
148,376 ©.3533 .479 826 17. 40 33. 288 13 @.99%97 8.405E-07
154,246 0.5586 .483 8153 17. 409 34. 06351 10 ©0.9996 8.920E-@7
16@, 282 0.35641 . 488 204 17.40 34.858 10 ©.9996 9.207E-07
167,334 @.5703 .493 791 17. 40 35.784 10 09.9997 8.861lE-07
174, 408 ©@.5763 .499%9 778 17.40  36.732 1@ ©.9998 8.399E-07
181,453 0.5818 .503 767 17. 40 37.613 10 2.9998 8.020E-07
187,523 0.5874 .5@8 775 17.85  38.548 10 ©.9998 8.864E-07
193,049 ©0.5934 .S513 762 17.85 39. 374 10 @.9998 9.930E-07
198,269 @.5989 .518 751 17.8535 402, 538 10 ©.9998 1.0Q78E-06
203, 607 0.56047 .323 739 17.85 41.600 10 ©.9999 1.072E-026
209,643 0.6107 .3528 726 17.85 42.741 190 ©0.9998 9.939E-07
215,172 ©.8162 .333 715 17.8S 43.810 10 ©.9997 1.@36E-06
220,708 0.8222 .53538 703 17.853 45.013 12 ©@.9998 1.0Ll9E-06
226,744 ©0.6280 .543 691 17.85 46. 222 10 ©.95997 1.017E-06
233, 169 ©0.6345 .549 678 17.85 47.623 10 ©.99%98 1.0@18E-06
238,216 @.6395 .533 668 17.8S 48. 736 10 @.9997 9.8%0E-07
244,250 0.6457 .559 636 17.85 S5@. 175 10 @.9997 9.823E-07
249,786 0.6511 .363 645 17.85 31. 464 10 ©0.9997 1.005E-@6
255,334 0.6568 .3568 634 17.85 52.882 10 ©.9997 1.024E-06
261,383 0.6627 .573 622 17.85 54, 409 10 @.9996 9.648E-07
267,432 0.6682 .378 611 17.85S 55. 868 10 ©@.9997 9.554E-97
273,982 0.68747 .384 599 17.85 57.6873 12 0.9998 9. 269E-07
279,522 @.6802 .388 Sas8 17.85 39. 266 1@ @.9997 1.0Q7E-06
285,064 ©.6836 .593 578 17.85 60.881 10 0.9997 1.022E-06
290,606 ©0.6915 .398 366 17.85 62.728 12 @.9995 1.0Q30QE-06
296, 155 0.6972 .6@3 535 17.85 64. 337 10 0.9996 1l.QQ4E-06
302,721 @.7@32 .603 544 17.85 66. 380 10 ©.9997 9.730E-07
308,287 ©9.7091 .613 533 17.85 68. 847 12 0.9996 1.016E-06
313,455 ©.7148 .618 922 17.85 7@.739 1@ ©.9996 1.06QE-@6
318,514 0.7203 .623 512 17.85 72.831L 12 0.99%6 1.1ll6E-26
324,578 0.7264 .628 501 17.85 75. 267 19 ©.9997 1.027E-@6
33@, 143 ©.7323 .8633 490 17.85 77.688 10 ©0.9997 1.023E-06
335,699 0.7381 .639 479 17.85 80. 239 1@ ©.9996 1.0Q39E-06
340,754 ©.7436 .643 469 17.85 82.7e9 10 0.9995 1.0@62E-06
346,310 0.7495 .6548 439 17.85 85. 526 16 ©0.9996 1.091E-06
351,879 0.7532 .633 449 17.85 8a. 343 10 0.999S5 1.04%9E-26
356,934 ©.76809 .638 438 17.85 91. 300 10 ©.9995 1.079E-26
362,511 0.7666 .663 428 17.85 94. 391 10 0.9994 1.086E-06

Beyond final crack leagth .77166872
368,107 @.7725 .668 418 17.85 97.762 10 0.9995 1.034E-06
372,669 0.7783 .673 408 17.85 1@1.187 8 ©.9996 1.170E-06
377,631 ©0.7840 .678 398 17.85 104.826 8 ©0.9996 1.209E-06
Beyond final crack length . 784970°
Test Status for Specimen ID# TAS3Z1
Target Command Actual - Clip Gage
Load Signal Load
# 4 # A # % mil %
Max 397 19.8 12 5.9 106 5.3 3.19 16.1
Min 99 5.9 120 5.9 106 3.3 3. 22 16,1



. BT

PAN =NV Ce 7S5

Slope # Slope # Corr

&

=)

9.9994

Function Key Status
FS F& F7 F8

Function Generator Status

Frequency

start

{H=)

run

31. 000

STOP

. 7552

Kmax
23. 8

IY S, 43 Lo diild 02-.5-.2295

Delta K da/dN

17.9 1.209E-06

EvB/P Count a
195,411 378, 452 @.7850

Beyand final crack length @.783

WHC-SD-FF-TRP-019
Rev. 0
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SIN TAK21

MATERIAL : 316 STAINLESS STEEL
TEST TEMPERATURE : 900°F

FRACTURE FACE CRACK MEASUREMENTS

PRECRACK POST-TEST
SIDE 1 0.779 0.794
1/8 POINT 0.782 0.796
1/4 POINT 0.795 0.814
3/8 POINT _ 0.800 0.817
1/2 POINT 0.802 0.819
5/8 POINT 0.800 0.826
3/4 POINT 0.796 0.815
7/8 POINT 0.782 0.815
SIDE 2 0.776 0.796

AVERAGE 0.792 0.812
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RPrecracking

Jab Number
Customer
Operator
Date

Material
Specimen Type

Specimen ID
Machine
Extensometer
Clip Gage Cal
Load Cell Cal
Environment
Temperature

(in/volt)
{lb/volt)

K Calibration Type
KCT
Q. 886020
4. 64000
~-13. 32002
14, 72900
-5. 60003
@. 00022

(0 AV VR )

Data Summary

62877

L R Bramlage
Q2-16-1993
SS

cT

TAS22
£@QA356
27299

2. 0929
290.02
AIR

RT

)

CTea
1. 90202
-4,06320
11.24200
-106. 34200
464, 32999
-65@. 567999

Specimen Characteristics

Specimen Thickness

{in) B

Q.299

Net Spec. Thickness (in) Bn %299, 902
Notch Depth (in) h Q. @2
Specimen Width (in) W 1.155
Young's Modulus (1QEB) E 28.300
Test Parameters

Max Load for E adj. (1B) 752.@
Stress Ratioc (R) 2.25
Initial a (in) 3. 302
Final a (1in} Q.780
Initial Kmax (ksi sqrlinl) 4. 32
Final Kmax (ksi sqrlinl) 24.00

Initial Maximum Load

(1b) 305209. 8

Final Maximum Load (lb) 12838. 3
K-Gradient (1/in} 0. 209
Minimum Slope Level (%) 5@.2
Number of Slocpes 36.
Minimum Corr Coeff 3. 390

Data on load or unload
Final a/W

a/W Increment for Printout
Waveform Type

Frequency (H2)

LOAD AND UNLOAD
@.5790

2. 2050

S INEWAVE

29. 00

WHC-SD-“F-TRP-01%
Rev. 3

PAGE B-10 OF B-54



+ Job Number

Specimen ID

N
af{in
a’/W

)

Pilm)

dK (ksi

EvB/
Snum
Caorr

p

sqrlinl)

da/dN(in/cyc)

N

51, 455
69,515
81,899
91, 844
121,698
112,833
115,769
122, 383
129, a7
135, 339

141,519
148, 032
154,515
161,017
167,507
174,587
181,@73
187, 607
194, 123
200, 660
206,770
212,915
219,074
22s, 259
231,873
23a, 053
244, 353
25Q, 543
256, 746
262, 486
268, 948
273, 132
280, 879
287,514

20T LZ2Z

Q.
8.
Q.
3.
Q.
Q.
Q.
Q.
Q.
2.

- @.
2.
2.
@.
@.
2.
a.
Q.
2.
@.
a.
Q.
3.
a.
2.
Q.

a

Se24
S@83
Si42
S200
Sa61
5324
3371
5429
5489
5345

Se6@2
5663
s722
35780
5834
Sa93
3948
£@Q7
6067
6124
5183
6240
€298
6333
6412
6470

@.56529

2.
3.
a.
@.
2.
2.
@.

-~

6387
6646
6700
67359
6817
6873
5935

ot N IR

a’‘W

. 435
- 440
. 445
. 45@
. 435
461
. 465
. 470
- 475
. 48Q

. 4853

. 492
. 495
. 300
. 305
. 3510
. 515
.528
. 585
.330
« 335
. 548
. 545
. 530
.S535
.560
. 5635
.570
.573
. 580
. 583
. 590
. 595
.600

o=

WHC-SD~FF-TRP-019
Rev. 0

62@77
Tasae PAGE B-11 OF B-84
Number af cycles
Crack length measured from load line .

Ratio of crack length to specimen width

Maximum force

Cyclic stress intensity

Normalized compliance

Number of slopes for crack length determinatiaon
Correlation coefficient

Crack growth rate

=} dK EvB/P Snum Corr da/dN

730 14,01 26.989 45 ©.9998 1.880E-05
812 15. 38 27.650 S7 ©.9999 1.6%8E-07
840 16.13 28. 225 71 ©.9999 3.9S@E-07
866 16.88 2%.019 71 @.9999 S.362E-07
834 16.88 29. 734 71 @.999% 6.996E-07
863 17.33 3@. 3535 71 ©.9999 6.46Q0E-07
833 17.33 31.16Q S7 @.9999 8.03537e-07
849 17.33 31.92% S7 @.9%99 .8.991E-0@7
ge8 17.33 32.742 S7 ©2.9999 8.9%22E-07
834 17.70 33.519% 45  9.9999 8.712E-07

Bz 17.7@ 34.353 45 ©@.9999 9.152E-07
a9 17.70 35.261 45 ©2.3999 9.313E-37
736 17.79 36.161 45 ©.9999 9.289E-07
784 17.70 37.0@76 45 ©.9999 8.9Q01E-07
773 17.79 37.%62 45 @0.9999 8.581E-07
760 17.7Q 38.958 45 ©0.9999 B8.3@7E-07
749 17.7@ 39.911 45 @.9999 B8.370E-07
737 17.70 4Q.967 45  @.9999 8.881£-67
723 17.72 42.078 45  0.9999 9.256&-07
713 17.70 43,138 45 @.9999 8.742E-@7
707 17.85 44, 333 36 @.9999 9.360E-07
696 17.85 45. 498 36 ©2.99%% 9. 37BE-@7
684 17.85 46.719 36 ©.9999 9.313E-07
673 17.85 47.920 36 ©.999% 9.022E-07
661 17.85 49.249 36 ©.9998 8.9Q07E-@7
650 17.85 50.621 36 ©.9999 9.111E-07
638 17.835 52. 048 36 ©@.9999 9.477E-07
6526 17.85 53.510@ 36 ©2.9999% 9.328E-27
513 17.835 35. 23S 36 ©.9999 9.284E-07
6@4 17.85 56.519 36 ©.9998 9.3574E-0@7
593 17.85 38.193 36 @.9999 9.358E-97
582 17.83 59.873 36 2.9999 9.22%E-97
371 17.385 £1.390 36 ©@.9999 9.77°€-27
339 17.83 53. 344 26 2.9999 3.36IE-37

=L +7.as 5=, 387 -5 3.3834a 3, ABTT.AT



313,363 QA.7i64 .520
319,974 ©@.7223 .625
325,980 B@.7281 .630
331,924 @.7337 .635
337,879 B.73%4 .640
344,117 0O.7453 .645
350,896 0.7312 .65
333,495 B.7566 .655
361, 444 ©@.7626 .b66Q
366,867 Q.768B2 .665
378,309 0@.774Q@ .670
377,732 Q.780@ .673
Beyond final crack length .7

S1lb

305 17.83
493 17.85
484 17.85
474 17.85
463 17.85
453 17.85
443 17.83
433 17.83
423 17.83
413 17.83
4@3 17.85
843685

17.85

71.563

Test Status for Specimen ID#

Target
Load
# %
Max 395 19.8
Min 99 4.9
a’‘l a Last a
.6791 Q. 7844 @. 7796
Slope # Slope # Corr
36 37 2.9998
Function Key Status
FS F& F7 F8
Function Generatar Status
Frequency (Hz) 31. 00
start run STOP

Command
Signal
#

1002

102

Next a
a.7854

Kmax
23.8

%
3
S

-

2
@

Beyond final crack length

@. 3999
73.877 43 @.9999%
76.188 43 @.995%¢9
78.333 43  @2.99%99
B1.073 435  Q.999%
83. 829 43 2.9999
86.641 45 @.9999
8s.371 43 ©.99%98
92. 524 43 @.9998
95.643 43 Q.9998
89.041 43  @.999A8
102. 703 36 @.9998
TASzzZ
Actual
Load
# %
= 6.2
123 6.2
Count Time
381,693 13:30@:18
Delta K da/dN
17.9 1. 10QE~Q5
EvB/P Count
1905. 461 381,662

45

9.272£-07
8.788E~07
9.61%-87
9. 434E-07
9. 35SE-07
9. 72QE-Q7
9.579E-@7
9. 89%6E~-27
1.01RE-Q6
1.011E-026
1. B6QE~-Q6
1. 12BE-@6

Clip Gage
mil ®
1.98
1'98

.9

9
9.9

Date
R2-16-1995

a
@. 7844

a.734

WHC-SD-FF-TRP-013

Rev. O
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SIDE 1

1/8 POINT
1/4 POINT
3/8 POINT
1/2 POINT
5/8 POINT
3/4 POINT
7/8 POINT
SIDE 2

AVERAGE

SIN TAS522

MATERIAL : 316 STAINLESS STEEL
TEST TEMPERATURE :

FRACTURE FACE CRACK MEASUREMENTS

PRECRA
0.779
0.784
0.798
0.802
0.804
0.803
0.797
0.782
0.777
0.794

K

900°F

WHC-SD-FF-TRP-019
Rav. 0

PAGE B-12 OF B- 64

POST-TEST
0.808
0.809-
0.826
0.838
0.851
0.857
0.845
0.809
0.804
0.830



INSG-1eg b IL) N o s leg tV1e) g
QGEL GO 0Ny MUty o 2| :‘:f:x DHGY - Y OSIIVIONSY LISAY IOy

