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Evaluation of the Same Heat Hastelloy XR as the Material
Used for High-temperature Components of the High-temperature
Engineering Test Reactor (Second Report: Evaluation of

Short-time Strength Properties for Base Metal)

* Kk
Hirokazu TSUJI, Tatsuhiko TANABE , Tsuneo NAKANISHI
% .
Yuji NAKASONE and Hajime NAKAJIMA

Department of Materials Science and Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute

Iokai—mura, Naka-gun, Ibaraki-ken

(Received October 1, 1993)

A series of tension, Charpy impact and creep tests was carried out
on two sorts of plate materials with 15mm and 60mm in thickness obtained
from typical one of 30 heats of Hastelloy XR manufactured as the compo-
nent material of the High-Temperature Engineering Test Reactor (HTTR}.
Creep test temperatures were 850, 900, 950 and 1000°C, and the maximum
creep test time was 3371.4 h. The results obtained are as follows:

(1) Both of plate materials tested exhibit acceptable tenmsile strength
and tensile ductility as the structural material of the high-tempera-
ture components of the HTTR.

(2) The plate material with 15mm in thickness exhibits enough toughness,
while toughness of the plate material with 60mm in thickness is in-
ferior to that of the plate material with 15mm in thickness.

(3) Both of plate materials tested possess the creep rupture strength

beyond not only the expected minimum stress-—to-rupture values, B5g,

This research report includes a part of the results of the joint
study with National Research Institute for metals.
* National Research Institute for Metals

*% Fuji Electric Corporate Research and Development, Ltd.



JAERI—M 93—209

but also the expected mean stress—to-rupture values of the material
strength standards of Hastelloy XR. The materials also possess enough

creep rupture ductility.

Keywords: HTGR, HTTR, Heat-resistant Alloy, Nickel-base Alloy, Hastelloy
XR, Yield Strength Values, Tensile Strength Values, Charpy
Impact Value, Creep, Creep Rate, High-temperature Structural
Design Code, Material Strength Standards, Expected Minimum

Stress—-to-rupture Values
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Table 3 Heat treatment conditions and grain size number.

Thickness | Yeat treatment condition { ASTM No.

15 mn at 1180°C for lbmin — SQ 4.5

8 0 nmm at 1170C fer 60min — WQ 3.0

Table 4 Impurity levels in simulated
HTGR helium gas (vol ppm).

H2 HZO ¢a COZ CH4

300 3 100 1 15

Table 5 Results of tension tests for Hastelloy XR sampled from plates.

Thickness Test 0.2 %f) U}tirr}ilte Totat Reduction Fractur
of temperature proo tensile elongation of area locat ©
late (oc) stress Strength (% ) (% ) ocation

3 (MPa) (MPa)
386 768 553 55.7 A
RT
358 766 57.3 55.9 A
232 339 106.7 82.3 A
800
228 391 82.9 74.6 A
850 187 301 105.3 3318 A
I15mm
127 228 107.1 86.8 A
900
132 225 108.8 849 A
90 166 118.3 92.3 A
950
92 169 114.0 87.3 A
1000 69 129 111.5 80.7 B
RT 313 744 53.7 45.9 A
&0mm
900 121 212 8R8.0 85.4 B




JAERI—M 93—209

6€ 2 0 262 €te 53

A 0 £&% 202 G S -1

42°% 0 6V2 66T T

£€2°¢ 0 £ve Y61 e

L2°% 0 £¥2 V61 G £Lo- 71

9¢ "¢ 0 6¥¢ 661 1

896 7% 0 682 1€¢ (¥

£5 ¢ 0 00¢ 1144 4 T - L

92 "¢ 0 659¢ G12 1

(wu) (%) ANEU\B_ (r) ‘ON juotiyEjUalJo
UQSUBAXD [BJ9%B] | 8INn30BIY B[331J4q juUadiay | anfea joedu] | A8J0uUs paquosqy § 383l |surld HoRJ)

ajeTd woay paTdues ¥Y AOTT21S®BY X0J s3sa1 1oedwut Ldawvyn Jo s3Tnsay ¢ aTqeEl

*SSAUOTYI UT Ww G§ {YITA



JAERI—M 93—209

‘POAJISGO SEM DJINJOBJ] 93BABD[D-1SEN] %

36 °0 *0 04 9¢ S

L0°T £0 gL 8§ g L-S

460 %0 09 8¥ T

68 1 0 £L1 8e1 £

88 °T 0 LLT 191 d T - L

£8°1 0 £91 01 I

(uu) (%) (zm2/1) r ‘ON |uor3jEjUAIIO
comm:maxm 1818787 adnjoed] 2173131JQ 1U2dJ3d 2N[BA #UmQEH AZJaua paqJosqy 189 wcmﬁa HOEBJL]

