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Evaluation of Free-Edge Delamination in Composite Laminates

In Gwon Kim™*, Chang Duk Kong*, and Jo Hyug Bang**

ABSTRACT

A simplified method for determining the three mode(I, IT, IIT) components of the strain energy release rate of free-
edge delaminations in composite laminates is proposed. The interlaminar stresses are evaluated using the interface
moment and the interface shear forces which are obtained from the equilibrium equations at the interface between the
adjacent layers. Deformation of an edge-delaminated laminate is analysed by using a generalized quasi-three
dimensional classical laminated plate theory. The analysis provides closed-form expression for the three components
of the strain energy release rate. The analyses are performed for composite Jaminates subjected to uniaxial tension,
with free-edge delaminations located symmetrically and asymmetrically with respect to the laminate midplane. The
analysis results agreed with a finite clement solution using the virtual crack closure technique.
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Table. 1 Material properties and dimensions of the taminate

E; =138.6GPa Ey=1007GPa
Gy =4.117GPa Gyy=3.873GPa
v;=0.3200 v;=0.3000
b(Semi-width)= 15 mm
h(Laminate thickness)=6/,= 0.84 mm

h, (Plv thickness)=0.14 mm

1. denotes the direction and T denotes the ransverse direction
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Fig. 6 Strain cnergy release rates for a [30/-30/90]; laminate
with free-edge delaminations at -30/90 interface.
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Table.2 Comparison between Aoki's result(b)]4] and the
present result(a)

a)
Delaminated Simplified Method (present)
Interface G le;[MNm} | G /G G, /G G, /G
+45/-45 2.159 0.0000 0.1273 0.8727
-45/0 1.963 0.0000 1.0000 0.0000
0/90 1.962 0.4498 0.3250 0.0000
90/90 3715 1.0000 0.0000 0.0000
Delaminated FEM (present)
Interface G/e;[MNm] | G /G G, /G G IG
+45/-45 2158 0.0574 0.1581 0.7845
-45/0 1.968 0.3786 0.6214 0.0000
0/90 1.961 0.8531 0.1469 0.0000
0/0 3715 1.0000 0.0000 0.0000
b)
. Simplified Method FEM
Delaminated (by reference 4) (by reference 4)
Interface
G/le;[MNm] | G,/G | G /e;f]MNm] | G,/G
+45/-45 2.160 0.3367 2.081 0.0373
-45/0 1.964 0.7734 1.942 0.3485
0/90 1.963 0.9488 1.937 0.9488
90/90
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Table.3 Comparison between Li's result(b)|10] and the
present result(a)

a)

[MN/m] Simplified Method FEM
G, Ie; 0.000 0.000
G, Ie? 0.000 0.000
G, le? 1.085 0912
Gle? 0910 0912 -
b)
[MN/m] Simplified Method[10] FEM
G, Je; 0032 _
G, le; 0000 —
G, le; 0083 -
Gle;? 0115 —
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