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Creep-Fatigue Life Prediction Based on a New Damage Rule
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Synopsis

prosmenne mae
This paper describes the details of a new creep-fatigue damage rule proposed by the authors after several years of
study. To construct a new damage rule, three kinds of tests have been conducted on heat-resistant steels . creep-fatigue
tests, creep-fatigue crack growth tests and two-step sequential creep-fatigue tests. The proposed damage rule can

evaluate the crack growth tendency and the strain history dependency of creep-fatigue life.
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Table 1 Definition of the four basic types of inelastic
strain range,Ae; (2, 7=p, ¢)
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Fig.2 Idealized hysteresis loops for the four basic types of
inelastic strain range
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Determination of parameters
Describing crack growth curves
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Fig.3 Study program for obtaining a new creep-fatigue damage rule which can estimate the strain history dependency
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(a)The crack growth curves under two
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(b)The creep-fatigue crack growth behavior and life
under High-Low test condition
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(c)The creep-fatigue crack growth behavior and life
under Low-High test condition
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Fig.6 Hypothesized creep-fatigue crack growth behavior and
life N, when the cycled strain condition is changed
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Fig.8

Crack growth behaviors in two-step sequential strainings when initial and final half crack length,a, and g, of

the first straining are different from those of the second one
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Fig.9 The u,/N, versus n,/N, diagrams in two-step sequential strainings shown in Fig.8
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Table 2 Summary of material parameters obtained until now which are needed in creep-fatigue life estimation
based on the proposed new damage rule

1 5. 4.
Mod.9Cr-IMo | cp | 0.454 | 1.45 | 11.6 |  3.69 9.1x102 | 3.64 | - — ~
(600°C) pc | 2.64 | 1.08 | 1.26 3.60 9.1x107* | 3.33 - - -
cc 284|115 | 1.1 ] 3.6 9.1x10 | 3.64 | - — ~
2YiCr-1Mo (550°C) | pp | 2.02 | 1.23 | 1.77 |  4.20 1.5x10% | 10.0 | N N N
700C | pp [0.643] 1.63 | 14.8 | 7.21 7.4x10°° | 10.0 |0.0044 | -2.14 | -5.14
SUS304

: 800°C pp -0.892 | -2.14
pp | 1.03 | 1.44 | 6.68 | 6.97 9.4x107 | 10.0 | N N N
SUS304 cp |0.444| 1.24 | 7.55 | 2.76 N N — — —
(700°C) pc | 2.33 | 113|107 2.79 N N — — -
cc | 3.04 | 1.02 [0.852] 2.65 N N — —~ -
SUS316LC(700°C) | pp |0.958 | 1.38 | 6.43 |  6.06 2.3x10 | 10.0 |0.0023 | -1.80 | 4.75

pp | 0.376 | 1.57 | 22.0 | 4.7 8.7x10% | 10.0
SUSSISLC (5007C) cp |0.565| 1.28 | 10.4 | 5.01 8.7x1072 | 13.0 [i:oo'oslsgwm Aewn

(=) : The value is assumed to be zero. (N) : The value is not yet obtained
Note : All data were obtained for round bar specimens of diameter d=10mm
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Fig.12 Comparison of the crack growth behaviors observed with replica method with those predicted by the proposed
damage rule in case of PP and CP tests conducted on 316LC at 700°C and 800°C in air
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Table 3 Conditions of IJ tests conducted for evaluation of the proposed damage rule’'s predictability for crack
growth behavior in smooth round bar specimen and the results predicted based on the proposed damage
rule
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Fig.13 Examples for crack initiation life evaluation by the
proposed new damage rule
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