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Abstract

The Fatigue characteristics of 8-harness satin woven CFRP composites with a circular hole are
experimentally investigated under constant amplitude tension-tension loading. It is found in this
study that the fatigue damage accumulation behavior is very random and history-independent,
and the fatigue cumulative damage is linearly related with the mean number of cycles to a
specified damage state. From these results, it is known that the fatigue characteristics of CFRP
composites satisfy the basic assumptions of Markov chain theory and the parameter of Markov
chain model can be determined only by mean and variance of fatigue lives. The predicted
distribution of the fatigue cumulative damage using Markov chain model shows a good agreement
with the test results. For the fatigue life distribution, Markov chain model makes similar accuracy
to 2-parameter Weibull distribution function.
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Table 1 Material properties of 8-harness satin

woven CFRP
Eyx E,y Vxy Gy
62.86 62.86 0.07 5.38

E.x : Longitudinal Young’s modulus(GPa)
Ey, : Transverse Young’s modulus(GPa)
vy - Poisson’s ratio

G,y : In-plane shear modulus(GPa)
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Table 2 Static tensile test results
Specimen Specimen
Out. Ouit.
no. no.
PMS-1 582.6 PMS-6 531.9
PMS-2 543.1 PMS.7 560.8
PMS-3 553.6 PMS-8 563.8
PMS-4 565.2 PMS-9 560.8
PMS-5 577.9 PMS-10 566.1
(0ult.)ave.=560-6
Our. : Static ultimate strength(MPa)
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Table 3 Transition probability and state number in Markov chain model
q=0.84 q=0.87
State no. 6 4 5 7
Mean(x 10?) 561.7 3576.9 529.6 2232.8
Variance(x 104 74880.6 282181.7 71551.6 4921717
Probability of failure(s) 0.9911 0.9987 0.9925 0.9959
Probability of success(t) 0.0089 0.0013 0.0075 0.0041
G : Stress ratio(= omax/{Gui)ave) ‘
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Table 4 Parameters of 2-parameter Weibull dis-
tribution function

q a(x10%) B(x10%)
0.84 222 4048.36
0.87 341 2483.04
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Table 5 Parameters of Weibull distribution and transition probabvlity and state number in Shim’s

reference data™

Q=0._6375 q=0.825
State no. 7 6

mean (X 10?) 1870.8 30.5
Variance (X 10%) 555127.4 146.5
Probability of failure(s) 0.9968 0.8361
Probability of success(t) 0.0032 0.1639
a(x10%) 2.46 2.17
B(x10%) 2119.25 35.02

q . Stress ratio (= gmax/ (Gu) ave) a . Shape parameter B . Scale parameter
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