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Effect of Bond Thickness on the Fracture Toughness and the Strain Field
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The fracture behavior of a crack in an adhesive joint is important to investigate the integrity of
adhesive structures. It is well known that the fracture toughness of a crack in an adhesive joint using
ductile adhesive depends on the bond thickness. However, the mechanism of the dependence has not
yet been elucidated. In the present study, we measured the fracture toughness of adhesive joints
consisted of aluminum and rubber modified epoxy resin under mode I loading. The distributions of
strain around a crack tip were measured using a micro-video—scope and the digital image correlation
method (DICM). The measured distributions of strains were compared with that estimated using the
finite element method (FEM) in conjunction with Gurson’s model. The fracture toughness of
adhesive joints used in this study decreased with the decrease of the bond thickness. According to
the measurement and analyses, it is estimated that the stress and damage around a crack tip in a
thinner adhesive layer were more increased by the higher constraint effect of adherends.

Key Words: Fracture Mechanics, Adhesive Joint, Rubber-Modified Epoxy Resin, Digital Image
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Fig. 2 Fracture toughness of adhesive joints using rubber
modified epoxy resin with bond thickness®.

Fig. 3 Damage of rubber modified epoxy resin around pre-crack
and along interfaces between adhesive layer and adherends in
damaged specimen with 0.3 mm bond thickness® .
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Fig. 5 Stress-strain curve for tensile and compression tests
and three-dimensional analyses with Gurson’s model.

Tablel Material properties of rubber modified epoxy resin.

E v Oy Oy Jo
[GPa] [MPa] [MPa] (3D) (2D)
2.68 0.37 394 59.0 0.30 0.35
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Fig.9 Fracture toughness of rubber-modified epoxy resin
with bond thickness.
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Fig.10 Variation of ffor each specimen at fracture.

VBT O X2 ZEREOBREMRIT 21TV, ES
MMEZHEE L=, H10lZ, R TREND RFEEES
2%, Bulk#/REEERFDME (=9.98 X 10°mm, AHEEDILYHE
E) LB ol b EOxdh LORA FEEH AT
T IOl XOARSELERNMEEE L.

s= 50 - foax @

2T, LIXBukiREEROMITIC L D B O
R X (=075mm) TH5. N @) KIvHEEL
TR E 2 oI B W TR ORY. B& v EEH
BAEL R B Izoh & VBV IRESE T X Bk
BERIENY, REERMEENMET T2 Z L8 #ES
e, ZISRERBE R & BRI BT 5.

4. BEXARMPOERERVTHITHHM

4-1 MMEHE FUXLERMEREE (DIC
M) I, ERRIHOBIRISRHET VEN I AT T
BEL, BohiF P2 LEBROBEE LR
EREOEMEEHT A HETHD. AHETHN
FeBER = AR FIREERAENEOEE L Y bEN
728, SNeEEFEMES AV CREROBISEAITS 2 L
IXTERV. 2 TUROBEOCRER L, <4

BRI, FUER A —NVEBETAZLIZL DK
iz, B ICREEGROFIEZRT. 22T, DICM
OV Ty MEREITOVEL THEDIZH LML
ABRAFRAEICHEBOR T L—2 AW THEREZ DT
7. £, BREERSE TR KPoAkcHENR
ZEFIZx LT DICM 2@ L, £ ORI OB
HCOEMEPEH L. BONEREEN» OB
BB/ NHFtE (MLSM: Moving Least Square Method)
ICEVEEORDOUOTHERDIZ. K12 12V AT A
OELRT. 22T, TLERTRS HIEOER
EENIYE, KERA ST, VHREE L AEEEaT
DS L TR Z RS DBRERETHS. T
PRIVE S CREEERROE SR TE 5 X
ST, FEEATE CERBEICRELTTo. FLTE
XECEMERBIL, OTHEBEHLE. Thbt i
SR E RR L LIS TR LabES D
&, BEEEOUT A RS

I

Adherend
)
Q
R
&
=
==t
a
U
£
E
S
"}
v i
Fig. 11 Captured image example.
Testing
Strain field machine

MLSM

Displacement
at discrete points

Specimen
~
Lt

| / \

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

BEAIR 7 ARLFARR = A F > BIfe B AV T O & ROBIEEMEE &

EAFIRO T AN T 2 EERBE S ORE

1521

4-2 MAKBE X 13 (CHARORERN
BWAERT. X 14~17 12 Buk # CT RBA B LU
BEARBE XD CT BEEMFRABAICBIT 5,
DICM %AWz OTHEIRER () 277, &4
FRDTIZ 33 FH TR~ HETES L JHESE
ZRLTWA, £, ® 13 b () ~ Gi) TO
SAHRE 14~17FD () ~ Gii) IS LTWS.
KLY, Bulk ¥ CRAEFEOBEIMIHE, x BUIR -
TREREDPDHAT DL 25, ZHIIFAEHRF
ADBERTHY, BEMTFORERIILALND. —
FT, AT T3 L AR O RERICK
XROTHERELSD. I 15~17 &k, B#5
FEH#EL 2 bizoh, LR\ JESETEELSE
SHEBEOOTHB ERTHZ &R a05. Zhit
3-4HTRLE, EEBNELRBIZON, XVIE
W J S E T E RS OR A FEE S EF L
THENLEBHERLE—BLTWA. %Y, #F
Flga < 35138, FHEM OMARN #7220,

24 0.8

08 16
X [mm]

(i) J=218 J/m?

08 0

08
X [mm|

(i) J=601 J/m?

T A= AHEOAB LR L, BERBEL
B 25, F0k), K9 TRLEZL I CHEESE
BEL 2 BICoN, BEEMEIIET LA DLE
FASY (R

-~ Bulk
600- A ~~~ t=35mm
500 02,7 e t=1.8mm
] 47 F -== ¢t=0.7mm
£, 4004—
~ W
8 300+—>4, e
- | S/ / s
2004 B i
100 5L / o (i)
" A (iii)
o4& |
0 03 0.6 0.9 1.2

Displacement [mm]
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Fig. 15 Distributions of g, around a crack tip for an adhesive joint with 3.5mm bond thickness (1pixel=2.5 X 10~ mm),
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Fig. 16 Distributions of ¢,, around a crack tip for an adhesive joint with 1.8mm bond thickness (1pixel=1.5 X 10~ mm).
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Fig. 17 Distributions of g, around a crack tip for an adhesive joint with 0.7mm bond thickness (1pixel=6.3 x 10~ mm).
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Fig. 20 Distributions of &,, around a crack tip for an adhesive joint with 3.5mm bond thickness.
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Fig. 21 Distributions of g, around a crack tip for an adhesive joint with 0.7mm bond thickness.
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