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A Finite Element Analysis on Tensile Matrix Failure

in Cross-Ply Laminated Composites
I.H. Choi* and C.S. Hong™

ABSTRACT

In order to analytically estimate in-situ strengths on matrix failure of each inner ply in composite
laminates, the transverse matrix crack onset strain of cross-ply laminates subjected to tensile
loading is analyzed using the finite element method. As a transverse matrix failure criterion,
a concept based on fracture mechanics in brittle materials is applied, which is that the failure
is occurred when the energy release rate due to crack opening is equal to the critical energy
release rate. In the finite element analysis, four-node plane strain element is used to compute
the strain energy and the work of the system. Also, the interlaminar shear layer between the
transverse cracking layer and adjacent layer is assumed, and the thermal residual strain effects
by curing process considered. Analyzed transverse crack onset strains are compared with the
experimental results in reference, and those show good agreements. Finally, the critical stress
on the matrix failure in transverse cracking layer analyzed in this study may be applied as the
in-situ strengths on tensile matrix failure in cross-ply composite laminates.
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— PLANE STRAIN STATE -
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Fig. 1. Finite element model in present matrix crack
onset analysis of cross-ply composite lami-
nates subjected to tensile loading.
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Table 1. Material properties of graphite/epoxy lamina and the interlaminar shear layer.
—lamina graphite/epoxy
stiffness E; = 135.4GPa, E, = E; = 9.6GPa
Gy = Gj3 = 4.8GPa, Gy = 3.2GPa
Poisson’s ratio 2 = 0.31 vy = 0.52
thickness = 0.1125 mm
temperature difference AT = -125 T
thermal expansion coeff. =-0.9ue/C. 0y=22.28ue/C
temperature difference Yl 51.0 MPa
fracture toughness Gic = 130.0 J/m?
— interlaminar shear layer epoxy
stiffness E = 3.1GPa
Poisson’s ratio v = 0.35
thickness (assumed) d = 0.01125 mm
thermal expansion coeff, a = 57.6us/C
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Table 2. Comparison of analyzed transverse crack

3. Ay =l % onset strains and the experiment ones in
Ref[10].
laminate | Experimental(10] Present analysis
family (%) (%)
£0/90,), 0.878 0.827
[0,/ 90,15 0.852 0.851
[0,/ 90,1 0.861 0.863
[0/ 90,15 0.847 0.869
[0g/ 90,J¢ 0.860 0.873
[0, 790,14 0.732 0.628
[0,/ 90,1 0.633 0. 644
[0,/ 90g]¢ 0.637 0.443
[0g7 9041, 0.601 0.460
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