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Mechanical Behavior of Fiber Metal Laminates
with Local Delamination Defects

Heungsoap Choi* - Hyungjip Choi** - Wonjong Choi*** - Minsu Ha****

ABSTRACT

In this paper, the interlaminar crack problems of a fiber metal laminate (FML) under
generalized plane deformation are studied using the theory of anisotropic elasticity. The
crack is considered to be embedded in the matrix interlaminar region (including adhesive
zone and resin rich zone) of the FML. Based on Fourier integral transformation and the
stress matrix formulation, the current mixed boundary value problem is reduced to solving a
system of Cauchy-type singular integral equations of the 1st kind. Within the theory of
linear fracture mechanics, the stress intensity factors are defined in terms of the
solutions of integral equations and numerical results are obtained for in-plane normal (mode
I) crack surface loading. The effects of location and length of crack in the 3/2 and 2/1
ARALL, GLARE or CARE type FML’ s on the stress intensity factors are illustrated.
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Fig. 1

2/1 FML model (ex; A21N1) with delaminated

interfacial crack of length 2a at the center of

adhesive zone.

(a)

1. metal sheet (i,= 0.3038
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3. composite layer 0° (1=0.127mm)
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Fig. 2 2/1 FML model
interfacial crack of length 2a at the center of
adhesive zone.
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Fig. 3 32 FML model (ex; A32N1) with delaminated
interfacial crack of length 2a.

Fig. 4 32 FML model (ex; A32N2) with delaminated
interfacial crack of length 2a.
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Fig. 5 32 FML model (ex; A32N3) with delaminated
interfacial crack of length 2a.
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Fig. 8 Normalized K, K, for a delamination crack in a
resin rich layer between the 0 ply and 90 ply fibrous
laver in 3/2 FML of [M/A/O/R1/D/Re/90/AIM/AD/RIO/AM]
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Fig. 9 Normalized K, K, for a delamination crack in
a adhesivelayer between the 90 ply fibrous
layer and metal layer in 32 FML of

[IMAVO/R/0/A1T /DI A/MIAQO/RIOIAM]
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Fig. 10 Normalized K, K; for a delamination crack
embedded in 3 locations, [M/D/O/QO/MOOO/MI,
[IM/A/O/R/Q0/AY/D

(M/O/D/20/DIMO/OM] or
1A/MIAQO/RIO/AM of 32 ARALL type FML.
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Fig. 11 Normalized K, K, for a delamination crack
embedded in 3 locations, [M/A1/D/A/O/R/A0/
AMARORIO/AM,  [IMAD/R1/D/R2/0/ AN/
RIOAM] or  [M/AID/R/0/A/D/ALMINO/RIO/A
Ml of 32 CARE type FML.
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Fig. 12 Normalized K, K, for a delamination crack
embedded in 3 locations, [M/A1/D/A2/0/R/0
INNVYAQO/RIOIAMI, IMVAVO/R1/D/Re/90/ AMVA/0/
ROAM or [MA /O/R/90/A1/D/AMIAO/RIO/
AM of 32 GLARE type FML.



2LN NELAYE 2= HRI2"EB

H 12 H 15 2007.3.31 NHE HE =4 35

Mode II SHAMZASFE TRt olw A& pp. 963-980.

TEATEE TS 258y 5FRAESS [31Choi ~ H.J.  and  Thangjitham  S.,

Zt7y dRulE AEAAE ZE ¥ HI>A, # "Thermal ly-induced Interlaminar Crack-tip

YA F/ANZFA (GLARE type) FEE& ofglu]=/d Singularities in Laminated Anisotropic

ZAI(ARALL type), T¥E B4/ Z A (CARE Composites," Int. J. of Fracture, Vol.

type) 2 TAHC doH, ol Az wE 7 60, 1993, pp. 327-347.

AR EQ9F 55 @8t 2/1 2 3/2 A+ (4198, 4%, 344, "df7y 4% 4=

w5 AS¥ d& gy 2 AL I o mE AR 55 ASdY 4 &4 A

. E," WarIAg =2 A, Vol. 26, No

5, 2002, pp. 960-968.

(DARALL type HE}AEE AMg3 2/1 2 3/2 (ClEg&E=, o] &, B3, 44, "THAEY
Afrasdswe] 2 vgs FuE g S 92 AR 55 A58y #F A= 4
3} obefel AH RFARTFT Alolo] HF 7" dE7IAES =2 A, Vol. 27, No
AS <ol o] 2a%l FHEY F o] Ul 3, 2003, pp4d0-449 .

HHELAA 515 T F$odE 2/1 FMLO) [619d=, A4, 44, "4+ 145749
3/2 FMLE S k& K @& 7HA+ #4942 TE5HE E/‘“ﬂ 0 A 35 A3
o7t FHEFE 1 ol AXE & F 4 4 &4 A%, d@rAss=ER A,
o} Vol. 27, No. 3, 2003, pp. 372-380.

(71 54, =384, 245, s, "2d8F

Q)EE #4 A 2 o], 5FAsFTY TF oS ol &% HAFEEHTHY d 7AF
o sl Kol AwjHez A& Kye A As A7, deriAgs =3 AF, A 28

A ow o}F A Uehdon olu ARALL
type © 7FE 2 K@ U9 CARE
GLARE typee 79 §AM# 3he HAFT g
o AT e Zdole] FAAE B4
250 £ g8 9ol AHom Ho
Fdol ARFE 2 Ao} Yede
=5

ul
=

32

[1JAD Vlot and Gunnink J.W., Fiber Metal
Laminates  An Introduction, Kluwer
Academic Pub., 2001.

[2]Thangjitham S. and Choi H.J.,
"Interlaminar Crack Problems of a

Laminated Anisotropic Medium," Int. J. of

Solids Structures, Vol. 30, No. 7, 1993,

A, A 43, 2004, pp. 394-401.

81884, =314, HAdF, svlg, "Hies
HFwo sHAEATAT," dr|As
=3 AF, A 299, A 2%, 2005, pp.
220-227.

[9IWoo S.C. and Choi N.S., "Toughness and
Fracture Mechanisms of Glass Fiber

/Aluminum Hybrid Laminates under Tensile

Loading," in Press, KSME J. Mech. Sci.
Technology, 2007.

[10]Lekhnitskii S.G., Theory of Elasticity
of Anisotropic Body, Mir Publishers,

Moscow, 1981.

[11]Kanninen M.F. and Popelar C.H.,
Fracture Mechanics,
Press, New York, 1981.

Advanced
Oxford University



