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; V. F Michaud. P. T. Teben,
W. K. Soppet. and O. K. Chopra

Abstract

The effect of thermal aging on tensile properties of cast stainless steels during service in
light water reactors has been evaluated. Tensile data for several experimental and commercial
heats of cast stainless steels are presented. Thermal aging increases the tensile strength of
these steels. The high-C Mo-bearing CF-8M steels are more susceptible to thermal aging than
the Mo-free CF-3 or CF-8 steels. A procedure and correlations are presented for predicting the
change in tensile flow and yield stresses and engineering stress-vs -strain curve of cast stain-
less steel as a function of time and temperature of service. The tensilz pioperties of aged cast
stainless steel are estimated from known material information. i.e.. cher.cal composition and
the injtial tensile strength of the steel. The correlations described in t ais report may be used
for assessing thermal embrittlement of cast stainless steel components.
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Nomenclature

b Uncracked ligament of Charpy-impact specimen (mm).

B Thickness of Charpy-impact specimen {mm).

£ Modulus of elasticity {MPa).

P Aging parameter, i.e.. the log of the time of aging at 400°C.

Py Yield load for an instrumented Charpy-tmpact test (N).

Q Activation energy for the process of thermal embrittlement (kJ/mole).

n Ramberg-Osgood parameter

Ry  Ratio of the tensile flow stress of aged and unaged cast stainless steel.

Ry  Ratio of the tensile yield stress of aged and unaged cast stainless steel,

t Service or aging time (h).

Te Service or aging temperature (°C).

W Width of Charpy-impact specimen {mm).

o Ramberg-Osgood parameter.

£ Engineering strain.

€o Reference strain in Ramberg-Osgood eguation.

] Aging behavior at 400°C. i.e., the log of the time to achieve B reduction in impact energy
at 400°C.

o Engineering stress (MPa).

of  Engineering flow stress (MPa).

oo  Reference stress in Ramberg-Osgood equation (MPa).

oy  Engineering yield stress (MPa).

Sl units of measure have been used in this report. Conversion factors for measurements in
British units are as follows:

To convert to multiply by
in mm 254

" ft.1b 0.7376
kJ/m? in-b/in 2 571015
kJ/maole kcal/mole 0.239

* When impact energy is expressed in J/em?, first multiply by 0.8 to obtain impact energy of a standard Charpy-~
V notch spectmen in J
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Executive Summary

Cast duplex stainless steels used in light water reactor (LWR) systems for primary pres-
sure-boundary components are susceptible to thermal embrittlement at reactor operating tem-
peratures. Thermal aging of cast stainless steels at these temperatures causes an increase in
hardness and tensile strength and a decrease in ductility, impact strength, and fracture tough-
ness of the material and the Charpy transition curve shifts to higher temperatures.
Investigations at Argonne National Laboratory have shown that thermal embrittlement of cast
stainless steel components may occur within the reactor design lifetime of 40 yr. Various
grades and heats of cast stainless steel exhibit varving degrees of thermal embrittlement. In
general, the low-C CF-3 steels are the most resistant 1o thermal embrittlement. and the Mo-
bearing, high-C CF-8M steels are the least resistant. An assessment of mechanical-property
degradation due to thermal embrittlement is therefore required to evaluate the performance of
cast stainless steel components during prolonged exposure to service temperatures, because
rupture of the primary pressure boundary cculd lead to a loss-of-coolant accident and possible
exposure of the public to radiation.

This report presents tensile~property data on several heats of cast stainless steels aged up
to 58.000 h at temperatures between 290 and 450°C (554 and 752°F). The tensile data are
analyzed to establish the effects of thermal aging on tensile strength and engineering stress-
strain behavior (represented by the Ramberg-Osgood equation) of cast stainless steels. A pro-
cedure and correlations are presented for predicting the change in tensile flow and yield stress,
and in the engineering stress-vs. -strain curve of cast stainless steel components due to ther-
mal aging during service in LWRs. The tensile properties of aged cast stainless steel are esti-
mated from information that is readily available from certified material test records for the
component, i.e., chemical composition and the initial tensile strength of the unaged material.
The correlations described in this report may be used for assessing thermal embrittiement of
cast stainless stee! components.
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1 Introduction

Cast duplex stainless steels used in light water reactor (LWR) systems for primary pres-
sure-boundary components, such as valve bodies, pump casings, and primary coolant piping,
are susceptible to thermal embrittlement al reactor operating temperatures, i.e., 280-320°C
(536-608°F). Thermal aging of cast stainless steels (i.e., ASTM Specification A-351 for Grades
CF-3, CF-3A. CF-8, CF-8A. and CF-8M" ) at these temperatures causes an increase in hard-
ness and tensile strength and a decrease in ductility, impact strength, and fracture toughness
of the material and the Charpy transition curve shifts to higher temperatures, An assessment
of mechanical-property degradation due to thermal embrittlement is therefore required to eva’-
uate the performance of cast stainless steel components during prolonged exposure to service
temperatures, because rupture of the primary pressure boundary could lead to a loss—of-
coolant accident and possible exposure of the public to radiation.

Investigations at Argonne National Laboratory (ANL)!1-10 and elsewhere!1-1® have shown
that thermal embrittlement of cast stainless steel components occurs during the reactor design
lifetime of 40 yr. Various grades and heats of cast stainless steel exhibit varving degrees of
thermal embrittlement. In general. the low-C CF-3 steels are the most resistant to thermal
embrittlement. and the Mo-bearing, high-C CF-8M steels are the least resistant

A procedure and correlations have been developed at ANL for estimating mechanical prop-
erties of cast stainless steel components under LWR operating conditions from matenal infor-
mation readily available in certified material test records.® These correlations were later up-
dated and optimized with an expanded data base and mechanical-property results obtained
from cast stainless steels that were aged up to =58,000 h at 200-350°C (554-662°F).6.7 The
results are expressed in terms of engineering fracture toughness parameters that can be used
in fitness-for-service analyses, e.g.. “NRCPIPE" computer code for analyzing elastic-plastic
fracture mechanics of nuclear power plant piping. However, correlations for estimating tensile
stress-strain behavior of thermally aged cast stainless steels have not been developed.

This report presents tensile-property data on several heats of cast stainless steels aged up
to 58.000 h at temperatures between 290 and 450°C (554 and 752°F). The results are ana-
lyzed to establish the effects of thermal aging on tensile strength and engineering stress-strain
behavior, represented by the Ramberg-Osgood (RO) equation, of cast stainless steels. A proce-
dure and correlations are presented for estimating tensile flow and vield stress and RO param -
eters of aged cast stainless steel from known material information. i.e.. composition and initial
tensile strength of the unaged material,

2 Mechanism of Thermal Embrittlement

Therma! embrittiement of cast duplex stainless steels resules in brittle fracture associated
with either cleavage of ferrite or separation of the ferrite/austenite phase boundary. Thermal
aging of cast stainless steels at temperatures <500°C (932°F) leads to precipitation of additional

-

in this report, Grades CF-3A and CF-BA are considered equivalent to CF-3 and CF-8, respectively. The
A designation represents high tensile strength. The chemical composition of CF-3A and CF-8A is further
restricted within the composition limus of CF-3 and CF-8, respectively, to obtain a ferrite/austenite ratio that
results in higher ultimate and yield strengths
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phases in the ferrite, e.g.. formation of a Cr-rich o' phase by spinodal decomposition; nucle-
ation and growth of o', precipitation of a Ni- and Si-rich G phase, M23Cg carbide, and y2
austenite: and additional precipitation and/or growth of existing carbides at the fer-
rite/austenite phase boundaries. !.2.8-10.17-21 Thermal aging has little or no effect on the
austenite phase. The formation of Cr-rich o' phase by spinodal decomposition of ferrite is the
primary mechanism for thermal embrittlement. The o' phase strengthens the ferrite matrix,
ie., it increases strain hardening and local tensile stress, so that the critical stress level for
brittle fracture is achieved at higher temperatures.

The degree or extent of thermal embrittlement is controlled by the amount of brittle frac-
ture, which depends on both material and aging conditions. In some cast stainless steels, a
fraction: of the material may fail in brittle fashion but the surrounding austenite provides duc-
tility and toughness. Such steels have adequate impact strength even after long-term aging.
Predominantly brittle failure occurs when either the ferrite phase is continuous, e.g., in cast
material with a large ferrite content, or the ferrite/austenite phase boundary provides an easy
path for crack propagation. € £, in high-C or high-N steels that contain phase-boundary car-
bides or nitrides. Consequently, the amount, size, and distribution of ferrite in the duplex
structure and phase-boundary precipitates are important parameters that control the extent of
thermal embrittlement. The decrease in room-temperature (RT) Charpy-impact energy during
thermal aging at 400°C (752°F) of various heats of cast stainless steel4-6.11.15.186 j5 ghown in
Fig. 1. The results indicate that all the materials reach a “saturation” RT impact energy, i.e, a
minimum value that would be achieved by the material after long-term aging. The actual value
of the saturation RT impact energy for a specific cast stainless steel is independent of aging
temperature but depends strongly on the chemical composition of the steel; it is lower for the
Mo-bearing CF-8M steels than for the Mo-free CF-3 or CF-8 steels. and decreases with an in-
crease in ferrite content or the concentration of C or N in the steel.

The time to reach saturation, i.e., the kinetics of thermal embrittlement, depends on both
material and aging parameters. Figure 1 indicates that the time for aging at 400°C for a given
decrease in impact energy varies by more than two orders of magnitude for the various heats,
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Figure 1. Decrease in Charpy-impact energy for various heats of cast
stainless steels aged at 400°C. FRA= Framatome, EFRI=
Electrical Power Research Institute, GF= Georg Fischer Co.
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ANL and Framatome (FRA) heats, and 10,000-30,000 h for the Georg Fischer Co. (GF) hcats.
Activation energies of thermal embrittlement range from 65 te 230 kJ/mole (15 to
55 kecal/mole). 4-6.11.13-15.22  These values are well below the 202 kJ/mole (48 keal/mole)
value associated with Cr bulk diffusion in the Fe-28Cr alloy.23 Small changes in the con-
stituent elements of the material can cause the kinetics of thermal embrittlement to vary signif-
fcantly. The logarithm of the aging time at 400°C for a 50% reduction in RT Charpy-impact
energy has been shown to be an important parameter for characterizing the kinetics of thermal
embrittlement 5.6

Activation energy 1s high for steels that show fast embrittlement at 400°C and low for
those that show slow embrittlement at 400°C. Also, materials with the same chemical compo-
sition but differing heat treatment show different kinetics of embrittlement.!! Microstructural
examination of aged cast stainless steels suggests that slow embrittlement at 400°C and low
activation energy are associated with clusters of Ni-8i. Mo-Si, and Ni-Si-Mo in the ferrite ma-
trix. 819 These clusters are considered precursors of G-phase nucleation and precipitation.
Cast stainless steels with low activation energy and slow embrittiement at 400°C show G-phase
precipitation after aging, and steels with high activation energy and fast embrittlement at
400°C do not contain a G phase. 5-10.17.18 The presence of Ni-Si-Mo clusters in the ferrite ma-
trix of an unaged material may be considered a signature of steels that are potentially sensitive
to thermal embrittlement. i.e.. steels with Ni-Si-Mo clusters i the ferrite matrix show low acti-
vation energy for thermal embrittlement but take longer to embrittle at 400°C.

The kinetics of thermal embrittlement of cast stainless steels are controlled primarily by
the kinetics of ferrite strengthening, e.g.. activation energy determined from ferrite hardness
measurements shows very good agreement with that obtained from the Charpy-impact
data. 13.19.22 Mijcrostructural characterization and annealing studies on thermally aged cast
stainless steel show that strengthening of ferrite is caused primarily by spinodal decomposition
of ferrite to form the Cr-rich o phase 4.9.10 Consequently, the kinetics of thermal embrittle-
ment should be controlled by the amplitude and frequency of Cr fluctuations produced by
spinodal decomposition. i.e.. by the size and spacing of the ¢' phase. The low activation ener-
gies of thermal embrittlement are most likely caused by variations in the spacing of Cr fluctua-
tions, atom probe field-ion microscopy studies indicate that the spacing between Cr fluctua-
tions decreases with decreasing temperature.!7.2!  During thermal aging. production heat
treatment and possibly the casting process, both of which affect ferrite composition and mi-
crostructure of unaged material. can influence microstructural evolution and, therefore, the
kinetics of embrittlement.

For most materials. the kinetics of thermal embrittlement vary with aging temperature,
For a specific heat of cast stainless steel, activation energy of thermal embrittlement is not
constant over the temperature range of 290-450°C (554-842°F), but increases with decreasing
temperature. !-2.13  The increase is particularly significant between 400 and 450°C (752 and
B842°F). In addition, materials aged at 450°C show precipitation of phase-boundary carbides
{also nitrides in high-N steels) and a decrease in ferrite conient of the steel |2 At reactor tem-
peratures, such processes either do not occur or their kinetics are extremely slow.
Consequently, data obtained after 450°C aging do not reflect the mechanisms that are active
under reactor operating conditions, and extrapolation of the 450°C data to predict the extent of
thermal embrittlement at reactor temperatures is not valid. The activation energy for thermal
embrittlement may be represented by an average value in the temperature range of 290-400°C
(554-752°F)
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3 Experimental Procedure

3.1 Material Procurement




Table 1. Product ferm. chernical composition, hardness. and ferrite morphology of various heats
of casi stainless steel
Fermted Hard-  Ferrite

Chemical Composition (wt.%) ) ness  Spacing
Heat Grade Mn  Si P S M Cr N N C Cal. Meas. Rp {um)
76-mm Slabs®
69 CF-3 063 113 0015 0005 034 2018 85 0028 0023 21.0 236 837 35
73 CFR 072 109 0028 0016 025 1943 854 0083 0070 7.0 77. 788 253
68 CF-3 064 107 0021 0014 031 2064 808 0062 0063 149 234 846 87
70 CF-BM 055 072 0.02] 0016 23C 19.17 901 0049 0066 142 189 865 96
74 CF-8M 054 ©73 0022 0016 251 1911 903 0048 0064 155 184 858 0
75 CF-BM 053 0867 0022 0012 2568 2086 912 0052 0065 248 278 895 &
Reactor Components®
P83 CF-3 106 088 0017 0014 00! 1889 845 0.168 0021 28 19 822 -
P2 CF3 074 094 0016 0006 016 2020 938 0040 0019 125 156 838 69
] CF-3 047 083 €030 00!1 045 2020 B70 0(2 0019 204 171 8LO &5
€] CF8 122 1R 0033 0008 065 1900 937 0040 0039 78 22 795 &
M OCF8 QB9 112 0026 0013 004 2049 810 0056 0036 177 241 B49 90
205 CF-8M 093 063 0019 -~ 337 1788 B80 - 0040 210 150 = 79
758 CF-8M 091 062 0.0:8 - 336 1781 &70 -~ 0030 242 192 - 62

d

KRB CF-8 031 117 - - 017 2190 803 0038 0062 277 340 - -

2 Calculated from the composition with Hull's equivalent factor.
Measured by ferrite scope AUTO Test FE, Prabe Type FSP-1,
Y Static Cast Slabs: Foundry ESCO; Size 610 x 610 x 76 mm.
¢ Centrifugally Cast Pipes:
P3 Foundry SANDUSKY; Size 580 mm 0.1D..76 mm wall.
P2 Foundry FAM, France; Size 930 mm 0.D.. 78 mm wall
P! Foundry ESCOQ; Size 890 mm 0.D., 63 mm wall.

205 Size 305 mm O.D., 25 mim wall.

Static Cast:

Elbow 758 Stze 305 mm 0.0.. 30 mm wall,

Pump Impeller I: Foundry ESCO. Size 660 mm diameter.

Pump Casing C1: Foundry ESCO: Size 600 mm 0.D,. 57 mm wall.

% KRB Reactor Pump Caver Plate: Foundry GF. Size 890 mm diameter

Table 2.  Ferrite content and grain structure of various cast stainless steel pipes
Y
od Wall Ferrite Conteni (%)

Heat |m) {mm) Process  Grade o.d. id. Grain Structure

cl 0.60 57.1 Static CF-8 2.3 1.7  Banded. columnar/equiaxed radial to
axial growth near ends

4| 0.89 635 Centr CF-8 276 195 Equiaxed across thickness

P3 0.58 516 Centy. CF-3 25 0.9 Banded. radially oriented columnar one
equiaxed band (=4 mm deep) near 1.4,

72 a.a3 730 Centr. Cr-3 159 13.2 Equiaxed across thickness

@ Ferrite content measured by Ferrite Scape, Auto Test FE, Probe Type PSP-1.
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f The ferrite morphology of the various materials varied with ferrite content, chemical com-
position, and size of the casting. The ferrite morphology was globular for materials containing
<5% ferrite. Some differences in morphology were observed between the different grades of cast
stainless steel containing >5% ferrite. The CF-8 and CF-8M steels exhibited a lacy morphol-
ogyv. i.e., an interlaced network of ferrite islands, whereas the CF-3 cast steel showed a mixture

1 of lacy and acicular ferrite. The acicular morphology is characterized by fine needle-like ferrite

| that is distributed in the austenite matrix. All morphologies were randomly arranged within
the casting. Typical microstructures for the static-cast slabs and pump impeller and centrifu-

i gally cast pipes are shown in Figs. 4 and 5.

3.3 Tensile Tests

i Tensile tests were conducted at ANL and at Materials Engineering Associates (MEA). The
orientation and location of the mechanical-test specimens from pipe sections, slabs, and the
KRB pump cover plate are shown in Figs, 6 and 7. The specimen blanks from the experimental
and commercial heats were aged at 290, 320, 350. 400, and 450°C (554, 608, 662, 752, and
842°F; for times up to 58,000 h. Details of the test procedure and results for the tests at MEA
have been presented earlier 25.26

Tests at ANL were performed according 1o ASTM Specification E 8 and E 21 in an Instron
tensile test machine with a maximum loading capacity of 90 kN (20 kips). Cylindrical speci-
mens with a diameter of 5.08 mm (0.2 m) and a gauge length of 20.3 mm (0.8 in.) were used
for all the tests, Fig. 8. An axial extensometer. with an initial gauge length of 20.3 mm (0.8 in.),
was used for continuous measurement of strain during room-temperature tests, An IBM com -
puter was used to digitize load. crosshead movement, and axial displacement data, and to store
the data on floppy disks. Analog traces of load-vs. -crosshead displacement and load-vs.—ex-
tensometer displacement were also obtained for each test.

The true stress-strain data were calculated up to the maximum load using the constant-
volume criterion, which assumes a homogeneous distribution of strain along the gauge length.
However, mosl specimens showed irhomogeneous deformation because of relatively large grain 1
structure. The specimen surfaces along the gauge length were irregular. and the fracture cross
sections were often elliptical. These factors created some uncertainty in the true stress-strain
data. True fracture stress was obtained from the fracture load and cross-sectional area at frac-
ture. The strain at fracture, i.e., total elongation, was determined from extensometer displace-
ments. Total elongation was alse measured from crosshead displacements; the values obtained i
from the extensometer were =64% of the values determined from crosshead displacement. :
Correlations between crosshead displacement and total strain in the specimen gauge length '
were also developed from the room-temperature tests. These correlations were used to correct }

!
|
|

the data for the elevated-temperature tests.

. The tests at 290°C (=550°F) were conducted in a forced-air recirculating furnace.

' Thermocouples were mounted above and below *he specimen gauge length to monitor and con-
trol the temperature within +2°C. For the tests on samples aged for <10,000 h. an axial exten-
someter was not used for the elevated-temperature tests. Total strain in the specimen gauge
length was determined from correlations developed from the room-temperature tests. The total
elongation was determined from the crosshead displacement multiplied by 0.64.
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Figure 4. Ferrite morphology from three locations across the thickness of
static-cast slabs of CF-3 (Heat 69), CF-8 (Heats 73 and 68), and
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Figure 5. Ferrite morphology along the three orientations of the centrifugally
cast pipes (Heats P1, P2, and P3) and the static-cast pump
impeller (Heat 1)
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Figure 6. Ortentation and location of the mechanical-test specimens taken from (a and (b) pipe

|
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MECHANICAL TEST SPECIMENS ]

I

|

sections and (¢! slabs :
|

Figure 7. Orenuation and location of the mechanical-test specimens taken from KRB pump
cover plate :
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ALL UNITS ARE INCHES
DY « 200 4001

D2 = FROM 001 TO 002 »Dn
TOLERANCES =% 005 UNLESS NOTE

T THE 800 INCH GAGE LENGTH TO HAVE UNIFORM SLOPE FROMMAX. DiA. D2 TOMIN DIA. D1, UNIFORM SLOPE MUST
NOT EXCEED 004 CHANGE IN DiA, PER 1 INCH CHANGE N LENGTH

2. ALL RADIMUST SLEND WITHOUT UNDERCUTS DR STEPS
3. DIMENSIONS AND SPECIFICATIONS TYPICAL BOTH ENDS

4. ALL SURFACES TOZE FREE OF BURRS

Figure 8. Configuration of tensile test spectmen

Elevated-temperature tests on the long-term-aged samples were conducted with a clip
gauge mounted on the specimen grips. Total strain in the specimen gauge length was deter-
mined from correlations developed from room-temperature tests conducted with clip gauge at-
tached to the specimen grips and the extensometer mounted on the specimen gauge length.

The results for ten commercial and experimental heits aged up to 58,000 h at tempera-

tures between 290 and 450°C are given in Table 3. results from the tests at MEA are also in-
cluded in the table

4 Effect of Thermal Aging

4.1 Tensile Strength

Tensile tests were conducted at room temperature and 290°C (554°F) on three commercial
and five experimental heats aged up to 58.000 h at 290-450°C (554-842°F) and on service-
aged material from the KRB pump cover plate. The results from the tests, which were con-
ducted at ANL27 and MEA.45.26 gre given in the Appendix. The enginesring stress-vs.-strain
curves for six of the heats of CF-3, CF-8, and CF-8M steel aged up to 50.000 h at 320, 350,
and 400°C and tested at room temperature and 290°C are shown in Figs. 9-14. At both test

19
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Table 3. Tensile test results for cas! stainless steels
eering Aging Condition
Test 0.2% Yield Ultimate Fracture Elong- Red. in
Specimen Orien- Temp. Stress Stress Stress ation  Area Tw. Time
Number tation® Heat® [°C) (MPa) (MPa)  [MPaj %l B (] Ref®
CF-3 Grade
[1V<01 L I 25 264 8 598 8 16366 B46 793 Unaged - 2
11v-02 L I 25 2421 5834 16985 784 795 Unaged - 2
12v-01 L : 25 251.0 579.9 12746 774 743 Unaged - 2
12V-02 L 1 25 257.7 578.1 16718 750 802 Unaged - 2
13C-01 L 1 25 239.7 517.86 12748 662 695 Unaged - 2
12v-23 L ! 25 2358 637.3 13877 725 667 320 20000 1}
13C-14 L i 25 278.2 633.9 1411.7 569 682 320 30000 1
13V-38 L 1 25 255.0 609.6 14326 566 685 320 30000 |
13v-39 L 1 25 2825 452.7 858.8 127 505 320 30000 |
11Vv-26 L I 25 281.3 6154 18976 606 774 350 10000 2
11v-27 L ! 25 303.4 6447 1445.0 - 62.2 3% 10000 2 J
12v-19 L I 25 314.7 6420 12066 720 684 350 10000 2 ]
12V-03 L I 200 1662 406 2 756. 1 - 589 Unaged - 2 .
12V-086 L i 280 178.5 402 4 837.8 0.4 64.6 Unaged - 2 1
13C-02 L i 290 J586 9873 8195 330 662 Unaged - 2 :
12V-24 L 1 290 1766 4459 710.7 289 572 320 30000 |
13C-18 L I 290 1636 427.2 8104 279 672 320 30000 1
13V-40 L 1 200 = 4705 828.9 185 547 320 30000 1
11V-28 L I 280 192.4 a8l.} 503.0 - 360 350 10000 2
11V-29 k. | 200 189.0 4428 780.5 42 597 35 10000 2
12V-20 L 1 290 179.1 437.8 756.0 390 5186 35 12000 2
P21T-01 - P2 25 2183 538.3 10004 726 599 Unaged - 2
P23T-01 c P2 25 238.1 556 8 15686 1060 844 Unaged - 2
P22A-01 L P2 25 206 4 561.7 10845 737 757 Unaged - 2
P23A-01 8 P2 25 2167 536.9 887.4 62.4 75.1 Unaged - 2
pP221-18  C 2 25 2470 580.1 15478 654 769 290 30000 |
P21A-31 P2 25 242.6 571.1 2017.1 659 847 200 30000 |
P25A-28 P2 25 2239 548.3 1797.3 572 870 200 30000 1
P21A-36 L 2 25 26386 583 B 15644 583 793 200 58000 |
P24T-14 g P2 25 226.4 6000 19444 731 823 320 30000 |
P25T-10 € P2 25 258 1 5818 15353 554 755 320 30000 |
P22A-36 L P2 25 2374 603.0 14870 778  BOS 320 30000 |
P21A-19 L P2 25 2487 605.2 16736 494 783 320 55000 |
P22T-04 C P2 25 2523 6018 21625 - 85.3 35 10000 2
P23A-14 L "2 25 2492 %94.3 27832 736 B85 350 10000 2
P23A-26 L P2 25 es 608.5 I830.3 766 788 35 10000 2
P22T-11 C P2 25 2. 5 628.4 12350 BR6 644 350 30000 |
P22A-13 L P2 25 e ik 615.4 1588.5 85.5 762 350 30000 )
P4A-32 L P2 25 % 617.2 17998 689 790 350 30000 |
P24T-05 € 2 25 23, 803 1 1268.2 - 68 8 400 10000 2
P24A-04 L m 25 236% 6168 2384.5 - 78.0 400 10000 2
P21T-02 ¢ P2 290 161.3 387.] 819.1 446 722 Unaged - 2
P237-02 C P2 200 154.2 405.0 6882 424 659 Unaged - 2
P22A-02 L P2 200 1379 406.9 755.7 472 659 Unaged - 2
P23A-02 L P2 290 144.0 385.] 538.7 309 506 Unaged - 2
P2iA-32 L P2 200 162.3 4034 B306 368 745 200 30000 |
P21A-33 L P2 200 185.2 4059 7408 Bo 737 280 30000 |
P24T-16 C !m 29 1482 407.0 3895 38 787 200 30000 |
P21A-37 L P2 200 164 2 410.7 1182.1 331 722 200 58000 |
P22T-17 € 7 200 1775 4227 10947 379 723 200 58000 |
P21A-14 L P2 290 153.2 4289 968.4 314 730 320 30000 |
P21A-15 L P2 200 1639 422.7 8155 309 629 320 30000 |
P2lA-16 L P 2% 152.6 407.7 8706 288 71@ 320 30000
P25T-12 © P2 280 171.4 4184 790.5 315 625 320 55000 1 g
P21A-18 L P2 290 168.6 4:6.4 9801 312 678 320 55000 | :
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" Engineering Aging Condition

| Test 0.2% Yie Ultimate Fracture Elong- Red. in

| Specimen  Orien- Temp.  Stress Stress Stress ation Area Temp. Time

; Number tation® Heat (°C) (MPa) {MPa) (MPa) (54 ) t'?éf th)  Refb

| P2IT-08  C P2 200 155.6 423.5 8763 498 707 350 10000 2
P22T-05 C P2 200 153.8 399.0 6965 430 669 350 10000 2
P23A-15 L P2 200 161.0 415.4 800.5 * 69.7 3% 10000 2
P23A-27 L P2 200 154.1 419.4 9707 396 729 350 10000 2
P22T-12 C P2 200 167.0 436.2 7402 282 560 350 30000 1
P24A-30 L P2 280 142.4 432.1 8280 385 609 350 30000 |
P24A-33 L P2 290 149.1 425.7 4637 415 626 350 30000 1
P24T-06 C P2 200 160.4 447.1 8185 402 564 400 10000 2
P24A05 L P2 200 146.6 4306 6550 402 538 400 10000 2
693-40 H 69 25 278.8 606.0 1070.1  57.1 489 Unaged ~ 2
693-4 1 H 60 25 273.4 583.6 10934 541 544 Unaged - 2
694-30 H 69 25 2536 502 7 14306 501 718 200 30000 | :
694-31 H ) 25 264 1 588 0 17140 511 764 200 30000 1
69-135 y 69 25 244.7 600.6 16175 628 745 200 30000 1

| 694-21 H 69 25 286.7 624.6 17570 522 761 320 10000 |

| 694-25 H 69 25 232.1 5854 14283 705 752 320 10000 1 %

| 602-40 H 80 25 289.6 622.0 1516.1 436 723 320 30000 1
692-4 1 H 50 25 269.4 604.4 16238 380 752 320 30000 1

! 60-245 v 89 25 272.5 485.8 - 126 754 320 30000 |
661-28 H 69 25 2016 637.9 14848 457 692 320 50000 1
691-20 H 60 25 287.7 650.5 16040 503 717 320 50000 1
69-230 v 69 25 208 & 669 4 17131 525 718 320 50000 |
692-25 H 89 25 285.4 633.4 14832 677 762 30 2570 2
692-26 H 69 25 302.6 6482 1364.3 625 724 /O 2570 2
664-06 H &0 25 292.1 652.0 19023 542 760 35 10000 1
694-07 H 69 25 266.2 6355 14804 535 716 350 10000 |1
604-08 H 69 25 246 8 618.9 1564.4 547 727 350 10000 1
69-119 v 69 25 249.6 617.3 18116 516 78B4 350 10000 )
693-12 H 6o 25 270.9 674.0 17058 506 714 3%0 30000 |
603-13 H 89 25 259.2 655.1 16654 490 B89 350 30000 |
69-130 v 69 25 258 4 661.2 1936 | 553 748 350 30000 |
692-16 H 80 25 253.6 638 8 13589 524 724 400 2570 2
692-17 H 69 25 300.9 683.2 13008 443 606 400 2570 2
692-15 H 69 25 2878 6739 14006 436 568 400 10000 )
69222 H 69 25 278.6 699 1 1727.1 512 683 400 10000
692-23 H 689 25 260.5 864.7 16534 533 720 400 10000 |
69-109 v 69 25 276.7 688 0 17066 857 735 400 10000 1
801-04 H 60 25 271.3 691.9 14769 365 714 450 2570 2

| 691-05 H 60 25 263.1 664.6 15282 566 732 430 2570 2
693-42 H 8 290 190.8 4209 9082 359 634 Unaged - 2
69440 H 69 200 177.0 417.0 8090 336 597 Unaged - 2
694-32 H 89 200 176.8 4019 4220 294 670 200 30000 1
694-33 H 69 290 173.0 386.7 5437 215 513 200 30000 |
69-236 v 89 290 194.1 4405 BIBO 308 86189 200 30000 |

| 694-26 H e 200 174.4 408.7 75 218 605 320 10000 1

| £94-27 H 60 200 1835 4228 9737 200 653 320 10000 |

| 692-42 H 69 200 178.5 4232 7008 216 550 320 30000 1

| 694-39 H 68 290 168.2 3136 6924 213 S17 320 30000 |

| 69-246 v 689 200 165.5 4230 9218 278 7086 320 30000 1

| 602-28 H 69 200 206.1 462.5 958 281 508 320 55060 1 !
692-29 H 89 290 2123 464 4 9116 279 585 320 55000 | :

v 8 200 204.7 468.0 7331 201 528 320 55000

602-27 H 6 290 173.1 4513 7526 323 538 350 2570 2
89400 H 69 200 156.4 4131 7208 208 527 50 10000 )
68-120 v 86 290 176.8 4208 875.1 232 688 350 10000 |
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Tabie 3. (Contd.)
Engineering AgIng Condition
Test 0.2%Yield Ultimate Fracture Elong- Red. in
Specimen Ornien- Temp Stress Stress Stress ation Area Temp. Time
Number tation® Heal *Cj {MPa) {MPa) (MPa) (96} {%%) rcf thl  Ref®
683-14 H 89 290 1BE4 457.6 832.1 280 58.0 350 30000 |
88315 H 68 280 1858 444.0 839.2 325 469 350 30000 )
689270 v 69 290 193.6 462 4 739.4 27.7 49.4 350 30000 |
682-18 H 69 260 1638 444 .8 556.4 218 332 400 2570 2
692-24 121 (53] 280 173.3 494 5 785.1 234 448 400 10000 1
60-110 \Y 69 280 196.9 4816 802.3 26.1 515 400 10000 1
69 1-06 H o5 290 1\77.7 479.7 683.6 285 449 450 2570 2
692-09 H 66 280 1767 477.1 793.4 274 510 450 2570 2
CF-R Grade
18-11 1o KRB 25 3086.2 5:4.9 1348.9 568 67.0 280 68000 |
18-12 C KRB 25 2B8.5 555.4 14261 35.0 70.2 280 68000 |
18-22 C KRB 25 2019 568 9 1162.3 40.4 59.2 280 68000 |
1312 e KRB 5 317.3 567.4 1285.7 7 4 67.7 Reanncaled - i
13-21 & KRB 25 2892 575.2 12091 434 67.0 Reannealed - 1
13-22 C KRB 25 287.7 531.2 1370.6 44 0 695 Reannealed -~ 1
15-11 C KRB 290 2140 469.0 9241 334 624 280 68000 1
15-12 C KRB 280 208 .4 444 5 7741 28.9 511 280 68000 1
15-21 C KRE 280 199 6 482.5 B42.1 38.3 533 280 68000 ]
§ 15-22 & KRB 290 18C.2 4340 710.1 35.7 51.1 280 88000 1
16-21 C KRB 290 184.0 305.0 805.4 259 41.5 Reannealed - 1
1721 C KRB 290 1718 416.2 875.3 42.1 66.3 Reannealed - 1
P13T-0} C Pl 25 2447 584 5 1221.5 56.5 68 8 Unaged - 2
P13T-03 C P 25 2459 579.9 1206.6 546 659 Unaged = 2
Pl1A0) L Pi 25 - 584 9 1127.0 57.7 64.0 Unaged - 2
P13A-01 L Pl 25 2485 5845 i578.5 62.4 729 Unaged - 2
P14T-08 C Pl 25 266.2 596.2 1531.8 74 6 74 4 200 30000 1
P11A-25 L Pi 25 285.7 595.2 1660.1 70.2 7.7 200 30000 |
Pl14A-26 L P1 25 2765 5787 9932 427 81.6 290 30000 |
P11A-28 L P1 25 2838 536.0 19155 681 783 290 58000 |
Pl11A-20 L Pl 25 266.1 5620 41505 635 518 200 58000 1
PlIA-10 L Pl 25 279.1 6226 16259 82,5 70.7 320 30000 |
P1IT-06 Pl 25 - 568.3 1676.7 48.1 79.6 320 30000 )
P14T-08 C Pl 25 - - - 47.7 783 320 30000 1
Pl1A-13 L Pl 25 2000 646.8 1100.7 61.3 531 320 55000 |
P12A-25 L Pi 25 2876 688.3 1463.6 6809 60.3 320 55000 |
P12T-05 e Pl 25 276 8 6i0.8 13158 67.2 589 350 10000 2
P12T-06 C Fl 25 263.4 608.7 B864.7 87.2 76.1 350 10000 2
Pl2A-08 L Pi 25 2905 652.9 16269 - 75.2 350 10000 2
P12A-09 L Pl 25 271.2 6180 23220 - 80.2 350 10000 2
P12T-11 c Pi 25 266.6 817.0 1240.0 47.7 61.0 350 30000 1
P12A-13 L Pl 25 285.0 8370 1068.7 67.8 558 350 30000 )
Pl2A-14 & Pl 25 263.5 634 9 1648.8 44.1 703 350 30000 1
PI13TO7 e Pl 25 285.0 660.0 1351.8 46.8 55.8 400 10000 2
P13A-07 L Pl 25 286.3 677.7 14286.8 68.6 564 400 10000 2
P13T-02 i P 290 1485 408 8 642.2 333 439  Unaged - 2
P14T-01 5 Pl 200 157.0 437.5 6223 326 464 Unaged - 2
Fl11A-02 E Pl 290 1599 442.7 497.0 355 367 Unaged - 2
P13A-02 ) & Pl 290 155.0 424 .4 B850.8 43.0 672 Unaged -~ 2
Pl14T-10 & Pl 290 1661 415.3 769.1 354 64.0 290 30000 1
P11A-26 L Pl 290 160.3 304 6 605.7 51.3 736 290 30000 1
P14A-27 ) ¥ Pl 200 167 8 421.6 8125 204 60.1 200 30000 |
Pl1A-27 L Pl 290 167.1 388.4 8430 348 01 290 58000 1
PlI1A-00 & Pl 200 179.3 4455 683.6 385 466 2% S8000 1
PllA-08 L Pl 290 1755 435 | 934.6 204 59 ] 20 30000 1
PI2A-19 L Pi 200 1748 456.9 731.1 274 51.6 320 30000 1
P12A-22 L 1 290 1754 4187 8207 245 466 320 30000 1
22
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Table 3. (Contd.)
—_Engineen ng Condition
Tast 0.2% Yield Ultimate Fracture Elong- Red. in
Specimen Orien- Temp Stress Stress Stress ation Area  Temp. Time
Number tation® Heat  (*C) {MPa) (MPa) (MPa) (%) (%) (*Cl (h)  Ref®

Pl1A-12 L Pl 280 188.2 4248 B65.0 395 56.6 320 55000 1
P12A-26 L Pl 200 2004 472.0 a51.8 31.0 58.3 320 55000 1
212708 C Pl 290 180.2 4542 981.5 - 63.4 350 10000 2
P12A-10 L P1 200 173.7 4513 9196 434 628 350 10000 2
P12A-11 L Pl 200 180.7 457.7 823.2 424 55.8 350 10000 2
P12T-12 ] Pl 290 w4 & 472.7 786.5 4.8 58.0 350 30000 )
P14A-22 L Pl 280 185.3 462.3 719.2 253 445 350 30000 1
P14A-253 L Pi 200 195.6 475.6 735.1 25,1 420 350 20000 1
P13T-08 C Pl 260 167.3 502.2 791.0 - 496 400 10000 2
P13A-08 L Pl 290 1629 485.6 881.0 356 51.0 400 10000 2
B83-40 H 68 25 274.1 530.0 996.8 454 534  Unaged 1 2
68341 i 68 25 2794 517.2 Bl11.9 36.4 49.2 Unaged - 2
683-33 H 65 25 263.] 5023 22424 e g 832 290 30000 1
684-31 H 68 25 266.2 531.5 2050.9 425 79.7 290 30000 1
68-145 v 68 25 2780 566 3 1903.0 42.1 78.9 290 30000 1
684-21 H 68 25 304 5 614.1 12081.8 67.8 61.9 320 10000 1
684-22 H 68 285 281.0 571.2 1880.1 766 80.7 320 10000 1
68241 H 68 23 305.7 621.0 1544.6 408 71.2 320 30000 1
684-39 H 68 25 358.2 6144 1716.6 4324 754 320 30000 1
68264 v 68 25 2062 5725 1903.8 65.3 75.6 320 30000 1
681-28 H 68 25 3269 640.3 1130.7 5l.0 666 320 50000 )
681-29 H 68 25 303.7 608.4 1666.1 50.7 71.1 320 50000 |
68-230 v B8 25 2843 5789 1696.8 47.0 758 320 50000 1
682-25 H 68 25 2815 601.6 1647.2 64.1 752 350 5780 2
682-26 H 68 25 294 8 500 4 1820.7 62.0 735 350 5780 2
684-06 H (=3 25 264.5 606.5 2014.0 53.7 783 350 10000 1
684-07 H 68 25 2087 801.1 1853.4 37.4 767 350 10000 ]
68408 H 68 25 296.8 6120 20847 526 785 350 10000 1
68-129 '3 68 25 287.6 5958 1688.6 58.5 735 350 10000 1
684-10 H 68 25 209.0 652.8 20729 446 749 380 30000 1
684-11 H 68 25 281.1 628.2 13423 55,0 574 350 30000 1
68-139 v 68 25 287 4 639.0 2090.6 445 770 350 30000 1
682-16 H 68 25 294 .1 657 8 1534.6 75.0 64.0 400 2570 2
682-17 H 68 25 289 8 629.5 13130 - 64.6 400 2570 2
682-15 H 68 25 3134 641.0 1526.3 368 64 4 400 10000 1
682-22 H 68 25 2093 650.4 1019.0 439 494 400 10000 1
682-23 H 68 25 306.0 857.4 9315 318 422 400 10000 1
68-119 V 68 25 - 624.3 1926.8 440 72.9 400 10000 1
B81-04 H 58 25 2913 6531 1030.9 415 387 450 2570 2
881056 H 68 25 309.4 6329 1447.0 - 68.7 450 2570 2
68342 H &8 290 162.7 397.3 Bl5.4 282 57.8 Unaged - 2
68440 H 68 290 156.4 4123 792.0 378 606 Unaged - 2
68432 H 68 200 1495 3332 513.0 27.7 622 280 30000 1
684-33 H 68 290 155.0 309.6 784.0 438 826 200 30000 1
68-246 v 68 290 170.6 380.7 5221 84 Bl18s 290 30000 |
684-23 H 68 280 1734 4166 1048.7 268 72.7 320 10000 1
684-24 H 68 290 1644 4428 8699 326 58.2 320 10000 1
68240 - H 68 290 174.3 4408 B853.5 366 62.3 320 30000 !
B82-42 H a8 250 176,89 451.6 788.3 38.1 50.6 320 30000 |
68-264 v 68 290 165.6 450.3 758.2 372 4B.0 320 30000 1
682-28 H 68 280 2033 4790 11326 326 684.0 320 50000 1
682-29 H 68 290 2083 46856 824.2 414 47.1 320 50000 |
68-130 v BE 290 20613 475.2 99,1 389 462 320 50000 1
682-27 H 68 290 1851 4524 826.2 41.7 578 350 57680 2
68300 H &8 280 1643 500.2 765.7 305 51.9 350 10000 1
68-130 v 88 290 168.9 447 2 765 4 27.0 499 350 10000 1
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Table 3. {(Conid.)

P —

Engineenng Aging Condition
Test 0.2% Ysegd Ultimate Fracture Elong- Red. in ‘
Specimen  Orien- Temp Stress Stress Stress atton Area  Temp. Time \
| Number tanon® Heat  (°C) (MPa) (MPa) {MPa) (o4 {36} °C) (h) Reib ‘
- 684-12 H 68 290 2160 485.7 BEEO 206 539 350 30000 1
i 684-15 H 68 200 190.4 427.3 671.2 283 417 350 30000 1 ‘
68-140 v 68 200 170.2 479.0 4828 3lé 536 350 30000 | |
| 682- 18 H 68 290 161.3 463.1 711.3 32.1 47.1 400 2570 2 |
i 682-24 H 68 200 176.7 475.6 800 8 344 476 400 10000 | \
| 68-120 v 68 290 1929 484.4 7340 278 371 400 10000 1 |
68106 H B8 200 169.7 486 8 700.4 - 368 45 2570 2 :
F 682-00 H 68 280 191 6 503.8 769.0 355 4286 450 2570 2 :
' 733-40 H 73 25 254.3 557.0 8829 465 413 Unaged -~ 1 |
l 733-41 H 73 25 2405 530.8 988 8 549 55! Unaged - 1 ‘
; 734-23 H 73 25 2219 475.4 18350 627 780 320 10000 1 ;
734-24 b 73 25 228 2 5214 1675.1 723 780 320 10000 1 1
I 732-25 H 73 25 244 0 5265 14530 573 742 350 2570 ) ‘
[ 732-26 H 73 25 244 4 528.4 11006 455 €54 a0 2570 | |
| 734-06 H 73 25 228.0 5369 1885 1 535 780 350 10000 1 \
73407 H 73 25 219.1 520.3 20080 671 79.0 350 10000 1 ‘
‘ 73-119 H 73 25 2126 488 1 20848 508 B30 350 10000 1 ‘
; 732-16 H 7 25 240.8 541.8 13908 585 724 400 2570 1
: 732-17 H 73 25 252.6 555.7 14100  56.1 72.1 400 2570 | }
' 732-18 H 73 % 235.3 563.3 21832 585 792 400 10000 1
._ 732-22 H 73 25 2158 530.3 12083 584 636 400 10000 1 :
. 73-100 v 73 25 2222 534.0 17197 80 744 400 10000 1
: 731-04 H 73 25 256.5 493 1 934 5 334 531 450 2570 1
; 73105 H 73 25 234.0 570.4 1511.4 752 693 45) 2570 )
. 73342 H 732 280 1389 366.6 §70.1 405 758 Unaged . 1
, 734-40 H 73 290 1339 365.0 599.5 330 540 Unaged - )
i 734-19 H 73 290 130.4 354.0 426.4 336 338 320 10000 1
1 734-22 H 78 200 131.3 368.2 743.5 457 61.1 320 10000 1
- 732-27 H 73 200 139.6 4198 B339 433 620 350 270 1
5 734-08 b 73 200 127.7 377.7 964.3 07 686 350 1000 1 ‘
| 734-09 H 73 200 165.0 41758 725.9 289 533 50 10000 1
f 73-120 v 72 200 136.7 386.4 835.4 35 690 WO 10000 )
', 732-18 H 7 290 - 444.1 700.7 380 593 400 2570 |
732-25 H 7 260 1385 4085 683.8 37 500 400 7000
732-24 H 73 290 143.0 424.1 649.8 327 402 400 1M
73-110 \'% 73 200 139.4 3658 696.5 374 517 400 10000
r 731-06 H 73 200 144.1 411.2 5966 248 302 450 2570 1
732-09 H 73 200 136.2 436.] 7306 436 512 450 2570 1
CF-8M Grade
205-26 L 205 25 2485 670.6 1227.7 383 6.0 400 18000 1
205-27 L 205 25 254 0 65424 1664 90 712 400 18000 |
205-30 k 205 25 2487 646.) 1576.7 418 708 400 18000 )
205-25 L 208 290 179.4 508 @ 744.1 236 446 400 18000 |
205-28 L 205 200 177.3 507.8 780.3 270 492 400 18000 1
205-26 L 205 200 168.2 495.1 700.7 246 442 400 18000 1
743-40 H 74 25 2735 5424 1356.5 - 654 Unaged - |
743-41 H 74 25 2730 531.3 13627 630 683 Unaged - 1
743-36 H 74 25 2822 5556 21575 425 832 200 30000 1
744-34 H 74 25 2929 601.2 15006 381 721 200 30000 1
74-135 v 74 25 250.0 5704 18322 558 778 200 30000 |
744-21 H 74 5 273.1 551.0 18483 499 781 320 10000 |}
744-25 H 74 25 2705 565.3 2107.4 899  BOR 320 10000 1
742-32 H 74 25 3127 589 0 14186 402 664 320 30000 1
744-30 H 74 25 326.4 663 6 15008 392 636 320 30000 1
74-245 v 74 25 278 8 G170 15796 444 767 320 30000 1
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Figure 15. Ratio of yield and ultimate stress of aged and unaged cast stainless steel as a
function of the aging parameter P

temperatures, thermal aging led to an increase in yield and ultimate stress and a slight de-
crease in ductility. For all heats, the increase in ultimate stress is substantially greater than
the increase in vield stress. The Mo-bearing CF-8M steels are the most sensitive to thermal
aging and Mo-free low-C CF-3 steels the least sensitive. Some heats show no change in yield
stress. Furthermore, specimens aged for short times at high temperatures, e.g., =3,000 h at
400 (752°F), often show a decrease in vield stress

The ratios of the vield and ultimate stress of aged and unaged cast stainless steels at room
temperature and 290°C (554°F) are plotted as a function of the aging parameter P in Fig. 15.
The results from tensile tests conducted at FRA!5 are also shown in the figure. The aging pa-
rameter P is determined from the equation

P w gt~ 0 ot L | A

19.143| T, +273 673

where Q Is the activation energy and t and T, are the time and temperature of aging, respec-
tively. Equation 1 considers aging at 400°C as the baseline aging behavior for the material and
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parameter P is the log of the aging time at 400°C. Activation energies for the various heats of
cast stainless steel were cbtained from room-temperature Charpy-impact data for materials
that were aged up to 30,000 h at 290-400°C_5€

The data show considerable scatter. particularly for the yield stress. However, for the vari-
ous heats of cast stainless steel, increases in yield and ultimate stress are observed for P values
of 1.5-2.5, which correspond to aging times of 30-300 h at 400°C. The increase in ultimate
stress is substantially greater than the increase in yield stress. The changes in yield and ulti-
mate stress range from ~10 to 20% and from -5 to 25%, respectively. These results are consis-
tent with the Charpy data, i.e.. for a specific heat, an increase in tensile stress corresponds 10 a
decrease in impact energy.

Fhotomicrographs of the fracture surface of unaged and aged Heats P1, 68. and 75, tested
at room temperature and 290°C, are shown in Figs. 16-18. In most cases, the fracture mode
was predominantly a dimpled ductile failure. particularly for the unaged materials. The aged
materials showed some cleavage and. in addition, the high-C steels, e.g., Heats 68 and P1. ex-
hibit phase boundary separation.

Tensile properties of the cast materials can also be obtained from Charpy-impact data.
For a Charpy specimen, the yield stress is estimated from the expression

o, =CP B/WbH, (2)

taken from Ref. 28, where Py is the yield load, W is the specimen width, B is the specimen
thickness. b is the uncracked ligament, and C is a constant. The vield load was obtained from
load-time traces of the Charpy tests. Deviation from linearity in the load-time traces occurred
at 125-150 us for the various heats. The load at 200 us was estimated to represent 0.2% yield
stress. Ultimate stress was also obtained from impact data ty means of Eq. 2 and the maxi-
mum load. The constant C was determined by comparing tensile and Charpy-impact data.
The best values of the constant were 1.50 and 2.36 for yield stress and ultimate stress, respec-
tively. The estimated values of tensile stress are based on the assumption that strain rate ef-
fects are approximately the same for all heats and aging concitions. The estimated values of
tensile stress are not accurate at temperatures ccrresponding to lower-shelf and transition re-
gions. The estimated values of yield and ultimate stress for Heats 68, 69. 74, and 75, along
with the values obtained from actual tensile tests, are shown in Fig. 19, The estimated tensile
properties are in good agreement with the measured values.

4.2 Engineering Stress-Strain Behavior

Thermal aging increases the strain-hardening rate of all grades of cast stainless steel. The
increase is greater at room temperature than at 290°C, and CF-8M steels show a larger in-
crease than do Mo-free grades of steel (Figs. 9-14). The influence of thermal aging on tensi'e
stress-strain behavior of cast stainless steels was evaluated by fitting the engineering stress {o)
vs, strain (¢) data with the RO equation
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Figure 16. Fracture surface of tensile specimens of unaged and aged
Heat P1 lested at room temperature and 280°C
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Aged 10000 h at 400°C

Figure 17. Fracture surface of tensie specimens of unaged and aged
Heat 68 tested at roomn temperature and 290°C
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Figure 19.  Values of yield and ultimate stress estimated from Charpy-impact data and those
obtained from tensile tests for Heats 69, 68, 74, and 75

where G, is an arbitary reference stress. often assumed to be equal to ilow or yield stress; the
reference strain ¢ = 6o/E: @ and n are RO parameters; and E is elastic modulus. The RO
equation can be rearranged to the form

4)

which is more convenient for fitting stress vs. strain data; a can be determined at 6/6, = 1 and
n can be obtained from the slope of the log-log plot of Eq. 4. For each test, the RO parameters
were obtained from the best-fit of the tensile data to Eq. 4, with flow stress of as the reference
stress

LA N (5)
o,

TSNS .,



and also with yield stress oy as the reference stress

J s

=0 — | . {6)
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The ROFIT computer program developed by Battelle® was used for the analyses. For each ref-
erence stress, three different sets of values of the RO parameters were obtained from the best
fit of the engineering stress-vs.-strain data for <5% strain, <15% strain, and the entire strain
range of the test. Typical examples of the ROFIT analyses with of as the reference stress are
shown in Fig. 20. The best-{fit values of the constant for all the tensile tests are given in
Tables 4 and 5. As expected. the exponents n; and ny are the same from the two analyses,
where of or oy are used as the reference stress. The parameters a; and az follow the relation-
ship

' @,
a, = @, —= {7)
-~ . U -

and can be determined from one another. The results indicate that the exponent n; or ng does
not change with thermal aging and differs for the three grades of steel. The parameters a; and
o decrease with thermal aging

5 Estimation of Tensile Properties

5.1 Flow Stress

Tensile flow stress of aged cast stainless steels can be estimated from the correlation be-
tween the ratio of the tensile flow stress of aged and unaged cast stainless steels and a normal-
ized aging parameter. Correlations have been developed for estimating the tensile flow stress of
aged cast stainless steels from the kinetics of thermal embrittiement.® The ratio of the tensile
flow stress of aged and unaged cast stainless steels at room temperature and 290°C (554°F) is
plotted as a function of a normalized aging parameter in Fig. 21. Flow stress is characterized
as the mean of the 0.2% virld stress and ultimate stress, and the aging parameter is normal-
ized with respect to a 8 value of 2.9. The aging parameter P was determined from Eq. 1 and
experimental values of activation energy. At both temperatures, the flow stress ratio increased
with thermal aging. the increase in flow stress of CF-3 steels was the smallest and that of CF-
8M steels the largest. The correlations (shown as solid lines in Fig. 21) were obtained by sub-
tracting one times the standard deviation for the fit to the data from the best-{it curve. The
tensile-flow-stress ratio Ry = (65,54 /% nagea) 15 given by
R, =a +bP LoosR <¢ ). 8)

Values of the constants a), b, and ¢ for various grades of steel and test temperatures are
given in Table 6. Equation 8 is valid for Ry values between 1 and cj. service temperatures

* ROFIT (Version 1.0) computer program for IBM PC developed by Battelle Columbus for the U.S. Nuclear
Regulatory Commission. Contact N. D. Ghadiali.
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Figure 20. Examples of ROFIT analysis of tensile stress-vs.-strain curves at room termperature
and 290°C for cast stainless steels using flow stress as the reference stress



& O e JT E Wi = ? LS ™r T
[ Hest P2 CF-3 Steel 3
v i -
i Best-i: curves for
3 b «15% stress ve stan cala A
- o B -
- _;: —1}'
3 o o
' ~ B
P - —— P25A2E L
- <o d - P2OAAS ]
S 4}"'( o P2nA% 3
£E*TF e T
R & . yu 350 0 B Raf99
& s yaBSesIss Re09s L
- o yad75e$007 s Ru0B6 ]
§ edealiticl bkt Lo i g g 2
1.5 10 ¢5 0o 0.5
In (cs:‘c')
6 L h A L] I; 1 T 17 Tr 4 1 1 4
" Hea! 68 CF-§ Steel >
AT ey 2965 G048 Re D0 e g
=] “ ye 2124687 x R0 3
- T yes22+58: Reoas A :L
(= # © ‘
s b i . =
w 0T /&/ & —
b .. -
s ~ o ~—-— 88128 ]
\ma - r /,;'E_ ~ M- BBAN -1
£ T d o o -68145 T
- S %¥ag /z-’a -
- ~ Best-fn curves for -
= [ <15% Sess vs swain dan T
L 2T 3
= =
6 s e
15 10 08 00 0.8
In (o/s)
& - T 14; -y y ;U | T LR g
E Heat 75 CF-8M Siee) 7]
T ey o280 5855 RabBl :L
e F yo 2805704 RaDBE a3
[ 2 -+ = z - -J»-
46 > ye276+478y Rel98 »
; C -
w 04 . §
o -
w L <2 e 78540 |
- 3 o aomm ]
£ L ob $0 YR PO S
" Best-1 curves tor 3
4 T <15%, srags vs shaic daa 4
L ¢ e
o desdod b} T Sl W,
15 10 0.5 00 05
in {o/c )
Figure 20. (Conid.)

41

!

nN(E¢-0)iso

In(E¢ -0)/la

In(€ ¢ -0)io,

=
i
Y

L]
4

L=
i
TyryrryyrryyryygIrrey

G b - 1J
L“TYT]Y'—T B R e T i

Heat P2 CF-3 Steel

Bas-1t curves for
«15% slress vs stran uala
280°C

E ;

T

—eee P21 A-33
-~ &~ - P2aA-33

i teaabiaalisgtisalasg
T

‘o » c -9 ~P2AA4
2 &6 © of
|« 38245250 Re089
- a yoBEY 545 RAe(Es s
Y284 548 Rel(98
6 TR e, (N VTR (Y | O e o e i T S (T
w B e . &
18 1.0 086 c.0 0.5
In (o/c,)
G ..ﬁ T 7.7 ATL Ll T 1 1 f T 1 L] % T T T T ~
- Heat 68 CF-8 Steel " be:
4 -+— Best=fit curves for g 4
™ «15% SUass vs Strain cata “«
r 200C "
24}- —
- -
- -
L 4 —e— 66106 ]
L . ; ~-A- 68342
rv - - -~
+ 78 X o - 68224 ]
-2<: - P9 -—L
e - 7 A E
gl e y 3355 %80x Re100 o
s 11 g | e ye367 4505 Re0B) 4
-  pedabe64x Re0Sd
8 AN AU U TR T ol
v L
1.5 10 08 0.0 0s
In (oic()
6 T ]L T=T"T"7 TLI e s | ‘]l b i B
b -t
. Hest 75 CF-8M Steel -
< -
4 1L ye2B2<584x RuDis e
L s yu2B.6a6x Re0DB .
C yo263e5H83 RaDBP "
2 T Best-fit curves for T
" <15% Siress vs. strain data 7
0 4= JL
r =1
- -
- e 75240 :
24: -y~ - 7440 -‘v-
- i © - - 75218 J
_4_:_] hilhamnd IJ el 4 3 3 4 3. 413 5
1 A
1.5 10 05 oe 0.5
in (o/o,)



& LI - g W e o <‘r ™7 Py
[ Hest P2 CF-3 Steel i
4 T._ Besi-tt curvas for ’:F
e b @nhre Sirass vs sUain oats -
P 2°C N
o 2 {»—- 1=
- —
© L ~
' b e F21A86
w 04 . e 1
" A~ -P22A13
w " L5 o -P25A28 ]
§ 2"t- e Y 32647081 . Ru098 T
- ¢ “wee o yede580x Reito
»A-t -3 fedads 640n Reops I
- " =
' -
& i VO | . ol $ T St [
1.8 10 05 0.0 05
In {c/c,)
6 T ——r v .
" | T L T— 1 | B B -
. Hest 8 CF-8 Steel 3
T e ya 221 o581 5 Rl 9 e 2
a -
Lo ; e ey P8TLEOTy RalBS R
- 2‘;‘ ¢e211+ 680 Hat00 5
= 8 % -
. - '/ -1
“ of 5 ® ——wusT
el S e
i o © -68a-11 7]
e 7=+ i ) :‘AA ——
L [ s & 0% .
™ » A/ (<) Besi-4i1 curves for -
44:- ;o entire sivess vs. stran de'a T}
- © 25°C 5
& =B T ‘1r i i L T " il 7
18 1.0 05 c.0 0.5
In {o/c,)
& o ™ f ey T TT T
. Heat 75 CF-8M Steel 3
a4 - e
' t —— Y 0,30 + 598 Re D58 B
E — ye275 <508y AelS9 -
= P o -
® 3 yu2B2s 680 x RabPB -
< F -
«~ VT > g
w = — -G 751-0% -4
e 24 -a--129s 1
£ X e ®- - 7334t o
. 3 Besi-fit curves for B
-4 T @ntiia stress vs stram Jdais =
- - 3
6 o ceakicoalandd ;L . | #_4 | S .| fpoibinmsl: "
15 10 08 e.0 08
In (a/o,)
Figure 20. (Contd.)

