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Abstract

A method is proposed for estimation of the probability distribution of fatigue crack growth life and
reliability assessment of structures by simulating material resistance to fatigue crack growth along a
crack path. The data for the simulation can be obtained from a few fatigue tests. The material
resistance is treated as a spatial non-Gaussian (eventually Weibull, in this report) stochastic process.
Therefore, a non-Gaussian stochastic fields simulation method proposed by Shinozuka, et al. is applied
with statistical data obtained experimentally. The statistical analysis of the material resistance is
performed with the data obtained by stress intensity factor control tests. The main results obtained
are: (1) This method is useful to estimate the probability distribution of fatigue crack growth life;
(2) the material resistance seems to follow a 3-parameter-Weibull distribution ; (3) this method is
useful for simulation of rather long fatigue crack ; (4) using this method, the probability distribution
of fatigue crack growth life can be estimated from very few fatigue tests; (5) the smallest life can
be determined ; and ( 6 ) stress intensity factor control test is preferable for the statistical analysis.
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Tablel Chemical Composition and Mechanical
Properties
material Si Fe Cu Mn Mg Cr in Ti Al

A50865-H112 0.06 0.12 0.01 0.49 4.02 | 0.08 tr. 0.02 bal.

material yield stress tensile strength elongation

AS086S-H112 100.0MPa 260.7MPa 31.0°%,
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Fig.3 Shape and Dimensions of Specimen
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Table 2 Test Condition and Results
Specimen l?fack thickness A |mean  dazdn |cC.0.v.| 1/CGa)
No. ()38 lh) (x103m) | (MPav®) | (x10""m/cycle) | (%) (x10'®)
1 [ALIL | 25-65 4.9 15.5 1.91 12.61 3.64
2 {AL13 | 25-65 4.9 15.5 2.1 16.84 3.27
31ALI4 | 25-65 4.8 15.2 1.79 13.50 3.70
4 | AL21 | 25-85 4.8 15.6 2.07 10.16 3.41
51AL24 | 25-65 4.8 15.6 1.81 10.81 3.91
6| AL25 | 25-65 4.8 15.6 1.95 13.66 3.64
7 1ALOB | 45-65 4.8 {5.3 1.81 20.32 3.69
8 | AL1O | 45-65 4.8 15.4 2.20 22.23 3.11
9| ALI2 | 45-85 4.9 15.2 2.07 17.32 3.21
10 | ALI5S | 45-65 1.8 15.2 1.82 11.33 3.60
11 L ALI9 | 45-65 4.9 15.6 2.29 13.24 3.1t
12 1 AL20 | 45-65 4.9 15.6 2.45 12.67 2.89
13 | AL29 | 25-45 4.8 20.2 4.13 10.05 3.98
14 | ALO7 | 25-65 4.9 25.3 9.09 33.32 3.75
15 | ALI6 | 25-65 4.9 25.5 9.75 38.68 3.58
16 | AL26 | 25-65 4.8 24.9 10.69 33.14 3.05
80 i Specimen No.AL2
AK=248MPam’'? AK=15.4MPam"’?  4K=15.4MPam''? o v 1557 16 e
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Fig.5 a~N Curves under Constant 4K Fig.6 Example of Test Results
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Fig. 11 Weibull Plot of Z(x) for 4K=15.4MPa/ m
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Fig. 12 Power Spectral Density Obtained by Simulation
(a) Target Power Spectral Density
(b) Power Spectral Density of Simulated Gaussian Process
(c) Power Spectral Density of Simulated Weibull Process
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Table 3 Reliability by simulation

crack length|distribution parameters{reliability|fatigue life|smallest life
-3 3 4
a (x10 “m) o’ n(xms) r’(xm“) R(n)( %) N (x107) Ng(x107)
99.0 81
99.5 78
40 4.97 1.17 5.80 93.9 73 5.80
99.99 67 (5.53 )
99.999 64
99.0 108
99.5 104
45 4.65 1.47 8.44 99.9 99 8.44*
99.99 93 (6.977)
99.999 90
99.0 125
99.5 121
50 5.20 1.65 9.63 99.9 115 9.63
99.99 108 (7.88 )
99.999 104
* Calculated by eq.(25)
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