*$SIWDTY3I UT WM (g YITM

ajeTd woay pordues ¥y Ao[1231SeH 107 S131523 1ovdur Adaey) Jo sainsay [ 9TGE]L



JAERI—M 93—209

Table 8 Results of creep tests in simulated HTGR helium gas for
Hastelloy XR sampled from plate with 15mm in thickness.

Time to Rupture Reduction Miniounm
Temp. | Stress .
rupture | elongation of area creep rate
() (MPa) (h) (%) (%) {%/h)
55.0 3321. 86 35,5 41, 2 3.1x10°3
8§50
65.0 1112. 3 23.1 32.7 7.2x 1073
38.0 3371.4 35.2 28. 9 1.8x10°°®
900
45.0 1081.3 48. 3 35.86 g.6x10°%
23.7 1842.3 22.2 19. 0 3.8x10°°3
850
31.5 537.8 41. 7 27.3 1.1x10-%2
14.3 1798.7 37.3 25.0 4. 8% 1077
1000
20.0 776.1 51.7 23.5 5.3x 1Q0~8
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Table 9 Results of creep tests in air for Hastelloy XR sampled
from plate with 15mm in thickness.
Time to Eupture Reduction Minimum
Temp. | Stress ‘
rupture| elongation of aresa creep rate
(C) (MPa) (h) (%) (%) (%/h)
38 2567.4 40. 9 54,2 1.7x10°°
900 47 £§57. 8 38.5 65. 2 1.1x 102
58 172.5 64.4 80.7 3.8 102
22 2566. 4 32.6 39.9 1.3x 103
950 30 431.5 46. 1 59.6 1.3%x10°%2
40 110.4 56.4 75.17 1.1x 107!

Table 10 Results of creep tests in air for Hastelloy XR sampled
from plate with 60mm in thickness.

Tine to Rupture Reduction Minimum
Temp. | Stress )
rupture| elocngation of area creep rate
(‘c)H (MPa) (h) (%) (%) (%/h)
38 2112.3 34.8 40. 17 1.8x10"3
900 47 325.4 h2.3 64,4 3.1x10"2
58 80.3 68. 7 78. 2 2. 8x 107!
22 2830. 3 32.2 38.1 1.7X10°3
950 30 387.6 58.1 68.6 5.4x10"2
40 116.3 62. 2 81.3 1.Z2x 197!
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Fig. 1 Crack plane orientation code for rectangular sections.
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Fig. 2 0.2% proof stress as a function of test temperature
for Hastelloy XR sampled from plates.

The line indicates the yield stren§th values Sy of
the material strength standards(11) of Hastelloy XR.
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Fig. 3 Ultimate tensile strength as a function of test temperature
for Hastelloy XR sampled from plates.
The line indicates the tensile strength values Su of
the material strength standards(l1) of Hastelloy XR.

Ultimate tensile strength (MPa)
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3000 3000 7000

Time (h)
Creep curve for Hastelloy XR sampled from plate with 15mm
in thickness obtained in simulated HTGR helium gas at 850°C

under a stress of 55MPa.
The cross indicates the rupture point.
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Fig. 5 Creep curve for Hastelloy XR sampled from plate with 15mm

in thickness obtained in simulated HTGR helium gas at 850°C
under a stress of 65MPa.
The cross indicates the rupture point.
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HTGR helium g
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Time (h)

Creep curve for Hastelloy XR sampled from plate with 15mm
in thickness obtained in simulated HTGR helium gas at 900°C
under a stress of 38MPa,

The cross indicates the rupture point.
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Hastelloy XR, Plate(t 15mm) "
900°C, 45MPa S
HTGR helium . I

L | | | | !
200 400 600 800 1000 1200
Time (h)
Creep curve for Hastelloy XR sampled from plate with 15mm
in thickness obtained in simulated HTGR helium gas at 900°C

under a stress of 45MPa.
The cross indicates the rupture point.
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| Hastelloy XR, Plate(t 15mm) )
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5 : 1 1 H 1 i 1 i
® T000 2000
Time (h)

Fig. 8 Creep curve for Hastelloy XR sampled from plate with 15mm
in thickness obtained in simulated HTGR helium gas at 950°C
under a stress of 23.7MPa.