42

1

N(Er-06)lo

In(E ¢ - ) /o,

IN(E¢-0)la

6 L | S | 4 ' ; | e el Nt ) J[ i . e e | J]“V b Do N | ph:
. Hest P2 CF-3 Steel w:
4 -1 Besi-Nit curves for [
[ entre siress vs. srain data 3
290°C -
. 1
b —
t -
0 -+ — PVAYe ]
o - - A P2IASS 4
C M @ -PRaAds
21+ o o] g
" —ye290+530x Re095
e o treee ye3254498x Re0®e Y
u ye333+495% R0
P e ST RSN T VL O U (oo Lt TR b
L T = 3
1.8 1.0 08 0.0 0.5
in (o/0,)
6 L— g | L | f ‘f , T g ¢ 1 w ¥ ¥ ; L4 4 AJ b |
od
- Heat 68 CF-8 Stee ~
™ -ye 3194556 Rel809 -
& -+ —
g e Ll Y368 48 x P09 4
t CeyeB224466x RetO0 O 3
2 1~ Best-1it curvas for o i
M entre sress vs. stran dad -
[ & .
—4
R e o
v .y -
- e 4
- g o —— 68224
.2-; s . a--68342 T
b * -® - -8B N6 J
=+ F i IS i (Y (TS ol Aol .
L ) i b 3
1.5 1.0 08 2.0 05
In (o/a)
E L L] R i L | e | i‘l x | T ? . G R e | 4
" Heet 75 CF-8M Steel E
-t
“ - —
- yw 25645525 Re098 -
- =
v - - yelBa+E6x RaDF8 -
2 - g
- ~ye 257+ 5822 Re 99 -4
- 4
D -w:- :ll-
- —— 76218
L - ~A&--75440
24 @ - T52-40 —_-:L
C e Besi-fit curvos for 3
& B ol oniire SI7ess v&. Swrain data b,
- 230°C -
- -
B =V S bd g o dig g4 4 o 3 g0 259
. | ¥ s i
15 1.0 05 00 0.5
in (o/c)



- {ER e

v

Table 4.
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Best-fit values of the Ramberg-Osgood constants for unaged and aged cast stainless

steels ai room temperature

Stress-Strain Data <5% Strain

Stress-Strain Dala < 15% Strain

Aging Aging Flow  Yield Flow Stress Yield Stress Flow Stress Yield Stress
Specimen  Temp. Time Stress Stress Reference Reference Reference Reference
Id *C) {h) (MPa) (MPa) ay ny o) n2 ) nj o ng

1V-01 -  Unaged - - - - - - - - - -
11V-02 -~ Unaged - - - - - - ~ - - -
12V-0] - Unaged - - . - - - - - - -
12V-02 ~  Unaged - - - - - - = - ~ -
13C-01 = Unaged - - - - - - - - ~ -
12v-23 320 80000 - - - - - - - - - -
13C-14 320 30000 - - - - - - - - - -
13V-38 320 30000 - - - - ~ - - - - -
13v-39 320 30000 - - - - - - - - - -
11V-26 350 10000 - - ~ - - - - - “
11V-27 350 10000 - - - - ~ - - - - -
12v-19 350 10000 - - - - - - - = - -
P21T-01 Unaged 3839 21683 159000 9444 1260 0457 159990 06444 1260 9457
P23T-01 Unaged 3839 2381 40,424 5683 4337 574! 85369 7.176 4585 7.167
P22A-01 Unaged 3839 2064 - - - - - - - -
P23A-01 Unaged 3838 2167 215760 9724 1487 9574 215760 9724 1487 9574
P22T-16 200 30000 4022 247.0 32593 7.114 1668 7139 25473 6437 1835 6402
P21A-3]1 200 30000 4022 2426 22849 4613 3701 4645 33167 5341 3778 5.307
P25A-28 290 30000 4022 2239 51289 7584 1087 7616 36499 6778 1222 6799
P21A-38 200 5BOO0 4237 2636 72661 9374 1365 ©374 37.263 7.274 1897 7.271
P24T-14 320 30000 4206 2294 40476 6737 1312 6718 33034 6226 1457 6200
P25T-10 320 30000 4206 2581 35647 5582 3913 6640 33573 5420 4.028 5.0396
P22A-36 320 30000 4206 2374 33.190 7.072 1079 7058 27017 6515 1208 6486
P21A-1@ 320 55000 4206 2497 38413 7061 1630 7061 26214 5977 1958 5977
P22T-04 850 10000 428B€ 2523 54343 7512 1725 7583 37.351 6682 1863 6661
P23A-14 350 10000 4286 2492 - - - - - - -
P23A-26 350 10000 4286 2652 25764 5. 133 3614 5236 34435 5571 3835 5.609
P22T-11 350 30000 4302 2493 26955 5275 2833 5282 27633 5201 2809 5217
P22A~13 850 30000 4302 2455 36711 6805 1435 6797 28308 6128 1559 6.167
P24A-32 350 30000 4302 2254 30920 6309 1291 6308 37118 6148 1.332 6.148
P24T-05 400 10000 4224 2335 24690 4656 2851 4.697 28145 4.865 2897 4.842
P24A-04 400 10000 4224 2362 28971 4915 3007 49655 20521 4936 3059 4912
693-40 - Unaged 4355 2788 = - - - - - = -
60341 ~ Unaged 4355 2734 - - - - - =
694-30 280 30000 4241 2536 30585 4.728 4698 4745 43,951 6.190 3200 6.215
8§94-3] 200 30000 4241 2641 24.789 5776 2512 5776 7.213 5920 2574 5920
60-135 200 30000 4241 2447 22763 4376 3684 43% 30 069 5419 2759 544)
694-21 320 10000 4322 2867 17925 4.85] 3713 4869 20988 5264 3.717 5224
694-25 320 10000 4322 2321 44791 6399 1567 6418 44623 6370 1620 6834
692-40 320 30000 4250 2896 15853 5845 2512 5846 15983 5837 2555 5.820
69241 320 30000 4240 2694 1R53] 7844 0223 7864 14921 6909 08978 6.996
69-245 320 30000 424.0 2725 26978 6855 2047 6820 24139 6386 2204 641]
691-28 320 50000 4727 2016 22045 6877 1289 6877 20545 66681 1.334 6.66]
691-29 320 50000 4727 2877 21.561 6549 1371 6549 20691 6421 1402 6421
66-230 820 50000 4727 20886 13510 4912 226] 4939 17.249 5845 1865 5883
692-25 350 2570 4674 2854 15553 40340 3026 4367 26148 5012 3.654 5006
692-26 350 2570 4674 3026 26449 7724 1421 7724 23675 7446 1436 7446
894-06 350 10000 4474 2021 17.587 5488 2633 5467 19035 5746 2601 ~ 778
894-07 350 10000 4474 2662 21273 5627 1020 5642 21923 5677 1968 549
694-08 350 10000 4474 2468 35089 35691 2174 5710 43789 6389 1.78. 5304
69-116 350 10000 4474 2496 23,819 5233 2042 522! 25712 5393 2043 5341
€93-12 350 30000 4631 2709 10841 23606 2602 3631 14585 4.623 208¢ 4.646
603-15 350 30000 463.1 2502 0221 6764 0008 6801 0310 5892 0017 595
66-130 350 30000 4631 2584 0170 €811 00068 6809 0229 6114 0011 6180
692-16 400 2570 4601 2536 19126 4302 2520 4359 27997 4819 2745 4781
692-17 400 2870 468.1 3009 13736 5700 1706 5727 14780 5816 1.769 5790
692-15 400 10000 4787 2878 19665 4432 3448 4433 22308 4.730 3412 4608
692-22 400 10000 4787 2786 14768 3025 3078 3906 18B46] 4490 2867 4.447
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Table 4. (Contd.)

Stress-Strain Data <50 Strain ___ Stress-Strain Data <150 Strain

Aging Aging Flow  Yield Flow Stress Yield Stress Flow Stress Yield Stress
Specimen Temp. Time Stress Stress Reference Reference Reference Reference
id (*C) {h) (MPa)  (MPa) ay n» oy ng a) ni a ny

692-23 400 10000 4787 2605 0052 8372 0000 9.364 0.101 7.372 0002 7.872
60-106 400 10000 4787 2767 15407 8777 3422 3763 20840 4475 3211 4422
891-04 450 2570 4727 2713 16603 5100 1.713 5.120 179880 5230 17489 5202
691-05 450 2570 4727 263.1 15320 4617 1833 4676 21.304 51290 1938 5094
13-12 Reannealed 4280 317.3 11427 5877 2680 5931 19503 7.339 2968 7.326
13-21 Reannealed 4280 2892 14418 6371 1.775 6388 16916 86855 1738 6805
13-22 Reannealed 4280 287.7 21.342 6.146 2787 6.179 20837 6052 2854 6923
18-11 280 68000 4277 3062 10.625 5530 2348 5566 16999 7.23]1 2317 7.239
18-12 280 68000 4277 2885 10963 4205 3,137 4.219 18607 5475 3254 5445
18-22 280 68000 427.7 2019 14220 4033 4495 4085 22943 5087 4860 5087
P13T-01 - Unaged 4147 2447 B . - - 4 - - -
P13T-03 ~ Unaged 4147 2459 18390 4811 2558 48]l - - - -
Pl1A-O} - Unaged 4147 ~ - - - ~ - - - -
P13A-0] - Unaged 4147 2485 139841 3592 3.735 3641 13,841 3592 3.735 3.641
P147T-09 290 30000 4326 2662 38.307 78901 1371 7.88] 30932 723 156] 7.157
P11A-25 200 30000 4326 2857 19.437 5851 2637 5982 41052 7222 3163 7.197
P14A-26 200 30000 4326 2765 32047 8186 1284 8242 25783 7626 1.382 75€1
P11A-28 290 58000 4069 2835 54999 7.121 3893 7.176 119.150 10.061 2.328 10.098
P11A-20 290 5BO00 40e9 266.1 47.780 7616 2915 7694 B5846 10.007 1.875 10.023
P11A-10 320 30000 4375 278.) 21.692 5411 3020 5462 37.846 7781 1801 7.808
P11T-06 320 30000 4375 2791 10098 6872 0.742 6902 18305 8368 0712 B8.28]
P14T-08 320 30007 4375 2781 28.733 6,122 2922 6167 30281 6185 3.048 6 133
P11A-13 320 S500) 4804 2000 52974 9220 1075 9220 33964 7.887 1.207 7887
P12A-25 320 55000 4804 2876 35,501 7.301 1233 7.30]1 26832 6632 1366 6632
P12T-05 350 10000 4490 2768 21.182 5215 2776 5269 31.762 5947 2949 5930
P12T-06 a50 10000 4480 2684 - - - - - - - -
P12A-08 350 10000 448.0 2005 16002 6087 1767 6.131 18.882 6406 1817 6.387
P12A-09 350 10000 4490 71.2 23,588 55390 2416 557! 31.778 6061 2504 6049
P12T-11 350 30000 4507 2666 - - - - - ~ - -
PI12A-13 350 30000 450.7 2850 - - - - - -
P12A-14 350 30000 4507 2635 18527 4510 2843 453! 27212 5877 1984 5914
P13T-07 400 10000 4773 2850 16824 5017 2132 5108 23356 5687 2064 5733
P13A-07 400 JOO00 4773 2863 - - - - - - - -
68340 ~ Unagrd 4002 274.1 16111 ©.157 2626 6256 35382 7.344 3.307 7.302
68341 ~ Unaged 4002 2794 207510 14.167 1.829 14.187 46484 8900 2720 8900
6583-33 200 30000 4018 263.1 42422 5B75 5444 £ 97246 9.132 3.]121 9.194
684-31 200 30000 4113 2602 44.741 7984 2317 7984 209922 6728 2640 6728
68-145 200 30000 4113 2780 36.767 B3B0 2042 8380 23922 6864 2406 6864
684-21 320 10000 4427 23045 26407 B045 4024 6.147 33866 6667 4124 6.635
684-22 320 10000 4427 2810 20172 6.156 2817 6253 45705 7.056 2951 7.083
68241 320 30000 4613 3057 24772 7692 1814 7.707 21104 7.180 1713 7.149
6584--39 320 30000 4613 3582 11.773 7925 2001 7942 13.833 B705 2041 £.664
68-254 320 30000 4613 2962 54.0B4 8442 2416 8497 57662 B8.112 2533 8105
681-28 320 50000 4588 3269 21.643 B739 1571 B8.739 18528 8083 1680 8083
681-29 320 S0000 4588 303.7 37.068 9573 1047 G575 24331 8088 1213 8211
68-230 320 50000 4588 2043 51.050 B868 1534 8905 30.15! 8325 1438 8395
882-25 350 5780 4443 2815 17455 5,151 2659 5216 34.164 6178 3258 6160
682-26 350 5780 4443 2048 19828 6556 2062 66« 25623 6943 2279 6939
684-06 350 10000 4455 2645 28.948 5701 2521 5%:8 30.160 5763 2562 6732
B84-07 350 10000 4455 2997 20,265 5026 2907 5040 22413 6206 2012 6.158
684-08 350 10000 4455 2068 31405 7.795 1992 7.822 22601 6769 2120 6826
68-129 350 10000 4455 2876 28106 6.786 2255 6.817 30560 6971 2313 6911
684-10 350 30000 4646 2090 17.031 5158 2753 5164 19.141 5366 2890 65314
684-11 350 30000 4646 281.1 28202 5988 1392 6988 27810 6920 1420 6920
68-139 350 30000 4646 2874 17.838 4824 2867 4820 20368 5068 2966 5.025
682-16 400 2570 4678 294! 12724 4995 2019 5046 23999 5842 2612 5.821
682-17 400 2570 4678 2898 58392 B607 1551 8742 40401 7.823 1602 7.762
682-15 400 10000 4748 3134 13800 30938 4105 3938 20428 4786 4345 4.743
682-22 400 10000 4748 2003 19.582 5423 255 5443 24375 50]4 2576 5872
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Table 4. (Contd.)

 Stress-Strain Data <50 Strain__ Siress-Stran Dala <15% Strain

Aging Aging Flow  Yield Flow Stress Yield Stress Flow Stress Yield Stress
Specimen Temp. Tume Stress Stress Reference Reference Reference Reference
Id Q) M (MPa) (MPa) o fi o ng ay nj ay ng

682-23 400 10000 4748 3060 22.124 B.130 09BO 8,155 15832 7263 1077 7.150
68-119 400 10000 4748 5060 11.958 6646 104) 6640 18501 7864 0982 7718
681-04 450 2570 4717 2913 12073 4417 2340 4437 19187 5741 1990 5705
681-05 450 25870 4717 3084 23.584 8151 1151 8.147 15286 6787 1285 6855
73340 = Unaged 3979 254.3 43,198 5265 6497 5358 65118 5911 7.280 5850
73341 ~ Unaged 3979 2485 42,120 4949 6744 503] 66565 5680 7556 5687
734-23 320 10000 361.7 2219 82.088 5642 #8583 5740 136800 7082 7003 7.213
734-24 320 10000 3617 2282 78605 6508 6307 6600 235.190 10.357 3163 10418
732-25 350 2870 3858 2440 31.340 46688 509089 4741 53655 5476 6062 5489
732-26 350 2570 3858 2444 30.030 5082 6108 5.162 51467 5553 648] 65556
73408 350 10000 369.0 2280 37056 4636 6482 4662 50353 5766 5003 5805
73407 350 10000 3680 219.1 92.682 7376 3370 743] 161510 9453 1954 9440
73-119 350 10000 3660 2128 77.872 5914 5223 50879 160.750 8.181 3088 8212
732-16 300 2570 3977 2408 45420 4952 6315 5012 58294 5303 6786 5313
732-17 400 2570 397.7 2526 30.895 4.55] 6243 4650 53262 5458 7.143 5445
732-15 400 10000 3835 2353 79.137 7.745 2961 7812 138690 9914 1775 9899
732-22 400 10000 3835 2158 59.208 5420 4664 5478 108370 7384 2776 7.397
73-106 400 10000 3835 2222 141470 7653 3768 7.714 231000 Q089 2801 9124
731-04 450 2570 3BBS5 2565 26.147 285] 12319 2896 51846 3799 16259 3812
73105 450 2570 3885 234.0 39.084 4884 5495 4965 54330 35445 5781 5447
205-26 400  1BOOO 4517 2485 16608 5582 1.083 5572 15368 5245 1.187 5277
205-27 400 18000 451.7 254.0 26983 A041 1482 6041 21.B8] 5480 1660 5480
“05-30 400 1BOOO 4517 2487 18.630 20 1038 5826 17727 5702 1.106 5655
743-40 = Unaged 406.1 2735 28508 7.143 2567 7.242 28508 7.143 2567 7.242
74541 -~ Unaged 4051 2730 32.577 7.243 2790 7338 41016 7.732 2907 7733
743-36 200 30000 4269 2822 19449 4611 4388 4633 26229 6060 3252 6083
744-34 200 30000 4269 20206 17663 4946 4026 40OBO 24788 6879 2729 60912
74-135 200 30000 4260 2500 369.152 6521 2484 6543 49320 7.376 2042 7.307
744-21 320 10000 4150 2731 22.148 4989 4217 4983 20442 6601 2857 6585
744-25 320 10000 4150 2705 22,920 6,195 2513 8233 36461 8431 1518 8437
742-42 320 30000 4647 3127 27834 7079 252! 7002 268!]1 6934 2588 6908
744-39 320 30000 4647 3264 i3.424 6220 2126 6223 13100 6043 2217 6.033
74-245 320 30000 4647 2788 28997 6738 1558 86727 26061 6360 1715 6329
741-28 320 S0000 4751 309.1 26442 8931 0964 B.B860 20442 8931 0964 8869
741-20 320 S0000 4751 3045 32513 8829 0953 8917 32513 8920 0853 8917
74230 320 50000 4751 2994 24334 7678 1.113 7643 24334 7678 1.113 78643
742-25 350 2570 4105 2690 16928 6393 1.742 6435 199807 6785 1753 6.755
742-26 350 28/0 4105 2610 16973 5303 2418 5303 30.084 6277 2758 6277
744-07 350 10000 440.1 2817 14788 4524 3085 4549 21009 6.194 2070 6226
744-08 350 10000 440.1 2782 18690 6054 1840 6054 19480 6119 1860 6119
74-119 350 10000 440.1 2675 15903 4226 3211 4245 21691 5414 2418 5439
743-13 350 30000 4473 2658 0,107 7431 0004 7431 0.150 6635 0008 6635
743-14 350 30000 4473 2602 0133 7.1€7 0.005 7.106 0,172 6494 0009 6494
74-130 350 30000 4473 2723 13905 4.037 2301 4083 17680 4985 2460 5014
742-16 460 2570 4206 26886 15782 5485 1932 5490 18,142 5828 1918 5786
742-17 400 2570 4206 2677 22234 5711 2414 5732 25045 5974 2425 5943
742-22 400 10000 4425 2698 24 153 5520 2613 5526 26238 6263 1961 6248
742-23 400 10000 4425 2867.7 11.307 3804 2768 3828 15704 4.972 2134 5005
74-110 400 10000 4425 2502 17.082 4036 3367 4.065 24402 5308 2440 5349
741-04 450 2570 4385 2575 15205 4.821 2000 4.82] 17999 5130 1998 85130
74105 450 2570 4385 2591 13906 4944 1746 4944 17690 5404 1744 5404
75340 ~ Unaged 461.1 3135 12147 6574 1416 6604 16941 7444 1434 7415
75341 - Unaged 4861.1 3305 13020 6095 2403 6.128 168803 6640 2622 6921
783-30 200 30000 4678 3156 20817 6962 1974 6962 19834 6823 2005 6.823
75428 200 30000 4678 3217 B964 4374 2557 4.398 12731 5985 1979 6026
75-135% 200 30000 4678 31086 9692 3836 3057 3.858 12318 4842 2565 4.8B77
754-21 320 10000 5405 3559 18380 4536 3772 4544 21684 5358 3588 5313
754-25 320 10000 5405 4063 10041 47564 3470 4807 16288 6161 3776 6136
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Table 4,  (Conld.)

Stress-Slrain Data <50 Strain  Siress-Strain Data <150 Strain

Aging Aging Flow  Yield Flow Stress Yield Stress Flow Stress Yield Stress
Specimen Temp. Time Stress Stress Reference Reference Reference Reference
Id (*C) fh) MPal  [MPa) o nj a ng ) n ay no

75241 320 30000 B36.1 3579 11926 5252 2149 5248 14048 5626 2201 5565
754-39 320 30000 5361 3951 14744 6.116 3119 6005 14412 5957 3196 5942
75-245 320 30000 536 323.1 17.781 5545 1797 5527 10716 5861 17156 5828
751-28 320 50000 5407 3347 13731 6386 1026 6403 14226 6494 1007 €515
751-20 320 35000C 5407 3520 11.023 7.021 0822 70489 10240 6687 0888 6605
75-230 320 50000 5407 3784 7784 69804 0977 6.834 7987 6B74 0900 681)
752-25 350 2870 5124 3465 13535 6380 1650 6380 14776 6639 1.627 6639
752-26 350 2570 5124 3465 9653 5484 1680 5484 12560 6.161 1.6864 €130
754-06 350 10000 5349 3327 10717 4,126 2404 4.116 14558 4.927 2244 4.893
75407 350 10000 5349 3825 11133 4345 2713 4349 14696 5132 2615 5088
754-08 350 10000 53489 3086 15.35) 5636 1.157 5640 16361 5792 1.156 5761
75119 350 10000 534¢ 3540 10.874 2987 4750 29083 16013 3901 4666 3953
753-10 350 30000 531.1 3181 B.290 4609 1275 4600 9648 5005 1.208 5005
7583-11 350 30000 5311 3443 7949 4,106 2147 4102 10552 4.779 2.188 4.737
75-130 350 30000 531.1 3008 20721 6819 1200 6840 19201 5492 1541 85581
752-16 400 2670 5287 3267 125635 5422 1501 5428 14879 5882 1461 5823
752-17 400 2570 5287 3531 9051 5423 1723 5.125 10847 5620 1.707 35587
752-15 400 10000 5576 4056.3 7764 3164 3893 3.164 11.286 3990 4348 3990
752-22 400 10000 5576 367.7 3568 3.1258 1473 3135 7472 ©B.128 1.340 5.128
752-23 400 10000 B57.6 3389 11999 5662 1.178 5662 12404 5745 1.168 5745
75109 400 10000 88576 3500 16.1561 3879 4547 3879 19749 4618 4018 4616
751-04 450 2570 5235 311.7 865! 4794 1.233 4763 10631 5381 1.134 5331
751-05 450 2570 8235 314.7 7661 4949 1.027 4940 B8.863 5447 0922 5447

S e———— .
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Table 5.  Best-fit values of the Ramberg-Osgood constants for unaged and aged cast stainless
steels at 290°C
Stress-Strain Data <5% Sirain | Stress-Stram Data <150 Strain
Aging Aging Flow  Yield Flow Stress Yield Stress Flow Stress Yield Stress
Specimen Temp, Time Stress Stress Reference Reference Reference Reference
id °C) h)  (MPa) (MPa) a nj @ ng o ni @ ng
12V-03 - Unaged - - - - - - - -
12V-06 Unaged - - - - - & - = =
13C-02 - Unaged - - - - - - . - -
12V-24 320 30000 - - - - - - -
13C-15 320 30000 - - - - - - - - - -
13V-40 320 30000 - - - - - - - - - -
11V-28 350 10000 - - - - - - - - - -
11V-28 350 10000 - - - - - - - - - -
12V-20 350 10000 - - - - - - - - - -
P217-02 ~ Unaged 2733 1613 80.130 3599 7750 3.602 40384 4108 BOB3I 4.076
P237-02 - Unaged 2733 1532 9867 2779 3629 2833 G867 2779 3629 2833
P22A-02 - Unaged 2733 1379 2848] 2892 7894 20928 2B48] 2892 78BS4 2928
P23A<02 - Unaged 2733 1440 - - - - . - - -
P21A-32 260 30000 2803 1623 133790 B.811 1.745 B902 62867 6959 2255 7.108
P21A-33 200 30000 280.3 1552 40.320 6136 1901 6160 27515 4876 2619 4.966
P24T-16 290 30000 2803 1482 593540 9612 2439 9592 119110 6359 3760 6417
P21A-37 200 5BOD0 2938 1642 114150 8300 18630 8300 35770 5800 2202 5.800
P22T-17 200 58000 2938 1775 14069 3600 35860 3600 25000 4.000 5470 4.000
P21A-14 320 30000 2882 1532 25048 6266 0867 6336 19474 5115 1.200 5262
P2IA-15 320 30000 2882 (839 62.046 7.180 1. 7.194 40888 6076 2211 6174
P21A-16 320 30000 2882 1526 32615 5864 1451 5B 234B1 4.B47 1871 4.956
P25T-12 320 55000 2937 1714 100920 9045 1283 9057 55847 7457 1572 7.652
P21A-18 320 55000 7 1886 62313 7568 1589 7590 44.166 6695 1782 6786
P21T-08 350 10000 2852 155.6 74,163 €743 2271 6737 32202 4799 3.100 4.860
P22T-05 350 10000 2852 1538 45695 4633 4095 4055 35083 4.366 4.567 4.311
P23A-15 350 10000 2852 181.0 30.569 2874 10639 2927 3C560 2874 10639 2027
P23A-27 350 10000 2852 154.) 37.5B8 4803 3464 40905 20670 4.340 3930 4.200
P2aT-12 350 30000 2021 1670 21680 6231 1.165 6258 17282 5227 1529 5313
P24A-30 350 30000 262.1 1424 42270 6000 1.1680 6000 28880 5100 1550 5.100
P24A-33 350 30000 2021 149.1 1286200 7900 1210 7900 33430 5400 1680 5400
P24T-06 400 10000 2062 1804 34.062 5237 2550 5.237 24.125 4.335 2985 4302
P24A-05 400 10000 2062 1466 58077 5833 2742 5335 34889 4.173 3602 4228
693-42 - Unaged 3014 1808 64420 BB800 1850 8B00 206940 6600 2045 6.600
69440 - Unaged 3014 1770 36631 5468 3337 5588 31.210 5066 3738 4.998
694-32 280 30000 2055 1768 67.208 7773 2108 7.783 46935 6781 2302 6868
694-33 200 30000 2055 1730 57898 73871 1868 7400 41700 6490 2115 6575
69-236 200 30000 20535 184 28.B85 6811 2609 €756 20038 7818 1496 B8.056
694-26 320 10000 2074 1744 23782 €627 1177 6631 18479 5606 1464 5722
69427 320 10000 2874 1835 17.580 6625 1.192 6574 14487 5633 1453 5730
69242 320 30000 2054 1785 22.021 6693 1235 6719 15351 5404 1590 5476
694-39 320 30000 2054 1682 31424 6043 1830 6043 21.323 4057 2224 5004
G8-246 320 30000 2054 1655 31.758 €747 1121 6774 21.168 5.392 1580 5467
692-28 320 55000 3368 2001 39539 8602 1019 8653 10246 5899 1681 6.060
692-29 320 55000 3368 2123 28152 7328 1495 735 18314 5679 1975 5795
69-130 320 55000 3368 2047 26381 6390 (998 6414 19024 5279 2354 5350
692-27 350 2570 ‘3122 1731 28,175 5.108 2513 5115 22891 4661 2716 4.622
694-(2 350 10000 2048 1564 27.831 6155 1047 6.175 23302 5524 1237 58618
69-120 350 10000 2048 1798 16671 5960 1444 5954 14764 5268 1687 5343
683-14 350 30000 32323 1864 - - - - - - - -
693-15 350 30000 3233 1958 B7807 9618 1147 9608 27.1B0 5664 2344 5856
89-270 350 30000 3233 1936 18280 4700 2720 4700 18780 4800 283¢ 4.800
692-18 400 2570 3044 1636 20517 5282 1433 5301 17262 4704 18667 4.759
692-24 400 10000 3366 1733 15200 5798 0644 5764 1345] 5224 0772 5.289
69-110 400 0000 3366 1969 16846 5161 1828 5144 15834 4894 2008 4.885
691-06 450 2570 3284 1777 - - - - - - - -
692-09 450 2570 3264 1757 16753 3488 3552 3498 20567 3857 3580 3.821
16-21 Reannealed 2042 1840 23371 ©542 1730 6606 22522 6420 1781 6.398
17-21 Reannecaled 2842 1715 43387 7274 1472 7304 35599 6830 1515 684)




Table 5. {(Contd.)
Stress-Sirain Data <% Strain  Stress-Strain Data <15 Strain
Aging Aging Flow  Yield Flow Stress Yield Stress Flow Stress Yield Stress
Specimen.  Temp. Time Stress Stress Reference Reference Reference Reference
Id (*C) thi  (MPa) (MPa) g nj @ ng @ nj o) ng
15-11 280 68000 3200 2140 20798 7548 1.7B7 7612 21419 6753 1.B17 6742
15-12 280 68000 3200 2084 21.457 6952 1421 7022 21433 6907 1469 6.8B78
15-21 280 B6B00O0 3200 1996 22500 6800 1220 6800 21.210 8700 1240 6700
15-22 280 68000 3290 1802 50,791 6420 1946 6442 41359 6012 2015 6012
P13T-02 Unaged 2017 1485 - - - - - - - -
P14T-01 ~ Unaged 2817 1570 20036 2770 6687 2816 20036 2770 6687 2816
Pl11A-02 < Unaged 2917 [58.6 130600 7798 2178 7765 64764 6068 2063 6126
P13A-02 - Unaged 2917 1850 24.289 2653 B.647 2690 44299 2643 B647 2690
P14T-10 290 30000 2876 1661 B3.677 7080 3004 7.117 75153 7.366 2.160 7467
F11A-26 200 30000 2876 1603 742000 11.368 1.730 11,288 207350 8505 2528 8505
P14A-27 200 30000 2876 167.8 38.270 6400 2180 6400 26530 5200 2770 5200
P1IA-27 200 58000 2051 167.' 753280 12183 1280 12164 68354 6036 3321 6330
P11A-30 290 58000 2051 1795 7232720 11.102 1511 11.031 118910 8452 1697 9523
Pl1A-09 320 30000 3061 1755 - - - - - - -
PI12A-19 320 30000 3061 174 8 53610 9400 0476 9400 20100 6700 0B24 6700
P12A-22 320 30000 3061 1754 31422 6518 1466 6506 23280 5486 1.788 550)
Pl11A-12 320 55000 3214 1882 377.120 11.330 1490 11.275 242300 10.36) 1.620 10.280
P12A-26 320 55000 3214 2004 0053 ©388 0001 9404 42068 7541 1810 7.540
P12T-08 350 10000 3163 1802 21298 1649 15041 1640 37.036 2324 18.183 2280
PI12A-10 350 10000 3163 1737 - - - - - - - -
Pi12A-11 350 10000 3163 1807 39.146 58509 2591 59O49 27.387 5042 2955 4988
P12T-12 350 30000 3316 1949 30.730 8900 0451 8900 15200 6600 0757 6600
P14A-22 350 30000 3316 1853 22602 5908 1.334 586! 19.36] 5348 1499 5300
FP14A-23 350 30000 331€ 1986 21.306] 5568 2086 5540 |BB855 4988 2432 4.994
P13T-08B 400 10000 3205 167.3 22383 4175 2816 4.173 21854 4106 2719 4.084
P13A-08 400 10000 3205 1829 - - - - - - - -
68342 - Unaged 2822 1627 57283 5759 4.194 5807 40.128 5162 3.8907 5220
68440 ~ Unaged 2822 1564 62480 5337 4858 5403 53.141 5302 4082 5341
684-32 200 30000 2664 1495 <91.100 9472 3.677 9472 236650 7.79¢ 4673 7.794
684-33 200 30000 2664 155.0 217630 8564 3€19 B8564 58224 4.643 B.O9B 4643
68-246 200 30000 2664 1706 56 87 7726 2838 7.726 2B5B0 4748 52379 4.748
68423 320 10000 2983 1734 46.25] 7541 1282 7560 27077 5768 1.B8l 587
684-24 320 1000C 20073 1644 58073 7B45 00866 7.847 28686 5B00 1492 5922
68240 320 30000 3008 1743 60508 6851 208! 6897 3B205 5861 2207 5888
68242 320 30000 3099 1768 69203 7621 1698 7628 3B098 62623 1945 6.208
68-263 320 30000 3009 1656 #2173 T45] 1442 7TAT] 38230 5868 1.791 5816
682-28 320 50000 3416 2033 850 10800 0830 10800 20530 6600 1590 6600
682-29 320 S0000 3416 2063 oS50 3600 4790 3600 31420 4100 6510 4.100
68--130 320 50000 3416 2013 5080 0000 1840 9000 45340 €600 2330 6600
682-27 350 5780 3188 18B5.1 51655 6211 3053 €289 40384 5749 3.106 5725
684-09 350 10000 3202 18 33.154 7.168 0592 7.030 19014 5249 1.101 5269
68-130 350 10000 3202 F] 88779 6331 1.326 6269 29055 5464 1581 5546
684-12 350 30000 3281 30 114470 12558 0831 12610 18BB74 7681 0960 8042
654-15 350 30000 3281 1904 97084 7516 2854 7586 141680 0247 1569 9249
68-140 350 320000 3281 1702 65242 6344 10935 6337 32437 4625 2714 4765
682-18 400 2570 3122 161.3 50088 5578 2872 5608 37567 4714 3224 4718
682-24 400 10000 3327 1767 31480 6300 1075 H300 27610 6000 1.i80 6000
68-120 400 10000 3327 1939 20554 6200 1796 €.187 23117 5235 2254 5302
681-06 450 2570 3380 1860.7 34B10 5400 1700 5400 27530 49000 1870 4.900
68206 450 2870 G&3B0 19186 B430 2600 3460 2600 IS580 3.100 4840 3.100
73342 - Unaged 251.1 1389 124230 7000 3530 7.000 110930 6800 3500 6800
73440 - LUnaged 2511 13389 51330 4600 5210 4600 70480 5000 5790 5.000
734-19 320 10000 2452 1304 - - - - - - - -
734-22 320 10000 2352 1313 - - - - - - - -
732-27 350 2570 4198 1386 - - - - - - - -
73408 350 10000 2685 127.7 - - - - - - - -
73400 350 10000 2685 1650 - - - - - - -
73-120 350 10000 2685 1367 - - - - - - - -
732-18 400 2570 - - - - - - - -
48
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;‘. Table 5. [(Contd.)
| Siress-Slrain Data <5% Strain | Siress-Strain Data <1500 Strain
Aging Aging Flow  Yield Flow Stress Yield Stress Flow Stress Yield Stress
Specimen Temp. Time Stress Stress Reference Reference Reference Reference
id *C) thi MPa) [MPa) o n @ ng @y n) o ng

732-23 400 10000 2749 1385 534550 9356 1.740 O282 188970 7.213 2626 225

| 732-24 400 J10000 2746 1430 23]1.760 8357 1888 8.318 126800 7.114 2282 7.136

| 73-110 400 10000 2749 1394 116310 7.000 2044 7000 B7.300 6300 244, 6300

' 73108 450 2570 2W19 1441 104410 6497 28607 6549 52000 5311 282 5327
73209 450 2570 28189 1362 232370 7535 2001 7566 80969 5958 2157 5065
205-25 400  IBOOO 3380 1794 18003 5151 1286 5.155 15687 4713 143'9 4.783
205-28 400 18B0OOOG 3380 1773 21084 5212 1381 5212 17.382 4646 155 4.712
205-29 400 [BOOO 3380 1€8.2 - - - - - - - -
744-450 Unaged 2978 1718 E6.188 93680 0B8] ©029] 30450 7.111 1.023 7.154
74342 Unaged 2079 18486 60.021 7722 1.113 7.722 30750 6220 1380 6220
744-35 290 30000 3040 1938 19068] 8196 7462 819 60370 4.883 10511 4.883
744-36 200 30000 3040 1652 230811 82066 2746 8266 62633 4985 5511 4985
74-236 200 30000 3040 1799 75777 T.258 2842 7.256 32967 5001 4.041 5001
744-26 320 10000 3086 1927 58686 8381 2744 B38] 36606 5100 5311 5100
74427 320 10000 30B6 181.0 228170 9397 2586 0397 50216 5424 5588 5424
74240 320 30000 3244 1537 75219 78633 0530 7633 37604 5823 1.02F 5823
742-41 320 30000 3244 1903 26614 5766 2110 57656 21083 5072 2343 5.115
74-246 320 30000 3244 1834 34808 5726 243] 5721 26416 4989 2715 5025
742-28 320 S0000 3833 2035 37451 5691 285 35700 32175 5317 3085 5258
742-20 320 50000 3533 2152 40,274 7600 1547 7594 23492 5886 2265 5744
74-130 320 50000 3533 2354 36207 8371 1876 8349 23087 6896 2267 6755
742-27 350 2570 3148 1749 42692 7360 1.020 7.321 23.367 6086 1.159 6109
T44-06 350 10000 3281 1854 B5.B41 7577 2010 7877 40650 5450 3206 5450
74405 a50 10000 3281 1978 42453 7.166 1873 7.166 23848 4967 3.204 4967
74-120 350 10000 3281 1786 - - - - -
744-18 350 30000 3500 2285 40.940 5.9 10 5046 5910 26 472 4. 790 5256 4.790
743-15 350 30000 3500 1B0.O 58021 6192 1866 6192 32411 4.758 2662 4.759
74-270 350 30000 3500 1822 65448 6614 1677 6600 32,197 4747 2580 4.856
T742-18 400 2570 3257 1362 16677 5443 0B27 5456 20211 5859 0711 5977
742-15 400 10000 3395 1786 46860 6366 1487 6377 27495 4658 2422 4.777
742-24 400 10000 3385 1842 52170 6733 1544 6746 42963 6243 1677 6311
74-109 400 10000 3395 1720 67.830 6166 2023 6166 41.190 5005 2705 5005
741-08 450 2570 3321 1720 18336 6049 0638 6089 12885 5196 0760 5.279
74206 450 2570 RB82.1 1703 19035 5811 0767 5795 15463 5218 0899 5252
754-40 « Unaged 3335 1968 25078 7034 1040 7034 10523 6425 1.116 86425
75342 - Unaged 3335 1015 44831 B314 0773 8288 20357 6686 0B25 6.756
754-29 200 30000 4529 1633 115040 7768 16964 7814 62860 6575 2218 6567
754-30 200 30000 3520 2026 75568 7828 1724 7844 20391 5103 2723 5265
75-238 200 30000 3529 2118 43.168 6026 3321 6052 41021 €001 3206 6.003
754-26 320 10000 3725 2058 22520 6684 0773 6674 16.004 5552 0887 5652
754-27 320 10000 3725 2122 21898 €555 0965 6486 16625 5537 1208 5639
75240 320 30000 4000 2317 16985 €141 1018 6.151 13868 5279 1.276 5.356
752-42 320 320000 4000 2685 16575 5834 2432 5819 13848 4971 2762 5024
75-246 320 30000 4000 2130 20006 5645 1617 5636 23927 5066 1807 5097
752-28 320 50000 4150 2589 18436 7.167 1033 7214 3178 5627 1404 B.716
752-29 320 50000 4150 2641 16035 6185 155 6171 12815 5647 1482 5744
75-130 320 50000 4150 2396 27785 6506 1. 6506 16445 5525 (619 5525
752-27 350 2570 3668 2047 16.385 6493 O 673 6.481 13486 6028 0722 6.02)
75400 350 10000 4008 2198 14071 5518 0856 5483 12665 5075 0982 5.008
75-120 350 10000 4098 2089 - - - - - - - >
75312 350 30000 4191 2644 15076 69878 0960 6979 10682 5711 1281 5.711
754-12 350 30000 4191 2272 17526 5072 1449 5072 14936 4645 1604 4645
75270 350 30000 4@ 2060 24,102 4891 1608 489! 20835 4573 17380 4573
752-18B 400 2570 39792 2032 17.324 6207 0525 6207 13672 5555 0624 5601
752-24 400 10000 4098& 2082 10.682 5217 0629 5189 10518 5073 0694 5.033
75-110 400 0000 4008 2067 15317 5431 0750 5415 14238 5113 0848) 5130
75106 450 2570 4052 2187 10515 5089 0830 5045 11424 5203 0798 5268
75208 450 2570 4052 1977 13.264 4882 0783 4.89] 12952 4.829 07689 4850
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Figure 22. Experimental and estimated flow stress of aged cast stainless steel at 290°C
and RT

Table 7. Values of constants in Eq. 10 for estimating tensile yield
stress of aged cast stainless steels

Room Temp 200°C
Grade ag by co a 12 2
CF-3 0.873 0.048 107 0844 0.058 1.05
CF-8 0.798 0.076 1.10 0.788 0.086 1.09
CF-8M 0.708 0002 1.10 0.635 0.129 114

Experimental and estimated tensile yield siress at 290°C (554°F) and at RT for various
heats of aged cast stainless steel are shown in Fig. 23. The aging parameter and activation en-
ergy were obtained from Eqs. 1 and 9 and a 6 value of 2.9. Tensile yield stress was then esti-
mated from Eq. 10 and the initial vield stress of the materials. The estimated values are con-
servative for most materials and aging conditions.

5.2 Ramberg-Osgood Parameters

The engineering stress vs. strain behavior of aged cast stainless steel can also be obtained from
the estimated flow stress. For all grades of cast stainless steel, the RO parameter n, does not
change with thermal aging. The parameter «; decreases with aging and shows good correlat‘on
with the flow stress of of the material, Fig. 24. The RO parameter is correlated to flow stress of
by the expression

alza3¢b3o./' (11)

The RO parameter n; and values of the constants az and bs for different grades of steel, test
temperatures, and range of engineering strain are given in Table 8. Examples of engineering

52
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Figure 23.  Experimental and estimated yield stress of aged cast stainless steel at 290°C
and RT

Table 8. Values of Ramberg/Osgood parameter n; and the constants in
Eg. 11 for estunating parameter « ) for aged cast stainless steels

Strain Room Temp 290°C
% Grade as b n ag b3 ng
<5 CF-3 1439 -0 267 6.1 102.1 -0.235 6.2
CF-& 1879 -0.300 6.4 153.3 -0.373 7.1
CF-8M 50.9 <0.072 56 145.8 0314 6.6
<is CF-3 1045 0176 6.0 21.3 ~0.221 53
CF-8 1456.0 <0.271 6.9 13785 -0.3386 59
CF-8M 85.7 =0.097 6.1 103.3 ~0.217 54
»15 CF-3 76.2 ~0.116 8.0 95.5 -0.233 51
CF8 1220 «0.216 6.2 124.2 -0.303 55
CF-8M 346 -0.056 58 Bl.4 0. 162 54

stress-vs —strain curves determined from estimated flow stress and Eq. 11 and those observed
experimentally for several heats of aged CF-3. CF-8, and CF-8M steels, are shown in Fig. 25.
The estimated curves are essentially conservative.

If required, the engineering stress-vs.-strain curve can also be obtained from Eq. 6. ie.,
when yield stress is used as the reference stress. The RO parameter ag is determined from es-
timated values of o). o. 0y . and Eq. 7. The parameter ny is same s .1,
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Figure 25. Engineering stress-vs.-strain curve at RT and 290°C, estimated from the chemical
composition and initial tensile strength and determined experimentally for thermally
aged CF-3, CF-8. and CF-8M steels
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6 Conclusions

The effect of therma! aging on tensile properties of cast stainless steels has been evaluated.
Tensile data for several experimental and commercial heats of cast stainless steels are
presented. The materials were thermally aged up to 58.000 h at temperatures between 290
and 450°C (554 and 842°F)j. Aging at these temperatures increases the tensile strength of
these steels. The high-C Mo-bearing CF-8M steels are the most and the low-C Mo-free CF-3
steels least susceptible to thermal aging

A procedure and correlations are presented for predicting the change in tensile flow and
vield stress and engineering stress-vs -strain curve (represented by the Ramberg/Osgood
equation] of casi stainless steel components that is due to thermal aging during service in
LWRs at 280-330°C (535-625°C). The tensile properties of aged cast stainless steel are esti-
mated from information that is readily available from certified material test records for the
component, i.e.. chemical composition and the initial tensile strength of unaged material. The
correlations described in this report mayv be used to assess thermal embrittlement of cast
stainless steel components. The estimated tensile properties may be used as input to a struc-
tural analysis code, such as leak-before-break analysis of nuclear power plant piping, or for
performing fitness-for-service evaluations of safety-related components in support of plant life
extension and license renewal.
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:‘ Introduction

Tensile tests were conducted according to ASTM Specification E 8 and E 21 in an Instron
tensile test machine with a maximum loading capacity of 90 kN (20 kips). Cylindrical speci-
mens with a diameter of 5.08 mm (0.2 in.) and a gauge length of 20.3 mm (0.8 in.) were used
for all the tests. An axial extensometer, with an initial gauge length of 20.3 mm (0.8 in.), was
used for continuous measurement of strain during room-temperature tests. An IBM computer
was used to digitize load. crosshead movement, and axial displacement data, and to store the
data on floppy disks. Analog traces of load-vs.--crosshead displacement and load-vs.-exten-
someter displacement were also obtained for each test.

The tests at 290°C (=550°F) were conducted in a forced-air recirculating furnace.
Thermocouples were mounted above and below the specimen gauge length to monitor and con-
trol the temperature within £2°C. For the tests on samples aged for <10,000 h, an axial exten-
someter was not used for the elevated-temperature tests. Total strain in the specimen gauge
length was determined from correlations developed from the room-temperature tests. The total
elongation was determined from the crosshead displacement multiplied by 0.64. Elevated-
temperature tests on the long-term-aged samples were conducted with a clip gauge mounted
on the specimen grips. Total strain in the specimen gauge length was determined from correla-
tions developed from room-temperature tests conducted with clip gauge attached to the speci-
men grips and the extensometer mounted on the specimen gauge length.

The engineering stress vs. strain data for ten commercial and experimental heats aged up
to 58,000 h at temperatures between 290 and 450°C are presented in this appendix: results
from the tests at Materials Engineering Associates (MEA) are also included.
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Table 1. Test data for specimen [1V-01

R e I I I 'y

Test Number : MEA Test Test Temp. . 28%C
Aging Temp. : Unaged Aging Time the
Yield Stress 1 264.8 MPa Ultimate Stress . 598.8 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. i ss Engr.
{MPa) Strain (MPa) Strain ‘h L Strain
23.72 0.0001 208.27 0.0101 530.28 0.2536
24.20 0.0001 304.13 0.0116 539.31 0.2763
51.30 0.0002 306.47 0.0130 546.48 0.2990
87.22 0.0002 312.06 0.0144 553.99 0.3222
122.52 0.0002 314.68 0.0159 560.41 0.3454
160.44 0.0002 353.15 0.0365 566.82 0.3601
194.02 0.0003 384.38 0.0579 572.54 0.3930
222.20 0.0007 410.44 0.0792 575.99 04172
242.65 0.0015 433.82 0.1006 581.64 04418
255.86 0.0024 452.09 0.1221 585.64 0.4668
268.07 0.0035 46946 0.1436 588 54 0.4922
277.93 0.0047 485.12 0.1652 592.12 05182
283.5] 0 0060 497.25 0.1870 593.91 0.5451
280.37 0.0073 500.52 0.2000 596.12 0.5730
206.34 0.0088 520.76 0.2311 597.29 0.6027
Table 2. Test data for specimen 11V-02
Test Number : MEA Test Test Temp. : 25°C
Aging Temp. : Unaged Aging Time 1=
Yield Stress :242.1 MPa Ultimate Stress : 583.4 MPa
Engr. Engr. “Engr.
Stress Engr. Stress Engr. Stress Engr,
(MPa) Strain (MPa) Strain (MPa) Strain
2275 0 0000 302.20 0.0146 52579 0.2703
69.00 0.0004 305.44 0.0180 534 .34 0.2021
10542 0.0006 300.44 0.0175 541.38 0.3142
145.82 0.0009 311.44 00188 546.75 0.33682
179.06 0.0013 349.01 €.0390 554.55 0.3589
207.67 0.0019 377.56 0.0599 558.41 0.3816
228.22 0.0027 403 48 0.0808 562.41 0.4049
245.52 0.0037 42348 0.1018 566.34 0.4286
258.21 00049 44202 0.1225 570.13 0.4526
269.31 0.0062 459.12 0.1434 572.65 0.477)
276.41 0.0075 472.84 0.1642 576.06 0.5021
28241 0.0088 486,22 0.1852 578.19 0.5278
288.27 0.0102 496.63 0.2062 579.99 0.5544
203 10 00117 507.73 0.2273 581.09 0.5820
207.23 00131 517 59 0.2488 582.19 0.6116
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Table 3. Test data for specimen 12V-01

Test Number : MEA Test Test Temp. : 29°C
Aging Temp. : Unaged Aging Time [
Yield Stress :251.0 MPa Ultimate Stress : 579.9 MPa
T;gr. Engr F:ngr
Stress Engr Stress Engr Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
22,78 0.0001 303 92 0.0151 510 .66 0.2644
7H.26 0.0004 307 99 0.0166 £27.52 0.2855
117.07 0.0006 300 92 0.0180 534.76 0.3068
158.23 00008 313.50 0.0195 540.62 0.3283
192.36 0.0012 347.91 0.0306 544.41 0.3501
220.15 0.0018 375.24 0.0604 550.82 0.3728
229.80 0.0027 399.00 0.0808 557.37 0.3946
254.42 00037 419.13 0.1011 56047 04175
266.07 0.0050 436 85 0.1214 563.99 0.4406
274.20 0.0063 452 50 0.1317 567.99 0.4643
282.20 0.0077 466 B4 0.1620 570.47 0.4882
287.72 0.0091 479 88 0.1822 573.64 05129
292 54 0.0106 490 63 0.2026 575.30 0.5384
207.58 00121 502.01 0.2230 577.64 0.5650
300.75 0.0136 510.69 0.2436 579.00 €.5934
Table 4. Test data for specimen 12V-02
Test Number . MEA Test Test Temp. 1 250
Aging Temp. : Unaged Aging Time -
Yield Stress 1 257.7 MPa Ultimate Stress : 578.1 MPa
Engr. Engr. Engr.
Stress Engr Stress Engr. Stress Engr
(MPa) Strain (MPa) Strain (MPa) Strain
21.65 0.0001 307.71 0.0150 519.73 0.2586
65.84 0.0004 311.30 0.0165 526.76 0.2789
103.63 0 0006 313.71 0.0181 534.69 0.2002
142,51 0.0008 316.88 0.0196 539,86 0.3190
178.64 0.0010 350.12 0.0394 546.27 0.3409
212.08 00015 377 14 0.0800 551.10 (.3620
236.83 0.0022 401.48 0.0802 555,02 0.3835
254,76 0.0033 421.27 0.1003 560.756 0.4054
267 .52 0.0044 438.02 0.1203 563.51 0.427€¢
276.096 0.0058 452.99 0.1400 567.37 0.4502
284.08 0.0073 465.40 0.1587 56896 0.4732
289.30 0.0088 481.53 0.1793 572.33 0.4969
294 96 0.0104 492.35 0.1990 573 85 0.5212
206.65 00110 501.11 0.2188 574.75 0.5463
301.09 0.0134 511.66 0.2387 575.09 0.5735
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Table 5. Test data for specimen I13C-01

R — ST T P

Test Number . MEA Test Test Temp. 1 25°C
Aging Temp. - Unaged Aging Time -
Yield Stress 1 239.7 MPa Ultimate Stress : 517.6 MPa
Engr. Engr “Engr.
Stress Engr. Stress Engr, Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
21.79 0.000] 292.20 0.0148 462.57 0.2234
70.46 0.0004 264 .68 00184 468.64 0.2410
109.97 0.0006 208.41 0.0180 475.60 0.2589
148.44 0.0008 200.89 0.0195 480.22 0.2768
182.71 0.0012 327.23 0.0356 486.56 0.2951
209.53 0.0018 347.01 0.0625 491.73 0.3135
220.11 0.0026 365 49 0.0892 495.87 0.3323
244.42 0.0037 381,56 0 0860 499.39 0.3513
254.97 0.0049 395,35 0.1028 508.52 0.3707
262.35 0.0061 408 79 0.1197 506.49 0.3903
268.90 0.0075 419.89 0.1368 509.11 0.4105
274.14 0.0089 429.82 0.1540 511.94 0.4314
279.24 0.0104 438.64 01711 514.2] 0.4528
283 65 0.0119 448.09 0.1884 516.35 04752
288.13 0.0134 454 92 0.2058 516.49 0.4987
Table 6. Test data for specimen 12V-23
Test Number 1 119 Test Temp. :25°C
Aging Temp. 1 320°C Aging Time 1 30,000 b
Yield Stress : 235.8 MPa Ultimate Stress : 637.3 MPa
Stress Engr. Stress Engr. Stress Engr.
{MPaj Strain (MPa) Straun (MPa) Strain
0.00 0.00 384.59 0.0324 603.57 0.3157
43.6040 0.00 386.62 0.0330 B805.86 0.3371
190.25 0.0015 436.18 0.0642 611.71 0.3616
274 48 0.0042 457.78 0.0815 615.35 0.3771
206.47 0.0056 479.28 0.0283 619.50 0.5984
303.00 0.0083 486.13 0.1062 631.01 0.4890
333.23 001186 534.5¢ 0.1614 634.39 0.5164
360.34 0.0208 574.76 02402 637.33 0.5749
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Table 7. Test data for specimen I3C-14

Test Number ;121 Test Temp. RO
Aging Temp. : 320°C Aging Time : 30.000 h
Yield Stress 1 278.2 MPa Ultimate Stress : 633.9 MPa
%. Engr. Engr.
Stress Engr Stiress Engr. Stress Engr.
| (MPa) Strain (MPa) Strain (MPa) Strain
' 1.04 0.0000 430.45 0.0536 50035 0.2479
i 68.95 0.0005 451.69 0.0731 606.17 0.2892
f 196.77 0.0028 474.35 0.0867 606.87 0.2891
283.55 0.0054 482.80 0.0930 613.18 0.3155
311.96 0.0082 492.80 0.0997 823.07 0.3807 1
324.49 0.0009 526.96 0.1350 624.47 0.3806 |
356,89 0.0172 562.69 0.1863 631.93 0.4557 .
378.50 0.0253 564 45 0.1916 633.91 0.5043
314.69 0.0429

Table 8. Test data for specimen I3V-38

Test Number 1218 Test Temp. 1 28°C
Aging Temp. : 320°C Aging Time :30.000 h
Yield Stress : 255.0 MPa Ultimate Stress : 609.6 MPa
“Engr Engr Engr.
Stress Engr Stress Engr. Stress Engr.
BfPa) Strain MP) Strain amine Strain
18.31 00001 343.18 0.0197 512,07 0.1530
58.64 0.0005 358 13 0.0259 510.27 0.1633 :
91.12 ©.0008 270,09 0.0320 532.16 0.1839 '
127.95 0.0010 38274 0.0381 54408  0.2045 |
152.36 0.0013 393.50 0.0843 556.49 0.2205 |
176.22 0.0015 403.34 0.0504 567.12 0.2547
188.00 0.0017 41273 0.0565 577.22 0.2819 |
19929 0.0019 421.62 0.0626 587.01 0.3138
219.44 0.0024 429 .86 0.0687 594 .55 0.3440 :
242,00 0.0032 441.64 0.0780 601.63 0.3814 ; !
259.00 0.0043 451.14 0.0861 606.43 0.4150 :
272.01 0.0053 460.27 0.0843 60893 0.4501 :
285.98 0.0067 46883 0.1025 607.43 0.4928 -
2097.47 0.0082 47691 0.1107 588.07 0.5213 :
310.53 0.0105 487.33 0.1222 554.04 0.5400 |
321.27 0.0129 496.22 0.1325 508.75 0.5549 .
332 68 0.0161 504.19 0.1428 451.10 0.5656 |
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Table 9. Test data for specimen I3V-39
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Test Number : 120 Test Temp. -
Aging Temp. : 320°C Aging Time : 30.000 b
Yield Stress 1 282.5 MPa Ultimate Stress : 452.7 MPa
Stress Engr. Stress Engr Stress Engr.
[MFa) Strain MPa) Straun (MPa) Strain
0.44 0.0000 364 62 0.0269
58.55 0.0008 389.67 0.0413
210.64 0.0036 308.75 0.0553
276.76 0.0058 430.67 0.0701
300.50 0.0089 443.50 0.0803
32252 0.0115 450.68 0.0874
344,97 0.0180
Table 10. Test data for specimen 11V-26
Test Number : MEA Test Test Temp. oL
| Aging Temp. : 350°C Aging Time * 10,000 h
i Yield Stress 1 281.3 MPa Ultimate Stress : 615.4 MPa
\ Engr Engr Engr.
. Stress Engr. Stress Engr Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
|
| 22.34 0.000] 347.9] 0.0144 587.72 0.2101
’ 31.65 0.0002 $52.25 0.0159 565.99 0.2270
64.74 0.0004 356.46 0.0174 573.44 0.2439
| 103.42 0.0006 359,68 0.0188 579.44 0.2612
| 143.27 0.0008 391.35 0.0337 585.20 0.2787
| 184.43 0.0012 417.68 0.0495 590.05 0.2064
| 222.36 0.0018 440.92 0.0652 504 .05 0.3145
252.42 0.0022 460 09 0.0809 598.67 0.3320
274.20 0.0032 477.82 0.0968 603.08 0.3518
20048 0.0045 492 70 0.1126 605.91 0.3710
303 23 0.0057 505.73 0.1286 609.43 0.3908
314.47 0,0071 518.76 0.1447 611.56 04114
| 32308 0.0085 52010 01609 612.74 0.4330
330.52 0.0099 540.76 0.1771 613.22 0.4560
| 33646 0.0114 549.58 0.1936 613.22 0.4813
| 33].88 0.0128
|
|
|
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Table 11. Test data for specimen 11V-27

Test Number : MEA Test Test Temp, b 1< iy 4
Aging Temp. 1 350°C Aging Time : 10.000 h
Yield Stress : 303.4 MPa Ultimate Stress : 644.7 MPa
i Stress Engr. Stress Engr. Blels Engr.
.' (MPa) Stran (MPa Strain {MPa) Strain
22.82 0.0001 374.25 0.0113 503.22 0.2240
33.72 0.0002 379.76 0.0126 600.40 0.2404
, 65.98 0.0003 384.1] 00139 605.91 0.2568
103.90 0.0005 390.73 0.0152 611.84 0.2735
143.41 0.0007 421.34 0.0303 616.18 0.2903
184.02 0.0009 448.30 0.0466 619.63 0.3075
r 222 98 0.0013 471.33 0.0628 623.98 0.3248
'l 257.31 0.0018 48G 67 0.0789 627.01 0.3422
. 283.24 0.0025 508.01 0.0850 630,32 0.3590
30344 0.0034 52338 0.1110 633.35 0.3779
. 320.68 0.0044 536.21 0.1270 634.94 0.3962
] 333.64 0.0054 548 48 0.1431 €37.97 0.4149
| 344.60 0.0066 559.16 0.1501 639 28 0.4337
353.4¢ 0.0077 569.44 0.1753 641.76 0.4529
361 63 0 0089 579.78 0.1916 642.18 0.4723
367.03 0.0101 587.64 0.2078 643,83 0.4919

Table 12.  Test datu for specimen 12V-19

Test Number : MEA Test Test Temp. . 25°C
Aging Temp. : 360°C Aging Time 10,000 h
Yield Stress : 314.7 MPa Ultimate Stress : 642 0 MPa
~ Engr. Engr. Engr
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
23.79 0.0001 360.04 0.0100 592,47 0.2152
36.75 0.0002 365.49 0.0114 600 .67 0.2344
71.08 0.0004 572.04 0.0129 605 50 0.2538
107.08 0.0004 376.38 0.0144 612.74 0.2736
' 14424 0.0006 380.58 0.0159 617.56 0.2939
' 182.99 0.0008 418.10 0.033] 620.60 0.3144
i 220.63 0.0010 44561 0.0510 627 56 0.3352
- 250.69 00013 470.81 0.0689 620.22 0.3567
278.55 0.0019 491.04 0.0867 €32.59 0.3786
E 207.92 0.0028 508.80 0.1045 634,80 0.4009
314.75 0.0038 541.58 0.1226 637.97 0.4240
326.47 0.0040 554.48 0.1408 638.50 0.4480
338.30 0.0060 564.54 0.1581 639.97 0.4728
347.01 0.2073 575.30 0.1775 640.18 0.4988
: 35542 0.0086 583.64 0.1952 640.32 0.5265
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Table 13.  Test data for specirmen I2V-03
Test Number : MEA Test Test Temp. : 290°C
Aging Temp. : Unaged Aging Time -
Vield Stress : 169.2 MPa Ultimate Stress : 409.2 MPa
Engr. Engr. “Engr.
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
3599 0.000! 203.12 0.0108 358.94 0.1225
35.44 0.0001 20567 0.0119 365.28 0.1303
36.40 0.000! 208.36 0.0130 369.63 0.1372
39.44 0.000! 22511 0.0202 374.18 0.1472
50.29 0.0002 240.97 0.0283 381.00 0.1534
B85.156 0.0004 255.24 0.0362 381.62 0.1643
108.32 0.0007 268.14 0.0440 386.93 0.175:
128.10 0.0011 279.58 0.0518 391.76 0.1779
145.76 0.0016 202.06 0.0596 393.83 0.1911
160.17 0.0023 303.71 0.6750 398.03 0.1995
170.44 0.0031 31226 0.0752 397.60 0.2061
177.68 0.0040 320.54 0.0830 401.55 02118
184.16 0.005) 33143 0.0909 403.89 0.2261
| 189.67 0 QUE2 339.43 0.0988 405.76 0.2345
184.16 0.0073 346 67 0.1066 406.10 0.2451
196 85 0.0084 353,15 0.1145 407.76 0.2464
20215 0.0096
| Table 14. Test data for specimen 12V-06
I Test Number . MEA Test Test Temp. : 290°C
Aging Temp. - Unaged Aging Time P
Yield Stress : 178.5 MPa Ultimate Stress - 402.4 MPa
I R S—
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
l 2144 0.0002 200.43 00101 33219 0.0994
; 2193 0.0002 20271 0.0113 341.01 0.1080
| 42.20 0.0003 205.26 00125 349.22 0.1187
' 6943 0.0005 207.26 0.0137 355 84 0.1286
97.49 0 0007 21057 0.0148 362.32 0.1386
128.38 0.0008 210.98 0.0158 370.59 0.1459
156.5] 0.0011 228.9] 0.0243 37342 0.1578
168.37 0.0019 245,90 0.0339 37825 0.1660
175.33 0.0020 267,76 0.0435 38204 0.1801
182.64 0.0041 277.10 0.0527 383.76 0.1921]
185.74 0.0053 20].79 0.0620 391.42 0.2000
188.81 00064 302.75 0.0713 395.21 0.2108
193.95 00077 31323 0.0808 396.79 0.2269
197.068 ° 0.0089 824.12 0.0800 401.62 0.2296
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Table 15.  Test data for specimern 13C-02

Test Number - MEA Test Test Temp. : 290°C
Aging Temp. : Unaged Aging Time -
Yield Stress : 158.6 MPa Ultimate Stress  387.3 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
{(MPa) Strain (MPa) Strain (MPa) Strain
35.16 0.0003 192.85 0.0113 324 BB 0.0940
36.06 0.0003 195 88 0.0123 333.02 0.102]
57.28 0.0003 198.71 0.0135 340.3¢ 0.1101
84.32 0.0005 201.40 0.0146 346,19 0.1185
109.70 0.0008 202.64 0.0156 353.08 0.1266
128.38 0.0013 21849 0.022¢8 358.25 0.1353
145.27 0.0018 233.87 0.0308 363.28 0.1441
155,27 0.0026 248 69 0.0385 365.01 0.1539
163.54 0.0035 262.35 0.0464 37149 0.1814
169.68 0.0045 274.69 0.0542 377.76 0.1728
176.16 0.0056 285.24 0.062] 377.49 0.1832
18078 0.0068 207.78 0.0701 383.97 0.1864
183.40 0.0079 7.85 0.0781 384.38 0.2002
187.40 0 0080 315.02 0.0861 386.73 0.2136
190.36 0.0102
Table 16. Test data for specimen 12V-24
Test Number 2090 Test Temp. 1 290°C
Aging Temp. £ 320°C Aging Time : 30,000 h
Yield Stress 1 178.6 MPa Ultimate Stress : 4459 MPa
Engr. Engr. Engr.
Stress Engr Stress Engr. Stress Engr.
(MPQ] Strain (Mpll Strain (MM Sm
145.28 0.0011 248.73 0.0102 350.28 0.0706
16545 60018 255.47 0.0126 361.52 0.0803
170.86 0.0020 261.78 00148 373.89 0.0909
176.52 0.0023 28R.08 0.0173 377.04 0.0939
181.88 0.0027 273.89 0.020] 3BB 48 0.1034
186.90 0.0031 278.61 0.0224 395.83 0.1118
192.32 0.0036 288.66 0.0276 405.30 0.1248
187.14 0.0041 20319 0.0301 41118 0.1355
200.83 0.0043 208.51 0.0332 419.91 0.1487
20393 0.0045 304.37 0.0368 42328 0.1560
208.75 0.0048 310.28 0.04086 427.33 0.1655
214.56 0.0051 314.66 0.0435 43237 0.1787
22125 0.0055 318.95 0.0464 435.88 0.188]
227 85 0.0059 323.97 0.0501 437.63 0.1982
23277 0.0063 320.34 0.0542 437.74 0.2033
238.04 0.007! 485 56 0.0585 440.28 0.2202
241.93 0.0080 340.13 0.0626 441.22 0.2253
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Table 17. Test data for specimen I3C-15

Test Number - 089 Test Temp. : 200°C
Aging Temp. : 320°C Aging Time - 30,000 h
Yield Stress : 163.6 MPa Ultimate Stress : 427.2 MPa

Engr. Engr. Engr.