4 —— - S—— f—

WHC-SD-FF-TRP-019
PAGE B-13 OF B-64

Rev. 0

- P |
-
P
teds jod A/ NV/ eV % 15 (wWe)) me ] Coci 7 T (11 Ui =] ¥eW ] 5
Ps eI OpIS {.01¥) sajoko SoAIPEDT v YW
REYE ()
{zad + 710 + 1ad) £/1 + Te = ¥ (o)™ {ur)oE=a -
) ot - (17 )35 T =M ) .
()
*x1D eyl 1... {ut) aes =Te
zg |zad| 1B 14 —_—
i { ) |-
H- O T
F e o 1”»
—H L urmg | [ qumny ™ .- =
! \ — (UT) 5 jo=N 4 -
; _ ]
ut C -
] [ () Chh =1 ™ (um)
z 1g [urm
sjzadjno|wa0) Ts [T (uT)GgE =
s3UDWAINSEIW ISIL ISOod
R "oN 2doOSOM2S 0O Lozl aben d§D Sb S-S ShL-s1-2 EIEN]
— "'ON "WWed S 1 ~0 b AX O fooD 3 Loo w sunjoen
—— "ON 19ploday o llL 7 "oN 1591 400 b bs \ ol N W\ -‘dway
— "oN Jojeaipty dwa ) _ (3%} Awprunt sAne|?y H>20 i{\(\fﬂr J\ aoau)
. OS2 ON 159% 401 et uopea BURld YORID ~ E \N- \w\r\q ﬂm m WR oeiado
Lh- b7 (24} Aousnbaiy —_ puang PIA %Z'0 1531 oemarg
s1’oz= oney oesald (1sd ,01x) sninpoiy IS L ‘o uawnadg
...V ON 159 WWJnJJTN (LTS ™ )1L.H0" h.&lojﬂ\uv — mll.rddw ‘oN prloid
Y1vYQ HOVHI3Yd Viv( £S3l - : Yiva 123roud

66€3 WASV ¥3d SSINHONOL FHNLOVHA



Precracking Data Summary

Job Number
Customer
QOperator
Date
Material
Specimen Type
Specimen ID
Machine
Extensameter
Clip Gage Cal
Load Cell Cal
Environment

(in/volt)
(lb/volt)

Temperature
K Calibration Type
KCT

%) Q.88600
1 4. 64000
2 -13. 32000
3 14.72000
4 -5. 600092
S 0. 20000

WHC-SD-FF-TRP-019
Rev.O’

PAGE B-14 OF B-64
62077

L R Bramlage
@g2-15-1995
8S

cT

TRASE23

639256

27289

D. 2040
2912. 9

RIR

RT

=)
CT20
1.20822
-4, 36320
11. 24200

~-106. 24000

464, 32999

-65@.57999

Specimen Characteristics

B
Bn
b
W
E

{in)
(in)

Specimen Thickness
Net Spec. Thickness
Notch Depth (in)
Specimen Width (in)
Young’s Modulus (18EB)

Test Parameters
Max Load for € adj. (1b!
Stress Ratio (R)
Initial a (in)
Final a (in)
Initial Kmax (ksi sqrfinl)
Final Kmax (ksi sgrlinl)
Initial Maximum Load (1b)
Final Maximum Load (lb)
K-GBradient (1/1in)
Minimum Slope Level (%)
Number of Slopes
Minimum Corr Coeff
Data on load or unload
Final a/W
a/W Increment for Printout
Wwaveform Type
Frequency (H2)

Tast Status For Specimen ID#

S Camman

9. 300
Q. 300
2. 500
1.155
30. 000

300.9
@.25
2.500
2.770

11.60@
11.60

470. 3

205. 3
2. 220

30.0

29.

2.990
LOAD AND UNLORD
2.667Q

2. 20358
SINEWAVE

49, 02Q

TRS23

vl

W

o Actual



#+ *

Max 300 15.0
Min 75 3.8
a’W a L.ast a
. D020 0. Q021 Q. 2000
Slope # Slope # Corr
29 9 Q. 003

Function Key Status
Fs F& F7 F8

Function Generator Status
Frequency (Hz) 49, 209

start run sSTOQP

P -
1] @.92
Q2 2.9 24
Next a Count
2. 2003
Kmax Delta K
0. @ @. @
EvB/P
0. 200

1.2 -3. 94 -a. 1
1.2 -@.04 -3. 1
Time Date

11:43:13 ©2—-15-1995

das/dN
3. 0QQE+QV

Count a
Q @. 00202

WHC-SD-FF-TRP-019
Rev. 0
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Test Status for Specimen ID#

Target
Load
# %
Max 7350 37.5
Min 188 9.4
a/W a Last a
. 4555 2.3251 B.35232
Slope # Slcpe & Corr
43 32 @.9999

Function Key Status
FS F& F7 F8

Function Generator Status
Frequency (Hz} 29. 000
stop

start RUN

168,416 ©@.5291 .438

Test Status for Specimen ID#

Target
Load
# *®
Max 730 37.5
Min 188 9. 4
a’/Ww a Last a
. 4607 @.5321 D.35290
Slope # Slope # Carr
s7 =T=d @.9999
Function Key Status
FS FB& F7 FA&
Function Generator Status
Frequency (Hz2) 29. 200
start RLIN stop

736

Cammand
Signal
#
733

65

Next a
@. 529Q

Kmax
19.7

15. 020

Command

Signal

#

735
64

*
36.8
3.2

Next a
Q.5348

Kmax
20.9

Test Status for Specimen

Tarngen

Command

WHC-SD-FF-TRP~019

Rev. 0

PAGE B-16 OF B~ 64

TRS23
Rctual Clip Bage
Load
# % mil %
750 37.5 2.73 13.6
188 9,4 .77 3.3
Count Time Date
157,367 13:22:15 02-13-19935
Delta K da/dN
14.8 1. 854E-27
EvB/P Count a
29.733 157,017 Q.5261
32. 139 S7 ©@.9998 2. 4SQE-@7
TAS23
Actual Clip Gage
Load
# * mil %.
751 37.5 2.81 14,1
188 3.4 @. 80 4.8
Count Time Date
181,459 13:34:06 02~15-1993
Delta K da/diN
13.0@ 2. 43037
" EvB/P Count a
38.311 179, 557 @.5321
ID# TAas23
Sotual Tl Zaze



[

Mmin 9.8.

187
a’/W a Last a Next a
4614 3. 5329 2. 5293 2.5348
Slope # Slope # Corr Kmax
S7 43 d. 2999 21.0
Function Key Status
FS F& F7 FA8
Function Generator Status
Frequency (Hz) 29. 000
start RUN stop
187,236 B.5348 .463 782 15.73
201, 382 Q.354Q07 .468 a8 16. 5@
213,911 @.3465 .473 832 17.25
Input Parameters - Page 2 for
K Coeff C Coeff
KCT CTea
@ Q. 386029 1.000022
1 4. 64000 -4, 6320
2 -13, 320008 11.24220
3 14, 72000 -106. 04009
& -5. 60000 464, 32999
S 2. 32020 -5630.6799%

Stress Parameters

"Maximum Load (lhs) 750.0
Stress Ratio (R) Q.25
Constant Load or K-C&trl. K=CONTROL

Data Acguisition Parameters

Minimum Slope Level (%) 50.3
Number of Slopes 71.
Minimum Corr Coeff @, 99@

Data on load or unload {_L0AD AND UNLOAD

218,673 8.352%1 .478 8356 18. 09
223,667 0.35580 .483 843 18.020
229,173 @.5642 .488 B39 18. 20
234,184 Q.3700 .493 817 18.02
238,593 9.3753 .498 8@6 18.00
243,944 9.3811 .503 743 18. 00
25,094 @.35869 .508 781 18. 02
233,659 2.592% .3513 769 18.209
261,316 9.3%383 .518 757 18. 920
267,377 0.60Q44 .523 744 18.20
273,031 0.5121 .528 733 18.920
278,687 2.5139 .S533 729 18. 00
284, 344 2.5215 .538 729 18. 920
289,999 02.5272 .543 697 i8.0202
296,259 2.5330 .S48 585 18.20

Ca T¥h

£t g

)
4.3

196 5.8 2. 83
Count Time Date
182,720 13:34:5@ B2~15-1995
Delta K da/dnN
15.8 2. 4SRE-Q7 WHC-SD-FF-TRP-019
Rev. 0
PAGE B-17 OF B-s54

EvB/P Count a
38.614 182,212 @.35329
33. 862 71 2.999% 2.798E-27
31.626 89 @.9999 3.483E-07
32.412 71 ©.9999 S5.188E-037
Specimen ID# TAS23
Specimen Thickness (in) B @. 300
Net Spec. Thickness (in)} Bn Q. 303
Noteh Depth (in) h @. 3509
Specimen Width (in) W 1.133
Required Final a/W B.66732
Young's Modulus (1QE6&) 28. 360
Clip Gage Cal (in/veolt) 2.2029
Load Cell Cal (lb/valt) 200.0
Initial a (in) a. 509
Final a (in) @.772
{nitial Kmax (ksi sqrlinl) 23.00
Final Kmax (ksi sgrlinl) 23.0209
K-Gradient (1/in) 2. 200
Initial Maximum Load (lb) 932.3
Final Maximum Lecad (lb) 4@37.1
Initial a/W @. 4780
a/W Increment 2. 20502
33. 190 S7 ©.99%9 6.9307E-07
34.034 43 @.9999 9.Q22E-@7
34,935 43 ©@.9999 1. 126E-Q@6
35.815 43 0.9999 1.118E-06
36.548 36 0.9999 1.173E-06
37.578 36 0.99%9 1.127E-26
38. 342 36 ©8.999% 1.Q38E-02&
39.511 36 @.9999% 9.822£-07
49.53Q 36 @.39%9% 1.Q206E-06
41.637 36 0.9999% |.QREE-2&
42.715 36 0.9999 1.Q0Q3E-Q&
43.855 36 0.39%99 1.212E-@6
44,977 36 @.99<9 1.A12E-26
46. 164 36 @.99s3 l.AASE-B6
47. 421 36 D.3I== R R A



314,248 @.5306 .563 630 18.090 31.301 43 @.389%93%9 9. 44SE-Q7
320,258 0.6563 .368 639 18.021 52. %9 43 2.99%9%  9.453E-07
326,258 0.6823 .573 627 18. 00 S4. 442 45 @.95%%8 9.841z-07
331,770 0.6677 .S578 616 18. 29 55. 892 45 0@.9998 5.812E-27
337,778 0.6735 583 6@3 18.00Q 37. 492 43 0.9999 9.702E-97
343,786 ©.6794 ,388 393 18.20 39.203 435 @.9999 9.745E-07
348,793 0.68358 .593 382 18.28 6@.872 43 ©9.9%999 1.Q25SE-Q6
353,801 0.6%07 .398 371 18.022 62.667 45 @.99%9 1. 124E-0%
359,309 0.6%7 .603  S6D 18.08 64,3583 43 ©.9998 1.1Q7E-06
364,817 0.7027 .6@8 348 18. 20 66.6@89 43 0.99%9 1.09%E-26
370,288 ©.7081 .613 338 18. 02 6£8. 498 43 0.99%9 1.Q38E-06
376,296 B.7142° .618 326 18.00 7@. 732 43 ©.9999 1,Q23E-26
381,604 0.71%8 .623 316 18. 020 72. 892 45 @.9999 1.9217E-06
387,112 @.7254 .628 306 18.00 75.084 43 0.9999 1.Q2RE-06
392,623 0.7313 .633 495 18.00 77.541 43 ©.9999 1.028E-06

Test Status for Specimen ID# TAS23

Target Command Actual Clip Gage
Load Signal Load
# % # % # % mil *
Max 493 24.7 49 2.Q 69 2.5 1.35 6.7
Min 123 6.2 4 2.0 69 3.3 1.35 6.7
a’/wW a Last a Next a Caount Time Date
. 6337 2.731% @.7311 @.7369 393,240 15:36:@7 22-15-1995
Slope # Slope # Corr Kmax Delta ¥ =~ da/dN
45 10 @.9999 24. @ 18.9 1. B28E-26 WHC-SO-FF-TRP-019
Rev. 0
Function Key Status : .
FS F& F7 FB8 PAGE B-18 OF B-g4
Function Generator Status EvB/P Count a
Frequency (Hz) 29. 002 77.796 393, 126 2.7319
start run STOP

397,692 @.737@¢ .638 484 18.00 89. 222 43 @.93999 1.113E-26
403,200 ©.7427 .643 474 18. 9@ 82.619 43 @.9999 1.084E-06

Test Status for Specimen ID# TASE23

Target Command Actual Clip Gage
Load Signal Load
# * # * # % mil %
Max 467 23. 4 See2 26.1 467 23. 4 S5.23 26.1
Min 117 5.8 -73 -3.7 117 5.9 1.77 8.8
a’/W a Last a Next a Count Time Date
.6461 @. 7463 Q. 7427 @. 7484 4Q6,861 @9:20:57 @2-16-1995
Slope ¥ Slope # Corr Kmax Delta K dasdn
49 37 @. 9999 24.0 18.0@ 1.084E-06