The cross indicates the rupture point.
50 [ i | 1 !
" Hastelloy XR, Plate(t 15mm) ]
~ 40 950°C, 31.5MPa .
S [ HTGR helium o
g 30r ] .
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b B O
. 20f . _
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- 0 oo 00 P ] | ] ]
0() 100 200 300 400 500 600
Time (h)
Fig. 9 Creep curve for Hastelloy XR sampled from plate with 15mm

in thickness obtained in simulated HTGR helium gas at 950°C
under a stress of 31.5MPa.
The cross indicates the rupture point.
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Hastelloy XR, Plate(t 15mm) : ]
1000°C, 14.3MPa o }
HTGR helium 2
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T000 3000
Time (h)

Creep curve for Hastelloy XR sampled from plate with 15mm
in thickness obtained in simulated HTGR helium gas at 1000°C
under a stressg of 14.3MPa.

The cross indicates the rupture point.

| 1 [ | { 1 | | |
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1000°C, 20MPa
o HTGR helium .
()_- O(3C)o -
wmmmﬂmﬂﬂpooioo ] ] I [ |
% 300 400 600 800 1000

L1

Time (h)

Creep curve for Hastelloy XR sampled from plate with 15mm

in thickness obtained in simulated HTGR helium gas at 1000°C
under a stress of 20MPa.

The cross indicates the rupture point.
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Creep curves for Hastelloy XR sampled from plate with 15mm

in thickness obtained in air at 900°C.
The crosses indicate the rupture points.
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Fig. 13 Creep curves for Hastelloy XR sampled from plate with 15mm

in thickness obtained in air at 950°C.
The crosses indicate the rupture points.
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Fig. 14 Creep curves for Hastelloy XR sampled from plate with 60mm
in thickness obtained in air at 900°C.
The crosses indicate the rupture points.
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Fig. 15 Creep curves for Hastelloy XR sampled from plate with 60mm
in thickness obtained in air at 950°C.
The crosses indicate the rupture points.
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Photo. 2 Microstructures of Hastelloy XR plate with 60mm in thickness.
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Photo. 10 Microstructures of Hastelloy XR sampled from plate with 15mm

ium gas

in simulated HTGR hel

thickness ruptured
at 950°C under a stress of 23.7MPa.

in

(cg=1842.3h)

{a) Fracture region (b) Surface region (c) Center reglon
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Table A.l Time versus creep strain obtained in simulated HTGR helium gas
at 850°C under a stress of 55MPa for Hastelloy XR sampled from
plate with 15mm in thickness.

. Creep . Creep . Creep . Creep
Time strain Tine strain Time strain Time strain
(h) (%) {h) (%) (h) (%) (h) (%)

0 0 729.0 2. 83 1833.0 7. 27 2961.0 17.97
1.0 0.17 753.0 2.90 1857. 0 7. 40 2985. 0 18. 40
2.0 0.23 777.0 2.96 || 1881.0 7. 50 3009. 0 18. 87
6.0 0.30 801.0 3. 06 1805.0 7. 68 3033. 0 19.29
10.0 0.39 825. 0 3.16 1929.0 7.83 3057.0 18.83

