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Evaluation of Mixed-mode Intedaminar Fracture Toughness of
Carbon Fabric/Epoxy Composites for Tilting Train Carbody

S.H. Yoon, K.S. Heo, O.J. Oh, S.J. Lee, J.C. Jung, J.S. Kim

Abstract

Mixed-mode interlaminar fracture toughness of carbon fabric/epoxy composites, which are applicable
to tilting train carbody, was evaluated through the MMB (Mixed-mode bending) test. Specimens were
made of CF3327 plain woven fabric with epoxy and a starter delamination at one end was made by
inserting Teflon film with the thickness of 12.5/m. Mixed-mode interlaminar fracture test was conducted
for 6 types of specimens with the mode II ratio of 20, 35, 50, 65, 80, 90%. Also crack propagating
behaviors and fractured surfaces were examined through an optical travelling scope and a scanning
electron microscope, respectively.

Key Wonds: Mixed-mode interlaminar fracture toughness (&3F5-9-= F7ku}x914), Carbon
fabric/epoxy composite (&F4x4]f-2E/0 A E-314)), Tilting train carbody (2 &<z} 2}a])
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Fig. 1 Configuration of Mixed-mode bending specimen
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Fig. 5 Typical fractured surface of CF3327/epoxy
composite for various mixed-mode loading

2 dFdA= MMB AlES T3 6714 2
E I HE g FUEES M SxA43E/
ol FAl A9 EFESE FTFAAAALE
7betgict. Ed E—?—E Il Hl%oﬂ e 2y
Iy BLr [i¢ % A

=

140

mﬂ BAE Ba £ %
o 1=

AR o uigkH
dAel gt fEgEe 24T & YL % F
AUt

% 7|

B oATE AR AR EATAA
o8 AR T glom olo] AE EYuitt,

1. S.H. Yoon, Characterization of Interlaminar
Fracture in Graphite/Epoxy Composite under
Mixed-mode deformations, Ph.D. Dissertation,
1990.

2. B.W. Kim and J.A. Nairn, "Observations of
Fiber Fracture and Interfacial Debonding
Phenomena using the Fragmentation Test in
Single Fiber composites," Journal of Composite

Materials, Vol.36, 2002, pp.1825-1858.

. A.J. Russell and K.N. Street, "Moisture and

Temperature Effects on the Mixed-Mode
Delamination Fracture of Unidirectional
Graphite/Epoxy," Delamination and Debonding of
Materials, ASTM STP 876, 1985, pp.315-335.

. B.W. Kim and A.H. Mayer, "Influence of Fiber

Direction and Mixed-mode Ratio on
Delamination Fracture Toughness of
Carbon/Epoxy Laminates." Composites Science
and Technology, Vol.63, 2003, pp.695-713.

. F. Ducept, P. Davies, and D. Gamby, "Mixed

Mode Failure Criterion for a Glass/Epoxy
Composite and an Adhesively Bonded
Composite/Composite Joint," International Journal
of Adhesion & Adhesives, Vol.20, 2000,
pp-233-244.

. M.L. Benzeggaga and M. Kenane, "Measurement

of Mixed-Mode Delamination Fracture Toughness
of Unidirectional Glass/Epoxy Composite with
Mixed-Mode Bending Apparatus," Composites
Science and Technology, Vol.56, 1996,
pp-439-449.



