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Creep Life Prediction of Elevated Temperature Materials
for Pressure Vessel by ISM
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Abstract : In this paper, friction welding optimization for 1Cr0.5Mo-STS304 {514 mm), AFE applications for
the weld quality evaluation and the applications of wvarious life prediction methods such as LMP
{(Larson-Miller Parameter) and ISM (initial strain method) were investigated : The creep behaviors of those
steels and the friction welded joints under static load were examined by ISM combined with LMP at 400,
500, 550 and 600T, and the relationship between these two kinds of phenomena was studied. The real-time
predicting equations of elevated-temperature creep life (rupture time) under any creep stress at any
elevated-temperature could be developed by LMP and LMP-ISM. It was confirmed that the life prediction
equations by LMP and LMP-ISM are effective only up to 102h and can not be used for long times of
103-106h, but by ISM it can be used for long times creep prediction of more than 104 h with most
reliability.
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Table 1 Chemical composition of materials (wt. %)
Tutls. < Si| Mm| P 3 MNi| Cr| WMo
Condn| 02y 100 L] 4| 4m - 1 O
STS3M| 8] 4B 180 4] 4B &8 B 4B

Table 2 Mechanical properties of materials

Tensile Yield Elﬂngﬂ—t Hardness Heat
Mitls. strength | strength |ion ireat.
of{lPa) | o {IPal |z{34) {Hg}
1CHEM 745 637 117 125 N
STH30 TS 560 26.1 235 R

N, T : 920C Normalizing — 620TC Tempering
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Fig. 1 5hape and dimension of creep specimen.
(ASTM E139 96) (unit © mm)
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Fig. 2 Relationship of tensile strength vs. tem
perature for 1Cr0.50Mo, $TS30M and welded
joints (1Cr0.5Mo STS304) at 20, 300, 400,
500 and 600 T.
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Fig. 3 Typical creep curves at 500 T.
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Table 3 Data by creep test of friction welded

joints (1Cr(05MVo STS3M and base metals

Temp. | Stress |Initial strain Szigedg f;ge R%%tgre
T b(MPa) & (%) £(%/h) 2, (h)
510 4,10 1.651 34
wo | 50 2.950 0535 78
480 1550 0.3 A0
4650 0420 (0.135 222
4590 3155 2452 6.1
480 2150 1.852 10
S0 1273 0.980 23.4
440 (.450 0.635 1005
30 3010 1075 2.2
600 340 1.285 0.681 0l
320 0.821 (0.471 17
310 (0420 0.305 31
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1Cr0.5Mo STS304 weld
400T;logo 0.045log e+ 2678 (R? 0.09) (1)
5007C;logo 0.055log e +2.664 (R? 0.09) ()
H00T logo 0.093loge+2521 (R 0.97) (D)
1Cr0.5Mo steel
4007T;logo 0.062log e +2.547 (R? 0.09) (4
550T logs 0.20Rlog&+2.458 (R 0.99) (5
600T logo 0.352loge+2.478 (R 0.99)  (8)
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Fig. 4 Relationship of creep stress versus initial
strain of friction welded joint 1Cr(0.5Mo
STS304 and base metal 1Cr0.5Mo  steel
at various elevated temperatures.
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Fig. 5 Relationship of rupture time versus initial
strain  of 1Cr0.5Mo 5TS304 weld and
1Cr0.5Mo steel at various elevated tem
peratures.
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1Cr0.5Mo STS304 weld -
400Csloga 2721 2.475%10ogt(R? 0.99)(16)
500 loga 2720 3.777<10ogt (R 0.99)(17)
600Tsloga 2.588 6.652x10logt(R? 0.99)(18)
1Cr0.5Mo steel -

40T logo 2.607
550TC logs 2.515
G00Cloga 2.420

1.464x 107 log t(R* 0.99)(19)
8.290x 10 log £-(R* 0.99)(20)
1.190%10 Mog t(R? 0.993(21)
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