24.0 0. 53 849.0 3. 20 1953.0 7. 89 3081.0 20.43

43.0 0.67 921. 0 3. 44 1977.0 8. 08 3105.0 20. 79

52.0 0.69 945.0 3.51 2001.0 8. 27 3128.0 21. 39

67.0 0.73 969.0 3.59 2025.0 8. 47 3153.0 22.13

76.0 0.79 993.C 3.66 2049. 0 8. 64 3177.0 22.92

91.0 0.85 1017.0 3. 73 2073.0 8. 74 3201.0 23.82

99.0 0. 87 1041.0 3.81 2121.0 9.03 3225.0 24,72

105.0 0.95 1065.0 3.90 2145.0 9.23 3249.0 25. 75

114.0 1.00 1089.0 3.99 2169.0 9.39 3273.0 26. 99

129. 0 .07 1113.0 4.08 2183.0 9. 56 3297.0 28.59

138.0 1.08 1137.0 4,17 2217.0 9. 66 3321. 0 31.81

153.0 1.15 1161.0 4.23 2265.0 9,99 3321. 6 35. 50

162. 0 1.17 1185.0 4, 33 2289.0 1. 33

177.0 1.21 1233.0 4. 49 2313.0 10. 51

186.0 1. 23 1257.0 4,61 2337.0 1G. 72

201. 0 1. 29 1281.0 4.70 2361.0 11,00

210.0 1.30 1305.0 4,73 2385.0 11,13

225.0 1.36 1328.0 4. 88 2409.0 11. 36

249.0 1. 41 1353.0 4,87 2433.0 11. 59

273.0 1.49 1377.0 5.07 2457.0 11. 83

297.0 1.56 1401.0 h. 11 2481.0 12. 08

321.0 1.63 1425.0 5. 43 2505. 0 12. 28

345.0 1.70 1449.0 5.31 2529. 0 12. 40

369. 0 1.77 1473.0 b.42 2553.0 12. 63

383.0 1.84 1497.0 5. 57 2625.0 13. 27

417.0 1.91 1521.0 5. 67 2649. 0 13.66

441.0 1.97 1545.0 5. 77 2673.0 13. 95

465. 0 2.06 1569. 0 5. 83 2697.0 14. 23

489.0 2.10 1593.0 6. 01 2721.0 14. 39

513.0 2.17 1617.0 6.19 2745.0 14. 68

537.0 2. 23 1641.0 6. 26 2769.0 14,98

561. 0 2. 34 1665. 0 6. 39 2793. 9 15. 25

585. 0 2.40 1683.0 6. 50 Z817.0 15, 57

- 608.0 2. 47 1713.0 6. 60 2841.0 15. 97

633.0 2.56 1737.0 6. 77 2865. 0 16. 30

657.0 2.62 1761. 0 6. 87 2889.0 16. 76

681.0 2.70 1785.0 7.00 2913.0 17.13

705. 0 2. 71 1809.0 7.08 2937.0 17. 53
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Table A.2 Time versus creep strain obtained in simulated HTGR helium gas
at 850°C under a stress of 65MPa for Hastelloy XR sampled from
plate with 15mm in thickness.

. Creep . Cree . Creep . Creep
Tine strain Tine straig Time strain Time strain
(h) (%) (h) (%) {h) (%) {h) (%)

0 0 768.0 7.43
1.0 0.07 792.0 7.73
2.0 0. 10 816.0 8.03
5.5 0.07 840.5 8.50

24,0 0.25 864.0 8.73

33.0 0.38 888.0 9.30

48.0 0.53 912.0 9.80

57.0 0.67 936.0 10. 25

72. 0 0. 59 960.0 11.07

81.0 0.78 984.0 11.43

96. 0 0. 87 1008. 0 12. 20

105.0 0. 95 1032.0 12.83

120.0 1. 02 1056. 0 13.81

128. 0 1.08 1080.0 15.17

144.0 1.24 1104.0 17. 35

153.0 1.31 1112.0 19. 77

168.0 1.25 1112.3 23.10

177.0 1.41

192.0 1. 36

201.0 1.63
216.0 1.68
240.0 1. 88
264.0 2.00
288.0 2.41
312.0 2.59
336.0 2.85
360.0 2.90
384.0 3.12
408. 0 3.39
432.0 3. 83
456. 0 3,84
480.0 4,16
504.0 4.30
528. 0 4,54
552. 0 4,70
576.0 5. 03
600.0 | 5.29
624. 0 5.53

648. 0 5, 83

672.0 6. 22

6986, 0 6.40

720.0 7.13

744. 0 7.18
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Table A.3 Time versus creep strain obtained in simulated HTGR helium gas
at 900°C under a stress of 38MPa for Hastelloy XR sampled from
plate with 15mm in thickness.

