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Prediction of Fatigue Life of Composite Laminates using Micromechanics of Failure

Kyo-Kook Jin™, Sung-Kyu Ha’, Jae-Hyuk Kim"~, and Hoon-Hee Han~

ABSTRACT

Many tests are required to predict the fatigue life of composite laminates made of various materials and
having different layup sequences. Aiming at reducing the number of tests, a methodology was presented in this
paper to predict fatigue life of composite laminates based on fatigue life prediction of constituents, i.e. the
fiber, matrix and interface, using micromechanics of failure. For matrix, the equivalent stress model which is
generally used for isotropic materials was employed to take care of multi-axial fatigue loading. For fiber, a
maximum stress model considering only stress along fiber direction was used. The critical plane model was
introduced for the interface of the fiber and matrix, but fatigue life prediction was ignored for the interface
since the interface fatigue strength was presumed high enough. The modified Goodman equation was utilized to
take into account the mean stress effect. To check the validity of the theory, the fatigue life of three different
GFRP laminates, UDT[90°2], BX[£45°]S and TX[0°2/+45°]S was examined experimentally. The comparison
between predictions and test measurements showed good agreement.
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Fig. 2 Laminate subjected to the fatigue loading.
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Micro stresses in the constituents.
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Fig. 4 MMF based fatigue models.

Determination of Equivalent Stress

For isotropic material

Equivalent Stress Model

Fig. 5 Equivalent stress model for the multi-axial fatigue loading.
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Table 1 Material properties of epoxy and laminates; mean value
(standard deviation)

Young’s modulus  Tensile strength Compressive
(GPa) (MPa) strength
(MPa)
Epoxy 3.35(0.41) 67.7(1.1) 73.8(1.2)
ubDT 13.07(0.26) 35.1(2.8) -
BX 22.3(5.12) 111.6(5.2) -
TX 26.55(0.82) 464.2(39.6) -

Table 2 Parameters of S-N curve of epoxy and fiber

a b
Epoxy -0.130 8.037
Fiber -0.227 9.746

Table 3 Summary of fatigue test parameters and results

Maxn(n'\;ljg;)stress Number of cycles to failure
54.6 1008, 1476
Epoxy 47.8 8713, 3981, 5012
41.0 39811, 50119, 25119
28.1 32232, 45516, 39406
ubDT 246 98597, 63433, 46923
211 225647, 229270, 225957
78.1 3138, 3227, 2364
BX 67.0 17702, 20398, 24428
55.8 262711, 292423, 315449
325.0 2475, 1389, 1487
X 278.5 5595, 5152, 6027
232.1 13361, 18918, 14619
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