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Fig.3 Expected fracture stress of a butt joint using
an epoxy adhesive.

HRBOE SOy Hicx LT, FilRlshsEIEh%
Foy b LIcOMFig.3 TH %, EBEIT Mostovoy 57
2, B0 HEF HEICOVT, EXEHDEHUTFOBK
BIE/H, Fig.3 Dk 575 Z k%245 L2FHAIL TV 5,
Co&Hic, b UBEPHEICEREREE S (KEH 1T
Fhig, REE&bEeHTFOLATBEIN, BERIE»E
FhFHVIREEL R 5, COEKTIE, BEERIESED
FFIGEREN LB EEZSNTVWA I &F, MifE-Tuwi
W

3. MEMMELCEIITHRERNEESORE

HIREIC B\ T, HEA5 A O IS AS B FI R R 5 ot
LTARETHNIE, BXALEHMTOWIEIEE, BEH
BAEVIRE ERT B Lk, L LEAS, EHALS
HHE b OEERITIE, HAEEL LIcESAEEEC T
5E, WHEPHEZOSDOME TS S EMHSNTL S,
Mostovoy & Ripling™ 1, 7/ =9 ADkEMEH 3
o #+ VRHETHSE U SR T OB s s
FBEAMNH B3> TRDT A ELERVWELTL
%, —74, Bascom 52 (3, TAZERTH#+ Uigico
WTHEAIRIE S 24 2 2B E O #IE 2 TDCB R
B EZHOWTITY, BOEESEHIED S R4 Ic s AlEE
ZRLETYL &, SREMBHEAE S 2, L RIERE L
BERIEE X012 3 5 700 THIBESMESBAMZ & v,
TO®RS SIHEEREIE S 5§ 125 & 28RS (E
BEDTEIEERVELTVS, Irwin ik » TIRE S
NG/ SZRRBHIERA R T RO E -, KX
TREN B,

1 E,G
= Plane Stress
2 a,
(3)
1 EaG .
pi=iess—sm=eat Plang’Strain

67 o2(1—v2)

IT, GRe®XNVF—MINE, E, v, 3FEHDOY v 7
RLRTV VM, o IBEEROBIRKIENITH 5, F 12,



BAEEYS®

Vol. 42 No. 3 (2006) (11) 1991

[EFkDFEER I, Kinloch & Shaw? ICk » ThlEHH SN
TW3,

LHaL, bhbholRioWES Tk, EEHFOH
FREERERTIC L 0, BERIESHEL L3Ic>hTEL S
Rioricd L <, S2UEREHOIIISN LRSS L4 5
BREBTVE, o iy, EEMOHIFRICLY, XA
FIiE D7 o€ 2 — ABEDIENN ER$ 5 T & AR
LTWBDT, FERANCHEEROIZANH 2FEHL D bl
U5 LWHEHEPMMEAE T L TWL T EERLTVS, &
7z, Varias 59, Hsia 5!, Tvergaard & Hutchinson!V
K&-T, 5397 2%2&BTovft3LIBAD, &
JBOIE S & EZENEE OIS OBRAIIT S h T W B,
HoOICLBEVTNELBEOES S BEE LY bl
WAL, MU JRSEIIT LT, EZEIREEDISS S
FRIBEFTRHEREAEEBTVDE, DT L}, EEHTFI
SV TOHA OFFFER EAREHNCEILTH %,

L L7Eas, LIEoERY S IE I AEK £+ JH#ilE
ICOWTHEER 21T 72, Bascom 5 2 % Kinloch & Shaw?
DEBFERD L 1T, H2HAEHIEES TG S
K% & SEHEHRHEATERD L,