Time | CT®eP || pige | Creer gy | Creep | og. | Creep
strain strain strain strain
(h) (%) (h) (%) {h) (%) (h) (%)
0 0 720. 0 1.73 1800.0 5. 17 2928.0 16. 66
0.5 0,16 744, 0 1.73 1824.0 5. 27 2952. 0 17. 21
1.0 0.22 768.0 1.78 1848.0 5. 30 2976. 0 17.561
Z.0 0.37 792.0 1.83 1872.0 5. 60 3000.0 18.10
4.0 0.27 816.0 1.90 1896. ¢ b T1 3024. 0 18. 50
8.0 0. 30 840.0 1.98 1920.0 5. 82 3048.0 19. 07
24.0 0. 47 864.0 2.02 1944. 0 6. 04 3072.0 19.62
33.0 0. 48 888.0 2.07 1968. 0 6. 17 3096.0 20. 34
48.0 0.56 912.0 2.20 1692.0 6. 28 3120.0 20. 94
57.0 0.50 936.0 2. 25 2016.0 6.42 3144.0 21.55
72.0 0.59 860.0 2.30 2040.0 6. b8 3168.0 22. 25
81.0 0. 61 984.0 2. 34 2064. 0 6. 74 3192.0 23. 11
96.0 0.63 1008.0 2.40 2088. 0 .91 3216.0 23.79
105, 0 0. 69 1032.0 2.50 2112.0 7.11 3240.0 24. 56
120, 0 0.71 1056.0 2.56 2136.0 7. 27 3264.0 25. 50
129.0 0.71 1128.0 2.80 2160.0 7.34 3288.0 26.53
144. 0 0.70 1152.0 2. 86 2184.0 7. 60 3312.0 27.63
153.0 0. 76 1176.0 2.92 2208.0 7. 80 3336. 0 29.07
168. 0 0. 79 1200.0 2.88 2232.0 8.05 3360.0 31.02
177.0 0.76 1224.0 2. 86 2256.0 B.724 3371.4 35. 17
192.0 0. 84 1248.0 2.91 2280.0 8. 46
201.0 0.94 1272.0 3.08 2328.0 8. 82
216.0 1.00 1296.0 3.23 2352.0 8. 83
240.0 1.03 1320.0 3. 33 2376.0 8.97
264.0 1.08 1344.0 3.43 2400.0 9. 27
288.0 1.17 1368.0 351 2424.0 9. 27
312.0 1.20 1382.0 3.46 2472.0 10.08
336.0 1.00 1416.0 3.51 2496, 0 10, 37
360.0 1.07 1440. 0 3.59 2520.0 10. 63
384. 0 1.07 1464. 0 3.77 2544. 0 10. 95
408, 0 1.20 1438.0 3.88 2568. 0 11, 28
432.0 1.29 1512.0 3.97 2592.0 11.58
456, 0 1.34 1536.0 4.11 2616.0 11. 90
480.0 1.40 1560. 0 4. 17 2640.0 12. 21
504. 0 1.31 1584. 0 4, 28 2664.0 12. 57
528.0 1.32 1608.0 4,37 2688. 0 12. 91
552.0 1.41 1632.0 4,47 2712.0 13.24
576.0 1.49 1656. 0 4,59 2736.0 13.50
- 600. 0 1.60 1680.0 4.71 2760, 0 13. 86
624. 0 1. 64 1704. 0 4, 87 2832.0 15.01
648. 0 1.70 1728.0 4,99 2856.0 15, 47
672. 0 1. 87 1752.0 511 2880.0 15.81
696. 0 1. 67 1776.0 5.13 2904.0 16. 17

J— 47 —
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Table A.4 Time versus creep strain obtained in simulated HIGR helium gas
at 900°C under a stress of 45MPa for Hastelloy XR sampled from
plate with 15mm In thickness.

Time Creep Time treep Tine Creep Tine Creep
strain strain strain strain
(h) (%) (h) (%) (h) (%) (h) (%)
0 0 768.0 12.65
0.5 0.33 792.0 13. 41
L0 0. 38 816.0 14,27
2.0 0.48 840.0 15,17
4.0 0.54 912.0 18. 40
8.0 0.63 936.0 19.63
4.0 0.83 960. 0 21, 34
33.0 0.90 984.0 22.97
48.0 1.07 1008.0 25.43
57.0 I.11 1032.0 28.29
72.0 1.23 1056. 0 32.59
8L. 0 1.31 1080.0 41.15
96. 0 1.39 1081. 3 46. 33
105.0 1. 47
120. 0 1.586
129. 0 1.64
144.0 77
153.0 1. 87
168. 0 2.02
177.0 2.07
192.0 .23
201. 0 2. 30
216.0 2. 43
240.0 2. 63
264. 0 2.92
288.0 3. 23
312. 0 3.57
336.0 3.88
360. 0 4.30
408. 0 4.93
432.9 5. 20
456. 0 5. 60
480.0 5.99
504. 0 6. 49
552. 0 7.39
576, 0 7.90
600. 0 8. 44
624.0 8.97
648. 0 9.43
672.0 10. 05
696. 0 10.67
720.0 11. 39
744.0 11. 89
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Table A.5 Time versus creep strain obtained in simulated HTGR helium gas
at 950°C under a stress of 23.7MPa for Hastelloy XR sampled from
plate with l5mm in thickness.

