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In this study, the microscopic interaction between 0° and 90° layer in the interlaminar area of a

CFRP cross-ply laminate is investigated by the three-dimensional microscopic analysis based

on a homogenization theory. In the present formulation, the point-symmetry of internal

structure in the laminate is employed to reduce the domain of analysis by half. Moreover, the

substructure method is combined with the homogenization theory in order to decrease

computational costs. We then analyze stress distributions in the interlaminar area of a carbon

fiber/epoxy cross-ply laminate subjected to in-plane off-axial tensile load. It is thus shown

that interlaminar shear stress occurs significantly at the interface between 0° and 90° layer. It

is also shown that the microscopic interaction between two plies markedly appears only in the

vicinity of the interface.
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Fig. 1. Cross-ply laminate subjected to in-plane uniaxial tensile load, unit cell ¥, and semiunit cell ¥ with cubic

substructures 4; (i=1, 2, ..., N) and B, (i=1, 2, ..., N).
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Fig. 2. Substructures and finite element meshes; (a) 4; (0°-ply),
(b) B, (90°-ply).

Table 1. Material constants'™®,

E,, =240 [GPa] v =049
Carbon fiber Ey =155[GPa] v, =028
G, = 24.7 [GPa]
Epoxy E =3.5 [GPa] v=035
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Fig. 3. Distribution of resultant shear stress [(0',2):-';-(0'}1)1]”2 on boundary surfaces of substructures at
E,=0.5% (y =45%); (a) left lateral surface of A (mid-plane of 0°-ply), (b) interface between 4,
and 4, , (c) interface between 4, and B, (interlaminar plane).
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Fig. 4. Distribution of microscopic out-of-plane normal stress o,, on boundary surfaces of substructures at
E,=0.5% (y =45%); (a) left lateral surface of A, (mid-plane of 0°-ply), (b) interface between 4,
and A, , (c) interface between 4, and B, (interlaminar plane).
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