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Investigation of Interlaminar Fracture Surfaces in Graphite/Epoxy
Composite Material under Mixed-Mode Deformations

Sung Ho Yoon* and Chang Sun Hong*

ABSTRACT

In this study, interlaminar fracture toughness of graphite/epoxy composite material

under mixed mode deformations was evaluated experimentally and fracture surfaces were

investigated to obtain information on interlaminar fracture mechanism by means of a

scanning electron microscope. An antisymmetric test fixture with interlaminar cracked

specimen was employed. By rotating the loading angles, interlaminar fracture under
mixed mode deformations was produced in which the direction of crack propagation and
loading state at fracture were well defined. Morphology of fracture surfaces was sensitive
to applied loading condition and provided an insight to estimate the state of stress at

fracture.
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Fig. 1 Several fracture modes in laminated
composite material
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Fig. 2 Configuration of test fixture with
interlaminar cracked specimen
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Fig. 3 Configuration of graphite/epoxy com-
posite specimen

Material properties used for this
study

Table 1.

Graphite/Epoxy composite

E1 135 GPa
Ez, E3 11 GPa
G12 5.41 GPa
\)12, Vis 0.34

Vog 0.52

Vi 7.7 %

Al-alloy 2024

E 73 GPa

G 27.6 GPa

v 0.3
1 : Direction paralle! to fiber.
2,3 : Direction transverse to fiber.
V. : Fiber volume fraction.
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(a) Mode T test (b) Mixed mode test (c) Mode 1 test

Fig. 4 Overview of test set-ups
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Fig. 5 Variations of mixed mode fracture
toughness with various loading angles
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(F) : Fiber/Matrix separation
(H) : Hackles
(S) : Scaliops

Fig. 6 Typical fracture suface of graphite/
epoxy composite in mode H loading
condition (GC=312.O1 J/m?)
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Fig. 7 Schematic illustration of hackle for-
mation mechanisms

A3 %t fiber-bridging
Fed,

23 102 kSRS 1077 EeSE Wy
g oo} mebd ofdes HA v A YEE-2
151 26J/m*e 2 HrtEgich o] 9= 8% A
& Aol ol 47t 7 Ahe-E Z+= hackle
€ FJHEY T A 2L A 598 &
£o® s E=Il Wy stellA Rr}l wlad £
g+4t hackle 3 A2t =& Zr=v}, ohebA hackle 9
A A EE ohg Ayl e e A 5
of eh¥ Ark&y 48 2 E o 5 A A
RE A-gs] Fro,

28 112 FEs)E 4570 2R Hg-g
uh-g ojo] mhkw oFge R HrlE A o AgE
-2 68,89]/m?® o]t} oo ESE1 WY
gtoll 2% Z1A 2] YAH o] AR H Aol
g R flber~br1dgmg A el o) g Ao mhed oF
dE WEECE B3] Afek 71xe] FAHANA #
el v|AFE S-S AR P1X e AAE
oA o] A 2Hael vt 5T ol F2 U si A

Aol A% Aol we=

"

{Hfo



#1%, SR, 1988, 12 SR 4EH BgAEe ERR

o
o %L
g =23
=]
%wm
T i
5
x
R el
S 58~
anzm
= nnm.m/
nvx.anJ
~ 278
= @ 3
(\eeo
2o
28"
gt
5 o0eo
¢ ®ET
X 9]
©c o C
Y0
°Lxs
. 20 C
G >0 6
oo 0
i
-ug
T 9 o
- e

°ol-&

g 2
o uje}

1] /{,}
2E

& wle) B

0] ol
-
-3

F

5

%2
L]

sk
£

f

=

]

A

%

7h wky
£ Al
P2

Fafa)

(&

1 2}
7

e
S

A wrgk
28 £
o e AEH

]

2o 4 % Fhe} sheke

(a) ©

= agd
2 R

x5000)
Apol g

in mode
(
14

howing sigmoi-

hackles
dal shape of hackle formation

R
aheba] o] 9

£

8 Enlarged view of

jion s
Foll=

73
4o vepdrt

loading condit
e

i
=]
2

et %
z_}-

Fig
A



8 THE - E2A

BEEAMESE e

(H) : Hackles

(S) : Scallops

Fig. 10 Typical fracture suface of graphite
/epoxy composite in 10° loading
condition (GC=151.26 J/m#?)
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Fig. 11 Typical fracture surface of graphite
/epoxy composite in 45° loading
condition (GC=68.82 J/m#)
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