" Function Key Status
FS F& F7 F8

Function BGenerator Status EvB/P c
Frequency (Hz) 29. 200 84.279 4



408, 316

0.7485 .648

Data on load or unload

LOAD AND UNLOAD

) 463 18. 29 8s. 312 36 @.93998 1.08QE-@5
413,797 Q.73545 .5653 432 18.2Q 84a. 312 36 0.9998 1.0291E-0%6
419,227 B.7604 .658 442 18. 00 91.394 36 ©.99%8 1.130E-26
423,783 ©@.766Q0 .663 432 18. 29 94,399 36 @.9998 1. 14%E-Q6
428,774 Q.7717 .b668 422 18. 00 97.673 36 0.99%8 1.172E-@6
434,303 ©.7775S .673 412 18.90 1@1.128 36 B.99%9 1.095E-06
439,335 0.7835 .678 401 18.20 1@4.%Q2 36 0.99%8 1.Q75E-@6
Beyond final crack length .7843@%98
Test Status for Specimen ID&% TA323
Target Command Actual Clip Gage
Load Signal Load
4 % # % # % mil y3
Max 400 20.0 40 2.0 70 3.5 1.75 8.7
Min 109 5.0 40 2.0 70 3.5 1.76 8.8
a/W a Last a Next a Caunt Time Date
. 6792 @. 7845 @.7831 @.7889 44Q,390 09:408:23 Q22-16-1995
Slope # Slope # Corr Hmax Delta K da/dN
26 37 @.9997 24.0 18.@ 1.076E-06 WHC-SD~FF~TRP-019
Rev. 0
Function Key Status
FS F& F7 F8 PAGE B-19 OF B-44
Function Generator Status EvB/P Count E
Frequency (Hz) 29. 200 195.553 44@, 366 Q. 7845
start run sSTOP Beyondg final crack length 9.785
Input Parameters — Page 2 for Specimen ID# TR323
K Coeff C Coeff
KCT CToQ Specimen Thickness (in} B ?. 300
@ 2.238600 1. Q@02 Net Spec. Thickness (in) Bn 0.300
1 4, 64000 -4,06329 Notch Depth {(in) h @.500
2 -13. 320006 11.24200 Specimen Width (in) W 1.1335
3 14, 72000 -106. 04009 Required Final a/W @.6790
4 -S. 60000 464, 32999 Young’®s Modulus (1QE6) 28. 300
=] @. 2202 -635Q.67999
Clip Gage Cal (in/valt) 2.Q2229
Stress Parameters l.oad Cell Cal (lb/wvolt) 230.2
Maximum Load (lbs) 7592.9 Initial a (in) @.350@
Stress Ratio (R) @.25 Final a {(in) a.784
Constant Load or K-Ctrl. K~=CONTROL Initial Kmax (ksi sqrlfinl) 24.20
Final Kmax (ksi sqrCinl) 24.00
K-=Gradient (1/in) 9. 200
Data Acquisition Parameters Initial Maximum Load {(lb} 973.Q
Final Maximum Load (1D) 409. 4
Minimaum Slope Level (X) 50.09
Number of Slopes 36. Initial a/W @.6830
Minimum Corr Coeff @.990 a’/W Increment 2. 30508



WHC-S0-FF-TRP-019
Rev. 0

PAGE B-20 OF B-64

S/N TA523

MATERIAL : 316 STAINLESS STEEL
TEST TEMPERATURE : 9C0°F

FRACTURE FACE CRACK MEASUREMENTS

PRECRACK POST-TEST
SIDE 1 0.772 0.784
1/8 POINT 0.773 0.789
1/4 POINT 0.786 0.797
3/8 POINT 0.785 . 0.811
1/2 POINT 0.798 0.816
5/8 POINT 0.799 0.813
3/4 POINT 0.797 0.808
7/8 PCINT 0.785 ' 0.800
SIDE 2 0.777 0.789

AVERAGE 0.788 0.803
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Precracking Data Summary

Job Number
Customer
Operator
Date
Material
Specimen Type
Specimen ID
Machine
Extensometer
Clip Gage Cal
Load Cell Cal
Environment:
Temperature

(in/volt)
(1b/volt)

K Calibration Type

KCT

@ Q. 88600
1 4. 64000
=4 -13. 32000
3 14. 72000
4 ~5. 60000
3 9. 00022

Specimen Characte
Specimen Thickness (in) B
Net Spec. Thickness (in} B
Notch Depth (in) p}
Specimen Width (im) W
Young's Modulus (10E6) E

Test Parameters
Max Load for E adj. (1b)
Stress Ratio (R)
Initial a {(in)
Final a (in)
Initial Kmax (ksi sgrlinl)
Final Kmax (ksi sgrlinl)
Initial Maximum Load (1b)
Final Maximum Load {(1lb)
K=Gradient (1/1n)
Minimum Slope Level (%)
Number of Slopes
Minimum Corr Coeff
Data on load or unload
Final a/W
a’W Increment for Printout
Waveform Type
Fregquency (Hz)

62@77

L R Bramlage
@2-16—-1995
8S

CT

TAS24
60856
27299
0. 2229

200.Q
AIR

RT

P

CTeo
1. 6202
-4, 06329
11.24200
~106. 04300
464, 32999
-65@. 67999

ristics

@.298

n ©B.298
2.503
1.156
28. 300

350.0
@.25
2. 503
B. 785

20.592
20.50

820.9

339. 4
8. 200

50.0

1@.

2.990
LOAD AND UNLORD
2.6810

3. 2@50
SINEWARVE
31.000

WHC-SD-FF~-TRP-019
Rev. 0
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Job

Specimen ID

N

altin
a/l
P(lb
dK (K
EvB/
Snum
Carr

Number

)

}
s1
=)

sqrlfinl)

da/dN{in/cye)

4,589
55,696

72,227
83,900
88, 196
94,722
191,347
107,936
113,898
120,792
127,681
134,293
139,622
145,629
132,072
158, 303
164, 473
170, 464
176,938
182,934
189, 424
195, 420
2721, 887
207,897
214,372
222, 847
226, 848
233, 322
239, 307
243,314
251, 324
257, 321
263, 320
279, 2358
276, B33

283, 331

a

@. 30829
0. 3088

B.5144
Q. 5203
@. 5261
@.5319
@.35377
. 3435
2. 3492

@. 353553

2.5611
@. 5668
@.35724
@.5783
Q. 5842
2.35898
@.3937
8.6011
3.6073
2.6129
2.6188
@. 6244
@.6303
2.6360
2.6417
D.6478
@.6335
@.65°3
Q.6650
0.6706
@.6763
@.6821
2.6879
@.693%9
@.56%97
f. 7056

a’/W

. 433
. 440

. 445
. 450
. 435
. 460
. 463
. 470
. 475
- 480
. 485
- 490
. 493
. 500
. 505
.510
. 313
. 529
. 3285
.539
. 333
- 340
- 343
. 550
. 5535
. 560
.363
. 570
. 575
-580
. 383
. 39@
. 595
. 600
. 505
.51@

WHC-SD-FF-TRP-019
Rev. 0 -

52@77
el PAGE B-23 OF B-g4
Number of cycles

Crack length measured from load line

Ratio of crack length to specimen width

Maximum force

Cyclic stress intensity

Normalized compliance

Number of slopes for crack length determination
Correlation coefficient

Crack growth rate

P dX EvB/R Snum Corr da/dN
750 14.04 26.993 13 0.9998 2.00SE-04
829 15.75 27.650 16 ©.999% 8, 164E-28
818 15.75 28. 304 20 @.9999 1.9S53E-07
883 17.25 29.001 24 ©.9999 4.69%E-Q7
890 17.63 29. 704 31 @.9999 7.472E-27
877 17.63 30. 428 38 ©.999% B.461E-07
865 17.63 31.174 38 0.9999 8.709E-07
as2 17.63 31.934 38 ©.9999 8.756E-@7
849 17.63 32.717 38 2.9999 9.431E-07
827 17.63 33.563 38 @.9999 9.232E-07
815 17.63 34. 402 38 3.9999 8.392E-27
813 17.85 35.260 38 ©0.9999 B8.57QE-Q7
8@1 17.85 36.116 38 @.9999 9.774E-07
789 17.85 37.041 38 ©.9999 9.913E-07
776 - ) 38.00@° 38 ©.9999 5.524E-Q@7
765 17.85 38.958 28 ©.9999 B8.911E-07
753 17.8S 39.966 38 9.999% 9.377E-07
741 17.8S 4@. 945 38 ©.9999% 9.22SE-87
729 17.85S 42.083 28 0.9999 9.372E-@7
717 17.85 43.160 38 1.2000 9.,43QE-Q7
705 17.85 44, 322 38 ©9.9999 9.278E-07
694 17.85 45, 457 38 2.9999 9.116E-07
682 17.85 46,708 38 ©0.9999 9.266E-07
671 17.85S 47.964 38 2.9998 9.39%E-27
659 17. 85 49,245 38 ©.9999 9. 143E-07
647 17.85 5. 666 386 0.99%9 B8.874E-Q@7
636 17.8S 52.073 38 ©.9999 9.S596E-07
624 17.85 53.537 38 ©3.9999 ©.382E-27
613 17.85S S5. Q208 38 ©.9999 9.12SE-07
622 17.85 °  S6.541 38 9.9999 - 3.359SE-07
591 17.85 S8. 144 38 2.9999 9.28QE-Q7
580 17.85 59.837 38 9.9999 9, 444E-Q7
569 17.85 51.588 328 ©@.3999 9.33Q0E-37
558 17.85 63.499 38  D.93998 23.32°E-27
S47 S -t-1 65.375 38 @.93%9% 32.33TE-37
536 17.8S 67.395 28  3.3°33 %, 3a-Z-2T



3Q1, 923
3@7, 473
313, 495
319,188
325,218
333, 766
336, 320
341,912
347, 456
352, 980
358,569
364, 160

2.7228 .625

R.7284 .630@
@.7342 .5635
@.739% .640
@.7459 ,.645
2.73515 .6350
d.7572 .653
2.7630 .668
d.7689 .663
D.7746 .B670
Q. 78@4 ,B675
@.7863 .B80

S@4
494
483
473
462
452
442
432
422
412
4Q2
392

17.85
17.85
17.85
17.85
17.85
17.85
17.85
17.85
17.85
17.85
17.85
17.85

Beyond final crack length .7

Test Status for Specimen ID#

Target
LLoad
# %
Max 288 19. 4
Min Q7 4.9
a’/W a Last a
. 6820 ©.7884 Q. 7861
Slope # Slope # Corr
38 39 D.9997
Functian Key Status
FS F& F7 F8&
Function Generator Status
Frequency (H2) 31.002
start »un STOR

884377

Command
Signal
#

100

12@

Next a
@.7919

Kmax
23.8

%
5.9
5.0

e =L S Pl ‘ow 122357 T i@ TUA
73.812 38 ©.9%%8 -9.438E-07
76.@68 38 @.99%98 S5.923E-@7
78.332 38 0.99%8 1.Q11zZ-26
8. 024 38 0@.%9%8 9.637E-Q7
83.795 328 9.9%%98 1.0@13E-26
86. 466 38 9.95%8 93.B842E-Q@7
89. 369 38 0.9%%9% 1,021E-08&
92. 423 38 Q.99%8 1.029E-026
95.662 38 @.999%98 1.045E-06
98.963 38 0.9998 1.04%E-06
192.514 38 @.9%98 1.Q3SE-06
196.285 38 ©.5%59%8 1.Q067E-06
TR3Z24
Actual Clip Gage
Load
# % mil ®
118 3.9 2.%@ 12.5
118 5.9 2.39 12.5
Count Time Date
366,216 16:59:45 BR2-16-1995
Delta K da/dN
17.9 1. 026 7E-86
EvB/P Count a
137.694 366,201 D. 7884

Beyond final crack length Q.788

WHC-SD-FF-TRP-019
Rev. 0
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SIDE 1

1/8 POINT
1/4 POINT
3/8 POINT
1/2 POINT
5/8 POINT
3/4 POINT
78 POINT
SIDE 2

AVERAGE

S/N TA524

MATERIAL : 316 STAINLESS STEEL
TEST TEMPERATURE : 9Q0°F

FRACTURE FACE CRACK MEASUREMENTS

PRECRACK
0.783

0.785
0.799
0.805
0.805
0.805
0.798
0.787
0.782
0.796

WHC-SD-FF-TRP-019
Rev. 0

PAGE B-25 OF B- 64

POST-TEST
0.805
0.805
0.827
0.831
0.841
0.836
0.827
0.813
0.805
0.823
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Precracking Data Summary

Job Number
Customer
Operator
Date

Material
Specimen Type

Specimen ID

Machine

Extensometer

Clip Gage Cal (in/veoll)
Load Cell Cal (lb/volt)
Environment
Temperature

K Calibration Type
KCT
. 88600
4. 654000
-13. 32000
14, 72000
-5. 60000
2. 20000

O DONPFGS

62077

LR Bramlage
@2-16-1995
ss

C(T)

TAS25
60076
27189

Q. 2020
200.0
AIR

RT

P
CToo
1.00002
-4, 06320
11.24200@
-106. 04000
464. 32999
-65@. 67999

Specimen Characteristics

Specimen Thickness (in)

Net Speec. Thickness (in)

Notch Depth (in)
Specimen Width (in)}
Young’s Modulus (10E&)

Test Parameters

Max Load for E adj. (1lb)

Stress Ratio (R)
Initial a {(in)
Final a (in)}

Initial Kmax (ksi sqrlinl)
Final Kmax (ksi sgriinl)
Initial Maximum Load (1b)

Final Maximum Load (1b)
K-Gradient (1/in}

Minimum Slope Level (%)
Number of Slapes
Minimum Corr Coeff
Data on load or unload
Final a/W

a/W Increment for Printout

Wwaveform Type
Frequency (H=z)

9.300

Bn ©.300

@. 50Q
1.135

E 28.300

350.9
@.23
2. 500
@.783

20.60
20.60

835.2

342.2
2. 000

50.0
8.

