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Abstract

This study investigates interlaminar fracture characteristics of Graphite/Epoxy composite
(HFG Graphite/Epoxy) under mode I (opsning mods), mode [ (sliding mode) and mixed mode
loading conditions. The effects on interlaminar fracture toughness due to diferent fiber orient-
ations on the crack surface are also investigated. The antisymmetric test fixture proposed by
M. Arcan is usad for this test. Both critical stress intensity factors and critical energy release
rates ware determined and several mixed mode fracture criteria were compared to the experim-
ental data. Also fracture surfaces were investigated to obtain informations on the fracture
behaviors of Graphite/Epoxy composite by means of a scanning electron microscope(SEM).
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Dimension values
b=7.8mm
c=30mm
wW=14mm

(b) Dimension of SEN specimen

Fig. 1 Configurations of the test fixture with SEN specimen
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Fig. 2 Stress fields in the vicinity of crack tip
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(a) Overview of setting

(b) Case of Mode I test
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(c) Case of Mixed-mode test

(d) Case of Mode [ test
Fig. 8 Photographs of the set-up
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Table 1 Material properties of HFG Graphite/Epoxy

| Unit l ] ‘ Unit ’
GPa | 133.8 | GPa ’ 9.58
E, E,
| 19.4310° ] 1.39 X 10°
v | — ‘ 0.981 | va | — ] 0. 032
GPa | 4.80 |
Gz Vs — 71.7
|o.7o><1o6

Vs : Fiber volume fraction
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Table 2 Mode ] fracture toughness for various
crack lengths
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( ) :Standard deviation

Table 3 Mode [ fracture toughness for various
crack lengths

Ky (MP Mean Mean

a/c au«/_m—) value Gre(J/m?) value
0.4 3. 965 347.7
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Fig. 4 Typical microstructures observed for tensile specimens
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Table 4 Critical stress intensity factors for

laminates
Types of Critical stress intensity factors
laminates K.(MPa y) Knc(MPa Vm)
0. 657 3.851
o/0] t (0. 012) (0. 115)
0. 490 3.156
[0/301 ‘ (0. 066) (0. 304)
N
0.539 3.187
[0/45] & (0. 109) x (0.294)
0.500 3.265
[0/60] ‘ (0. 109) (0. 391)

( ) : Standard deviation
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Fig. 5 K, and Ky with various loading directions
for a/c=0.4 of [0/0] laminate
Table 5 Stress intensity factors for Mixed-mode
with various loading angles and crack
lengths of [0/0] laminates
Angle Stress Crack lengths
intensity
(DEG.) factors 0.4 l 0.5 t 0.6
0° K; 0 0 0
Ky 3. 965 3.736 3. 141
5° K, 0.324 0.370 0.507
Ky 3.041 2. 654 2.612
10° K, 0.583 0. 566 0. 653
Ky 2.371 2.023 1.727
15° K; 0. 633 0.638 0. 642
Ky 2.153 1. 537 1.120
T
30° K 0.671 0.627 0.745
Ky 0.927 0.677 0. 603
45° K 0.632 0. 647 ‘ 0. 666
Ky 0.531 0. 400 0.310
90° K; 0.673 0.644 0. 655
Ky 0 0 0
Unit : MPa/m
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(d) Loading angle 90° for [0/0]

(b) Loading angle 0° for [0/30]

(c) Loading angle 0° for [0/60] (fy Loading angle 15° for [0/0]
Fig. 11 SEM-micrographs of fracture surfaces of Graphite/Epoxy specimens (x750)
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