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On the Crack Growth in the Rocks Based on the Energy Release Rate Criterion
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Abstract

In this paper, we analyze the energy release rate in the simple crack problems which have a mineral
grain or a void near the crack tip as the models for considering the crack growth in the rocks. The energy
release rate is computed by the finite element method using the E-integral. The mineral gréjn and the void
are modeled as the finite elements which are different in the Young’s modulus from the other elements. The
energy Telease rate at the onset of the crack kinking in the homogeneous linear elastic model is obtained
with a high degree of accuracy and its accuracy prove the availability of this method. We then show that
a straight extending crack to the mineral grain, which exists ahead of a crack tip symmetrically, becomes
unstable and tends to kink from the straight extending direction. We finally show that there exist an
amplified effect and a shielding effect on the crack growth which depends on the position of the mineral

grain or the void.
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Fig.1 Scheme of the models. Fig.2 Finite element model and the integral paths.
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Fig.5 Finite element model for a neighborhood of the Fig.6 Normalized energy release rate for the crack
crack with a mineral grain or a void. tip in which neighborhood has a mineral
grain symmetrically.
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Fig.3 Path-independency of the J-integral and E- Fig.4 Normalized energy release rate for the crack kink-
integral. ing in homogeneous isotropic model.
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Fig.7 Normalized energy release rate for the crack tip in Fig.8 Normalized energy release rate for the crack
which neighborhood has a mineral grain or a void tip in which side has a mineral grain or a
anti-symmetrically. void.
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