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Probabilistic Fatigue Crack Growth Analysis under Random Loading
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ABSTRACT

The methodology of a simple probabilistic fatigue crack under random loading is proposed.

Using the crack closure concept, the crack opening stress is assumed to be constant during

random loading. The loading history was analyzed to determine the probability density functions,
probability distribution functions and other related parameters for the probabilistic fatigue crack
growth analysis, Fatigue crack growth using the exisiting available data was predicted by

the proposed probabilistic analysis and compared with experimental data.
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Table 1. Comparison of RMS Approach and Probabilistic Approach Lives.

Test Design Test Probab, App. RMS Approach

Case Limit Life, Cycles Life, Cycles Life, Cycles

Number Stress Reference 1 (Npre/Ntest) (Npre/Niest) @
M-81 20 ksi 11570 148292 (1.28) 246000 (2.13)
5 M-82 30 ksi 58585 61062 (1.04) 79000 (1.35
M-83 40 ksi 18612 24584 (1.32) 25359 (1. 36)
M-84 20 ksi 268908 419901 (1. 56) 395292 (L. 47)
6 M-85 30 ksi 95642 114751 (1. 20) 99368 (1.04)
M-86 40 ksi 36367 45901 (1. 26) 29789 (0.82)
M-90 20 ksi 218151 357645 (1.64) 430225 (1.97)
8 M-91 30 ksi 65627 97847 (1.49) 03473 (1.42)
M-92 40 ksi 22182 39043 (1. 76) 31446 (1.42)
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Fig.5 Load history of case 5 minimum stress
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Table 2. Crack Opening Stress
(Unit : % of Design Limit Stress)
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Fig.8 Load history of case 5 effective stress
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Table 3. Comparison of Fatigue Life Prediction for Failure

Test Test Life, Probabilistic Ap. Predicted Life by Analysis,
Case Cycles Life, Cycles Cycles : References 2~6
Number Ref 1 (Npre/Ntest) (Npre/Niest)
M-81 115700 148292 (1.28) 115800~246000 (1.00~2.12)
5 M-82 58585 61062 (1.04) 39125~79000 (0.67~1.35)
M-83 18612 24584 (1.32) 11940~25944  (0.64~1.39)
M-84 268908 419901 (1.56) 302816~496284 (1.13~1.85)
6 M-85 95642 114751 (1. 20) 79644~131868 (0.83~1.38)
M-86 36367 45901 (1. 26) 23275~45034  (0.64~1.24)
M-90 218151 357645 (1.64) 231240~430225 (1.06~1.97)
8 M-91 65627 97847 (1.49) 51165~97679 (0. 78~1.49)
M-92 22182 39043 (1.76) 15370~34000  (0.69~1.53)
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