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Abstract : This paper is concerned with the stochastic nature of elevated temperature tensile strength and creep
rupture time in 18Cr-8Ni stainless steels, The Weibull statistical analysis using the NRIM data sheet has been
performed to investigate the effects of variability of the elevated temperature tensile strength and creep rupture

time on the testing temperature. From those investigations, the distributions of temperature tensile strength and

creep rupture time were well followed in 2-parameter Weibull. The shape parameter and scale parameter for the

Weibull distribution of tensile strength were decreased with increasing the testing temperature. For the creep

rupture time, generally, the shape parameter were decreased with increasing the testing temperature,
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21 ME 3 AEH
2 A7 e AgE AP e 2y
ot € w87 KB Fol ALEHE 18Cr-8NiAl 2H|
A2 27 SUS 304 HTBUJIS 2)olH, A5
AEA A FAS 1 33 HBEE Table 13
Table 29] Z+2t Yetdth Fig. 12 1& UFA
3 A= AN A" AddHe 4w
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Table 1 Details of 18Cr-8Ni stainless steel tubes
NRIM | Type of | Deoxidation | Dimensions | Processing and | Austenite
ref. |melting | process (mm)  |thermal history grain size
ABA | Basic 508 op+| % deXtr;;de 59
ABB | Electric | Sikilled | 8 WI* a‘éra‘i;'n 50
ABC | Arc 5000 L 1130C WQ 51
ABD | Basic 508 op | o dexn';‘;e 47
ABE | Hectric | Si-killed | 8 WT dmjv“n SC(;ution 51
ABF | Arc 5000 L weated 62
Rotary pierced
ABL | Basic 508 OD and cold 49
ABM | Electric | Si-killed 8 WT drawn 5.0
ABN Arc 5000 L 1070C /10min 48
WwWQ

* 5 OD ! outside diameter
=, WT . wall thickness
=0k [, 1 length

Table 2 The Chemical composition of 18Cr-8Ni
stainless steel tubes (wt.%)

rof C | S |Mn; P S I Ni |G Mo Cu | Ti

ABA 10062 0.62 | 1.56 10.025|0.013]10.69|18.70| 047 | 0.17 {0.040
ABB |0.054| 041 | 1.52 10.031|0.020/10.15{18.341 0.36 | 0.19 |0.064
ABC [0.0561 040 | 1.52 10.030|0.016110.10{18.50| 0.36 | 0.16 {0.054
ABD | 007 | 0.52 | 1.49 10.023|0.006| 9.68 |18.70 0.06 | 0.06 |0.006
ABE | 0.07 | 0.55 | 146 10.023|0.006| 957 |18.95| 0.04 | 0.07 |0.062
ABF | 0.08 | 0.62 | 1.34 10.021|0.006] 9.80 [18.25} 0.06 | 0.05 {0.020
ABL | 007 | 058 | 147 10.022|0.013| 9.80 |1816; 0.05 | 0.14 {0.031
ABM | 0.09 1 061 | 156 10.02210.014{1027{1824} 032 | 0.16 {0.036
ABN | 0.07 | 0.60 | 1.58 10.022|0.012{10.26|18.18| 0.31 | 0.12 {0.040

T
,Z\i/
o

e

Fig. 1 Shape and dimension of test specimen

Table 3 Matrix of tensile testing data used in this

analysis
NRIM Test temperature (T)
ref. | Temp. 600 650 700 0 Remarks

ABA 400 320 260 230 3
ABB 380 330 260 220 (each
ABC 380 330 270 200 temp.)
ABD | Tensile 330 320 260 210 3
ABE | strength| 380 300 270 190 {each
ABF | (MPa) 420 340 230 230 temp.)
ABL 400 340 260 220 3
ABM 400 350 230 240 {each
ABN 400 360 300 240 temp.)
Total 9 9 9 9 9 45
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Table 4 Matrix of creep rupture data used in this

