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Comparison between the Time Fraction Rule and the Ductility
Exhaustion Method for the Creep-Fatigue Tests of SUS304 Steel

Toshirou Hidaka®', Hideki Ishiyama®', Hisayuki Yamaura®?,

and Kiyokazu Kobatake'?

For the designing and the life prediction of the elevated temperature components, it
needs not only the materials data and the stress analysis techniques, but also the evalua-
tion criteria of the stractural integrity. Creep-fatigue tests are carried out at the con-
stant temperature of 600°C using SUS304 stainless steel specimens. The time fraction rule
and the ductility exhaustion method are applied to the obtained data and compared with

each other for the life prediction.
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Fig. 1. Test specimen configuration

Tablel. Chemical compositions of SUS3M

(JIS G 4308-1931)

C Si Mn P S Ni Ccr

<200 <0045 <0.030 B.00~10.50 18.00~20.00

Fig. 2. Appearance of test section
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Table2. Creep-fatigue test data and the reference data

No Strain(%) Temp(C) N¢(cycle)  ong /2 MPa) € tu(sec)
1 0.7 600 2035 1572 0.0089 600
2 0.7 600 2056 176.65 0.0153 600
3 0.5 600 927 264.93 0.0103 600
4 0.5 600 523 246.46 0.019 600
5 0.29 600 1357 133.98 0.0067 600
6 0.29 600 7318 82.59 0.0176 600
7 0.7 600 160 - - 0
8 0.5 600 1036 - - 0
9 0.5 600 1129 - - 0
10 0.25 600 5036 - - 0
11 0.25 600 10000 - - 0

Ref.data! 1.02 600 M8 260 0.003 360
" 0.73 600 679 255 0.0017 360
” 0.5 600 1900 232 0.0011 360
“ 0.4 600 2080 219 0.0008 360
” 0.3 600 4070 180 0.0004 360
" 0.26 600 10100 177 0.0003 360
” 1.01 600 190 249 0.0031 3600
” 0.75 600 584 227 0.0018 3600
” 0.5 600 803 222 0.001 3600
" 0.38 600 1650 191 0.0004 3600
" 0.98 600 500 - - 0
" 0.72 600 579 - - 0
” 0.47 600 2420 - - 0
” 0.31 600 6690 - - 0
” 0.2 600 26500 - - 0
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Fig. 3. Strain vs rupture plots for SUS3M at 600°C
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Fig. 6, Creep-fatigue damage evaluation procedures
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Tabled. Evaluation by the time fraction rule

No Strain(%) Temp(C) tu(sec) Dy Det Dy+Dgy
1 0.29 600 600 20.54 0.219 20.759
2 0.29 600 600 111.23 0.0308 111.261
3 0.5 €00 600 46.35 21.64 67.99
4 0.5 600 600 26.15 3.58 29.73
5 0.7 600 600 117.16 0.678 117.838
6 0.7 600 600 118.36 1.011 119.371

Ref.data" 1.02 600 360 10.3 5.12 15.42
“ 0.73 600 360 7.46 7.26 14.72
” 0.5 600 360 11.6 6.65 18.25
# 0.4 600 360 6.64 6.97 13.61
” 0.3 600 360 7.4 2.85 10.25
” 0.26 600 360 12.2 6.17 18.37
” 1.01 600 3600 4.9 19.59 24.49
” 0.75 600 3600 8.98 2 10.98
” 0.5 600 3600 4.9 2.1 7.61
” 0.38 600 3600 2.68 1.65 4.33

Table4. Evaluation by the ductility exhaustion method

No Strain(%)  Temp(‘C) th(sec) D¢ D, Dy+D,
1 0.29 600 600 20.54 7.626 28.166
2 0.29 600 600 111.23 155.18 266.41
3 0.5 €00 600 46.35 7.626 53.976
4 0.5 600 600 26.15 8.053 34.203
5 0.7 €00 600 117.16 16.6 133.76
6 0.7 600 600 118.36 29.32 147.68

Ref.data®) 1.02 600 360 10.3 4.37 14.67
# 0.73 600 360 7.46 5.76 13.22
” 0.5 600 360 11.6 11.45 23.05
“ 0.4 600 360 6.64 9.4 16.04
” 0.3 600 360 7.4 14.2 21.6
# 0.26 600 360 12.2 43.33 55.53
” 1.01 600 3600 4.9 2.42 7.32
” 0.75 600 3600 8.98 5.33 14.31
o 0.5 600 3600 49 4.4 3.3
" 0.38 600 3600 2.68 7.21 9.89
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