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In this study, a highly-efficient microscopic interlaminar stress analysis method for cross-ply CFRP
laminates is developed based on a homogenization theory combined with the substructure method.
For this, internal areas of laminae in a cross-ply laminate are modeled by homogenized equivalent

materials. On the other hand, the interlaminar areas are modeled by heterogeneous materials
comprised of fibers and matrix materials. Then, a unit cell including interlaminar areas is defined as
an analysis domain, and is reduced using the point-symmetry of the internal structure of the

laminate. Moreover, the substructure method is introduced into the theory for the reduction of
computational costs. The present method is then applied to the microscopic interlaminar stress
analysis of a carbon fiber/epoxy cross-ply laminate subjected to in-plane off-axis tensile load. It is

shown that the present method accurately analyzes marked shear stress and complex out-of-plane
normal stress at the interlaminar area. In addition, the computational costs required for the analysis
drastically decreases. These results reveal the usefulness of the present method for the microscopic

interlaminar stress analysis of cross-ply CFRP laminates.
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Fig. 1 Cross-ply CFRP laminate and its unit cell Y ; (a) laminae
consist of fibers and matrix, (b) internal regions of
laminae are replaced by equivalent materials.
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Fig. 2 Semiunit cell Y and cubic substructures
A(i=1 2,..,8)and B (i=1 2,.., 8).
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Fig. 5 Finite element meshes of (a) A, ~ A, (0°-lamina)
and (b) B, ~ B, (90°-lamina).

Table 1 Material constants®®,

E, =240[GPa] v, =0.49

Carbon fiber E.; =155[GPa] v,;=0.28
G.; =24.7[GPa]
Epoxy E =3.5[GPa] v=0.35

E, =136[GPa] vy, =0.46
E,, =8.2[GPa] v, =0.31
G, = 40.6[GPa]

Equivalent material
of laminae

Table 2 DOF of Eq. (18).

Analysis A Analysis B
DOF of Eq. (18) 9051 50091
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Table 3 Computational time for the analysis A and B.

Fig. 6 Distribution of resultant shear stress (z,,> + 1132)3/2 on the interlaminar plane at E, =0.5% (6=45°);

(a) analysis A and (b) analysis B.
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Fig. 7 Distribution of out-of-plane normal stress o,

(a) analysis A and (b) analysis B.
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on the interlaminar planeat E, =0.5% (6=45°);
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