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The Probabilistic Analysis of Fatigue Damage Accumulation Behavior Using
Markov Chain Model in CFRP Composites
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Abstract

The characteristics of fatigue cumulative damage and fatigue life of 8-harness satin woven

CFRP composites with a circular hole under constant amplitude and 2-level block loading are
estimated by Stochastic Makov chain model. It is found in this study that the fatigue damage

accumulation behavior is very random and the fatigue damage is accumulated as two regions

under constant amplitude fatigue loading. In constant amplitude fatigue loading, the predicted
mean number of cycles to a specified damage state by Markov chain model shows a good
agreement with the test result. The predicted distribution of the fatigue cumulative damage by
Markov chain model is similar to the test result. The fatigue life predictions under 2-level block
loading by Markov chain model revised are good fitted to the test result more than by 2-
parameter Weibull distribution function using percent failure rule.
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Table 1 Material properties of 8-harness satin Lieaw
woven CFRP ' . 'i
E.« Eyy Vxy ny ZR}:( 9—; %I:
62.86 62.86 0.07 5.38

E.: Longitudinal Young’s modulus(GPa)
Eyy: Transverse Young's modulus(GPa)
vy - Poisson’s ratio

Gyy: In-plane shear modulus(GPa)
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B=2.2mm

Fig. 2 Configuration of test specimen
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Table 20
Aela AA TS (Ouave.
L 560.6 MPao]glc},

Fig. 4(a), (b)= #-4-8-au] ¢=0.877F ¢=0.91c

Table 2 Static tensile test results
Specimen no. Ouit Specimen no. Out.
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

(Uull,)ave. =560.6

oun. - Static ultimate strength(MPa)
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Fig. 4 Variation of cumulative damage with number

of cycles under constant amplitude loading
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Table 3 Transition probability and state number under constant amplitude loading

q 0.87 0.91
Region I 11 I 11
State number 5 7 4 4
Mean (x10% 529.6 2232.8 72.2 328.2
Variance (x10%) 71551.6 492171.7 19715 19777.9
Probability of failure(s) 0.9925 0.9959 0.9584 0.9844
Probability of success(t) 0.0075 0.0041 0.0416 0.0156

q : Stress ratio(= omax/{Gu)ave.)
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Table 4 Revised transition probability and state number under 2-level block loading

q Region State no. Probability of failure(s) Probability of success(t)
I 5 0.9925 0.0075
0.87
11 7 0.9959 0.0041
I 4 0.9584 0.0416
0.91 II-1 7 0.9466 0.0534
1111 1 0.9920 0.0080

q: Stress ratio(: Umax/(gult.)ave.)
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Table 5 Parameters of 2-parameter Weibull dis-
tribution under constant amplitude load-

ing

q al x10%) B(x10%
0.87 341 2483.04
0.91 2.46 369.09

q-: Stress ratio(: O‘max/(O‘uIL)ave.)
« : Shape parameter
3 : Scale parameter
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Fig. 10 Comparisons between the test result and the
prediction of the distribution of number of
duty cycles at specified damage state (D*=0.
50) by Markov chain model

Table 6 Number of equivalent cycles of 2-
parameter Weibull distribution under
2-level block loading

Q—q ny(x 10%) Neq (X 10%)
0.87 —0.91 687 62
0.91 — 0.87 137 1215

q, : First applied stress ratio

Q2 : Second applied stress ratio

n; : Applied number of cycles at q,
Neq : Number of equivalent cycles
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