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Damage and Failure Study of Composite Laminates with
Reinforced Cutout Based on CDM

Wang Wenzhi, Wan Xiaopeng, Yao Liaojun
(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Based on the continuum damage mechanics(CDM) theory and Gibbs free energy principle, a two di-
mensional progressive damage model is built to describe the damage and failure process of composite laminates
under the plane stress state, This damage mode is combined with the Hashin damage criterion and coded by the
ABAQUS user subroutine as a new damage constitutive model for composite laminates. To verify its capacity, a
FE model with above damage constitutive is applied to analyze the damage onset and propagation of the compos-
ite laminates with centric cutout, Compared with the experimental, the results show that the above damage con-
stitutive has relative high capability in describing the laminates structural damage propagation processes. This
material model is further used to study damage evolution in different layers for laminates with three different
cutout-shapes under the shear load, and the results show that the cutout-shape has very sensitive influence on
damage and failure processes of composite laminates.
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Fig.1 Final morphology of tensile failure laminates

with different sizes of cutout
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Fig.2 Numerical simulation results of laminates

damaged by CDM
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Table 1 Failure strength comparison of test and

numerical results for laminates with cutout

FOERd/mm REE/MPa  FWPE/MPa  fHXFRE/ K
2 555. 7 515. 5 —7.2
4 480. 6 428.4 —10.1
6 438.7 397.5 —9.4
8 375.7 387.2 3.1
10 373.7 382.8 2.4
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Fig.3 Tensile load-displacement curves of

laminates with different sizes of cutout
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Fig.4 Positive shear load condition
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Fig. 5 Damage evolution in different layers for

laminates with round cutout under the shear load
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Fig. 6 Damage evolution in different layers for

laminates with obround cutout under the shear load
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Fig. 7 Damage evolution in different layers for

laminates with ellipse cutout under the shear load
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Fig.8 Shear load-displacement curves of

laminates with different cutout shapes
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