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Constraint Effect of Adherends on the Fracture of Adhesive Joint
(1st Report, Microscopic Observation of the Damage Zone
around a Crack Tip)
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The failure behavior around a crack tip in an adhesive joint is important in relation to the
integrity of adhesive structures. The bond thickness is one of the important design parameters in
adhesive structures. It has been reported that the fracture toughness of a crack in an adhesive joint
depends on the bond thickness. However, the mechanism of the dependence has not yet been
elucidated. In this study, we investigate the bond thickness effect on the fracture toughness of
adhesive joints using a microscope. The damage zones around crack tips in adhesive layers with
several bond thickness are observed. The distributions of damage zones and the shapes of rubber
particles in adhesive layers are observed by an optical microscope. Additional damage zones are
observed along the interfaces-between an adhesive layer and two adherends. As the result, the
combination of the damage zone around a crack tip and the additional damage zones is related to the
variation of the fracture toughness of an adhesive joint with bond thickness.
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Fig.1 Concept of the bond thickness dependence of fracture
energy of adhesive joints®.
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Fig.3 Compact tension (CT) specimen of bulk epoxy resin.
(W =24mm, a/W = 0.5, Thickness = 8mm)

Table 1 Material properties of aluminum and rubber-modified
epoxy resin.

Young’s Modulus Poisson’s Ratio

(GPa)
Aluminum 73.1 0.32

Rubber Modified Epoxy 2.58 0.37

Table 2 Fracture energy of cracked adhesive joints and bulk
rubber-modified epoxy resin.

Bond Thickness G, K

(mm) (KJ/m?) (MPazmT) |
0.1 0.04 0.33
0.3 0.35 1.02
0.7 0.28 0.91
1.5 0.24 0.85-
2.1 - 0.25 0.86
Bulk Epoxy Resin 0.25 0.87
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Fig.4 Load — displacement relationship of specimens.
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(Each point indicates the average of ten times measurements)
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(a) In the case of an adhesive layer with 1.5 mm thickness. (c) In the case of an adhesive layer with 0.1 mm thickness.

Fig. 6 Morphology of rubber modified epoxy resin around pre-cracks and along interfaces
between adhesive layhers and adherends in versin specimens.
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Fig. 7 Schematic pattern of the distribution of rubber particles
in an adhesive layer.
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(e) In the case of an adhesive layer with 0.1 mm thickness.

Fig. 8 Damage of rubber modified epoxy resin around pre-cracks and along interfaces
between adhesive layhers and adherends in damaged specimens.
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