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Abstract

The delamination fracture of multidirectional carbon-fiber/epoxy laminates under the Mode I
condition has been studied using the modified beam analysis for a fracture mechanics approach.
It was found that the variation of fracture energy G, with increasing length of the propagating
crack exhibited a minimum for the pure interlaminar fracture and a maximum for the intraply
fracture, i. e. a rising “R-curve”, which was strongly affected by the degree of fiber bridging and
crack-tip splitting arising in the global delamination. The maximum G,c value was significantly
dependent on such types of delamination as no crack jumping, crack jumping into the adjacent ply
and edge-delamination. It was shown also that the value of “effective flexural modulus” esti-
mated from the modified beam analysis increased much with the development of fiber bridging
behind the crack tip.
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(a) Double-cantilever beam (DCB) specimen
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(b) End-block bonded onto its arm

Fig. 1 The mode I interlaminar fracture test.
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Initial delaminations in the DCB specimens.
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Table 1 Effects of the types of layup and crack propagation on the mode | delamination fracture energy

Gic of multidirectional laminates.

Lay Type of Gic (initiation) | Gic(intraply (45°, —45°), Gic(propagation)
up cracking (kJ/m?) Ist peak) (kJ/m?) (kJ/m?)
Crak jumping 0.4610.03 1.07£0.09 0.52%0.06 (intraply (0°) )
No crack jumping 0.46£0.03 1.22£0.08 0.80=%0.05(intraply
a (45°/ —45°), steady state)
Edge-predelamination 0.47+£0.04 1.29%+0.11 0.45%0.07 (interlaminar
(45°/—45°), minimum)
b Crack jumping 0.30x0.02 0.69%0.05 0.31+0.03 (interlaminar
(45°/ —45°), minimum)
0.68+0.05 (intraply
(45°/ —45°), 2nd peak)
(1) a: (—45°/0°/45°)2s(45°/0°/ —45%) 25, b1 (45°/—45%) 1,

(2) Value of Gy :

average +standard deviation
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