. Creep . Cree . Creep . Cree
Time strain Time straiﬁ Time strain Time straiﬁ
(h) (%) (h} (%) (h) (%) {h) (%)

0 0 768.0 3.93 1800.0 17,17
0.5 0.20 792.0 4,07 1824.0 18. 03
1.0 0.27 816.0 4,22 1842. 3 22. 17
2.0 0.32 840.0 4. 40
4,0 0.39 864.0 4,57

6.0 0. 47 888.0 4.75

24. 0 0. 67 912.0 4,95

33.0 0.74 936.0 5. 14

48.0 0. 83 960.0 5,27

57.0 0,91 984.0 5. 57

72.0 1.00 1008.0 5. 83

B1. 0 1.03 1032.0 5. 97

96. 0 1. 16 1056. 0 6. 16

105. 0 1. 17 1080.0 6. 38

120.0 1.19 1104.0 6. 60

129.0 1.17 1128.0 .83

144.0 1. 23 1152.0 7.04

153.0 1. 27 1176.9 7.28

168. 0 1.35 1200.0 7.49

177. 0 1. 48 1224.0 7.73

192.0 1.53 1248.0 8.03

201.0 1.54 1272.0 8.29

216. 0 1.62 1296.0 8,56

240. 0 1.70 1320.0 8. 83

264. 0 1.73 1344.0 9.17

288. 0 1.84 1368.0 9.48
312.0 1.90 1392.0 9.62
336.0 1.99 1416.0 9. 84

360.0 2. 06 1440. 0 10. 33

384.0 2.13 1464, 0 10. 83
408.0 2.21 1488.0 11. 20
432.0 2.32 1512.0 11.54

456. 0 2. 38 1536.0 11.91

480.0 2. 49 1560.0 12. 27

504.0 2.56 1584.0 12. 67

528.0 2. 66 1608.0 13. 07

552.0 2. 74 1632.0 13. 49

576.0 2,84 1656.0 13.93

600. 0 2.99 1680.0 14. 38

672.0 3. 36 1704.0 14, 80

696. 0 3. 51 1728.0 15. 37

720.0 3.6 1752.0 15.97

744. 0 3. 75 1776.0 16. 57
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Table A.6 Time versus creep strain obtained in simulated HTGR helium gas
at 950°C under a stress of 31.5MPa for Hastelloy XR sampled from
plate with 15mm in thickness.

. Creep . Cree . Cree . Cree
Time strain Time straig Tine straig Time straiﬁ
(h) (%) (h) (%) (h) (%) {h) (%)

0 0 ’
0.5 0.19
1.0 0.21
2.0 0.6
4,0 0.37
8.0 Q.37

24.0 0.50

33.0 0.70

48.0 0.71

57.0 0.91

72.0 0.89

81.0 1.17

86.0 1. 50

105. 0 1.76

120.0 2.13

129. 0 2. 57

144.0 3.23

1683.0 3. 47

168. 0 4, 24

177.0 4,68

192. 0 5. 27

201.0 5.88

216.0 6. 47

240.0 7.78

288.0 10. 43

312.0 11.36

336. 0 12.70

360.0 14. 03

384.0 15. 81

432.0 19.63

456. 0 22.01

480. 0 23. 85

504.0 27.76

528.0 31.81

537.6 41. 67
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Table A.7 Time versus creep strain obtained in simulated HTGR helium gas
at 1000°C under a stress of 14.3MPa for Hastelloy XR sampled from
plate with 15mm in thickness.

