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Development of Evaluation Parameter for Fracture Toughness Based on Statistical Mechanics

by Masahiro Toyosada, Member Koji Gotoh, Member
Shin Nakayama, Student Member

Summary

A new pa,rametler, which enable to evaluate the characteristics on fracture toughness
quantitatively, e.g. dependence on geometrical shape of specimen and a large scattering under
- the same experimental condition, is develdping in this paper. This parameter represents the
intensity of activation free energy in fracture process zone and is a function of strain rate
and temperature in the zone. Einstein model of the lattice vibration in solid, which is based
on statistical mechanics, is applied to derive the new parameter.
Fracture toughness test results under various crack _length, ambient temperature and
~ loading rate shows that the scattering and the crack length dependence on fracture toughness
can be considerably reduced if the suggested parameter in this paper is used as an evaluation
index for fracture toughness. This result indicates that the scattering originates in the
difference of strain rate in fracture process zone due to the difference of initial crack length
of each specimen, even under static loading condition, and that crack length dependence on’
fracture toughnebss can be explained by considering strain rate in the process zone instead of
the qualitative concept of plastic constraint effect on fracture toughness.
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Table 1 Chemical composition and material
properties (plate thickness = 16[mm])
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Ambient temperature  [°C]

Fig. 3 Relationship between ambient
temperature and critical CTOD
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