@.99@

LOAD AND UNLQAD
9.6790 '
9. 0050

SINEWAVE

31.000

WHC-SD-FF-TRP-019
Rev. O
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Job

Specimen 1D

N
alin
a/Ww
P(lb

Number

)

)

dK(k=si sqrlinl)

EvB/
Snum
Corr

P

da/dN(in/cyc)

7, 480
62, 124
33, 223
94, 197

123, 654
111, 342
118,538
125, 159
132, 484
139, 900
146,510
153,719
1602, 342
168,172
174, 201
181, 428
188, 249
134, 278
200, 707
206, 715
213, 337
220, 533
226, 370
233, 185
239, 898
245,839
251,879
258, 524
263, 136
271,138
277,796
284, 427
291, @63
297, @97
302,527

a

2. 5002
0. 5052
@.5117
@.5181

9. 35236
©0.5291
@.35353
2. 35407
@. 5464
@.5528
@. 53583
@. 5639
@. 5695
2.5760
@.5813
0. 5869

@.5929

0.35987
Q. 60456
2.65100
@.6158
@.6218
0.86272
@.6336
@.6392
Q.6449
2.6307
@. 6367
0.6623
@.6679
@.6736
@.6734
@.5853
9.6909
?.B965

a/%

. 433
. 428
. 443
. 449

. 453
. 4358
. 463
. 468
. 473
. 479
. 484
. 488
. 493
. 499
. 303
. 508
.513
. 318
. 3523
. 328
. 333
.3538
. 543
. 348
. 353
. 338
. 363
. 569
.573
. 378
. 583
-588
- 393
. 528
. /A7

WHC-SD-FF-TRP-019
Rev. 0 .
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Number of cycles

Crack length measured from load line

Ratio of crack length to specimen width

Maximum force

Cyclic stress intensity

Normalized compliance

Number of slopes for crack length determination
Correlation coefficient

Crack growth rate

P dK EvB/P Snum Corr da/dN
75@ 13.88 26.739 6 0.9996 9.437E-33
75@ 14.@8 27.392 15 0.99%96 L1.677E-07
812 15.45 28,0233 19 92.9997 1.752E-07
Sal 17. 4@ 28.786 19 0.9997 3.S07E-07
838 17.40@ 29. 436 19 ©.9998 6. 133E-07
89S 17.77 30.132 15 @2.39998 &.477E-07
882 17.77 30.925 12 2.9998 8,.053E-07
872 17.77 31.623 12 0.9998 7.8@SE-07
asa 17.77 32. 403 12 @.9997 .8.238E-@7
844 17.77 33. 279 12 2.99%98 8.219E-07

- 832 17.77 34.098 12 2.9998 8.343E-07
B20 17.77 34.898 12 0.99%87 8.111E-@7
BQs 1\7.77 35.741 12 0.9998 7.974E-@7
794 17.77 356.765 12 2.99%8 &, 320E-@7
783 L\7.77 37.611 12 ©.9998 4. 30SE-07
771 17.77 38. 3548 12 0.8997 Aa.376E-07
759 17.77 39. 566 12 9.9997 8.382E-07
747 17.77 40Q. 6@3 12 @.9937 9.337E-07
735 17.77 41.673 12 ©@.9997 9.Q81E-07
723 17.77 42,708 12 9.9998 8.892E-07
712 17.77 43, 824 12 @.9997 8.973E-07
699 17.77 45, 046 12 2.9997 A4.58%9t-07
689 17.77 46, 162 12 2.9996 AK.610E-27
677 17.77 47,425 12 ©.9997 8.913E-07
664 17.77 48,812 12 0.9997 9. 139E-27
8353 17.77 909. 132 12 2.9997 G9.277E-07
642 17.77 51.5035 12 @.9997 9.415E-07
630 17.77 53.012 12 2.99%98 9.113E-@7
619 17.77 S54. 464 12 90.9997 8.804E-07
5@8 1\7.77 55.942 12 2.9997 9.Q79E-07
597 17.77 57.339 12 @.9997 8.858E-Q7
586 17.77 59. 214 12 9.9997 43.582E-907
574 17.77 60. 373 12 Q.9997 13.874E-Q7
S64 17.77 82.725 12 @.23997 2,4412-27
S853 Ra. 527 L7 R B L LT 2 TRAR-DT

17,77



-y D

Loe ST/

.5618

e %o

7.77

70.644

10

?d.99%6

9. 5S08E-27

321,209 0.7139 520

327,280 ©.7199 .623 S@9 17.77 72.932 10 0.9996 9.730E-27

332,831 0.7254 .628 499 17.77 735. 182 1@ 9.9995 9.%14E-27

339,390 @.7316 .633 488 17.77 77.663 18 0.9996 9.211E-07

344,948 ©.7370 .638 478 17.77 80.019 10 0.9996 9.924E-07

350, S@7 ©0.7430 .643 467 17.77 82.754 12 0.9996 1.Q34E-06

356,067 9.7485 .648 457 17.77 85. 334 12 02.9996 9.942E-Q7

362,646 0.7347 .633 446 17.77 88. 410 12 92.9997 9.8/73E-07

367,711 0.76@1 .658 437 17.77 g1. 185 12 2.9996 1.Q14E-26

373,287 0.7660 .6863 427 17.77 34. 388 12 ©.9994 1.Q32E-26

378,864 @.7719 .668 416 17.77 97.791 10 @.9996 1.064E-206

384,432 ©.7778 .673 405 17.77 101.32S 1@ @.9995 1.063E-96

389,494 @.7833 .678 397 17.77 104.7448 1@ ©.9995 1.087E-26
leyond final crack length .7843087

Test Status for Specimen ID# TAS25
Target Command Actual Clip Gage
Load Signal Load
# % # % # % mil %
1lax 395 19.7 120 6.0 139 7.9 2.53 12.7
1in 99 4.9 120 6.0 141 7.0 2.353 12.7
a/w a Last a Next a Count Time Date
.. 68792 @.78435 @.7831 @.7889 390,544 07:18:07 02-16-1995
Slope # Slope # Corr Kmax Delta K da/dN
10 12 9.9995 23.7 17.8 1.@87E-0Q26

Function Key Status

FS F6&6 F7 F8
Function Generator Status EvB/P Ccocunt a
Frequency {(H=z) 31. 200 1@5. 352 390,514 @.7845
start run STOP Beyond final crack length 0.785

WHC-SD-FF-TRP-019

Rev. 0
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SIDEN

1/8 POINT
1/4 POINT
3/8 POINT
1/2 POINT
5/8 POINT
3/4 POINT
7/8 POINT
SIiDE 2

AVERAGE

S/N TA525

MATERIAL : 316 STAINLESS STEEL
TEST TEMPERATURE :

FRACTURE FACE CRACK MEASUREMENTS

PRECRA
0.77%
0.778
0.794
0.799
0.802
0.800
0.795
0.781
0.780
0.791

K

900°F

WHC-SD-FF-TRP-019
Rev. 0
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POST-TEST
0.825
0.826
0.840
0.868
0.868
0.877
0.859
0.831
0.831
0.850



(RS ORR WA A RN R
O E-GOTLY OO NEUNENEY o

DTS- 17 (Y16) 12y,
RRYRTS| :.:......:: NHOY = I CEINEONNY (RN NIy
+

- \\ = \-.
) B _ ) . L
\\\ T \\\
—_ el
g ~
o 3 : -~
=] [ P
1 om -
o,
o w
T.l [=
[T —
YT
m A= m 5§ uod  CAST NV / &V Z-S (B wel we e evi o« N NV 117 ueap Xe d A
1. 1) 1°s eyl apIg ro—xv saho SNoA/PEC v v
3 =2 —
T o ()
(zad + T30 + 1ad) €/1 + Te = v () (up)B L7 =a = -
) . - (UT)% Gl emt . .
we] (1}
~13D eyl _l.! E:moh.uan
ze |zad] 10| 1g ] -
(wm) o
* —1-¥-¥ m mv (ur) =R
£ 4 I3~ - - =}
B __ | =5
F iy T — 4
.,]...“ -.l....!al. umg T — . -
! \ - (wr) g Jo'=n 4+ - 1
- ﬂ L
— [LIE)
5| zadf10 | 18D | Ts5]M™Me (1 ghhT= Mﬁ“ham.uzn I
siuanaINsSea I53L 1504
“oN 8doosoiIos0 r o7 L . sbeg din M _0 = T - < K3 [ ' _ -1 aeq
—_ ‘ON UIeD 2pAS ¢c2°°b AX @ 12009 TLlo0 9 aunpoew
e “oN 13prooay She bl oNI1S31 40 H B @ \ oot Ay durs)
— ‘oN Jojeoipl] “dura) > (%) Arphunt saneiay Ivl)\R 1 7T ‘(:)Irﬂ = R
< poe? "ON 1531 421 uanRIaNE Aueld HOeID \S.\SQNN g7 soriadp
I, (‘z1) Aouenbary —_— wbuans p1RIA %Z'0 199, }or1ald ‘
M X -a = K oney yorald (isd ;01x) SPINPORY kA < +\ \\u ‘oN rpadeg
. N\ oM sl NS \:M. rena|epg o " {17-50- MIPO.N 9 Im.da: oN 1aford
vivo MOVHOI3IYd vivQa 1531 Yiva 123roMd )

66£3 WLSY d3d SSAINHONOL FUNLIVYS




Precracking Data Summary

Job Number 62077
Customer
Operator LR Bramlage
Date 02-17-1995
Material Ss
Specimen Type CtT)
Specimen ID TAS26
Machine 60076
Extensameter 27189
Clip Gage Cal (in/valt) 0.2020
Load Cell Cal (lb/volt) 200.92 ‘
Environment AIR
Temperature RT
K Calibration Type P

KCT CToQ
? @. 88600 1. 20002
1 4. 64000 -4, 06320
2 -13. 32000 11. 24200
3 14.72000 -106, 24000
4 -5, 60000 464. 32999
3 Q. 20000 -650. 67999

Specimen Characteristics

Specimen Thickness (in) B 0. 298
Net Spec. Thickness (in) Bn 3. 238
Notch Depth (in) h @. 303
Specimen Width (in) W 1.156
Young's Modulus (1QE&) E 28,300
Test Parameters
Max Load for E adj. (1b} 350.0
Stress Ratio (R) Q.23
Initial a (inm) ¢. 503
Final a (in) Q.787
Initial Kmax (ksi sqriinl) 20.60
Final Kmax (ksi sqrlinl) 20.60
Initial Maximum Load (lb) 824.9
Final Maximum Load (1lb) 338.2
K-Gradient (1/in) 9. 220
Minimum Slope Level (%) 50.0
Number of Slapes 15.
Minimum Corr Coeff Q.990
Data on load or unload LOAD AND UNLOAD
Final a/W¥W 2.6810
a/W Increment for Printout 2. 2053
waveform Type " SINEWAVE
Frequency (Hz) 31. 000

WHC-SD-FF-TRP-019
Rev. 0
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Job

Specimen ID

N

Number

al{in)

a/W

P{(lb)

dK(ksi sqrlinl)

EvB/P

Snum
" Corr
da/dN{in/cyc)

N

30, 364
68, 1386
32, 70
122, 626
129, 8ol
117,301
125, 537
132,128
138, 738
144, 745
151, 960
158, 777
166, 993
174, 225
18@, 333
183, 981
192,788
139, 393
208, 349
212, 464
218, 826
225,628
231,978
238, 804
245, 158
251, @58
257, 420
263, 334
269,692
276, 496
283, 310
289, 680
296, 496
303, 316
309, 694
315,604
322, 435
328, 8@3
334, 712
340, 182
346, 096
331, 560

357, 329
QUAT, 94

a

©. 5030
@. 3238
9.5147
@. 5207
@.35260
@.35322
@.3383
0. 5439
9.35495
@. 5350
2. 5608
2.35671
D.5726
@. 5783
@.35842
Q. 2899
?. 5955
0.5015
@.6071
@.6128
@.5185
@.6243
@.6302
@.6360
@.656418
?.6474
@.6532
9.6593
0.566493
2.56709
0.6768
Q. 6823
0.6880
@. 6940
@.58996
@.70252
@.7113
@.7168
@.7228
@. 7283
@.7342
@.7332

2.7461
ATSV?

62077
TAS26

Number of cycles

PAGE B-33 OF B- 64

Crack length measured from load line
Ratio of crack length to specimen width
Maximum force !

Cyclic stress intensity

Normalized compliance
Number of slopes for crack length determination
Correlation coefficient

a’w P

. 435 750
. 440 750
. 445 802
. 450 883
. 455 371
. 450 8538
. 466 845
.470 851
. 473 839
. 480  azs8
. 485 815
. 491 282
. 495 751
. 500 779
. 585 776
.310 7635
.515 753
.3520 741
. 525 729
. 9330 717
.535 7@6
. 540 6934
. 345 682
. 550 671
. 553 639
. 560 648
. 565 636
.5706 625
. 375 614
. 580 602
. 585 591
. 590 580
. 595 569
. 620 538
. B3 547
.510 537
.6135 525
.5620 515
.B625 S04
. 630 494
.B35 483
. 640 473
. 545 462
. ASA as>

dK

14. 05
14.24
15. 45
17.25
17. 25
17.25
17.25
17.63
17.63
17.63
17.63
17.63
17.63
17.63
17.85
17.8S
17.85
17.85
17. 85
17.8S
17. 85
17.85
17.85
17.85
17.85
17.8S
17. 85
17.85
17.85
17.85
17.85
17. 85
17.85
17.8S
17.85
17.85
17.85
17.85
17.85
17.8S
17.85
17.83

17.85
t7.Aas

Crack growth rate

EvB/P

27. 0201
27.652
28. 330
29. 048
29. 695
30. 464
31. 254
31.990
32.758
33. 535S
34. 367
35. 305
36. 139
37.942
38.013
38.971
39. 934
41.015
42. 056
43. 146
44.256
45. 454
46.688
47.953
49. 265
S0. 580
S1.999
53. 522
S4.998
S6. 608
S8. 272
59.876
61.635
63.517
65. 344
67.288
69. 451
71.494
73. 825
76. 235
78. 527
81.003

83. 3%6
AR. SA1

Snum

11
14
18
18
14
14
14
11
11
11
11
11
11
11

PUVUUVVOUVYDVIYLYVLIVYVILVVYVSLDOVDD

Corr

2.9997
@.9997
@.9997
@.9998
2. 9996
&. 3997
2.9998
@.9997
@.9997
@.9998
@. 9997
2.3996
2. 9996
@.9997
92.9997
@. 93997
Q. 9997
@. 9997
@.3997
@.39998
@.9997
@. 9996
Q. 9996
@.9997
9. 9997
@.9997
@.99%6
@.9996
2. 9996
0.9997
0.95997
@.9996
d.9997
@. 9996
@.93997
0.9997
@.9995
@.9997
@.9997
@. 9997
3. 2996
3.9997

?.3997
A. I9SH

2.
1,
1.

3.
7.
7.
7.

8.

8.
=
8.

