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Analysis of Stiffness Reduction due to Transverse Cracks in Cross-Ply
Laminates Using the Parabolically Assumed Crack Opening Displacement

Jae-Hwa Lee” and Chang-Sun Hong”

ABSTRACT

A simple shear-lag method, taking into account the effect of crack opening displace-
ment, is proposed for the analysis of stiffness reduction due to transverse cracks in
cross-ply laminated composites. This method is based on the concept of interlaminar
shear layer and a parabolic assumption for the crack opening displacement. The pertur-
bed stress field due to transverse cracks is determined from the through-the-thickness
integration of equilibrium equation. In this analysis, the traction free condition is satis-
fied on the transverse crack surfaces. The distribution of normal stress in transverse
cracked ply is compared with previous finite element result. Experimental and predicted
results for the stiffness reduction of laminates are in good agreement for various cross-
ply laminated composites.
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Table 1. Material properties of used composite
systems
P3501 | T300/934 | AS4/3502 | Glass/Epoxy

E«(GPa) 127.8 | 137.88 144.78 41.7
E2(GPa) 9.4 11,72 9.58 13.0
G12(GPa) 4,2, 4.55 4.79 © 3.4
G23(GP3) 3.1 4.17 315%|  4.58
iz 0.28 0.29 0.31 0.3
a:(pe/C) 0.4 0.09 .30 3.8
a2{pe/T) 50.0 28.8 28.1 16.7
AT(C) -110 -147 -147 -125
h(mm)** 0.05 0.132 0.127 0.203

% ¢ calculated from assumed value of v23=0.52

¥ % 1 1 ply thickness

Table 2. interlaminar shear layer properties of
used composite systems
P3051 |T300/934 |AS4/3502 | Glass/Epoxy
Go(GPa) 1.28 1.28 1.33 0.684
do{mm) 0.005 | 0.0132 | 0.0127 | 0.0203
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