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Damage Zone around Crack Tip and Fracture Toughness of
Rubber-Modified Epoxy Resin under Mixed Mode Condition
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Rubber-modified epoxy resin is widely employed as a base for adhesive compositions and as a matrix material for
glass and carbon-fiber composites. A damage zone is generated around a crack tip before fracture. This damage zone
is caused by the deformation of rubber particles dispersed in the matrix resin. Its size is closely correlated with the
fracture toughness of the resin. In this study, we investigate the deformation of rubber particles inside a damage zone
and the relation between the fracture toughness and the size of a damage zone around a crack tip, that is, the length,
width, and area under mixed mode condition. The fracture toughness (Kic) and the fracture energy (G¢) are mea-
sured using an end notched circle type (ENC) specimens. The damage zones around crack tips of damaged speci-
mens are observed by a polarization microscope. As a result, the fracture energy (G¢) of rubber-modified epoxy resin
has close relationship with the area of damage zone. The rubber particles are deformed elliptically due to the differ-
ence of the components of principal stress in the specimen whose load angle is 30 degree.
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Fig. 1. End notched circle (ENC) specimen. (Unit : mm)
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Table I . Material properties of rubber-modified epoxy resin.

Young's modulus (GPa) Poissen's ratio

Rubber-Modified
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Fig. 2. Load-displacement diagram.
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Fig. 3. Fracture load versus load angle.

Table . Stress intensity factor, energy relese rate and
fracture toughness.
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Fig. 4. Damage zones around crack tips observed by a
polarization microscope at 60% load.
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Fig. 5. Damage zones around crack tips observed by a
polarization microscope at 80% load.
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Fig. 10. Relation between energy release rate (G) and
size of damage zone.
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Fig. 11. Rubber particles of the inside of a damage
zone observed by a polarization microscope.



The Society of Materials Science, Japan

TAREPETARF VRIIEONRE T — P T O X HemRIES & R U AVE 61

m
1 0pm |

(b) Outside of damage zone

Fig. 12. Rubber particles of the inside and the outside
of a damage zone for mixed mode 30deg.
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along 6 for mixed mode 60 and 30deg.
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