VOOV EREEVDL 3N

®®

WCDGDPEDulpiD

=
8.
9.
8.
8.

1D D D

da/dN

S6QE-05
193E-07
8635E-07
777E-@7
120E-07
283E-97
898E-@7
Q99E-07
283E-07
297E-07
S10E-07

. 166E-27
L777E-27
. B76E-Q7
. 599E-07
.618E-07
. 942E-07
. 815E-07
. @375-07
. 881lE-07
. 411E-Q@7

838E-0@7

. 108E-07

739E-@7
S48E-87
13SE-07
38SE-07

. 365E-07

472E-07
789E-07
876E-07

.841E-07
. 423E-07

669E-07
835£-07
@48E-27
Q27E-07
a496E-07

. 588E-Q7
. @22E-@6
. B@QSE-27
. Q24E-06
. 9%842-27
B R



279, 23L D.7952  L29¢ S PR
381, 164 0.7693 .685 421 17.85
386,632 ©.7752 .671 411 17.-85
391,650 0.7807 .673 401 17.85
397,114 0.7861 .68@ 392 17.85
teyond final crack length .7879345

T

95. 894 9 ©0.9931 93.840E-07
95. 307 9 @.9995 L1.0362-06
102.691 9 9.9995 L1.123E-06
106.179 9 ©.9996 1.037E-06

Teat Status for Specimen ID# TAS326

Target Command Actual Clip Gage
Load Signal ., Load
# A # A # pA mil “
lax 389 19.5 100 5.0 128 6.4 2.47 12. 4
{in 97 4.9 120 5.0 128 6.4 2.47 12. 4
- a/w a Last a Next a Count Time Date
. 6818 ®.7879 @.7861 2.7919 398,528 11:08:11 02-17-1993
Slope # Slope # Corr Kmax Delta K da/dN
9 9 2. 9996 23.8 17.9 1.237E-26
Function Key Status
FS Fe&e F7 F8&
Function Generator Status EvB/P Count a
Frequency (Hz) 31. 000 1@7. 358 398, 488 @.7879

start run sSTOP

Beyond final crack length @.788

WHC-SD-FF-TRP-018
Rev. 0
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SIDE 1

1/8 POINT
1/4 POINT
3/8 POINT
1/2 POINT
548 POINT
3/4 POINT
7/8 POINT
SIDE 2

AVERAGE

" S/N TAS26

MATERIAL : 316 STAINLESS STEEL
TEST TEMPERATURE : 900°F

FRACTURE FACE CRACK MEASUREMENTS

PRECRACK
0.784

0.796
0.805
0.808
0.808
0.799
G.789
0.786
0.785
0.797

P

WHB-SD-FF-TRP-019
Rev. 0
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T-TEST
0.836
0.852
0.868
0.876
0.873
0.852
0.830
0.836
0.822
0.852
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Precracking

Job Number
Customer
Operator
Date

Material
Specimen Type

Specimen ID
Machine
Extensometer
Clip Gage Cal
Load Cell Cal
Erivironment
Temperature

(in/valt)
{(lb/volt)

K Calibration Type
KCT
@. 886002
4, 64000
-13. 32000
14.72000
-35. 620020
2. 00200

NN e—o

Data Summary
62077

L R Bramlage
Q2-17-1395
58

CT

TAS31
601556

27209
2. 2222

200.9
AIR

RT

p

CT2Q
1. 00082
-4, 6329
11.24200
-1@6. 04000
464, 32999
-650.67999

Specimen Characteristics

Specimen Thickness (in) B 3. 300
Net Spec. Thickness (in) Bn Q.300@
Naotch Depth (in) n Q. Sa4
Specimen Width (in)} W 1.156
Young’®s Modulus (1QE&) E 28.300
Test Parameters
Max Load for E adj. (1D 350.Q
Stress Ratio (R) @.25
Initial a (in) 2. 504
Final a (in) @.788
Initial Kmax (ksi sqrlinl) 20.60
Final Kmax (ksi sgrlinl) 20.612
Initial Maximum Load (1b) 828.3
Fimal Maximum Load (1bB) 339.Q
K=-Gradient (1/in) Q.02
Minimum Slope Level (%) 50.0
Number of Slopes 9.
Minimum Corr Coeff @.99Q2
Data on load o¢r unload LOAD AND UNLDRAD
Final a/W 2. 5829
a/W Increment for Printout 2.0032
Waveform Type SINEWRVE
Fraquency (Hz) 31.9000

Command—Feesdback Error
Command—-Fesdback Error

WHB-SD-FF-TRP-019
Rev. 0 )

PAGE B-37 OF B- 64



Load
Load

Job

Specimen ID

N

alin
a’/wW
Pt(lb
dK (k
EvB/
Snum
Corr

Number

)

)
51
P

sqrlfinl)

da/dN{in/cyc)

WHB-SD-FF-TRP-019
Rev. 0

62277
TAs31 PAGE B-38 OF B- 64
Number of cycles

Crack length measured from locad line

Ratio of crack length to specimen width
Maximum force

Cycliq stress intensity

Normalized compliance

NMumber of slopes for crack length determination
Caorrelation coefficient

Crack growth rate

N a a’/W P dK EvB/P Snum Corr da/dN
50,216 @.3042 .436 750 13.99 27.136 11 @.99%8 1.9%@SE-35
62,621 2. 35099 - 441 750 14.19 27.778 14 @.9998 2. 442E-07
78,662 @.3137 .446 7359 14. 39 28. 4353 18 @.9998 S.B864E-07
77,059 0@.3214 .4351 750 14.59 29.129 22 2.9998 8.114e-07
has exceeded full scale 2070.084 *

has exceeded full scale 2070.084 Ard es¥ pow wb Avis \*"‘\
83,376 @.3273 .436 741 14.63 29. 850 13 2.9998 8.842E-07
88,205 @.533Q .461 731 14.563 390. 562 16 @.9998 1. 1QQE-@6
93,621 @.353%2 .466 720 14.63 31.374 20 ©.9998 1.167E-Q26
98,763 @.35448 .471 710 14,63 32.111 24 @.9998 1.153E-@6
194,693 ©@.33@03 .476 6389 14,40 32.863 31 @.9998 9.721E-@7
111,223 ©@.3364 .481 678 14, 40 33.724 38 @.9972 9.043E-@7
116,088 @.5624 .487 668 14.40Q 34,603 38 ©.9998 1.142E-086
121,618 @.35679 .491 638 14.4Q 35. 427 38 2.99%7 1.Q8B2E-0@6
128,010 B.3736 . 496 639 14.18 36.297 25 @.9997 9.034E-Q7
133,963 Q@.57%2 .301 629 14,18 37.190@ 31 @.9998 8.9%22E-07
139,641 Q.35835@ .306 619 14,18 38. 144 31 2.9998 1.024E-06
146,128 0.9909 .511 61Q 14.18 39.143 29 ©.9998 9.674E-27
153,323 ©.353974 .3517 599 14.18 4Q@.267 3% 0.99%8 8.010E-@7
158,084 ©@.6023 .3521 591 14.18 41.1685 39 0.9998 1.Q8B4E-06
164,349 B.6Q082 .32b6 969 13. 88 42.260 39 ©0.99%98 9.2%04E-@7
172,108 0.6149 .331 559 13.88 43.381 49 B0.9%97 7.947E-@7
178,947 0.6198 .336 550 13.88 44,321 49 @.9997 8. 145E-37
185,418 Q.6235 .341 S41 13.88 45.693 49 @.99%97 B8.438E-07
192,25@ ©@.6313 .346 532 13.88 46.964 49 @.9997 9.Q0BE-B27
197,954 9.6371 .SS1 323 13.88 48,203 49 ©9.9998 9.353%9&-27
285,367 0.643@ .356 sS4 13. 38 49,548 49 @.9997 8.3577e-07
211,639 @.6487 .361 S90S 13. 88 S0.901 49 0.9997 B8.3SRE-@7
218,097 0.6349 .3567 496 13.88 52. 406 49 @.9997 9.542E-07
223,936 Q.6606 .371 487 13.88 33.861 39 B.9%9956 9.840E-027
230,014 @.6662 .3576 478 13.88 5. 330 39 Q.9997 9.404E-Q7
236,565 ©.6718 .581 470 13.88 56.874 39 @.99%98 8.726E-07
242,635 0@.86773 .386 461 13.88 sa. 477 39 @.9997 8.872&-27
248,748 ©.6836 .391 4352 13.88 60.287 39 Q.9998 9.816E-07
254,348 ©.68%3 .596 443 13.88 2. 018 39 0.9997 1.014E-@6
268,884 Q.6951 .6@81 435 13.88 63.839 39 0.9997 9.298E-07
266,948 0.709% .56 426 13.88 65.79%5 39 ©.9997 9.29SE-27
272,548 @.7064 .611 418 13.88 67.7@7 39 R.9997 9.847E-Q7
278,509 @.7125 .616 49 13. 88 6£9. 882 329 Q.9997 9.735E-37
284,202 ©.7182 .s621 491 13.88 72.018 39 @.9997 1.833e-96
289,796 Q.7238 .626 293 13.88 74.203 39 0.9996 1.0@3E-0@6
296,227 @.7293 .631 385 13.88 76.546 39 D.9997 2.69°2E-27
300,232 @.7388 .536 376 13.88 73.372 31 ©.9996 1.Q66E-26
06,306 0B.7413 ..H41 368 13. 38 Rl.6b2 39 @.99%% 1. A9QE-TE&



326,448 Q.7644 .56
331,586 Q.7728 .566
337,267 @.7761 .&71
342,925 ©.7817 .676
348,547 @.7874 .&681°

336
328
229
313
3@3

13.38
13.88
13.88
13.88
13,88

Beyond final crack length .7888314

93. 192 3% 0.9995
96. 300 39  2.9995
9%.896 39 0.9%%6
133. 330 29 @.9995
186.976 39 Q.99%94

Test Status for Specimen ID# TAS31

Target
Load
# %
Max 304 15.2
Min 76 3.8
a’/W a Last a

. 6824 @.7888 @.7872

Slope # Slope # Corr
39 49 @.9994

Function Key Status
FS F& F7 F8

Function Generator Status
Freguency (Hz) 31.009

start run STOR

c
S
#
1
1

ammand
ignal

%
29 3.
Q0 S.

Next a
Q. 79312

Kmax
18.5

Actual
Load
# %
@ 1351 7.6
7] 151 7.6
Count Time

354,017 13:06:11

Delta K da/dN
13.9 9.678E-27
EvB/P Count

1@a7.957 350,017

Beyond final crack leng

Machine shut dawn

1. 178E-26
1. 145E-06
1. 122E-026
9. 847E-07
9.678E-27

Clip Gage

mil %
2.09 1.3
2.9 12.5

Date
@8-17—1995_

a
B. 7888

th .789

WHB-SD~FF-TRP-019

Rav. O
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S/N TAB31

MATERIAL : 16-8-2 STAINLESS STEEL
TEST TEMPERATURE : 9C0°F

FRACTURE FACE CRACK MEASUREMENTS

PRECRA PQST-TEST
SIDE 1 0.800 0.805
1/8 POINT 0.815 0.819
1/4 POINT 0.818 ' 0.826
3/8 POINT 0.814 0.823
1/2 POINT 0.810 X 0.819
5/8 POINT 0.803 0.812
3/4 POINT 0.790 0.794
7/8 POINT 0.774 0.778
SIDE 2 0.754 0.757

AVERAGE 0.800 0.807
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Precracking Da

Job Number
Customer
Cperator
Date
Material
Specimen Type

Specimen 1D

Machine

Extensometer

Clip Gage Cal (in/volt)
Load Cell Cal (1lb/volt)
Environment
Temperature

K Calibration Type
KCT
@. 88600
4. 64000
-13. 32000
14.72000
-5. 50000
Q. 20000

BN~ S

ta Summary
82077

LR Bramlage
22-17-1995
ss

()

TAS32
60076

27189
0. 2020

200.0
AIR

RT

P
CT20
1, 20002
-4. 063292
11. 24200
-106. 34000
464, 32999
-650. 67999

Specimen Characteristics

Specimen Thickness (in) B

@. 300

Net Spec. Thickness {(in) Bn 2. 300

Notch Depth (in) h
Specimen Width (in) W
Young’s Modulus (1QE6) E

Test Parameters

Max Load for E adj. (1lb)
Stress Ratio (R)

Initial a (in)

Final a (in)

Initial Kmax (ksi sqrlinl)
Final Kmax (kai sqriinl)
Initial Maximum Load (1lb)
Final Maximum Load (1lb)
K-Gradient (1/in)

Minimum Slope Level (4)
Number of Slopes

Minimum Corr Coeff

Data on load or unload
Final a/¥

a/W Increment for Printout
Waveform Type

Frequency (Hz)

2. 502
1.155
"28. 300

750.0
@.25
9. 502
0. 786

18. 50
18. 50

746. 5

306. 0
Q. 200

50.0
i2.
@. 990

LOAD AND UNLOAD

2.6810
0. 2050
SINEWAVE

31. 000

WHB-SD-FF-TRP-
Rev. 0 RP-019
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. 643

