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Application of Strainrange Partitioning Method to Fatigue-Creep
Interaction in SUS 316 and 11/4Cr-1/2 Mo Steels

Synopsis:

- Koji YAMAGUCHI and Kenji Kanazawa

The effects of strain rate and strain wave shape on the fatigue life of SUS 316 and SCMV 3 (11/, Cr-
1/, Mo) steels have been investigated using several types of strain wave shapes such as triangular,
truncated and sawtooth wave shapes. The data have been analyzed by the strainrange partitioning
method proposed by MansoN, HaLForRD, and HIRSCHBERG. A new method has been proposed and
used for partitioning the inelastic strain range in applying the strainrange partitioning method. Four
component strain range versus life relationships have been obtained by both interaction -damage rule

and conventional damage rule.
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Table 1. Chemical compositions of SUS 316 and
11/, Cr-1/, Mo steels (wt. %).
316 steel
C Si | Mn P S Ni Cr | Mo
0.07| 053]1.66|0023|0008(10.73{16.75| 2.23
1%Cr%Mo steel
C Si | Mn P S Ni | Cr | Mo
0.10 10.56 | 0.54 {0,010]0008] — | 1.27 | 055
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Fig. 1. Low-cycle fatigue specimen. All dimentions
are in millimeters.
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Fig. 2. Various strain wave shapes used in this
study.
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Fig. 3. Plastic strain range versus life relationships
of SUS 316 steel at 600°C,
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Fig. 4. Plastic strain range versus life relationships
of SUS 316 steel at 700°C.
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Fig. 5. Plastic strain range versus life relationships
of 11/, Cr-1/, Mo steel at 600°C.
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Fig. 6. Life versus time for one cycle relationships
of SUS 316 steel at 600°C.
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Fig. 7. Methods of partitioning the inelastic strain
range for the case of a triangular wave
shape.
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Fig. 10. Comparision between the methods of Fig.
7(a) and Fig. 7(c) for the tests of tri-
angular wave shape with a strain rate of
6.7x10-5/s at 700°C.
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Table 2. Test results and partitioned strain ranges.

Temgerature Str(?fl l)rate H(o :ﬁi Sme dey  dep  Np | depp dece decp depe
¢C) Tension Compression | Tension Compression (70) (%) (%) (%) (%) (%)
316 steel

6.7x10-3  6.7x10-3 0 0 2.00 1.39 481 1.39 0 0 0
6.7x10-3  6.7x10-3 0 0 1.01 0.54 2169 | 0.54 0 0 0
6.7x10-5 6.7x10-5 0 0 2.04 1.49 162 | -eeeer weivin i e
6.7x10-5 6.7x10-5 0 0 1.02 0.53 1318 | «eoevv vevvin s e
6.7x10-3  6.7x10-3 5 5 1.97 1.55 317 | 1.47 0.08 0 0
6.7x10-3  6.7x10-3 5 5 1.03 0.68 1469 | 0.63 0.05 0: 0

600 6.7x10-3  6.7x10-3 5 0 2.04 1.57 171 |1.50 0 0.07 0
6.7x10-3  6.7x10-3 5 0 0.99 0.58 984 | 0.54 0 0.04 0
6.7x10-3 6.7x10-3 60 0 2.04 1.62 106 1.52 0 0.10 0
6.7x10-3  6.7x10-3 60 0 1.04 0.64 629 0.58 0 0.06 0
6.7x10-3  6.7x%10-5 0 0 2.04 1.44 384 | cveeee cier eeeeen eenen
6.7x10-3 6.7x10-5 0 0 0.99 0.52 1954 | --oee weinin e
6.7%10-5 6.7%x10-3 0 0 2.03 1.45 ) 1 [ R
6.7%10-5 6.7%10-3 0 0 0.99 0.55 641 | coveer vvveer e e
6.7x10-3  6.7x10-3 0 0 1.96 1.53 351 | 1.53 0 0 0
6.7x10-3  6.7x10-3 0 0 1.01 0.65 1658 | 0.65 0 0 0
6.7x10-5 6.7x10-% 0 0 2,05 1.71 307 |0.32 1.39 0 0
6.7x10-5 6.7x10-5 0 0 1.03 0.72 1402 | 0.23 0.49 0 0
6.7x10-3 6.7x10-3 5 5 2.03 1.81 275|1.72 0.09 0 0
6.7x10-3  6.7x10-3 5 5 1.02 0.84 1114 ]0.78 0.06 0 0

