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Constraint Effect of Adherends on the Fracture of Adhesive Joint
(2nd Report, Failure Analysis around a Crack Tip Using Gurson Model)
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It is well known that the fracture toughness of a crack in a thin adhesive layer constrained by
hard adherends depends on the thickness of the adhesive layer ; however, the precise mechanism of
the dependence has not yet been elucidated. In our previous study, we investigated the stress
distribution around a crack tip in an adhesive layer using the finite element method (FEM), we
discovered the presence of higher hydrostatic stress around a crack tip in thinner adhesive layers. In
this study, the damage around crack tips in thin adhesive layers of rubber-modified epoxy resin is
analyzed using the FEM in conjunction with Gurson’s model, which can well describe the yielding of
porous material such as rubber-modified epoxy resin. The decrease of the fracture energy with the
decrease of the bond thickness can be estimated by this analysis, but it is not clear why the maximum
fracture energy occurs at around 0.4 mm of bound thickness.

Key Words: Fracture Mechanics, Fracture Toughness, Adhesive Joints, Damage Mechanics, Bond
Thickness, High Polymer Materials
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Fig. 2 Cavitations in damaged rubber-modified epoxy
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Young's Modulus  2.58 GPa
Poisson's Ratio ~ 0.37
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Fig. 3 Stress-strain curves for tensile and compression
tests.
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Fig. 4 Bulk CT (compact tension) specimen.
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Fig 5 Variation of hoop stress with distance from a crack
tip for a bulk CT specimen.

Fig 6 Variation of void fraction with distance from a
crack tip for a bulk CT specimen.
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Fig. 8 Variation of hoop stress with destance from a crack
tip for an adhesive joint with 1.5mm of bond thickness.
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Fig. 10 Variation of hoop stress with distance from a
crack tip for an adhesive joint with 0.7mm of bond
thickness.
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Fig. 9 Variation of void fraction with distance from a
crack tip for an adhesive joint with 1.Smm of bond
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Fig. 11 Variation of void fraction with distance from a
crack tip for an adhesive joint with 0.7mm of bond
thickness.
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Fig. 12 Variation of hoop stress with destance from a
crack tip for an adhesive joint with 0.3mm of bond

thickness.
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Fig. 14 Variation of hoop stress with destance from a
crack tip for an adhesive joint with 0.1mm of bond
thickness.
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Fig. 13 Variation of void fraction with distance from a
crack tip for an adhesive joint with 0.3mm of bond
thickness.
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Fig. 15 Variation of void fraction with distance from a

crack tip for an adhesive joint with 0.1mm of bond
thickness.
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Fig. 16 Distributions of damage zones around a crack

tip for an adhesive joint with 0.3mm of bond thickness.
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Fig.17 Distributions of damage zones around a crack tip
for an adhesive joint with 0.1mm of bond thickness.
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Fig.18 Estimated fracture toughness of rubber-modified
epoxy resin with bond thickness.
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Fig. 19 Shrunk damage zone around a crack tip shielded
by interface damage zones in the case of 0.3mm bond
thickness.
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DERFEMEFURESIIRET S, DI LA,
X 1D Type A DEFEMRFOEEFBE émﬁ D
BERTHEEEZOLND.

Q) 1 DType BORIZ, HLEEFBES T

— BRI EFBAER £ 2 FEIE, B1MOH
BRBIBOERL Y, BEXB LEEHOREIZ
R I 2 REEABROCIERDRICLY, X
HERMTEDILHPBET T 5720 FR SN,

REBRBEIFETE, 2EEROLHPET
L, EREMIIBIZIBHEOREIHZOND Z
A5, BATH S QHER SN,

(3) TypeBDEEMFEDBETY, S5ITEEH
BAECRALE, ZRVPFERBROTLERT
B0z, ITERSRIIE DN, BREEEL,

Table2 Estimated fracture toughness of cracks in adhesive
layers with and without boundary damage zones.

Bond Estimated Fracture Energy (J/m?)

Thickness (mm) Without boundary With boundary
damage zones  damage zones

0.1 70 > 400
0:2 120 > 400
03 170 > 400
1.0 340 280
1.5 380 320

SUEBTTALEZLNS,

@) AR % A R ORI
Type A & Type BD b DHFIET 5 DIL, HEFO
BERHEEM OMEFROEVICL Y, REBEE
BAEETAIDLL VLD A7 TIELR
Wk FillT 5.

RIFRDORTI D7), BAZHERLH LR
ARMBEOBREZIT . LWL TEHT 5.
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