Stress Engr. Stress Engr. Stress Engr.
135.46 0.0010 200.05 0.0352 389,27 0.1184
140.82 0.0012 20313 0.0374 303.62 0.1243
166.39 0.0022 296.36 0.0302 398.03 0.1307
184.42 0.0035 209.43 0.0416 403.25 0.1394
193.07 0.0044 309.75 0.0487 407.55 0.1466
200,97 C.0054 315.76 0.0531 409.39 0.1497
226.12 0.0074 323.77 0.0594 410.97 0.1528
233.47 0.008] 485.56 0.0717 419 81 0.1723
24111 0.0089 346.25 0.0783 420.88 0.1743
244.69 00112 348 99 0.0805 423.02 0.1809
247,82 0.0125 355.71 0.0863 424.34 0.1860
250.90 0.0138 362.14 0.0916 425.25 0.1888
254.62 0.0156 364.72 0.0942 425.76 0.1916
257.80 0.0170 367.02 0.0962 425,83 0.1943
261.08 0.0185 369.00 0.0985 426.28 0.1977
284.03 0.0315 386.36 01142 427.03 0.2017
286.92 0.0333 387 86 0.1162 3427.24 0.2045

Table i8. Test data jor specimen I3V-40

Test Number . OBS Test Temp. : 290°C
Aging Temp. 1 320°C Aging Time : 30,000 h
Yield Stress .= MPa Ultimate Stress | 470.5 MPa

Engr. Engr. “Enar.

Stress Engr Stress Engr. Stress Engr.

(MPa) Strain (MPa) Strain (MPa) Strain

212.71 0.0017 380,70 0.0127 437.61 0.0570
224.81 0.0019 384.77 0.0143 442.37 0.0625
235.42 0.0020 388.73 0.01860 445.21 0.0676
246.68 0.0022 392.05 0.0174 44856 0.0720
258.83 0.0024 394 .94 0.0189 452.66 0.0794
27147 0.0026 485.56 00205 454 44 0.0826
288.43 0.0029 402.90 0.0238 453.98 0.0874
208.12 0.0032 408.90 0.0280 454 42 0.0916
308.54 0.0035 411,34 0.0209 456.78 0.0958
318.12 0.0038 417.04 0.0347 457.92 0.0982
520.87 0.0043 420.85 0.0378 459.79 0.1004
384.79 0.0047 422.94 0.0396 461,50 0.1053
341.12 0.0052 424,50 0.0416 462.96 0.1100
346.43 0.0056 426.73 0.0440 463.79 0.1144
355.36 0.0068 429.70 0.0472 464 36 0.1164
361.00 0.0078 432.42 0.0507 465.60 0.1235
367.97 0.0090 434,51 0.0529
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! Table 19. Test daia for specimen [1V-28

Test Number : MEA Test Test Temp. : 290C
Aging Temp. : 350°C Aging Time £ 10,000 h |
Yield Stress 0 192.4 MPa Ultimate Stress : 381.1 MPa ~
| i
| “Engr. “Engr. Engr. ;
Stress Engr Stress Engr. Stress Engr. @
(MPa) Strain (MPa) Strain (MPa) Strain '-
22.82 0.0002 225 30 0.0091 320.78 0.0585 f
28.06 0.0002 226 .39 00101 333.22 0.0618 :
i 46.54 0.0003 233.11 0.0110 339.02 0.0652
66 .60 0.0004 240.76 00134 342.60 0.0686
95,22 0.0006 251.31 0.0170 346.8] 0.0719
122.11 0.0007 259.31 0.0205 351.56 0.0753
146.24 0.0009 268.27 0.0240 356.39 0.0784
160.23 0.0012 274,96 0.0275 360,18 0.0816
73.33 0.0018 282 89 00310 362,32 0.0846
183,88 0.0024 288.96 0.0345 364.39 0.0876
191.61 0.0032 294,27 0.0379 26R.59 0.0903
. 198.57 0.0040 201 99 0.0414 371.83 0.0932
' 204.36 0.0048 300.092 0.0448 373.35 0.0958
200.74 0.0056 314.26 0.0482 374.73 0.0984
215.19 0.0065 318.54 0.0516 377.90 0.1007
21843 0.0073 324 81 0.0551 380.66 0.1021
222.36 0.0082

|
|
|
|
|
|
|
Vi
Table 20. Test data for specimen 11V-23 1
|
|
|
4
|

Test Number . MEA Test Test Temp. : 290°C
Aging Temp. : 350°C Aging Time 010,000 h
Yield Stress . 189.0 MPa Ultimate Stress : 442.8 MPa
Engr. "~ Engr. Engr.
Stress Engr Stress Engr. Stress Engr.
{MPa) Strain {(MPa) Strain {(MPa) Strain
22.55 0.0001 21146 0.0057 375.21 0.0873
21.17 0.0001 214.77 0.0065 384.66 0.0953
21.79 0.0001 219.80 0.0074 391.62 0.1035
38.13 0.0002 224.15 0.0082 398.52 0.1117
55.71 0.0003 226.84 0.0090 405.27 0.1201
78.19 0.0004 246.00 0.0150 400.55 0.1286
102.80 0.0006 26593 0.0219 414 86 0.1372
126.45 0.0008 281.10 0.0200 421.41 0.1458
148.38 0.0011 206.47 0.0362 424.72 0.1547
164.30 0.0015 311.09 0.0434 420.89 0.1639
175.40 0.0021 324.26 0.0506 43258 0.1731
185.40 0.0027 334 95 0.0578 434,90 0.1829
192.71 0.0034 344 BE 0.0650 436,02 0.1925 |
199.26 0.004 ] 357.36 0.0724 43892 0.2046 ]
205.74 0.0046 466.53 0.0798 442.02 0.2140
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Table 21.  Test data for specimen 12V-20

Test Number . MEA Test Test Temp. : 290°C
Aging Temp. : 350°C Aging Time . 10.000 h
Yield Stress 1 179.1 MPa Ultimate Stress : 437.8 MPa
Engr. ~Engr Engr.
Stress Engr. Stress mngr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
24.06 0.0001 215.74 0.0090 383.28 0.1135
24.41 0.0001 221.11 0.0100 390.66 0.1231
38.20 0.0002 22229 00111 397.55 0.1331
56,88 0.0004 226.42 0.0123 402.17 0.1432
81.01 0.0005 220.11 0.0135 408.79 0.1534
106.73 0.0008 252.42 0.0218 413.75 0.1636
129,48 0.0010 270,62 0.0309 417.55 0.1743
148.51 0.0015 288 61 0.0398 423.27 0.1854
163.34 0.0021 305.44 0.0487 424.99 0.1966
174.37 0.0029 319.85 0.0576 429.54 0.2086
183.81 0.0037 333,20 0.0667 430.85 0.2210
192.36 0.0047 344.32 0.0758 432.23 0.2336
199.88 0.0057 354.74 0.0852 435.89 0.2483
204.15 0.0067 365.28 0.0945 436.30 0.2624
209.74 0.0078 373.42 0.1039 436.78 0.2795
Table 22. Test data for specimer: P21T-01
Test Number : MEA Test Test Temp. 1 25°C
Aging Temp. . Unaged Aging Time i
Yield Stress 1 216.3 MPa Ultimate Stress : 538.3 MPa
“Engr Engr. Engr.
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
75.77 0.0002 225.73 0.003] 283.10 00101
95.56 0.0003 232.84 0.0038 267.31 0.0110
112.94 0.0004 239,59 0.0047 267.93 0.0120
133,55 0.0605 245.38 0.0055 27163 0.0130
154.30 0.0007 248.90 0.0063 272.62 0.0141
171.47 0.0010 253.38 0.0073 275.38 0.0152
189.81 0.0014 257.59 0.0082 276.31 00164
204 64 0.0018 259.66 0.0091 280.13 0.0174
215.53 0.0025
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Test data for specimen P23T-01
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Test Number : MEA Test Test Temp. 25°C

Aging Temp. . Unaged Aging Time -

Yield Stress . 238.1 MPa Ultimate Stress : 556.8 MPa
Stress Engr. Stress Engr. Stress Engr.
VP - train (MPaj Strain DIPw) Strain

0.00 0.0000 342.95 0.0845 358.18 0.2337
59.50 0.6904 347.50 0.0975 358.18 0.2444
136.45 0.0010 349.08 0.1064 358.18 0.2560
2]12.36 0.0024 350 46 0.1306 358.18 0.2653
226.56 0.0032 350.46 0.1474 358.18 0.2736
246.14 0.0052 350.46 0.1587 358.18 0.2837
256.35 0.0084 349.08 0.1633 358.18 0.2053
268.90 0.0004 350 04 0.1683 36197 0.3024
282.24 0.0142 352.87 0.1755 361.87 0.3118
204.41 0.0198 353.15 0.1798 365.22 0.3214
304.06 0.0263 354 .46 0.1848 365.22 0.3297
$13.44 0.0330 356.32 0.1901 368.66 0.3373
321.09 0.0398 357.70 0.1973 368.66 0.3398
332 19 0.0504 356.87 0.2048 36866 0.3472
337.84 0.0584 358.18 02124 3€8.66 0.3547
34205 0.0687 358 18 0.2225

Table 24. Tesl daa for specimen P22A-01

Test Number : MEA Test Test Temp. b - o B

Aging Temp. : Unaged Aging Time ~

Yield Stress : 206.4 MPa Ultimate Stress : 561.7 MPa

Experimental Data Not Available.

Table 25. Test data for specimen P23A-01

Test Number - MEA Test Test Temp. : 25°C

Aging Temp. . Unaged Aging Time -

Yield Stress 1 216.7 MPa Ultimate Stress : 536.9 MPa
Engr. Engr. Engr.

Stress Engr. Stress Engr. Stress Engr.

(MPa) Strain (MPa] Stramn {MPa) Strain

33,72 0.0000 21084 0.0025 260.28 0.0105

4002 0.0002 218.70 0.003] 282,97 0.0113

66.47 0.0003 22594 0.0037 265.17 0.0123

97.77 0.0004 23256 0.0045 268.28 0.0132
118.04 0.0005 237.73 0.0053 270.62 0.0141
139.14 0.0007 243.45 0.0061 27283 0.0151
156.44 0.0009 246.83 0.0070 275.31 0.0160
171.086 0.0011 250.56 0.0078 277.10 0.0170
18547 0.0014 254.42 0.0087 280.00 0.0180
19953 0.0018 257.24 0.6
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Table 26.  Test data for specimen P22T-16

Test Number 0 116 Test Temp. : 28°C
Aging Temp. : 290°C Aging Time £ 30,000 h
Yield Stress : 247.0 MPa Ultimate Stress : 580.1 MPa
Engr. Engr “Engr.
Streas Engr Stress Engr. Stress Engy
(MPa) Strain (MPa) Strain (MPa) Strain
43.0] 0.0000 342.66 0.0248 461.02 0.1430
186G 07 00015 363,69 1.0376 485 81 0.1553
201.17 00018 388.73 0.UB51 508.05 0.1023
223.14 00021 42122 0.0830 526.44 0.2260
261.00 0.0032 448.33 01060 541.88 0.2665
275.55 0.0042 4686.51 0.1272 562.32 0.3484
303.36 0.0088 475,56 0. 1355 57612 0.4433
323.48 0.0172 477.51 0.1360 580.05 0.5080
Table 27.  Test data for specimen P21A~-31
Test Number : 114 Test Temp. : 25°C
Aging Temp. 1 280°C Aging Time : 30.000 h
Yield Stress 1 242.6 MPa Ultimate Stress : 571.1 MPa
“Engr “Engr Engr.
Stress Engr Stress Engr. Stress Engr
MPa) Strain (MPa) Strain (MPa) Strain
0.00 0.0000 373.76 0.0571 514.47 0.2440
48.35 0.0003 394 .21 00734 531.02 0.2859
203.54 0.0031 427.78 0. 1008 530.23 0 2862
227.32 0.0036 451.32 0.1276 560.39 0.4079
2590 89 0.0049 46502 0.1452 560.29 04077
276.22 0.0088 46592 0.1455 565.28 0.4623
202 42 0.010] 478.12 0.1651 568,19 04721
314.12 0.0183 484.73 0.1789 571.09 0.5044
31590 0.0196 487 58 0.18% 57099 (.5495
33218 0273

st lad e e
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Table 28. Test data for specimen P25A-28
Test Number 111 Test Temp. 1 25°C
Aging Temp. : 280°C Aging Time 30,000 h
Yield Stress 1 223.9 MPa Ultimate Stress : 548.3 MPa
Engr. Engr. “Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain {MPa Strain
s
r 000 0.0000 321 69 0.0234 47675 01723
8641 0.0002 347.19 0.0401 483.05 0.1925
155.03 0.0000 368569 0.0567 504 89 0.2369
194.51 0.0016 383.86 0.0691 51141 0.2558
218.11 0.0023 405,18 00880 51294 0.2598
241.77 0.0025 419.23 0.099) 520.77 0.3100
261.95 0.0042 436.03 6.1167 536.79 0.3411
266 65 0.0052 447 42 0.1308 543.63 0.3742
287.33 0.0090 457 87 0.1450 548.27 0.4148
301.36 0.0135 458.27 0.1448
|
|
[ Table 29. Test data for specimen P21A-36
I
‘f Test Number : 286 Test Temp, L25°%C
# Aging Temp. . 290°C Aging Time : 58,000 h
| Yield Stress - 263.6 MPa Ultimate Stress - 583.8 MPa
|
| T Engr. Engr Engr.
: Stress Engr. Stress Engr. Stress Engr.
| {MPa) Strain (MPaj Strain (MPa) Strain
! 18.696 0.0001 427.554 0.0875 548.057 0.2827
24618 0.0001 440192 0.1004 557 686 0.3122
| 39.860 0.0001 455.767 0.1178 562.137 0.3283
[} 134.443 0.0005 464.743 0.1280 565863 0.3422
| 215831 0.0011 466,431 0.1312 573.991 0.3795
[ 253.721 0,0024 494 156 0.1706 574.572 0.3819
| 275.165 0.004) 495511 0.1728 578927 0.4081
| 361.700 0.0360 513.365 0.2038 580.330 0.4189
| 365 350 0.0382 514 574 0.2060 583.281 0.4486
| 387.177 0.0531 535.041 0.2401 583.475 0.4507
i 400.952 0 0638 535 864 0.2514 583.813 0.4631
|
|
: i
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Table 30. Test data for specimen P247-14
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Test Number 1118 Test Temp. 1 25°%C
Aging Temp. £ 320°C Aging Time : 30,000 h
Yield Stress 1 229.4 MEka Ultimate Stress  : 600.0 MPa
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain {MPa) Strain
1.08 0.0000 368.50 0.0424 521.97 0.2166
72.56 0.0001 305.11 0.0801 542.22 0.2682
207.27 0.0022 421.93 0.0814 560.21 03171
241.78 0.0027 344 92 0.1003 571.16 0.3615
27219 0.0048 467.12 0.1241 57692 0.4024
285.75 0.00€7 474.79 0.1323 594.04 0.5004
307.05 0.0117 486.37 0.1%14 59¢ 72 0.5632
326.49 0.0178 500 36 0.1771 800 3 0.6237
340.41 0.0239
Table 3!, Test data for specimen P25T-10
Test Number : 109 Test Temp. i L gy 1
Aging Temp. 1 320°C Aging Time : 30.000 h
Yield Stress . 258.1 MPa Ultimate Stress : 581.8 MPa
Engr. Engr. ~ Engr
Stress Engr. Stress Engr Stress Engr.
{MPa) Strain (MPaj Strain (MPa) Strain
0.00 0,0000 414.63 0.0790 534.40 0.2365
64.28 0.0003 443.49 0.0996 537.07 0.2424
164 .98 0.0022 452.36 0.1085 53008 0250
198 .69 0.0024 466.92 01227 541.90 0.2527
213.37 0.0029 469 64 1279 547.20 0.2668
219.84 0.0030 478.9) 0.1372 566.01 0.3318
249.13 0.0040 484.19 0.1494 567.78 0.3355
251.80 0.0043 493.73 0.1618 572.87 0.3572
275.62 0.0069 499 40 0.1732 57256 0.3660
287.20 0.0091 501.58 01740 574 42 0.3763
300.95 00124 505.86 0. 1857 574.32 0.3757
320.76 0.0189 511.37 0.1946 576.85 0.395]
33021 0.0274 517.49 0.2045 579.98 0.4058
366.24 0.0431 526.82 0.2223 581.80 04462
394 74 0.0626 531.62 02313
A-~17
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Table 32. Test data for specimen P22A-36

Test Number ;113 Test Temp. : 26°C
Aging Temp. : 320°C Aging Time :30.000 h
Yield Stress : 237.4 MPa Ultimate Stress : 603.0 MPa
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain lMP&) Strain
0.00 0.0000 437.15 0.0830 52].86 0.1973
67.86 0.0001 455.92 0.0989 541.57 0.236]
195.99 0.0015 465.90 0.1055 563.14 0.20942
220.01 0.0020 471.02 0.1108 563.62 0.2093
260.%3 0.0031 481.35 0.1347 577.37 0.3565
283.12 0.0050 484 70 0.1385 582.02 0.3841
295.07 {.0065 487.55 0.15688 583.56 0.3885
312.30 00098 504 35 0.1669 590.65 0.4283
330.98 0.0152 510.57 0.1782 6C1.19 0.5273
361.40 0.0298 516.28 0.1882 602 66 0.5777
391 84 0.0483 521 .81 01946 602.98 0.6590
414 .44 0.0649
Table 33. Test data for specimen P21A-19
Test Number . 283 Test Temp. 280
Aging Temp. : 320°C Aging Time : 55,000 h
Yield Stress 1 249.7 MPa Ultimate Stress : 605.2 MPa
Fror Engr. Ener
Stress Engr Stress Engr. Stress Engr.
‘MPI) Strain (Mpl) Su-am MM Strain
15.30 0.0001 351.39 0.0260 523.10 0.1626
16.83 0.0001 372.83 0.0360 524 69 01646
87.42 0.0003 376.63 0.0380 530.32 0.1726
68.12 0.0003 398.34 0.0500 538.61 0.1846
127.65 0.0006 401.60 0.0520 546.12 0. 1966
140.24 0.0007 404 98 0.0540 55647 0.2146
152.69 0.00C8 420.58 0.0640 563.74 0.2287
207.14 0.0015 426.26 0.0679 564 75 0.2307
223.62 0.0020 44308 0.0802 57146 0.2450
258.10 0.0038 44553 0.0822 577.56 0.2583
266,89 0.0046 46218 0.0063 581.56 0.2695
27380 0.0053 473.10 0.1064 582.28 J.2715
308.66 00113 487 .57 0.1207 594 80 0.3112
314 .87 0.0129 500 52 0.1847 598.37 0.3304
A-18
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Table 34. Test data for spectnen P22T-04

Test Number . MEA Test Test Temp. : 26°C
Aging Temp. : 350°C Aging Time : 10,000 h
Yield Stress : 252.3 MPa Ultimate Stress : 601.8 MPa
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain (MPa; Strain (MPa) - in
59.78 0.0003 314.81 0.0148 546.62 0.2670
91 70 0.0004 320.54 0.0163 552.41 0.2844
125.00 0.0006 362.30 0.0358 550.72 0.3022
180,85 0.0008 404.72 0.0641 564.40 0.3201
196.16 0.0011 424 99 0.0B08 570.20 0.3379
217.81 0.0017 441.82 0.0874 575.16 0.356]
23945 0.0024 457.81 0.1139 579.16 0.3743
254.35 0.0033 470.64 0.1306 583.37 0.3926
268.28 0.0044 482.98 0.1474 584.61 04112
277.24 0.0056 494 B4 0.1641 588.33 0.4299
28585 0.0068 506.70 0:1811 589.08 0.4487
290.41 0.0081 517 52 0.1982 592.81 0.4679
208.41 0.0094 524.62 0.2154 596.67 0.4868
302.13 0.0107 533.38 0.2325 596.05 0.5056
306,82 0.0121 541.10 0.2496 597.36 0.5240
314.88 0.0134
Table 35. Test data for specimen P23A-14
Test Number : MEA Test Test Temp. : 26°C
Aging Temp. : 350°C Aging Time 0 10,000 h
Yield Stress 1 2492 MPa Ultimate Stress : 594.3 MPa
Engr. Engr. EW
Stress Engr. Stress Engr, Stress Engr.
(MPa) Strain {MPa) Strain (MPa) Strain
22.82 0.0002 28B.48 0.0086 537.79 0.2465
43.37 0.0003 204.27 0.0096 545.58 0.2655
66.26 0.0004 287.51 0.0107 55206 0.2845
83.22 0.0005 302.68 00119 557.85 0.3039
121.28 0.0006 34253 0.0278 565.85 0.3237
149.00 0.0008 374.73 0.046] 570.82 0.3436
175.54 0.0010 402.93 0.0655 571.92 0.3637
199.8) 0.0014 437.27 0.1004 579.85 0.3844
220 63 00019 458 85 01176 580 61 04054
238.08 0.0027 474.22 0.1356 585.02 0.4287
250.28 2.0035 4586 49 0.1538 588.54 0.4487
250.24 0.0044 49B.63 0.1720 588.6] 04714
270.14 0.0054 51056 Q. 1904 590.74 0.4951
275.03 0.0064 521.38 0.2080 592.40 0.5204
285.10 0.0075 52079 0.2277
A-19
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Table 36. Test data for specimen P23A-36

Test Number : MEA Test Test Temp. : 29°C
Aging Temp : 350°C Aging Time - 10,000 h
Yield Stress 1 265.2 MPa Ultimate Str'ss  : 608.5 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
3.17 0.0002 20820 0.0108 548.34 0.2622
33.58 0.0002 301.30 0.0119 556.82 0.2838
61.98 0.0004 306.13 0.0131 564.13 0.3057
94,32 0.0005 308.13 0.0144 571.44 0.3279
130.66 0.0008 311.92 0.0157 576.61 0.3502
166.03 0.0010 355.42 0.0359 581.64 0.3732
203.8) 0.0012 38R.17 0.0576 585.92 0.3961
237.66 0.0015 418.30 0.0798 580.19 0.4196
254.76 0.0024 455.95 0.1164 593.50 0.4435
262.21 0.0054 474.29 0.1365 597.57 0.4676
271.24 0.0045 490.22 0.1572 600.12 0.4922
278.10 0.0057 504.35 0.1778 602.19 05174
282.82 00069 517.18 0.1986 603.91 0.5429
289 44 0.008) 528.48 0.2196 608.33 0.5689
292 96 0.0083 £38.17 0.24500 607 .98 0.5955
Table 37. Test data for specimer P22T-11
Test Number 1110 Test Temp. 1 25°C
Aging Temp. : 350°C Aging Time : 30.000 h
Yield Stress 1 249.3 MPa Ultimate Stress : 628.4 MPa
Engr. Engr Engr.
Stress Engr Stress Engr Stress Engr.
{MPa) Strain {MPaj Strain (MPa) Strain
0.00 0.0000 437.70 0.0736 578.79 0.2605
6387 0.0003 459.60 0.0898 582.08 0.2690
20391 0.0025 471.05 0.0973 587.96 0.2787
222.66 0.0028 484 95 01108 589.58 0.2852
220.32 0.0029 497.35 0.1235 592.32 0.2982
24074 0.0036 518.00 0.1476 594.90 0.3027
286.31 0.0062 521.30 0.1541 597.52 0.2136
300.38 0.0080 527.36 0.1624 603.4] 0.3340
333.688 00158 536.88 0.1732 607.02 0.3542
370.83 0.0287 540.59 0.1816 61092 0.3707
377.32 0.0333 549 .45 0.1968 61492 0.3913
B88.17 0.0403 5683.77 0.2188 621.68 0.4432
403.38 0.0502 564 .52 0.2301 623.50 0.4576
417.59 0.0575 569.11 0.2389 625.01 0.4708
432.22 0 0680 573.9) 0.2496 628.40 0.5554
A-20




Table 38. Test data for specimen P22A-13
Test Number : 112 Test Temp. : 28°C
Aging Temp. 1 350°C Aging Time : 30,000 h
Yield Stress : 245.5 MPa Ultimate Stress 6154 MPa
Engr Engr. Engr.
Stress Engr, Stress Engr Stress Engr.
(MPaj Strain (MPa) Strain (MPa) Stran
0.00 0.0000 382 98 0.0400 570.86 0.2623
92 46 0.0003 402.17 0.0535 580.24 02911
194.32 0.0016 424.97 0.0691 581.92 0.2085
21644 0.0019 45194 0.0896 583.79 0.3018
228.12 0.0021 474.33 0.1065 589.03 0.3270
266.02 0.0036 479.54 0.1115 50051 0.3272
28) .00 0.0048 484 08 01211 601.41 0.3777
301.46 00076 509.21 0.1497 602.22 0.3855
321.99 00124 500.31 0.1496 607.76 0.4254
335.17 00174 537.42 0.1913 614.32 04766
35857 0.0266 554.68 0.2264 615.30 0.5406
Table 39. Test data for specimern P24A-32
Test Number {435 Test Temp. -
Aging Temp. : 850°C Aging Time : 30,000 h
Yield Stress : 225.4 MPa Ultimate Stress : 617.2 MPa
Engr Engr Engr.
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain {(MPa) Strain (MPa) Strain
0.00 0.0000 358.05 0.0305 528.87 0.1818
187.93 0.0013 382 89 0.0445 561.70 0.2462
204 623 0.0014 421.08 0.0707 580.29 0.2082
216.16 0.0017 444 80 0.0878 591.20 0.3395
254.69 0.0030 476.19 0.1127 602.95 0.3998
285.18 0.0085 484 47 0.1257 612.92 0.4005
306.94 0.0101 510.08 0.1561 617.20 0.5470
336.38 0.0197
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Table 42.  Test data for specimen P21T-02

Test Number : MEA Test Test Temp. : 290°C
Aging Temp. : Unaged Aging Time P
Yield Stress : 161.3 MPa Ultimate Stress : 387.1 MPa
Engr. Engr. iEnsr
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
14.07 0.0000 181.95 00074 247.11 0.0423
25 86 0.0005 194.16 0.0007 250.56 0.0465
36 68 0.0007 204.02 0.0125 253.52 0.0509
67 .84 0.0012 211.53 0.0153 256.14 0.0551
83.63 0.0016 217.60 0.0182 250.59 0.0594
100.66 0.0020 224.56 0.0217 261.73 0.0639
117.90 0.0026 230.97 0.0257 264.28 0.0882
135.00 0.0032 23532 0.0299 267.52 0.0726
152.87 0.0043 240.01 0.0340 269.45 0.0772
167.20 0.0056 243.52 0.0381
Table 43.  Test data for specimen P23T-02
Test Number : MEA Test Test Temp. 1 290°C
Aging Temp. : Unaged Aging Time D
Yield Stress . 154.2 MPa Ultimate Stress : 405.0 MPa
Engr. Engr. ~ Engr.
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain {MPa) Strain (MPaj Strain
4.48 0.0001 53.71 0.0005 140.17 0.0022
10.20 0.0001 70.40 0.0008 148.51 0.0029
14.89 0.0002 86.80 0.0008 154.58 0.0037
20.58 0.0003 101.70 0.0011 159.13 0.0045
20.99 0.0003 117.80 0.0013 163.61 0.0056
41.71 0.0004 130.59 0.0017 166.99 0.0064
Table 44.  Test data for specimen P22A-02
Test Number . MEA Test Test Temp. 1 290°C
Aging Temp. : Unaged Aging Time i
Yield Stress 1 137.9 MPa Ultimate Stress : 406.9 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MFa) Stramn (MPa) Strain (MPa) Strain
10.69 0.0002 61.78 0.0009 154.37 0.0079
1241 0.0002 74.12 0.0011 156.58 0.0089
1427 0.0002 89.01 00013 156,82 0.6099
15.38 0.0002 102,32 0.0015 161.61 0.0107
16.27 0.0002 113.62 0.0019 164 16 0.0117
17.37 0.0003 123.07 0.0024 166.92 0.0125
18.48 0.0003 131.07 0.0030 168.08 0.0134
19.72 0.0003 136 31 0.0037 170.87 00144
21.03 0.0003 141.00 0.0045 172.78 001852
25.65 0.0004 144 86 0.0053 174.44 0.0161
31.65 0.0004 148.5) 0.0062 176.37 0.0171
A-23
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Table 45. Test data for specimen P23A-02

Test Number : MEA Test Test Temp. : 290°C
Aging Temp, : Unaged Aging Time L
Yield Stress : 144.0 MPa Ultimate Stress : 385.1 MPa
Experimental Data Not Avatlable.
Table 46.  Test data for specimen P21A-32
Test Number 267 Test Temp. 1 290°C
Aging Temp : 290°C Aging Time 30,000 h
Yield Stress 0 162.3 MPa Ultimate Stress : 403.4 MPa
Engr Engr Engr.
Stress Engr Stress Engr. Stress Engr
(MPa) Strain (MPaj Strain (MPa) Strain
44.672 0.0002 242 806 0.0422 371,405 0.1684
46773 0.0002 259.60] 0.0836 372.644 0.1705
102.361 0,0003 283.979 0.071!} 381.762 0.1884
111518 0.0004 282.211 00774 382.837 0.1905
120.420 0.0005 312.492 0.0948 387.358 0.2027
127.914 0.0006 319.388 0.1015 396,616 0.2282
165.299 0.003] 332.218 0.1146 397642 0.2353
170,403 0.0042 338.126 0.121% 400.346 0.2485
18€. 100 0.0097 345.534 0.1300 402920 0.2595
191.021 0.0117 355.655 0.1437 402.216 0.2615
218.343 0.0270 360.315 0.1504 403.42) 0.2727
Table 47.  Test data for specimen P21A-33
Test Number - 070 Test Temp. : 290°C
Aging Temp. : 290°C Aging Time £ 30,000 h
Yield Stress : 155.2 MPa Ultimate Stress : 405.9 MPa
Engr. Engr Engr.
Stress Engr Stress £ngr. Stress Engr.
(MPa) Stramn (MPa) Strain (MPa) Strain
126.22 0.0010 231.7% 0.0186 351.63 0.1175
156.63 0.0024 237.87 0.0205 354.16 0.1213
164 81 0.0030 24283 0.0232 362.63 0.1327
168.80 0.00386 250.06 0.0283 365.60 0.1367
172.02 Q.0041 254.96 0.0320 368.00 0.1402
179.2) 0.0087 260.16 0.0359 374.97 0.1516
184 .07 0.0069 266.55 00410 381.21 0.1652
187.40 0.0082 275.01 00476 384 64 0.1709
192.53 0.0102 286.24 0.0572 388.73 C. 1803
197.56 0.0123 207.42 0.0666 393.20 0.1924
202.25 0.0132 307.78 0.0757 396,45 0.2015
204.73 0.0138 318.13 0.0850 300.57 0.2143
208.74 0.0145 328 51 00948 401.57 0.2232
212.31 0.0151 336.87 0.1013 403.44 0.2318
217.96 00161 34072 6.1052 40535 0.2407
226,73 0.0177 345,13 0.1101 40591 0.2449
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Table 48,  Test data for specimen P24T-16

Test Number : MEA Test Test Temp. : 280°C
Aging Temp. : 290°C Aging Time : 30,000 h
Yield Stress : 148.2 MPa Ultimate Stress : 407.0 MPa
Experimental Data Not Available.
Table 49.  Test data for specimen P2iA-37
Test Number 1316 Test Temp. 1 290°C
Aging Temp. . 200°C Aging Time : 58.000 h
Yield Stress : 164.2 MPa Ultimate Stress : 410.7 MPa
Engr. Engr. Engr
Stress Engr Stress Engr, Stress Engr.
MPa) Strain (MPa) Strain (MPa) Strain
24.807 0.000 190.360 0.009 360.330 0.134
59.530 0.000 196.230 0.011 390.370 0.183
70.650 0.000 235510 0.031 394.480 0.192
81.700 0.000 246 BA0 0.038 396.880 0.199
112.760 0,001 261.030 0.047 400.100 0.208
121.120 0001 267.710 0.05) 400.920 0.211
128.690 0.001 280.710 0.060 409.240 0.243
135470 0.001 208.400 0.073 409.740 0.246
154.940 0.002 333.400 0.104 409.940 0.248
161.630 0.003 335.600 0.106 410.590 0.257
167.120 0003 351.350 0.123 410.590 0.259
Table 50. Test data for specimen P22T-17
Test Number 1317 Test Temp. ; 200°C
Aging Temp. : 290°C Aging Time : 58.000 h
Yield Stress  177.5 MPa Ultimate Stress @ 422.7 MPa
Engr Engr ~ Engr.
Stress Engr Stress Engr Stress Engr.
(MPa) Strain (MFa) Strain (MPa) Strain
16.930 0.000 252.800 0.035 406.590 0.200
20.250 0.000 256.530 0.08, 409.000 0.207
34 980 0.000 260.240 0.039 411.600 0218
46.610 0.000 303 830 0.070 414.150 0.225
58.520 0.000 319.660 0.081 414.850 0227
292410 0.000 322.270 0,083 416.820 0.239
103.720 0.000 324 .820 0.085 417 460 0.241
151.770 0.001 374.050 0.137 418.280 0.245
177.440 0.008 384.420 0.153 418920 0.252
195.040 0.006 308.700 0.179 419.580 0.254
200.220 0.008 399.640 0.182 420.160 0.256
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J Table 51. Test data for specimen P21A-14

Test Number 075 Test Temp. : 290°C
| Aging Temp. : 320°C Aging Time : 30,000 b
_' Yield Stress : 153.2 MPa Ultimate Stress : 428.9 MPa
: e — s ———
{ Engr. Engr Engr.
= Stress Engr. Stress Engr. Stress Engr.
(MPa) Stram (MPa) Strain (MPa) Strain
|
‘| 0.00 0 0000 240.59 0.0126 339.96 0.081)
| 126.47 0.0007 247.15 00151 351.42 0.0912
‘. 140.94 0.0010 251.64 00176 364.20 0.1004
| 153.12 00015 257.87 0.02i4 376.00 0.1122
| 161.24 0.0019 262.9] 0.0242 390.12 0.1302
16847 0.0023 26807 0.0276 397.02 0.1402
[ 179.44 0.0032 275.15 0.0318 404 68 0.1528
; 188.51 0.0046 280.09 00349 409 96 0.1637
i‘ 197.32 0.0062 285.05 0.0386 414.54 0.1785
| 205.07 0.0073 201.29 0.0429 418.00 0.1823
21249 0.0082 207.23 0 0470 410.93 0.1911
218.37 0.0089 302.06 0.0503 422.02 0.2012
223.76 0.0094 316.65 0.0616 424.43 0.2107
228 26 0.0100 323.63 0.0675 426.22 0.2229
233.74 0.0108 332.60 0.0748 428.89 0.2429
Table 52. Test data for specimen P21A-15
| Test Number : 268 Test Temp. 1 290°C
. Aging Temp. ' 320°C Aging Time : 30,000 h
| Yield Stress . 163.9 MPa Ultimate Stress  422.7 MPa
t
| Engr Engr. Engr.
| Stress Engr. Stress Engr. Stress .
| (MPa) Strain (MPr) Strain (MPa) Strain
|
| 41.587 0.0002 181.122 0.0053 352.778 0.1018
| 57.834 0.0002 202.641 0.0118 368 880 0.1170
| 67.757 0.0002 207.981 00142 371.000 0.1192
| 87.450 0.0002 212.072 0.0162 390,322 0.1413
97.43€ 0.0003 221.866 0.0205 398.230 0,1522
106.786 0.0003 267.526 0.0440 403.850 0.1608
0.0004 274.437 0.0451 410.038 0.1718
123.186 0.0006 282.514 0.0526 415.142 0.1827
130.199 0.0006 292 520 0.0586 419.248 0.1936
168 039 0.0033 302.756 0.0651 420.728 0.1997
175.526 0.0042 318.588 00756 421.191 0.2021

l
!
115,687
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Table 53. Test data for specimen P21A-16

g_

Test Number - 068 Test Temp. £ 290°C
| Aging Temp. ' 320°C Aging Time : 30.000 h
| Yield Stress : 152.6 MPa Ultimate Stress : 407.7 MPa
| Engr. Engr Engr.
- Stress Engr. Stress Engr. Stress Engr.
| (MPa) Strain (MPa) Strain (MPa) Strain
t
117.51 0.0008 . 6.83 0.0394 369.41 0.1158
129.27 0.0011 288.36 0.0476 372.84 0.1193
139.60 0.0014 297.98 0.0550 378.80 0,1272
151.74 0.0020 305,49 0.0606 381.74 0.1318
, 162.95 0.0028 812.11 0.0658 385.80 0.1367
[ 175.68 0.0043 317.36 0.0701 388.53 0.1428
| 186.25 0.0062 325.09 0.0746 392.00 0.1497
195.49 0.0086 329.66 0.0803 393.84 0.1562
202.07 0.0098 334.76 0.0849 396 52 0.1628
207.07 0.0106 340.40 0.0894 390.06 0.1698
21881 0.0121 346.73 0.0946 401.88 0.1771
230.35 0.0137 351.53 0.0993 403.67 0.1841
243.26 0.0183 357.51 0.1028 405,27 0.16186
252.14 0.0232 362.26 0.1077 407.10 0.2028
264.26 00310 365,54 0.1113 407.71 0.2005
Table 54. Test data for specimen P25T-12
Test Number 1 313 Test Temp. . 200°C
Aging Temp. : 320°C Aging Time : 55,000 h
Yield Stress 171.4 MPa Ultimate Stress : 418.4 MPa
Engr‘ Engr. EIW
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain {(MPa) Strain (MPa) Strain
13.831 0.000] 218 952 0.0175 357.128 01118
19.288 0.000 | 231.905 0.0240 361.320 0.1158
100.585 0.0001 244.707 0.0308 363.373 0.1180
124 689 0.0003 256 660 0.0375 376516 0.1384
131.517 0.0005 267 876 0.0440 378.208 0.1355
156.208 0.0015 278 688 0.0506 384.704 0.1445
174.466 0.0033 292.401 0.0523 390.576 0.1532
180.836 0.0044 311.206 0.0723 406.128 0.1818
192.530 0.0072 325432 0.0831 408,751 0.1909
198.021 0.0080 330.782 0.0875 410.687 0.193)
202 908 0.0108 348 084 0.1027 418.378 0.2268
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Table 55. Test data for specimen P21A-18

B — IS ——

Test Number : 312 Test Temp. 1 290°C
Aging Temp. 1 320°C Aging Time 1 65,000 h
Yield Stress . 168.6 MPa Ultimate Stress : 416.4 MPa
“Engr. Engr. Engr.
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain BiPx) Strain
20.303 0.0001 173.689 0.0032 3i0.676 0.0756
24,643 0,0001 196.740 0.0079 322.429 0.0777
64.311 0.0002 202.251 0.0096 338.256 0.0910
74.931 0.0002 228815 0.0206 345.495 0.0973
B6.046 0.0002 242.470 0.0274 350.063 0.1019
96.464 0.0003 250 870 0.0319 364.845 0.1172
123.313 0.0006 263.030 0.0386 377.614 0.1326
136.832 0.0008 270.539 0.0429 385.520 0.1439
142.711 0.0011 288.505 0.0539 397.627 0.1640
160.977 0.0021 295 124 0.0582 408.518 0.1883
167.872 0.0026 304,744 0.0648 415.626 0.2158
Table 56  Test data for specimen P21T-08
Test Number : MEA Test Test Temp. : 280°C
Aging Temp. 1 350°C Aging Time - 10,000 h
Yield Stress : 155.6 MPa Ultimate Stress : 423.6 MPa
Engr. Engr. ﬁngr
Stress Engr. Stress Engr. Stress Engr.
atad Strain P Strain hEtw) Strain
37.65 0.0002 202.84 0.0139 358.91 0.1300
60.05 0.0003 208.57 0.0158 371.56 0.1418
85.01 0.0005 209.88 0.0170 379.90 0.1537
112.80 0.0008 21277 0.0184 385.14 0.1657
132,66 0.0014 233.04 0.0288 393.00 0.1780
150.31 0.0024 252.97 0.0402 397,34 0.1906
1862.79 0.0036 27096 0.0513 402.24 0.2035
171.82 0.0049 288.41 0.0824 407.55 0.2168
179.47 0.0064 303.78 0.0735 411.13 0.2305
185.47 0.0079 316.68 0.0847 414.86 0.2448
190.16 0.0094 330.26 0.0958 417.48 0.2503
195.19 0.0109 341.64 0.1071 417.75 0.2756
198 84 ©.0125 352.39 0.1184 42037 0.2938
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Table 57, Test data for specimen P22T-05

Test Number - MEA Test Test Temp. : 290°C
Aging Temp. . 350°C Aging Time 1 10,000 h
Yield Stress ; 153.8 MPa Ultimate Stress  : 399.0 MPa
Engr Engr. “Engr.
Stress Engr Stress Engr. Stress Engr.
22.55 0.0002 195.60 0.0136 338.12 0.1086
26.75 0.0002 200.36 0.015] 345.15 0.1180
50.06 0.0003 202.91 00164 353.84 0.1275
80.46 0.0005 206.08 0.0178 360.60 0.1370
113.97 0.0008 208.50 0.0191 366.46 0.1468
135.48 0.00186 224.91 0.0271 372.87 0.1567
150.17 0.0026 241.73 0.0362 377.35 0.1668
161.13 0 0038 256.90 0.0452 381.14 0.1773
168 58 0.0051 271.52 0.0542 386.73 0.1881
173.82 0.0065 283.86 0.0832 388.59 0.1983
180.64 0.0079 296.20 0.0723 391.83 0.2110
184.37 0.0094 807.78 0.0813 396.10 0.2236
189.47 0.0108 318.12 0.0804 397.48 0.2380
193 33 60122 a28.33 0.0995 398.79 0.2563
Table 58. Test data for spectmen P23A-15
Test Number : MEA Test Test Temp. 1 290°C
Aging Temp. . 350°C Aging Time : 10,000 h
Yield Stress :161.0 MPa Ultimate Stress : 415.4 MPa
Engr. Engr f::rngr.
Stress Engr Stress Engr Stress Engr.
(MPaj Strain (MPa) Strain (MPa) Strain
10.68 0.0002 61.78 0.0009 154.37 0.007%
1241 0.0002 7412 00011 156.58 0.0089
14.27 0.0002 89,01 0.0013 159.62 0.0098
15.38 0.0002 102.32 00015 181.81 0.0107
16.27 0.0002 11363 0.0019 164.16 0.0117
17.37 0.0003 123.07 0.0024 166,92 0.0125
18.48 0.0003 131.07 0.0030 168.09 0.0134
19.72 0.0003 136.31 0.0037 170.37 0.0144
21.03 0.0003 141.00 00045 172.78 0.0152
25.65 0 0004 194,86 0.0053 174.44 001861
31.65 0.0004 148.51 0.0062 176.37 00171
39 .85 0.0006 151.55 0.0071 178,51 00179
49.64 0.0007
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Table 61. Test data for specimen P24A-30

Test Number 1072 Test Temp. : 290°C
Aging Temp. : 350°C Aging Time : 30,000 h
Yield Stress 1 142.4 MPa Ultimate Stress 432.1 MPa
Engr. Engr. “Engr.
Stress Engr. Stress Engr, Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
131.1300 0.0010 256.7900 0.0283 3750100 0.1331
140.8100 0.0014 260 5500 0.0311 381.8400 0.1423
150.2400 0.0020 264.3600 0.0336 389. 1000 0.1534
157 .B500 0.0025 269.0900 0.0375 395.7200 0.18641
164.8200 0.0033 273.1500 0.0401 400.1100 0.1726
178.5500 0.0056 283 6000 0.0478 4040000 0.18B13
184.0400 0.0089 289.0800 0.0517 408.2200 0.1913
190.3500 0.009) 204 .0900 0.0581 412.8200 0.203]
196.1700 0.0115 301.9000 0.0825 416.9400 0.2131
204.0100 0.013) 314.8300 0.0730 420.8400  0.2262
208.8700 0.0140 327.0800 0.0861 4224100 0.2322
220.8700 0.0158 334.2300 0.0925 426.1800  ©.2507
228.2500 00170 341.9300 0.0989 4283100  0.2628
233.0900 0.0180 345.6800 0.1004 4300600  0.2746
239.4400 0.0202 361.3300 0.1163 431.4700 0.2825
251.7600 0.0252 364.5300 0.1201 432 1300 0.2978
Tabie 62. Test data for specimen P24A-33
Test Number . 266 Test Temp. : 290°C
Aging Temp. : 350°C Aging Time : 30,000 h
Yield Stress 1 149.1 MPa Ultimate Stress :425.7 MPa
Engr. Engr. ~ Engr.
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain {(MPal Strain
40.469 0.0002 174.3525 0.0071 377.208 0.1414
62,385 0.0002 191185 0.0125 387.253 0.1546
72.151 0.0002 224.120 0.0276 391.765 0.1809
99.523 0.0004 228.372 0.0300 403.010 0.1784
107.6186 0.0005 255 185 0.0450 404.316 00,1805
114.890 0.0005 274.007 00561 411.70% 0.1958
120.765 0.0007 316.520 0.0848 415.330 0.2043
125.966 0.0009 324415 0.0910 415.990 0.2064
134 208 0.0013 345.233 0.1085 422.545 0.2264
141.149 0.0018 347.565 0.11086 424.256 0.2331
166.298 0.0057 370.291 0.1344 425780 0.2480
A-31
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; Table 63.  Test data for specimen P24T-06
1 Test Number : MEA Test Test Temp. : 280°C
. Aging Temp. - 400°C Aging Time : 10,000 h
Yield Stress 0 160 4 MPa Ultimate Stress : 447.1 MPa
Engr. Engr Engr
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain :
40.40 0.0002 215.12 00125 371.63 0.1019 1
64.26 0.0004 219.32 0.0138 381.56 0.1110
90.32 0.0005 223.46 0.0151 389.90 0.1202 ‘
. 113.3% 0.0008 226 98 0.0163 398.52 0.1206
' 131.69 0.0014 244.56 0.0239 405 83 0.1391
147.00 0.0021 263.10 0.0324 412.86 0.1488
: 160.37 0.0030 280.69 0.0509 42037 0.1588
. 170,09 0.0040 207.03 0.0494 42527 0.1691
, 180.99 0.0651 310.95 0.0580 430.23 0.1796 I
187.05 0.0062 324.88 0.6670 434.58 0.1905
192.85 0.0073 330.08 0.0754 439.06 0.2019 |
199.53 0.0086 349.70 0.084) 440.92 0.2138
204 .71 0.0099 361.70 0.0930 443.82 0.2269
20919 0.0112

Table 64.  Test data for specimen P24A-05
Test Number . MEA Test Test Temp. : 290°C
Aging Temp. - 400°C Aging Time : 10,000 h
Yield Stress . 146.6 MPa Ultimate Stress : 430.6 MPa
Stress Engr. Stress Engr Stress Engr.
MPa) Strain (MPa) Strain (MPa) Strain
56.54 0.0003 207.05 00160 365.42 0.124)
B7.77 0.0006 212.70 00184 37452 0.1340
115.07 0.0011 215.19 0.0198 381.62 0.1442
133.07 0.0020 2]8.22 0.0212 389.14 0.1546
146.58 0.0030 236.83 0.0300 395.07 0.1650
157.48 0.0041 25545 0.0385 401.69 0.1757
166.30 0.0053 271.58 0.0489 406.79 0.1868
173.47 0.0066 287.24 0.0581 411.69 0.1980
180.37 0.0080 29916 0.0673 416.37 0.2096 uil
186.02 0.0005 312,05 00767 420.37 0.2218
180.09 0.0108 325.02 0.0860 423.34 0.2342
195.60 0.0124 336.46 0.00953 42541 0.2470
200.15 0.0139 34750 0.1048 427.75 0.2608
20261 0.0154 357.42 0.1144 42892 0.2753
]
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Table 65. Test data for specimen 693-40

Test Number : MEA Test Test Temp. 128°C
Aging Temp. : Unaged Aging Time -
Yield Stress . 278.8 MPa Ultimate Stress © 606.0 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
0P} Strain (MPaj Strain (MPa) Strain
16.62 0.0001 360.73 0.0286 562.20 0.3066
34.27 0.0002 389.00 0.0449 570.20 0.3265
73.77 0.0004 412.44 0.0630 573.02 0.3465
118.45 0.0007 433.40 0.0811 578.88 0 3669
143.34 0.0008 450.64 0.0991 583.23 0.3876
195.81 00012 464.64 0.1172 586.61 0.4084
219.46 0.0015 481.32 0.1356 §590.95 0.4294
239 87 0.0020 492.84 0.1539 502.88 0.4509
258.35 0.0026 505.25 0.1725 597.02 0.4728
274.20 0.0034 515.11 0.1912 599.50 0.4952
288.27 0.0043 523.45 0 2009 600 .58 05182
296,89 0.0053 532.07 0.2289 601.98 0.5421
305.85 0.0064 541.79 0.2480 605.98 0.5671
31213 0.0075 551.17 0.2675 604.26 0.5947
316.95 0.0088 555.37 0.2869 580.26 0.6277
Table 66. Test data for specimen 693-41
Test Number . MEA Test Test Temnp. 1 25°C
Aging Temp. . Unaged Aging Time t-
Yield Stress 1 273.4 MPa Ultimate Stress : 583.6 MPa
Engr. Engr. Engr.
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
20.55 0.0001 316.12 0.0103 543.86 0.2884
6’3 9k 0.0004 354 46 0.0275 546.89 0.3056
L.25 0.0006 380.66 0.0443 550.44 0.342}
136 86 0.0008 399.82 00609 564.06 0.3600
166.37 0.0010 41879 0.0772 564.89 0.3780
192,78 0.0012 434.30 0.0935 567.44 0.3963
218.08 0.0016 448.71 0.1006 572.13 0.4150
241.52 0.002) 462.71 0.1258 572.47 0.4339
255.80 0.0028 472.98 0.1419 576.06 0.453]
273.38 0.0037 485 18 0.1581 578.61 0.4727
283.24 0.0046 492.63 0.1742 579.02 0.4830
294 06 0.0056 503.87 0.1903 580.54 05144
299.09 Q.0067 51145 0.2085 570.99 0.5383
305.78 0.0079 518.83 0.2227 530 .90 0.5798
310.54 .0081 532.07 0.25653
A-33
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Tabie 67.
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Test data for specimen 694-30

Test Nv:mber 1213 Test Temp. : 25°C
Aging Temp. : 280°C Aging Time - 30.000 h
Yield Stress : 253.6 MPa Ultimate Stress : 592.7 MPa
Engr. Engr. Engr.
Stress Engr Stress Eagr. Stress A
{MPa) Strain (MPaj Strain MPa) Strain
16.064 0.0001 304.492 0.0131 471.505 0.1353
2B.651 0.0002 300.672 00149 486.665 0.1520
39.172 0.0003 325.200 0.0214 503.595 0.1720
83.755 0.0008 357.123 0.0386 511.477 0.1834
95.319 0.0007 370.342 0.0475 534.831 0.2191
106,981 0.0008 385 662 0.05681 546.581 0.2396
156.728 0.0013 417.769 0.0835 559.996 0.2673
168.547 00014 427 478 00819 560.543 0.2912
201.697 0.0020 442.337 0.1053 570.326 0.2934
211.739 0.0022 457.774 0.1206 585.602 0.3471
275.874 0.0063 469 830 0.1331 592.701 04041
Table 68. Test data _for specimen 694-31
Test Number 1214 Test Temp. : 25°C
Aging Temp. : 280°C Aging Time : 30.000 h
Yield Stress 1 264.1 MPa Ultimate Stress : 588.9 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
16.244 0.0001 353.863 0.0233 490,937 0.1322
0.299 0.0002 371.853 0.0323 508.542 0.1564
76.004 0.0004 376.140 0.0346 514.150 0.1651
86.479 0.0005 387.844 0.0413 520.756 0.1813
134.548 0.0008 30).354 0.0436 537.120 0.2055
146.345 0.0008 405.317 0.0527 S538.046 0.2075
202 168 0.0015 424.102 0.0663 541,167 0.2142
266.385 0.0037 443 453 0.0823 557 456 0.2551
2B8.237 0.0056 453.475 0.0918 551 650 0.2671
203641 0.0062 467.432 0.1053 574.865 0.3158
316.566 00103 477.244 0.116] 5B6.472 0.3843
A-34
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Table 69. Test data for specimen 69-135

Test Number 1212 Test Temp. ; 25°C
Aging Temp. . 280°C Aging Time : 30,000 h
Yield Stress 2447 MPa Ultimate Stress - 600.6 MPa
._Engx. Engr JE.ngr.
Stress Engr Stress Engr. Stress Engr.
{MPa) Strain (MPa) Strain (Mpl, Strain
14.941 0.0001 373,098 0.0399 537.746 0.2300
28.372 0.0052 395.391 0.0530 559.708 0.2875
36,164 0.9003 401.251] 0.0578 560 534 0.2896
B2.127 00006 427.169 0.0780 561.166 0.2918
93,196 0.0007 443 763 0.0031 564.956 0.304)
162 694 0.0014 463.539 0.1132 567.620 0.3145
20).857 0.0022 488.281 0.1438 578.707 0.3584
244 583 0.0039 506,308 0.1702 581.234 0.3689
250 010 0.0042 514.908 0.1646 590.514 0.4220
286 78R8 0.0077 515.880 0.1867 509.746 0.5063
310 BOG 0.0127 522 B28 0.1990 600,670 0.5351]
Table 70. Test data for specimen 694-21
Test Number : 129 Test Temp. : 28°C
Aging Temp - 320°C Aging Time 0 10,000 h
Yield Stress - 286.7 MPa Ultimate Stress : 624.6 MPa
Engr. Engr. Engr.
Stress Engr Stress Engr Stress Engr.
MPal Strain (MPa) Strain (MPa) Strain
0.00 0.0000 337.70 0.0100 516.64 0.1202
2529 0.0001 355 B85 00139 540.48 0.1493
25.78 0.0001 375.32 0.0230 563.50 0.1909
202.11 0.0028 301 68 00314 562.73 0.1925
220.67 0.0031 423.52 0.0439 587.68 0.2523
22047 0.0032 456.54 0.0688 606.91 0.3300
278.46 0.0047 478.25 0.0847 624.63 04168
314,64 0.0073 492 58 0.0976
A-35
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Table 71. Test data for specimen 694-25
Test Number 1 138 Test Temp. 1 25°C
Aging Temp. . 320°C Aging Time : 10,000 h
Yield Stress :232.1 MPa Ultimate Stress : 585.4 MPa
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
0.00 0.0000 345.97 0.0272 480.97 0.1759 F
6376 0.0002 367.11 0.0422 511.55 0.2187
196.90 0.0020 391.60 0.0608 528.74 0.2605
216.59 0.0026 423.07 0.0910 559.66 0.3535
270.79 0.0047 458.08 0.1248 578.29 0.4746
286.44 0.0066 478.44 0.1529 578.20 0.4747 |
310.53 00112 483 92 0.1637 58542 0.5537 I
326,69 00182 i

Table 72.  Test data for specunen 692-40

Test Number - 169 Test Temp. 25°C
Aging Temp. S20°C Aging Time 230,000 h
Yield Stress . 289.6 MPa Ultimate Stress : 622.0 MPa
Engr. Engr Engr. :
Stress Engr Stress Engr. Stress Engr.
{MPa) Strain (MPa) Strain (MPaj Strain
0.00 0.0000 359.36 00145 519.97 0.1109
167.41 00011 380.55 0.0207 549.61 0.1450
250.45 0.0032 41648 0.0366 587.78 0.2024
206.75 0.0050 464.10 0.0662 606.17 0.2396
318.41 0.0069 488.56 0.0849 624 .50 0.3420
336.94 0.0094

Table 73.  Test data jor specimen 692-41

Test Number - 158 Test Temp. 1 @5°C
Aging Temp. 1 320°C Aging Time : 30.000 h
Yield Stress : 269.4 MPa Ultimate Stress : 604.4 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain {MPa) Strain
0.00 0.0000 360,37 0.0128 490,75 0.0851
216.85 0.0011 375.03 0.0172 500.69 0.0948
249.30 0.0017 305.81 0.0250 542.63 0.1332
281.66 0.0020 410,58 0.0325 571.23 0.1713
302.70 0.0058& 436.92 0.0470 591.06 0.2121
212.62 0.0049 454 19 0.0585 603.1% 0.2525
323.14 0.0080 47045 0.0702 604 40 0.2857
34294 00091
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Table 74.  Test data for specimen 69-245

Test Number . 160 Test Temp. : 20
Aging Temp. . 320°C Aging Time : 30,000 h
Yield Stress 1 272.5 MPa Ultimate Stress : 485 8B MPa
Engr. Engr T-:;xgr
Stress Engr Stress Engr. Stress Engr.
(MPaj Strain (MPa} Strain (MPa) Strain
0.00 0.0000 341.82 0.0144 450.74 0.0793
124 GO 0.0006 36003 0.0205 469.20 0.096]
250.85 0.0030 381.06 0.0200 480.46 0.1081]
202.97 0.0059 364 .62 0.0379 483.88 0.1156
314.66 0.00RE 409.01 0.0475 485 82 0.1185
430.39 0.0113 426.9] 0.0601
Table 75.  Test dala for spectmen 691-28
Test Number + 290 Test Temp. 1 28°C
Aging Temp. : 320°C Aging Time : 50,000 h
Yield Stress - 291.6 MPa Ultimate Stress : 637.9 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr
(MPa) Strain MPa) Strain (MPa) Strain
20217 0.0001 285141 0.0031 513.043 0.0884
46.211 ©.0002 291.618 0.0034 520.028 0.103}
50.313 0.0003 319.580 0.004% 531.148 0.1053
103.425 0.0005 327.870 0.0058 549.125 0.1258
114,924 0.0005 371.732 Q.0111 559,101 0.1388
126.683 0.0006 438.943 0.0350 560.643 0.1410
167707 00011 442.567 0.0370 572.643 0.1583
208.454 0.0012 466 498 0.0532 603.488 0.2156
21B.725 0.0013 472.467 0.0553 610.958 0.2338
263,449 0.0023 480 364 0.0676 623.247 0.2704
271.030 0.0026 492111 0.0697 635.055 0.8245
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Table 76.  Test data for specimen 691-29
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Test Number 291 Test Temp.  28°C
Aging Temp. 1 320°C Aging Time ;50,000 h
Yield Stress . 287.7 MPa Ultimate Stress : 650.5 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr, Stress Engr.
MPa) Strain (MPaj Strain (MPa) Strain
18.324 0.0001 269 056 0.0040 549.087 0.1246
32816 0.0001 304.902 0.0043 562.486 01418
64.389 0.0003 342 600 0.0072 571.594 0.1548
74.794 0.0003 354.210 0.0087 585.186 0.1767
110.084 0.0008 382.322 0.0140 591.499 0.1877
133.686 ¢ 0006 303 706 0.0172 606.777 0.2188
181.445 0.0009 448.784 0.0407 611.645 0.2300
192.641 0.0010 475 489 0.0572 620.031 0.2518
203.393 0.0012 495,205 00718 638.007 0.3117
249839 0.0021] 510.200 0.0844 640.658 0.3235
258.027 0.0024 528 122 0.1013 650,490 0.3993
Table 77.  Test data for specirien 69-230
Test Number 1292 Test Temp. : S
Aging Temp. : 30°C Aging Time - 50,000 h
Yield Stress - 298.8 MPa Ultimate Stress  : 669.4 MPa
Engr. Engr. Engr.
Stress Eng: Stress Engr. Suress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
20.574 0.000] 401.408 00192 550.954 0.1236
67.134 0.0004 407.220 0.0213 587,002 0.1424
78.055 0.0004 $31.264 00317 578.039 0.1570
£9.323 0.0005 435510 0.0338 505,389 0.1823
174.631 0.0011 447.378 0.0401 601.702 0.1928
188.713 0.0012 461.207 0.0484 615,293 0.2182
230.179 00018 471.083 0.0547 623.245 0.2351
295 588 0.0037 486.085 0.0651 633,902 0.2607
301.988 0.0040 505.073 0.0797 6549.511 0.3080
300.983 0.0158 526.230 0.0984 652.450 0.3190
396.420 0.0175 537.074 0. 1088 669 415 0.4275
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Table 78.  Test data for specimen 692-25