Time Cregp Time Cregp Time Cregp Time Cregp
sirain strain strain strain
(h) (%) (h) (%) (h) (%) (h) (%)
0 0 §16.0 6.13
0.5 0.10 840.0 6. 30
1.0 0.26 864. 0 6. 47
2.0 0. 33 888.0 6. 78
4.0 0.43 912.0 7.23
8.0 0.61 936. 0 7.79
24.0 0. 87 960.0 8.08
33.0 0. 99 984.0 8.53
48.0 1,10 1008. 0 8. 69
57.0 1. 22 1032.0 8.92
72.0 1. 28 1056.0 9.23
81.0 1.27 1080.0 9.53
96. 0 1. 40 1104.0 9.90
105. 0 1. 43 1128.0 10. 50
120. 0 1.49 1152.0 10. %4
128. 0 1,57 1176.0 11. 24
144.0 1.60 1200. 0 11.81
153.0 1.57 1224.0 12.17
201.0 1. 86 1248. 0 12.58
216.0 1.99 1272.0 13.07
240. 0 2.07 1296.0 13.67
264.0 2.11 1320. 0 14. 30
288.0 2.24 1344. 0 14.93
312. 0 2.30 1368.0 15.29
336.0 2.38 1416. 0 16. 31
360. 0 2.50 1440.0 17.07
384. 0 2.63 1464. 0 17.73
408.0 2.79 1488.0 18. 39
432.0 2.93 1512.0 19.03
456. 0 3. 10 1560.0 20.50
480.0 3. 19 1584.0 21.73
528. 0 3. 57 1608. 0 22. 57
552.0 3.73 1632.0 23.57
576.0 3. 86 1656.0 24.73
600. 0 4.07 1680.0 25.90
624. 0 4,27 1704. 0 27.42
648. 0 4. 49 1728.0 29.09
672. 0 4.66 1752.0 31.07
696. 0 4. 86 1776.0 33. 37
720.0 5.08 1798. 7 37.33
744, 0 5. 25
768. 0 5.58
792.0 5.73
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Table A.8 Time versus creep strain obtained in simulated HTGR helium gas
at 1000°C under a stress of 20MPa for Hastelloy XR sampled from
plate with 15mm in thickness.

Time | CFeP | pige | Creep gy | Creep gy ) Creep
strain strain strain strain
{h) (%) {h) (%) (h) (%) (h) (%)
0 0 720. 0 24. 37
0.5 0.07 744.0 27, 31
1.0 0.18 768.0 31.97
2.0 0.33 774.0 34. 40
4.0 0.37 776. 1 51. 67
8.0 0.43 -
24.0 0.44
33.0 0.62
48.0 0. 65
57.0 0.69
72.0 0. 67
81.0 0. 93
96. 0 1.04
105.0 1.05
120.0 1.31
129.0 1. 48
144. 0 1.57
153. 0 1. 65
168. 0 1. 90
177.0 1.97
192.0 2.19
201.0 2.33
216. 0 2.50
240. 0 3. 22
264. 0 3.67
288.0 4,23
312.0 4.95
336. 0 5.39
360. 0 8. 06
384.0 6. 87
408.0 7.70
432. 0 8. 47
456. 0 9.16
480. C 9.99
504. C 10. 83
528. 0 11. 87
552. 0 13.10
576.0 14.C4
600. 0 15.61
624. 0 16. 90
648. 0 18. 48
672.0 20.09
696. 0 21.89
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Table A.9 Time versus creep strain obtained in air
at 900°C under a stress of 38MPa for
Hastelloy XR sampled from plate with
15mm in thickness.

Time Cregp
strain
(h) (%)
0 0
23.9 0.06
47.9 0.08
64. 3 0.14
88.3 (.25
106.0 0.26
145.8 .27
210.7 0.43
299.6 0.55
389. 1 0.69
454, 9 0,82
h44. 4 1.02
680.7 1.40
768.7 1.69
881.6 2. 05
892.9 2. 33
1175.8 3.05
1296. 2 3.56
1482.5 4.74
1666. 9 .43
1877. 2 8. 43

2032. 8 10. 95
2193.7 14. 17
2383.0 20.71
2567. 4 40. 93
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Table A,10 Time versus creep strain obtained in air
at 900°C under a stress of 47MPa for
Hastelloy XR sampled from plate with
15mm in thickness.

Tipe | CFeeP
strain
(h) (%)

0 0
23.9 0.11
41.0 0.26
b7. 4 0. 40
81.3 0.69
93.0 0. 94
139.0 1. 20

203.8 2. 36
292. 1 4,49
377.6 6. 77
443. 4 9,05
533.0 13.75
657. 8 38. 49

. 54 —
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Table A.11 Time versus creep strain obtained in air
at 900°C under a stress of 58MPa for
Hasteiloy ¥R sampled from plate with
15mm in thickness.

Time Cree:p
strain
{h) (%)

0 0
24,0 0.92
48.0 3.16
64.1 4,93
88. 3 8.23
106.0 11. 24
146.0 22.39
172.5 b4, 44
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Table A.12 Time versus creep strain ohtained inm air
at 950°C under a stress of 22MPa for
Hastelley XR sampled from plate with
15mm in thickness.