700 6.7x10-3  6.7x10-3 5 0 2.00 1.73 233 |1.59 0 0.14 o0
6.7x10-3 6.7x10-3 5 0 1.00 0.76 926 | 0.69 0 0.07 0
6.7x10-3  6.7x10-3 60 0 2.00 1.77 203 | 1.61 0 0.16 0
6.7x10-3  6.7x10-3 60 0 1.00 0.77 674 | 0.67 0 0.10 o0
6.7x10-3  6.7x10-5 0 0 2.03 1.66 279 0.62 0 0 1.04
6.7x10-3  6.7x10-5 0 0 1.00 0.68 1233 | 0.42 0 0 0.26
6.7x10-5 6.7x10-3 0 0 2.05 1.69 99 | 0.58 0 1.11 0
6.7x10-5 6.7x10-3 0 0 1.01 0.71 566 | 0.37 0 0.34 0

11/, Cr-1/, Mo steel

6.7x10-3 6.7x10-3 0 0 2.01 1.69 566 | 1.69 0 0 0
6.7x10-3  6.7x10-3 0 0 0.98 0.69 1633 | 0.69 0 0 0
6.7x10-5 6.7x10-5 0 0 2.08 1.82 399|0.25 1.57 0 0
6.7x10-5 6.7x10-5 0 0 0.98 0.73 1146 1 0.13 0.60 O 0
6.7x10-3  6.7x10-3 5 0 2.05 1.82 349|(1.69 0 0.13 0

600 6.7x10-3 6.7x10-3 5 0 0.95 0.85 8160.78 0 0.07 0
6.7x10-3  6.7x10-3 60 0 2.03 1.87 215 1.71 0 0.16 0
6.7x10~3  6.7x10-3 60 0 099 0.83 440|0.70 O 0.13 0
6.7x10-3 6.7x10-5 0 0 2.00 1.72 448 |0.68 O 0 1.04
6.7x10-3  6.7x10-5 0 0 1.00 0.76 1184 | 0.31 0 0 0.45
6.7x10-5 6.7x10-3 0 0 204 1.76 211|052 0 1.24 0
6.7x10-5 6.7x10-3 0 0 1.00 0.74 805 | 0.43 0 0.41 0

dey is total strain range.

de, is plastic strain range and is equal to inelastic strain range (de;).
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Fig. 12. Cyclic stress-strain curves of triangular
wave shapes of 11/, Cr-1/, Mo steel.
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Fig. 13. Component strain range versus life relation-
ships of SUS 316 steel at 600°C obtained
by the interaction damage rule.
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Fig. 14. Component strain range versus life rela—
tionships of SUS 316 steel at 700°C ob-
tained by the interaction damage rule.
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Fig. 15. Component strain range versus life rela-
tionships of 11/, Cr-1/, Mo steel at 600°C
obtained by the interaction damage rule.
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Fig. 16. Component strain range versus life rela-
tionships of SUS 316 steel at 600°C obtained
by the conventional damage rule.
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Fig. 17. Component strain range versus life rela-
tionships of SUS 316 steel at 700°C obtained
by the conventional damage rule.
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Fig. 18. Component strain range versus life rela-
tionships of 11/, Cr-1/, Mo steel at 600°C
obtained by the conventional damage rule.
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Fig. 19. Component strain range versus life relation-
ships of SUS 316 steel at 705°C presented
by SaLtsMAN and HALFORDSD.
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Fig. 20. Component strain range versus life rela-
tionships of 21/, Cr-1 Mo steel at 595°C
presented by MansoN, HALFORD, and Hirs-
chberg?.
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