Test Number . MEA Test Test Temp. 1 285°C
Aging Temp. 1 350°C Aging Time 12,570 h
Yield Stress . 285.4 MPa Ultimate Stress : 633.4 MPa
1ngr. Engr. JBn‘r.
Stress Engr. Stress Engr Stress Engr.
(MFs) Strain (MPa) Stramn (MPa) Strain
17.03 0.0002 315.99 0.0060 575.44 0.2356
30.96 0.0003 326.54 0.0060 582.26 0.2567
48.61 0.0003 332.19 0.0078 586.74 0.2782
69.15 0.0004 337,15 0.0088 5a7.09 0.2907
93,77 0.0006 397.28 0.0281 600.95 0.3215
116,52 0.0007 43058 0.0488 606,33 0.3434
142.89 0.000% 457.81 00694 611.70 0.3655
168 58 0.0011 479.94 0.0899 615.43 0.3878
195.19 0.0014 501.25 0.1105 617.98 0.4106
22270 0.0018 516.14 0.1311 622.18 0.4338
243.38 0.0023 520.10 0.1518 624.67 0.4572
262.97 0.0029 543.65 0.1725 62591 0.4813
279.79 0.0035 553 92 0.1934 629.35 0.5058
202 66 0.0043 565,85 0.2145 631.01 0.5310
308.92 0.005)
Table 79.  Test data for specimen 692-26
Test Number . MEA Test Test Temp 1 25°%C
Aging Temp. . 350°C Aging Time 12870
Yield Stress : 302.6 MPa Ultimate Stress . 648.2 MPa
Engr. Engr. T-:?w
Stress Engr Stress Engr Stress Engr.
(MPa) Strain {MPa) Strain (MPa) Strain
56.26 0.0002 34205 0.0068 589.71 0.2514
77.77 0 0003 348 46 0.0077 607.43 0.2711
100,32 0.0005 403.96 0.0252 612.39 0.2011
126.93 0.0006 438.30 0.0441 619.15 0.3113
156.37 0.0007 464 91 0.0628 624 46 0.3319
184.30 0.060089 489.53 0.0815 629.08 0.3527
20912 0.0012 506.42 0.1000 631.01 0.3740
235.18 0.0015 522,60 0.1187 635.49 0.3957
252.90 0.0018 53621 0.1374 630.28 0.4179
273.31 0.0024 550.96 0.1661 641.76 0.4405
288.48 0.0030 56].85 0.1749 643,97 0.4642
30261 0.0036 573.92 0.1938 643 83 0.4884
317.08 0.0043 582 26 0.2128 693.74 0.56142
326.33 0.0051 59171 0.2320 693.51 0.5423
334 60 0.0059
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Table 80. Test data for specimen 694-06
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Test Number 1 130 Test Temp. { 29°C
Aging Temp. 1 350°C Aging Time 10,000 h
Yield Stress 1 292.1 MPa Ultimate Stress : 652.0 MPa
Engr. ~ Engr " Engr.
Stress Engr. Stress Engr. Stress Engr,
(MPa) Strain {MPa) Strain (MPa) Strain
0.00 0.0000 424.24 0.0347 586.25 0.1890
52.67 0.0002 446 83 0.0477 598.94 0.2068
205.14 0.0024 472.38 0.0649 613.91 0.2894
300.54 0.0049 479.82 0.0705 627.40 0.2075
333.72 0.0076 49091 0.0808 635,87 0.3284
352.83 0.0102 516.46 0.0999 643.32 0.3695
374.54 0.015) 53941 0.1211 651,98 0.4355
397.47 0.0223 587 82 0.1593 652.00 0.4794
397.98 0.0225
Table 81.  Test data for specimen 694-07
Test Number 1131 Test Temp. 1 28°C
Aging Temnp. 1 350°C Aging Time - 10,000 h
Yield Stress . 266.2 MPa Ultimate Stress : 635.5 MPa
Engr Engr. Engr.
Stress Engr Siress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
0.00 0.0000 351.64 0.0128 522.00 0.1168
48 83 0.0000 375.73 0.0192 521.61 0.1170
190.48 0.0014 394.91 0.0266 546.67 0.1430
205.90 0.0019 413.76 0.0361 575.73 0.1892
219.80 0.0021 432.19 0.0471 600.01 0.2344
224.58 0.0021 457.56 0.0635 616.14 0.2782
282.30 0 0038 479.87 0.0794 625.95 0.3272
311.61 0.0063 490.93 0.0897 635.48 0.3858
336.66 0.0086
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Table 82, Test data for specimen 694-08

Table 83. Test data for specimen 69-119

g Test Number 1224 Test Temp. ; 38°C |
Aging Temp. - 350°C Aging Time - 10,000 h |
Yield Stress : 246.8 MPa Ultimate Stress : 619.9 MPa ]
- Engr. Engr. " Engr. ]
' Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
| 29.804 0.0001 251.978 0.0037 480.372 0.1201
. 57.140 0.0003 257.323 0.0040 505.084 0.1375
69410 0.0003 290.110 0.0073 529.567 0.1677
114.844 0.0006 205.546 0.0081 540.362 0.1829
126.319 0.0007 300.549 0.0090 580.171 0.2557
139.722 0.0008 323.287 0.0140 584.943 0.2668
151,033 0 0009 356.050 0.0254 600,606 0.3117
193.474 0.0015 383 04G 0.0383 609,329 0.3458
202.824 0.0016 387,059 0.0405 £15.161 0.3782
211,624 0.0019 428,034 0.0664 615.547 0.3805
246,493 0,0033 450 503 0,0840 619.932 04381

Test Number : 134 Test Temp. L
Aging Temp. 1 SbO°C Aging Time : 10.000 h
Yield Stress . 249.6 MPa Ultimate Stress : 617.3 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain i
0.18 0.0000 371.71 0.0220 517.93 0.1238 ‘
61,569 0.0002 398 15 0.0320 540.92 0.1492 ]
198.49 0.0023 418.93 0.0460 567.68 0.1938 |
212.8) 0.0025 443.63 0.0641 584.92 0.2359 :
288.30 0.005] 468 44 0.0800 802,70 0.3007 |
318.24 01.0000 474.73 0.0861 605,60 0.2087 |
338.72 0.0117 47541 0.0858 617.30 0.3745 |
458 66 0.0183 487.14 0.0970 |
|
i
|
1
\
J
|
|
\
\
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Table 84. Test data for specinen 6 3-12

Test Number - 194 Test Temp. + 28°C
Aging Temp. : 350°C Aging Time : 30,000 h
Yield Stress 1 270.9 MPa Ultimate Stress : 674.0 MPa
Stress Engr. Stress Engr. Stress Engr.
MPa) Strain (MPa) Strain (MPal Strain
12.10] 0.0001 302.570 0.0057 598.040 0 '585
56.631 0.0005 311.152 00063 589.500 0.1606
78.604 0.0006 319.010 2.0070 627.808 0.2077
89,895 0.0007 354 996 0.0113 647.783 0.2552
149.801 0.0011 372.958 0.0147 648.712 0.2574
161.836 0.0012 423.485 00298 652.826 0.2706
. 173.532 00013 428.640 0.031& 650.240 0.2929
, 184.754 0.0015 502.373 0.0696 662863 0.3086
240.357 0.0027 550.452 0.1062 663.205 0.3109
247.857 0.0030 570.534 0.1354 666,143 0.3245
202.043 0.0050 584 918 0.1417 673.683 0.4037

‘able 85. Tes! data for s;#ecimen 693-13

Test Number : 185 Test Temp. ; 28°C
Aging Temp. : 350°C Aging Time :30.000 h
Yield Stress 1 259.2 MPa Ultimate Stress : 655.1 MPa
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain {MPa) Strain (MPal Strain
16.518 0.0001 306978 0.0074 557.880 0.1354
29.428 0.0002 341.770 0.0124 583.872 0.1679
39.067 0.0003 352.485 0.0145 503.580 0.1824
82.031 0.0006 358.620 0.0160 603.382 0.199]
02.775 0.0007 392.335 0.0267 615.088 0.2223
108.70% 0 0008 413180 0.0350 £22.500 0.2304
183.741 0.0016 451.464 0.0536 629231 0.2582
193.934 0.0017 482 282 00718 630.157 0.2604
242.138 0.0030 501.307 0.0850 641.667 0.2995
284.84) 0.0054 523.790 0.1026 642.155 0.3017
202.874 0.0060 545 B83 0.1229 649 860 0.3381
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Table 86 Test data for specimen 69-130
Test Number 196 Test Temp. 1 25°C
Aging Temp. . 350°C Aging Time : 30,000 h
Yield Stress : 258 .4 MPa Ultimate Stress : 661.2 MPa
Engr. Engr. " Engr
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPaj Strain (MPa) Strain
13.002 0.0001] 527.036 01119 626.924 0.2825
56.794 0.0008 544.148 0.1288 632.775 0.2970
67.314 0.0006 548.340 0.1335 635,798 0.3095
125.726 0.0009 £94 653 0.1979 641.355 0.3368
231 806 0.0023 596846 0.2019 642.135 0.3390
276.315 0.0043 60).234 0.2108 644.280 0.3541
334.851 0.0091 607 B15 0.2248 646,961 0.3694
370451 0.0158 612.739 0.2358 648.424 0.3825
397.157 0.0254 617.468 0.2479 652.275 0.4205
407.375 0.0300 618.930 0.2519 653.543 0.4434
511.631 0.0982 627 608 0.2784 654 566 0.4810
Table 87. Test data for specimen 692-16
Test Number . MEA Test Test Temn. - -
Aging Temp. : 400°C Aging Time 12570 h
Yield Stress : 253.6 MPa Ultimate Stress : 638.8 MPa
Stress Engr. Stress Engr. Stress Engr.
[MPa) Strain [MPa) Strain (MPa) Strain
5.35 0.0003 308.82 0.0080 579.50 0.2027
57.02 0,.0004 318.06 0.0091 589.16 0.219]
78.12 0.0008 323.50 0.0101 595.98 0.2352
102.04 0.0008 378.80 0.0250 601.84 0.2514
123.90 0.0007 416.99 0.0412 609.01 0.2676
148 .65 0.0009 444.57 0.0573 614.05 0.2839
174 09 0.0011 468 36 0.0734 618.46 0.3000
198.84 00015 487 87 0.0883 62191 0.3161
218.70 0.0020 507.11 0.1054 624.39 0.5320
237.52 0.0027 521.86 0.1215 620.15 0.3478
253 59 0.003% 53869 0.1377 632.04 0.3634
268.2] 00043 551.51 0.1540 635.15 0.3787
279.83 0.0052 56061 0.1702 635.83 0.3935
201.87 0 0061 57130 0.1865 636.52 0.4076
300.20 0.0070
A-43
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Table 88. Test data for specimen 692-17
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Test Number : MEA Test Test Temp. +25°C
Aging Temp. : 400°C Aging Time 1 2,570
Yield Stress 1 300.9 MPa Ultimate Stress : 683.2 MPa
Sitress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
37.16 0.0002 338.33 0.0061 619.98 0.1643
57.00 0.0003 347.08 0.0070 630.73 ©.1774
77.36 0.0004 356.18 0.0080 637.28 0.1907
9880 0.0005 406.76 0.0198 643.56 0.2042
124.24 0.0006 446.57 0.0330 650.45 0.2178
147.75 0.0007 474.22 0.0459 658,38 0.2318
174.71 0.0009 497.53 0.0586 661.48 0.2462
20} B8 0.0011 520.07 0.0714 665.83 0.2608
226,35 0.0014 538.83 0.0840 670.86 0.2761
249.93 0.0017 554 .82 0.09857 673.62 0.2015
267 38 0.0022 571.30 0.1083 676.38 0.3074
285.93 00028 584 85 0.1221 677.89 0.3253
300.89 0.0036 597 22 0.1387 680.72 0.3420
315,57 0.0043 607.08 0.1817 681.41 0.3592
325.9¢ 00051
Table 89. Test data for specimen 692-15
Test Number 132 Test Temp. 1 25°C
Aging Temp. . 400°C Agig Time : 10,000 h
Yield Stress 1 287.8 MPa Ultimate Stress : 673 9 MPa
Engr. Engr. T Engr.
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain [MPa) Strain
0.00 0.0000 402.17 0.0233 588.75 0.1456
48.36 0.0003 42254 ©.0303 614.28 0.1803
204,28 0.0028 440.75 0.0392 637.49 02198
220.26 0.0030 459 56 00486 639.37 0.2202
280.3] 0.0050 474 .8} 0.0582 656.16 0.2726
310.80 0.0087 484 83 0.0662 6569.00 0.3230
336.12 0.0089 522.63 0.0900 673.08 0.3595
356.52 0.0123 554.65 0.1125 673.92 0.3920
38047 00170
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Table 90.  Test data for specimen 692-22

et e ks ey e e A m

Test Nuinber : 138 Test Temp. & g &
Aging Temp. : 400°C ing Time : 10,000 h
Yield Stress : 278.6 MPa Ultimate Stress : 699.1 MPa
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Straimn (MPa) Strain
0.00 00000 436.88 0.0271 623.58 C.1674
38.38 0.0003 463.13 0.038] 640.9¢ 01934
208.64 0.0027 478.68 0.0460 659.25 0.2328
22138 0.0030 490.47 0.0543 671.26 0.2732
307.54 0.0057 532.36 0.0824 680.36 0.3315
360.78 0.0101 561.09 0.0998 697.60 0.3936
395.49 0.0154 585.36 0.1218 699.13 0.4474
417.65 0.0208 597.45 0.1338
Table 91.  Test data for specimen 692-23
Test Number 1230 Test Temp. i e
Aging Temp. : 400°C Aging Time : 10,000 h
Yield Stress : 260.5 MPa Ultimate Stress : 664.7 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
33.2099 C.0002 338.842 0.0101 586.626 0.1587
49.029 0.0003 361.067 0.0140 580 529 0.1629
74.030 0.0004 303.989 0,0228 590.642 0.1780
85.876 0.0008 454.954 0.0488 611.060 0.1975
147.160 0.000¢ 458.695 0.0508 618251 0.2128
159.200 0.0010 486.807 0.0673 627.753 0.2327
171.383 0.0011 £16.370 0.0877 633.076 0.2480
245.169 0.0028 536.450 0.1042 642.172 0.2781
252.088 0.0031 543.418 0.1104 657.656 0.3407
277.017 0.0044 564.078 0.1813 661.188 0.3663
287 836 0.0085] 578.449 0.1481 664.043 0.4000

A-45
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Table 92. Test data for specimen 69-109
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Test Number : 138 Test Temp. : 28°0
Aging Temp. - 400°C Aging Time £ 10,000 h
Yield Stress . 276.7 MPa Ullimate Stress : 688.0 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Siress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
0.00 0.0000 431.75 0.0220 627.12 0.2021
4364 0.0003 461.67 0.0470 65141 0.2642
203.6) 0.0031 479.14 0.0574 665.36 0.3196
805,80 00065 402 48 0.0667 €74.17 0.3623
344.05 0.0160 542.45 0.0988 676.08 0.3952
377.06 00130 573.46 0.1271 685.2] 0.4499
405,86 0.0221 601.41 0.1597 688.02 0.5581
Table 93.  Test data for specimen 691-04
Test Number : MEA Test Test Temp. : 28°C
Agmng Temp. . 450°C Aging Time 12,570 h
Yield Stress ©271.3 MPa Ultimate Stress  691.9 MPa
Engr Engr Engr.
Stress Engr. Stress Engr. Stress Engr.
MFa) Strain MPa) Strain (MPa) Strain
3758 0.0000 32578 0.0068 60646 0.1622
54.10 0.0003 387.69 0.0158 615.01 0.1738
7343 G.0004 424 23 0.0267 622.60 0.1854
84 .80 0.0005 45299 0.0378 629.22 0.1970
11873 0.0006 475.26 0.0489 632.39 0.2085
143.20 0.0007 494,56 0.060] 641.35 0.2203
18947 0.0010 514 14 0.0712 646.73 0.2322
192.98 0.0012 530.69 0.0824 649.56 0.2442
213.46 0.0016 199.67 0.0728 656 59 0.2559
233.87 0.0021 543.38 0.0936 558.59 0.2669
251.66 00026 558.75 0.1046 663.48 0.2779
266.55 0.0032 571.30 0.1162 666.65 0.2804
282.06 0.0039 579.78 0.1278 97.19 0.3008
204.13 0.0045 588.57 0.1382 97.74 0.3108
305,78 0.0053 599 02 0.1507 97.83 0.3107
316.47 0.0060
A-46




Table 94. Test data for specimen 691-05

Test Number . MEA Test Test Temp. : 25°C
Aging Temp. 1 450°C Aging Time 12,570
Yield Stress : 263.1 MPa Ultimate Stress : 664.6 MPa
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
2.86 0.0000 307.37 0.0058 61253 0.2132
5.20 0.0002 315.02 0.0065 620.25 0.2318
55.08 0.0003 324 .54 0.0073 628.25 0.2505
76.95 00004 334.1@ 0.0081 634.18 0.2695
101.77 0.0004 40217 0.0217 639.97 0.2886
126.52 0.0006 441.68 0.0379 643.60 0.3080
150.65 0.0007 470.22 0.0547 647.42 0.3275
173,95 0.0006 496 84 0.0718 652.11 0.3474
197.33 0.0013 518.07 0.0890 655.55 0.3674
216.77 0.0017 539 38 0.1064 657.69 0.3880
236.83 0.0023 554.61 0.1238 650.83 0.4089
253 66 00020 560.02 0.1414 660.10 0.4303
269 50 0.0936 582,06 0.159] 661.00 0.4525
281.17 0.0042 594 .60 0.1770 662.10 0.476)
20613 0.0050 603.36 01450
Table 95. Test data for specimen 693-42
Test Number : MEA Test Test Temp. 1 290°C
Aging Temp. . Unaged Aging Time L -
Yield Stress : 190.8 MPa Ultimate Stress  : 420.9 MPa
Engr Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa] Strain (MPa) Strain
38.40 0.0002 221.1) 0.0008 367.35 0.1210
62,81 0.0003 223.25 0.0111 374 .68 0.1298
BB.25 0.0004 225 67 00122 382.25 0.1407
116.38 0.0006 244 .35 0.0204 386.04 0.1510
143.76 0.0009 261 .86 0.0296 391.14 0.1606
162.03 p.0C13 277.17 0.0386 3687 69 0.1704
175.33 0.0019 290.34 0.0477 3090 696 0.1792
186.50 0.0026 304.27 0.0568 402.38 0.1917
193.7¢ 0.0035 315.50 0.0658 40%.00 0.1998
201.60 0.0045 32729 0.0748 400.76 0.2107
206.22 0.0055 337.84 0.0837 41017 0.2202
20095 0.0066 34" 88 0.0028 412.10 0.2340
213.19 00076 352 87 0.1024 41500 0.2410
217.87 00088 360 66 0.1113 416.3] 0.2581
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Table 96. Test data for specimen 694-40
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Test Number - MEA Test Test Temp. 290°C

Aging Temp. . Unaged Aging Time ‘-

Yield Stress . 177.0 MPa Ultimate Stress :417.0 MPa
Stress Engr. Stress Engr Stress Engr.
(MPa) Strain {MPaj Strain MPa) Strain

584 0.6002 217.12 0.0120 364 80 0.1259
62.05 0.0008 217.46 0.0134 360.70 0.1357
86.12 0.0003 223.11 0.0143 3850.18 0.1476

110.25 0.0006 224.81 0.0156 382.38 0.1598
130.59 0.0009 24297 0.0248 388.52 0.1707
148.72 0.0014 262.83 0.0351 393.48 0.1830
166,03 0.002) 278.69 0.0451 399.62 0.1924
178.92 0.0030 203 30 00851 402.03 0.2047
1BE.50 0.0040 306.13 0.0652 405.20 0.2206
195.74 0.0051 318.88 00753 407.48 0.2322
198.71 0.0085 33060 0.0853 409.20 0.2450
206.43 0.0078 338.12 0.0850 411.55 0.2557
206.77 0.0003 34743 0.1052 411.13 0.2715
214.22 0.0106 356.46 0.1155 31362 0.2897

Table 97. Test data for specimen 694-32

Test Number . 258 Test Temp. : 290°C

Aging Temp. 1 290°C Aging Time : 30.000 h

Yield Stress :176.8 MPa Ultimate Stress : 401.9 MPa
Stress Engr Stress Engr. Stress Engr.
{(MPa) Strain IMr*a) Strain {MPa) Strain
92 1209 0 0003 196 3260 0.0070 335.6876 0.0945

101.7814 0.0004 201.4223 0.0085 365.2161 0.1283
1121934 0.0005 207 0842 0.0108 368.0202 0.1318
181.3247 0.0006 243.0889 0.0287 3799242 0.1488
147.5982 0.0008 255.0004 0.0352 378.3051 0.1510
154.0402 0.0012 258.7821 0.0373 388.0293 0.1683
150.5851 0.0013 266.2142 0.0419 3912138 0.1728
167.7202 0.0019 280 8513 0.0572 397.4559  0.1860
1741713 00024 305, 3058 0.0684 3957735  0.1931
1805612 0.0053 313.5523 0.0748 400.2844  0.2048

326 3536 0.0B58 401.8791 0.2168
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Table 98. Tesi data for specimen 694-33

Test Number . 256 Test Temp. 1 290°C
Aging Temp. : 290°C Aging Time : 30,000 h
Yield Stress : 173.0 MPa Ultimate Stress : 386.7 MPa
Engr. Engr “Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain BiPa) Strain (MPa) Strain
40.677 0.0002 183,050 0.0043 311.235 0.0887
77.338 0.0001 188.797 0.0053 314.099 00708
56,362 0.0002 193 883 0.0065 327.536 0.0815
105.077 0.0003 199.723 0.0080 346.024 0.0987
114.923 0.0005 205,021 0.0007 355.618 0.1093
139,343 0.0007 210.938 00119 366.011 0.1221
145.909 0.0011 221.701 0.0164 370.124 0.1287
151.739 0.0012 231.511 0.0210 375.045 0.1351]
156.810 0.0015 264 427 0.0384 377.498 0.1415
164.711] 0.0020 279,195 0.0470 385.428 0.1618
176.450 0.003] 296.023 0.057@ 86 580 0.1705

Table 99. Test data for specimen 69-236

Test Number . 254 Test Temp. : 290°C
Aging Temp. 1 290°C Aging Time : 30,000 h
Yield Stress :194.1 MPa Ultimate Stress : 440.5 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
{(MPa) Strain (MPa) Strain (MPaj Strain
28.631 0.0002 260 447 0.0256 402.820 0.1400
128.317 0.0004 278.262 0.0248 416.634 0.168]
153.637 0.0006 293,774 0.0434 422237 0.1748
160.551] 0.0008 314.841 0.0562 427.859 0.1856
177.960 0.0015 327.460 0.0649 427.540 0.1966
185.607 0.0019 336.252 0.0711 428.628 0.1988
161.963 0.0026 354.730 0.0862 430,196 0.2013
208.602 0.0053 368 48] 0.098% 435.668 0.2148
214.752 0.0069 379 193 0. 1098 438.387 0.2264
220210 0.0085 303975 0.1292 437.134 0.2355
236,327 0.0145 305 983 0.1313 437.831 0.2444
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Table 100. Test data for specimen 694-26
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Test Number : 093 Test Temp. : 280°C
Aging Temp. +320°C Aging Time - 10,000 h
Yield Stress : 174 .4 MPa Ultimate Stress : 408.7 MPa
Engr. Engr Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
138.84 G.0010 265.70 0.0209 356.35 0.0886
160.95 0.0016 269 89 0.0232 359.43 0.0914
167.45 0.0019 274 .99 0.0261 368.11 0.0972
173.71 0,0021 278.60 0.0284 370.90 0.1000
179.57 0.0025 283.15 0.03138 378.15 0.1079
185,44 0.0030 201.95 0.0367 380.44 0.1108
197.02 0.0044 299.03 0.0418 388 90 0.1219
207 .49 0.0053 303.34 0.0449 394.24 0.1299
217.36 0.0060 307.25 0.0478 396.33 0.1330
227 69 0.0070 312.20 0.0518 399,82 0.13094
236.43 0.0083 323.14 0.0801 401.68 0.1426
242.41 0.0101 332.16 0.0677 404.39 0.1490
248 98 0.0127 335.03 0.0702 405.75 0.1522
252.15 0.0140 344,10 0.0777 406.52 0.1557
257.29 0.0163 346 68 0.0800 407.38 0.1584
260.90 0.0183 353.77 0.0861 408.66 0.1643
Table 101. Test data for specimen 694-27
Test Number 1094 Test Temp. 1 290°C
Aging Temp. 1 320°C Aging Time : 10,000 h
Yield Stress : 183.5 MPa Ultimate Stress : 422.8 MPa
 Engr. Engr. “Engr.
Stress Engr. Stress Engr. Stress Engr.
{MPa) Strain (MPa) Strain (MPa) Strain
148.2500 0.0011 272.5800 0.0180 382.9700  0.0966
165.8300 0.0016 276.2070 0.0207 391.2300 0.1026
192.3000 0.0030 289 1900 0.0275 398.8000 0.1111
204.5200 0.0039 2093.6400 0.0300 406.0500 0.1209
217.7800 0.0045 303.1800 0.0355 410.6100 0.1286
224.7300 0.0050 311.4000 0.0408 4129100 0.1319
235 6900 0.0060 464.0200 0.0456 416.270C 0.137%
241.1200 0.0070 328.2900 0.05086 4185200 0.1408
246.4500 0.0087 334 89000 0.0571 419.8000 0.1488
252.7700 0.0108 342 1100 0.0623 420.7900 C.1547
257.1700 0.0124 348.4300 0.0671 421.5300 0.1583
261.1700 00139 355 2700 0.0726 422.4500 0.1621
265.0200 00155 365.4400 0.0809 422.8100 0.1716
268.6800 00172 375.4200 0.0895
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Table 102. Test data for specimen 692-42

Test Number 1173 Test Temp. : 200°C
Aging Temp. 1 320°C Aging Time 1 30.000 h
Yield Stress : 178.5 MPa Ultimate Stress : 423.2 MPa
Engr Engr. Engr.
Stress Engr. Siress Engr. Stress Engr.
(MPa) Strain (MPa) Strain MPaj Strain
0.00 0.0000 220.77 0.0069 328.14 0.0550
3282 Q.0000 225.25 0.0079 335.92 0.0603
87.60 0.0003 23251 0 0096 343.22 0.0654
122.11 0.0007 244.00 0.0129 356.66 0.0752
147,65 0.0012 246.09 00140 365.52 0.0821
166.30 0.0017 251.47 0.0153 373.47 0.0883
174.83 0.0020 255.50 0.0168 380.38 0.0937
1,885 00022 259 44 00185 383.34 0.0965
1B .88 0.0027 264 .02 0G.0202 288.76 0.1002
194 35 0.0033 279.22 0.0272 398.90 0.1088
198.16 0.0037 280 34 0.0326 406.36 0.1197
202 43 0.004 1 297.11 0.0367 412.27 0.1287
208.24 0.0049 310.43 0.0442 416.28 0.1365
213.17 0.0056 319.00 0.0492 420.05 0.1444
215.60 0.0060 321.95 0.0514 42815 0.1833
Table 103. Test data for specimen 694-39
Test Number L 179 Test Temp. : 290°C
Aging Temp. : 320°C Aging Time : 30.000 h
Yield Stress : 168.2 MPa Ultimate Stress : 413.8 MPa
Engr Engr Engr.
Stress Engr. Stress Engr. Stress Engr.
{MPa) Strain (MPa) Strain (MPa) Strain
0.00 0.0000 221.61 0.0109 342.46 0.0788
38.24 0.0000 225.99 00124 356.38 0.0897
77.18 0.0003 230.03 0.0;27 362.54 0.08945
118.62 0.0009 233.81 0.0153 370.79 0.0999
142.34 0,0014 242 89 0.0185 a77.88 0.1069
184.72 0.0018 246.67 0.0203 286.27 0.1162
166.44 0.0024 25509 0.0238 391.1¢ 0.1222
177.42 0.0031 263,06 0.0277 399.65 0.1348
183.21 0.0037 26778 ¢.0302 403.16 0.1411
188.10 0.0043 27581 0.0344 40677 0.1481
197.17 0.0055 281.19 0.0374 409.33 0.1544
202.51 0.0065 286 B7 00411 411.89 0.1614
207.90 0.0076 301.45 0.0499 413.02 0.1666
21268 0.0085 311.21 0.0560 413.54 0.1712
217.02 0.0096 328.38 0.0683 413.84 0.17906
A-B1
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; Table 104. Test data for sperimen 69-246

Test Number : 180 Test Temp. 1 290°C
Aging Temp. 1 320°C Aging Time : 30,000 h
Yield Stress : 165.5 MPa Ultimate Stress : 428.0 MPa
; Engr Enar. Engr
Stress Engr. Stress Engr. Stress Engr.
; 0.00 0.0000 226.65 0.0109 333.06 0.071¢
38.30 0.0000 233.55 0.0131 336.77 0.0751
88.32 0.00038 241.50 0.0160 342,78 0.0801
125.36 0.0008 2561.71 0.0205 353.04 0.0882
151.10 0.0014 263,56 0.0261 366.00 0.0976
164.85 4.0020 273.17 0.0810 380.83 0.1127
175.80 0.0025 281.62 0.0383 388.44 0.1227
184.49 0.0031 285.82 0.0389 397.96 0.1349
160.74 0.00386 201.13 0.0422 402.18 0.1416
198.19 0.0045 300 58 0.0482 408.70 0.1540
203.84 0.0054 304 .64 0.0512 412.71 0.1831
210.14 0.0065 307.84 0.083% 418.08 0.17738
212.44 0.0070 3i2.1¢9 0.0568 419.24 0.1818
216.34 0.0080 318,80 0.0616 422,06 0.1947
220.29 0.0081 322,65 0.0645 423.02 0.1987

Table 105. Test data for specimen 692-28

Test Number 1322 Test Temp. . 290°C
Aging Temp. - 320°C Aging Time : 55,000 h
Yield Stress : 209.1 MPa Ultimate Stress : 462.5 MPa
Engr. Engr Engr.
Stress Engr Stress Engr Stress Engr.
{(MPa) Strain (NiPa) Strain (MPa) Strain
I
i 40.830 0.0001 231.050 0.0052 404,400 0.,0088
107.640 0.0002 248,300 0.0088 422.080 0.118!
118.020 0.0003 253 150 0.0102 430.380 0.1302
127.670 0.0004 274.850 0.0178 437.620 0.1412
153.380 0.0006 300.340 0.0291 442680 0.1501
161.080 00007 318,020 0.0380 448 180 0.1612
| 168.070 0.0009 337 670 0.0490 452 890 0.1724
' 187.220 0.0016 348.550 0.0556 453.660 0.1746
i 167.770 0.0020 368.160 0.0887 458,000 n 1812
| 220.280 0.0038 382 480 0.0795 459.530 0.1923
' 225 950 0.0044 387 760 0.0839 462.410 0.2119
|
!
|
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Table 106. Test data for specimen 692-29

Test Number : 323 Test Temp. 1 290°C
Aging Temp. 1 320°C Aging Time : 55.000 h
Yield Stress 1 212.3 MPa Ultimate Stress  © 464.4 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
MPaj Strain MPa) Strain (MPa) Strain
15.50 0.0001 313.79 0.0358 436.19 0.1380
52.50 0.0002 330.08 0.0447 441.32 0.1479
107.64 0.0002 348.55 00556 44268 0.1501
153.38 0.0006 355.38 0.0598 447.10 0.1590
187.22 0.0016 36816 0.0687 449.08 0.1634
197.77 0.0020 374,18 0.0730 452.89 0.1724
220.28 0.0023% 382.46 0.0725 453.66 0.1746
225.95 0.0044 387.76 0.0839 456.09 0.1812
281.05 0.6052 395.23 0.0905 456.81 0.1835
248.30 00,0089 404.40 0.0993 459.07 0.1901
253.18 0.0102 412.71 0.1081 45953 0.1923
268.03 0.0155 414.79 0.1102 46) .46 0.2002
274.85 0.0178 422.08 0.118] 461.52 0.2026
200.T1 0.0246 423.95 01212 46228 0.2096
300.324 0.029] 430.38 0.1302 46241 0.211@
Table 107. Test data for specimen 69-130
Test Number : 321 Test Temp. 1 280°C
Aging Temp. 1 320°C Aging Time : 55,000 h
Yield Stress 1 209.1 MPa Ultimate Stress  : 468 .0 MPa
Engr Engr. Engr
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
14.9900 00001 287 9800 0.0256 442.2700 0.1422
51.6000 0.0002 316.5400 0.0345 444.7000 0.1465
B2.8700 0.0003 328.1100 0.0410 448.3000 01534
137.9900 0.0007 3481400 0.0519 450.4400 0.1577
164.9200 0.0011 361.8000 0.08086 451.5000 0.1508
193.2100 0.0010 368.2400 0.0650 4534500 0.1644
199.1800 0.0021 380, 1900 G.0738 458,.98060 0.1734
204 5900 0.0025 391. 1000 0.0825 457.7800 0.1757
224.7700 0.0042 396. 1400 0.0870 460.0000 0.1824
236.0400 0.0056 3498 6300 0.089] 4861.3400 0, 1870
242 8700 0.0067 405.5600 0.0956 462 8300 0.1937
260 3900 Q0111 4141800 01044 463.0500 0.1957
2660500 0.0127 427 2600 0.1198 464 1600 0.2028
271.23400 00146 433.7100 0.1288 464.3300 0.2052
287 8800 0.0210 4368000 0.1332
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Table 108. Test data for specimen 692-27
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Test Number . MEA Test Test Temp. : 290°C
Aging Temp. : 350°C Aging Time 12,570 h
Yield Stress ©173.1 MPa Ultimate Stress : 451.3 MPa
Stress Engr Stress Engr. Stress Engr,
(MPa) Strain (MPa) Strain (MPa) Strain
30.96 0.0002 218.91 0.0095 396.24 0.1123
53.00 0.0003 224.15 0.0107 402.79 0.1220
78.81 0.0005 220.60 0.0118 411,62 0.1316
100.80 0,0006 230.77 0.0129 418.44 0.1416
122.04 0.0010 254.55 0.0213 420.92 0.1519
139 62 0.0015 276.89 0.0305 426.30 0.1807
154.79 0.0021 295.79 0.0395 433.68 0.1711
168.65 ¢.0027 312.68 0.0485 435.96 0.1819
180.44 0.0035 32895 0.0574 437.47 0.1949
191,47 0.0044 341.84 0.0663 443.26 0.2042
108,29 0.0054 354.46 0.0754 444.16 0.2147
204.36 0.0064 366 53 0 0844 445.40 0.2278
209.81 0.0074 376.686 0.0936 448.23 0.2386
214.98 0.0084 38652 0.1029
Table 109. Test data for specimen 694-09
Test Number 1 084 Test Temp. : 290°C
Aging Temp. : 350°C Aging Time : 10,000 h
Yield Stress : 156.4 MPa Ultimate Stress : 413.1 MPa
mr. ngr\ Engr‘
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain (MPa Strain (MPa) Strain
123.82 0.0008 285.16 0.0396 384.24 0.1428
135.09 0.0011 288.91 0.0425 388.55 01516
145.72 00014 292,03 0.0451 392.78 0.1621
179.65 0.0034 207.24 0.0487 396.40 0.1704
184.07 0.0039 318.71 0.0680 399.99 0.1807
187.95 0.0044 322.01 0.0713 402.35 0.1886
197 .82 0 0059 328.13 00044 404.54 0.1871
209 .48 0.0070 331 83 0.0064 405.87 0.2006
250.46 0.0161 334 79 0.0835 410.36 0.2219
254.22 00183 34208 0.0802 410.65 0.2254
257.59 0.0205 351.67 0.0984 411.35 0.2291
261.58 0.0233 354.18 0.1012 411.80 0.2324
264.56 0.025] 362.98 0.1120 412.14 0.2359
271.69 0.0300 368,77 0.1190 413.13 0.2504
278.33 0.0344 370.36 0.1223
A-54
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Table 110. Test data for specimen 69-120

Test Number 1 0B5 Test Temp. 1.290°C
Aging Temp. : 350°C Aging Time : 10,000 h
Yield Stress : 179.8 MPa Ultimate Stress : 429.8 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
{MPa) Strain (MPal Strain (MPa) Strain
136,20 0.0012 280.83 0.0234 384 06 0.0967
155.60 0.0017 288.57 0.0269 386.73 0.0978
163.40 0.0020 29245 0.0293 388.24 0.009Y
169.57 0.0023 300.51 0.0341 394 B4 0.1057
181.02 0.0028 321,25 0.0472 400.41 0.1116
190.90 0.0035 327.47 0.0516 404.27 0.1186
20080 0.0042 332.17 0.0563 406.32 0.1205
213.12 0.0047 336.7! 0.0598 417.53 0.137%
223.46 0.0051 341.63 0.0630 418.81 0.1406
23317 0.0058 347.186 0 0666 423.94 0.1475
237.00 0.0064 352.21 00711 424.93 0.1505
241 80 0.0075 357.7 0.0753 426.85 0.1582
245.58 0.0089 359.94 0.0773 42776 0.1623
268.51 0.0176 374.46 0.0886 428.79 01649
272.59 0.0200 379.16 0.0925 429.62 0.1680
Table 111. Test data for specimen 693-14
Test Number 1243 Test Temp. : 280°C
Aging Temp. 1 360°C Aging Time : 30.000 h
Yield Stress 1 186.4 MPa Ultimate Stress : 457 6 MPa
Engr Engr. Engr.
Stress Engr. Stress Engr, Stress Engr.
(MPa) Strain (MPaj Strain (MPa) Strain
41930 0.0002 222.230 00082 340.870 0.06806
44.020 0.0002 227.610 0.0095 358.140 00714
72.230 0.0002 232.580 0.0110 367.790 0.077¢
82.970 0,0002 254.330 0.0181 370.810 0.0800
104.380 0.0003 265.620 0.0227 395.940 0.1000
115.300 0.0004 270.950 0.0249 413.610 0.115]
150.160 0.0008 295 360 0.03860 423.500 0.1263
156.440 0.001) 269 880 0.0382 434,790 0.1418
162.130 00014 321.040 0.0492 441.260 0.1783
187.280 0.0029 324 870 0.0513 445 890 0.1860
198.740 0.0044 328.880 ©.0536 456.860 0.2177

A-55

A SN RN e SNSRI RN




b e ]

F,—m--' T W R L T T T B P I R R N W N N N Ry Iy Ty g =
aehi] )

Table 112. Test data for specimen 693-15

e e e

Test Number 1 245 Test Temp. . 290°C
Aging Temp. : 350°C Aging Time 1 30,000 h
Yield Stress 1 195.8 MPa Uitimate Stress : 444.0 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Suess Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
B2.970 0.0002 196.740 0.0044 336470 0.0582
93.520 0.0003 206.870 0.0059 340.870 0.0806
115.300 0.0004 216,440 0.0071 358.140 0714
125.980 0.0005 222.230 0.0082 37G.810 0.0800
143,140 0.0007 232.580 00110 395.940 0.1000
150.160 0.0008 238.500 0.0120 425,300 0.1285
162.130 0.0014 249.310 0.0163 427.020 0.1307
167.380 0.0016 265.620 0.0227 434 790 0.1416
180.180 0.0025 270.950 0.0249 439 950 0.1761
187.280 0.0029 299 860 0.0382 448.150 0.1914
193 920 0.0036 321.040 0.04062 451.500 0.2004

456 860 02177

Table 113. Test data for specimen 69-270

Test Number 1235 Test Temp. 1 290°C
Aging Temp. : 350°C Aging Time : 30.000 h
Yield Stress - 193.6 MPa Ultimate Stress : 462.4 MPa
Engr. Engr. " Engr.
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
82 606 0.0001 228.049 0.0085 395.334 0.0063
95.725 0.0002 234184 0.0103 413.701 0.1135
108.530 0.0002 277.671 0.0264 420.263 0.1313
143.211 0 0003 306.192 0.0395 437.264 0.1421
149.390 0.0008 310.405 0.0415 440.550 0.1470
160.181 ©.0006 327.972 0.0507 444.849 0.1536
176.370 0.0015 335471 0.055] 452.378 0.1682
183.372 0.0019 346937 0.0616 453.404 0.1704
200,800 0.0036 356.335 0.0677 456.180 0.1769
205.624 0.0043 367.072 0.0747 461.617 0.1955
211.986 0.0082 387 063 0.0896 462.441 0.2042
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Table 114. Test dalta for specimen 69218

Test Number . MEA Test Test Temp. : 290°C
Aging Temp. : 400°C Aging Time 12,570 h
‘ Yield Stress . 163.9 MPa Ultimate Stress : 444.8 MPa
qﬁngr‘ Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain {MPa) Strain
86.25 0.0002 233.32 0.0099 384.3) 0.0873
j 108.04 0.0005 24794 0.0108 39121 0.0936
J 127.83 0.0009 257.24 0.0164 397.21 0.1000
145.27 0.0015 274.89 0.0230 403.89 0.1066
‘. 160,58 0.0022 290.75 0.02095 410.65 0.1131
‘. 173.08 0.0029 204.75 0.0361 414.03 0.1197
| 184.30 0.0037 316.47 0.0425 420.17 0.1265
| 194.23 0.0045 328.74 0.0489 42472 0.1332
| 203.26 0.0053 330.19 0.0554 429.06 0.1402
210.36 0.0062 349.18 0.0618 430.72 0.1472
216.84 0.0071 357.84 0.0682 43575 0.1544
223.39 0.0080 367.77 00746 437.54 0.1618
22842 0.0089 376.38 0.0809

Table 115, Test data for specimen 692-24

Test Number (078 Test Temp. 1 290°C
Aging Temp. : 400°C Aging Time : 10,000 b
Yield Stress :173.3 MPa Ultimate Stress : 494.5 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain {MPa) Strain
140.73 00007 317.37 0.0229 461.09 0.1205
156.38 0.0012 322.53 0.0249 466.65 0.1281
172.08 0.0017 327.39 0.0268 468.26 0.1305
207.80 0.0034 334 .90 0.03G1 474.50 0.1394
226.34 0.0038 342.76 0.0344 475.86 0.1426
238.50 0.0044 349.63 0.0383 486.49 0.1584
245.57 0.0050 367.64 0.0488 486.86 0.1622
255.5] 0.0061 375.24 0.0531 48964 0.1719
264.06 0.0075 302.95 0.0848 491.98 0.1770
268.78 0.0082 403.24 00715 492 83 0.1794
299.05 0.0163 416.33 0081! 49341 0.1818
303.87 0.0180 439.77 0.0983 493.88 0.1844
308.58 0.0185 448.48 0.1067 494 .54 0.1B75
313.34 0.0212 456,50 0.1149 494.22 0.1914
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Table 118. Test data for specimen 692-09
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Test Number . MEA Test Test Temp. : 280°C
Aging Temp. - 450°C Aging Time 12,570 h
Yield Stress : 175.7 MPa Ultimate Stress :477.1 MPa
Engr. Engr. Engr.
Stress Engr Stress Engr Stress Engr.
(MPa) Strain (MPa; Strain (MPa) Strain
2.92 2.0002 218.70 0.0074 408.65 0.0914
23.44 0.0002 226.42 0.0084 418,58 0.0998
40.40 0.0004 232.0! 0.0094 426.23 0.1086
54,50 0.0005 238.35 0.0105 433.40 0.1176
81.20 0.0007 243.80 0.0115 440.85 0.1268
104.04 0.0009 271,86 0.0180 447.88 0.1361
120.24 0.0014 296.68 0.0261 451.81 0.1457
141.07 00019 317.92 0.0340 455.95 0.1553
156.30 0.0025 334,67 0.0421 460.23 0.1653
169.34 0.0032 346.84 0.0500 464.43 0.1755
180.57 0.0040 363.97 0.0580 466,78 0.1861
192.85 0.0047 376.73 00661 471.12 0.1971
202.02 0.0056 387.55 0.0744 474.36 0.2080
210.36 0.0065 398.52 00828 475.05 0.2219
Table 119. Test data for specimen 18-11
Test Number - 001 Test Temp. 1 2570
Aging Temp. : 280°C Aging Time : 68,000 h
Yield Stress : 306.2 MPa Ultimate Stress : 554.9 MPa
Engr “Engr. “Engr.
Stress Engr Stress Engr. Stress Engr.
{MPal Strain (MPa) Strain (MPa) Strain
48.00 0.0000 287 .83 0.0037 424.09 0.0559
84.24 0.0002 203.75 0.0040 442.81 00788
107.98 0.000% 303.24 0.0044 457.71 0.0877
131.91 0.0007 307.15 0.0046 3464.98 0.1083
155,85 0.0011 312.18 0.0048 468.05 0.1153
179.66 0.0016 $17.03 0.0050 47327 0.1224
203.60 00019 221.96 0.0052 482.07 0.1402
215.66 0.0019 #2681 0.0055 499 86 0.1778
227.53 0.0021 L3668 0.0062 515.08 0.2170
233.8] 0.0021 248.23 00071 525.78 0.2579
236 97 00022 357.04 0,0082 531.32 0.2791
24970 0.0024 363.74 0.0083 532.42 0.3007
256 30 0.0026 473.20 00117 546.50 0.3914
265 98 0.0020 378.00 0.0135 553.42 0.4691
275.32 0.0032 383.90 0.0168 553.66 0.4791
278.40 0.0033 394 22 0.0240 554.08 0.4840
283.24 0.0035 410.58 0.0399 554.87 0.489]
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Table 120. Test dala for specimen 18-12

Test Number 1002 Test Temp. : 28°C
Aging Temp. L 280°C Aging Time : 68,000 h
Yield Stress . 1288.5 MPa Ultimate Stress : 555.9 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
MPa) Strain (MPa) Strain (MPa) Strain
14.90 0.0000 336.25 0.0074 485.08 0.0840
32.56 0.0001 341.27 0.0080 494 87 0.1032
54.54 0.0003 350.19 0.0090 505.27 0.1157
95.04 0.0008 359.80 0.0099 516.78 0.1330
148.66 0.0017 365.26 0.0112 528.90 0.1481
201.65 0.0024 370.81 0.0184 535.04 0.1613
210.18 0.0025 388.69 0.0190 540.25 0.1711
227.65 0.0027 404.24 0.0258 547.31 0.1880
237.1% 0.0033 422.76 0.0380 551.00 0.2022
238.48 0.0033 44228 0.0532 554 99 0.2214
250.50 0.0034 460.52 0.0701 556.14 0.2421
287 81 0.0048 479.33 0.0888 556.32 0.2550
312.16 0.0058
Table 121. Test data for specimen 18-22
Test Number 1 003 Test Temp. : 29°C
Aging Temp. : 280°C Aging Time '6800011
Yield Stress 1 291.9 MPa Ultimate Stress : 568.9 MPa
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
23.90 0.0000 313.52 0.0075 419.35 0.0572
48.59 0.0003 323.34 0.0087 457.49 0.0934
97.26 0.0009 33266 0.0099 481.22 0.1144
145.01 0.001 337.20 0.0107 484 37 0.115%
193.33 0.0030 347 14 00129 512.14 0.1563
241.08 0.0036 356.58 0.016] 537.27 0.2026
265.32 0.0046 365.48 0.0196 552.14 0.2431
289.62 0.0059 380 58 0.0276 558.67 0.2798
304.00 0.0068 394 97 0.0370 568.94 0.3292
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Table 122. Test data for specimen 13-12

Test Number (028 Test Temp. : 25°C
Aging Temp. . Reannealed Aging Time ‘-
Yield Stress : 317.3 MPa Ultimate Stress : 567.4 MPa
Engr. Engr. Engr
Stress Engr. Stress Engr. Stress Engr.
(MFaj Strain (MPa) Strain (MPa) Strain
58.50 0.0001 352.87 0.0067 496.24 0.1460
99.30 0.0003 357.20 0.0073 510.41 0.1747
133.00 ©.0006 36106 0.0080 522.24 0.2028
183.07 0.0010 367.66 0.0091 520.11 0.2228
193.54 0.0016 272.86 0.0108 536.15 0.2462
201.94 0.0018 378.36 0.0130 542.22 0.2717
215.16 0.0020 385.83 0.0168 547.41 0.2028
2286.30 0.0021 398.00 0.0259 552.36 0.3249
237.36 0.0022 41543 0.0421 558.66 0.8637
280.74 00031 434.03 0.0634 562.70 0.4037
300.58 0.0036 44903 0.0811 566.12 0.4461
318.41 0.0043 464.70 0.0982 567.34 0.4761
33293 0.0050 474.03 0.1080 567.40 0.4895
346.78 0.008] 478.62 0.1167
Table 123. Test data for specimen 13-21
Test Number . 026 Test Temp. 1 28°C
Aging Temp. . Reannealed Aging Time -
Yield Stress : 289.2 MPa Ultimate Stress : 575.2 MPa
Engr Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
G4Fs) Strain {MPaj Strain (MPa) Stinin
4357 0.0000 347.01 D.0081 488.50 0.0968
85.02 2.0002 353 00 0.0092 505.80 0.1120
130.85 0.0005 360.46 0.0107 523.90 0.1343
178.30 0.0014 368 63 00131 543.60 0.1667
232.59 0.0022 379.05 0.0167 585.16 0.1962
262.35 0.0028 388.82 0.0210 564.90 0.2333
27649 0.0032 403.186 0.0286 571.38 0.2689
297.17 0.0040 421.68 00407 573.98 0.2871
310.87 0.0046 436.44 0.0518 573.92 0.2947
322.33 0.0083 453.38 0.0654 574.89 0.3187
33148 0.00682 470.21 0.0788 575.17 0.3364
33010 0.0070 4B3.57 0.0905 575.22 0.3509
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Table 124. Test data for specimen 13-22

Test Number 1027 Test Temp. 1 25°%C
Aging Temp. : Reannealed Aging Time -
Yield Stress : 287.7 MPa Ultimate Stress : 531.2 MPa
Engr. Engr. Engr.
Stress Engr. Swress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
44.2) 0.0000 331.47 0.0081 44235 0.0057
85.37 0.0003 336.80 0.0063 455,83 0.1097
131.85 0.0008 341 .69 0.0105 468.19 0.1252
174.19 0.0014 346.72 0.0124 473.23 0.1269
196.69 0.0019 354.13 0.0i58 477.17 0.1347
214.31 0.0022 360.84 0.0195 478.12 0.1380
230.61 0.0024 370.52 0.0259 492.78 0.16586
260.12 0.0031 383.34 0.0361 504.02 0.1894
290.13 0.0042 364.2) 0.0455 516.50 0.2247
30255 0.0048 413.08 0.0640 526.42 0.2619
312.26 0.0056 426.39 0.0806 530.27 0.2926
32050 0.0064 434.61 0.0856 531.25 0.3066
827.75 0.0074 43625 0.0876
Table 125. Test data for spectmen 15-11
Test Number - 057a Test Temp. 290°C
Aging Temp. : 280°C Aging Time 68,000 h
Yield Stress 1 214.0 MPa Ultimate Stress : 469.0 MPa
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
48.90 0.0000 278.02 0.0076 438.50 0.1433
B3.20 0.0002 281.34 0.0085 443.15 0.1514
122.08 0.0006 284 82 0.0085 452.28 0.1714
162.68 0.0013 2K7.99 00104 460 92 0,1953
189.28 0.00]19 254 38 0.0127 466.31 0.2175
195.54 0.0021 319,77 0.0266 468.95 0.2414
201.11 0.0024 333.17 0.0365 468.76 0.2577
21340 0.0026 348,54 0.0493 460.47 0.2747
220.74 0.0028 365.08 0.0638 434.38 0.2078
23541 0.0030 380.97 0.0782 387.87 0.3198
245.10 0.0034 390.25 0.0864 30874 0.3264
252.35 0.0030 402.23 0.0082 26978 0.3309
260.15 0.0045 410.60 0.1048 213.57 0.3327
26527 0.0052 420.39 0.1163 166.50 0.3340
271.57 0.0082 42958 0.1286 156.46 0.3341
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Table 126. Test data for specimen 15-12
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Test Number 1 056 Test Temp. : 290°C
Aging Temp : 2BO°C Aging Time 1 68,000 h
Yield Stress : 208.4 MPa Ultimate Stress  : 444.5 MPa
Engr Engr. Engr.
Stress Engr Stress Engr. Sitress Engr.
(MPa) Strain (Mp'd) Strain MP&) Strain
46.39 0.0000 24365 0.0045 355.28 0.0853
83.04 0.0003 247.23 .0052 367.60 0.0977
119.69 0.0007 251.20 .0060 374.04 0.1017
140.89 0.0010 255.94 0.0073 384.35 01144
158.51 0.0014 260.29 0.00886 392.07 0.1237
177.89 0.0019 264.10 0.0100 407.55 0.1429
186.93 0.0022 267.86 0.0118 413.00 0.1531
200.26 0.0026 270.93 0.0131 423.69 0.1712
208.37 0.0028 274 64 0.0149 429.40 0.1877
214 65 0.002¢ 278.49 0.0171 432.18 0.1915
219.32 0.003] 285 B9 0.0220 43542 0. 1987
228.30 00033 204 .60 0.0285 437.28 0.2026
23571 0.0036 308 51 0.0400 441.72 0.2144
23B.60 0.003% 325.75 0.0560 440.08 0.2189
240 86 0.0042 342 68 00724 444.39 0.2366
Table 127. Test data _for specimen 15-21
Test Number - 057b Test Temp. : 290°C
Aging Temp. . 280°C Aging Time - 68,000 h
Yield Stress 0 199.6 MPa Ultimate Stress : 482.5 MPa
Engr Engr. Engr.
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPaj Strain
46.08 0.0000 250.40 0.0075 43307 0.1682
94.79 0.0003 257.78 00102 440.72 0.1815
146.04 0.0010 264 58 00134 447.58 0.1937
162.4) 0.0013 274 87 0.0188 453.33 0.2104
178.43 0.0017 293.17 0.0810 460.34 0.2232
189.53 0.0020 300.98 0.0435 483.99 0.2327
192.57 0.0022 321 909 0.0538 46940 0.2442
19581 00024 334.15 0.0838 472.72 0.2647
206 6] 0.G027 34883 0.0767 475.88 0.2751
21114 0.0026 365.16 0.0909 477.68 0.2832
21568 0.0031 380 85 0.1025 380.52 0.209]1
22475 00034 40273 0.1264 480.74 0.3062
23303 0.0038 411.78 0.1388 481.60 0.3166
238.07 0.0043 42678 0.1597 482.5] 0.3284
243.35 0.0054
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Table 128. Test data for specimen 15-22

Test Number : 058 Test Temp. 1 290°C
Aging Temp. . 280°C Aging Time : 68,000 h
Yield Stress : 180.2 MPa Ultimate Stress : 434.0 MPa
Engr. Engr. ETW
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain (MPa) Stran (MPa) Strain
33.02 0.0000 204.38 0.0055 364.37 0.1249
81.08 0.0003 209.24 0.0059 370.79 0.1328
120.94 0.0009 214.55 0.0065 375.87 0.1406
144.27 0.0014 220.45 0.0072 381.69 0.1491
156.54 0.0019 227.00 0.0080 391.10 0.1842
165.71 0.0021 237.95 0.0008 399.87 0.1797
172.82 0.0024 252.42 0.018) 401.75 0.1814
178.83 0.0027 264.31 0.0273 300.02 0.1954
184.30 0.0032 277.23 0.0387 411.64 0.2005
186.79 0.0034 288.27 0.0491 410.25 0.2181
180.9) 0.0038 302.62 0.0627 42272 0.2286
104.69 0.0043 314.15 0.0741 426.14 0.2408
196.38 0.0045 326.02 0.0859 428.19 0.2480
199.56 0.0050 330.52 0.0903 431 89 0.2636
201.99 0 0053 34748 0.1053 434.03 0.2816
Table 129. Test data for specimen 16-21
Test Number 1 060 Test Temp. 1 290°C
Aging Temp. : Reannealed Aging Time 1=
Yield Stress : 184.0 MPa Ultimate Stress : 405.0 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
73.83 0.0002 263,54 0.0096 427.35 0.0839
108.82 0.0006 274 92 0.0124 446.96 0.1081
127.98 0 0008 28557 0.0155 462.80 01199
141.76 0.00}2 294.26 00185 473.64 0.1300
156.10 0.0016 301.80 0.0212 482.97 0.1419
167.01 0.0020 317.07 0.0277 483.46 0.1437
176.70 0.0024 343.30 0.0410 485.48 0.1484
191.30 0.0033 363.02 0.0523 494.14 0.1610
202.85 0.0639 379.90 0.0624 50051 0.1719
226.10 0 0048 395.39 0.0723 504.16 0.1812
240.81 0.0057 414.01 0.0844 505.94 0.1900
251.80 0.0072 43247 0.0972
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Table 130. Test data for specimen 17-21
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Test Number : 059 Test Temp. 1 290°C
Aging Temp. : Reannealed Aging Time -
Yield Stress :171.5 MPa Ultimate Stress  : 416.2 MPa
Engr. Engr. Engr.
Stress Erigr. Stress Engr. Stress Engr.
(MPa) Strain (MPaj Strain (MPaj Strain
47,67 00000 206.10 0.0063 371.77 0.1798
B5.55 0.0003 208.03 0.0085 379.86 0.1942
114.31 0.0007 210.94 0.0070 386.78 0.2092
140.22 0.0012 220.28 0 0086 390.72 0.2216
156.57 0.0017 23071 0.0105 393.02 0.2293
164.89 0.0020 246.73 0.0207 395.16 0.2356
173.91 0.0024 259.45 0.033) 400.01 0.2503
180.02 00028 270.48 0.0460 40395 0.2639
185.68 0.0033 286.56 0.0643 406.29 0.2704
189.43 0.0039 301.82 0.0830 410.18 0.2000
19347 0 0045 316.97 0 0985 412.48 0.3016
195.7¢ 0.0050 330.80 0.1155 414.70 0.3130
198.36 0.0056 3404} 0.1284 416.19 0.3330
201.41 0.0059 348 69 0.1408
203.83 0.0061 358.81 0.1550
Table 131. Test data for specimen F13T-01
Test Number - MEA Test Test Temp. 25°C
Aging Temp. . Unaged Aging Time -
Yield Stress 12447 MPa Ultimate Stress : 584.5 MPa
Experimental Data Not Available,
Table 122, Test data for specimen P13T-03
Test Number . MEA Test Test Temp. : 25°C
Aging Temp. : Unaged Aging Time L.
Yield Stress 1 245.9 MPa Ultimate Stress : 579.9 MPa
Engr. Engr. “Engr.
Stress Engr. Stress Engr. Stress Engr.
{MPa) Strain {MFa) Stran (MPa) Strain
10.20 0.0002 136.3) 0.0010 263.38 00053
18 68 0.0003 156.17 0.0012 270.48 0.0062
28.96 0.0003 175.54 0.0014 275,72 0.0070
37.78 0.0003 192 16 0.0017 27972 0.0078
5426 0.0004 210,08 0.002] 285 .65 0 0087
68.95 0.00085 22470 0.0026 288.20 095
84.25 0.0006 23615 0.003] 201.7¢ 104
100.11 0.0007 247.80 0.0038 296.6¢ 0.0113
118.50 0.0008 256.76 00035 298.06 0.0123
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Table 133. Test data for specimen P11A-01

Test Number : MEA Test Test Temp. Al
Aging Temp. : Unaged Aging Time 1=
Yield Stress i~ MPa Ultimate Stress : 584.9 MPa |
Experimental Data Not Available. i
Table 134. Test data for specimen P13A-01 !
l
Test Number - MEA Test Test Temip. { 28°C
Aging Temp. . Unaged Aging Time P
Yield Stress : 248.5 MPa Ultimate Stress : 584 .5 MPa ‘
1
Engr. Engr Engr. 4
Stress Engr tress Engr. Stress Engr
(MP&’ lrain MPa) Strain (MPal Strain ‘
17.93 0.0002 125.42 0 0008 275.79 0.0067 1
20.96 0.0002 143.20 0.0009 280.62 0.0076
23.44 0.0002 162 65 0.0011 285.79 0.0084 |
26.89 0.0002 181.81 0.0014 288.20 0.0003
29.30 0.0002 197 65 0.0017 202.06 0.0102
30.89 0.0002 214.36 0.0021 29592 00111 ]
33.09 0.0003 228.63 0.0025 297.16 0.0120
34.89 0.0003 239.1] 0.0030 300,96 0.0130 i
53.57 0.0004 24993 0.0037 303.30 0.0139
70.95 0.00085 257.45 0.0043 3086.51 0.0149
86.32 0.0005 264.55 0.005) 300.44 0.0158 i
104.39 0.0006 27152 0.0059 310.40 0.0168 1
|
Table 135. Test data for specimen P14T-09 j
Test Number 117 Test Temp. : 28°C |
Aging Temp. : 290°C Aging Time : 30,000 h |
Yield Stress 1 266.2 MPa Ultimate Stress : 596.2 MPa |
I
Engr Engr. Engr. j
Stress Engr Siress Engr Stress Engr |
(MPa) Strain MPal Strain (MPa) Strain |
|
0.00 0.0000 395,64 0.0486 545.00 0.2716 1
77.21 0.0002 422.46 0.0680 550.25 0.3307
212.73 0.0018 44243 0 0858 561.89 0.3462 j
258.67 0.0025 465.90 0.1084 566.23 0.3725 |
291,99 0.0042 478.01 Q.1208 577.95 0.4432 '
311.40 0.0062 481.09 0.1354 581.37 0.5600 ]
326.33 0.0083 48).39 0.13861 590.97 0.5612 ]
354.39 0.0201 507.72 0.1791 595.58 0.6312 1
354.49 0 0204 520.83 0.227) 596.15 0.6717
380.76 0.0348 537 OB 0.2433
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Table 136, Test data for specimen P11A-25
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Test Number : 102 Test Temp, : 235°C
Aging Temp. : 280°C Aging Time : 30.000 h
Yield Stress : 285.7 MPa Ultimate Stress : 595.2 MPa
Engr Engr. Engr
Stress Engr. Stress Engr Stress Engr.
(MPa) Strain MPal Strain {MPa) Strain
0.00 0.0000 327.99 0,0134 485.84 0.1728
68.60 0.0002 330.65 0.0148 503.01 0.2040
147.31 0.0010 391.70 0.0575 52441 0.2531
181.90 0.0016 395.97 0.0605 546.10 0.3130
205.98 0.0015 410.10 0.0741 557.67 0.3579
222.63 Q.0017 420.72 0.0850 564,19 0.3855
258.83 0.0025 431.76 0.0957 575.74 0.4433
283.36 0.0036 44571 0 1083 582.95 0.4831
299,93 0.0050 445.67 0.1083 590.96 0.5406
307.02 0,006 467.17 0.1347 565,22 0.6085
311.57 0.0060 483 61 0.1593
Table 137. Test data for specimen P14A-26
Test Number : 104 Test Temp. , 28°C
Aging Temp. 1 290°C Aging Time : 30,000 h
Yield Stress : 276.5 MPa Ultimate Stress : 575.7 MPa
“Engr Engr. Engr.
Stress Engr. Stress Engr Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
73 .86 0.0001 360.33 00198 494 94 0.1348
202.47 0.0013 391.83 0.0374 51242 0.1675
219.88 Q0015 42236 0.0588 53740 0.2028
230.30 c0016 442.39 00783 553.09 0.2403
260.7) 0.0022 457 .87 0.0811 564 42 0.2757
206.90 0.0035 469.61 00,0986 569.81 0.3036
314.5] 0.0054 480.19 0.1109 57378 0.3211
330.05 0.0088 488.72 0.1263 575.68 0.3664
345,30 0.0137
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Table 138. Test data for specimen P11A-28
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Test Number 1284 Test Temp. 125°C
Aging Temp. : 290°C Aging Time : 58.000 h
Yield Stress : 263.5 MPa Ultimate Stress : 536.0 MPa
Eng. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
18,772 0.0001 323.730 0.0296 402,111 0.2443
41.505 0.0002 353.702 0.0567 498 424 0.2577
53.092 0.0003 377.558 0.0811 510.328 0.2873
111.117 0.0006 370.486 0.0833 514.377 0.2089
185.675 0.0008 389.501 0.0944 515.061 0.3012
197.871 0.0012 399.024 0.1085 518.666 0.3128
209.283 0.0014 418.330 0.1289 522.281 0.3268
219.264 0.0016 426 745 0.1400 526.040 0.3431
256.470 0.003C 441.324 0.1597 532 642 0.3867
266 986 0.0038 460.765 0 1885 534,233 0.4051
207 088 0.0107 468973 02017 535 968 04518
Table 139. Test data for specimen P11A-29
Test Number . 285 Test Temp. 1 25°%C
Aging Temp. 1 290°C Aging Time : 58,000 h
Yield Stress 1 266.1 MPa Ultimate Stress : 562.0 MPa
Engr Engr. Engr.
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain {MPa) Strain (MPa) Strain
14 859 G.0001 292610 0.0071 472.087 0.2052
20.549 0.0001 318.089 0.0177 483,990 0.2208
35.176 0.0002 350.081 0.0412 491.974 0.2477
76.772 0.0004 367.359 0.0571 502.618 0.2745
B7.465 0.0004 384.826 0.0751 515.005 0.3103
99 875 0.0005 394 .609 0.0864 524.536 0.3420
160,545 0.0008 411.273 0.1068 531.262 0.3672
172.878 0.0008 427.903 0.1300 549.938 0.4652
184911 0.0010 439.883 0.1481 552.503 0.4836
249.253 0.0025 460.214 0.1828 560.583 0.5582
281.777 0.0050 465.207 0.1917 561.986 0.5795
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Table 140. Test data for specimen P11A-10