analysis
Test ture (600C)
— est temperature

f. ess
Te! (MPa) 220 200 180 160 Remarks
ABA 730.1 17177 | 56368 | 154196 3
ABB 2190 502.8 15687 | 5151.0 (each
ABC 216.0 5632 15384 | 46765 temp.)
ABD | Rupture | 2540 6299 13660 | 34937 3
ABE | time 478.0 905 22188 | 5508.1 (each
ABF | (hour) | 1039.3 | 21308 | 45826 | 104073 | temp.)
ABL 21186 | 97469 | 391815 | 59734.0 3
ABM 15458 | 6700.7 | 191719 | 486496 (each
ABN 15930 | 70622 | 209015 | 49317 | temp.)
Total 9 9 9 9 45
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A3z tste] 43 A#HE Table 50 e
ATk Table 5ol Aol 93] 78 B39
HaA HeFAd 3 HA(mean), EEHA
(standard deviation, std), ®-5A<(coefficient of
variation, COV)E 374 Yelio.
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& ® 600C
; A 650C
= B 700C
z v 750C A/
=
£ 100
- T[4 P
5.0 /
1.0
100.0 500.0

Tensile strength (MPa)
Fig. 2 Weibull plots of tensile strength

Table 5 The
tensile strength

estimated Weibull parameters for

NRIM | Test temperature (C)
ref. Parameter| 600 650 700 750
. a %2 | 208 | %67 | 138
nguu B | 3088 | 3402 | 261 | 289
S.
eq.(4) 392.7 3315 2705 2204
Al mean 393.3 3322 271.1 221.1
Arithmetic ™70 T 00 | 1787 | 1364 | 1768
Statistics
Cov 0.036 0.064 0.050 0.080
500 0.10
S Teosile Strength
Hl cov
= 400 0.08
[
£
-=
S 300 0.06
5
£
\n
2 200 0.04
5
=
100 0.02
0 0.00

600 650 700 750
Temperature

Fig. 3 Effects of tensile strength on temperature
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Fig. 4 Weibull plots of creep rupture time (6007C)

Table 6 The estimated Weibull parameters for creep
rupture time

NRIM Test temperature (600T)
ref. |  Stress (MPa) 2 | 20 | 180 | 160
A o | 130 | 1024 | 099 | 100
ng:fm B | 922 | 31283 | W64 | 211560
o | 9066 | 30917 | %0856 | 205266
Al mean | 9104 | 33371 | 10685.1 | 225079
Arithmetic |0 T oss | 35173 | 13117.0 | 230918

Statistics

cov | o7s | 1054 | 1227 | 1026

Table 7 The estimated Weibull parameters for creep

rupture time
NRIM Test temperature (650TC).

ref, Stress (MPa) 180 140 120 100
Q « | 142 | 1132 | 131 | 1700

W;’SH 6 | 1860 | 22485 | 63157 | 20274

Al eqld) | 1693 | 20456 | 57473 | 17962
| mean | 1738 | 23374 | 60336 | 180816
’;‘zaﬂ;‘;i? sid | 1341 | 22088 | 49986 | 116379
cov | 0771 | 09835 | 08285 | 06436

Table 8 The estimated Weibull parameters for creep

rupture time

NRIM Test temperature (700T)
ref. Stress (MPa} 140 100 0 70
. @ | 218 | 3157 | 2546 | 5819
W;’gﬂl B | 7500 | 10495 | 46603 | 12262
@ | 664 | 9BL9 | 41274 | 11320
AT mean | 6661 | o414 | 41214 | 114509
A;aﬂ;ziizc dd | B | 3148 | 13417 | 26331
cOvV | 04962 | 03344 | 0325 | 0.229

Table 9 The estimated Weibull parameters for creep

rupture time

NRIM Test temperature (750C)
ref. Stress (MPa) 80 54 48 3
_ a | 3157 | 385 | 3617
w;:@ B | 4319 | 60626 | 11967
(4 | 365 | 5471 | 1080 |
Al mean | 3870 | 56615 | 108021 | Tome
Arithmetic |7 306 | 20771 | 32254
Statistics
COV | 034% | 03735 | 0208
o T3 FEETY HEAL e FAd o3

B (mean), %W A (standard deviation, std) =

._59...
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