Job Number 62077

Specimen 1D TAS32

N Number of cycles

atin) Crack length measured from load line

a’/¥W Ratio of crack length to specimen width

P(lb) Maximum force

dK(ksi sqrlinl) Cyclic stress intensity

EvB/P Normalized compliance

Snum Number of slopes for crack length determination

Corr Correlation coefficiant

da/dN{in/cyc) Crack growth rate

N a a’/w P dK EvB/P Saum Corr da/dN
68,946 0.5025 .435 7350 13.96 27. 002 15 ©@.9995 1.339E-@3
99,814 0.5086 .440 7350 14.16 27.678 19 0.9995 1.S07E-07
123,053 ©0.5142 .445 750 14. 36 28.330 19 0.9996 3.491E-07
113, 406 ©.5202 .450 750 14.37 29.038 19 0.9995 5. 348E-07
122,255 ©.5258 .455 7@ 13.88 29. 725 15 ©.9995 6.370E-07
130, 466 ©0.5314 .460 695 13.88 30. 422 15 ©0.9995 6. 126E-07
140,246 0.5371 .465 685 13.38 31.138 15 0.9995 &.316E-07
149, 945 0.5434 .470 875 13. 88 31.992 15 0.9996 6.063E-07
158, 156 ©.5489 .475 663 13, 88 32. 743 1S ©0.9995 6.827E-07
163,033 @.5546 .480 636 13.88 33.533 15 0.9996 &.045E-07
176,719 @.5605 .485 846 13.88 34.3%4 15 ©0.9994 6.092E-07
184,951 0.566@ .4%S0 837 13.88 35.210 15 ©.9996 6.867E-07
194,673 0.5723 .496 626 13. 88 36. 181 15 0.9995 6.404E-07
202, 159 @.5778 .S500 617 13.88 37.0@55 15 @.9995 7.198E-07
208,883 0.5833 .53 608 13,88 37.941 12 ©.9996 7.939E-27
216,675 ©.5896 .510 598 13.88 39. 296 12 ©@.9995 7.935E-07
223,286 ©.5948 .313 589 13.88 39.914 12 ©.999%6 7.76lE-07
231,681 0.656008 .S520 . 380 13.88 4@, 973 12 ©.9996 7.357E-07
Below minimum correlation coeff . 9799776 : - '

239,204 0.6065 .525 570 13.88 42.028 12 0.999% 7.568E-27
247,003 ©.6122 .330 561 13.88 43,123 12 @.9995 7.452E-07
256,012 9.6180 .335 552 13.a88 44. 266 12 @.999S5 6.846E-07
263,792 0.6242 .3540 542 13. 88 45. 543 12 0.9995 7.083E-07
270,386 ©0.6297 .3545 534 13. 88 46. 693 12 @.9995 8. 18QE-07
278,184 0.6356 .S550 524 13.88 47,999 12 ©.9995 8.135E-07
285,393 0.6413 .S535 315 13. 88 49, 278 12 0.99%4 7.7S6E-07
293, 219 0.6471 .356Q 306 13.88 50@.635 12 0.99595 7.219E-07
300, 466 ©.63530 .363 497 13.88 52.0@72 12 @.9994 7.76lE-@7
308,314 ©.6586 .570 489 13.88 53. 499 12 ©.9995 7.841E-07
315,560 ©.6648 .576 479 13. 88 55.123 12 90.9995 7.781E-07
322,199 0.8700 .580 471 13.88 56. 529 12 ©.9996 8&.357E-07
328,831 ©.676@ .3585 462 13. 38 S8. 220 12 ©.9993 8. 400E-07
336,089 0.6818 .590 454 13.88 59.923 12 ©2.9992 8.368E-07
342,765 ©.6873 .353 443 13.88 61.3590 12 ©.9993 8.529E-07
351,230 0.6933 .600 436 13.88 63. 491 12 ©0.9993 7.S571E-07
357,873 0.6992 .605 428 13.88 65. 443 12 ©.9993 7.S5S14E-07
365,137 ©.7050 .610 419 13.a8 67.416 12 @.9%94 8.569E-07
371,797 0.7109 .616 411 13. 88 69. 526 12 ©.9993 8.248E-07
377,247 ©.7163 .620 403 13.88 71.323 10 0.9994 9.49SE-07
384,349 0.7222 .625 3594 13.88 73.815 12 0.95994 38.3550E-07
399,936 0.7277 .630 386 13.88 76. 040 12 @.9996 8.486E-07
397,022 ©@.7334 .633 378 13.88 78. 456 18 9.%995 2. 163E-@7
403,675 ©0.7393 .b640 370 13.88 81.221 10 9.39%4 9.32373E-@7
411,238 0.7452 362 13.88 83. 767 1@ 2.22%4 3, 2Q2E-27



424,751 0. 7569 .633 345 13.38 82,54 L e TT S e DT T
431,772 @.7526 . 660 337 13.88 2. 567 10 ©.9994 8.383E-07
438, 297 0.7682 . 6635 330 13.88 95. 651 10 ©.9992 8.462E-07
444,824 0.7743 . 670 322 13.88 99, 196 12 ©.9993 9.153E-27
450, 368 @.7798 .675 314 13.88 102.573 10 @.9993 9.362E-07

Tegt Status for Specimen ID# TAS332

Target Command Actual Clip Gage
Load Signal Load
# “ # “ # % mil %
‘ax 313 15.6 100 5.0 112 3.6 1.47 7.3
{in 78 3.9 120 5.0 112 S.6 1.47 7.3
a’/w a Last a Next a Count Time Date
.6761 @.7809 Q. 7796 @.7854 452,040 10:29:46 22-18-1995
Slope # Slope # Corr Kmax Delta K da/dN
12 2 9.9991 18.5 13.9 9, 362E-07
Function Key Status
FS Fs F7 F8
Function Generator Status EvB/P © Count ' a
Frequency {(Hz) 31. 000 123. 270 451, 956 @.7802
start run STOP

WHB-SD-FF-TRP-019
Rev, 0
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SIDE 1

1/8 POINT
1/4 POINT
3/8 POINT
1/2 POINT
5/8 POINT
3/4 POINT
7/8 POINT
SIDE 2

AVERAGE

S/IN TAB32

WHB-5D-FF-TRP-019
Rev. @
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MATERIAL : 16-8-2 STAINLESS STEEL

TEST TEMPERATURE :

800°F

FRACTURE FACE CRACK MEASUREMENTS

PRECRACK
0.786

0.797
0.803
0.803
0.804
0.801
0.795
0.783
0.765
0.795

POST-TEST
0.802
0.816
0.831
0.846
0.845
0.836
0.812
0.792
0.769
0.820



FRACTURE TOUGHNESS PER ASTM E399

PROJECT DATA TESY DATA PRECRACK DATA
Profect No. [6bS— 26770k -2l- o Malerial lo-B-L SS Test No. 9
Specimen No. TAS3Z Modulus (x10° psi) S Precrack Ratio  gF= £ = .25
Precrack Test 0.2% Yield Slrength - Frequency (Hz.} .W \ -
Operator LRB \\.\E o Crack Plane Orientation - LCF Test No. 2312 {
Checker e N — K, e [Relative Humidity (%) —_ Temp. indicator No. -
Temp. RT 9o /9 0} LCF Test No. 2411 b Recorder No. —
Machine 6 ool b 60076 X-Y 9o0e 2 3 Slide Cath. No. —_
Dale 2-13-95 3-21- 95 Clip Gage 1L L °9 Oschiloscope No. -
I 2H=[ 38 in) , Post Test Measurements
=|. in .
AH__H; T .—&I@ ﬁmh.; S Bmin MP QWP Ctr DHM mN
[T - =
| h =
g - N=o[ b (in) £+ \ [
. {mm) — Buin — L} [
™1 ™ .
a by
T &= (in) «@; § i
@ (vm)
: S1  |ge1for2| %2
ay=$ollin) ] I2a cer.
(mm) pa
=], 155 (in) -] )
#{ B=.Z 95(in) {mm) AF = a; + 1/3 (QP1 + Ctpr + QP2)
{mm}
A A Load/Volts Gycles (x10%) Side ZAa Sel
K P Max Mean Min AN Ny Ad EAa a aw__flaw) $-1 5-2 Aa /AN Lbs/V. Point  Spal

Mewcut Rescarcly Assocites. lne. © 3980 Hosslvn Drive  « Cincinnati. Olbo 43209-1 1960
Tel (513 2705100 ¢ Fax (513) 2719511

0 A%y

¥9-9 40 9+-8 39vd
610-dYLl-44-0S-gHM




Precracking Data Summary

Job Number
Customer
Operator

Date

Material
Specimen Type

Specimen ID

Machine

Extensometer

Clip Gage Cal (in/volt)
Laoad Cell Cal (lb/volt)
Environment
Temperature

K Calibration Type
KCT
@. 28600
4. 64000
-13. 32009
14, 72000
-5. 60000
9. 20000

nerwn-—_e

62077

. R Bramlage
Q2-17-1995
SS

cT

TAS33
650056
27209

2. 8e22
200.0
AIR

RT

p

CTod
1.00Q02
-4, 06320
11.24200
-1Q06. 04000
464, 32999
-650. 67999

Specimen Characteristics

Specimen Thickness (in) B

2.2%8

Net Spec. Thickness (in) Bn 0.298

Notch Depth (in) h 2.502
Specimen Width (in) W 1.155
Young's Modulus (1QE6) E 28.320
Test Parameters
Max Load for E adj. (1b) 380.0
Stress Ratiao (R) @.25
Initial a (in) 2. 3502
Final a (in) @. 786
Initial Kmax (ksi sgrlfinl) 18. 50
Final Kmax (ksi sgrlinl? 18. 5@
Imitial Maximum Load (lb) 741.95
Final Maximum Load (1B 304.0
K-Bradient (1/in) 2. 223
Minimum Slope Level (%) S50.0
Number of Slopes 1Q.
Minimum Corr Coeff @. 9390
Data on load or unload LOAD AND UNLOAD
Final a/W 2.6810
a’/W Inerement faor Printout Q. 20S0E
Waveform Type SINEWAVE
Frequency (Hz) 31.92092

WHB-SD-FF-TRP-019
Rev. 0
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398, /96
259, 303
364, 479
389,531

Max
Min

a’W
. 6820

Slope #
31

Function Key Status

FS Fb6

Function Generator Status
Freguency (H2Z)

start »un

Jd. /o8l «DBO S L4, €3 2o, e S0 We F3UTAS Le QWIS TRD
Q.774@ .67 328 14.25 93,338 28 ©.9995 1.169E-Q6
@.77%9 .673 320 14.25 102.3599 28 2.9995 1.10QE-~Q5
D.7856 .680 313 14.25 1@6.239 31 @.9995 1.136E-06
Test Status for Specimen ID# TAS33
Target Command Actual Clip Gage
Load Signal l.oad
# * # % # * mil %
310 15.5 29 1.2 33 2.6 -2.18 -Q.9
77 3.9 20 1.9 S3 2.6 -0.18 ~-.9
a Last a Next a Count Time Date
@.7877 Q. 7854 @.7912 371,536 10:58:07 @2-18-1995
Slope # Corr Kmax Delta K da/dN
14 @.9995 19.0 14.3 1.196E-26
F7 F8
EvB/P Count - a
31.000 127.685 371,367 @.7877
‘sToP

WHB-SD-FF-TRP-019
Rev. O
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"SIN TAS33

MATERIAL : 16-8-2 STAINLESS STEEL
TEST TEMPERATURE : 300°F

FRACTURE FACE CRACK MEASUREMENTS

PRECRACK POST-TEST
SIDE 1 0.787 0.833
1/8 POINT 0.797 0.843
1/4 POINT 0.809 0.866
3/8 POINT 0.815 0.871
1/2 POINT 0.812 0.869
5/8 POINT 0.805 - 0.850
3/4 POINT 0.800 0.820
7/8 POINT 0.786 0.805
SIDE 2 Wal ' 0.797

AVERAGE 0.801 0.842
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Precracking Data Summary

Job Number
Customer
Operator

Date

Material
Specimen Type

Specimen ID

Machine

Extensometer

Clip Gage Cal {(in/volt)
Load Cell Cal {lb/volt)
Environment
Temperature

K Calibration Type
KCT
@ Q. 886020
1 4, 564000
2 -13. 32000
3 14. 72000
4 -3. 600200
S 0. 20009

62077

LR Bramlage
22-18-1995
58

ceT

TAS34
60076
27189
0. 2020

200.0
AIR

RT

P
CTQO
1.00002
-4. 06320
11. 24200

-106. 24000

464. 32999

-850. 67999

Specimen Characteristics

Specimen Thickness (in) B 3. 298
Net Spec. Thickness (in) Bn @.298
Notch Depth (in) h @. 501
Specimen Width (in) W 1.154
Young's Modulus (1@E6) E 28.300
Test Parameters

Max Load for E adj. (1b) 380.0@
Stress Ratio (R) 2.23
Initial a {(in) 2. 3501
Final a (in) @.781
Initial Kmax (ksi sqriinl) 18.350
Final Kmax (ksi sqrlinl) 18. 50
Initial Maximum Load (lb) 742.2
Final Maximum Load (lb) 308.3
K-Bradient (l1/in) 9. 000
Minimum Slope Level (%) 5.0
Number of Slopes 10.
Minimum Corr Coeff @. 988

Data on load or unload
Final a/W

a/W Increment for Printout
Waveform Type

Frequency (Hz?

LOAD AND UNLOAD
@.6770

0. 2050
SINEWAVE

31. 00Q

WHB-SD-FF-TRP-019
Rev. 0
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347,890 0.7608 .639
353,975 0.7665 .664
355,060 9.7721 .6869
364,758 0.7783 .674

339 13.95
331 13.95
323 13.95
315 13.95

yond final crack length .7814187

91.916 10 92,9994
95. 066 1¢ 0.9995
38, 269, 10 @.9993
102. 266 12 ©@.9994

Test Status for Specimen ID# TAS34

Target -
Load
# %
X 311 15.5
n 78 3.9
a/w a Last a
.6771 @.7814 @.7778

Slope # Slope # Corr
1@ 19 9. 9996

Function Key Status
FS F& F7- F8

‘unction Generator Status
‘requency (Hz) 31. @00

itart ™un STOP

Cammand
Signal

# %
100 5.0
109 5.0
Next a
@.7836

Kmax
18.86

Count
367, 392

Delta K

EvB/P
123.999

Actual
Load

# %
1i8 3.9
118 3.9

Time
14:07:25

da/dN
1.@67E~-Q6

Count
367, 375

1.@33E-@86
9. 735E-@7
1. 086E-26
1. d67E-06

Clip Gage

mil %
1.42 7.
1.42 7.