Test Number 1216 Test Temp. +-26°C
Aging Temp. 1 320°C Aging Time : 30.000 h
Yield Stress £ 279.1 MPa Ultimate Stress : 622.6 MPa
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain {MPa) Strain (MPaj Strain
15015 0.0001 328.678 0.0089 520.516 0.1867
28,397 0.0002 333,701 0.0101 565073 0.2549"
50.324 0.0003 383.033 0.0358 581.929 0.2967
61.112 0.0004 401.113 0.0488 585.086 0.3076
895717 0.0006 403.974 0.0511 606.216 0.3890
158.146 0.0009 438.987 0.0801 609.713 0.4072
245.309 0.0021 480.820 0.1218 616,368 0.4508
253.270 0.0024 488.276 0.1305 619.088 04718
260,644 0.0027 499.011] 0.1434 619.137 0.4741)
286.243 0.0040 510.523 0.1588 621.274 0.4975
322.655 0.0077 519.558 0.1716 622,537 0.6277
“able 141, Test data for specimen P11T-06
Test Number 0 103 Test Temp. : 28°C
Aging Temp. 1 320°C Aging Time : 30,000 h
Yield Stress : 280.0 MPa Ultimate Stress : 569.3 MPa
Engr. Engr E«'Tgr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPaj Strain
0.00 0.0000 242.55 0 0035 479.03 0.1020
a7.90 0.0002 366.58 0.0043 485.02 0.1088
186.78 0.0011 374.51 0.0049 491.88 0.1191
195.30 0.0013 374.45 0.0048 504 42 0.1376
210.26 0.6016 376.06 0.0061 £20.48 0.1813
210.85 00017 38140 0.0094 546 00 0.2204
229.20 0.0017 390,14 0.0159 560.78 0.2703
24899 0.0020 425.73 0.0470 565.59 0.2916
318.37 0.002¢ 442.0! 0.0635 560.21 0.3316
321.97 0.0031 468.24 0.0982 569.34 0.3602
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: Table 142. Test data for specimen P14T-08

Test Number : 100 Test Temp. : 25°C
Aging Temp. : 320°C Aging Time : 30,000 h
Yield Stress 1 279.1 MPa Ultimate Stress : 595.9 MPa
: Engr. Engr Engr.
Stress Engr Stross Engr. Stress Engr.
(MPa) Strain MPa) Strain (MPa) Strain
0.00 0.0000 379.65 0.0330 518.57 0.1577
130.91 0.0008 293.34 0.0422 521.05 0.1650
195.03 0.0019 404.80 0.0504 528.04 0.1762
218.36 0.0024 416.28 0.0580 536.84 0.1915
242.00 0.0027 426.20 0.0861 543.64 0.2056
251.86 0.0030 431.24 0.0709 485.56 0.2200
261.87 0.0033 451,27 0.0884 560.09 0.2446
271.49 0.0037 460 07 0.0954 570.86 0.2784
28091 0.0043 465.27 0.0683 581.68 0.3217
g 295.96 0.0055 471.26 0.1042 583.65 0.3378
314.88 0.0072 478.93 0.1127 585.00 0.3490
329.57 0.0111 492.34 0.1283 585.65 0.3506
336.05 0.0140 498 90 0.1343 587 54 0.3614
354 26 0.0203 506.30 0.1460 588.05 0.3851
367.74 0.0262 508 78 0.1502 580,10 0.3950

Tal.we 143. Test data for specimen Pl 1A-13

L B Nl s B B e i e e e e
L LB L B B L e BEENREE g o B e B B B L e Bl BB

Test Number 281 Test Temp. 3 eHC
Aging Temp. L 3200 Aging Time : 55.00C h
Yield Stress 1 299.0 MPa Ultimate Stress : 646.8 MPa
“Engr. Engr “Engr.
Stress Engr. Stress Engr. Stress Engr.
{MPa) Strain (MPa) Strain {MPa) Strain
22.902 -.000) 359.101 00102 614.679 0.323&
25067 £.0001 365.251 00118 626.149 0.3694
64721 0.0002 370.4531 0.0136 626 631 03714
75416 0.0003 406 247 0.0308 629.764 0.3871
173.574 0.000€ 420615 0.0456 632222 0.3995
186.428 0.0007 43B.753 0.051¢9 632 752 04016
198 806 0.00u8 452.705 0.08238 638.632 04379
211.070 0.0008 478.162 0.0840 640.994 0.4568
278813 0.0023 561 231 0.1807 641.524 0.4600
2886.481 0.00%6 588.172 0.2458 646.006 05110

300,163 0.0032 610.534 0.3002 646777  0.5475 ‘
]
|
|
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Table 144. Test data for specimen P12A-25

Test Number 1282 Test Temp. : 28°C
Aging Temp. : 320°C Aging Time : 55.000 h
Yield Stress . 287 .6 MPa Ultimate Stress : 688.3 MPa
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
19.267 00001 476 490 0.0661 656.004 0.3383
21.. 0.0001 492.01] 00830 660127 0.349]
73.4%2. 0.0003 527735 0.1082 660 657 0.3513
109.768 0.0004 559,062 01418 671.067 0.3054
186.235 .0009 560,845 0.1439 672.465 0.4021
269.237 00025 605 956 0.2110 681.333 0.4543
284 794 0.0031 620 848 0.2400 681.622 04566
316.501 0.0048 629 330 0.2580 685 333 04869
353.028 0.0091 638,451 0.2844 687.261 0.5076
398.063 0.0225 "51.2509 0.3187 688.032 0.5225
460.710 0.0585 5.259 0.3317 688.321] 0.5306
Table 145. Tes! data for specimen P12T-05
Test Number : MEA Test Test Temp. o
Aging Temp. : 350°C Aging Time : 10,000 h
Yield Stress . T ] MPa Ultimate Stress : 610.8 MPa
Engr. Engr. T Engr.
Stress Engr Stress Engr Stress Engr.
MPa) Strain (MPa) Strain (MPa) Strain
49,6422 0.0003 346.8752 0.0156 549.512) 0.2378
82.9439 0.0005 348 8400 0.0172 5574411 0.2553
121.3477 00007 354 0457 00188 563.6774 0.2731
161 4062 0.0010 383.6932 0.0355 5693000 0.2810
1976727 0.0013 406.3417 0.0526 574.4022 0.208)
229.7333 0.0019 4208881 0.06860 578.7801 0.3273
255.6576 0.0027 448 2281 0.0853 585.1580  0.3457
276.8245 0.00637 464 .086) 0.1019 586.6748 0.3642
294 5440 0.0049 480.0819 01184 582.1907 0.3832
307.3683 0.0062 492 0788 0.1352 5955002 0.402¢
3168141 0.0077 503.7999 0.1520 508.0512 0.4225
325.8462 0.0092 516.0036 0.1690 600.7401 0.4432
330.6036 G.0107 525. 1047 0.1860 602.7306 0.4670
33798810 0.0124 5346194 0.203) B05.4976 0.4883
341 0700 0.0140 5323416 0.2204
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Table 146. Test data for specimen P12T-06

Test Number : MEA Test Test Temp. 1 28°%C
Aging Temp. : 350°C Aging Time : 10,000 h
Yield Stress 1 263.4 MPa Ultimate Stress : 608.7 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
242 0.0002 48.37 0.0174 552.27 0.3247
453 0.0003 48.85 oo19” 558.20 0.3496
951 0.0006 49.33 0.021¢ 564.82 0.3746
14.84 00010 49.67 0.0228 570.89 0.4001
21.36 0.0015 55.26 0.0502 577.64 0.4259
27.03 0.0019 409.62 00764 58247 04517
31.95 0.0027 433.89 0.1016 586 67 0.4780
35.57 0.0037 454 50 0.1265 591.23 0.5047
38.61 0.0048 373.81 0.1512 593.78 0.5319
40.95 0.0060 488 .56 0.1759 597.71 0.5596
4294 0.0074 502 35 0.2007 600.88 0.5880
4445 0.0089 514 28 0.2253 602.95 06174
45.41 00104 524 60 0.2501 605.43 0.6479
46.52 0.0121 535.38 0.2750 607.01 0.6804
47.03 0.0138 543.31 0.2997 608.74 0.7155
47.88 0.0156
Table 147. Test data for specimen P12A-08
Test Number : MEA Test Test Temp. :28°C
Aging Temp . 350°C Aging Time : 10,000 h
Yield Stress : 290.5 MPa Ultimate Stress : 652.9 MPa
Engr. Engr Engr.
Stress Engr Stress Engr. Stress Engr.
{MPa) Strain NP Strain (MPa) Strain
33.78 0.0002 357 56 0.0107 590,88 0.2088
64 40 0.0003 361.70 0.0118 589,77 0.2241
98.87 0.0005 366.53 0.0129 605.01 0.2383
135.7¢ 0.0007 398.38 0.0283 612.25 0.2525
171.61 0.0000 427.06 0.0408 61743 0.2667
207.74 0.0012 449 B8 00547 621.77 0.2810
238.01 0.0018 469 60 0.0687 626.94 0.2952
262.21 0.0024 487.18 0.0828 629 84 0.3093
282,62 0.0021 503.11 0.0968 632.63 0.3232
208 .89 0.0039 519.11 0.1108 637.70 0.3372
311,09 0.0047 533.38 0.1250 640.66 0.3500
324 8! 0.0085 545.44 0.138] 643.63 0.3647
334.53 000685 §55.72 0.1831 645.56 0.3781
34143 0.0075 567.37 0.1674 646.31 0.3011
347 43 0.0085 576.13 0.1818 6549.62 0.4038
383.70 0.0096 584 47 0.1957 649 97 0.4154
A-T72
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Table 148. Test data for specimen P12A-09

Test Number : MEA Test Test Temp. 1 2B°C
Aging Temp. : 350°C Aging Time : 10,000 h
Yield Stress 1 271.2 MPa Ultimate Stress : 618.0 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr Stress Engr.
(MPa) Strain (MPa} Strain (MPa) Strain
52.33 0.0003 337.71 0.0125 569.30 0.2471
88.32 0.0005 341.77 0.0135 574.82 0.2621
125.14 0.0007 370.87 0.0286% 579.37 0.2771
161 .89 0.0010 397.68 0.0458 586.61 0.2918
196.57 0.0013 41968 0.0624 590.19 0.3064
22518 0.0018 439.47 0.0785 593.85 0.3209
247,11 0.0025 458.71 0.0944 596.74 0.3352
264 76 0.0033 474.91 0.1099 600.81 0.3494
281.79 0.0042 487.46 0.1255 604.67 0,3632
292.75 0.0052 501.59 0.1408 605.98 0.3770
304.33 0.0063 515.73 0.1561 608.46 0.3905
313.16 0.0074 525.86 0.1714 612.12 0.4034
31847 0.0084 537.79 C. 1866 614.05 0.4159
323.64 0.0093 546.13 0.2017 615.49 04278
32629 0.0103 555.37 0.2169 6186.60 0.4387
Table 149. Test data for specimen P12T-11
Test Number L 099 Test Temp. 1 25°C
Aging Temp. ; 380°C Aging Time : 30,000 h
Yield Stress . 266.6 MPa Ultimate Stress  : 617.0 MPa
Experimental Data Not Available
Table 150, Test data for specimen P12A~13
Test Number : 101 Test Temp. : 28°C
Temp. 1 350°C Aging Time - 30,000 h
Yield Stress : 285.0 MPa Ultimate Stress : 637.0 MPa
ﬁgr. Engr Engr
Stress Engr. Stress Engr Stress Engr.
{MPa) Strain (MPa! Strain (MPa) Strain
0.00 0.0000 382.46 0.0222 566.26 0.1812
49.37 Q.0000 398.99 0.0318 572.27 0.1902
161.89 0.0003 410 33 0.0397 587.25 0.2119
206.33 0.0016 421.33 0.0475 5838.62 02245
225.89 0.0019 433.67 0.0575 5684.21 0.2286
23497 0.0019 44).67 0.0835 605.26 0.2540
25546 0.0024 459.16 0.0774 611.66 0.2733
280.06 0.0031 475.46 0 0900 613.91 0.2805
304 .05 0.0042 484 .00 0.0975 821.37 0.3072
31841 0.0052 490.72 0.1026 623.09 0.3087
339.82 0.0081 510.64 0.1197 629.77 0.3427
347.5¢ 0.0004 534 67 0.1421 632.39 0.3721
365 68 0.0148 543 77 0.1509 636 66 0.4754
372.37 0.0177 548.22 01572 637.29 0.5645
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i:.. Table 151, Test data for specimen P12A-14
5

f Test Number 2217 Test Temp. 1 25°0

; Aging Temp. . 350°C Aging Time : 30,000 h

: Yield Stress . 2635 MPa Ultimate Stress : 634.9 MPa

3 % Eugr, Engr.

: Stress Engr. Stress Engr. Stress Engr.

’ (MPa) Strain MFa) Strain (MPa) Strain

F

| 10.264 0.0001 342.201 0.0120 596.647  0.2307
50 246 0.0003 394 609 00349 597 521 0.2417
95,207 0.0006 415.836 0.0472 BO2.670 0.2540

2 109 226 0.0007 451,180 0.0709 610206 02745

; 122.011 0.0008 467.432 0.0820 615008  0.2880

‘ 184,580 00013 480159 0.083] 621.177 0.3114

L 206.643 0.0016 489 685 0.1011 623752  0.3237

; 241,787 0.0027 520 ROR 0.1397 630 844 0.3621

: 262.728 0.0037 531,508 0,1417 632592  0.3754

| 281 244 0.00¢ 7 546,955 0.1599 632680  0.3777

201.503 0.00¢ 5 562.450 0.1802 637.438 0.4128

|
|
‘. Table 152. Test data for specimen P13T-07

. Test Number : MEA Test Test Temp. D S8°C
| Aging Temp. . 400°C Aging Time 010,000 h
1 Yield Stress : 285.0 MPa Ultimate Stress : 660.0 MPa
|
T Engr. Engr. " Engr.
; Stress Engr. Stress Engr. Stress Engr.
| Pw) Strain DMPe) Strain ) Strain
| 54.94 0.0004 375.01 0.0145 608.39 0.2002
135.34 0.0005 378.52 0.015a €.3.01 0.2243
171.96 0.0006 412.31 0.028) 620.11 0.2396
205.3% 0.0010 43823 0.0417 625,77 0.2551
233.53 0.0015 458.85 0.0552 631.42 0,2708
258. 14 0.0022 478.36 0.0687 636.94 0.2868
278.89 0.003) 408 27 00823 641.49 0.3033
297.16 00042 514.35 0.0957 645,56 0.3200
312,95 0.0053 530.48 0 1094 648 87 0.3370
327.57 0.0064 542.76 0.1232 653.00 0.3544
337,91 0.0077 556.6) 0.1371 654.24 0.3724
346.05 0.0089 568 61 0.1512 657.60 0.3907
354 67 0.0103 578.19 0.185% 65562 0.4004
361.22 0.0117 587 08 0,1797 658.76 0.430)
: 36894 0.0131 507.64 0.1944
)
4
1
|
|
| |
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Table 153. Test data for specimen P13A-07

Test Number : MEA Test Test Temp. : 26°C
Aging Temyp. 1 400°C Aging Time : 10,000 h
Yield Stress : 286.3 MPa Ultimate Stress . 677.7 MPa
ﬁﬁr. Engr. m
Stress Engr. Stress Engr. Stress Engr.
[MPa) Strain [MPa) Strain {MPa) Strain
4.14 0.0002 372.59 0.0144 627.49 0.2488
57.36 0.0003 379.00 0.0160 634.39 0.2679
90.39 0.0004 382,93 0.0176 640.66 0.2873
12766 0 0006 422.79 0.0344 647.69 0.3070
166 .03 0.0008 454,99 0.0522 652.52 0.3272
210.15 0.0010 478.38 00696 657.07 0.3477
250.56 0.0014 503.80 0.0870 661.41 0.3686
274.07 0.0024 524.97 0.1043 664.10 0.3901
289 37 0.0035 54276 0.1218 666,56 04110
307.09 0.0046 560.20 0.1394 668,17 0.4344
220.88 0.0058 572.82 0.1572 671.55 0.4573
383.84 0.0071 587.30 0.1750 673.14 0.4807
342 88 0.0084 508 88 0.1932 674.24 0.5049
35232 0.0099 609 36 02118 675 69 0.5298
850.15 0.0113 619.22 0.2301 675.96 0.5555
366.66 0.0128
Table 154. Test data for specimen P13T-02
Test Number . MEA Test Test Temp. 290°C
Aging Temp. : Unaged Aging Time L=
Yield Stress . 148.5 MPa Ultimate Stress : 408.8 MPa
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPaj) Strain
19.44 0.0000 119.28 0.0014 179.26 0.0112
22.06 0.0002 130.72 0.0010 181.06 0.0120
25.72 0.0003 140.48 0.0025 183.81 0.0129
29.65 0.0003 136,51 0.0030 185.47 0.0136
35.23 0.0003 152.99 0.0038 186.50 0.0145
36.B5 0.0004 156 86 0.0045 188.57 00153
40 82 0.0004 161.48 0.0054 189.88 0.0180
45.78 0.0004 164.85 0.0061 191.95 0.0170
5192 0.0004 166 .92 0.6070 192.92 00177
57.08 0.0008 170.09 0.0079 195.47 0.0185
62.12 0.0005 172.30 0.0087 196.36 0.0102
87.50 0 0008 74.99 0.0006 198 29 0.0201
83.77 0.0007 176.99 0.0103 190.12 0.0200
10211 0.0010
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Table 155. Test data for specimen P14T-01
Test Number . MEA Test Test Temp. : 290°C
Aging Temp. . Unaged Aging Time 1=
Yield Stress : 157.0 MPa Ultimate Stress  : 437.5 MPa
Engr Engr. Engr
Stress Engr. Stress Engr. Stress Engr.
MPa) Strain (MPa) Strain (MPa) Strain
5,03 0.0000 121.69 0.0024 184.50 0.0096
5.93 0.0002 135.41 0.0031 187.26 0.0103
752 0.0002 146.43 0.003% 189.8] 0.0112
16.41 0.0008 154.72 0.0044 192.02 0.0121
26.61 0.0005 162.10 0.0050 164.91 00129
36.54 0.0006 167.40 0.0055 196.71 0.0138
4854 0.0008 171.75 0.0063 108.02 0.0147
63.50 0.0010 176.75 0.0071 201.08 0.0156
76.67 0.0012 178.92 0.0078 203.05 0.0166
91,98 0.0015 18195 0.0087 205.05 0.0173
108.25 0.0019
Table 156. Test data for specimen P11A-02
Test Number - MEA Test Test Temp. : 290°C
Aging Temp . Unaged Aging Time 1=
Yield Stress : 159.9 MPa Ultimate Stress : 442.7 MPa
iﬁr. Engr Engr
Stress Engr Stress Engr Stress Engr.
(MPa) Strain (MPaj Strain MPa) Strain
39.99 0.0000 174.37 0.0059 235.32 0.0350
4516 0.0001 17761 0.0071 239.32 0.0374
50.68 0.0002 181.28 0.0087 243.45 0.0401
55.36 0.0002 187,12 0.0108 247.04 0.04258
60.88 ©.0003 190.43 0.0124 251.18 0.0453
70.26 0.0003 196.02 0.0151 257.52 0.0493
81.36 0.0003 199.81 0.0172 266.76 0.0536
1:7.42 0.0005 204 64 0.0192 277.86 0.0610
137.76 0.0009 209.67 0.0219 288.82 0.0677
16272 0.0018 21401 0.0249 20808 0.0752
163.61 0.003) 22256 0.0283 308 40 0.0810
16%.06 0.0045 220 60 0.0319
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Table 157. Test data for specimen P13A-02

Test Number : MEA Test Test Temp. ;1 290°C
Aging Temp. - Unaged Aging Time -
Yield Stress : 1565.0 MPa Ultimate Stress : 424.4 MPa
Engr. Enar. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPaj Stratn MPaj Strain (MPa) Strain
4.55 0.0006 139.48 0.0037 179.33 0.0116
6.03 0.0006 148.24 0.0045 181.88 0.0126
19.44 0.0006 155.13 0.0053 184.43 0.0135
33.58 0.0008 160.30 0.0061 186.37 0.0145
50.26 0.0011 164.72 0.0071 188.30 0.0155
65.50 0.0013 168.44 0.0080 190.50 0.0163
83.36 0.0018 171.47 0.0089 192.36 0.0173
G99 84 0.0022 174.37 0.0098 194.43 00186
118.76 0.0026 177.06 0.0107 196,43 0.0195
128.3] 00031
Table 158. Test data for specimen P1471-10
Test Number 1 263 Test Temp. : 280°C
Aging Temp. . 290°C Aging Time : 30,000 h
Yield Stress : 166.1 MPa Cltimate Stress : 415.3 MPa
W Engr. Engr.
Stress Engr Stress Engr. Stress Engr.
Pl Strain iral Strain MPe) Strain
49.686 0.0003 196 58] 00124 356.289 0.1380
51.137 0.0003 200.884 0.0146 358.380 0.1401
64,981 0.0002 220424 0.0261 376.128 0.1592
73.645 0,0002 231.178 0.0328 383.481 0.1701
79.114 0.0002 250.488 0.0455 387.668 0.1814
110.354 0.0003 280 509 0.0671 397.185 0.1978
126.5269 0.0005 294 BO8 0.0782 397.773 0.2001
145.661 00010 313219 0.0934 402.525 0.2112
160.219 00018 325.714 0.1050 406.577 0.2203
176.655 0.0047 337.274 0.1163 410.779 0.2642
181.604 00060 346.762 0.1270 415.188 0.2843
A-T7




- e T Y, T T — SRR S w— B T T R T e — Y TR S rr — - = Bt

Table 159. Test data for specimen Pl 1A-26

; Test Number - 265 Test Temp. . 290°C |
; Aging Temp. 1 290°C Aging Time : 30,000 h -
Yield Stress ' 160.3 MPa Ultimate Stress - 394.6 MPa é
Engr. Engr. Engr. 4
Stress Engr Stress Engr. Siress Engr. E
(MPa) Strain (MPa) Strain (MPa) Strain |
42.339 0.0002 205.024 0.0281 325.205 0.1856 l
. 46.026 0.0002 215.720 0.0372 336.590 0.2027
. 100.931 0.0004 233 148 0.0528 347.127 02183
110.489 0.0005 244.45) 0.0633 360858  0.2450
133.822 0.0008 259.567 0.0782 365,983 0.2580
139.770 0.0010 270.238 0.0881 360.260 0.2627
157.315 0.0022 276.340 0.0055 381426 020957
162,829 0.0020 285 966 01080 383,735  0.3046
177.574 0.0089 30} 592 0.124] 384.747 0.3067 '
181.396 0.0100 315.777 01397 390,256 0.3254
191.523 0.017% 317.286 01419 390.473 0.3319

Table 160. Test data for specimen P14A-27

Test Number : 069 Test Temp. : 290°C
Aging Temp. : 290°C Aging Time : 30.000 h
Yield Stress : 167.8 MPa Ultimate Stress : 421.6 MPa
“Engr. Engr Engr.
Stress Engr. Stress Engr. Stress Engr. l
(MPa) Strain (MPa) Strain (MPa) Strain ;
134.280 0.0012 265 850 0.0374 376.520 01388 '.
‘ 146.280 0.0015 277.030 0.0468 381.110 0.1481 ]
, 161.390 0.0022 287.480 0.0538 383.420 0.1502 :
169,850 0.0028 302.560 0.0676 393.740 0.1639 -
181.710 0.0043 313.840 0.0770 401.580 0.1785 .
194.170 0.0076 326.900 0.0858 403.420 0.1817 i
197.230 0.0102 339 030 0.0983 408.260 0.1914 _
204.710 00114 350,120 0.1068 412 750 0.2018 !
212.740 0.0124 360.970 0.1193 417.410 0.2177 :
239.090 0.0190 366.940 0,1261 420.8670 0.2220 |
243.280 0.0220 368.280 0 1283 421.580 0.2393 |
. |
r
|
- :
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Table 161. Test data for specimen P11A-27

Experimental Data Not Available.

A-79

Test Number 1 315 Test Temp. : 290°C
Aging Temp. 2 2090°C Aging Time : 58,000 h
Yield Stress ' 167.1 MPa Ultimate Stress - 388.4 MPa
“Engr. Engr. “Engr.
Stress Engr Slress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
42.980 0.000] 204.120 0.0202 328.720 0.1419
54 880 0.0001 226,160 0.0407 336.880 0.1529
87.240 0.0003 236.930 0.0473 247.870 0.1685
107.200 0.0004 249.160 0.0583 353.210 0.1752
116.870 0.0005 251.570 0.0605 361.390 0.1883
145,360 0.0011 263.320 0.0715 362.680 0.1006
150.570 0.0013 272.420 0.0804 370.580 0.2005
158 4430 0.0018 285 480 0.0934 372830 0.2135 '
182.450 0.0067 294.030 0.1024 378260 0.2243 ,
187.190 0.0080 312,070 0,1221 382 680 0.2877 .
191,160 00113 323.330 01354 387 850 0.2556 !
Table 162. Test daia for specimen P11A-30
Test Number 1314 Test Temp, : 290°C
Aging Temp. : 280°C Aging Time 58,000 h
Yield Stress . 179.3 MPa Ultimate Stress 445.5 MPa
" Enar. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
MPa) Strain PMPa) Strain (MPa) Strain
14.878 0.000) 202.720 0.0102 370.226 0.159¢
20.980 0.0001] 220,071 0.0210 376.627 0.1684
4R 486 0.0002 244.253 0.0389 383.25) 0.1772
60.940 0.0002 247.118 0.0410 393064 0.1922
107,906 0.0003 261.265 0.0523 397.907 0.2020
118.106 0.0004 285.056 0.0718 424.204 0.2578
127.299 0.0005 297.408 0.0828 426516 0.2647
135.616 0.0006 318.571 0.1026 431.229 0.2787
176.196 0.0023 320.685 0.11385 436.938 02944
192 908 0.0050 346.387 0.1310 440.770 0.3198
198, 148 ¢ DOSO 355.306 0.1421 444.927 0.3280
Table 163. Test data for specimen P11A-09
Test Number 1073 Test Temp. 1 290°C
Aging Temp. 1 320°C Aging Time : 30,000 h
Yield Stress : 175.5 MPa Ultimate Stress : 435.1 MPa
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2 Table 164. Test data for specimen P12A-19

! Test Number 1 074 Test Temp. : 290°%C
, Aging Temp. 1 320°C Aging Time : 30,000 h
Yield Stress 1 174.8 MPa Ultimate Stress : 456.9 MPa
| Engr “Engr. Ener
. Stress Eng Stress Engr Stress Engr
[MPa) Strain MPa) Stratn (MPa) Strain
1
131.38 0.0006 262.30 0.0224 378.76 0.1026
168,14 0.0014 269.07 0.0268 390.99 0.1123
- 180.81 0.0020 276.04 0.0311 398 61 0.1187
' 190.28 0.0029 283.06 00357 404.47 0.1246
197.47 0.0039 290.72 0.0404 408.04 0.1202 ,
202.65 0.0046 303.47 0.0495 413.26 0.1348 :
205.37 0.006] 307.01 0.0532 425.04 0.1485 i
211.97 0.0056 316.34 0.0608 430.30 0.1550
220 18 0.0063 326.74 0.0668 4352} 0.1622 .
228.18 0.0072 332.58 0.0705 438.72 0.1677 ;
236.77 0.0087 343,90 0.0795 442.50 0.1747
241.73 0.011° 350.90 0.0850 447.03 0.1836 |
245,57 0.0148 357 43 0.0888 450.03 0.1908 I
250.09 0.0160 365.46 0.0937 453.65 0.2018 |
255.46 0.0191 472 84 0.0075 456.90 0.2180 4
]
!

Table 165. Test data for specimen P12A-22

Test Number 1 067 Test Temp. : 290°C
Aging Temp. : 320°C Aging Time : 30,000 h
| Yield Stress : 175.4 MPa Ultimate Stress . 418.7 MPa

¥
Stress Engr. Stress Engr. Stress Engr. !
(MPa) Strain (MPa) Strain (MPa) Strain ;
138.43 0.0011 289.17 0.0404 384.32 0.1234 l
| 166,32 0.0019 267.39 0.0463 38B.06 0.1280 :
| 176.63 0.0025 304.19 0.0518 390.71 0.1316 g

186.34 0.0033 310.83 0.0574 394.10 0.1367
19562 0.0045 316.83 008621 397.10 0.1411 ]

202.28 0.0052 323.18 0.0673 40191 0.1495

200.26 0.0059 32893 0.0720 403.92 0.1535%

21653 0.0065 334.40 0.0771 406.13 0.1583
223.90 0.0072 340.70 0.0821 407.94 0.1627 }
231.96 0.0082 346.22 0.0872 410.95 0.1687 l

240.23 0.0102 352.72 0.0925 41272 0.1736

248.20 00138 345878 0.0979 414.59 0.1791

256.42 0.0183 363 96 0.1009 416.12 0.1842

263.99 0.02209 370.68 0.1078 417.60 0.1905

271.92 0.0278 376.35 0.1130 418.34 0.1961

280.94 0.0344 380.58 0.1187 418.67 0.2057
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Table 166. Test data for specimen P12A-22
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Test Number - 087 Test Temp. 1 290°C
Aging Temp. : Unaged Aging Time [
Yield Stress - 2 175.4 MPa Ultimate Stress : 418 .7MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
{MPa) Strain (MPa) Strain (MPaj Strain
136.430 0.0611 240.230 0.0102 380.580 0.1187
154.150 0.0015 248.200 0.0138 384.320 0.1234
166.320 0.0019 256.420 0.0182 388.060 0. 1280
176.630 0.0025 262 990 0.0229 390.710 0.1318
186.340 0.0033 271.920 0.0278 399 600 0.1454
195.620 0.0045 280.940 0.0344 401910 0.14985
202 280 0.0052 297.390 0.0463 410.950 0. 1687
200,260 00059 323.180 0.0673 412720 0.1736
216.530 0.0065 328,930 0.0720 414.590 0.1791
223.800 0.0072 352.720 0.06925 416.120 0.1842
231.960 0.0082 367.340 0.1040 4 18.67C 0.2057
Table 167. Test data for specimen P11A-12
Test Number i r Test Temp. : 25°C
Aging Temp. . Unaged Aging Time i-
Yield Stress - 188.2 MPa Ultimate Stress : 424.8 MPa
Engr. Engr, Engr.
Stress Engr Stress Engr. Stiress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
11551 0.0001 247.372 0.0335 358.065 0.1530
17.178 00001 259.991 0.0440 372 345 0.1731
123.234 0.0002 277.304 0.0595 377.43) 0.1816
131.102 0.0003 286.567 0.0685 389,453 0.2048
151.510 0.0007 203.333 0.0751 392.761 0.2117
175 865 00017 304.078 0.0860 397.788 0.2230
182.490 00022 308212 0.0905 402.369 0.2343
187.882 0.0030 322.206 0.1061 413627 0.2687
210.120 0.0080 329.793 01148 417 965 02012
222.346 00154 347.479 0.1371 418.821 0.2935
235.500 0.0246 252.444 0. 1437 424 466 0.3186
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Table 170. Test data for specimen P12A-11
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Test Numnber : MEA Test Test Temp. 1 290°C
Aging Temp. 1 S60°C Aging Time : 10,000 h
Yield Stress - 180.7 MPa Ultimate Stress : 457.7 MPa
l-'fngr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPaj Strain (MPa) Strain (MPa) Strain
25.23 0.0002 208,20 0.0076 396.45 0.1291
49.00 0.0002 212.70 0.0082 404.3) 0.1391]
75.36 0.0003 227.73 0.0120 412.10 0.1491
104.94 0.0005 249.11 0.0217 419.55 0.1594
13645 0.0006 267.24 0.0311 425.80 0.1698
184.03 0.0011 284.20 0.0409 431.89 0.1805
167.66 0.0016 300.06 0.0501 437.54 0.1914
177.20 0.0022 313.78 0.0594 441,82 0.2009
181.61 0.0030 327.50 0.0690 446.99 0.2133
186,02 0.0038 342,65 0.0802 449.33 0.2265
190.50 0.0045 355.01 0.0905 452.78 0.2358
184.91 0.0083 i7.56 0.1003 454.71 0.2503
199 40 0.0060 376.59 0.1095 457.05 0.2700
203.8) 0.0068 387.14 0.1193
Table 171. Test data for specimen P12T-12
Test Number : 065 Test Temp. : 290°C
Aging Temp. : 350°C Aging Time :30.000 h
Yield Stress : 194.9 MPa Ultimate Stress : 472.7 MPa
Engr Engr. Engr.
Stress Engr. Stress Engr Stress Engr.
(MPa) Strain {MPa) Strain (MPa) Strain
0.00 0.0000 285.06 0.0185 418.11 0.1059
180.70 0.0008 202.20 0.0220 428.42 0.1152
177.07 0001} 300.36 0.0263 433.66 0.1203
193 08 0.0017 307.97 0.0307 44272 0.1305
203.00 0.0021 314.18 60343 44723 0,1357
210.49 0.0023 323,90 0.0404 451.05 0.1407
21879 0.0026 333.07 00464 455.25 0.147]
227.38 0.0029 340.93 0.05816 459.15 0.153%
236.13 0.0034 349,86 0.0578 462.72 0.1593
24353 0.0044 358.15 0.0836 46526 0.1645
251.71 0.0063 36679 0.0696 468.03 0.1708
257.38 0.0079 37595 0.0760 470.67 0.1769
264.33 0.0101 38311 0.0814 472.16 0.1833
271.72 00127 402,11 0.0953 472 69 0.1882
278.71 0.0157
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Table 172. Tes! data for specimen P14A-22

Test Number - 071 Test Temp. : 290°C
Aging Temp. : 350°C Aging Time : 30,600 h
Yield Stress - 185.83 MPa Ultimate Stress : 462.3 MPa
“Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
MPa) Strain (MPa) Strain {MPa) Strain
142.29 0.0011 32247 0.0412 416.55 0.1124
162.28 0.0017 331.01 0.0462 420.31 0.1164
175.77 0.0022 334 55 0.0496 424 .96 0.1213
184.78 0.0027 34061 0.0541 431.85 0.1305
190.30 0.0030 346.083 0.0576 437.80 0.1363
216.79 0.0042 353.29 0.0630 444.60 0.1490
233.27 0.0040 356.55 0.0672 447.63 0.1541
239.75 0.0057 366.71 0.0723 45241 0.1637
248.63 0.0073 375.77 0.0794 455.58 0.1686
256.89 0.0086 380 .67 0.0837 456 88 0.1728
263.22 Q.0108 386.30 0.0883 458.33 0.1776
282.83 0.0181 393.80 0.0928 458.58 01816
261.04 0.02i2 401.42 0.0983 458,98 0.1878
306.67 00207 406 60 0 1025 462 34 01927
215.65 0.0350 411,50 0.1075
Table 173. Test data for specimen P14A-23
Test Number 064 Test Temp. : 290°C
Aging Temp. : 350°C Aging Time - 30,000 h
Yield Stress 1 198.6 MPa Ultimate Stress : 475.6 MPa
Engr Engr Engr
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
0.24 0.0000 316.66 0.0340 447.88 0.1415
148.36 0.0016 324.27 0.0398 452.00 0.147%
161.13 0.0020 32013 0.0437 454.13 0.1521
185.08 0.0030 343.05 0.0524 459.21 0,1600
204.59 0.0038 352.07 0.0583 46225 0.1688
21564 0.0042 363,77 00665 46648 0.1752
229.77 0.0047 375.32 0.0748 468 66 0.1843
244 5¢ 0.0087 385.61 0.0825 468 00 0.1843
2556.32 0.0088 384 .27 0.0894 471.80 0. 1806
265.90 00116 403.49 0.0869 473.42 0.1963
272.58 0.0140 41485 0.1041) 474.30 0.2015
281,98 00175 417.78 0.1069 475.25 0.2054
2892 .48 0.0222 423.95 01128 475.29 0.2100
300.49 0.0260 433.53 0.1236 475.57 0.2145
307.67 0.0301 443.46 0.1351
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Table 174. Test data for specimen P13T-08

Test Number : MEA Test Test Temp. £ 290°C
Aging Temp, 1 400°C Aging Time : 10,000 h
Yield Stress ; 167.3 MPa Ultimate Stress : 502.2 MPa
Engr. Engr.  Engr.
Stress Engr Stress Engr. Stress Engr,
(MPa) Strain (MFa) Strain (MPa) Strain
34.13 0.0002 247.25 0.0128 431.61 0.1201
5261 0.0004 251.59 0.0141 441.20 0.1294
74 .05 0.0005 256.00 00151 448.78 0.1388
99.28 0.0007 279.17 0.0226 456.50 0.1487
119.07 0.0012 300,68 0.0317 46340 0.1586
135.58 0,0017 318.47 0.0402 470.98 0.1697
151.27 0.0024 335.20 0.0491 477.26 0.1807
165.13 0.0031 350.46 0.0577 482.08 0.1909
178.16 0.0040 364.53 0.0665 486.70 0.2012
193.12 0.0056 37742 0.0752 491.28 02118
208.08 0.0072 389.83 0.0841 494.20 0.2223
223.11 0.008¢ 401.48 0.0930 497 66 0.2531
237.46 0.0105 412.44 0.1019 500.01 0.2441
241.82 0.0]16 422.44 01109 501.52 0.2545
Table 175. Test data for specimen P13A-08
Test Number : MEA Test Test Temp. 1 290°C
Aging Temp. . 400°C Aging Time : 10,000 h
Yield Stress : 162.9 MPa Ultimate Stress ' 485.6 MPa
Engr Enar. Engr.
Stress Engr Stress Engr Stress Engr.
MPa) Strain (MPal Strain (MPa) Strain
19.93 0.0000 278.96 0.0272 438.09 0.1478
91.68 0.0007 284 .34 0.02067 443.88 0.1556
12597 0.0015 201.92 0.0330 448.92 0.1638
150.86 0.0027 2097.58 0.0362 454.50 0.1730
173.20 0.004 1 315.28 0.0457 460.16 0. 1829
167.60 0.0058 333.29 0.0564 464.71 0.1923
219.46 0.0075 349.84 0.0673 468.43 0.2018
227 80 0.0095 366.11 0.0785 471.8B1 0.2109
236.77 G.0117 380.66 0.0894 474.64 0.2201
243.73 00187 392.86 0.1005 477.46 0.2300
250.62 0.0186] 403.48 0.1102 479.88 0.240]
256,69 0.0185 411.69 0.1177 481.25 0.2507
2863.52 0.0207 418.58 0.1251 484 .43 0.2617
26945 00229 42541 0.1320 484.29 0.2730
274.00 0.0251 43189 0.1401 485.39 0.2854
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Table 176. Test data for specimen 683-40

Test Number : MEA Test Test Temp. :25°C
Aging Temp. : Unaged Aging Time o
Yield Stress :274.1 MPa Ultimate Stress : 530.0 MPa
Engr. Engr. Engr.
Stress Engr Stress Engr. Stress Engr.
{MPa) Strain (MPa) Strain_ (MPa) Stain
26.89 0.0002 303.23 0.0074 481.12 0.2244
66.60 0.0003 326 .64 0.0206 486.84 0.2387
BB.67 ©.0004 349.70 0.0356 490.22 0.2528
111,90 0.0005 365.63 0.0507 496.49 0.2660
139,89 0.0006 380.04 0.0658 503.11 0.2809
163.96 0.0007 302.93 0.0807 504.56 0.2948
191.33 0.0009 405.41 0.0954 508.70 0.3086
217.12 0.0012 417.08 0.1099 511.80 0.3223
238.28 0.0017 426.58 01244 515 87 0.3357
257.11 0.0023 437.75 0.1389 518.83 0.3489
270.07 0.0030 343.75 0.1532 §20.2) 0.3620
276.03 0.0038 452 .99 0.1675 523.73 0.3746
286.27 0.0046 460.23 0.1818 524.48 0.3869
292 96 0.0054 466 84 0.1961 527.93 0.39853
298.75 0.0064 475.53 0.2104 528.55 0.4082
Table 177. Test data for specimen 683-41
Test Number : MEA Test Test Temp. : 28°C
Aging Temp. - Unaged Aging Time -
Yield Stress 12794 MPa Ultimate Stress : 517.2 MPa
Engr. Engr. Engr.
Stress Engr Stress Engr Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
45.37 0.0002 200 92 0.0106 457.61 0.1693
65.43 0.0003 304.06 0.0122 462.16 0.1802
86.67 0.0004 327.43 0.0266 469 67 0.1913
109.49 0.0005 345.08 0.0408 475.81 0.2026
136.59 0.0007 357.15 0.0538 482.91 0.2138
163.82 0.0008 370.48 0.0664 486.01 0.2253
192.16 0. 0009 383.00 0.0785 493,60 0.2369
219.60 0.0611 392.59 07903 496.35 0.2487
246.63 0.0014 405.55 0..020 501.87 0.2609
264 .41 0.0020 41548 0.1136 505.66 0.2733
276.48 0.0030 424.30 0.124¢ 508.83 0.2860
285.17 0.0044 432 58 0.1362 511.66 0.2993
201.03 0.0050 430.18 0.1473 512.97 0.3132
295.03 0.0074 430.16 0.1583 514.07 0.3280
298.61 0.0080
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Table 178. Test data for specimen 683-33
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Test Number : 206 Test Temp. 1 25°C
Aging Temp. : 280°C Aging Time : 30,000 h
Yield Stress 1 263.1 MPa Ultimate Stress : 502.3 MPa
Engr. Engr. Engr.
Stress Engr Stress Engr Stress Engr.
_(MPa) Stam ___(MPa) Strain _____(MPa) Strain
15.277 0.0001 35].581 0.0596 443.121 0.1839
50.946 0.0004 363 526 0.0726 466.46) 0.2323
70.662 0.0005 365.54 1 0.0747 467.452 0.2844
167.215 0.0011 376.495 0.0875 471.522 0.2452
179.868 0.0012 378.511 0.0896 472.586 0.2473
240.869 0.0023 386.982 ©.1002 479.712 0.2668
247 815 0.0027 409.652 0.1302 484 443 0.2821
316.452 0.0264 411.134 0.1323 490.510 0.3043
319.288 0.0287 412518 0.1344 492.891 0.3156
334 245 0.042] 439.657 0.1776 501.5858 0.3781
336.620 0.0448 440.721 0.1797 502.266 0.4007
Table 179. Test data for specimen 684-31
Test Number : 207 Test Temp. . 25%
Aging Temp. : 280°C Aging Time : 30,000 h
Yield Stress : 269.2 MPa Ultimate Stress : 531.5 MPa
Engr. Engr. Engr.
Stress Engr, Stress ) Stres Engr.
{MPa) Strain (MPa) Strain {(MPa) Strain
15.603 0.0001 360 080 0.0352 481.976 0.1438
28.245 0.0002 394.218 0 0583 497.647 0.1677
49499 0.0004 397.019 0.0604 499.002 0.1698
92.316 0.0007 405.249 0.0667 511.784 0.1844
186.523 0014 425612 0.0834 512..52 0. 1966
197 .849 0.0016 435013 0.0918 516.370 0.2057
227.787 0.0022 437.819 0.0943 519.860 0.2149
283.764 0.0054 455.309 0.1119 525.562 0.2349
289.304 0,0062 463 055 01204 527.208 0.2420
312 856 0.0119 468.522 0.1268 527.595 0.2444
349219 0.0289 470.375 0.1289 531.369 0.2795
A-87
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Table 180. Test data for specimen 68-145

Test Number - 208 Test Temp. < 29
Aging Temp. : 280°C Aging Time : 30,000 h
Yield Stress . 278.0 MPa Ultimate Stress : 566.4 MPa
Engr Engr Engr.
Stress Engr. Stress Engr, Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
14.767 0.0001 407.302 0.0596 511.435 0.1588
7 50O 0.0002 410.232 0.0616 517.459 0.1669
138.852 0.0009 418 155 0.0676 530.809 0.1873
218.478 0.0017 439.177 0.0842 532.014 0.1893
245,500 0.0023 448.344 0.0922 535.628 0.1955
253.019 0.0026 455.192 0.0981 547.436 0.2182
319.555 0.0106 478 504 0.1208 550.183 0.2245
325097 0.0125 480.605 0.1228 551.677 0.2281
341.088 0.0190 488.109 0.1307 560.737 0.2534
371.687 0.0356 489.940 0.1327 562.328 0.2599
384.323 0.0436 495.097 0.1387 566376 0.2892
Table 181. Test data jor specimen 684-21
Test Number 1 122 Test Temp. 1 25°%C
Aging Temp : 320°C Aging Time £ 10,000 h
Yield Stress 1 304.5 MPa Ultimate Stress :614.1 MPa
Engr Engr. Engr
Stress Engr Stress Engr Stress Engr.
(MPa) Strain (MPa) Strain _(MPa) Strain
0.20 0 0000 38348 0.0356 514.78 0.1775
43.86 Q.0001 405.09 0,0528 542,52 0.2325
201.61 0.0025 428.57 0.073¢@ 565.75 02018
299.97 0.0052 459.36 0.1004 581.42 0.3475%
323.03 0.0077 473.99 0.1162 590.71 0.4324
331.67 0.0093 478.54 0.1220 609.92 0.5201
342.81 0.0127 484 .63 0.13842 614.05 0.5801
388.17 0.0193
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Table 182, Tesl data for specimen 684-22
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Test Number 123 Test Temp. : 28°C
Aging Temp., 1 320°C Aging Time : 10,000 h
Yield Stress . 281.0 MPa Ultimate Stress : 571.2 MPa
Engr Engr Engr.
Stress Engr Stress Engr. Stress Engr,
{MPa) Strain MPa) Strain MPa) Strain
0.20 0.0000 322.48 0.0097 485.20 0.1852
32.30 0.0000 334 .82 0.0140 48589 0.1852
205.66 0.0020 353 .54 0.0251 511.51 0.2517
206.25 0.0020 386.11 0.0506 539.46 0.3421
222.40 0.0022 420.65 0.0852 560 89 0.4607
279.06 0.0038 450 14 0.1178 570.53 0.5504
297.49 0.0050 466 83 0.1429 571.22 0.6435
311.00 0 0069 478.09 0.1629
Table 183. Test data jor specimen 682-41
Test Number : 168 Test Temp. 1 258°C
Aging Temp 1 320°C Aging Time 30,000 h
Yield Stress ! 305.7 MPa Ultimate Stress . 621.0 MPa
Engr. Engr. Engr.
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain (MPa)_ Strain (MPa) Strain
0.00 0 0000 379.18 0.0145 509.61 0.0880
232.61 00017 401,78 0.0249 530.21 0.1225
291.45 0.0031 434.95 0.0420 570.81 0.1502
306.61 0.0036 464.96 0.0635 607.20 0.2236
331.78 0.0054 488.25 0.0806 621.00 0.2783
354.04 0.0084
Table 184. Test data for specimen 684-39
Test Number $ 164 Test Temp. 1 25°C
Aging Temp. 1 320°C Aging Time : 30,000 h
Yield Stress : 358.2 MPa Ultimate Stress . 614.4 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
000 0.0000 41693 00133 £32.08 0.1137
69.76 0.0001 434.07 0.0200 566 06 01636
298.81 0.0030 457.04 0.0334 595.24 0.229)
347 64 0.0044 477 .88 0.0502 612.83 0.3099
37970 0 0067 495.73 0.0735 614.44 0.3387
400.70 00092
A-89
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Table 185. Test data for specimen 68-264

| Test Number

1 NNy

1 165 Test Temp. : 28°C
Aging Temp. 1 320°C Aging Time : 30,000 h
Yield Stress : 296.2 MPa Ultimate Stress : 572.5 MPa
Engr. Stress Engr. Stress Engr.
tm Strain [MPa) _Strain MPa) ____ Strain
0.00 0.0000 355.80 0.0183 447.85 0.1035
261.43 0.0032 355.90 0.0183 467.97 0.1347
291.16 0.0046 363.44 0.0228 491.74 0.1833
306.26 0.0058 376.07 0.0319 503.84 0.2217
315.94 0.0068 391.55 0.0442 535.15 0.3130
325.70 0.0085 41068 0.062! 563 65 0.4398
336.88 0.0111 432.03 0.0853 572.53 0.5380
345.85 0.014)
Table 186. Test data for specimen 681-28
Test Number 1 287 Test Temp. :25°C
Aging Temp, 1 320°C Aging Time : 50,000 h
Yield Stress : 326.9 MPa Ultimate Stress : 640.3 MPa
Engr. Engr Engr.
Siress Engr. Stress Engr Stress Engr.
MPa) Strain (MPa) Strain (MPa) _Strain
| 13.740 0.0001 440.800 0.0401 568.650  0.1798
16.160 0.0000 446,950 0.0444 576.090 0.1926
73.320 0.0005 476.220 0.0679 577.180 0.1847
84.350 0.0005 478.680 0.0700 594.630 0.2288
133.140 0.0008 481.040 0.0721 600430 0.2418
222.700 0.0014 512.890 0.1038 613.920 0.2763
2886.290 0.0024 522.170 0.1144 619.030 0.2015
246.130 0.0052 523 880 0.1165 628.870 0.3265
370.930 0.0084 538.910 0.1354 633.110 0.3442
392.980 0.0143 548.160 0.1481 634.720 0.3532
412.490 0 0220 567.410 0.1777 640.200 0.4019
:
A-90
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Table 187. Test data for specimen 681-29

Test Number : 288 Test Temp. Ly
Aging Temp. 1 320°C Aging Time : 50,000 h
Yield Stress 1 303.7 MPa Ultimate Stress : 608.4 MPa
Engr. Engr Engr.
Stress Engr. Stress Engr. Stress Engr.
_(MPy) Strain _MPa) Strain_____{MPa) Strain_
15.690 0.0001 440.540 0.0508 568 460 0.2131
70.570 0.0002 456,880 0.0834 580.810 0.2343
131.820 0.0005 482 840 0.08866 588.550 0.2679
241.370 0.0014 491.080 0.0952 589.270 0.2703
251.140 0.0016 501.010 0.1080 580.700 0.2751
292.890 0.0028 523.550 0.1343 598 450 03102
299 860 0.0030 525 140 0.1365 601.830 0.3226
354.120 0.0085 534.260 0.1497 602.240 0.3247
387.160 0193 547.700 0.1720 605.580 0.3470
391.690 00214 550.470 0.1766 606,700 0.3572
434.680 0.0465 555.180 0.1856 608.430 0.3845
Table 188. Test data for specimen 68 230
Test Number . 289 Test Temp. 1 25°C
Aging Temp. : 320°C Aging Time : 50.000 h
Yield Stress : 294.3 MPa Ultimate Stress : 578.9 MPa
Engr. Engr Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
17.980 0.0001 391.280 0.0327 521.840 0.1759
23.600 0.0001 394710 0.0350 524.540 0.1805
116.640 0.0005 430.170 0.0623 541.250 02125
170.980 ©.0008 432 620 0.0646 542.450 0.2148
183.760 0.0009 435.270 0.0669 552.460 0.2387
196. 100 00010 454 530 0.0862 554.310 0.2434
296.600 0.0036 469.050 0.1023 561.180 0.2612
302.200 0.0040 471.040 0.1048 567.420 0.2763
327.610 0.0067 497 960 C.1385 571.500 0.2959
334 .490 0.0079 501.210 0.1440 575.950 0.3158
376.020 0.0236 508.950 0.1554 578.850 0 Sa91
A-9]
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t Table 189. Test data for specimen 682-25 |
|
!
Test Number : MEA Test Test Temp. 1 25°C -
Aging Temp. : 350°C Aging Time : 5780 h
Yield Stress : 281.5 MPa Ultimate Stress : 601.6 MPa ,
Engr. Engr. Engr. }
Stress Engr. Stress Engr. Stress Engr.
(MPa) _ Swain _ (MPs)  Stain  (MPa)  Strain |
40.06 0.0002 324,67 0.0088 557.37 0.2780 |
50.43 0.0004 331.43 0.0102 564.20 0.3001
80 .88 0.0008 335 50 00117 572.20 0.3227 !
; 10670 0.0008 376.94 0.0359 577.02 0.3452
1 130.38 0.0008 406 03 0.0600 582.47 0.3684
| 156.92 0.0010 431 .40 0.0832 58810 0.3022
183.95 0.001) 451.40 0.1054 591.98 0.4165
211.87 0.0014 469.40 0.1272 593.29 0.4412
235.39 0.0016 48753 0.1487 505.22 0.4669
255 .86 0.0025 501.80 0.1702 506.60 0.4932
274.20 0.0033 515.38 0.1914 599.20 0.5203
288.06 0.0042 527.94 0.2120 599.02 0.5484
300.40 0.0051 538 76 0.2343 800.67 0.5775
300.78 0.0062 548.41 0.2560 50R.74 06072
318.12 0.0075

Table 190. Test data for specimen 682-26 I
|
:

Test Number : MEA Test Test Temp. 1 25°%C
Aging Temp. : 350°C Aging Time : 5780 h
Yield Stress : 294.8 MPa Ultimate Stress : 599.4 MPa
Engr Engr. Engr.
Stress Engr. Stress Engr. Stress Engr. -
(MPa) Strain {MPaj Strain (MPa) Strain :
30.02 0.0002 32143 0.0059 546 20 0.2054
58.33 00003 330.19 0.0070 554.06 0.2226
78.26 0.0004 336.60 0.0081 563.03 0.2402
100,25 0.0005 342.26 0.0081 567.65 0.2580
123.90 0.0007 385.07 0.028] 573.37 0.2762
130 37 0.0008 411.55 0.0472 578.61 0.2947
178.71 0.0009 43409 0.0658 582 47 0.3139
208.57 0.0011 454 64 0.083¢ 586.47 0.3334 -
233.66 00014 474.22 0.1017 590.74 0.3538 !
253.24 00019 486 .98 0.1192 593.43 0.3747 |
272,62 0.0025 504 42 0.1367 595.00 0.3967 |
288.41 0.0033 516.04 0.1538 597.15 04199
301.44 0.0041 525.59 0.1710 506.33 0.4447

314.13 0.0049 538.20 0.1882 597.78 04715 i




Table 191. Test data for specimen 684-06

Test Number : 124 Test Temp. : 25°C
Aging Temp. 1 350°C Aging Time : 10,000 h
Yieid Stress 1 264.5 MPa Ultimate Stress : 606.5 MPa
Engr. Engr Engr.
Stress Engr. Stress Engr Stress Engr.
(MPa) Strain (MPa)_ Strain_ {MPa} Strain
4291 0.0002 320.49 0.0112 480.34 0.1036
194,98 0.0024 348.32 0.0163 485,57 0.1118
219.11 0.0030 362.95 0.0227 520.34 0.1500
2855.25 0.0039 383.50 003386 551,99 0.1962
280.26 0.0050 398,95 0.0434 571.40 0.2367
280.5] 00049 422.46 00602 588.76 0.2865
207.62 0.0062 450.71 0.0811 601.37 0.3393
313.10 0,008} 470.92 0.0973 606.46 0.3925
Table 192. Test data for specimen 684-07
Test Number e ¥ 4 Test Temp. : 25°C
Aging Temp. : 350°C Aging Time - 10,000 h
Yield Stress . 299.7 MPa Ultimate Stress : 601.1 MPa
Engr. Engr Engr.
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain _{MPa) Strain [MPa) Strain
0.20 0.0000 359 88 0.0124 483.99 0.0026
45.00 0.000 1 379.74 0.0188 525 48 0.1305
207.78 0.0024 402.32 0.0293 552.96 01719
282 64 0.0040 426.63 0.0448 581.43 0.2267
320 64 0.0062 452.65 0.08638 592.69 0.2652
341.11 0.0084 475 82 0.0818 601.06 0.3150
A-93
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Table 193. Test data for specimen 684-08

Test Number . 223 Test Temp, ;1 28°C
Aging Temp. : 350°C Aging Time : 10,000 h
Yield Stress : 296.8 MPa Ultimate Stress : 612.0 MPa
Engr. Engr. Engr.
Stress Engr Stress Engr. Stress Engr.
(MPa] Strain_ (MPa) Strain Strain
39.27 0.0000 425.98 0.0489 562.39 0.1853
61.70 0.0001 444.80 0.0611 573.0) 0.2054
132.87 0.0006 465.05 0.0758 §75.27 0.2009
168.93 0.0009 470.32 0.0801 580.15 0.2208
224.62 00016 482.95 0.0904 585.60 0.2340
241.26 0.0020 494.42 0.1006 589.42 0.2452
286.33 0.0027 498.72 0.1047 593.91 0.2585
322.46 0.0064 509 40 0.1152 594 69 0.2607
333.59 0.0084 513.34 0.1194 597.78 0.2717
355 79 0.0143 524.74 0.1321 602.34 0.2808
361.40 0.0163 §33.63 0.1427 602.70 0.292]
366.72 0.0183 536.90 0.1469 605.66 0.3057
371.80 0.0203 544 67 0.1577 608 51 0.3242
393.42 0.0304 547 74 0.1620 610.47 0.3403
401 42 0.0345 554.71 0.1726 611.19 0.3495
419.31 0.0448 557 45 0.1768 612.03 0.3657
Table 194. Test data for specimen 68-129
Test Number 1127 Test Temp. 1 26°C
Aging Temp. : 380°C Aging Time ¢ 10,000 h
Yield Stress : 287.6 MPa Ultimate Stress : 595.8 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
{MPa; Strain (MPa) Strain (MPa) Strain
43,56 0.0000 383.46 0.0300 545.42 0.2116
196.46 0.0017 400.23 0.0420 568.01 0.2740
223.72 0.0021 424.12 0.0606 585.78 0.3478
283 67 0.0036 446.75 0.0807 594.05 0.4167
319.00 0.0060 468.20 0.0978 594 45 0.4169
832.24 0.0080 480.50 0.1101 595 56 0.4226
34583 0.0080 489 .89 0.1261 595.46 0.4220
358.73 0.0164 51518 0.1569 595.8] 0.5039
A-94




Bk,

N

1

T T E | I e I T S SN E—— - - IRy = " BT N NEN—— “||1

Table 195. Test data for specimen 684-10

|
Test Number : 191 Test Temp. : 25°C :
Aging Temp. 1 350°C Aging Time : 30,000 h |
Yield Stress 1 299.0 MPa Ultimate Stress : 652.8 MPa i
Engr. Engr. Engr i
Stress Engr. Stress Engr. Stress Engr, g
(MPa) Strain (MPa) Strain (MPa} _Strain i
9.42 0.0000 412.04 0.0253 581.43 0.1448
34.71 0.0002 42638 0.0319 596.07 0.1630
90.40 0.0006 456.56 0.0478 601.13 0.1699
136.72 0.0009 464.56 0.0524 604 28 0.1745
234.34 0.0018 468.30 0.0547 61526 0.1922
244,35 0.0020 497.14 0.0731 619.10 0.1992
253.55 0.0022 507.17 0.0799 62148 0.2038
269.99 0.0027 513.66 0.0844 620.89 0.2217
277.38 0.0029 533.80 0.1000 633 .66 0.2317
332.95 0.006 } 542.24 0 1068 639.49 0.2485
346,27 6.0075 544 .86 0.1090 640.42 0.2505 |
35).08 0.0083 547.56 0.1118 642.60 0.2585
356.97 0.0090 551 92 0.1155 643.09 0.2606
363.36 0.0101 571.03 0.1385 647.38 0.2789
368.95 0.0113 575.28 0.1380 647 45 0.2809
406.56 0.0229 577.47 0.1403 652.75 0.3335 !
I
Table 196. Test data for specimen 684-11
Test Number 1192 Test Temp. : 25°C i
Aging Temp. : 350°C Aging Time : 30,000 h l
Yield Stress 1 281.1 MPa Ultimate Stress : 628.2 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
MPa) Strain (MPa) Strain (MPa, Strain
9.95 0.0001 480.97 0.0878 587.05 0.2655
38.08 0.0002 485.35 00921 589.00 0.2721 ,
59.45 0.0003 498 90 0.1071 595 .44 0.2918 .
153.78 0.0008 502 77 0.1113 597.82 0.3006 j
202.98 0.0012 519.28 0.1323 601 95 0.3161 :
265.79 0.0028 520 92 0.1473 602.88 0.3205 .
279.07 0.0084 534 16 0.1538 608 .88 0.3449 i
327 .92 0.0065 543 50 01661 609 68 0.3493 [
340.30 0.0079 554.30 0.1BB6 61500 0.3761 {
379.08 00170 556.38 0.1830 61587 0.3806
393.50 0.0230 557.77 0.195) 616.30 0.3828 !
401.83 0.0272 564 88 0.2104 619.10 0.4007 '
42591 00418 567.95 0.2169 621.08 04141 !
420.22 0.0439 574.55 0.23°6 621.50 04185 l
439.73 00515 576.44 0.2370 624.75 0.4452
458.10 0 0665 579.07 0.2436 628 10 0.4978 l
462.98 0.0708 585.41 0.2610 l
1
!
:
1
!
l
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Table 197. Test data for specimen 68-139 {
a

Test Number : 193 Test Temp. 1. 25°C
Aging Temp. : 350°C Aging Time : 30,000 h
, Yield Stress . 287.4 MPa Ultimate Stress : 639.0 MPa
]
Engr. Engr. Engr.
| Stress Engr. Stress Engr. Stress Engr.
| _{MPa) Strain_____ (MPa) Strain (MPa) Strain_
' 14.50 0.0001 430,18 0.0356 50030  0.1636
79.76 0.0006 434 81 0.0378 588.00 0.1749
163.03 0.0011 460 58 0.0515 601.84 0.1813
t 198.39 0.0014 468.5) 0.0561 607.28 0.1913
' 255.48 0.0025 490 56 0.0697 610.59 0.1974
-' 270.00 0.0030 500 67 0.0766 619.13 0.2155
| 283.13 0.0036 519.54 0.0903 621.46 0.2216
| 319.14 0.0058 530.11 0.1063 62671 0.2354
| 326.46 0.0064 544.20 01109 628 .58 0.2415
: 339,28 0.0078 557.24 0.1238 629.28 0.2435
' 372.47 0.0138 561.93 0.1284 633,18 0.2579
378.08 0.0153 563.95 0,1308 633.52 0.2599
386,00 0.0187 575.40 0.1440 635.40 0.2684
394 .44 0.0205 578.95 0.1483 635.76 0.2704
425.35 0.0333 587.76 0.1596 638.85 0.2064

Table 198. Test data for specimen 682-16

|
|
|
|
383 14 0.0168 565 .68 0.1327 633.89 0.2620 i
I
:
i
:
i
I
l
i
i

Test Number . MEA Test Test Temp. - g
Aging Temp. 1 400°C Aging Time 12570 h
Yield Stress : 294.1 MPa Ultimate Stress : 657.8 MPa
Engr. Engr Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain {MPa) Strain (MPa) Strain
16.10 0.0002 323.71 0.0054 601.98 0.2667
21.24 0.0002 331.16 0.0063 611.36 0.2940 !
38.61 0.0002 332.95 0.0072 617.01 0.3216
57.09 0.0003 350.46 0.0081 624 .87 0.3493 .
79.36 0.0004 407.27 ©.0300 631.35 0.3774 §
10%5.08 0.000% 44).06 0.052¢ 635 42 0.4055 l
130.66 0.0007 468,71 0.0748 639.08 0.434)
158.72 0.0008 495,53 0.0966 643.14 0.4627
191.54 0.0010 519.50 0.1185 646 04 0.4916
219.18 0.0012 537.72 0.1408 64928 0.5206
242.01 0.0017 555.17 0.1640 651.76 0.5497
261.66 0.0022 570.75 0.1881 652.73 0.5789
280.34 0.0029 584.74 0.2136 653.97 0.6084
29565 0.0036 505 78 0.2397 6854 86 0.6382
310.82 0.0045
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Table 199. Test data for specimen 682-17

Test Number . MEA Test Test Temp. 1 26°C
Aging Temp. - 400°C Aging Time 12,570 h
Yield Stress : 2B9.8 MPa Ultimate Stress : 6295 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
_{MPa) Strain {MPa) Strain (MPa) Strain
39.16 0.0002 322 88 0.0075 570.47 0.2032 &
60.54 0.0002 326.8) 0.0085 §77.78 0.2165 :
79.15 0.0003 358 87 0.0204 586.61 0.2300 :
102.66 0.0004 381.21 0.0337 592.05 0.2434 i
126.86 0.0005 401,07 0.0468 598,95 0.2570 |
154,10 0.0006 420.79 0.0596 603.15 0.2705 Z
180.09 0.0007 438.51 0.0727 607.50 0.2839 :
206.91 0.0009 455,95 0.0856 614.46 0.2973 :
254.63 0.0012 472.70 0.0085 615.70 0.3105
257.04 0.0016 487,36 01114 618.11 0.3233
272.76 0.0022 502.97 0.1244 622.67 0.3361
285.58 6.0020 516.90 0.1374 623.42 0.3482 |
296.13 0.0037 528.07 0.1505 625 97 0.3602 :
305,58 0.0046 540.20 0.1635 626.04 0.3717 :
312.06 0.0055 55].44 0.1767 626.25 0.3824 !
318.54 0.0065 561.51 0.1899

Table 200. Test data for specimen 682-15

I
_'
Test Number 0125 Test Temp. . 25°C !