4. BEFIBPROERETEFEDS A -2 -2 D
mE

I T, EBCES ORI ZEERIBN O = ZEIRES
AP LY, CCTHOWE T AT £+ V51,
< by 7 2B T £+ Ukl (AER250, E#iF /),
WAk 74 v » 3412 CTBN (CTBN1300X8, FifEEeE),
W LANICHEEFR T 3 v (HY956, E#F/Y) #HWL, %
hzh, 833wt%, 12.5wt%, 4.2wt%B DA TEE L
bDOTH5, Th% 120°CT 16 BfElnz L Tl b 12,
BEEMT R, BEENEYT A9 7Y v IH (CoHnOs5S0)
TRIHRL o7 v 3 =9 4 (A6061) % T 0 I 4 2RS4
THESEAILICkY, BEREESH 0.1lmm, 0.3mm,
0.7mm, 1.5mm, 2.lmm ® Fig.4 i</"¢ & 5 7 CT BU$%
EHE TSR 21EK L oo BERIE RO 225
12, HEEAOELHICH S UHES 0. lmm DA IV Y
FAEFALTEE, B{LKRIEKEN -1, TOBRICLTH
ShicilBh OWEHHE% Fig.5 cRd, Th&y,
Bascom & 2 4 Kinloch & Shaw? DFEEEES & EEEIC,
0.3mm BREOHEEFFES T, WEHHMIABAL -
TWAI EDBbMhb, T, ThZTHLOESRBEEX®
AEAIC>VT, FHBREGEO 95% O fifE %2 B L
TERITBRET L 7o S & OB O & REIRE AT 2 (K
HEUMEE T L, L5 — b RicloftgTE
100 g m iR L L, ZZUEMIHED I 42K T A+ vk
fg DREHIRAE A K 2EBAMES Ic L VBRI L 12552 % Fig. 6
(7 S

i B

- ; £s

i i Adhesive
[ 1

- 0.6W

<

Fig.4 Compact tension (CT) adhesive specimen.
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Fig.5 Fractre toughness of adhesive joints using
rubber modified epoxy resin with bond
thickness.
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Fig.6 Microphotographs of damage zones ahead of crack tips with several bond thicknesses.
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Table 1 Material properties of rubber modified
epoxy resin.
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Fig.8 CT specimen of homogeneous rubber modified
epoxy resin.
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Fig.9 Expected damage zone ahead of a crack tip in
homogeneous adhesive resin obtained by
Gurson’s model in conjunction with the finite
element method (FEM).
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fraction ahead of a crack tip in homogeneous
rubber modified epoxy resin analyzed by
Gurson’s model in conjunction with the FEM.
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model and experimental results.
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Fig. 11 Distribution of void volume fraction ahead of crack tips in adhesive layers with several bond thicknesses.
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Fig.15 Damage zones at the surface and the center of plates obtained by Gurson’s model with the 3D FEM.

Fig. 16 Enlarged rubber particles along the interfaces
between an adhesive layer and adherends.
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Abstract

Examining the effect of bond thickness on the fracture toughness of adhesive joints is a common
issue; however, the mechanism of this effect has not been elucidated. Damage zones around crack tips
in adhesive joints with several bond thicknesses were observed using an optical microscope. Interfacial
damage zones were observed in cases of bond thickness of less than 0.7 mm. Specially, large interfacial
damage zones grew in an adhesive layer of 0.3 mm bond thickness, which showed maximum fracture
toughness. The stress shielding effect of the interfacial damage zone was expected to increase the
fracture toughness of this adhesive joint. Analyses of damage around crack tips in adhesive joints
were performed using the finite element method (FEM) in conjunction with Gurson’s model. The
result of the FEM analyses showed the increase of stress and damage in cases of thinner adhesive
layers, which means a monotonic decrease of fracture toughness accompanied decreased bond thickness.
Then, artificial damage along the interface between an adhesive layer and adherends was introduced
in the FEM analyses. These analyses showed the maximum fracture toughness of an adhesive joint
with a bond layer of about 0.3 mm, and the results confirmed the stress shielding effect of the inter-
facial damage zone.
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