Date
@2-18-1995

a
@.7814

Beyond final crack length .781

WHB-SD-FF-TRP-019
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S/N TAS34

MATERIAL : 16-8-2 STAINLESS STEEL
TEST TEMPERATURE : 300°F

FRACTURE FACE CRACK MEASUREMENTS

RECRA POST-TEST
SIDE 1 0.765 0.773
1/8 POINT 0.779 0.812
1/4 POINT 0.791 0.831
3/8 POINT 0.797 0.845
1/2 POINT 0.806 - 0.863 -
5/8 POINT 0.805 0.877
3/4 POINT 0.806 ' 0.862
7/8 POINT 0.798 0.852
SIDE 2 0.788 0.845

AVERAGE 0.795% 0.844



WHB-SD-FF~TRP-019
PAGE B-54 OF B-64

Rev. 0

IO 12e (YRS N o 0G0 L7 (F 18D )0,

QGT1-6DELE O "NEUUUEY o DAL UASSOY OHGY  » ,u:.. ERI LIRS TRITER ER TR IR T R V(Y
leds  uied  CASQY NV eV s -5 [well wme ® BV B Ty NV U uespyy YEWN 4 "
195 evi apig (;0tx) sapha SOAPEO] v v
(v}
{(zad + T30 + 1ad) e/t + Te = av () (ur)ghbT =C}=
- t— (UT) T =
e L)
“X1) o9y _l-.., {ut) -oh.u.nm
Tg |zaB| 140} 14
! - w1 |-
@l () uﬁ 1 _ L
—H e vy L o) - =
/ \ -+ (UT)A O =N -+ - —r
- ~ ]
= [LHTE]
Is| zab 320 | 13D | T |UTMa Dbk =175 Mﬂ.“amﬁnmn . l
SIUWIINSeOY 153 3ISCd
= ‘oN adoosopos) TQ‘HP.N . abeg di|n WT.HH-M s r‘..\m __l.lﬁ areg
—— "ON \eD 3PS 10 AX . 009 o0 aunyoey
b > 7
_— "ON 13pJ023Y YN L T ‘ "ON 1531 407 1] \ 1ob L ‘duray
—_ "ON Jojesipu) ‘dwia ) {%) Avpruny saneray I\Irrﬁ 4 !‘\Jl..\?mu > 194D
e | A oM 1S3 407 ucHEUBL0 BURY HORID n“fva\QN m Q -7 soiesadQ
ls {-z1{) Aouanbaiy _ yibuang plRIA %20 1591 NoEIS31d
\a 176 = % oney yoersard {red .o_xu sninpoy m 'S m ¢. 1 ‘oN Uaunsads
Vi oM 159 ) WW 1-8 - o7 jeuatenN [IS) .aHnJo-ﬁPOdJ \mdw&\ ‘o 1ajord
Yivd MOvdOI3Iud viva 1s3l YivQ 103roud

B e Y A Y e N et ol Y IR o Y a T a N B AS Fa T ol JA Y N |



Precracking Data Summary

Job Number 62077
Customer
Operator "L R Bramlage
Date P2-18-1995
Material S5
Specimen Type cT
Specimen ID . TAS33
Machine 60356
Extensometer 272092
Clip Gage Cal (in/volt) Q. 2029
Load Cell Cal (lb/wvolt) 200. 0@
Environment AIR
Temperature RT
K Calibration Type P

KCT cToR
@ @. 88600 1. 09002
1 4. 640020 -4, Q06320
2 -13. 32000 11.24200
3 14. 729000 -1@6. 34000
& -35. 60220 464.32999
S Q. 000920 ~65@.67999

Specimen Characteristics

Specimen Thigckness (inm) B 2.298
Net Spec. Thickness (in) Bn 2.298
Notch Depth (in) h 2. 301
Specimen Width (in) W 1.15S5
Young's Modulus (1QEB) £ 28.300

Test Parameters

Max lLoad for E adj. (1lb) 3890.0

Stress Ratio (R) @.25
Initial a (in) Q.51
Final a (in) @.78S5
Initial Kmax (ksi sgqrfinl) 18.35@
Final Kmax (ksi sgrlinl) 18.30
Initial Maximum Load (lb) 743.3
Final Maximum Load (1h) 3@35. 3
K~Gradient {(1/1in) 2. 230
Minimum Slope Level (%) 50.92
Number of Slopes 1Q.
Minimum Corr Coeff @. 992
Data on locad or unload LOAD AND UNLDAD
Final a/W d. 6809

a’/W Increment for Printout 3. 2052

Waveform Type SINEWAVE

Freguency (Hz) 31.02002

WHB-SD-FF-TRP-019
Rev . ] ’
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SIDE 1
1/8 POINT
1/4 POINT
3/8 POINT
1/2 POINT
5/8 POINT
3/4 POINT
7/8 POINT
SIDE 2

AVERAGE

SIN TA535

MATERIAL : 16-8-2 STAINLESS STEEL
TEST TEMPERATURE :

FRACTURE FACE CRACK MEASUREMENTS

PRECRA
0.775
0.794
0.802
0.803
0.805
0.803
0.796
0.785
0.770
0.795

K

900°F

WHB~SD-FF-TRP-019
Rev. 0O
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POST-TEST
0.787

0.805
0.825
0.830
0.829
0.824
0.810
0.794
0.779
0.813
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Precracking Data Summary

Job Number
Customer
Operator

Date

Material
Specimen Type

Specimen ID
Machine
Extensometer
Clip Gage Cal
Load Cell Cal
Environment
Temperature

(in/volt)
{lb/volt)

¥ Calibration Type
KCT
2. 88600
4, 64200
~13. 32022
14,7201
-35. 600900
@. 2222A

(i) I I YR ]

e2A77

LR Bramlage
@2-19-1993
85

cm

TASS
6BB76
27189

a. Az
292, 2
AIR

RT

P
CToa
1. 9Q@az
=4, 2630
11. 242020
-126. 24202
464, 32999
-&65&. 67999

Specimen Characteristics

Specimen Thickness (in) B d. 22
Net Spec. Thickness {in) Bn- @.329
Notch Depth (in) h .Sz
Specimen Width {(in) W 1.133
Young’s Modulus (1QEG) E 28.201
Test Farameters
Max Load for E adj. (1b) 3818.92
Stress Ratia (R) 2. 25
Initial a (im) 2. Siae
Final a (in) B. 782
Initial Kmax (ksi sgrlinl) 18. 6@
Final Kmax (ksi sqriinl) 18.02
Initial Maximum Load (lb) 75@.3
Final Maximum Load (1b} 313.2
K-Gradient (l/im) 2, 223
Minimum Slope Level (%) SQ. 2
Number of Slopes 1@.
Minimum Corr Coeff d.989
Data on load or unload LLCBAD AND UNLDOAD
Final a/W D.6772
a’/W Increment for Frintout BT 7, bt
Waveform Type SINEWRVE
Frequency (Hz) 21. 209

ammand—-Feedback Error
ommand—-Feedback Error

WHB-SD-FF-TRP-019
Rev. 0
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SIDE 1

1/8 POINT
1/4 POINT
3/8 POINT
1/2 POINT
5/8 POINT
3/4 POINT
7/8 POINT
SIDE 2

AVERAGE

SIN TAS36

MATERIAL : 16-8-2 STAINLESS STEEL
TEST TEMPERATURE : 900°F

FRACTURE FACE CRACK MEASUREMENTS

PRECRACK
0.768

0.775
0.790
0.797
0.801
0.802
0.800
0.792
0.785
0.792

WHB-SD-FF-TRP-019
Rev. 0

PAGE B~59 OF B-64

POST-TEST
0.802
0.801
0.813
0.826
0.836
0.849
0.847
0.820
0.804
0.824
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MT3 Systems aration
MTS 14000 Tectciogy Drive PAGE B-60 OF B- 64 . .
— Eden Prame, N 35344.22% Calibration Report
Customer Name: Metcut Research Associates System: 304.15G Page: 10f3
Systemi0: £co7& Location; Site: €53163-M01
Equipment :
Device Type: Forca Transducer Modei No.: 8.61E-01 Serial No.: V53427
Calibration Data File Name:
Controfler/Conditioner Modei; 458.11 Serial No.: 103021

Readout Device Model: 458.11 Serial No.. 103021 Channel:

Procedure
MTS Procedurs No.: MTS 1234-A
Calibration has been performed in accordance with ASTM practice: (none)
Calibration Equipment Asset No. .
Computer: HighlLevel Board: 13494 LowlLevel Board: 13185

Temperature Readout 12649 Additionat Equipment
Conditions

Ambient Temperature: 731 °F Polarity(+); Bidirectional:

“Range T
Full Scala: 20 'kp Multiplier; Standard Assat No.: 12501 Lawer Limit 1280.75 Data Mode:

As Found Excmation: 1000408 Gainc Ceita K- [}
Shunt Cl.; Postve:  89.37011 Nagative: 9 Zaro Offeac Phasa:
Az Adjusted Excration: Gain: Deita K
Shure Cal.: Postive! Negathve: Zero Offtset Phasa:
[T NG R TG Found———THun
\Within Tolerance: m Roqulucl Run No. 2
s — e T Emor, X of Reading
Porcant Reading % of Roading R g % of Readi Ri -] % of Reading
0T To00 008 0000~ TI0.008Z[ 0108

] B007Y L) 0000 0TS A} 1.50 T »

o0 S04 o124 YO0 008 A 1.00 4+  As Found

© y I o600} -] u.msl s ' \

[T . T S - ) ) - +
seag TR0 00000 0.00 20 XK KRR KA AKX ::T:::ﬂ“
Reto 1 o
Ret0 b 4 Anei Resaing
Stano U000 W ALY poemmeed

-2 Ao tes) g ! ~TORIO0 ~ 3 asal Upper Limst

-40 1T o2 -T00.0 AR T 100 80 20 Rel S 40 20

40 -0, I3 ~100.00 5.007% o3

80 -u;]; PR i} TRFT0 ToTT U e 0 v Lo Umik

-100 TOUTA7 e A 41 0 00T 0I5

“Hange P4
Full Scale: 10 kg Multiphier, Standard Assat No.. 12501 Lower Lima 1280.7% Dam Mode:

As Found Sxdaton: 1000828 Gaan: Deita K- [1]

Shunt Cal.: Positive:  30.85608 Negative: ] Zom Offsec Phasac

Az Acpsted Excraton; Gain: Dalta K
Shunt Cal.: Porive! Negathw: Zero Olfsat: Phase:

m [N Fo.1 X Adfusied
'Within Tolerance? [ Reduired) Run No. 2
ot B Error. % of Raading

Paroent Resding | % of Reading! Resding | % ofReading! Reading | % of Reading

| L ] TOOOTY o7 BLE 1) DL X A Y}

a0 LA <] AL 0O S OO0ES LLAS) 1.50

o RS T —TOI00| AT 10 100 4+ As Foung

R - m— | oree| s el | 0% /

0 20017 [pXe -1} -100° 1 [* -

Sten 0 T000 oo mx.xxxx. X-X-x—"-—f—'—v—-x L& 8. 9.3 m:“"‘
::g 050 ; ‘ X  Rasi Pescing
St 0 TR WIS 1.00 Fomremmimrnd ieecarsrm—

-20 20037 779 ~TUoo ~T0040 ] -1.50 . Upper Limit

-40 X o iz} TR AW A 100 80 D Am St 40 .80

20 . =100 4013 0.

0 yorest i o BT sl ¢ ° o Lawar Limit

-100 :g'gm——u'z! YOI TO.0200 02T
MTS Systams Corporation Measurement Standards are Tracsadie t the Natlonsl Inxttuts of Smndards and Technalogy
NOLS: .
Parformed By: Dawid 8. Hauer Dae; 260-Jul-34
Signeuare: %ﬂ//é/ Next Recommanded Cakbration Ous Date: 28 Juk95
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M_TS MTS s:mu onation
1 7 - — - -
M— e e s 20 PAGE B-61 OF B-64 :alibration Report
Customer Name: Metcut Research Associates System: 304.15G Pags: 203
System ID: SO 78 Location: Site: C53163-M01
Equipment . ]
Device Type: Forca Transducer Model No.: 6.81E-01 Serial No.: V53427
Calibration Data File Name:
Controller/Conditioner Model: 458.11 Serial Ne.. 103021
Readout Devica Model:  458.11 Sernal No.: 103021 Channel;
Procedure

MTS Procadure No.: MTS 1234-A
Calibration has been performed in accordance with ASTM practice: (none)
Calibration Equipment Asset No.

Computer: HighLevei Board: 13494 Lowlevel Boarg: 13185
Temperature Readout 12649 Additional £quipment:
Conditicns
Ambient Temperature: 731 °F Polarity(+). Bidirectional;
Range 3
Full Scaie: 4 kip Muttipher, Stancard Asset No.: 12501 Larwar Lirmt: 125075 Data Mode:
As Found Excitation:  10.00403 Gair; Dita K: 0
Shunt Cal.. Positve; 0038558 Negative: Q ~ Zerg Cifzet Phage:
As Adjusisd Excaation: Gan: Daden 1
Shunt Cal.: Positive: Negutve: Zero Offset Phase:
3 () NE!JE Tound un
Within Tolerance: {if Required) Run No. 2 Error, % of R
Tndicated | &mor, Thaicatad Eiror, Tndicated Emor, | % of Reading
Percont Reading | % ofReading) Reading | % of Resding| Resding | % of Reading

o Rl <) I X' Bl Re ] L - DR -]

a0 yoaTY oo STOO00 X o I 150 ’

80 B &4l ~TOOO0% SUOSE [+ B f] 1.00 -+ As Found

«© _l'u::a] )] 1000 T0043 o 050 /_—

2 L] 013 -TOU.CO 2 AL . . 2,22 2.9 =  Resding As |~
S0 ] TOm0 0100 30 XK 5656 50yt Adhusted
R 1 P
R:g 450 X Finai Reading
o I TR0 B e

-0 L OE (2] -TOU D0 - X 150 Upper Limit

0 A1 T3 -] 00 80 20 Ret Swt 40 40

0 0275 oA’ T . a o esmsresscsoe: Lowet Limit

80 H 0250 037 -TOIO0; ]

-100 JO0IST T35 -0 - T0.03]

"Range; X
Full Scale; 2 xip iplier: Standant AssetNo.: 12501 Lower Limit 1280.75  Data Mode:

As Found Excitpbon: 1000817 : a
! Zara Offuat, Phase:
As Adjusted
2om Oftset: Phane:
,w—m:—umm—
Tolerance:
Percant

