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ABSTRACT

This paper presents development and verification of the progressive failure analysis upon
the composite laminates. Strength and stiffness of the fiber-reinforced composite are
analyzed by property degradation approach with emphasis on the material nonlinearity and
continuum damage mechanics (CDM). Longitudinal and transverse tensile modes derived
from Hashin's failure criterion are used to predict the thresholds for damage initiation and
growth. The modified Newton-Raphson iterative procedure is implemented for determining
nonlinear elastic and viscoelastic constitutive relations. Laminar properties of the composite
are obtained by experiments. Prediction on the un-notched tensile (UNT) specimen is
performed under the laminate level. Stress-strain curves and strength results are compared
with the experimental measurement. It is concluded that the present nonlinear CDM
approach is capable of predicting the strength and stiffness more accurately than the
corresponding linear CDM one does.
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Table 1. Stress—strain relationship in linear
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Table 4. Material properties for T700/M015. E ¢,° s TZHEZE Fig. 49 E=AEAH E
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Table 6. Strength prediction result for 8552/IM7 and 8552/AS4.
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Strength Results
Material Layup NASTRAN CDM Hashin NASTRAN CDM Tsai-Wu IPSAP Nonlinear-COM Hashin Bxperiment
Strength(VPa) Error(%0 Strength(VP2) Error Strength(MPa) Error Strength(VPa)
5505 1062.94 47.26 812.93 12.62 793.39 9.92 721.81
8552/IM7 5y40/10 1494.70 23.44 1381.43 14.08 1206.52 -0.36 1210.92
108010 560.89 21.40 437.22 -5.37 480.52 4.00 462.02
595 868.16 42.10 658.16 7.73 674.10 10.34 610.94
8552/AS4 54010 1209.16 15.14 1111.46 5.83 1089.13 3.71 1050.21
108010 479.84 9.39 372.46 | -15.09 414.87 -5.42 438.64
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