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Thermal Stress-induced Edge Failure of
Thin Composite Laminates

Sung-Hyuk Lee* and Nak-Sam Choi**

ABSTRACT

Thermal stress-induced failure in the free edge region of various thin carbon/epoxy composite
laminates(lmm thick) has been investigated using the three-dimensional finite-element stress analysis,
ultrasonic C-scan and microscopic observations. High thermal in-plane and interlaminar stresses were
predicted in the interior layer near the free edge boundaries of the laminates. In the interior lamina, not in
the skin lamina, of the thin laminates with lay-up of [0/90;])s, [45:/-450]s and [0,/60:]s treated by Hquid N,
immersion, many transverse matrix cracks took place due to thermal stress concentration, which agreed
qualitatively with the above predictions.
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Fig. 1. Development of residual thermal stress in a laminate
after curing
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Table 1. Mechanical properties of unidirectional carbon/epoxy composite(9)

Elastic constant(cn) Poisson’ s ratio Thermal expansion coef. (/)
Ey, 135 iy 0.34 ay, 0.9%x10-6
Ep=Es; 11.0 Vi3 0.34 ay, 22.28x10-6
G1=Gs 5.41 Y23 0.42 a3 22.28x10-6
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Fig. 2. Finite element modeling
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Fig. 3. In-plane and interlaminar stresses in 90°layer near the
ply-interface of [0./90,)s laminate (z=0.88H/4, x=0)
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Fig. 5. Stresses in 90°layer near the ply-interface of [0,/90]s
laminates with various thicknesses (z=0.88H/4, x=0)
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Fig. 4. Through-thickness distribution of edge stresses at the
free edge of [02/90,)s laminate (x=0, y=40)

Fig. 6. In-plane and interlaminar stresses in -45°layer near the
ply-interface of [45,/-45,]s laminate (z=0.88H/4, x=-40)
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Fig. 7. Through-thickness distribution of edge stresses at the
free edge of [45,/-45;)s laminate (x=-40, y=40)
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Table 2. Edge-failure formation in various laminates at 191 and 23¢
-190c(Liquid Ny) 23¢
Specimen Crack Crack
Length(um) Density(x 10-4m-1) Length(um) Density(x 10-4um-1)
[0:/90:]s 540 21.16 160 6.27
[45./-45,:]s 420 16.46 190 7.45
[0/60,]s 200 7.84 0 0
[0/45,]s 0 0 0 0
[0,/30:]s - 0 0 0 0
[305/-30,1s 0 0 0 0
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