™

a0

&0 +  AsFound

40

2 = Raeading As
St o Adjusted
Ret0
Ret0 ¥ Finsl Rasding
Stan 0 T 0T T0000

-0 B tril [ §+! ~YOO00] ~ZOUZT 010 Upper Limit

-40 4055 G4 -100.00| T 85" ) an

-840 HR77 U7 -TUOD0 3008T U eeeeeeeeev Litwens Limit

-0 T -B.UoR7 A ki AW 0T 5k
-100 TS oo YO0 TU0TTE .72

MTS Sy Corp M Standards are Traceadtis to the Hatanal (ksDhse of Staaderds and Technoiogy
Notes:
Performed By: Davd B. Hauer Oatar: 26-Jul-94

el 7 g R —
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m MTS Sysiems Jation
E— 14000 Technoiogy Drive - .
Sdenpraia, N Ss344220  PAGE B-62 OF B- 64 Calibration Report
Customer " Name: Metcut Research Associates  System; 304.15G Page: 3of3
System ID: £00 74 Location: Site; C53163-M01
Equipment :
Device Type: Force Transducer Model No.: 8.81E-01 Serial Na.: V53427
Calibration Data File Name;
Controller/Conditioner Modet:  458.11 Serial No.: 103021
Readout Device Modei: 458.11 Serial No.. 103021 Channet;
Procedure
MTS Procedure No.: MTS 1234-A
Callbration has been performed in accordance with ASTM practice: (none)
Calibration Equipment Asset No. : X
Computer; Highlevel Board: 13454 l.owl_avel Board: 13185
Temperature Readout 12649 Additional Equipment
Conditions
Ambient Temperature: 73.1 °F Polarity(+): Bidirectional:
3 2
Full Scale: 1 kip Multipiier: Standard AssetNo: 12567 Lorweer Limit 128075  Data Mode:
As Found Ewxdation:  10.00320 Gan: Dwita K: D]
Shunk Cal: Posve:  89.80157 Negativa: ] Zeo Offsat Phase:
As Adyysied Excitation; Gan: Deita K:
St Cal.: Peotitive: Negative: Zeso Offset Phasa:
[T TR Ro. T As Feund . [Run Ro.1 23 Adjusiad
Wighn Tomrance: - {if Required) KRun No. 2
- TR, e TR Eerac, % of Raacing
- Percant Reading | % ofReacing} Reading | % ofReading| Reading | % of Reading
T U057 T LR XY T :
80 A TOT 10000 F0002 o000 1.50 »
80 L Raysd 10000 o] e 1.00 +  As Found
40 TOOH 12 o] Toan0 TI97F U5
0 Tw0a7 LALS gl B T 0.50 / . -  Resging As |~
Sang 000 TR j oo XXX KKK KK Adjusted
n:o 0.50 X  Finsl Rsading
Stan 0 00000 . v vast SLO0 s e
-0 ~T0007 um OO0 oot om -1.50 Upper Limit
0 I X1 1} a7 PE[s +X0] X0 Al
a0 J0050 708 T0a00! IO " o s 2 R: S:“ w%y Lowwsr Limit
v - ~100 00 Z00S7 oo
100 (Y irg] a7 oo0o[ T ToOuT2 i
RANgE:
Full Scale: Muitiptier Standard Asset Na; Lovwar Limit Cata Mode:
As Found Excitation: Gain: Daita K
Shunt Cal.: Positive: Negative: Zara Offsat Phass’
As Adjusted Encitation: Gain Dena K:
Shunt Cal.: Posithver Negativer Znrg Qlfsat Phasa:
[ Run R&.1-AaFound |
Withn Tolesnca: [ Required} Run No. 2
B 5 — e T Ermor. % of Rasding
Parcent Reading | % of Reading] Reading | % of Reading| Resding | % of Reading
100 TR TR0 TR
a0 =TO0. 00 Ry e +Xesi Pyir 10+ 1.50 1
0 B8] TR0 X! 1.00 4 4+  As Found
49 - TOo0 OO0 ~TIXIT0)
» Qi T el o] 250 + \ / - Resding As
San o 0,00 T——+——+X-X-X-: —v-—r—o——q—-q Adjusted
::3 050 1 % Fosl Ragding
Stant Q 00 drmimiimaes s
-0 ~TO0.00 ~TOOTR “TOO.00 150 L Upoper Limit
-0 -TOuT0! - 100G Yoo 100 80 20 Ret St 40 30
L} -0 O TO000 0000
a0 T [ —000 0000 o L Lower Linvt
100 IR0 1 1000 -T00.00}
MTS Sy Cotp: wient Sta are T be ) the Matk of Stand ana T ay
Notex;
Pertarmed By: Dawnd B. Hauer Oate:  20-u-4
Signanie: ,/// Meut R c Due Date: 28uk-38
%4’% S —
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APPENDIX C

Additional Test Records for 304 Stainless Steel and
308 Stainfess Steel Weld
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TENSILE DATA

Material: 304 Stainless steel
Specimen blank number: 3-380-8-4K
Test temperature: 800°F

| TYS @ 0.2% OFF [TENSILE STRENGTH ELONG {4D) RED. OF AREA

LBS K$i LBS KSi IN % | FIN. DIM. %

| 545.8 27.0 1334 66.0 0.305)47.7 |.092 D 67.3

447.7 22,2 1323 5.5 0.295| 46.1 | .0B7 D 70.8
.640G




TENSILE DATA

Material: 308 Stainless steel
Specimen blank number: AA-8-4K
Test temperature: 800°F

WHC-SD-FF-TRP-019
Rev. Q
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TTYS @ 0.2% OFF [TENSILE STRENGTH ELONG (4D) RED, OF AREA
LBS KSi LBS Kl N % FIN. DIM. Y%
2415 49.2 3452 70.3 0.240| 24.0 |.180 D 48.3
2424 49.0 3403 68.7 0.2704{ 27.0 |.178 D 49.7

1.0G

-
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PAGE C-4 OF C-9
Test Parameters " ! ;
Specimen ID] TA501 : TAS02  TAS03 TAS504 | TAS05 , TA506
Mach#| 673 = 673 - 673 673 673 1 673
Yield (ksi)] 36.0 i 360 360 . 360 | 7360 ! 360
Modulus| 244 & 244 @ 244 244 . 244 | 244

TempF' 800 ' 800 ; 800 ° 800 ' 800 300
% RHumidityl 35 | 35 35 . 35 | 35 35
Dimensions | ' % |

Notch (a/n)i 0.859 | 0854 ' 0859 0853 . 0859 @ 0386
Bl 1.006 i 1.005 = 1.005 = 1.005 ' 1.004 | 1.006
W| 2004 : 1998 @ 2.005 1.997 | 2003 . 2.006
Precrack ‘ ? i i
Total Cycles| 593095 = 561961 ' 573636 490406 = 557871 = 643632
Aspect Ratio] 0599 ' 0578 ' 0599 _ 0.601 ! 0599 _ 0598
Final P max{ 1790 | 1940 1790 1770 | 1780 | 1800
Final Kmax| 171 ! 171 : 171 . 171 : 171 | 171
All 114 1.124 1.15 1144 1.137 © 1.153
A2 1121 0 1156 1177 1192 ¢ 118 ¢ 1.184
A3 1186 | 1.182 1.196 1.212  1.203 © 1.198
A4l 1.193 1.194 1202 1218 1214 ¢+ 12
ASi 1.192 « 1.194  1.20i 1216 : 1212 ¢ 1.201
A6 1.187 - 1.193 1.2 1211 © 1.209 © 1.194
A7, 118 © 118 o 1192 1199  1.1%9 1.188
A8/ 1162 ~ 1.158 1171 1.185 1.175 @ 1.168
A9l 1.123  1.121 L1154 1.125 - 1.134 ' 1.148
Static Testing ’ : . ' 3
Loading Rate] 0.0016 ; 0.0016 . 0.0016 00016 00008 © 0.0003

All 1152 | 1215 @ 1.174 1,177 . 1.162 | 1.158
A2 119 ! 1.254 1.196 : 1236 . 121 | 1.184
A3 1205 @ 1314 1239 . 1271 : 1235 1 1205

A4l 1214 | 1359 1255 @ 1284 @ 1247 | 1207
AS| 1218 @ 1359 : 1255 1289 @ 1247 1203
A6 1212 | 1341 1 1244 15301 , 1241 | 1.199
A7 1204 | 1316 - 1227 127 . 1219 | 1191
A8] 1189 = 1244 1199 & 1239 : 1188 | 1.171
A9| 1.144 1212 1173 ° 1193 ' 1153 i 1.151

¢

RO I N ¢
Respectfully Submitted: ;9™ st A0 inar
Richard Green
Manager of Dynamic Test
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Test Parameters! _T/};"'/.’ | TAsr2  TAIT3 | Ay D rAsIs | TS
Specmen IDI__TW1 _+ TW2 _ Tw3 | Twd . TWS | TW6
Mach % 676 | 676 676 ! 676 676 676
Tield (ksi);, 420 ' 420 T 420 ¢ 420 42.0 42.0
Modulusi 244 1 244 244 | 244 1 244 1 244
TempF. 300 [ 800 g00 . 800 ; 800 . 800
% R Humidity! 32 - 32 32 o 32 3% 32
Dimensions | ! e ‘i ! ;
Nortch (wm)| 085§ . 0839 | 0834 I 0.858 0860 ; 0.855
B 09575 | 1004 | 1004 ' 1004 1007 , 1603
B W 2002 | 2000 | 1998 i 2000 2.004 7001
Precrack | l : | |
Total Cyecles; 1,364,617 782,198 1261363 855,930 1,009,028 1,151,663
Aspect Ratioi 0,58 059 | 057 1 06l 058 ' 059
Final Pmax/ 1700 i 1700 | 1700 | 1700 ; 1700 , 1700
Final K max; ! 1_ ;
<1 1123 | 123 | 1113 1 1133 1126 ' 112
a2 1178 | 1202 | 1173 | 1224 1,167 | 1195
A3, 1216 | 1244 . 1303 L1274 1203 ;. 1.243
a4, 123 0 12356 1.202 1.297 1.217 | 1.256
a5 1224 | 1258 | L1 1308 1205 ! 1.249
N6, L217 | 1249 . 1174 1.312 12 1241 -
A7, 1184 | 1232 1159 1.293 113 1203
8. 1143 | 1194 | 1133 ; 1237 1151+ 1.167
Aol 1121 1132 | 1105 1152 1118 1 1123
Average A, 1160 | 1181 1.144 | 1216 1.156 . 1.172
i | '& . ! %
Static Testing | L k l i ;
Load Rate("/min)] 0.05 | 0.05 005 | 005 | 005 | 005
A1l L1133 | 1207 | 113 | 1229 I 1.129 | 1.148
22, 1182 | 1258 | 1196 | 1252 . 1.187 | 1229
331 1229 | 1375 | 1265 1333 ' 1244 | 1325 e
4, 1259 | 1439 | 1303 | 1363 @ L37l 71369 N
ST 127 | 1437 i L1294 | 1396 ; 1253 1.39 N\
A6, 1248 | 1425 & 1274 1393 @ 1247 | 1374 =g
A7T 1199 | 1353 T 1219 | 1328 1204 | 1296
8 1153 | 1269 [ 1147 | 1251 1 1164 i 1219
B o T3l | 1202 | 143 | 1164 o Ll44 1136
Average A L.176 | 1283 1190 | 1263 ;. 1180 | 1241
Crack Extension; 0.016 | _0.104 0046 | 0046 0025 | 0063
“ommand Diso.__ 0.100_| 0250 ! G150 1 @135 ! 0125 0.175

Respectfully Submitted: Q _.M%ém.m\

Richard Green

“anager of Dynamic Test

PRI



i s R e . | o e g s

a2 “+Hhl A HERE] AL L ) L 11
M Hlli ._a. ;_
2w OHELLLL el A JHAE AR
_.._l t®_|\y 1 E YR ,w,_ -{- - - .
i 0K Mug_ﬁ N 1) .
Ol TR Ay SRR i
o7 @ 1P iR A TR I
=< & 48HIT mmm HHH ARRAREARS
Tl e 2 e R FER A ] i T ! 1AANE
TETEL Iy | e#w--ﬂw T ‘ T
g5 ]
HHEFEHE ST A T
T | RN RR NN
TEEL (B B R I | |
- mmi HEREIRIERERE Y IRNn s i - I RNRRAAE 1 13 RIRR
I R
-
P — 4 -F. B DU DU A . - . T - -4 - -
O I T
<
L ]
a i 4
M i L T il LU il | RiLELN
— T i 1TTEER- -
= [T T
< TRARES 1 ‘ 1L
T _
E P DU S TN D N . . S I U N I W Y W
@ : : T TITTE AR L L L

" sy

Ny ML N TR

Tavns

PERIRUE L TR qing MmN DFREA

HOILYHCHOD S10MENND Dnidven & BIidvd Haves )5




e 1 hhanl S

WHC-SD-FF-TRP-019

Rev. 0

PAGE C-7 OF C-9

Load (lbs)

[ I B B

[

20791 o..ﬂ.%rw

=i d -

LENRIe] it e b,

I 1B s

8000

5000

4000

3000

2000

1000

0.005

0.015

0.020 0.025

Displacement (in.)

Load vs Displacement

Compliance of 676 @ 800'F

Load Rate = .05"/min.

0.030

0.035

£S5
L&)

14
i



PRECRACK INFORMATION

Material: 308 Stainless steel
‘Specimen blank number: AA-8-4K

Test freq.: 30 Hz

R ratio: 0.25

Control mode: stroke

WHC-SD-FF-TRP-019
Rev. 0
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Specimen |D
TW#1 745/
TW#2 p<i2
TW#3 THsa3
TW# 15
TW #5 7% s75-
TW#8 7 ~is

2.002
2.000
1.998
2.000
2.004
2.001

Notch
Length
0.858
0.859
0.854
0.858"
0.860
0.855

Thickness

0.975
1.004
1.004
1.004
1.007
1.003

Max
Slress

ksi
15.5
15.8
14.8
16.9
14.9
15.5

Max
Load
Ibs
1700
1700
1700
17C0
1700
1700

Min
Load

ibs
425
425
425
425
425
4258

Cycies
1,364,617
782,198
1,261,883
855,930
1,008,028
1,151,683
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