Aging Temp. - 400°C Aging Time : 10.000 h
Yield Stress :313.4 MPa Ultimate Stress : 641.0 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr. i
(MPa) Strain [MPa) Strain MPa) Strain :
48.6] 0.0003 426.81 0.0265 545.48 0.1063 I
194.81 0.0025 450.59 0.0376 580.02 0.1369 :
229 86 0.0032 475.06 0.0526 600.75 0.1625 :
307.85 0.0052 479.75 0.0561 623.67 £.2002 :
354 53 0.0084 485 .66 0.0635 629.45 0.2148 1
385.15 0.0131 508.43 0.0787 638.11 0.2498 :
404.35 0.0184 545.28 0.1038 840.98 0.2785 |
]

A-97 |
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Table 201. Test data for specimen 682-22

Test Number : 126 Test Temp. . 2HC
Aging Temp. - 400°C Aging Time : 10,000 h
Yield Stress 1 299.3 MPa Ultimate Stress : 650.4 MPa
Engr. Engr. Engr.
Stress Stress Engr. Stress Engr.
—AMPa) jm —MPa) Strain MPa) Strain
33.34 0.0000 360 .58 0.0178 559,42 0.1414
' 204 .82 0.0018 401.82 0.0220 591.94 0.1803
- 218.03 0.0021 422.99 0.0333 614.57 0.2202
28541 0.0040 449.59 0.0501 614.27 0.2202
322.45 0.0058 470.96 00666 636.06 0.2756
348.30 0.0084 483.35 0.0783 647.26 0.3307
72.8B6 0.013) 526.76 0.1082 650.39 0.3705

Table 202. Test data for specimen 682-23

Test Number 229 Test Temp. 1 28°C
Aging Temp. 1 400°C Aging Time 1 10.000 h
Yield Stress : 306.0 MPa Ultima*’ Stress ' 657.4 MPa
‘ Engr Engr. :
Stress Engr. Stress Engr Stress Engr
—(MPa). Strain (MPa) Strain MPa) Strain
17.77 0.0001 461 .40 0.0430 601.42 0.1524
90.70 0.0004 469.39 0.0475 608,18 0.1611
189.83 0.0008 488 52 0.0585 617.08 0.1742
256.8) 0.0017 49215 006808 624.19 0.1852
265 69 00019 509.41 0.0718 630.00 0 a0
273.92 0.0022 525.21 0.0828 631.33 0.7984
289 49 0.0027 542 89 0.0959 635.60 0.2u7z
321.44 0.0041 556.44 0.1088 640.22 0.2162
330.09 0.0054 550.13 0.1080 641.0% 0.2204 ]
347,25 0.0080 568 84 0.1177 64520 0.2314 !
38) 41 0.0111 $91.14 01109 647 48 0.2382 |
387.45 0.0125 573.48 0.1221 650 64 0.2494 ;
| 392.67 0.0140 584 .31 01320 652,99 0.2584 :
| 398 .48 0.0158 586 42 0.1351 654.9. 0 2693 .
425.12 0.0256 588 4C 0.1372 655 36 0.2715 :
434 90 0.0209 597 .82 0.1481 656.58 0.2806 l
| 444 .28 0.0343 590 62 0.1502 657 39 0.2042
|
A-98
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Table 203. Test data for specimen 68-119

Test Number 1 128 Test Temp. : 28°%C
Aging Temp. ! 400°C Aging Time : 10,000 h
Yield Stress 1 306.0 MPa Ultimate Stress : 624.3 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr Stress Engr.
{MPa) Stealp_____(MPa)_____ Strain AMPa)_ Strain __
0.00 0.0000 422.97 0.0206 587 .81 0.1922
195 52 0.0016 44347 0.0336 604.3) 0.2208
240.17 0.0021 473.25 0.0576 617.87 0.2781
386.78 0.004% 479.42 0.0625 622.63 0.3245
389 .90 0.0052 486 10 00718 624.26 0.3621
392.85 0.0064 506 68 0.1179 61588 0.2758
393.10 00066 560 09 0.1484
Table 204. Test data for specimen 681-04
Test Number : MEA Test Test Temp. : 25°C
Aging Temp. 1 450°C Aging Time 12,570 h
Yield Stress : 291.3 MPa Ultimate Stress : 653.1 MPa
Engs. Engr Engr
Stress Engr. Stress Engr Stress Engr.
(MP'a} Strain MPa) St.ain {MPa) Strain
18.00 0.0000 348 67 0.0064 593.22 0.1786
45.57 0.0003 348.32 0.0072 599,09 0.1921
65.85 0.0004 356.80 0.0079 606.88 0.2058
86.63 0.0005 401.55 0.0172 612.94 0,2193
110.52 0.0007 430.30 ©.0287 617.98 0.2332
13741 ©.0009 454 .50 0.04086 623.22 0.2472
163.75 0.00]1) 475.32 0.0526 62694 0.2612
180.50 00014 493.25 0.0646 632.46 0.2783
214 .84 0.0017 508.01 0.0768 634 .80 0.2896
237.25 0.0022 521.80 0.0889 638.32 0.3040
256 .62 0.0027 534 B3 0.1012 641.28 0.2185
274.14 0.0032 548.27 0.1137 642.45 0.3331
291.3C 0.0038 559.30 0.1263 645 14 0.3477
308.6! 00044 565 99 0.1392 646 66 0.3626
317.16 0.005] 577 9@ 0.1521 648 87 0.3777
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Table 205. Test data for specimen 681-05
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Test Number : MEA Test Test Temp. 1 26°C
Aging Temp. : 450°C Aging Time 12570 h
Yield Stress . 309.4 MPa Ultimate Stress : 632.9 MPa
Engr. Engr Engr
Stress Engr Stress Engr. Stress Engr.
_{MPa) Stramn (MPa) irain_____ (MPa) Stran
61.16 0.0003 35).08 0.0071 554.41 0.1045
B6.60 0.0004 3B0.66 0.0122 562.82 0.1108
114.04 0.0005 405.41 0.0187 570.06 0.1172
142.79 0.0007 42230 0.0254 576.95 0.1236
172.16 0.0008 437.89 0.0323 583.57 0.1209
200.29 0.0010 45347 0.0391 589.36 0.1363
225.80 0.0012 466.64 0.0459 5696.47 0.1428
247 66 0.0015 477.19 0.0526 600.95 0.1493
267.72 0.0020 489.11 0.0592 605 64 0.155¢
283,10 0.0024 501,39 0.0857 611.84 0.1626
208.06 0.0029 510.07 0.0728 614.94 0.1602
309 51 0.0036 520.35 0.0788 619.49 0.1758
320.81 0.0042 530.41 0.0852 623.29 g
337.43 0. 0056 537.83 0.0916 627.70 B
348,12 0.0064 547.86 0.0980 628 59 .64
Table 206. Test data for specimen 683-42
Test Number : MEA Test Test Temp. 1 290°C
Aging Temp. : Unaged Aging Time e
Yield Stress : 162.7 MPa Ultimate Stress : 397.3 MPa
Engr Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
_(MPa Strain (MPa) Strain_____(MPa) Strain
66.74 0.0005 204 43 0.0170 341.20 0.1304
95,91 0.0007 206 91 D.0184 348.12 0.1387
121.28 0.0011 217.87 0.0268 355.36 0.1485
141.20 00017 280.77 0.0362 362.39 0.1574
155.20 0.0023 243.04 0.0452 365.28 0.1656
165,61 0.0034 254.21 0.0541 370.87 0.1751
174.16 0.0045 266 96 0.0828 374 .32 0.1846
179.82 0.0087 277.72 00716 380.45 0.101e
183.88 00089 288.75 0.0796 385.42 0.2031
187.40 0.0083 297 .03 0.0883 389.55 0.2148
191.81 0.0087 307.5) 0.0968 389.21 0.2235
192.36 0.0110 316.33 0.1056 394.04 0.2372
195.88 00125 324.67 0.1137 394 93 0.2498
197.40 0.0130 332.8] 0.1218 394 93 0.2639
200.22 0.0154
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Table 207. Test data for specimen 684-40

Test Number : MEA Test Test Temp. : 290°C
Aging Temp. : Unaged Aging Time -
Yield Stress 1 156.4 MPa Ultimate Stress : 412.3 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain  (MPa)  Suain _ (MPa) ___ Strain
43.02 0.0003 160,57 0.0142 336.12 0.1472
64.33 0.0005 192.29 0.0156 343.15 0.1580
86.32 0.0006 193.81 0.0169 353.22 0.1695
105.18 0 0008 21001 0.0273 350 91 0.1806
123 28 0.0013 226.77 0.0386 367.42 0.1917
137.96 0.0019 238.63 0.0497 372.73 0.2029
150 .44 0.0027 250.97 0.0608 379.28 0.2128
1568 86 0.0037 264 82 0.0718 383.56 0.2248
165 .89 0.0048 275.58 0.0831 360.17 0.2380
172.37 0 0060 287.51 00942 395 83 0.2510
175.81 0.0074 296.27 0.1044 397.90 0.2655
177.88 0.0087 308 68 ¢.1181 302.45 0.2749
18).88 0.0101 316.68 0.1264 403.34 0.2882
18616 00118 328.26 0.1382 410.10 0.3068
188.23 0.0128
Table 208. Test data for specimen 684-32
Test Number : 251 Test Temp. 1 280°C
Aging Temp. : 290°C Aging Time : 30.000 h
Yield Stress - 149.5 MPa Ultimate Stress : 333.2 MPa
Engr. \ Engr.
Siress Engr. Stress Engr. Stress Engr.
(MPa) Strain _{MPa) Strain _MPa) Stran___
38.035 Q.0002 189 629 0.032! 272.081 0.1269
40.378 0.0002 202477 0.0452 281.043 0.1400
55 969 0.0001 208.233 0.0515 286.301 0.1465
65.557 0.0002 210.250 0.0535 288.174 0.1488
105.987 £.000%5 225.677 0.0709 209.143 0.1662
115.819 C.0006 227.75) 0.0731 302.679 0.1705
123.596 0.0007 233.046 0.0794 314.764 0.1603
147 480 0.0023 245 258 0.0938 318.349 0.2002
152.702 0.0035 250 596 0. 1005 325,917 0.2151
164,710 0.0000 265 256 0.1182 326.063 02174
180.375 0.0231 267.287 0.1204 333.170 0.2438
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Table 209. Test data for specimen 684-33

Test Number : 250 Test Teinp. 1 290°C
Aging Temp. 1 290°C Aging Time 30,000 h
Yield Stress : 155.0 MPa Ultimate Stress : 399.6 MPa
Stress Engr. Stress Engr. Stress Engr.
MPa) ____ Stramn (MPa) Strain {MPa) Strain
36.630 0.0002 224 o9 0.0528 332.150 0.1663
68.620 0.0002 231.820 0.0592 343.800 0.1839
78.580 0.0002 250.800 0.0768 347.800 0.1906
106 320 0.0004 253.250 2,079} 350.210 0.1930
115,570 0.0004 260060 0.7855 368870 0.2534
135.860 0.0007 279.690 0.1053 377.750 0.2736
143 790 0.0012 285.970 01119 380.670 0.2804
164,580 0.0058 302.170 0.1206 388.490 0.3070
180810 0.0240 303820 01216 390.300 0.3095
199.110 0.0807 311.800 0 1404 393,670 0.3209
201.240 0.0327 324.840 0.1580 395.710 0.3364
Table 210. Test data for specimen 68 246
Test Number 1249 Test Temp. : 290°C
Aging Temp. : 290°C Aging Time : 30.000 h
Yield Stress : 170.6 MPa Ultimate Stress - 390.7 MPa
Engr. Engr Engr.
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain _IMPa) Strain {MPa) Strain
41.940 0.0002 200.810 0.0183 326.070 0.1042
64 890 0.0002 235910 0.0344 342.730 0.1217
75.350 0.0003 245,360 0.0307 348.040 0.1283
117.050 0.0004 248.310 0.0430 363.410 0,1487
126.570 0.0005 267.370 0.0561 464.310 0.1508
134.600 0.0006 270.460 0.0583 308.340 0.1576
161,000 00016 273410 0.0605 376.300 0.1708
166.350 0.0022 290.830 0.0734 380,330 0.1794
172.140 0.0029 293.360 0.0755 387.400 0.1990
201.510 00138 296.050 0.0777 388.030 0.2019
205 820 0.0180 318.710 0.0954 390.650 0.222]
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Table 211. Test data for specimen 684-23

Test Number - 081 Test Temp. : 290°C
Aging Temp. : 320°C Aging Time £ 10,000 h
Yield Stress : 173.4 MPa Ultimate Stress :© 416.6 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr Stress Engr.
_(MPa) Strain MPa) Strain (MPa) Strain
137.03 0.0009 260.07 0,0280 374.87 0.1304
166.79 0.0017 269 42 0.0354 380.58 0.1373
1 75.08 0,0022 275.07 0.0400 383.43 0.1413
186.21 0.0035 283.63 0.0476 390,10 0.1487
101.45 0.0045 291.32 0.0545 303.67 0.1555
19590 G.00%5 207 79 0.0619 395.70 0.1583
196.51 0.0064 306.11 0.0690 398 .82 0.1641
206.73 0.0072 317.35 0.0771 400.26 0.1673
21301 0.0081 326.30 0.0847 402.70 0.1721
222.01 0.0093 330.86 0.088% 405 86 0.17¢1
227 13 0.0101 335.91 0.0934 407.25 0.1823
234.78 0.0114 340.24 00072 409.32 01862
238,58 0.0)32 450.48 0.1044 410.74 0.1903
242.49 0.0148 354 .85 0. 1088 412.18 0.1934
246.97 0.0181 363.38 0.1176 412.36 0.1993
251.74 0.0216 3€7.70 0.1221 41241 0.2025
255.64 0.0245 371.87 0.1266
Table 212. Test data for specimen 684-24
Test Number 1092 Test Temp. : 290°C
Aging Temp. : 320°C Aging Time : 10,000 h
Yield Stress : 164 .4 MPa Ultimate Stress : 442.8 MPa
Engr Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain_____(MPa] Strain __
131.08 0.0007 264.23 0.0338 395 13 0.1571
161.38 00016 268.58 0.0370 399.64 0.1631
170.77 0.0021 20217 0.0571 406.01 0.1727
177.78 0.0028 299.27 0.0630 408.98 0.1772
184.73 0.0039 305 22 0.0682 410.77 0.1804
188 47 0.0047 31081 0.0730 414.03 0.1871
191 .92 0.0056 315.96 0.0778 423.79 0.2067
195.08 0.0063 31897 0.0805 425.05 0.2100
168.78 0.0076 337 58 0 0967 420.03 0.2167
201.57 0.0081 344.16 0.1001 430.50 0.2207
207.31 0.0088 350.35 0.1058 431.77 0.2260
236,70 0.0140 355 .06 0.1103 432 94 0.2311
24145 0.0167 363.12 0.1186 435.81 0.2386
24641 0.0201 36595 0.1218 437.16 0.2448
251.57 0.0236 371.04 0.1273 439.01 0.2497
256.17 0.0270 35482 0.1306 439.80 0.2544
260.33 0.0308 39127 0.1513 342,04 0.2608
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Table 213. Test data for specimen 682-40

Test Number © 178 Test Temp. : 280°C
Aging Temp. : 320°C Aging Time : 30,000 h
Yield Stress : 174.3 MPa Ultimate Stress  : 440.8 MPa
Engr. Engr. Engr.
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain __
0.25 0.0000 218.20 0.0109 342.5] 0.1025
33.32 0.000] 220.60 0.0120 359.89 0.1192
97.41 0.0007 224.95 0.0139 376.72 0.1375
144.41 0.0015 220.50 0.0160 384.74 0.1472
157.94 0.0018 233.25 0.0182 392.24 0.1570
162.85 0.0021 238.24 0.0210 398.80 0.1659
174.78 0.0026 247.78 0.0270 409.88 0.1835
183.14 0.0033 253.92 0.0312 419.01 6.2008
190 60 0,004 1 260.9) 0.0365 422.18 0.2068
196.45 0.0049 27).49 0.0448 423.13 0.2086
20).85 0.0058 280.12 0.0523 431.34 0.2308
208,71 0.0069 202.09 0.0822 434.92 0.2482
210.26 0.0080 305.66 0.0731 439 19 0.2666
213.01 0.0081 317,23 0.0832 140,78 0.2804
215.71 0.009g 320 89 0.0936 440.83 0.2003
Table 214. Test data for specimen 682-42
Test Numbey 1176 Test Temp. : 280°C
Aging Temp. : 320°C Aging Time £ 30.000 h
Yield Stress : 176.9 MPa Ultimate Stress : 451.6 MPa
Engr Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa] Strain {MPa) Strain (MPa} Strain
0.64 0.0000 226.99 0.0137 37665 01318
30.11 0 0000 236.62 0.0188 383.92 0.13096
95.68 0.0005 244 .12 0.0235 393 .44 0.1520
184 .65 00010 249.34 0.0268 401 .17 0.1631
161.74 0.0017 255.40 0.0306 409.59 0.1740
167.78 0.0020 261 86 0.0360 415359 0.1799
178.19 0.0025 269.51 0.0415 417.63 0.186]
186.21 0.003) 279.95 0.0497 422.07 0.1929
189.13 0.0034 285.02 0.0538 420.12 0.2062
194.24 0.0040 207.14 0.0634 433.29 02175
198 55 0.0047 306.34 0.0708 437.63 0.2318
206.44 0.0062 314.30 00777 442.07 0.2430
209.77 0.0071 326.74 0 0880 447.30 0.2585
214.33 0.0085 338.22 0.0975 448.61 0.2688
217.60 0.00697 360.01 0.1145 450.08 0.2851
22).43 0.0112 36913 0.1240 451.61 0.3043
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Table 215. Test data for specimen 68-263
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Test Number 1 181 Test Temp. 1 290°C
Aging Temp. : 320°C Aging Time : 30,000 h
Yield Stress : 165.6 MPa Ultimate Stress : 450.3 MPa
Engr. Engr. Engr.
Stress Engr Stress Engr. Stress Engr.
_{MPa) Strain _MPa) Strain (MPa) Strain __
0.0u 0.0000 242.20 G.0266 376.97 0.1490
B0O.05 0.0003 248.82 0.0312 38237 0.15587
120.13 0.0010 260.45 0.0401 388.36 0.1647
157.15 0.0019 271.28 0.0491 392 52 0.1710
164 o8 0.0022 288.38 0.0639 400.29 0.1824
176.45 0.0027 208.4) 0.0723 406.13 0.1928
180.09 0.0031 306 85 0.0709 415.00 0.2067
188 86 0.0038 316.09 0.0880 413 88 0.2070
192.50 0.0045 324 .28 0.0952 417.98 0.2174
185 .84 0.0051 332.62 0.1006 42237 0.2266
186.02 0.0058 339.82 0.1078 427 99 0.2419
205.20 0.0072 34552 0.1134 438.53 0.2735
215.00 0.0109 349 69 0.1175 444 23 0.2983
22087 0.0135 3556 .10 0.123] 449.22 0.3216
22596 0.0151 350,01 0.1288 45001 0.3315
228.83 0.0178 366.31 0.1352 450.32 03464
233.7) G.0207 371.27 0.1418
Table 216. Test data for specinen 682-28
Test Number 1 319 Test Temp. 1 290°%C
Aging Temp. . 320°C Aging Time : 50,000 h
Yield Stress . 203.3 MPa Ultimate Stress : 479.0 MPa
Engy. Engr. Engr.
Stress Engr. Stress Engr, Stress Engr.
IMPa) Strain (MPa) Strain AMPa) Strain
95.970 0.0002 311.280 0.0498 422 850 0.1422
118 450 0.0002 318.200 0.0543 428.320 0.1489
155,240 0.0005 338.060 0.0673 431.780 0.1533
162.540 0.0007 341.270 0.0805 442.830 0.1689
204.750 0.0029 358 350 00826 455 890 0.1911
210.160 0.0037 378.570 00879 457 050 0.1933
228.290 0.0075 381.060 0.1001 464 650 02116
264.380 0.023] 390.950 0.1090 466.0090 02138
268810 0.0253 404 820 0.1223 466.860 0.2159
281 .060 0.0320 407.000 0.1245 473.630 0.2382
300.330 0.0432 409 010 0.1268 4786.960 0.2689
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Table 217. Test daia for specimen 682-29
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Test Number : 320 Test Temp. : 290°C
Aging Temp. : 320°C Aging Time : 50,000 h
Yield Stress : 205.3 MPa Ultimate Stress : 485.6 MPa
Engr. Engr. Engr.
Stress Engr Stress Engr. Stress Engr.
{MPa) Strain (MPa) Strain (MPa) Stain__
18.870 0.0001 301,950 0.0480 418.900 0.1578
33.340 0.0002 308.100 0.0501 428,130 0.1711
68.280 0.0003 319.730 0.0611 443.810 0.1979
78.920 0.0003 338.970 0.0765 449.360 0.2072
90.140 0.0003 351.940 0.0874 459.460 0.2311
183.150 0.0005 354.440 0.0896 463.780 0.2405
142.130 0.0006 375.810 0.1094 472.960 0.2706
19€.750 0.0022 377.910 0.1115 476.600 0.2818
239,800 0.0098 388 780 0.1225 480.9%0 0.3041
258.450 0.0189 398 960 0.1335 482 860 0.3129
262.340 0.0212 417.320 0.1857 4865.580 0.3506
Table 218. Test data for specimen 681-30
Test Number 1 318 Test Temp. : 290°C
Aging Temp. : 320°C Aging Time : 50,000 h
Yield Stress : 201.3 MPa Ultimate Stress : 475.2 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr, Stress Engr.
(MPa) Strain (MPa) Strain {MPa) Strain
112.840 0.0001 320.750 0.0780 430.620 0.1979
119.940 0.0002 342.440 0.0891 443.920 0.2229
149.250 0.0007 344.740 0.0912 445.330 0.2274
168 720 0.0013 471.180 0.1176 457.120 0.2528
180.220 0.0017 373.300 0.1198 455 730 0.2548
244.130 0.0161 383.200 0.1308 464.740 0.2758
24R.410 0.0184 396.060 0.1461 463.310 0.2778
252.380 0.0208 403.040 0.1550 466.760 0.2865
292.290 0.0476 404 700 0.1872 470.830 0.3026
295,130 0.0490 422 .660 0.1835 471.970 0.3050
306.500 00587 429 590 0.1956 475.140 0.3337
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Table 219. Test data for specimen 682-27

Test Number . MEA Test Test Temp. . 290°C
Aging Temp. . 350°C Aging Time :5.780 h
Yield Stress . 1871 MPa Ultimate Stress 452 4 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr, Stress Engr.
_(MPa) _Strain {MPa) Strain _____(MPa) Strain
36,34 0.0002 213.39 0.0086 389.42 0.1610
57.23 0.0004 216,98 0.0096 396,38 0.1726
77.64 0.0005 220,84 0.0107 404.72 0.1848
98.32 0.0006 241.11 0.0213 41196 0.1870
117,85 0.0007 257.45 0.0329 416.37 0,2091
186.24 0.0011 273.10 0.0443 423.61 0.2200
150.31 0.0016 289 79 0.0558 427.34 0.2358
162.99 0.0021 301.78 0.0675 430.85 0.2474
174 .51 0.0026 216.54 0,0789 436.23 0.2601
185.12 0.0032 327.50 0.0906 442.23 0.2769
190.23 0.0039 340.60 0.1021 444 .00 0.2891
198.57 0.0047 339 .36 0.1137 447.06 0,3037
203.53 0 0057 360 39 0.1254 449.19 0.3228
207.39 0.0066 870,11 0.1373 450.23 0.3447
209.68 0.0076 378.87 0.1489 450.37 0.3672
Table 220. Test data for specimen 684-09
Test Number 1 082 Test Temp. 1 290°C
Aging Temp. : 350°C Aging Time - 10,000 h
Yield Stress . 164.3 MPa Ultimate Stress - 500.3 MPa
Engr Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
{MPa) Strain MPaj} Strain MPa) Strain
112.23 0.0004 319.88 0.0463 451.18 0.1521
136.35 0.0067 330.18 0.0531 458.54 0.1622
153 62 0.0012 338.70 0.0596 462 12 0.1676
188.85 0.0024 34567 0.0645 465.3] 01717
199.52 0.0031 369 51 0.0813 474.65 0.1766
216.98 0.0037 377.37 0.0873 477.80 0.1805
234.00 0.0047 385.47 0.0929 479.90 0.1882
240.14 0.005% 392 .40 0.0977 482.34 0.1959
244.67 0.0067 399.62 0.1010 487.25 0.2127
248.80 0.0082 407.33 0.1074 492.37 0.2187
254.35 0.0102 416.37 0.1147 494.34 0.2215
2B3.26 0.0237 433.21 0.1314 494 .83 0.2277
203.73 0.0297 438.61 0.1871 495.71 0.2366
305.03 0.0867 442 98 0.1420 497.57 0.2426
315.10 0.0433 447.21 0.1471 500.32 0.2567
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Table 221. Test data for specimen 68-130
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Test Number . 083 Test Temp. 12980°C
Aging Temp. : 350°C Aging Time : 10,000 h
Yield Stress . 168.9 MPa Ultimate Stress : 447.2 MPa
Engr. Engr. Engr.
Stress Engs Stress Engr. Stress Engr.
MPa) Strain MPa) Strain (MPa) Strain
122.1500 0.0008 266.7200 0.0244 395.3500 0.1314
1382200 0.0012 273.6900  0.0266 401.0800  0.1385
155.0300 0.0018 280.2500 0.0342 404.1500 01428
160.7000 0.0020 2885200  0.0407 406.9700  0.1467
166.4700 0.0023 203 2500 0.0446 410.0800  0.1509
177.2300 0.0028 301.2700  0.0509 415.3200 0.1584
180.9800 0.0031 30868000  0.0572 418.6000  0.1837
195.8000 0.0044 313.6800 0.0614 426.7800 0.1772
203.5800 0.0052 322 4600 0.0688 428.7200 0.18)2
2122400 0.0058 327 7500 0.0732 432.8700  0.1894
221.2100 0 0066 334.3400 0.0790 436.2800  0.1870
230.5300 0.0075 340.1700 0.0837 439.6400  0.2044
234.2100 0.0080 364 8600 0.1007 442.6200 0.2120
237 4900 0.0088 3722600  0.1087 443.5500  0.216)
240 8200 0.010]) 377.6200 0.1124 446.0800  0.2243
254.1300 0.0164 385.2000 0.1207 446.8500  0.230)
260.4000 0.0204 392 7400 0.1281 447.1400  0.2333
Table 222. Test da.a for specimen 684-12
Test Number 238 Test Temp. : 280°C
Aging Temp. : 350°C Aging Time 1 30.000 h
Yield Stress :216.0 MPa Ultimate Stress : 485.7 MPa
Engr. Engr Engr.
Stress Engr. Stress Engr. Stress Engr.
{MPa) Strain [MPa) Strain (MPa) Strain
64,060 0.0004 227.050 0.0060 386.180 0.0998
93 730 0.0005 259 280 0.0181 389.000 0.1024
103.610 0.0006 272.530 0.0251 408.010 0.1188
125.630 0.0007 277420 0.0276 421.990 0.1310
132.320 0.0007 301910 0.0421 442.810 0.1500
138.680 0.0008 306.330 0.0447 443 850 0.1536
163 920 0.0000 318.480 00521 460.970 0.1797
172.010 0.0010 347,850 00718 462 490 0.1817
179.520 0.0011 357.420 0.0782 472.180 0.1901
203,880 0.0021 360.570 0.0806 477.380 0.2102
221.270 0.0046 383.260 0.0075 485710 0.2388
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Table 223. Test data for specimen 684-15

Test Number 261 Test Temp. 1 290°C
Aging Temp. : B80°C Aging Time © 30.000 h
Yield Stress . 190.4 MPa Ultimate Stress : 427.3 MPa
Engr, Engr. Engr.
Stress Engr. Stress Engr Stress Engr.
{MPa) _Strain (MPa) Strain (NiPa) Strain __
28.662 0 Y02 242.204 0.0235 354.865 0.1120
35,020 0.1 J02 245.934 2.0258 360,129 0.1270
61.873 00003 266.270 0.0387 374.89) 0.1337
72.445 0.0004 275.565 0.0451 376.827 0.1357
128.096 0.0007 278.528 0.0474 391.284 0.1532
134.391 0.0007 208.42!} 0.0621 392,876 0.1553
151.378 0.0008 301,189 0.0642 397.980 0.1623
190.100 0.0020 322.623 0.0819 410.957 0.1816
195 833 0 0040 425.153 0.0830 414.474 0.1879
211.355 0.0085 327.582 0.0862 421.804 0.2031
250 795 0.0172 348 338 0.1056 427.262 0.2227
Table 224, Test data for specunen 68-140
Test Number 1244 Test Temp. 1 290°C
Aging Temp. 1 350°C Aging Time :30.000 h
Yield Siress - 170.2 MPa Ultimate Stress : 479.0 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
MPa) Strain (MPz) Strain _(MPaj Strain
44.260 0.0002 281.450 0.0413 416.300 0.1427
48.740 0.0002 309.740 0.0585 428.390 0.1557
94.850 o 0005 313.120 0.0607 430.280 0.1579
104.690 0.0%07 322910 0.0670 435.920 0.1645
161.360 0.00 25 350.440 0.0862 447 870 0.1798
166.450 0.0528 353 360 0.0884 452.540 0.1865
174 .850 0.4 356.220 0.0006 461.470 0.2023
223.280 00125 383.360 01121 462.660 0.2045
229.230 0.0147 385.840 0.1143 471.640 0.2247
244.580 0.0213 388.320 0.1166 473.380 0.2293
270.070 0.0348 409.670 0.1361 479.000 0.2522
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Table 227. Tesl datu for specimen 68-120

Test Number 1077 Test Temp. 1 290°C
Aging Temp. . 400°C Aging Time 1 10,000 h
Yield Stress 1 193.9 MPa Ultimate Stress @ 484.4 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress
(MPa) Strain (MPa) Strain ____ (MPa) m_
159.5000 0.0019 328.6900  0.0532 441.4700  0.1506
170 9400 0.0024 335.1200 00583 444.3000  0.1544
1842900 0.0030 3407600 00628 446.9200 0.1575
1964600 0.0037 347.3400  0.0678 449.5000 0.1611
211.0100 0.0044 351.5400  0.0707 454.1700 0.1679
244 7000 0.0069 356.3400  0.0743 456.3100 0.1711
249.3900 0.0079 377.4600  0.0898 461.4800 0.1796
253.9800 0.0004 383.3000  0.0947 464.0800  0.1838
260 6400 0.0116 3893400  0.0072 4658000 01872
2647900 0.0132 3955800  0.1024 469.8900  0.1956
268.4900 0.0149 400.4300 01063 477.4800 0.2170
272.1000 0.0166 403.7500 0 1096 478.8400 0.2212
276 5000 0.0187 407.4600  0.1127 480.1400  0.2260
279.4100 0.0202 4104800  0.1153 481.0000  0.2300
287.7600 0.0249 4133500  ©.1179 4F 7700  0.2389
296.3100 0.0302 41590300  0.1204 483.3600 0.2432
303.0300 0.0350 422.1200  0.1258 484.0900 0.2479
323.0100 0.0488 4275200  ©.1313 484 2600 0.251%5
Table 228. Test data for specimen 681-06
Test Number : MEA Test Test Temp. : 290°C
Aging Temp. : 450°C Aging Time 12,570 h
Yield Stress : 169.7 MPa Ultimate Stress : 486.8 MPa
Engr. Engr. Engr.
Stress Fngr. Stress Engr. Stress Engr.
MPa) _ irain (MPa) Strain (MPa) Stan
4227 0.0002 238.56 0.0108 400.72 0.1097
66 60 0.0002 242.83 0.0120 408.24 0.1165
89.70 0.0004 246.00 0.013] 414.37 0.1233
111.70 0 0006 263.93 0.0193 42341 0.1301
182,17 v.0011 278.12 0.0265 430.09 0.1368
147.75 0.0017 282.61] 0.0338 436.23 G.1436
162.10 0.0023 304.54 0.0409 449.19 0.1569
175.26 0.0031 317.71 0.0478 451.88 0.1635
188.09 0.0039 326.40 0.0549 458.64 0.1701
190,05 0.0047 337.71 0.0619 463.12 0.1768
208.70 0.0057 34015 0.0890 467 BB 0.1832
21587 0.0066 357.29 0.0758 471.81 0.1898
222.59 0.0077 365.70 0.0827 47505 0.1961
227.6€ 0.0086 384 .31 0.0062 479.53 0.2024
233.18 0.0008 394.31 0.1030 482.36 0.2078
A-111
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Table 229. Test data for specimen 682-09

Test Number . MEA Test Test Temp. $ 280°C
Aging Temp. : 450°C Aging Time :2,570h
Yield Stress : 191.6 MPa Ultimate Stress : 503.8 MPa
Engr. Engr Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa). Strain______(MPa) Strain (MPa) Strain
21.24 0.0002 23691 0.0075 417.82 0.109¢
38.68 0.0003 238.21 0.0083 428.58 0.1190
59.36 0.0005 242,76 0.0094 436.51 0.1302
B0.88 0.0006 248.56 0.0104 446.57 0.1404
104.32 0.0008 253.04 0.0115 452.78 0.1508
122.24 G.0011 279.79 0.0203 450.81 0.1614
143.34 00015 302.27 0.0303 466.57 0.172)
156.99 0.0020 32095 0.0403 472.64 0.1829
171.96 0.0025 336.74 0.0503 479.12 0.1939
185.06 20032 352 60 0.0803 481.32 0.2052
196.36 0.0034 369.77 0.0704 488.08 0.2167
206.70 0.0048 381.42 0.0802 490.84 0.2277
217.46 00056 393.97 0.0900 493.60 0.2409
224 .91 0.0065 404.31 0.0998 498.28 0.2515
Table 230, Test data for specimen 733-40
Test Number - 016 Test Temp. = 256°C
Aging Temp. - Unaged Aging Time -
Yield Stress . 254.3 MPa Ultimate Stress : 557.0 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) ____ Strain (MPa) Strain _
63.5814 0.0003 262.4600 0.0084 462.4630 0.2270
84,9001 0.0005 268.5910 0.0105 476.4350 0.2399
106.8720 0.0009 275 6970 00138 480.1400 0.2456
124 6350 00013 281.14680 0.0173 484.68510 0.2495
152.2530 00018 287.8630 0.0215 4929110 0.2665
166.9750 0.0023 295.3100 0.0271 501.5680 0.2853
185.7380 0.0028 308.0140 0.0382 506.0760 0.2875
2028910 0.0032 325.7820 0.0544 515.0850 0.3156
209.3630 0.0033 342 4300 0 0703 520.9320 0.3343
221.3840 0.0035 360.2090 0.0893 520.8790 0.3558
229.2450 0.0036 380.5090 0.11086 537.4600 0.3760
240.0750 0.0043 308.3240 0.1313 543.7160  0.3972
248.1560 0.0050 417.7070 0.1569 550.2940 04162
253.6530 0.0059 4364070 01842 554.0220 0.4328
257 4490 0.0069 452.0410 0.2093 556.9630 0.4463
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% R Table 231. Test data for specimen 7334 |
L
I

| Test Number L 017 Test Temp. 1 25°C

t Aging Temp. . Unaged Aging Time P -

Yield Stress : 249.5 MPa Ultimate Stress : 530.8 MPa

r

‘{ Engr. Engr. Engr.

L Stress Engr. Stress Engr. Stress Engr.

| e Strain MPa) Strain MPa) Stain

57.54 0.0003 315.80 0.0467 481.10 0.2757

, 103 .56 0.0011 333.74 0.0648 489.91 0.2654

| 147 78 0.0021 351.77 0.0837 503.35 0.3317

| 194 54 0.0038 368.00 01007 500,95 0.3536

¢ 206.22 0.0039 382 50 0.1184 514.83 0.3748

| 220.48 0,0045 399 42 0.1376 520.18 0.3932

, 248.07 0.0055 402.92 0.1403 523.68 0.4139

| 255.24 0.0063 426 19 0.1725 527.32 0.4321

; 262 66 0.0075 44750 0.2064 528.83 0.4459

| 267.73 0.0090 437.57 0.1907 530 67 0.4654
275.69 0.0125 461.90 0.2318 530.78 0.4808
287 .00 0.0201 472.78 0 2550 530.7¢ 0.500)
297.14 0.0284

Table 232. Test data for specimen 734-23

Test Number 1218 Test Temp. T 20°C
Aging Temp. : 320°C Aging Time £ 10.000 h
Yield Stress 1 221.9 MPa Ultimate Stress ' 475.4 MPa
Engr. Engr. '
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain _{MPa) Strain
35.201 0 0002 316982 0.0882 415.842 0.2432
50.230 0.0004 318 460 00900 424.156 0.2805
109.948 0.0011 327.009 0.1011 436.44 ) 0.2800
171.163 0.0019 344 669 0.1252 443.083 0.3083
231.938 0.0065 352 387 0.1368 450.309 0.3307
261.579¢ 0.02603 357 424 0.1437 454 902 0.3459
. 263.135 0.0311 37) .837 0. 1862 457.632 0.3558
1 264 870 0.0328 377.470 0,1756 465.020 0.3876
| 291.185 0.0584 378 464 0.1775 487.415 0.3968
y 202.756 0.06800 401 009 0.2160 472.976 0.4350
; 300,484 0.0681 405002 0.2226 475,332 0.4714
]
) A-113
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: Table 233. Test data Jor specimen 734-24

Test Number 1219 Test Temp. . 29°0 ]
Aging Temp. : 320°C Aging Time - 10.000 h
Yield Stress 1 228.2 MPa Ultimate Stress : 521.4 MPa
Engr. Engr. Engr. !
Stress Engr. Stress Engr. Stress Engr.
[MPa) Strain (MPa] Strayn (MPa) ____Strain
21.163 0.0001 373.504 0.1373 473.833 0.3118 i
92275 0 0006 374 976 0.1393 478.661 0.3253
164.513 00011 376.803 0.1413 494 476 0.3783
, 176.243 00012 410 308 0.1858 498.945 0.3033
226.308 0.0032 411.421 0.1879 503.802 0.4166
257.628 2.0160 418.736 0.1088 508.854 0.4450
260 197 0.0182 438.544 0.2322 512.788 0.471) *
r 274.920 0.0315 445.014 0.2446 516.091 0.4978 4
, 320.321 0.0777 453 704 0.2621 518.131 0.5150 I
322.313 0.0799 462 BOG 0.2834 519.151 0.5309 :
324,377 0.0820 473 060 0.3005 521.240 0.5848 |
1
|

Table 234. Test dawa for specimen 732-25 |

Test Number ;014 Test Temp. )
Aging Temp. : 350°C Aging Time 12,570 h
Yield Stress : 244 .0 MPa Ultimate Stress : 526.5 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
_(MPa) Strain (MPa) Strain (MPa) Strain :
]
36.15 0.0001 288,81 0.0229 483.08 0.2457 |
60.31 0.0003 302.72 0.0340 486.34 0.2590 ;
84.51 0.0006 323.55 0.0524 490.23 0.2692 i
108 .59 0.0011 342.47 0.0694 494.65 0.2836 !
132.3) 0.0016 358,96 0.0860 500.81 0,3004 :
156.59 0.0021 375.53 0.1021 504.35 0.3079 ‘
180.62 0.0028 391.90 01188 507.79 0.3226
203.99 0.0034 407.09 0.1365 513.08 0.3378 :
221.44 0.0038 421.20 0.1537 51533 0.3490 *
240.27 0.0047 432 90 0.1692 518.65 0.3610
243.07 0.0049 445 48 0.1872 519.90 0.3632
253.14 0.0063 457.00 0.2055 522.02 0.3819 l
280 .80 0.0082 466,51 0.2220 524.52 0.4021 |
268 76 00111 476.07 0.2395 526.23 0.4151 |
| 275 87 00145 478.00 0.2429 526 46 0.4300
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Table 235. Teslt data for specimen 732-26

Test Number : 015 Test Temp. : 2B%C
Aging Temp. - 350°C Aging Time 12,570 h
Yield Stress . 244 .4 MFPa Ultimate Stress  528.4 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr
(MPa) Stratn (MPa) Strain (MPa) Strain
33.1610 0,000 286.5200 0.0188 4706100 0.2373
58.0510 0.0003 292 8000 00228 479.3800 0.2556
82.5420 00006 300. 7600 0.0282 481.5200 0.2604
1064300 0.001) 307. 1600 0.033) 486.1000 0.2614
129.9400 00016 324 4700 0.0480 487 8900 0,2723
154.9900 0.0022 341.3800 0.0640 494.8400  0.2897
178.0200 0.0028 358.3900 0.0813 501.2800  0.3075
206.4600 0.0037 374.8500 0.0882 508.0900 0.3266
209.3700 0.0037 389.7700 0.1143 514.6400 0.3459
2237100 0.004 | 408.2300 0.1309 518.8800  0.3648
237.0900 0.0045 414.9900 0.1455 519.5500  0.3694
244.5600 0.0052 4254800 0.1603 522.3200 0.3719
251.4300 0.0060 435.6200 0.1751 625.2200  0.3906
257.1300 0.0070 445.8400 0.1919 526.4100  ©.4006
261.7100 0.0082 455.4300 0.2085 527.8400 04115
267.7700 0.0100 462.6900 0.2210 B28.4200 0.4206
275.7600 0.0135
Table 236. Test data for specimen 734-06
Test Number : 220 Test Temp. ; 25°C
Aging Temnp. 1 360°C Aging Time : 10,000 h
Yield Stress : 228.0 MPa Ultimate Stress : 536.9 MPa
Engr Engr. Engr.
Stress Engr Stress Engr Stress Engr.
(MPa) Strain MPa) Strain (MPa) Strain
18.238 0.000 ] 318.152 00474 451.977 0.1875
42.648 0.0004 346.750 0.0746 472,198 0.2156
53.881 0.000% 348.942 0.0768 480.488 0.2285
179 881 0.0022 376168 0.1078 495.178 0.2547
190.256 0.0024 378.054 G.1101 503.226 02711
190 656 0.0028 380 449 0.1123 514 473 0.2081
250.900 0.0076 410 3686 0.1407 515879 0.3023
257.24) 0.0091 412257 0.1427 524.799 0.3300
280 837 0.0188 422.414 0.1531 526.932 0.3386
303.807 0.0353 448,831 0.1834 533,283 0.3696
306.289 0.0373 450,275 0.1854 536.822 04116
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Table 237. Test data for specimen 734-07
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Test Number ; 221 Test Temp. 1 25°C
Aging Temp. . 350°C Aging Time 110,000 h
Yield Stress 1 219.1 MPa Ultimate Stress : 529.3 MPa
Engr. Engr. Engr.
Stress Engr Stress Engr. Stress Engr.
MPa) Strain (MPa) Strain (MPa) Strain_
39.655 0.0002 332413 0.0708 490.09] 0.3044
§5.337 0.0003 373.667 0.1109 502.862 0.3496
67.588 0.0004 383.268 0.1215 503.489 0.3519
123.036 0.0007 416.278 0.1618 513.658 0.4004
183.957 0.0007 419,481 0.1660 514.574 0.4050
146.791 0.0008 443578 02024 518.959 0.4332
210418 0.0024 452 379 0.2175 521.610 0.4522
217017 V.0031 465.184 0.2424 526.237 0.4960
256.709 0.0134 470.317 0.2534 527.056 0.5068
274.839 0.0246 473.247 0.2600 527 249 0.5002
317.530 0.0577 486 091 0.2032 533.659 04116
Table 238. Test data for specimen 73-119
Test Number 1222 Test Temp. : 28°C
Aging Temp. © 350°C Aging Time 010,000 h
Yield Stress :212.8 MPa Ultimate Stress : 488.1 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stres: Engr.
(MPaj Strain {MPa) Strain (MPaj Strain
81198 0.0005 317.202 0.0694 428.975 0.1850
160.878 0.6012 319.709 00717 430.508 0.1973
198.210 0.0023 337.189 0.0889 443.887 0.2178
206.442 0.0029 347 960 0.0908 459.285 0.2402
245.220 0.01186 350.138 0.1022 465.825 0.2586
249.388 0.0138 289.571 0.1225 472.187 0.2741
253.026 0.0160 370.042 0.1339 483 440 0.3045
277.109 0.0338 382.053 0.1383 485.320 0.3168
279.943 0.0361 387.620 0.1544 488.115 0.3497
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Table 239. Test data for specimen 732-16

Test Number 1012 Test Temp. L
Aging Temp 1 400°C Aging Time . 2,570 h
Yield Stress : 240 8 MPa Ultimate Stress : 541.8 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr Stress Engr.
{(MPa) Strain (MPa) Strain (MPaj __Strain
30.76 0.0000 333.00 0.0585 491.68 0.2327
51.55 0.0002 340.74 0.06556 494 .49 0.2408
K238 0.0006 34935 0.0726 500.65 02515
118.05 0.0013 363.37 0.0864 500.64 0.2700
151.04 0.0020 37695 0.0984 517.34 0.2907
176.61 0.0027 386 00 0 1080 521.02 0.2048
193.78 0.0033 396.61 ©.1203 524.73 0.3088
211.94 0.00386 41326 0.1342 52B.09 0.3203
240.08 0.0049 424 21 0.1462 532.52 0.3385
257.88 0.007) 433.32 0.1567 533.30 0.3501
269.13 0,0098 445.81 0.1677 536.02 0.3669
277.83 00138 459.01 0. 1844 637.79 0.3805
285 55 0.0151 474.02 0.2054 540.14 0.3980
26191 0.0223 481.76 0.2167 540.42 0.4137
302.71 0.0311 485.4) 0.2212 540.81 0.4314
$14.19 0.04813 480 04 0.2308% 541.81 04402

Table 240. Test data for specimen 732-17

Test Number 10138 Test Temp. : 26°C
Aging Temp. : 400°C Aging Time :2,570 h
Yield Stress 1 252.6 MPa Ultimate Stress : 555.7 MPa
Engr. Engr Engr.
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
20.02 0.0000 315.60 0.0374 506.90 0.2655
42.34 0.0001 333.72 0.0542 §22.5) 0.2073
87 99 00008 349.17 0.0684 530,96 0.3220
125.42 00016 366.36 0.085] 534.58 0.3360 !
150.13 0.0025 383.00 0.0995 538.98 0.3462 L
181.55 0.003) 39717 0.1132 540.32 0.3555 1
208 85 0.004 1 410.44 0.1262 543.40 0.3729 .
238.65 0.0050 426 68 0.1429 54681 0.3854 '
25197 0.0059 437.78 0 15582 548.39 0.3946 I
256.64 0.0065 450.76 0.1706 549.97 0.4048
264 81 0.0080 458.38 0.1802 551.75 0.4110
270.67 0.0004 466,45 01907 552.43 0.4234
281.79 00113 465.84 0.1959 554.68 0.43094
202.09 00171 47696 0.2130 55491 0 4499

303 46 0.02¢4 461.28 0.2365 5585.72 04638
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Table 241. Test data for specimen 732-15

Test Number 1226 Test Temp. <25°C
Aging Temp. 1 400°C Aging Time : 10,000 h
Yield Stress 1 235.3 MPa Ultimate Stress : 563.3 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
_[MPaj Stratn (MPaj Strain (MPa) Strain
29.582 0.0001 379.611 0.0953 515.150 0.2014
56.208 0.0003 395.718 0.1109 525.802 0.3231
79.423 0.0004 307.992 0.1131 530.537 0.3389
161.338 0.0009 428.919 0.1465 531.311 0.3411
172776 0.0010 445 501 0.1663 538,423 0.3695
236.484 0.0034 447.109 0.1684 542.004 0.3849
275.366 0.0136 482.960 0.2218 548.632 0.4181
3¢1.010 0.029) 493 861 0.2420 551.826 0.4360
337.284 0.0572 495,071 0.2443 556.858 0.4692
340.018 0.0566 508,925 0.2780 558.600 0.4821
360.175 0.0774 514.328 0.2891 563 196 0.5341
Table 242. Tes! data for specimen 732-22
Test Number 1 227 Test Temp. 1 35°%C
Aging Temp. - 400°C Aging Time : 10.000 h
Yield Stress :215.8 MPa Ultimate Stress : 530.3 MPa
Engr. Engr Engr.
Stress Engr. Stress Engr. Stress Engr.
_{MPa) Strain (MPa) Strain _{MPa} Strain
53.560 0.0005 325.970 0.0821 455.794 0,2132
77.758 0.0006 336.761 0.0723 478.769 0.2544
155.999 0.0012 355 620 00810 485473 0.2687
176.921 0.0015 357.644 0.0830 496.895 0.2063
205.216 0.0026 359.630 0.0850 500.654 ©.3067
221,357 00041 383.033 01198 504.896 0.3192
251,508 0.0088 385.834 0.1338 515499 0.3572
297.723 0 0366 416.534 0.1584 518.969 0.3723
300.224 0.0388 424 443 0.1684 524 .848 0.4059
302 653 0.0400 435.186 0.1820 530.343 0.4710
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Table 243. Test data for specimen 73-109

i Test Number 1228 Test Temp. LRSI

i Aging Temp. : 400°C Aging Time : 10,000 h

' Yield Stress ~  : 222.2 MPa Ultimate Stress : 534.0 MPa

| Engr. Engr. Engr.

Stress Engr. Stress Engr Stress Engr.

