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Composite materials have found wide applications in advanced industries due to their unique advantages.
However, delamination (layer separation) is recognized as one of the most critical failure mechanisms in
these materials under cyclic loading. This research investigates fatigue delamination growth under mixed-
mode I and II loading conditions using the Virtual Crack Closure Technique (VCCT). In this study, the
effect of the mode mixing ratio on fatigue crack growth behavior has been analyzed with mode ratios of
20%, 50%, and 80%. The Paris law is employed to model crack growth rate, while the BK criterion is used
to assess equivalent fracture toughness for mixed-mode. A comparison between numerical findings and
experimental data demonstrates that the VCCT method provides reasonable accuracy in predicting
delamination behavior. The numerical results indicate that an increased contribution of mode II loading
significantly reduces the material's fatigue life. Additionally, the influence of computational parameters on
the accuracy of the results is examined. Moreover, selecting an appropriate time increment in the VCCT
method is critical for the accuracy of the results. Specifically, using a time increment smaller than 0.005
seconds significantly improves the prediction of outcomes.
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Fig. 3 Comparison of fatigue damage based on the number of cycles
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Fig. 1 Geometric factors causing delamination [3]
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Fig. 6 Dimensions of the MMB sample [28]
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Fig. 7 Direct cycle solver flowchart with cycle jump [30]
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Table 1 Mechanical properties of carbon/epoxy composite lamina
(IM7/8552) [28]
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161 GPa En
11.38 GPa Ez,
11.38 GPa Ess
0.32 - V1,
0.32 - 28
0.45 - Ups
52 GPa Gis
52 GPa Gis
3.9 GPa Gas
0.212 kJ/m? Gre
0.774 kJ/m? Giie
2.1 - n
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Table 2 Threshold energy of delamination growth and power equation
constants [29]
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Gen (W) C, C, Sg0 LIS s
0.06 -11.1 1.8x107° G,;/Gr =02
0.06 -9.71 9.0 x 1075 Gy, /Gy =05
0.06 -8.0 5.6x 1073 G,/Gr =08
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Table 3 Paris relation constants [29]

m C Sg0 LM o
8.4 2412 G, /Gy =02
5.4 6.79 G, /Gy = 0.5
5.1 4.58 G,/Gr=0.8

[28] sg0 LIS Cos as sl Sl sl 5o 4 Jgo
Table 4 Critical displacement for three mode mixing ratio [28]

w.(mm) Sg0 LM o
1.64 G;/Gr =02
1.34 G, /Gy = 0.5
1.65 G;/Gr =08
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Fig. 9 Load-displacement diagram to examine sensitivity to element
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Table 5 Maximum and minimum displacement for three different mode
mixing ratio
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Fig. 8 2D FE model of MMB sample with boundary conditions
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