Time Cregp
strain
(h) (%)

0 0
20.0 1 0.04
44.0 0.07
60.5 0. 11
84.5 0.12

102.1 f.22
142.0 0.30
206.8 0.41
295. 8 0. 65
385.2 0.91
451.0 1.18
533.1 1. 48
668.5 2.18
632.5 2. 36
830.2 2. 97
942.5 3.57
1124. 4 4,57
1262. 9 5. 49
14310 6.71
1615.4 8.21
1825. 7 - 8.61
1933.0 9. 92

2014.2 11.00
2104. 2 12. 35
2440. 2 19. 80
2566. 4 32. 63




JAERI-M 93—209

Table A.13 Time versus creep strain cobtained in air
at 950°C under a stress of 30MPa for
Hastelloy XR sampled from plate with
15mm in thickness.

Time Cregp
strain
(h) (%)
0 0
18.9 0.03
44.0 0.34
60. 4 0.70
84.4 1.41
102.1 2.04
142.0 3.59
206. 8 6.45
295.7 11. 50
385. 2 21.43
431.5 48, 06

i57 e
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Table A.l4 Time versus creep strain obtained In air
at 950°C under a stress of 40MPa for
Hastelloy XR sampled from plate with
15mm in thickness.

Time Cregp
strain
{h) (%)

0 0
19.9 0.24
44,0 ;. 4. 54
£0.4 8.74
B4.4 17.06

100.1 28.74
i10.4 B6. 44
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Table A.15 Time versus creep strain obtained in air
at 900°C under a stress of 38MPa for
Hastelloy XR sampled from plate with
60mm in thickness.

Time Cregp
strain

(h) (%)

0 0
23.7 0,09
39.2 0.12
56.7 0.15
74.0 0.22
100.0 0.31
141.7 0.52
230. 4 0.89
270. 8 1. 08
342. 8 1. 47
429.6 1. 93
542.5 2.53
654.1 3.11
816. 1 4.01
880.4 4.56
922. 1 4,92
1026. 8 5.74
1205. 2 7.16
1360. 5 8. 87
1584.9 12.17
1809.0 16.03
1991.9 21.54

2112.3 34,77
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Table A.l6 Time versus creep strain obtained in air
at 900°C under a stress of 47MPa for
Hastelloy XR sampled from plate with
60mm in thickness.

Time Cregp
strain

(h) (%)

Q- 0
23.7 0.73
39.2 2.05
06. 7 3.23
74.0 4.56
100. 0 6.52
141. 7 9,48
230.4 16. 96
270.7 22.98
325, 4 52.31
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Table A.l7 Time versus creep strain obtained in air
at 900°C under a stress of 58MPa for
Hastelloy XR sampled from plate with
60mm in thickness.

Tipe | Creep
strain
(h) (%)

] a
23.7 6. 52
39.2 11. 70
56. 7 19. 22
74,0 35,08
80.3 68. 68
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Table A.18 Time versus creep strain obtained in air
at 950°C under a stress of 22MPa for
Bastelloy XR sampled from plate with
60mm in thickness.

Creep
strain

(h) (%)

0
24.0
39.3
56. 8

Time

3
P~
L]

100.
141.
230.
270.
343.
429.
542.
654.
816.
836.
860.
876.
960.
958.
1023.
1111
1201.
1267.
1349.
1485.
1508.
1646.
1758.
1940.
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10.02
10. 93
12. 84
2079. 14.52
2247. 16. 86
2431.5 20. 08
2641. 8 23. 67
2749. 1 24.78
2830.3 32.19
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Table A.19 Time versus creep strain obtained in air
at 950°C under a stress of 30MPa for
Hastelloy XR sampled from plate with
60mm in thickness.

Time Cregp
strain
(h) (%)

0 0
24.0 1.31
398.3 2. 16
56.8 3.09
74.0 4,07

100.1 5.63
141. 8 8.00
230, 6 14. G2
271.0 17.62
343.0 21,72
JB7.6 58. 05
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Table A.20 Time versus creep strain obtained in air
at 950°C under a stress of 40MPa for
Hastelloy XR sampled from plate with
60mm in thickness.

Time Cregp
strain
(h) (%)

] 0
24,0 2. 98
39.3 6. 62
56. 8 10. 24
74,0 14.78

100.1 26. 29
116.3 62. 17




