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A Theoretical Model for Predicting Matrix Crack Density Growth
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Abstract

The present study proposes a theoretical model for predicting the matrix crack density
growth of each layer in composite laminates subjected to thermo-mechanical loads. Each layer
with matrix cracks is treated as an equivalent continuum of degraded elastic stiffnesses
which are functions of the matrix crack density in each slyer. The energy release rate as a
function of the degraded elastic stiffnesses is then calculated for each layer as functions of
thermo-mechanical loads externally applied to the laminate. The matrix crack densities of each layer
in general laminates are predicted as functions of the thermo~mechanical loads applied to a number
of laminates. Comparisons of the present study with experimental data in the open literatures are

also provided.
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Fig. 1 Matrix cracks
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2. Theoretical Model
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Fig. 2 A laminate with matrix cracks
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2.1 Matrix Crack Opening and Sliding
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V = volume of the REV,

8¢ = surface area of the matrix crack,

1{ = opening or sliding displacement,

7§ = unit normal to the matrix crack surface,
1, /=X, v, and z

2.2 Equivalent Elastic Stiffnesses
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2.3 Upper Bounds of Degraded Stiffnesses
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Fig. 3 Matrix crack surface deformation

2.3.1 Opening Mode
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2.3.2 In-Plane Sliding Mode
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2.3.3. Out-of-Plane Sliding Mode
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2.3.4. Hygrothermal Efffects
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2.4. Criteria for Matrix Cracking
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3. Concluding Remarks
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Fig. 5 Stress vs. matrix crack density
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