- [MPa) Strain (MPa)  Strawn _ (MPa) __ Strain

| 32.8B50 0.0001 336.327 0.0891 468.932 0.2571

' 58574 0.0003 337 961 00011 482.822 0.2865
104.921 0.0006 350,675 0.10588 480.521 0.3036
127.785 .0008 377.218 0.1322 500.221 0.3337
191.731 0.0016 390451 0.1468 502.823 0.3424

| 199.177 0.0019 302.393 0.1489 510.534 0.3706

. 206.563 0.0020 429614 0.1941 512.655 0.3793

‘! 241.531 0.007) 431.108 0.1962 513.667 0.5837

' 275.601 .0286] 452 646 0 1982 526.150 0.4512
293 674 0.0435 450.852 0.2303 530.439 048861
306.523 0.0566 461.086 0.2424 534,006 0.5508

; Table 244. Test data for specimen 731-04

Test Number (010 Test Temp. 1280
Aging Temp. : 400°C Aging Time 12,570 h
Yield Stress . 256.5 MPa Ultimate Stress : 493.1 MPa
j: Engr Engr. Engr.
| Stress Engr. Stress Engr. Stress Engr.
_MPa) Strain (MPa) Strain (MPa) ____Strain
820 0.0001 272.92 0.0172 43518 0.1900
22.58 0.0007 283.54 0.0235 445 .30 0.2054
35.00 0.0011 289 53 0.0277 450.97 0.2155
53.14 0.0016 296.27 0.0825 458.77 0.226%
8216 0.0024 200 32 0.0357 465.85 0.2439
| 85 14 0.0028 311.78 0.0465 473.0) 0.2584
119.59 0.0035 320.91 0.0554 475.11 0.2631
159.98 0.0048 334 02 0.0687¢9 477.20 0.2672
g 174.77 0 D0S4 347.89 0.0828 478 0% 0.2679
187.55 0.0060 361.71 0.0964 478 90 0.2758
' 203.69 0.0064 375.19 0.1112 462.31 0.283]
240.20 0.0077 387.00 0.1248 483.18 0 2866
251 .80 0.0113 308 53 0.1388 48803 0.2092
260 52 0.0134 406 89 0.1494 492.21 0.3149
266.20 0.0148 416.00 0.1617 493.08 0.3271
271.89 00167 425 .66 0.1752

A-119




L D A el Mkl B i k. STl o el LA RS A kA AR TR R D < T B T e e e e - r g
st

Table 245. Test data for specimen 731-05

Test Number 1011 Test Temp. 1 25°%C
Aging Temp. 1 450°C Aging Time :2570h
Yield Stress : 234.0 MPa Ultimate Stress : 570.4 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa] Strain_ (MPa) Strain______(MPa) Strain
38.16 0.0001 319.71 0.0487 512.44 0.3145
74.25 0,0005 335.35 0.0634 523.58 0.343]
107.20 0.0011 345.23 0.0725 530.14 0.3669
1561.01 0.0022 362.62 0.0908 53691 0.3889
187.50 0.0034 376.33 0.1076 542.07 0.4098
201.62 0.003% 383 56 0.1227 547.56 0.4384
21394 0.0042 306.9] 0.1385 553.22 0.4654
233.52 0.0048 418.10 0.1514 555.89 0.4896
244 49 Q.0060 428.97 0.1654 561.52 05219
253,92 00074 439.08 0.1790 564 74 0.5496
262.56 0.0001 447.35 0.1907 567.28 0.5770
270.46 0.0116 457.55 0.2041 560.40 0.6049
278.53 0.0153 464 72 0.2167 568.50 06194
283.34 00181 479.35 0.2410 560,20 0.6316
294 .38 0.0260 490 43 0.2626 570.00 0.6451
309.61 0.0396 503.95 0.2805 570.41 0.6604
Table 246. Test data for specimen 733-42
Test Number - 053 Test Temp. . 290°C
Aging Temp. : Unaged Aging Time -
Yield Stress : 138.9 MPa Ultimate Stress . 366.6 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
MPa) Strain (MPa) Strain [MPa) Strain
36.85 0.0001 2i2.64 00724 363.51 0.3141
B1.24 0.0006 22478 00881 366.21 0.3275
109.37 0.0012 234 48 0.0987 365.23 0.3426
119.43 0.0015 244.10 0.1008 36).24 0.3507
126,92 0.0019 256.89 0.1250 356.19 0.8575
130.73 0.0021 269.42 0.1402 348.37 03646
1386.31 00025 282.96 0.1576 339.58 0.3712
140.16 0.0028 295.72 0.1781 328.57 0.3781
145 .85 0.0037 307.50 0.1927 311.87 0.3865
151.22 0.0054 317.37 0.2092 297 48 0.8923
162.25 0.0128 328.94 0.2295 281 .67 0.3979
174 .94 0.0265 338.01 0.2474 269.29 04014
191,15 0.0478 34553 0.262¢ 253.78 0.4040
201.33 0.0605 356 .40 0.2025 234 .47 0.4047
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Table 247. Tesl data for specimen 734-40 :

Test Number . 038 Test Temp. : 290°C
Aging Temp. : Unaged Aging Time -
Yield Stress . 133.9 MPa Ultimate Stress : 365.0 MPa ]
Engr Engr. Engr.
Stress Engr Stress Engr Stress Engr.
(MPa) Strain (MPay Strain {MPa) Strain
29.51 0.0001) 143.94 0.0052 263.42 0.1246
45.17 0.0003 146.52 0.0059 276.04 0.1384
55.34 0.0004 147,73 0.0063 287.41 01516
66.93 0.0006 149 18 00068 300.80 0.1673
BO.09 0.0008 151 .89 0.0082 300.67 0.1788
91.18 0.001) 15616 0.0108 317.74 0.1894
102.23 0.0014 163.03 0.0162 321.70 0.1945
106 98 0.0017 169,47 0.0225 328.21 0.2046 i
116.46 0.0019 175.20 0.0282 333.18 02119 |
120.34 00021 183 56 0.0377 340.54 0.2247
123.08 0.0025 193.38 0.0489 349 87 02417
127.10 0.0026 200 62 0.0567 357 93 0.2578
130.18 0.0029 206.60 00636 361 .61 0.2689
133.90 0.0033 214 .43 0.0721 362 49 0.2742
137.27 0.0037 226.27 0 0B56 364 09 0.2765 _.
139.41 0.004 | 241 51 0.1016 364.97 0.2778 i
141.80 0.0046 251.03 0.1112
Table 248. Test data for specimen 734-19
Test Number - 338 Test Temp. 1 290°C
Aging Temp. - 320°C Aging Time £ 10,000 h
Yield Stress : 130.4 MPa Ultimate Stress : 354.0 MPa
Engr Engr. Engr.
Stress Engr Stress Engr. Stress
_IMPa) Strain (MPa) Strain P sumn
15.8600 0.0001 1831900  0.0425 2064700 0.1877
69,6300 0.0003 1854900  0.0447 302.7600  0.1720
104 B700 0.0007 194 5700 0.0535 307.6400 0.1787
110.7800 0.0010 196.0200 0.0580 310.7800 0.1831
127.6700 0.0022 205.7200 0.0646 318.4200 0.1942
132 8700 0.0032 207 9000 0 0668 3218800 02013
138.5800 0.00%) 214.4600  0.0733 3275000 0.2104
142 7900 0.0071 2252300  0.0842 332.8600 0.2210
| 165.3400 0.0164 2359500  0.0952 339.4200 0.2327
- 157 4800 0.0184 250.1900  0.0996 342.1600 02417
164.7700 0.0248 2484200 01082 3439100 ©0.244i
167.1800 0.0272 2585700  0.1192 346.2900 02511
169.5200 0.0204 268.5200 0.1302 350 5000 0.2631
171.5200 0.0314 2780600  0.1412 352.3400 0.2722
173.8500 0.0337 285 5100 0. 1500 353 9600 0 2833

180.8700 0.0403 2025200 0.1588
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Table 249. Test data for specimen 734-22

Test Number : 339 Test Temp. 1 290°C
Aging Temp. : 320°C Aging Time : 10.000 h
Yield Stress : 131.3 MPa Ultimate Stress : 365.2 MPa
Engr. Engr Engr.
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain [MPa) Strain (MPa) Strain
25.2600 0.000] 186.8700 0.0873 294.7900 0.2073
74.7300 0.0002 188.6900 0.0595 208.8700 0.2118
116.3100 0.0008 180.5500 0.0617 304 .4800 0.2211
122.9900 0.00]2 1897.7900 0.0707 311.3200 0.2363
138.9000 0.0053 201 4500 0.0750 317.7300 0.2377
142.2500 0.0075 208.6400 0.0840 321.0300 0.2518
145.0700 0.0096 212.1700 0.0884 323.9500 0.2606
154 4700 0.0190 219.2000 0.0871 329.1500 0.2736
156.1900 0.0210 222 6800 0.1016 334.0800 0.2822
158.3200 0.0233 227.6500 0.1080 3381800 0.2961
160.2700 00257 229.3300 0.1100 342.3000 0.3068
1862.3500 0.0280 239.5200 0.1233 346.3900 0.3221
164 2800 0.0304 255.9800 0.1453 349 3300 0.3283
171.9400 0.0384 265 4000 0. 1586 356.7800 0.3503
173 8900 00418 275.3500 0.1723 360.9500 0.3657
175.7700 0.0440 2841800 0.1855 360.1700 0.3720
177.5900 0.0482 289 .4300 0.1940 365.2000 0.3851

Table 250. Test data for specimen 732-27

e e e e e A sl e e S

| Test Number 1043 Test Temp. : 290°C
| Aging Temp. 1 380MC Aging Time 12570 h
Yield Stress : 139.6 MPa Ultimate Stress : 419.8 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
54.670 0.004 150.080 0.014 276.170 0.152
62.100 0.004 155.060 0.016 244.910 0.255
102.100 0.007 181.050 0.018 356.690 0.276
113,460 0.008 165.610 0.021 392.930 0.360 i
122.810 0.009 171.140 0.025 407.250 0.407
128.860 0.010 197.860 0.053 416.120 0.446
| 140,410 0.012 205.220 0.082 418.900 0.460
| 145.130 0.013 260.650 0.131 419.840 0.505

| A-122
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Table 251. Test data for specimen 734-08 ‘

Test Number 1 333 Test Temp. : 290°C
Aging Temp. . 350°C Aging Time - 10,000 h
Yield Stress © 127.7 MPa Ultimate Stress : 377.7 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
MPa)_ Strain (MPa) Strain (MPa) ____Strain
14 980 0.000 201.880 0.054 300.510 0.159
53.340 0.000 220,140 0.072 307.360 0.168
81.630 0.001 222.370 0.074 320.220 0.186
106,700 0.00] 23).220 0083 326.300 0.195
122.880 0,002 248,340 0.100 340.890 0.220
139.960 0.006 250.480 0.102 342.320 0.222
162.010 0.019 256 640 0.108 355,150 0.248
168.910 0.025 272.720 0.126 356.480 0.251
172.570 0.028 274.650 0.128 366.090 0.278
192 480 0.045 280 390 0.135 374 820 0.304
1984 840 0.048 293.380 0.150 377.640 0.320

Table 252. Test data for specimen 734-09

Test Number 1 334 Test Temp. : 290°C
Aging Temp. : 360°C Aging Time : 10,000 h
Yield Stress . 139.6 MPa Ultimate Stress : 419.8 MPa
Engr Engr. Engr.
Stress Engr Stress Engr Stress Engr.
MPa) Strain (MPa) Strain (MPa) Strain
69.570 0.000 227.650 0.035 326.370 0.107
91.750 0.000 230 960 0.037 331.810 0.111
123.230 0.000 249.940 0.051 352.110 ©0.128
131.620 0.000 253,160 0.053 356.880 0.132
143.360 0.001 262,310 0.059 372.750 0.148
150.760 0.001 274.630 0.068 379.020 0.154
156,890 0.001 277 660 0.07¢ 390.760 0.167
188.280 0.010 280.660 0.072 302.550 0.170
192.580 0.013 208.340 0.085 406.350 0.190
196.580 0015 301.230 0.087 414750 0.206
217.920 0.02¢ 309.760 0.094 417.400 0.221

Table 253. Test data for specimen 73 120

Test Number 1 336 Test Temp. + 290°C
Aging Temp. : 350°C Aging Time : 10,000 h
Yield Stress 136.7 MPa Ultimate Stress : 386.4 MPa

Experimental Data Not Available

A-123
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5 Table 254. Test data for specimen 732-18 |
1
{
|

: Test Number 1 040 Test Temp. 1 290°C
- Material Type . CF-8M Heat Number 173
Aging Temp. : 350°C Aging Time 12,570 h -
Yield Stress : 140.0 MPa Ultimate Stress : 444.1 MPa |
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
| (MPa) _ Strain (MPa) Strain (MPa] _ Strain
3215 0.0001 189 17 0.0034 365 51 0.1686 |
47.62 0.0001 189 26 0.0037 378.04 0.1841
64.14 0.0003 168.77 0.0042 390.04 0.2007
; 85,81 0.0005 205.66 0.0128 400.67 02173
109.85 0.0008 216.66 0.0234 411.57 0.2361 |
137.33 0.0013 233 49 0.0387 420.82 0.2548 :
160.82 0.0018 254.17 0.0579 428.34 0.2732 |
176.05 0.0022 270 .95 0.1727 433.46 0.2884 ,
189,27 0.0026 288 48 00899 43529 0.2028 '
189.36 0.0028 308.44 01079 436.81 0.2091 |
189.25 0.0029 322.78 0.1210 430,73 0.3110 |
189.19 0.0031 337.39 0.1364 441.12 0.3270 :
189.23 0.0032 352 .49 0.1533 |

Table 255. Test data for specimen 732-23

1

1

Test Number 1238 Test Temp. : 280°C ]

Aging Temp. - 400°C Aging Time : 10,000 h |

Yield Stress : 138.5 MPa Ultimate Stress : 408.5 MPa =.

| Engr. Engr Engr. "
Stress Engr Stress Engr Stress Engr. !

(MPa) Strain_ MPa) traio (MPa) _Strain i

]

39.952 0.0002 224.072 0.058G 319.338 0.15986 i

| 41.208 0.0002 225.843 0.0609 324.781 0.166] 1
76.550 0.0003 241.520 0.0761 337.125 0.1817 1

105.553 0.,0006 248.507 0.0830 345.640 0.1930 .

133.524 0.0020 250.670 0.085 ] 365.740 0.2249 4

138.880 0.0027 265.926 0.10086 371.130 02342 i

161.457 0.2080 276716 0.1120 387.910 0.268] 1

184.842 0.0238 278.772 0.1142 388.747 0.2702 '

195,375 0.0325 204 K79 0.1318 399,140 0.2986 .-

. 197.801 0.0349 304 673 0.1424 403 988 0.3157 :
214.836 0.0502 417.504 0.1575 408.483 0.3442 .

|

1

|

i

|

1

l

5

|

|

|

> |
r J
| !
| A"124 |



" — il B A e e R e e e e e e i i i S “—‘-..—]

Table 256. Test data for specimen 732-24

Test Number 1237 Test Temp. : 280°C
Aging Temp. 1 400°C Aging Time : 10,000 h
Yield Stress : 143.0 MPa Ultimate Stress . 424.1 MPa
|
:
Engr. Engr. Engr. i
Stress Engr. Stress Engr Stress Engr. \
(MPa) Strain (MPa) Strain (MPa) Strain :
‘ 14.738 0.000] 220 316 0.0438 335.441 0.1485
10.668 0.0001 245.902 00653 337.508 0.1506
32.646 0.0001 248.408 0.0673 350.185 0.1740 .
76517 0.0002 255.811 0.0737 362.906 0.1783 ‘j
85673 0.0002 279 768 0.0951 379 586 0.1998 :_
95.129 0 0003 282.158 0.0972 382.738 0.2043 i
163.380 0.0064 284 418 0.0993 394.791 0.2226 :
168 990 0.0085 305.165 0.1185 402 656 0.2361 :
185.270 0.0175 307.421 0.1207 414.950 0 2609 :
206.716 0.0230 309 681 0 1226 419.258 0.2723 '
217661 00417 324 672 0.1377 424.116 0.2052
!
Table 257. Test data for specinen 73110 l
Test Number 239 Test Temp. 1 290°C ;
Aging Temp. - 400°C Aging Time - 10.000 h i
Yield Stress : 138.5 MPa Ultimate Stress : 395.8 MPa :
Engr. Engr Engr. |
Stress Engr. Stress Engr. Stress Engr. ,
(MPa) Strain {MPa) Strain (MPa) Strain :
42,550 0.0002 238.341 0.0716 331.449 0.1747 .j
59.248 0.0002 256.103 0.0890 332 088 0.17869 :
71576 0.0002 268974 01021 349.763  0.2022 |
153.928 0.0059 271.016 0.1045 351.137 0.2047 i
150.463 0.0078 289.712 0.1244 364.327 02276
164.147 0.0101 201.676 0.1265 365.565 0.2299 !
202531 0.0389 293.907 0.1200 371.150 0.2410 ‘
205.178 00412 314 548 0,1532 378.871 0.2583 '
207.679 0.0435 316.387 0.1554 388.790 0.2863 ,
226 980 0.0609 318.104 0.1877 390.460 0.2010 |
236.00) 0.0696 320 883 0.1726 395.782 0.3195 i
)
! 1
1
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Table 258. Test data for specimen 731-06

R RN EmS———

Test Number : D46 Test Temp. : 290°C
Aging Temp. : 450°C Aging Time 12,87 h
Yield Stress : 144.1 MPa Ultimate Stress :411.. MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) ~Btrain __(MPa) _Strain {MPa) Strain _
20.02 0.0001] 186.38 0.0130 332.82 0.1288
65.85 0.0004 190.12 0.0151] 350.86 0.1449
105.44 0.0010 195.94 0.0187 361.90 0.1562
119.94 0.0013 200.74 00219 372.27 0.1668
132.67 0.0018 206.77 0.0259 384.53 0. 1808
\ 141.35 0.0024 215.21 0.0333 390.69 0.1887
146.35 0.0031 226 34 0.0425 364 .086 0.1937
157.58 0.0041 239.92 0.0534 396.56 0.1981
‘ 162.67 0.0050 254.04 0.0643 400.20 0.2041
167.37 0.0061 268.83 0.0754 40592 0.2139
171.76 0.0073 280,80 0.0860 400.11 0.2204
174.03 0.0083 2092 .82 0.0954 410.07 0.2234
177.95 0.0094 305.56 0.1056 411.1@ 0.2260
131.65 00109 319.21 0 1168
Table 259. Test dala for specimen 732-09
Test Number 041 Test Teanp. : 290°C
Aging Temp. 0°C Aging Time 12,570 h
Yield Stress .2 MPa Ultimate Stress : 436.1 MPa
Engr. Engr. Engr.
Stress Engr Stress Engr Stress
—MPa)  Stram __(MPa) Strain {MPa) m..
37.5850 0.0001 171.4200 0.0100 381.2500 0.2277
69,3680 0.0003 176.4800 0.0126 391.7700 0 2460
102.0400 0.0008 186.5000 0.0189 396.7800 0.2542
114.3600 0.0011 197.4700 0.0279 405.0100 0.2717
124.7100 0.0014 211.5200 006413 410.7000 0.2872
128.8600 0.0017 2261000 0.0578 417.4200 0.3028
134.2700 0.0020 246 5600 0.0739 423.5200 0.3173
137.9400 0.0023 267 6000 0.0945 427.7300 0.3357
141.2700 0.0027 288.8900 0.1150 429.2200 0.34370
145.0300 0.0032 308.2100 0.1353 431.7900 0.3501
147.6700 0.0035 330 8000 0.1585 433.2200 0.3636
150.5000 0.0038 344 6900 0.1765 432.2100 0.3687
154.3100 0.0046 357.7500 0.1931 4359300 0.3796
160 1600 0.0059 369.5400 0.2100 436.0800 0.3807

166.7300 0.0079
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Table 260. Test data jor specimen 205-26

T T ———

Test Number 097 Test Temp. : 25°C
Material Type : CF-8M Heat Number 1 205
Aging Temp. 1 400°C Aging Time : 18,000 h
Yield Stress : 248.5 MPa Ultimate Stress : 670.6 MPa
Engr. Engr Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa} Strain
191.30 00016 431 .56 0.0224 600,00 0.1400
216.73 00018 445.23 0.0383 607 97 0.1484
234.10 0.0020 458 65 0.0452 €21.82 0.1670
254.13 0.0026 474.03 0.0537 624.86 0.1723
276.36 0.0037 482.16 0.0583 628.61 0.1762
297.46 0.0048 501,75 0.0805 630.48 0.1811
308.0) N.0055 513.98 0.0769 636,90 0.1895
321.36 0.0066 528 61 0.0863 640.6) 0.1953
332 49 00079 535.40 0.0904 642.88 0.1995
344.52 0.0094 546.34 0.0879 643 48 0.2041
356.19 0011) 556.40 01026 645.47 0.2076
365.26 0.0126 564 22 0.1085 647.37 0.2111
374.73 0.0144 568 76 0.1122 648.22 0.217¢
382,19 0.0161 573.68 01160 651.78 0.2214
389.35 0.0179 578.41 0.1201 659 .84 0.2267
397.58 0.0202 586 31 0.1274 659 19 0.2208
410,97 0.0244 560 64 0.1318 660.80 0.2337
424,59 00203 566 05 0.1360 663 68 0.2517
Table 261. Test data for specimen 205-27
Test Number . 189 Test Temp. :25°C
Material Type . CF-8M Heat Number . 205
Aging Temp. - 400°C Aging Time : 18,000 h
Yield Stress : 254 .0 MPa Ultimate Stress 642 4 MPa
Engr. Engr. Engr.
Stress Engr Stress Engr Stress Engr.
(MPa) Strain (MPa) Strain MPa) Strain
17.540 0.0001 368.255 0.0196 572.446 0.1578
30.9786 0.0002 410.249 0.0339 560.300 0.1827
41.902 0.0002 427.740 0.0433 592913 0.1868
83.176 0.0003 457.001 0.0600 607.012 0.2140
122.255 0.0006 461 189 0.0821 614.783 0.2268
134 240 0.0007 486 417 0.0807 620.492 0.2434
183.178 0.0011 492 320 0.0827 625.766 0.2584
269.980 0.0044 513.803 00992 €28.863 0.269]
278.196 0.005) 542.786 0.1251 635.540 0.2874
285 976 0.0058 544 B18 0.1271 637.611 0.3108
362 103 0.0180 570 946 0.1857 642,363 0.3658
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Table 264. Test data for specimen 205-28

Test Number 1 062 Test Temp. : 290°C
Material Type . CF-BM Heat Number 1 205
Aging Temp. 1 400°C Aging Time : 18.000 h
Yield Stress : 177.3 MPa Ultimate Stress : 507.8 MPa
Engr. Engr. Engr.
Stress Engr Stress Engr Stress Engr.
(MPa) Strain {MPa) Strain {MPa) Strain
58.95 0.0001 249 80 0.0078 437.50 0.1023
097.87 0.0005 27290 0.0135 44527 0.1084
127.20 0.0008 282.70 0.0168 456.48 0.1183
150.45 0.0014 296 26 0.0218 464.98 0.1266
161.64 0.0018 302.94 0.0243 473.76 0.1359
175.49 0.0024 313.87 0.0292 480.32 0.1442
183.44 0.0029 324.21 0.0344 488.44 0.1558
191.22 0.0035 334 .40 0.0395 488.76 0.1597
198 38 0.004 1 345,57 0.0459 492 .46 0.1664
204.58 0.0044 357.23 0.0525 495.10 0.1720
207 .90 0.0045 376.94 0.0642 499.73 0.1812
prasl 0.0048 388 .54 0.0713 503.65 0.1911
217.47 0.0050 402.99 0.0806 506.79 ©.2007
223.9] 0.0052 414.19 0.088C 507.79 0.2125
231 .¢6 0.0055 426.47 0.0961
Table 265. Tesl data for specimen 205-29
Test Number - 063 Test Temp. 1 290°C
Material Type : CF-8M Heat Number 1 205
Aging Temp. : 400°C Aging Time 118,000 h
Yield Stress - 168.2 MPa Ultimate Stress :© 495.1 MPa
Engr, Engr Engr.
Stress Engr Stress Engr. Stress Engr.
(MPa} Strain (MPa) Strain (MPa) Strain
0.208 0.000 273.080 0.013 405.300 0.082
52,043 0.000 277910 0.015 431.880 0.098
84 180 0.000 292,950 0.020 438.340 0.103
114.680 0.001 299.220 0.022 458 180 0121
142.790 0.001 317.940 0.031 463.760 0.128
159.560 0.002 322.480 0.033 477.880 0.145
171.100 0.002 343.290 0.044 480.320 0.149
208.420 0.004 349.020 0.047 482720 0.158
222010 0.005 369.930 0.05¢ 489.350 0.169
244 360 0.007 376 410 0.063 493.280 0.182
255 660 0.009 398 280 0077 495,000 0.207
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Table 266. Test data for specimen 743-40

Test Number : 018 Test Temp. : 25°%C
Aging Temp. : Unaged Aging Time -
Yield Stress 1 273.5 MPa Ultimate Stress : 542.4 MPa
Engr Engr. Engr.
Siress Engr. Stress Engr. Stress Engr.
{MPa) Strain {MPe] Strain MPa) ____ Strain
64.02 0.0001 242.65 0.0024 305.32 0.0073
79.92 0.0002 251.00 0.0026 307.13 0.0079
102.27 0.0004 262 07 0.0030 311.09 0.0G80
134.03 0.0007 271.34 0.0025 319.74 00129
163.90 00013 279.30 0.0040 329.32 0.0187
201.03 0.0019 289.45 0.0049 333,38 0.0216
222 64 0.0020 283.02 0.0053 336.51 0.024)
233.57 0.0021 300.97 0.0064 337.73 00248
Table 267. Test data for specimen 743-41
Test Number 1019 Test Temp. ; 2B%C
Aging Temp. : Unaged Aging Time -
Yield Stress ; 273.0 MPa Ultimate Stress : 531.3 MPa
Engr Engr. Engr.
Stress Engr. Stress Engr. Stress Engr,
(MPa) Strain (MPaj Strain MPa) Strain ___
61.35 0.000 1 332.46 0.0220 492.73 0.2468
99.28 0.0004 351.27 0.038] 500.24 0.2679
147 04 0.0008 366.49 0.0532 505.80 0.2888
19495 0.0017 3B3.14 0.0703 511.08 0.3087
21627 0.0020 396.74 0.0853 516.24 0.3324
230.83 0.002] 411.77 0.0980 520.44 03547
248.01} 0.0026 42653 01172 523.26 0.3782
267.12 0.0038 437.88 0.1324 525.92 0.3985
275.88 0.0041 451.84 0.1530 528.28 0.4215
286.63 00051 461.57 0.1698 529.56 0.4442
203.24 0.0060 471.00 01881 520.97 0.4676
2990.88 G.0074 478.94 0.2046 530 .62 0.4873
305 .46 0.0087 478.90 0.2059 531.20 05134
313.12 0.0111 480 .54 0.2136
323.90 0.0167 485.3] 0.2275
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Table 268. Test data for specimen 743-36

Test Number 1209 Test Temp. 1 28°C
Aging Temp. : 290°C Aging Time : 30,000 h
Yield Stress | : 282.2 MPa Ultimate Stress : 555.6 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain {MPa) Strain__
16.597 0.0001 355.981 0.0222 497.284 0.1267
60.766 0.0005 369 842 0.0200 502.649 0.1330
71.086 0.0006 401 .412 0.0474 517.135 0.15i9
150.844 0.0012 405.065 0.0487 521.329 0.1579
162.520 0.0013 415478 0.0566 531.181 0.1744
219.047 0.0019 441.064 0.0751 534.400 0.1804
246.267 0.0025 443 032 0.0774 535.376 0.1825
278.189 0.0039 452 506 0.0834 542.837 0.1990
299 878 0.0058 473,669 0.1029 546.057 0.2074
305,062 0 0066 476.161 0.1052 553.665 0.2382
351.221 0.0198 491.000 0.1201 555.519 0.2562
Tabie 269. Test data for specimen 744-34
Test Number : 230 Test Temp. -
Aging Temp. : 290°C Aging Time : 30.000 h
Yield Stress : 292.9 MPa Ultimate Stress : 601.2 MPa
Engr Engr. Engr.
Stress Engr Stress Engr, Stress Engr.
(MPa) Strain (MPa) Strain MPa) Strain
31.273 0.0002 371.929 0.0256 537.570 0.1376
63.195 0.0005 406314 0.0433 557.323 0.1615
73.871 0.0005 418093 0.0500 561.810 0.1681
171.674 0.0012 421948 0.0522 572.540 0.1859
200641 G.0015 452.155 0.0706 577.223 0.1950
221.739 0.0016 465 .602 0.0795 588.098 0.2203
288211 0.0037 496.211 0.1012 590.684 0.2279
305 594 0.0051 504 .454 0.1077 596.203 0.2465
311,705 00058 507.234 0. 1098 599.219 0.2609
357.263 0.0188 528,987 0.1200 601.267 0.2845
A-131
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Table 272. Test data for specimen 744-25

Test Number . 188 Test Temp. : 25°%C
Aging Temp. : 320°C Aging Time : 10.000 h
Yield Stress : 270.5 MPa Ultimate Strese : 565.3 MPa
Engr. Engr. Engr.
Stress Engr, Stiress Engr. Stress Engr.
[MPs)_ Strain (MPa) Strain {MPa) Strain__
15.191 0.0001 427.065 0.0004 508.494 0.2718
20.106 0 0002 432.025 0.0968 519.386 0.3120
40.396 0.0002 450.401 0.1246 519.918 0.3151
147.623 0.0008 454 965 0.1332 520.301 0.3174
160.206 0.0009 469.091 0.1610 536.446 0.3909
206.921 0.0013 470.001 0.1631 537.121 0.3931
216.853 0.0015 484.397 0.1973 544.109 0.4321
284,604 0.0045 485.264 0.1995 545.700 0.4408
368.997 0.0329 496.156 0.2309 546.181 0.4429
377.315 0.0393 505.506 0.2610 553.266 0.4910
379,385 0.0414 506.084 0.2632 561.941 0.5884

Table 273. Test datu for specimen 742-42

Test Number . 166 Test Temp. r25°C
Aging Temp 1 320°C Aging Time : 30,000 h
Yield Stress 1 3127 MPa Ultimate Stress : 589.9 MPa
Engr. Engr. Engr.
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain {MPa) Strain {MPa) Strain_
0.00 0.0000 370.90 0.0137 488.09 0.0889
253.286 0.0028 387.53 00193 510.31 0.1124
305.40 0.0048 401.24 0.0261 544.67 0.1599
323.58 0.0059 41804 0.0357 564.75 0.2042
340 03 0.0075 437 59 0.0489 589.10 0.3110
353.80 0.0096 467.62 0.0714 586.03 0.3449

Table 274. Test data for specimen 744-39

Test Number - 163 Test Temp. 1 25°C
Aging Temp. : 320°C Aging Time : 30.000 h
Yield Stress - 326.4 MPa Ultimate Stress : 663.6 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
MPa) Strain (MPa) Strain (MPa) Strain
0.00 0.0000 407 90 0.0153 560.82 0.0989
200 42 0.0040 423.94 0.0196 602.75 0.135€
341.87 0.0062 437 .85 0.0246 640.72 0.1874
363 98 0.0082 455.83 0.0321 666.18 0.2490
380 44 0.0101 495 .61 0.0539 - 674.39 0.2943
393.51 0.0123
. A-133

R

i NPT e TSN e T e S




R e W T TT P ] W ms———————— L g e e e B e B e e L --;—-1
i
i

s Table 275. Test data for specimen 74-245

. Test Number : 168 Test Temp. 1 28%C
' Aging Temp. : 320°C Aging Time : 30,000 h
| Yield Stress ~ : 278.8 MPa Ultimate Stress :617.0 MPa
Engr Engr. Engr. I
e Engr. Stress Engr. Stress Engr.
_{MPa)_ Strain {MPa) Strain ______(MPaj Strain __
!
0.000 0.0000 376.120 0.0178 514.960 0.1082 |
234.550 0.0022 380.090 0.231 539.480 0.1312 ‘
290.300 00044 408.500 0.0333 550900  0.1572 :
309.100 0.0055 430.310 0.0458 578.040 0.1860
‘ 380,350 0.0075 452.460 0.0606 602.140 0.2383 ',
3 343.310 0.0094 466.450 0.0731 615.080 0.2834 |
355.420 0.0117 488.080 0.0873 613.660 0.2839 I
365.500 0.0144 489.760 0.0890 616.980 0.3221 |

Table 276. Test data for specimen 741-28 :

Test Number . 293 Test Temp. : 25°C |
Aging Temp, . 320°C Aging Time : 50,000 h :
Yield Stress : 309.1 MPa Ultimate Stress : 668.1 MPa f
Engr Engr. Engr.
Stress Engr. Stress Engr Stress Engr.
[MPa) Strain _MPa) Strain [MPa) Strain __
12.454 0.000 ] 443.067 0.0303 609 BG4 0.1800
16.807 0.0000 448.216 0.0325 618.831 0.1961
64 526 0.0003 493.023 0.0574 624.126 0.2062
86 700 0.0004 504.731 0.0654 628.109 0.2148
254 .804 0.0017 507 986 0.0677 638.893 0.2393
263,999 0.0018 537.587 0.0915 641953 0.2475
272.616 0.0021 548.302 0.1016 646.470 0.2509
350.680 0.0076 550 488 Q.1036 655 9042 02810
365 362 0.0083 582.547 0.1399 659 682 0.3056
370.541 0.0090 590.173 0.1499 665317 0.3351
437 782 0.0280 602.414 0.1679 668.037 0.3674 ‘
1
,1
‘I
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Table 277. Test data for specimen 741-29

Test Number 1294 Test Temp. 1 25°C
Aging Temp. 1 320°C Aging Time : 50.000 h
Yield Stress : 304.5 MPa Ultimate Stress : 638.1 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
_[MPx) Strain (MPa) Strain {MPa) Strain
20.328 0.0001 459,563 0.0498 583.828 0.1808
39.274 0.0001 479.887 0.0646 580.322 0.2019
' 96 456 0.0003 482.716 0.0667 601.708 0.2302
d 230.596 00011 485 319 0.0668 602.576 0.2323
241.127 00012 522.526 0.102¢ 605901 D.2408
250.722 0.0014 524 501 0.1051 617.661] 0.2756
' 346,080 0.0063 536.260 0.1184 620.783 0.2869
351.940 0.0070 554.767 0.1425 626.818 0.3111
390.453 00150 556.261 0.1447 630 480 0.3286
428.097 0.0310 564,984 0.1579 633.469 0.3461
43].982 0.0330 582 575 0.1886 €37.902 0.4001
Table 278. Tes! dala for specimen 74-230
Test Number 1 295 Test Temp. 1 28%C
Aging Temp. +320°C Aging Time 50,000 h
Yield Stress : 299 .4 MPa Ultimate Stress : 631.6 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain {MPa) Strain
17.A82 0.000! 294 .430 0.0148 548.051 0.1129
58. 367 0.0002 400.308 0.0165 572.727 0.1417
69.006 0.0002 422.208 0.0246 574.421 0.1439
890.537 0.0004 460 964 0.0447 586.662 0.1819
102,198 0.0004 478B.615 0.0559 584.791 0.1756
196.364 0.0010 481.878 0.0581 600.694 0.1871
207.686 0.0011 500, 102 0.0779 609.064 0.2057
257.914 0.0020 511.908 0.080; 612.741 0.2150
315.230 0.0043 514.52] 0.0823 819.612 0.2365
320.857 0.0047 543.842 0.1085 622.709 0.2484
354 954 0.0076 545 922 0.1107 631.611 0.3220
A-135
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Table 279. Tes! data for specimen 742-25

Test Number - 024 Test Temp. : 28°C
Aging Temp. : 380°C Aging Time :2570h
Yield Stress : 269.0 MPa Ultimate Stress : 575.1 MPa
Engr. Engr. Engr.
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain {MFa} Strain (MPa) Strain
103.90 0.0003 337 .30 0.0109 51703 0.1738
147.70 0.0009 348.85 0.01486 533.05 0.2090
192.83 0.0017 368.48 0.0230 545.00 0,2437
223.79 0.0019 392.33 0.0380 $52.02 0.2650
235.31 0.0021 41514 0.0562 555.85 0.2854
258.16 0.0028 438.00 0.0767 564,228 0.3238
273.43 00034 456.49 0.0934 567.11 0.3468
283,93 0.0041 471.20 0.1059 871.27 0.3814
204,13 0.0048 478.28 0.1134 573.37 0.4057
304 .25 0.0055 478.15 0.1162 573.85 0.4243
310.71 0.0062 493.35 0.1358 574.58 0.4486
322.71 00079 506.11 0.1544 575.08 0.4701
320.47 0.0001
Table 280. Test data for specimen 742-26
Test Number . 025 Test Temp. 1 29°C
Aging Temp. - 350°C Aging Time :2570h
Yield Stress ; 261.0 MPa Ultimate Stress : 536.8 MPa
Engr. Engr Engr.
Stress Engr Stress Engr. Stress Engr.
{(MPa) Strain (MPa) Strain {MPa} Strain
47.90 0.0000 293.22 0.0064 465.58 0.1573
83.90 0.0003 299.93 0.0074 464 .49 0.1640
139.66 0.06009 310.53 0.0106 481.61 0.1941
173,46 0.0014 318.42 D.0144 408.93 0.2307
209.25 0.0020 33218 0.0218 511.09 0.2647
222 .43 0.0021 346.29 0.0334 514.61 0.2804
238.01 0.0024 367.51 0.0524 $23.32 0.3161
251.46 0.0028 386.79 0.0705 530.14 0.3543
270.91 0.0041 405.10 0.0885 532.31 0.3751
281.95 0.0050 427.53 0.1091 838.15 04148
285,06 0.0053 451.26 01376 536.71 0.4528
286.33 0.0058 461.36 0.1511 536.81 0.4799
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Table 281. Test data for specimen 744-07

Test Number . 187 Test Temp. 3y
Aging Temp. : 350°C Aging Time £ 10,000 h
Yield Stress : 281.7 MPa Ultimate Stress - 606.1 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr
(MPa) Strain {MPa) Strain (MPa) Strain
33.818 0.0003 408.357 0.0401 §27.007 0.1875
44.883 0.0004 411.123 0.0421 540.350 0.2185
55.857 0.0004 437.230 0.0635 541.314 0.2207
77.949 0.00086 464.449 0.0809 547.164 0.2363
89.356 0.0006 473573 0.1014 561.218 0.2788
232.002 0.0020 480.546 0.1100 566.519 0.2066
249.235 0.0023 489.602 0.1222 581.803 0.3571
298.201 0.0048 490.999 0.1244 585.170 0.3727
303.130 0.0051 515 006 01638 595.580 0.4292
311.135 0.0057 516.205 0.1655 602,809 0.4833
405306 0.0380 517.265 0.1677 605.942 0.5303
Table 282. Test data for specimen 744-08
Test Number . 185 Test Temp. 1 28°C
Aging Temp. : 350°C Aging Time - 10,000 h
Yield Stress 1 278.2 MPa Ultimate Stress : 619.2 MPa
Engr. Engr Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain _(MPa) Strain (MPa) Strain
21.425 0.0001 402 243 0.0303 565.723 0.1827
34.320 0.0002 406.424 0.0325 578.255 0.2080
B7.225 0.0005 475.349 0.0774 579.174 0.2103
98.087 0 0006 488604 0.0883 580.142 0.2125
109.579 0.0006 491016 0.0905 596.206 0.2543
204 584 0.0013 493.774 0.0927 5099.787 0.2654
268.360 0.003! 533.682 0.1349 602.932 0.2763
274.404 0.0034 535.579 0.1371 603.609 0.2784
326.839 0.0073 537.418 0.1304 610.577 0.3059
331,865 0.0080 562 965 0.1781 614.786 0.3266
383.160 0.0217 564 465 0.1804 €19.238 0.3648
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Table 283. Test data for specimen 74-119

Test Number : 190 Test Temp. 1 25°C
Aging Temp. . 350°C Aging Time 10,000 h
Yield Stress : 267.5 MPa Ultimate Stress : 587.8 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) ____ Strain
13.98] 0.0001 326.357 0.0097 499.928 0.1205
26.410 0.0002 369.254 0.0227 501.758 0.1225
78.205 0.0006 373.821 0.0247 520.740 0.1453
B8B.8B76 0.00086 390.471 0.0329 522.426 0.1473
99.701 0.0007 394.411 0.0350 525.365 0.1516
111,803 0.0008 420.986 0.0516 545.743 0.1826
123.221 G.0009 432.745 0.0589 564.725 0.2208
212.906 0.0020 437.534 0.0635 572.192 0.2407
244 838 0.0029 440 256 0.0656 578.166 0.2603
205.288 0.0058 467.669 0.0886 584.815 0.2038
302.346 0. 0064 472477 0.0927 587.561 0.3302
Table 284. Test data for specimen 743-13
Test Number . 197 Test Temp. 1 25°C
Aging Temp. 1 350°C Aging Time : 30.000 h
Yield Stress : 265.8 MPa Ultimate Stress : 647.2 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr Stress Engr.
{MPa) Sirain (MPa) Strain {MPa) Strain
12.849 0.6001 428 458 0.0438 580.825 0.201¢
66.522 0.0006 482960 0.0799 594 161 0.2105
77.323 0.0006 500.361 0.08386 606.349 0.2378
229.079 0 0023 502.914 0.0959 610.204 0.2479
236.103 0.0026 537.746 0.1288 821,525 0.2825
242.964 0.0028 539.673 0.1311 624 416 0.2929
325.196 0. 0084 541.889 0.1335 631.498 0.3242
331.080 0.0091 568.627 0.1671 633.810 0.3368
366.003 0.01589 570.313 0.1694 639.350 0.3694
402.582 0.0300 577.395 0.1804 €42 675 0.4003
424 366 00414 5B8.813 0.1999 646 866 0.4810
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Table 285. Test data for specimen 743-14

W rp—

Test Number . 198 Test Temp. L
Aging Temp. » 380°C Aging Time : 30,000 h
Yield Stress : 260.3 MPa Ultimate Stress : 613.5 MPa
Engr. Engr Engr.
Siress Engr. Stress Engr. Stress Engr.
MPa) Strain (MPa) Strain {MPa) Strain
9.666 0.0000 391.837 00241 545.340 0.1374
21.484 0.0001 396.762 00261 547.040 0.1394
61.626 0.0004 444 860 0.0513 585.395 0.1498
83.460 0.0006 448.149 0.0534 565.741 0.1643
205.648 0.0018 451.252 0.0554 567.101 0.1664
214 .581 0.0020 474 641 0.0716 572.639 0.1748
222.882 0.0022 487.732 0.0817 583.617 0.1843
291.05) 0.0055 490.257 0.0837 588.911] 0.2050
295 908 0.0058 517,896 0.1080 509.015 0.2288
304.272 0.0065 519.888 0.1101 603.435 0.2320
364.849 0.0154 530,574 0.1210 613.490 0.2081
Table 286. Test data for specimen 74-130
Test Number : 199 Test Temp. : 25°C
Aging Temp. ; 350°C Aging Time : 30.000 h
Yield Stress 1 272.3 MPa Ultimate Stress : 624.8 MPa
Engr, Engr, Engr.
Stress Engr. Stress Engr. Stress Engr.
{MPa} Strain (MPa) Strain (MPa)_ Strain
16.372 0001 394.609 0.0265 559.656 0.1374
30.398 0.0003 413.752 0.0345 563.230 0.14186
893.048 0.0007 418046 0.0365 581.786 0.1646
116.548 0.0009 462.364 0.0601 583.303 0.1667
163.079 0.0018 465.737 0.0621 592.900 0.1816
242.531 0,0026 469.022 00641 590,166 0.1923
249.728 0.0029 501.786 0.0862 603.279 0.2009
273.365 0.004 § 507.025 0.0902 611.749 0.2207
325.777 0.0080 517.404 0.0953 615.519 0.2312
341,183 0.0088 541.198 Q.1189 620.660 0.2517
355.240 0.0143 551.774 0.1201 624.674 0.2907
A-139
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Table 289. Tesi data for specimen 742-22

Test Number : 182 Test Temp. : I5°C
Aging Temp. : 400°C Aging Time : 10,000 h
Yield Stress . 269.8 MPa Ultimate Stress : 626.3 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr Stress Engr.
MPa) Strain {MPa) Strain (MPa) Strain
29.307 0.0001 450.635 0.0601 555.718 0.1472
44.895 0.0002 453,035 0.0617 561.320 0.1533
151.596 6.0009 473476 0.0760 571.992 0.1650
162.621 0.0010 475.586 0.0776 573.344 0.1664
184 346 0.0012 477.702 0.0792 BBB 411 0.1857
280.332 0.0042 496.322 0.0938 596.910 0.1974
285417 0.0045 518.175 0.107} 601.111 0.2041
400.235 0.0334 515.010 0.10886 603.042 0.2075
423.110 0.0425 523.509 0.1155 608.403 0.2175
425 679 00441 526 841 0.1185 618.737 0.2431
448 433 0.058% 552.869 0.1441 £626.125 0.3040
Table 290. iest dala for specimen 742-23
Test Number 1183 Test Temp. o 1< s
Aging Temp. 1 400°C Aging Time : 10,000 h
Yield Stress . 267.7 MPa Ultimate Stress : 624.3 MPa
Engr Engr. Engr.
Stress Engr. Stress Engr. Stress Engr
(MPa) Strain (MPa) Strain (MPs) ____ Strain
7.838 0.000] 452 588 0.0609 545.063 0.1425
18.933 0.0001 458157 0.0646 566 546 0.1703
60.733 0.0005 461.162 0.0670 578.207 0.1885
180.862 00012 473.171 0.0759 593.351 0.2171
171.527 00013 475.804 0.0779 585.238 0.2212
256.719 0.0033 478.895 0.0802 509 835 0.2324
262.796 0 0036 527.837 0.1238 612.851 0.2728
331.949 0.008] 528 870 0.126] 815.947 0.2859
354 187 0.013} 532 289 0.1285 616 383 0.2881
359.040 0.0143 540.902 0.1378 621.270 0.3192
364.377 0.0158 542.934 0.1401 624.221 0.3676
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Table 293. Test data for specimen 74 1-05

Test Number 1021 Test Temp. o Lo ,
Aging Temp. 1 450°C Aging Time 12,570 h |
Yield Stress : 259.1 MPa Ultimate Stress :616.7 MPa :
Engr. Engr. Engr. '
Stress Engr Stress Engr. Stress Engr. !
_(MPa) Strain (MPa) Strain {MPa) _ Strain ;
46.28 0.0000 348.16 0.0102 551 .58 0.1684 !
85.38 0.0001 355.90 0.0114 560.05 0.1884 :
88.01 0.0003 366.76 0.0135 560.32 0.2109 *
107.09 0.0004 373.19 0.0152 576.12 0.2301 |
133.95 0.0008 385.18 0.0188 583.73 0.2527 .'
165.32 0.0012 395.22 0.0225 583.51 0.2900 :
192.16 0.0017 409.99 0.0289 598,13 0.3141 5
209.14 0.0019 424.77 00375 601.79 0.3379 '
224 96 0.0r - 443.70 0.0500 604 62 0.3558 |
239.70 0 462.41 0.0649 607.18 0.3778 ,
249.73 0. 478.24 0.0784 610.03 0.4046 |
264 87 0 48).27 0.0823 614.29 0.4488 :
282.59 ( 497 .88 0.0978 615.70 0.4714 .
301.23 512.65 0.1115 616.36 0.4978 e
319.14 ' a 526.56 0.1293 616.73 0.5243 -
328.20 L 077 540,49 0.1494 ]

Table 294. Test data for specimen 744-40

E e b e

Test Number - 042 Test Temp. 1 290°C
Aging Temp. : Unaged Aging Time L -
Yield Stress :171.8 MPa Ultimate Stress  : 412.3 MPa
Engr. Engr Engr.
Stress Engr. Stress Engr Stress Engr.
(MPa) Strain {MPa) Strain _{MPa) Strain |
42.91 0.0000 170.80 0.0018 295.58 0.0639
51.82 0.0000 173.86 0.0019 31241 0.0797 1
60.94 0.0001 176.18 0.0021 328.07 0.0932 ]
76.80 00002 178.69 0.0023 343.16 0.1080 ;
89.56 0.0002 181.06 0.0026 350.03 0.1244 |
103.75 0.0004 187.92 0.0036 37328  0.1419 |
114.14 0.0005 192.66 0.0045 385.86 0.1599 |
127.20 0.0006 196.21 0.0054 396.80 0.1766 ,
139.22 0.0008 202.49 0.0068 404.05 0.1924
148.28 0.0010 211.24 0.0080 409.30 0.2065
156.71 0.0012 221.04 0.0096 409.26 0.2067 ;
16085 0.0013 236.13 00154 407.78 0.2071 4
164.30 00015 256.44 0.0282 407.95 0.2098 1
167.80 0.0016 276.94 0.04863 412.30 0.2131 i
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Table 295. Test data for specimen 74342

R e e e i S

Test Number 1 039 Test Temp. 1 290°C
Aging Temp. : Unaged Aging Time ~
Yield Stress . 164.6 MPa Ultimate Stress : 442.8 MPa
Engr. Engr. Engr.
Stress Engr. Siress Engr. Stress Engr.
_{MPa) Strain (MPa) Strain _____ (MPa) Strain___
57.58 0.0000 176.62 0.0027 358.71 0.1220
88.11 0.0002 179.68 00031 369.82 0.1363
123.54 0.0006 183.55 0.0038 380.25 0. 1489
120.27 0.0007 190.19 0.0055 387.68 0.1592
144.82 0.0010 201.80 0.0095 398.32 0.1743
155.49 0.0013 216.24 0.0120 404.50 0,1845
161.27 0.0015 231.45 0.0149 414.05 0.2025
183.02 0.00186 243.78 0.0204 421.87 0.2191
165.82 0.0017 262,18 0.036] 428.54 0.2361
167.32 0.0018 280.88 0.0519 430.64 0.2405
168.82 0.0019 207.27 0.0669 432.8) 0.2501
170.87 0.0021 313.32 0.0814 438.13 0.2694
172,67 0.0023 330.31 0.0967 44181 0.2803
174.92 0.0024 342.423 0.1062 442.81 0.3044
Table 296. Test data for specimen 744-35
Test Number 259 Test Temp. : 290°C
Aging Temp. : 290%C Aging Time - 30,000 h
Yield Stress : 193.8 MPa Ultimate Stress : 424.7 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr, Stress Engr.
_{MPa) Strain (MPa) Strain {MPa) Strain
46.281 0.0003 262 187 0.0618 364 863 0.1762
66.334 0.0002 264 .606 00641 365.439 0.1783
76.556 0.0002 271.916 0.0708 367 945 0.1805
126.358 0.0005 290.609 0.0885 380.079 0.2008
147.294 0.0007 292.808 0.0906 386.896 0.2127
187.269 0.0068 299,241 0.0972 399.391 0.2392
192.034 0.0089 315.622 0.1147 404.331 0.2483
196.248 0.0110 318.192 0.1168 400.803 0.2664
224.796 0.0309 327.131 0.1259 4158412 0.2731)
233.19¢9 0.0378 338.928 0.1429 422.166 0.3083
241.553 0.0442 347.272 0.1512 424 .697 0 3363
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Table 297. Test dala for specimen 744-36
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Test Number : 258 Test Temp. : 280°C 4

Aging Temp. : 280°C Aging Time : 30,000 h :

Yield Stress . 1656.2 MPa Ultimate Stress ' 424.1 MPa |

I

Engr E.ngr'.' Engr. ‘

Stress Engr. Stress Engr. Stress Engr. !

(MPa} Strain iMPa) Strain (MPa) Strain 1

46.895 0.0003 259,236 0.0618 346.882 0.1505 :

$2.240 0.0003 262.209 0.0644 357.597 0.1658 l

113615 0.0004 270.063 0.0713 363 639 0.1726 II

134.258 0.0006 289.170 0.0885 377.679 0.198G ]

139.842 0.0008 20].882 0.0811 381.960 0.2011 i

187.211 0.0095 298.514 0.0973 394 B75 0.2292 !

191.322 0.0117 315.744 0.1148 398.825 0.2378 )
205.060 0.0200 317.348 0.1172 407.730 0.2597
223.611 0.0333 323.405 0.1240 411.407 0.2684
234.886 0.0422 338.879 0.14i0 417.009 0.2032
237.693 0.0442 341474 0.1430 423.994 0.3209

e e

Table 298, Test data for specimen 74-263

|
Test Number 1287 Test Temp. : 290°C |
Aging Temp. : 290°C Aging Time : 30.000 h .
Yield Stress - 179.9 MPa Ultimate Stress : 436.3 MPa ‘I
Engr. Engr. Engr. |
Stress Engr. Siress Engr. Stress Engr. |
{MPa) Strain _{MPa) Strain {MPa) Strain |
i
38.320 0.0002 198.728 0.0073 336.859 0.0937 ;
40.152 0.0002 226.304 0.0196 358.528 0.1117 |
62.734 0.0003 230.316 0.0219 367.223 0.1200 |
72.026 0.0005 24) 848 0.0284 386.259 0.1384 1
101.958 0.0007 262.385 0.0413 393.259 0.1455 :
112.620 0.0008 272.381 0.0478 405.966 0.1595 }
140.380 0.0014 276,514 0.0500 410.075 0.1671 :
14B.405 0.0016 294.507 0.0628 423.768 0.1850 j
155,550 0.0018 304 683 0.0697 423.171 0.1873 |
181.872 0.0036 307.758 0.0718 430.695 0.2054 |
193.180 0.0056 326.420 0.0852 436.330 0.2253 ;
I
1
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; Table 299. Test data for specimen 744-26 }
!
b
I

Test Number - 336 Test Temp. : 290°C
Aging Temp. : 320°C Aging Time - 10,000 h
Yield Stress : 192.7 MPa Ultimate Stress : 440.1 MPa

Engr. Engr, Engr.

Stress Engr. Suess Engr. Stress Engr.
(MPa) __Strain (MPa) Strain (MPa) Strain
106.11 0.0001 280.42 0.0515 375.61 0.1395
14217 0.0003 289 10 0.0580 380.92 0.1462
171.87 0.0012 201 .95 0.0603 384.35 0.1506
196.70 0.0039 264.72 0.0624 39274 0.1617
201.56 0.0049 297.52 0.0646 308.63 0.1706
206.97 0.0065 305.6) 0.0713 405.55 0.1817
212.68 0.0087 308.19 0.0735 410.35 0.1902

226.58 0.0154 310.94 0.0756 416.01 0.2021
230.71 0.0177 31865 0.0822 417.18% 0.2043
234.62 0.0201 32610 0.0889 419.29 0.2110
238 39 00224 335.70 0.0676 425.77 0.2248
248 95 0.0202 34264 0.1043 428.38 02312
252.34 00314 35] 49 0.1130 431.64 0.2402
28202 00381 357.75 0.1196 433.42 0.2488
265,25 0.0405 365.93 0.1285 435.67 0.2581
277.41 (.0493 371.80 0.1352 436.29 0.2603

Table 300. Tes! data for specimen 744-27

Test Number 1 1387 Test Temp. 1 290°C
Aging Temp. 1 320°C Aging Time : 10,000 h
Y’ .d Stress - 181.0 MPa Ultimate Stress : 420.6 MPa
!
Engr Engr. Engr. |
Stress Engr. Stress Engr Stress Engr. 1
(MPa) Strain (MPa) Strain (MPa) Strain T
16.87 0.0001 258 45 0.0532 376.49 0.1870 :
8683 0.0003 268.36 0.0621 382.10 0.1956 :
140 52 0.0005 280.12 0.0731 387.60 0.2043 !‘
160.25 0.0010 201.47 0.0841 39] 28 0.2136 |
172.60 0.0017 206.00 0 0885 393.48 0.2160 :
190,12 00046 304 61 0.0974 398.73 0.2277 .
195 82 0 0068 315.12 0.1084 404.59 0.2395 l
200.48 0. 0089 321.17 0.1150 406.19 0.2485 :
210.77 0.0150 327.10 0.1216 411.27 0.2577 3
214.15 0.0173 331.05 0.1259 411.35 0.2601 i
216.89 0.0193 336.75 0.1326 414.90 0.2608
226.19 0.0262 338.58 0.1347 415.08 0.2720
232.02 0.0308 347.41 0.1456 416.85 0.2789
240.32 0.0376 355 .92 0.1564 418.48 0.2880
24563 0 0422 362.16 0.1650 419.34 0.2900
253 .46 0.0488 369 80 0.1759 420.58 0.2960 Il
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Table 301. Test data for specimen 742-40

Test Number . 170 Test Temp. : 290°C
Aging Temp. : 320°C Aging Time : 30,000 h
Yield Stress . 153.7 MPa Ultimate Stress : 452.7 MPa
Engr. Engr. Engr.
Stress Engr Siress Engr, Stress Engr.
(MPa) Strain____[MPa) Strain (MPa) Strain
0.00 0.0000 286.83 0.0490
78.74 0.0002 347.863 0.0980
145.35 0.0010 392.11 0.1374
183.0¢ 0.0027 426.74 0.1873
208." 2 0.005% 447.138 0.2286
250.95 0.0154 452.68 0.2669
264.70 0.032]
Table 302. Test data for specimen 742-41
Test Number 178 Test Temp. :290°C
Aging Temp. : 320°C Aging Time : 30.000 h
Yield Stress : 190.3 MPa Ultimate Stress : 483.3 MPa
Engr, Engr Engr.
Stress Engr. Stress Engr. Stress Engr.
[MPa) Strain [MPa) Strain {(MPa) Strain
0.00 0.0000 236.23 0.0083 335.07 0.0561
43.48 0.0001 241.02 0.0093 346.32 0.0638
74 85 0.0004 246.71 0.0107 359.87 0.0727
1178 0.0008 251.05 0.0119 368.82 0.0788
133.01 0.0012 254.74 0.0131 381.42 0.0877
136.65 00014 259,209 0.0147 394.19 0.0970
185.17 0.0017 263.38 0.0163 410.61 0.1074
162.99 0.0018 266.98 C.0178 422.27 0.1173
171.50 0.0022 271.22 0.0185 434.15 0.1290
180.07 0.0025 276.26 0.0218 445 .44 0.1413
18B.89 ¢.0030 280 21 0.0237 454.93 0.153})
195,31 0.0033 286.20 0.0270 461.77 0.1833
204.43 0.0039 293.15 0.0307 472.59 0.1816
210.66 0.0045 303.88 0.0366 481.07 0.2002
218.08 0.0053 314.33 0.0430 483.35 0.2125
221.83 0.0058 320.48 0.0468 483.13 0.2179
228.90 0.0068 327.32 00511
A-147
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Table 303. Test data for specimen 74-246

Test Number : 174 Test Temp. 1 290°C
Aging Temp. : 320°C Aging Time : 30,000 h
Yield Stress 1 18B4.4 MPa Ultimate Stress : 481.7 MPa
wngr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
[MPa) Strain (MPa) Strain (MPa) Strain
0.00 0.0000 232.55 0,007 363.33 0.0877
30.37 0.0001 236.37 0.0108 383.42 0.1008
72.32 0.0003 241.09 0.0123 403.82 0.1187
106.72 0.0008 244 .95 0.0138 415.39 0.1301
136.63 00014 249 46 0.0157 422.87 0.1381
145.89 0.0017 256.79 0.0187 430.44 0.1468
164.40 0.0023 264.17 0.0222 438.15 0.1570
175.84 0.0028 273.09 0.0270 444.12 0.1663
180.37 0.0031 280.12 0.0308 451.56 0.1776
193.85 0.0036 292 .59 0.0389 458.30 0.1904
200.01 0.0045 206.76 0.0434 466.64 0.2072
204.99 0.0048 306 59 0.0478 466.05 0.2076
210.01 0.0054 314.15 00535 460.41 0.2174
215.08 0.0061 322.12 0.0568 473.03 0.2277
221.88 0.0072 331.56 0.0655 476.73 0.2426
225.0] G.0080 349.36 0.0714 480,22 0.2616
220.03 0.0088 350,68 0.0789 481.67 0.2752
Table 304, Test data for specimen 742-28
Test Number e b Test Temp. 1 290°C
Aging Temp. : 320°C Aging Time : 50,000 h
Yield Stress - 203.5 MPa Ultimate Stress : 473.3 MPa
Engr. Engr. Engr.
Stress Engr Stress Engr. Stress Engr.
_{MPa) Strain [MPaj Strain _(MPa) Strain
17.080 0.0001 300.370 0.0347 4086.440 0.1224
30040 0.0002 310,690 0.0414 421.070 0.1400
50.360 0.0003 313.980 0.0436 426140 0.1467
90,470 0.00086 338.650 0.0812 427.780 0.1489
100.950 0.0007 347.250 0.0878 439.520 0.1666
171.860 0.0018 350.000 0.0699 444 .480 0.1755
190.750 0.0026 370.940 0.0875 452 860 0.1832
196,240 0.0029 378.240 0.0939 455.930 0.2025
245.040 0.0087 380.670 0.0861 462.940 0.2261
262.330 0.0145 398,320 0.1137 469.300 0.2473
267.560 0.0187 404 400 0.1202 473.290 0.2721
A-148
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Table 305. Test data for specimen 742-29
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Test Number 1 326 Test Temp. : 290°C 1
Aging Temp. : 320°C Aging Time : 50,000 h :
Yield Stress :215.2 MPa Ultimate Stress : 474.4 MPa ‘
Engr. Engr. Engr. i
Stress Engr. Stress Engr. Stress Engr.
MPa) Strain (MPa) Strain {MPa) Strain ‘
27.120 0.0002 268.040 0.0128 408.120 0.1026 :
44.370 0.0002 272.980 0.0146 410.450 0.1047
55.480 0.0002 309.550 0.0322 417.250 0.1114 l
86.410 0.0003 318.520 0.0345 429 960 0.1246 '
130.880 0.0005 324.890 0.0411 437.570 0.1335 i
140.790 0.0006 352.490 0.0588 450.860 0.15138 !
150.030 0.0007 355.710 0.0610 453.750 0.1559 :
192.710 0.0018 365.020 0.0675 461.870 0.1691 |
198 .660 0.0020 382.350 0.0805 465.270 0.1759
214.220 0.0029 390.510 0.0871 470.750 0.1892 ‘
251.920 0.0080 393.070 0.0892 474.310 0.2089 &
Table 306. Test data for specimen 74-130
Test Number 1 324 Test Temp. 1 290°C
Aging Temp. 1 320°C Aging Time : 50,000 h
Yield Stress . 235.4 MPa Ultimate Stress  517.7 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain {MPa) Strain
21.010 0.0001 304 520 0.0274 436.450 0.1378
23.740 0.0001 308.170 0.0297 451.880 0.1554
96.150 0.0002 334.460 0.0476 456.960 0.1620
108.410 0.0003 343.580 0.0541 459.100 0.1643
160.820 0.0006 346 580 0.0564 477.670 0.1908
169.310 0.0006 368 940 0.0739 482.190 0.1984
192.110 0.0012 379.530 0.0827 492 940 0.2170
229,530 0.0026 401.270 0.1025 497.070 0.2283
248.700 0.0042 408.440 0.109] 505.340 0.2467
253.750 0.0050 411.000 0.1114 508.980 0.2537
283 090 0.0205 428 040 0.1289 517.560 0.2835
'4
1
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Table 307. Test data for specimen 742-27

o 1 N i g

Test Number . 052 Test Temp. 1 290°C
Aging Temp. : 360°C Aging Time 12,570 h
Yield Stress - 174.9 MPa Ultimate Stress : 454.3 MPa
Engr. Engr. Engr.
Stress Engr. Stress Enge. Stress Engr.
(MPa) Strain _MPa) Strain (MPa) _Strain
46.94 0,0000 236.55 0.0078 423.15 0.1632
83.52 0.0002 247.28 0.0121 428.95 0.1728
109.38 0.0005 250.81 0.0193 434.04 0.1824
131.30 0.0008 275.30 0.0296 438.50 0.1926
148.35 0.0011 202.41 00421 441.87 0.2008
163.85 0.0016 308.93 0.0550 44591 0.2120
171.51 0.0020 326.09 0.0691 448.80 0.2181
179.31 0.0024 342.45 0.0820 448.87 0.2225
186.66 0.0029 358.21 0.Nag7 449.19 0.2264
102.52 0.0034 371.39 0.1038 451.04 0.2320
199,12 0.0042 385.51 0.1168 452 69 0.2384
208.25 0.004% 396.91 0.1286 454.29 0.2435
218.27 0.0057 405 .83 0.1390 454 .13 0.2457
222.08 0.0061 412.48 0.1477 454.26 0.2553
228.37 0.0067 417.64 0.1549
Table 308, Test data for specimen 744-06
Test Number : 330 Test Temp. 1 290°C
Aging Temp. : 350°C Aging Time : 10,000 h
Yield Stress : 185 4 MPa Ultimate Stress : 448.0 MPa
Engr. Engr Engr.
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (Mia) Strain
14.800 0.0001 267.360 0.0351 371.110 0.1235
30.150 0.0002 270 880 0.0374 373.180 0.1257
41.190 0.0002 294 990 0.0551 385.350 0.1381
62670 0.0003 207 820 0.0573 380,150 0.1435
149.200 0.0010 300.720 0.0586 391.090 0.1457
155.050 0.0012 322.170 0.0772 406.950 0.1657
160.640 00014 224.720 0.0784 4138.350 0 1745
211.060 0.0087 327.270 0.0816 426.950 0. ivsd
2156910 0.0680 349.090 0.1013 430.730 0.2034
232.460 0.0143 351.270 0.1038 442.920 0.2301
257.030 0.0283 368.970 0,1212 447 860 0.2504
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Table 309. Test data for specimen 744-09

Test Number : 331 Test Temp. : 290°C
Aging Temp. : 350°C Aging Time : 10,000 h
Yield Stress : 197 .8 MPa Ultimate Stress : 507.2 MPa
Engr. Engr Engr.
Stress Engr Stress Engr. Stress Engr.
(t1Pa) Strain (MPa) Strain (MPa) Stran
13.390 0.0001 282.940 0.0302 414 890 0.1218
39.500 0.0001 287 .000 0.0325 428.640 0.1349
72.350 0.0002 298.920 0.0391 430.800 0.1371
116.650 0.0003 321.040 0.0521 448.850 0.1570
135,280 0.0004 324.530 0.0544 450.790 0.1591
173.970 0.0015 334.960 0.0608 456.070 0.1657
179.350 0.0017 354.370 0.0738 472.140 0.1880
200.100 0.0030 357.470 0.0761 476.340 0.1956
233.810 0.0087 366.680 0.0825 484 630 02117
239.340 0.0104 383.880 0.0856 496.410 0.238%
244.390 0.0122 394.820 0.1042 507.070 0.2726
Table 310. Test data for specimen 74-120
Test Number : 832 Test Temp. 1 290°C
Aging Temp. #3800 Aging Time : 10,000 h
Yield Stress . 176.6 MPa Ultimate Stress : 453.8 MPa
Experimental Data Not Available.
Table 311. Test data for specimen 744-18
Test Number . 233a Test Temp. 1 290°C
Aging Temp. 1 350°C Aging Time : 30,000 h
Yield Stress 1 228.5 MPa Ultimate Stress : 510.5 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
{MPa) Strain _{MPa) Strain {MPa) Strain
8.442 0.0001 230.833 0.0083 350.463 0.0805
20.800 0.0001 230 849 0.0102 370.195 0.0727
41.886 00002 253.007 0.0138 379.351 0.0787
53.131 0.00G2 254 654 00143 413.145 0,1031
120.187 0.0008 256.199 0.0148 428 086 0.1154
137.525 0.0007 281 982 0.0247 431.848 0.1185
144.719 0.0008 284 363 0.0258 457.804 0.1431
169 449 0.0040 286.699 0.0268 460.929 0.1570
203.403 0.0044 308.001 0.0372 490.996 0.1861
207.119 0.0047 327.487 0.0474 493.424 00,1901
228.390 00079 331.087 0.0493 510.474 0.2396
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Table 312. Test data for specimen 743-15

S &

Test Number 1 262 Test Temp. 1 290°C
Aging Temp. : 350°C Aging Time : 30,000 h
Yield Stress : 180.6 MPa Ultimate Stress : 503.8 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
40.729 0.0002 2589 018 00213 423,949 0.1307
60.887 0.0002 264,040 0.0234 426,338 0.1329
79.952 0.0003 294.467 0.0387 428.087 0.1851
90,021 0.0004 306.148 0.0451 449.406 0.1871
121.225 0.0005 300.889 0.0474 454.807 0.1638
129.808 0.0006 349,228 0.0715 465,867 0.1780
137.497 0.0007 364.960 0.0822 474.926 0.1915
166,205 0.0043 368.007 0.0845 484.068 0.2002
201.88) 0. 0050 384.862 0.0980 488.503 0.2187
207.112 0 0058 308.452 0.1088 497.634 0.2428
242.294 0.0146 401.080 0.1108 503.755 0.2803
Table 313, Test data for specimen 74-270
Test Number 1246 Test Temp. 1 290°C
Aging Temp. . 350°C Aging Time £ 30,000 h
Yield Stress : 182.2 MPa Ultimate Stress : 495.0 MPa
Engr. Engr. Engr.
Stress Engr Stress Engr. Stress Engr.
{MPa} Strain [{MPa) Strain (MPa) Strain
41.840 0.0002 295090 0.0383 412.530 0.1235
57.710 0.0002 306.420 0.0447 429.420 0.1407
7B.370 0.0002 310.070 0.0469 435.740 0.1475
117,510 0.0004 340,570 0.0664 437.600 0.1496
139.572 0.0006 343.810 0.0685 454.760 0.1712
192.540 0.0037 353.080 0.0749 459 890 0.1780
198 850 0.0044 376.600 0.0924 472.920 0.2007
218.710 0.0069 379.270 0.0945 481.740 0.2187
249.270 0.0181 387.770 0.1013 484.770 0.2257
265.150 0.0228 403.140 0.1149 491.080 0.2437
269 810 0.0251 410.190 0.1213 495010 0.2637
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Table 314. Test data jor specimen 742-18

Test Number : 051 Test Temp. : 290°C
Aging Temp. 1 400°C Aging Time +2,870h
Yield Stress . 166.2 MPa Ultimate Stress . 485.1 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
MPa) Strain (MPs) Strain (MPa) Suain
46.986 0.0000 183.780 0.0024 254.680 0.0105
60.838 0.0001 187.960 0.0027 261.500 0.0132
B6.240 0.0002 164900 0.0032 270.170 0.0171
100.320 0.0003 196 620 0.0033 328.240 0.0545
130.710 0.0007 197.700 0.0034 340.230 0.0635
137,260 0.0008 205.710 0.0038 356.170 0.0754
141,250 0.0009 209.150 0.0039 411.380 0.1169
157.350 0.0013 212.740 0.0040 424.790 0.1300
181.2430 0.0015 226.360 0.0046 458.500 0.1721
165.070 0.0016 229 900 0.0048 464.560 0.1816
179.840 0.0022 233.920 0.005 | 485.050 0.2446
Table 315. Test data for specimen 742-15
Test Number : 241 Test Temp. :290°C
Aging Temp. 1 400°C Aging Time : 10,000 h
Yield Stress : 178.9 MPa Ultimate Stress : 516.0 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain {MPa) Strain
42.830 0.0002 206.520 0.,0375 433.390 0.1405
63.120 0.0002 326.950 0.0553 435.520 0.1427
102 860 0.0006 336.860 0.0618 452.420 0.1611
142.950 0.0013 340.150 0.0638 459,900 0.1700
163.120 0.0020 364 040 0.0814 476.920 0.1929
168.930 0.0024 373.410 0.0880 481.150 0.2003
220.410 0.0068 376.230 0.0902 492.650 0.2206
238.050 0.0101 397.550 0.1076 501.160 0.2393
243.040 0.0118 405.280 0.1142 504.160 0.2465
282.680 0.0285 407.810 0.1163 512.700 0.2740
204 .720 0.0385 426 540 0.1338 515.990 0.3002

A-153

R R, PR O i L e

AR ps [




T ik T el i~ A A i L L e e N e S T ——— P T TS I R T R I ———— e --."I'IT

| Table 316. Test data for specimen 742-24
| Test Number : 240 Test Temp. : 290°C
Aging Temp. : 400°C Aging Time : 10,000 h
Yield Stress : 184.2 MPa Ultimate Stress : 509.1 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress
(MPa) Swan ____ (MPa) Strain MPa) w__
40.328 0.0002 285.582 0.0325 402.677 0.1060
73.263 0.0003 280,792 0.0347 42).982 0.1212
97.634 0.0004 301.985 00412 424 .537 0.1233
130.710 0.0006 324.785 0.0540 439.691 0.1364
145.148 0.0010 328.407 0.0562 442.124% 0.1386
172.470 0.0020 339 095 0.0627 444.447 0.1409
194.911 0.0028 350 479 00757 466.379 0.1628
201.229 0.0045 369.238 0.0821 472.485 0.1697
235.006 0.0111 372.37% 00843 489.163 0.1910
240 667 0.0127 301 548 0.0976 495 985 0.2086
257 307 0.0i89 304.408 0.0096 508.323 0.2346
Table 317, Test data for specimen 74-109
Test Number 1242 Test Temp. 1 290°C
Aging Temp. : 400°C Aging Time 1 10000 h
Yield Stress : 172.0 MPa Ultimate Stress : 476.8 MPa
Engr. Engr. Engr.
Stress Engr Stress Engr. Stress Engr.
(MPa) _ Strain {MPa) Strain (MPa) Strain
41,960 0.0002 278.190 0.0388 401,560 0.1428
45.770 0.0002 302.830 0.0558 416.700 0.1600
61.070 0.0001 312.370 0.0626 422.110 0.1665
101.970 0.0004 315.120 0.0648 423.850 0.1688
126.570 0.0008 336.710 00817 436.970 0.1866
147,750 0.0015 344.530 0.0880 441.460 0.1832
24.980 0.0065 346 960 0.0904 452.320 0.2130
222950 0.0107 366.630 0.1077 460 950 0.2303
228.350 0.0123 373.610 0.1143 464 570 0.2300
264.110 0.0208 375.920 01164 471.980 0.2601
74 860 0.0365 393.400 0.1339 476.750 0.2852
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Table 318. Test data for specimen 741-06
Test Number . 048 TesL Temp. : 290°C
Aging Temp. : 450°C Aging Tuae 12,570 h
Yield Stress 1 172.0 MPa Ultimatc Stress : 500.7 MPa
Engr Engr. Engr.
Stress Engr. Siress Engr. Stress Engr.
(MPa) Straim (MiPa) Stramn (MPa) Strain___
4397 0.0000 206 82 0.0035 446.50 0.1035
66,20 00001 21545 0.0087 455.21 0.1108
83.95 0.0002 220.15 0.0039 465.41 0.1194
99.14 0.0003 229.32 0.004) 472.49 0.1267
107.85 0.0004 237.45 0.0044 478.40 0.1338
120.05 0.0006 249.54 0.0058 482.64 0.1390
127.18 0.0007 254.97 0.0067 483.18 0.1428
136.08 0.0008 263.92 0.0084 483.42 0.1449
149.54 0.0011 326.74 0.0309 485 2¢ 0.1473
155 78 00013 344 30 0.0399 487.52 0.1511
174.93 0.0020 367.85 0.0534 490.45 0.1554
185.04 0.0025 392 06 0 0683 493.15 0.1603
196.53 0.0021 41963 0.0864 495.99 0.1664
202.46 0.0033 434.98 0.0972

Table 319. Test data for specimen 742-09

Test Number 1047 Test Temp. 1 290°C
Aging Temp. : 450°C Aging Time 1 2.570 h
Yield Stress ' 170.3 MPa Ultimate Stress : 485.2 MPa
Engr. Engr. Engr.
Stress Engr Stress Engr. Stress Engr.
{MPa) Strain (MPa) Strain (MPa) Strain
45.5000 0.0000 209 8600 0.0038 361.8700 0.0570
87.0180 0.0003 213.2400 0.0038 374.6400 0.0656
113.9700 0.0005 220.2400 0.0042 387.5400 00744
128.9500 0.0008 226.1700 0.0043 399.1400 0.0823
138.2100 0.0009 234.0500 0.00486 410.2100 0.0908
148.2300 0.0012 243.7800 0.0056 418.6900 0.0872
158.3400 00013 256.2800 0.0078 439.2100 0.1128 !
180.6600 0.0015% 270.8000 0.0112 452.8700 0.1281
168.4700 0.0019 284 B100 0.0157 465.9400 0.1452
173.2300 0.0020 261.2200 0.0i81 475.7700 0.1594
181.0000 0.0024 299 0400 0.0211 482.4100 01741
186.1700 0.0026 311.2500 0.0270 484.5700 0.1784
194 0500 Q.003! 322.6000 00327 4851800 0.1813
198 9300 0.0035 337 8300 0.0416 464 9300 0.1905
205 .9000 0.0037 345 0300 0.0487 485, 1000 0.1967
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Table 320. Test data for specimen 753-40
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Test Number : 032 Test Temp. i Ly
Aging Temp. : Unaged Aging Time -
Yield Stress : 313.5 MPa Ultimate Stress :610.4 MPa
Engr. Engr. Engr.
Stress Engr Stress Engr. Stress Engr.
{MPa) Strain (MPa) Strain MPa) Strain
77.16 0.000] 365.32 0.0062 489.21] 0.0761
118.01 0.0003 371.61 0.0069 507.80 0.0934
160.83 0.0007 381.23 0.0083 527.54 0.1132
187.95 0.0012 388.16 0.0099 548.51 0.1418
209.02 0.0014 394.15 0.0114 559.04 0.1605
227.05 0.0016 400.38 0.0133 574.58 0.1971
235.44 0.00186 412.09 0.0179 587.16 0.2345
243.44 0.0017 423.05 0.0231 504.90 0.2637
279.36 0.0023 440.90 0.034) 601.22 0.2945
306.14 0.0029 464.33 0.0519 606. 19 0.3201
32862 0.0037 480.06 0.0650 609.41 0.3687
343.73 0.0045 487.62 0.0719 61035 0.4031
357.23 0.0054
Table 321. Test data for specimen 753-41
Test Number - 033 Test Temp. : 25°C
Aging Temp. : Unaged Aging Time 1=
Yield Stress . 330.5 MPa Ultimate Stress : 589.8 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
{MPa) Strain (MPa) Stram {MPa) Strain
6B8.82 0.000) 353.02 00056 503.22 0.091@
111.68 0 0004 362 .44 0.0067 512.45 0.0990
156.27 0.0008 370.87 0.0080 525.70 0.1146
189.30 0.0013 379.64 0.0086 536.89 0.1304
204.14 0.0015 395.01 0.0135 553.88 0.1595
213.28 0.0016 406.60 0.0182 566.90 0.1937
226.29 0.0017 422.55 0.0259 576.29 0.2257
243.89 0.0019 441,60 0.0382 583.13 0.2586
28B8.66 0.0027 463.10 0.0648 587.81 0.2023
312.30 0.0035 479.22 0.0683 580.38 0.3107
327.04 0.0040 482.62 0.0712 589.78 0.13362
338.68 0.0047 484 99 0.0744 589.79 0.3585
344 B2 0.0051
A-156
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Table 322. Test data for specimen 753-30
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Test Number : 203 Test Temp. 2 25°C
Aging Temp. 1 280°C Aging Time : 30,000h
Yield Stress : 315.6 MPa Ultimate Stress : 609.0 MPa
Engr Engr Engr.
Stress Engr. Stress Engr Stress Engr.
[MPaj Strain (MPa) Strain {MPa) _Strain
18.967 0.0002 305.92] 0.0176 562.345 0.1509
42475 0.0005 440.565 0.0385 571.550 0.1668
9€. 150 0.0008 459.322 0.0498 572.611 G.1688
192 666 00014 462 .817 0.0520 S583.648 0.193]
204 985 0.0018 499 739 0.0794 584.419 0.1951
249.778 0.0020 502.284 00817 500.347 0.2114
306.663 0.0036 505.185 0.0840 594.202 0.2237
323.363 (L0045 533.090 0.11156 508.685 0.2400
331.797 0.005] 535.115 0.1138 602.637 0.2583
368.503 ¢ 009% 544.947 0.1256 607 022 0.2849
390731 00157 557.140 0.1425 608.047 0.3146
Table 323. Test data for specimen 754-28
Test Number 1204 Test Temp. : 26°C
Aging Temp. . 290°C Aging Time : 30,000h
Yield Stress : 321.7 MPa Ultimate Stress  : 619.2 MPa
Engr Engr Engr.
Stress Engr Stress Engr. Stress Engr.
{MPa)_ Strain {MPa) Strain MPz) Strain
12.251 0.0001 419960 00218 568.133 0.1450
34 804 0.0002 465.888 0.0456 569.396 0.1471
B8 596 0.0006 469.108 0.0478 583.531 0.1745
99.875 0.0008 472 698 0.0499 584.552 0.1766
174.477 0.00]1 510.280 0.0778 585.426 0.1787
186.781 0.0012 512.563 0.07¢8 598.930 0.2154
264 141 0.0022 517.08] 0.0838 602.573 0.2285
2908 523 0.0031 539.085 0.1060 609, 762 0.2594
306.052 G.0033 541.028 0.1081 613.162 0.2794
368.704 0.0080 544 623 0.112] 615.300 0.2953
393.258 0.0128 560.021 0.1325 619.088 0.3533
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Table 324. Test data for specimen 75-135

Test Number : 205 Test Temp. 125°C
Aging Temp. : 290°C Aging Time : 30,000h
Yield Stress . 310.6 MPa Ultimate Stress : 630.4 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) train (MPa) Strain _IMPa} Strain___
16.131 0.000) 424.177 0.0274 572.696 0.1450
39,509 0.0003 460190 0.0458 574.110 0.1472
81.564 0.0006 464.179 0.0481 580.813 0.1742
140.433 0.0011 478.702 0.0572 503.763 0.1823
260.844 0.0026 505.059 0.0754 606,978 0.2168
269.748 0.0029 507 839 0.0776 616.731 0.2518
313.876 0.0044 510.862 0.0799 617.365 0.2539
338.668 0.0060 538.951] 0.1047 622.388 0.2787
346.046 0.0087 541.292 0.1070 622.680 0.2808
397 464 0.0171 551.045 01176 628,022 0.3302
418.774 0.0251 571.038 0.1426 630.288 0.3659
Table 325. Test data for specimen 754-21
Test Number ;136 Test Temp. : 25°C
Aging Temp. 1 320°C Aging Time : 10,000h
Yield Stress : 355.9 MPa Ultimate Stress : 693.7 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa)_ Strain (MPa) Strain _(MPa) Strain
0.000 0.0000 436.450 0.0171 593.610 0.1044
48641 0.0002 459.850 0.0241 502.740 0.1047
208.470 0.0026 471.710 0.0283 634,930 0.1531
343.060 0.0061 486,140 0.0365 663.180 0.2118
388.060 0.0092 524 430 0.0578 685.700 0.2947
413.870 0.0123 560.710 0.0819 663.660 0.3958
Table 326. Test data for specimen 754-25
Test Number 139 Test Temp. : 28°%C
Aging Temp. : 320°C Aging Time . 10,000h
Yield Stress - 406.3MPa Ultimate Stress : 706.0 MPa
Engr. Engr Engr.
Stress Engr. Stress Engr. Stress Engr.
__[MPa) Strain (MPa) Strain {MPa) Strain
0.000 0.0000 451.910 0.0129 £37.060 ©.1280
34 650 0.0001 473.520 0.0182 665.550 0.1697
206 780 0.0022 488.760 0.0244 678.530 0.1957
353.210 0.0040 537.850 0.0511 588.120 0.2220
362 300 0.0068 570.150 0.0733 703.330 0.2905
427 650 0.0089 603 730 0.0080 705.940 0.3728
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Table 327. Test data for specimen 752-41
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Test Number 1161 Test Temp. 1 25°C
Aging Temp. 1 320°C Aging Time : 30.000h
Yield Stress . 357.9 MPa Ultimate Stress : 726.8 MPa
Engr. Engr. Ergr.
Stress Engr Stress Engr. Stress Engr.
{MPa) Strain {MPa) Strain ____(MPa) Strain
68878 0.0001 433.740 0.0089 641.470 0.1087
104,730 0.0003 455.510 0.0132 653.230 0.1205
148.220 0 JO08 469.720 0.0158 668750 ©.1401
177.710 0.0010 486.150 0.0202 678.970 0.153%
196.030 0.0012 487.380 0.0217 689,900 0.1705
219.070 0.0016 524.100 0.0358 699.930 0.1906
254 830 0.0022 551.170 0.0499 709.200 0.2176
287.150 0.0028 574.600 0.0646 717.080 0.2421
308.750 0.0034 595 730 0.0778 718.110 0.2454
354.750 0.0049 810.280 00877 726.010 0.2752
400.620 0.0073 622.420 0 0961 726.850 0.3081
Table 328. Test data for specimen 754-39
Test Number : 162 Test Temp. 1 25°C
Aging Temp. 1 320°C Aging Time : 30,000h
Yield Stress : 395.1 MPa Ultimate Stress : 722.5 MPa
Engr Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPaj Stran (MPa) Strain MPa) Strain
0 000 0.0000 487.210 0.0239 668.850 0.1412
361.240 0 0060 509.070 0.032) 692.810 0.1789
396.640 0.0083 836.540C 0.0467 710.840 0.2040
423 B10 0.0109 579.740 00698 720.130 0.2679
442600 0.0133 €17.330 0.0945 722.540 0.2900
467 520 0.0184 652 190 0.1228
Table 329. Test data for specimen 75-245
Test Number 1 167 Test Temp. : 28%C
Aging Temp. 1 320°C Aging Time . 30.000h
Yield Stress : 323.1 MPa Ultimate Stress - 691.3 MPa
Engr. Engr Engr.
Stress Engr. Stress Engr. Stress Engr.
_{MPa) train {MPa) Strain (MPa) Strain
0.0000 0.0000 441.7100 0.0176 630 8700 0. 1369
250.0600 0.0023 463.3100 0.0247 661.2200 0.1873
337.1400 0.0052 475.7100  0.0203 683.6300 0.2586
388.7400 0.00B7 485.2000 0.0331 69).2700 0.3612
405.0500 0.0108 5355200  0.0616
422 8200 00134 5820500  0.0937
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Table 330. Test data for specimen 751-28
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Test Number . 033 Test Temp. 4
r Aging Temp. : 320°C Aging Time : 50,000h
Yield Stress : 334.7 MPa Ultimate Stress : 689.5 MPa
Engr Engr. Engr.
Stress Engr. Stress Engr. Stress
_{MPa) Strain _____(MPa) Strain {MPa) Sume
; 68.817 0.000 338.880 0.005 479.220 0.068
i 111.680 0.000 344.820 0.005 484.990 0.074
156.270 0.001 353.020 0.006 503.220 0.092
189.390 0.001 362.440 0.007 512.450 0.099
204.140 0.002 370870 0.008 525.700 0.115
213.280 0.002 379.640 0.010 536.890 0.130 |
| 226.290 0.002 305.010 0.014 553.880 0.160
i 243.880 0.002 406.690 0.018 566.900 0.194 .
288 6680 0.003 422.550 0.026 576.290 0.226 i
312 300 0.003 441.600 0.038 583.130 0.259 i
327,040 0.004 463.100 0.055 589.790 0.359
Table 331, Test data for specimen 751-29 ‘
Test Number : 297 Test Temp. : 28°C
Aging Temp. 1 320°C Aging Time . 50.000h
Yield Stress . 352.0 MPa Ultimate Stress : 729.8 MPa
| Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa)_ Strain (MPa) Strain _____(MPa) Strain
54.600 0.0000 445.340 0.0083 660.670 0.1059
102.720 0.0002 451.700 0.0101 677.290 0.1230
152.200 0.0005 511.560 0.0228 686.150 0.1336
; 190.280 0.0007 527.310 0.0279 690.990 0.1401
| 230 960 0.0010 544 120 0.0342 698.550 0.1508
251.660 0.0012 568.3060 00448 702.650 0.1673
283.680 0.0017 585.260 0.0533 708.900 0.1682
358.810 0.0035 603 970 0.0638 717.000 0.1856
361,280 0.0038 €14 1860 0.0701 723.610 0.2034
382 340 0.0047 638.240 0.0870 725.590 0.2101
417.260 0.0068 651.250 00875 720.710 0.2397
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Table 332 Test data for speciren 75-230

Test Number 1 298 Test Temp. 1 25°C
Aging Temp. : 320°C Aging Time : 50,000h
Yield Stress : 378 4 MPa Ultimate Stress : 759.5 MPa
Engr. Engr Engr.
Stress Engr Stress Engr. Stress Engr.
MPa) Stain_____(MPa) Strain _(MPa) Strain
22710 0.0001] 508 940 0.0237 714.680 0.1461
28.190 0.0001 567.950 0.0326 722.910 0.1566
43.300 0.0002 587.160 00413 726.700 0.1664
77.140 0.0003 619.600 0.0584 731.290 0.1755
135.460 0.0065 636.700 0.0692 737.430 0.1891
146.340 0.0006 639,880 0.0713 738.490 0.1914
238.630 00012 6682 680 0.0885 742,130 0.2006
307.210 0.0020 665.240 0.0807 748.060 0.2190
364 410 0.0033 692 360 01171 751.520 0.2313
420.700 0.0060 698.030 0.1237 754.230 0.2429
505 220 00142 708.340 0.1371 759.480 0.2856
Table 333. Test data for specimen 752-25
Test Number - 036 Test Temp. . 25°%C
Aging Temp. : 380%C Aging Time 12,670 h
Yield Stress : 346.5 MPa Ultimate Stress : 667.8 MPa
Engr Engr. Engr.
Stress Engr Stress Engr. Siress Engr.
[MPa) Strain MPa) Strain (MPa) _Strain
7348 G.0001 381.17 0.0061 543.88 0.0696
119.13 0.0004 307.04 0.0075 566.03 0.0871
154.98 0.0007 407 83 0.0088 588.31 0.1036
188.64 00011 419.4) 0.0104 606 .86 0.1220
i199.93 00013 425.20 00112 623.27 0.1447
205 .64 0.0013 433.30 0.0130 639.85 0.1736
227.79 2.0015 442 18 0.0152 649.10 0.1938
239.2) 0.0017 457.15 0.0196 857.41 0.2192
263.77 0.0020 471.75 0.0253 661.75 0.2383
297 .97 0.0027 484 27 0.0310 666.43 0.2619
826,18 0.0035 488,93 0.0350 667.26 0.2736
346.41 0 0043 515.86 0.0508 667.75 0.2930
364 .99 0.0052
A-161
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Table 334. Test data for specinen 752-26
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Test Number . 037 Test Temp. 1 28°C I
Aging Temp. 1 350°C Aging Time 12,570 h :
Yield Stress , 346.5 MPa Ultimate Stress : 688.9 MPa i
Engr. Engr. Engr. !
Stress Engr. Stress Engr. Stress Engr.
{MPa) Strain {MPa) Strain [MPa) Strain_
59.65 0.0000 404.74 0.0071 §70.33 0.0760
93.85 0.0002 415.16 G.0081 502 .85 0.0929 s
130.88 0.0005 420.91 0.0086 611.04 0.1059 i
168.71 0.0009 432.01 0.0100 625.94 0.1218
199.47 0.0013 441.47 00114 642.65 0.1434
207.97 0.0014 451.91 0.0132 651.15 0.1567
220.14 0.0015 461.64 0.01587 660.27 0.1738
234.09 00016 475.87 0.0199 668 .44 0.1924
251 98 0.0019 486 .96 00241 676.12 0.2154
277.03 0.0023 488 94 0.0264 B80.67 0.2334 :
31062 0.0030 510,17 0.0365 684.79 0.2525 ;
334.08 0.0037 530.13 0.0530 668.70 0.2790 ;
353.25 0.0043 548,02 0.0599 688.85 0.2067
386.38 0 0058
Table 335. Test data for specimen 754-06
Test Number 140 Test Temp. 1 25°C
Aging Temp.  3BO°C Aging Time £ 10,000 h
Yield Stress 1 332.7 MPa Ultimate Stress : 741.1 MPa
Engr. Engr Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
52922 0.0003 454.660 00134 671.190 0.1332
204 610 0.0023 480.910 0.0183 670.790 0.1333
226.170 0.0025 495 550 0.0249 701,930 0.1747
346910 0.0054 541.000 0.0434 725.090 0.2325
408,130 0.0081 596 460 0.0744 730.370 0.2014
434.270 00109 645 880 0.1070 741.080 0.3489

B ket
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Table 336. Test data for specimen 754-07
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Test Number © 141 Test Temp. &
Aging Temp. : 350°C Aging Time : 10,000 h
Yield Stress 1 352.5 MPa Ultimate Stress : 728.5 MPa
Engr. Engr Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain MPa) Strain_ (MPa) Strain
38.206 0.0001 454.290 0.0144 663.470 0.1201
205.090 0.0020 474.210 0.0182 681.380 0.1546
227.300 0.0022 488.150 0.0231 702.230 0.1908
343.640 0.0048 528.360 0.0389 719.020 0.2465
402.370 0.0085 564.520 0.0576 719.220 0.2463
430.G80 0.0111 607.110 0.0840 727.900 0.20976
636.250 0.1038 728.490 ©.2975
Table 337. Test data for specimen 754-08
Test Number i 226 Test Temp. : 257
Aging Temp. : 350°C Aging Time : 10.000 h
Yield Stress : 308 .6 MPa Ultimate Stress | 7.8.8 MPa
Engr. Engr. Engr.
Stress Engr Stress Engr. Stress Engr.
[(MPa) Strain [MPa) Strain [MPal] Strain
33.260 0.0002 396.930 0.0083 662.250 0.1479
45.180 0.0002 404 440 0.0000 672.080 0.1628
61.780 0.0003 429.060 0.0121 680,680 0.1779
110.540 0.0005 482.310 0.02486 686.900 0.1909
122,510 0.0006 577.070 0.0696 696.420 0.2154
134.580 0.0007 580.460 0.0716 706.660 0.2489
208410 0.0013 603.710 0.0B83 707.070 0.25)1
279.680 0.0027 606410 0.0804 710910 0.269]
313.330 0.0037 62] 680 0.1030 711.580 0.2736
320.770 0.0040 654 1.880 0.1236 715.230 0.2964
373.210 0.0068 651.140 0.13206 718.730 0.3560
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e Table 338. Test data for specimen 75-119

Test Number : 144 Test Temp. : 25°%C
Aging Temp. : 380%C Aging Time : 10,000 h
Yield Stress : 354.0 MPa Ultimate Stress : 742.8 MPa
| Engr. Engr Engr.
| Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain: _{MPa) Strain :
57.818 0.0009 464 680 0.0168 647.710 0.1080
199.560 0.0034 479.8370 0.0187 677.920 0.1408
218.060 0.0039 488 860 0.0235 703.990 0.1833
320,720 0 0063 518.370 00316 721.850 0.2267
407 600 0.0109 542.610 0.0440 735.150 0.2859
440.510 00136 581.790 0.0654 742.780 0.3565

S RN ANSTTE

:
! Table 339. Test data for specimen 753-10
|
| Test Number 1200 Test Temp. {350
Aging Temp. . 350°C Aging Time - 30,000 h
Yield Stress £ 316.1 MPa Ultimate Stress : 766.4 MPa
| Engr. Engr Engr.
[ Stress Engr Stress Engr. Stress Engr.
| MPa) Strain _(MPa) Strain MPa) Strain
15470 0.000) 257.140 0.002) 685.300 0.1009
17.770 0.0001 340.180 0.0046 707.290 0.1215
30.840 0.0002 374 .850 0.0080 722.630 0.1398
41.740 0.0002 387.210 0.0067 731.250 0.1621
63.970 0.0004 303.270 0.0070 753.540 0.1986
74.670 0.0004 415.140 C.0083 757.040 0.2095
85.580 0.0005 8§75.470 0.0389 7567.370 021186
119.960 0.0007 580.430 0.0408 761.310 0.2277
131.950 0.0007 621.310 0.0591 763,880 02412
144.250 0.0008 642.270 0.0707 765.570 0.2504
181.040 0.0011 672,290 0.0806 766.280 0.2711
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Table 340. Test data for specimen 75311
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Test Number 201 Test Temp. 1 25%C
Aging Temp. L SBNC Aging Time : 30,000 h
Yield Stress 1 344.3 MPa Ultimate Stress : 748.2 MPa
Engr. Engr Engr,
Stress Engr, Stress Engr. Stress Engr.
{(MPa) Strain IMPa) Strain (MPa) Strain
11.780 0.0001 251.070 0.0019 582.880 0.0449
17.140 0.0001 291.190 0.0026 611.890 0.0589
20.920 0.0002 300.100 0.0028 615,570 0.0609
40.310 0.0003 308.730 0,003 636.160 0.0729
50,870 0.0004 341.120 0.0041 648.570 0.0810
61.090 0.0005 348.440 0.0043 669.120 0.1136
71.580 0.0005 376 080 0.0085 697 880 0.1223
82.390 0.0006 416.970 0.0077 710.000 0.1369
104.540 0.0007 446.100 0.0100 739.800 0. 1898
228.180 0.00186 502.770 0.0185 746.470 0.2142
239.940 0.0017 526,130 0.0243 747.650 0.2233
Table 341. Test dala for specimen 75130
Test Number 1202 Test Temp. » 28°C
Aging Temp. : 350°C Aging Time : 30,000 h
Yield Stress : 300.8 MPa Ultimate Stress : 711.0 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
{MPa) Strain {MPa) Strain [MPa) Strain
14.680 0.0001 260.450 0.0025 562.070 0.0527
27.100 0.0001 268.520 0.0027 587.950 0.0680
57.420 0.0003 321.250 0.0044 602 .990 007823
67.750 0.0004 328.040 0.0047 605.980 0.0803
112,940 0.0006 371.970 0.0066 635.380 0.1046
124 280 00007 306 490 0.0088 675,220 0.1518
182.380 0.0011 414.230 0.0084 686.970 0.1727
183.660 0.0012 439 280 0.0120 692.150 0.1833
204 490 00013 452.530 0.0140 685.610 0.1918
214.600 0.0015 486 850 0.0217 710.190 0.2560
251.850 0.0022 546,230 0.046 ] 710.880 0.2695
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Table 342. Test data for specimen 752-16

S|
.l
S
i
1
)

Test Number 1 034 Test Temp. : 25°C
Aging Temp. 1 400°C Aging Time 12,570 h
Yield Stress - 326.7 MPa Ultimate Stress : 703.6 MPa
Engr Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
ANMPa) Strain IMPa) ain (MPa) Stain
76.17 0.0001 386.10 0.0074 568.50 0.0724
116.51 0.0003 403.19 0.0080 501.38 0.0877
182.02 0.0007 415.13 0.0094 613.10 0.1019
195.20 0.0013 427.70 0.0111 631.87 0.1188
202.49 0.0014 438.06 0.0130 651,39 0.1405
217.08 0.0015 447.88 0.0148 663.74 0.1569
227.52 0.00186 464.22 0.0190 674.85 0.1763
254.96 0.0019 469.79 0.0207 €86.51 0.2011
293.55 0.0027 469.75 0.0211 695.94 0 2289
318.58 0.0035 482 68 0.0255 702.18 0.2627
354.25 0.0049 487 15 0.0283 703 57 0.2788
374 .46 0.0059 508.36 0.0376 703.58 0.3047
387 .87 0.0068 53821 0.0535

Table 343. Test data for specimen 752-17

Test Number ol Test Temp. : 28°C
Aging Temp. - 400°C Aging Time 12,870 h
Yield Stress : 353.1 MPa Ultimate Stress : 731.5 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
{MPa} Strain (MPa) Strain (MPa) Strain
51.87 0.0000 415.18 0.0075 600.07 0.0693
9212 0.0002 427.94 0.0085% 617.69 0.0807
133.71 0.0008 438.10 0.0096 642.48 0.0970
169. 18 0.0010 448.40 0.0107 662.79 0.1101
196.51 00013 456 .96 0.0120 682.40 0.1292
206.15 0.0014 471.20 0.0143 696.62 0.1481
220.57 0.0016 47911 0.0160 706.37 0.1602
241.54 0.0017 485 87 0.0177 715.42 0.1768
287.10 0.0025 490.84 0.0193 722.18 0.1928
. 311.74 0.0030 511.05 0.0257 726.45 0.2068
336.48 0.0038 531.56 0,0339 730.62 0.2269
366.47 00048 547 .90 0.0411 731.50 0.2468
385.9] 0.0062 578.07 0.0570
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Table 344. Test data for specimen 752-15

Test Number © 142 Test Temp. 1 25°C
Aging Temp. : 400°C Aging Time £ 10,000 h
Yield Stress : 405.3 MPa Ultimate Stress : 777.1 MPa

Engr. Engr Engr,

Stress Engr Stress Engr. Stress Engr.
_IMPa) Strain (MPa) Strain MPa) Strain
196,500 0.0023 476.870 0.0145 712,470 0.1307
234.030 0.0029 497.610 0.0192 736.930 0.1608
364.040 0.0064 542.590 0.0308 761.290 0.2061
418.570 0.0089 582 130 0.0526 774.830 0.2507
452.570 00120 636.250 C.0761 777.060 0.2010

683 480 0.1051 777.060 0.3241
Table 345. Test data for specimen 752-22
Test Number © 143 Test Temp. 1 25°%C
Aging Temp - 400°C Aging Time : 10,000 h
Yield Stress 1 367.7 MPa Ultimate Stress : 749.1 MPa

Engr. Engr. Engr.

Stress Engr. Stress Engr. Stress Engr.
{MPa) Strain [MPa) Strain _____ (MPa) Stran
48.437 0.0001 457.530 0 0062 673.900 0.0911
136.060 0.0010 476.050 0.0065 705.860 0.1202
170,050 00014 496.530 0.0081 726.020 0.1470

218.750 0.0022 527 000 0.0081 742.570 0.1859
218.750 0.0023 585.350 00315 748 660 0.2244
260.200 0.0025 634 810 0.0630 748.960 0,2250
749.070 0.2516
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Table 348. Test data for specimen 751-04

B e Gy T ———

Test Number 1030 Test Temp. L
Aging Temp. 1 450°C Aging Time 12,570 h
Yield Stress :311.7 MPa Ultimate Stress : 721.2 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
_(MPa) Strain (MPa) Strain [MPa) Strain
4854 0.0000 408.53 0.0077 606.25 0.0714
8043 0.000% 425.74 0.008% €30.29 0.0880
154.83 0.0005 443.64 0.0105 650.99 0.1013
176.25 0.0010 459.28 0.0123 666,13 0.1154
201 .61 0.0014 473.69 0.0144 681.92 0.1326
218,76 0.0016 480.11 0.0155 695.37 0.1518
226.90 0.0017 489.23 0.018} 704.74 0.1687
262,63 0.0023 508.22 0.0229 712.42 0.1847
302.11 0.0032 537.36 0.0333 717.21 0.1999
341.04 0.0045 560 96 0.045) 720.61 0.2197
382,40 0.0063 582.85 0.0569 721.16 0.2289
Table 349. Test data for specimen 751-05
Test Number 1 031 Test Temp. 4
Aging Temp. 1 450°C Aging Time ;2,570 h
Yield Stress 1 314.7 MPa Ultimate Stress @ 746.4 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
{(MPa) Strain (MPa) Strain {MPa) Strain
69.62 0.0001 444 52 0.0099 618.84 0.0725
107.39 0.0003 461.24 00115 644.55 0 0900
147.01 0.0006 476.58 0.0133 665.50 0.1043
189 .06 0.0012 485.24 0.0147 682.15 0.1204
205.23 0.0014 491.81 0.0160 707.31 0.1507
230 62 0.0017 505.54 0.0191 716.41 0.1659
253.21 0.0020 514,46 0.0214 728.36 0.1919
292.87 0.0027 525.23 0.0245 734.97 0.2082
338.76 00042 540.84 0.0298 739.68 0.2245
3B4.B4 0.0059 560.52 0.0386 743.29 0.2445
393.36 0.0063 580.00 0.0488 745.32 0.2634
422.32 0.0080 508.87 0.0595 746.35 0.2819
433.57 0.0089
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Table 350. Test data for specimen 754-40

Test Number 1 064 Test Temp. 1 290°C
Aging Temp. : Unaged Aging Time -
Yield Stress : 196.8 MPa Ultimate Stress : 470.8 MPa
Engr. Engr. Engr.
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain {MPa) _Strain __
46.18 0.0000 232.42 0.0037 321.07 0.0442
89.11 0.0003 235.60 0.0040 341.04 0.0580
123.96 0.0006 238.81 0.0045 358.98 0.0725
145.21 0.0010 241 44 0.0049 378.49 0.0875
168.03 0.0015 244.76 0.0056 388.33 0.0953
181.49 0.0018 246.03 0.0085 401.73 0.1046
186.97 0.0020 25;.20 0.0074 416.71 0.1194
191.35 0.0022 255.12 0.0087 431.07 0.1357
194 07 0.0024 250.39 0.0103 440.38 0.1474
200.63 0.0026 267.13 0.0130 450.70 0.1642
200.03 0.0028 271.85 00150 458.00 0.1774
214.22 0.0030 277.26 0.0177 463.66 0.1800
220.40 0.0032 282.13 0.0203 468.28 0.1987
226.04 0.0034 293.96 0.0268 469.36 0.2018
228 27 0.0035 308.43 0.0357 470.76 0.2125
Table 351. Test data for specimen 753-42
Test Number : 050 Test Temp. 1 290°C
Aging Temp. . Unaged Aging Time D=
Yield Stress : 191.5 MPa Ultimate Stress : 474.8 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain MPa) Strain
44.3440 0.00 222.08 0.0034 398.27 0.1090
83.0220 0,0002 230.60 0.0039 406.65 0.1179
116.82 0.0005 235.84 0.0045 412.76 0.1236
134 36 0.0007 241.51 0.0055 417.75 0.1304
14620 0.0008 246.82 0.0071 429.08 0.1449
157.04 00011 257.83 00110 435.04 0.1534
167.23 0.0013 267.57 0.0153 448,85 0.1758
175.47 0.0015 275.63 0.0197 457.06 0.1903
181.63 0.0017 285 57 0.0256 461.73 0.2050
188.24 0.0019 303.24 0.0371 464.70 0.2151
191.40 0.0021 323,45 0.0513 469.08 0.2283
195 44 0.0023 330.98 0.0633 473.01 0.2433
200.38 0.0028 353.00 0.0738 474.00 0.2465
208 54 0.0028 363.78 0.0821 472.18 0.2507
217.28 0.0032 37541 00914 47242 0.2565
A-170

Y T = | =T UM oG

Rt s e B R i ™ (W r e g W WL P e

Ve e —

R TSR NN e



Zaders

ST DY S ——

B i S i T et kA i 1 A e e P-T B P PR ————

—

R i N el Rt n i S T e B e B i

Table 352. Test data for specimen 754-29

Test Number (262 Test Temp. 1 290°C
Aging Temp. : 280°C Aging Time £ 30,000 h
Yield Stress 1 193.3 MPa Ultimate Stress : 528.3 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
IMPa) ___ Strain (MPa) Stram (MPaj Strain
36412 0.0002 179.423 0.0025 441.862 0.1347
41.148 0.0002 210.220 0.0040 451.201 0.1433
57.528 0.0002 249.736 0.0243 466.427 0.1583
70.250 0.0002 274.563 0 0351 468,035 0.1817
90,632 G.0004 300.745 0.0478 476,025 (.1705
100.91} 0.0004 305.263 0.0503 489.641 0.1880
111.112 0.0005 337,575 0.0668 499.259 0.2017
121.536 0.0006 375 9186 0.0883 505.088 0.2109
130,814 0.0007 379.132 0.09064 514.852 0.2408
148.456 0.0012 407.233 0.108& 521.458 0.2536
156 6905 0.0013 421.315 0.1174 528.307 0.2792
Table 353. Test data for specimen 754-30
Test Number . 248 Test Temp. 1 280°C
Aging Temp. 1 290°C Aging Time : 30,000 h
Yield Stress : 202.6 MPa Ultimate Stress * 495.3 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain {MPa) Strain (MPa) Strain
45.680 0.0003 223 970 0.0085 437.350 0.1377
51.210 0.0003 239.970 0.0109 457,490 0.1616
77.100 0.0003 246.020 0.0132 469.940 0.1789
B87.660 0.0003 266.990 0.0223 470.880 0.1812
131.440 0.0005 288 8B40 0.0333 478.480 0.i1979
158.370 0 0008 317 470 0.0486 480.510 0.2001
187.100 0.0011 354,290 0.0707 483.830 0.2023
186.600 D0017 381.810 (.0883 489.030 0.2185
191.790 0 0020 364 310 0.0971 490.780 0.2207
211.650 0.0039 404.210 0.1068 494.300 0.2384
218.380 0.0050 425.420 0.1247 485.230 0.2454
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Table 354. Test data for specimen 75-236

- Test Number ;253 Test Temp. 1 290°C
! Aging Temp. 1 200°C Aging Time : 30,000 h
, Yield Stress :211.8 MPa Ultimate Stress : 486.2 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain MPa) Strain {MPa) Strain
36 892 0.0002 255.878 00141 36]1.326 0.0738
37.882 0.0002 261.540 00166 382.851 0.0889
94.768 0.000F 289.771 0.0303 404.074 0.10867
105.428 0.0007 294.023 0.0325 421601 0.1244
166.972 0.0018 208 105 0.0347 424.542 0.1268
175.5256 0.0020 317.777 0.0457 437.309 0.1402
183.738 0.0023 321.576 0.0480 450.46) 0.1679
217.030 0.0043 335,938 0.0567 454.177 0.1704
223.160 0.0052 338,600 0.0588 467.364 0.1903
228.276 0.0061 343.106 0.0609 477.248 0.2153
251.084 00121 359.107 0.07186 484.505 0.2478

Table 355. Test data for specimen 754-26

Test Number 1 095 Test Temp. 1 290°C
Aging Temp. 1 320°C Aging Time 10,000 ™
Yield Stress : 205.6 MPa Ultimate Stress : 538.0 MPa
| Engr Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
_{MPa) Strain [MFa) Strain (MPa) _ Strain
162.940 0.0011 288.440 0.0100 496.920 0.1370
| 170.480 0.0013 294 .330 0.0114 499.300 0.1401
| 208.430 0.0024 323.730 00215 514.560  0.1504
| 213.960 0.0025 347.960 0.0328 519.350 0.1694
219.180 0 0026 366,250 0.0426 §20.010 0.1712
225.250 0.0027 387.430 0.0605 524.370 0.1805
234.270 0.0028 411.880 00687 527.510 0.1811
265.920 0.0055 427.750 0.0796 $31.100 0.1985
| 272.200 0.0065 431.270 0.0820 532.860 0.2008
| 278.730 0.0076 465.900 0.1042 533.870 0.2045

283.340 0.0087 482 360 01211 538.030 0.2252
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Table 356. Test data for specimen 754-27
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Test Number 1 096 Test Temp. 1 290°C
Aging Temp. 1 320°C Aging Time © 10,000 h
Yield Stress 1 212.2 MPa Ultimate Stress : 534.3 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) ____Strain MPa) Strain MPa) Strain__
177.540 0.0016 286.010 0.0088 424.200 0.0791
153 830 0.0018 321.270 0.0196 431.780 0.0848
188.850 0.0019 324.520 0.0210 444.420 0.0932
194.850 0.002] 337.700 0.0281 467.830 0.1091
200.550 0.0023 341.680 0.0300 471.420 0.1126 '
221.550 0.0027 356.970 0.0381 483.540 0.1269
226910 0.0027 360.900 0.0402 492.980 0.139]
235910 0.0020 364.890 0.0425 494.170 0.1410
245.150 0.0034 387,120 0.0565 502.840 0.1533
262.310 0.0047 409,150 0 oBoE 509.540 0 1658
266 450 0.0053 413.040 0.0723 521.010 0.1840
Table 357. Test data for specimen 752-40
Test Number t 172 Test Temp. : 290°C
Aging Temp. : 320°C Aging Time 1 30.000 h
Yield Stress . 231.7 MPa Ultimate Stress : 589.3 MPa
Engr Engr. Engr.
Stress Engr Stress Engr. Stress Engr.
(MPa) Strawn ____(MPa) Strain (MPa) Strain_
93.42] 0.0002 326.590 0.0128 475.760 0.0805
166.240 0.0010 339.400 0.0162 492.070 0.0908
213.040 0.002] 352.160 00199 516.690 0.1042
245.550 0.0034 361.640 0.0232 543.400 0.1201
265.980 0.0046 371.940 0.0271 556 630 0.1493
284 .890 0.0060 390 000 0.0347 574.500 0.1689
300 400 0.0081 408 280 0.0434 583.160 0.1895
313740 0.0102 420 580 0.0495 588.990 0.2076
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Table 358. Test data for specimen 752-42

Test Number 1§73 Test Temp. :1.290°C
Aging Temp. : 320°C Aging Time : 30,000 h
Yield Stress 1 268.5 MPa Ulrimate Stress  : 575.8 MPa

Engr. Engr. Engr.

Stress Engr Stress Engr. Stress Engr.
_(MPa)_ Strain _MPa) Strain MPa) Strain_
230.660 0.0030 360 990 0.0264 518.740 0.1080
265.350 0.0048 381.830 0.0310 532.180 0.1200
284 650 0.0062 404,550 0.0411 543.340 0.1316
297.110 0.0078 430.020 0.0540 552.940 0.1419
811.170 0.0008 459 230 00703 562.120 0.1553
322.820 0.0120 476.450 0.0810 569.480 0.170%
334 870 0.0150 494.220 0.0927 573.540 0.1820
348.320 0.0189 507.540 0.0988 575.810 0.1904

Table 359. Test data for specimen 75-246

Test Number 2177 Test Temp. 1 290°C
Aging Temnp. . 320°C Aging Time : 30,000 h
Yield Stress 1 213.0 MPa Ultimate Stress : 521.8 MPa

Engr Engr. Engr

Stress Engr. Stress Engr. Stress Engr.

MPa) ___ Strain (MPa) Strain (MPa) Strain___

46.497 0 0000 258.800 0.0065 421.490 0.0760

77.711 0.0002 266.280 0.0075 427.680 0.0800
132.720 0.0008 285.060 0.0110 451.050 0.0065
185,130 0.0018 291.140 0.0128 460.800 0.1019
166 430 0.0015 313.720 0.0192 475.560 0.1176
189.580 0.0021 323.000 0.0225 479.520 0.1228
203.470 0.0027 337.710 0.0289 490.390 0.1379
212.740 0.0031 342.940 0.0302 495.670 0.1478
222,690 0.0036 377.670 0.04%7 502.420 0.1582
220 870 0.004 ) 390.640 G.0570 511.320 0.1738
238.280 0.0046 402 720 0.0640 521810 02189
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Table 360. Test data for specimen 752-28

T e T T N S W Sy |
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Test Number : 328 Test Temp. : 280°C
Aging Temp. 1 320°C Aging Time : 50.000 h
Yield Stress : 258.9 MPa Ultimate Stress : 587.9 MPa
Engr Engr Engr.
Stress Engr Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
25.970 0.0001 208 060 0.0063 508.970 0.0847
30,490 0.0001 314.610 0.0087 517.340 0.1018
45.790 0.0002 321.370 0.0100 532.600 0.1145
69.930 0.0002 348.700 0.0166 539.410 0.1211
94.410 0.0002 354 740 0.0184 555.440 0.1387
106.620 0.0003 371.160 0.0239 560.630 0.1453
119.350 0.0003 408.340 0.0382 569 760 0.1585
152.680 0.0005 413.440 0.0405 571.100 0.1608
172.700 00006 $58.240 0.0824 579.490 0.1762
181.970 0.0007 487,300 0.0796 582.490 0.1829
243.170 0.0023 490.590 0.0818 587.910 0.2074
Table 361. Test data for specimen 752-29
Test Number : 329 Test Temp. : 290°C
Aging Temp. +:320°C Aging Time : 50,000 h
Yield Stress 1 264.1 MPa Ultimate Stress : 581.7 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
(MPa) Strain (MPa) Strain (MPa) Strain
10.470 0.0001 198.390 0.0012 461.350 0.0630
15.080 0.000) 245.470 0.0025 486.660 0.0781
28910 0.0002 264 430 0.0033 490.150 0.0803
40.310 0.0002 303.070 0.0065 517.200 0.0998
52.150 0.0002 314.880 0.008) 537.160 0.1170
86.080 0.0004 331.430 0.0111 543.650 0.1238
98,600 0.0005 359,010 0.0189 557.110 0.1391
123,080 0.0005 364.680 0.0209 562.080 0.14586
169.210 0.0008 402 950 0.0351 570.670 0.1588
179.540 00010 418210 0.0416 574.430 0.1655
189 190 0.0011 449.620 0.0566 581.620 0.1876
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Table 362. Test data for specimen 75-130 i
I
|
:

Test Number ;827 Test Temp. 1 280°C
Aging Temp.  J2APC Aging Time : 50,000 h ;
Yield Stress 1 239.6 MPa Ultimate Stress - 557.8 MPa i
|
Engr. Engr Engr. i
Stress Engr. Stress Engr Stress Engr. '
AMPa) Strain MPa) __ Strain (MPa) Strain_
14.610 0.0001 250.740 0.0037 501.370  0.1157
15.780 0.0001 255 690 0.0041 508.070  ©.1223
20.460 0.0002 277.600 0.0063 520080  0.1354 :
63.210 0.0002 334.040 0.0190 525.390  0.1421 ‘
73.560 0.0002 339410 0.0208 536,540  0.1575
107.350 ©.0003 366.210 0.0312 540.710  0.1642
118.460 0.0005 390.590 0.0421 548.990  0.1796 i
167.810 0.0008 431.340 0.0637 551.730  0.1862
176.640 0.0010 455,150 0.0787 553.380 0.1906
200.580 00016 473.310 0.0918 556.490  0.2026
221.710 0.0023 484 180 0.1004 557.780  0.2119

Table 363. Test data for specimen 752-27

Test Numbes 1 049 Test Temp. 1 290°C
| Aging Temp. - 350°C Aging Time 12570 h 1
Yield Stress : 204.7 MPa Ultimate Stress . 528.8 MPa
Engr. Engr. Engr.
Stress Engr Siress Engr. Stress Engr.
[MPa) Strain IMPa) Strain (MPa) Strain
64.52 0.0001 245.45 0.0031 396.80 00576
01.54 0.0002 249 .86 0 0033 40010 0.0857
| 122.15 0.0005 253.92 0 0035 423.78 0.0752
133.90 2 0006 257 98 0.0038 435861 0.0833
145.78 0.0008 262 B8 0.0042 443.82 0.0893 |
156,83 0.0010 269.37 0.0050 454.85 0.0071 |
164.93 00012 275.47 0.0058 464.08 0.1022 |
179.61 0.0018 270.51 0.0064 473.90 0.1108 :
183 .00 0.0016 285.42 0.0074 484.10 0.1240 j
; 194,92 00019 280.3) 0.008) 498.83 0.1407 ,
198.02 0.0020 297 .00 0.0098 506.80 0.1525 :
210.50 0.0022 341.65 0.0265 514.21 0.1841 i
217.85 00022 352 90 0 0323 520.25 0.1745
224.33 0,0024 363.57 0.0379 522.82 0.1817 !
23213 0.0025 375 14 0.0446 527.72 0.1995 :
240.16 0.0028 387 46 0.0519 528 85 0.2102 :
]
|
!
!
l a
| :
‘ :
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Table 364. Test data for specimen 754-09 l

Test Number 1 086 Test Temp. 1 290°C
Aging Temp. : 350°C Aging Time 0 10,000 h
Yield Stress : 219.8 MPa Ultimate Stress : 614.1 MPa
Engr Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
170.910 00014 279.750 0.0047 482.940 0.0737
185.200 00017 284.780 0.0050 532.470 0.1042
192,190 0.0020 289.860 0.0055 546.750 0.1160
201.790 0.0021 295.770 0.0060 560. 960 0.1202
208.390 0.0022 317.070 0.0085 563.880 0.1318
213.970 0.0023 324.180 0.0097 574 620 0.1440
219.980 0.0024 360,220 0.0183 590.390 0.1657
256.250 0.0034 376.650 0.0228 597.080 0.1776
261.960 0.0037 395.680 0.0301 598.230 0.1805
267.730 0.0040 4i4.460 0.0377 605.840 0.1992
271.970 0.0042 443.340 0.0512 607.270 0.2014

Table 365. Test data for specimen 75-120

Test Number 087 Test Temp. : 290°C
Aging Temp. - 380%C Aging Time : 10,000 h
Yield Stress . 209 9 MPa Ultimate Stress . 595.6 MPa

Experimental Data Not Available

Table 366. Test data for specimen 75312

Test Number 260 Test Temp. : 290°C
Aging Temp. : 350°C Aging Time : 30,000 h
Yield Stress . 264.4 MPa Ultimate Stress : 615.9 MPa :
I
|
Engr. Engr. Engr. |
Stress Engr. Stress Engr Stress Engr.
[MPa) Strain MPa) Strain (MPa) Strain
42 860 0 0002 242 480 0.0018 462.670 0.0549
46,130 0.0002 260210 0.0026 477.470 0.0620
62.250 0.0002 265 620 0.0030 496720 0.0730
73.840 0.0002 284.460 0.0040 511.520 0.0817
84.920 0.0002 292 560 0.0049 §73.080 0.1317
96.220 0.0002 313.220 0.0069 587.290 0.1487
107 810 0.0002 342,860 00119 588.900 0.1509
155.230 0.0003 370.950 00193 500 960 0.1681
166.210 0.0004 387 840 0.0242 612.080 0.1955
176.320 0.0004 419920 0.0358 615.790 0.2114
201610 0.0007 445.240 0.0466
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Table 367. Test daia for specimen 75412
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Test Number . 247 Test Temp. : 280°C
Aging Temp. : 350°C Aging Time : 30.000 h
Yield Stress : 227.2 MPa Ultimate Stress : 613.8 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr. Stress Engr.
MPa) Strain {MPaj Strain (MPa) Strain
41.500 0.0002 240.490 0.0038 482 190 0.0713
48.630 0.0002 246.130 0.0041 533.550 0.1036
63.550 0.0002 261.530 0.0052 552.940 0.119]
73.690 0.0002 298.400 0.0089 560.220 0.1258
84 200 0.0003 315.180 0.0114 573.040 0.1390 I
94 900 0.0003 320.280 0.0122 578.930 0.1456 |
106.280 0.0004 338.060 0.0162 S5B87.510 0.1566 :
117.700 0.0005 344,600 0.0174 592.150 0.1633 !
129.430 0.0006 436.660 0.0493 602.110 0.1809
158.620 0.0008 441.610 0.0513 609.860 0.2006
167,080 0.0011 478.120 0.0682 613.560 0.2163

Table 368. Test data for specimen 75-270

Test Number 234 Test Temp. 1 290%C
Aging Temp. - 360°C Aging Time : 30.000 h
Yield Stress - 209.0 MPa Ultimate Stress  584.6 MPa
: Engr. Engr. Engr.
‘ Stress Engr. Siress Engr Stress Engr.
(MPa) Strain _{MPa) Strain (MPa) Strain
20.400 0.0001 178.270 0.0019 450.340 0.0725
25.300 0.0001 1B5.100 0.0021 472.740 0.0858
39.620 0.0002 210.620 0.0032 482.240 0.0033
51.040 00002 222.360 0.0038 4096.940 0.1041
63.230 0.0003 243 480 0.0052 517.830 0.1218
74,150 4.0003 252.020 0.0060 520.020 0.124]
84 850 0.0003 291 .630 0.0108 546.690 0.1528
G5.840 0.0004 296 780 00117 553.470 0.1616
107.200 00006 303 530 0.0130 565.240 0.1760
118.220 0.0006 345.790 0.0238 576.400 0.2094
128.710 0.0007 431.440 00618 584560  0.2344 ‘I
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Table 369. Test data for specimen 752-18

Test Number 1 D45 Test Temp. 1 290°C
Aging Temp. . 400°C Aging Time :2,570 h
Yield Stress : 203.2 MPa Ultimate Stress : 591.1 MPa
Engr. Engr Engr.
Stress Engr Stress Engr Stress Engr.
{MPa) Strain AMPa) Strain _(MPa) Strain
53.16 0.0000 276.75 0.0050 472.83 0.0845
65 69 0.0001 290.82 0.0064 482.1) 0.0804
83.84 0.0001 295 .84 0.0071 486.77 0.0935
102.68 0.0003 303.20 0.0082 489.76 0.0966
129.64 0.0005 309.80 00094 500.96 0.1090
153.186 0.0009 316.91 0.0108 518.48 0.1156
167 .42 0.0012 323.32 0.0121 536.20 0.1814
175.48 0.0013 335.40 0.0153 547.08 0.1430
188.60 0.0017 347 52 00193 556.17 0.1543
200,79 0.0020 361 98 0.0245 563.58 0.1645
205.86 €.002] 384.33 0.0342 572.07 0.1788
219.53 0.0024 403.70 0.0442 578 .97 0.1907
230.76 0.0025 420.04 0.0531 584 98 0.2046
239.27 0.0027 434 94 0.0614 588 .80 0.2162
249.2] 0.0032 449 B4 0.0707 591.03 0.2287
266.41 0.0042 460 8) 0.0770 50111 0.2332

Table 370. Test dala for specimen 752-24

wiaatsal

Test Number 1 080 Test Temp. : 290°C
Aging Temp. 1 400°C Aging Time £ 10,000 h
Yield Stress 208.2 MPa Ultimate Stress : 630.4 MPa
Engr. Engr. Engr.
Stress Engr. Stress Engr Stress Engr.
(MPa) Strain (MPa) Strain _[MPa) Strain___
166180 0.0012 317.100 0.0073 530.080 0.0940
183.810 0.0016 334.120 0.009) 546.340 0.1040
192.600 0.0019 341 430 0.0100 562.550 0.11588
201.000 0.0020 358.330 0.0129 582.320 0.1326
208.500 0.0022 396.480 0.0230 596.330 0.1469
241.190 0.0028 425.890 0.0341 599 780 0.1520
249.450 £.002] 453.060 0.0473 615.300 0.1766
265.530 0.0038 459 780 0.,0509 617.680 0.1813
275.700 0.0042 482 8680 0.0638 624 .620 0.196]
300.580 0 0058 493.570 0.0721 625.760 0.2001
309.110 0.0066 506 940 0.0813 629 680 0.2153
A-179
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Table 371. Test data for specimen 75-110

Test Number 1 081 Test Temp. : 290°C
Aging Temp. . 400°C Aging Time : 10,000 h
Yield Stress - 206.7 MPa Ultimate Stress : 593.1 MPa
Engr Engr. Engr
Stress Engr. Stress Engr. Engr.
(MPa) Strain (MPa) Strain JM!.’!L Strain
180.190 0.0011 325.0860 0.0108 486.950 0.0865
173.030 0.0014 335.670 0.0127 493.300 0.0904
181,380 0.00186 342.500 0.0142 518.010 0.1059
188,460 0.0018 350.450 0.0162 546.780 0.1307
195,140 0.0021 371.710 0.0223 555 630 0.1418
203.200 0.0022 376.380 0.0247 567.390 0.1564
226.540 0.0026 398.020 0.0338 566.820 0.1600
255.540 0.0036 430.060 0.0497 581.550 0.1792
263.500 0.0042 435.800 0.0523 584.070 0.1832
290.530 0.0063 455 870 0.0646 589.730 0.1987
315,580 0.0003 469 BGO 0.0733 592 600 0.2091

Table 372. Test data for specimen 751-06
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Test Number (044 Test Temp. 1 290°C
Aging Temp. : 450°C Aging Time :2,570h
Yield Stress :218.7 MPa Ultimate Stress : 598.2 MPa
Engr Engr. Engr.
Stress Engr Stress Engr. Stress Engr.
{MPa) Strain (MPa) Strain (MPa) Strain
54.2050 0.0000 288.9000 0.0049 469.3600 0.0611
70.7470 0.0001 301.3900 0.0056 483 .4600 0.0707
925100 0.0003 315.0200 0.0067 486.9300 0.0751
121.7500 0.0006 326.3300 0.0079 506.9400 0.0898
144.3000 0.0009 338.3800  0.0095 523.5300 0.1002
167.9700 0.0013 3489000 0.0111 539.3000 0.1154
184 1700 0.0017 360 4500 0.0132 554.2400 0.1320
196.9200 0.002] 370.0800 00154 564.6300 0.1454
207.1000 0.0022 379.1700 0.0177 575.8300 0.1827
2159400 0.0023 389.4300 0.0208 583.6300 0.1782
223 4400 0.0024 401.6600 0.0252 589.8600 0.1940
232.1500 0.0025 421.1800 0.0336 593.0000 0.2000
241.6500 0.0028 434 8200 0.0404 583.9100 0.2006
256 4200 ©.0033 441.8700 0.0442 597.6300 0.2170
274.6700 0.004 1 458.1300 00546 588.2000 0.2181
A-180
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Table 373. Test data for specimen 752-09
, Test Number 1 0585 Test Temp. : 290°C }
Aging Temp. | 450°C Aging Time 12,670 h |
Yield Stress : 197.7 MPa Ultimate Stress : 606.2 MPa I
Engr. Engr Engr. i
Stress Engr. Stress Engr. Stress Engr.
_(MPa) Strain _{MPa) Strain MPa) _ Strain |
44.50 0 0000 243 86 0.0035 424 .61 0.0403 ’
90.76 0.0003 254.69 0.0039 438.26 0.0469 :
125.06 0.0006 264 .50 0.0045 449.64 0.0527 I
147.87 0.0010 274.50 0.0052 463.48 0.0601
158.56 0.0012 291186 0.0066 479.08 0 0689 j
._ 170.34 0.0015 304 61 0.0079 487.00 0.0750 |
e_ 182.85 0.0018 318.99 0.0097 500 92 0.0899 |
185.86 0.0020 325.79 0.0106 526.84 0.0996 r
193.64 0.0022 330.57 00113 541.79 0.1111
198 67 0.0024 345.20 0.0142 559.48 0.1283
200.89 0.0025 353.23 0.0159 573.14 01451
200 16 0.0027 361.90 0.0180 582.87 0.1590
217.74 0.0028 379.79 0.0232 508, 18 0.1875
233.70 0.0030 398.26 0.0203 603.47 0.2025 j
237.55 0.0032 4i1.17 00334 606. 18 0.2268 '
:
:
!
t
I
l
|
l
I
|
|
|
i
|
:
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