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Failure Function of Transversely Isotropic Rock Based on Cassini Oval

Youn-Kyou Lee*

Abstract Since the failure behavior of transversely isotropic rocks is significantly different from that of isotropic
rocks, it is necessary to develop a transversely isotropic rock failure function in order to evaluate the stability of
rock structures constructed in transversely isotropic rock masses. In this study, a spatial distribution function for
strength parameters of transversely isotropic rocks is proposed, which is based on the Cassini oval curve proposed
by 17th century astronomer Giovanni Domenico Cassini to model the orbit of the Sun around the Earth. The proposed
distribution function consists of two model parameters which could be identified through triaxial compression tests
on transversely isotropic rock samples. The original Mohr-Coulomb (M-C) failure function is extended to a three-
dimensional transversely isotropic M-C failure function by employing the proposed strength parameter distribution
function for the spatial distributions of the friction angle and cohesion. In order to verify the suitability of the
transversely isotropic M-C failure function, both the conventional triaxial compression and true triaxial compression
tests of transversely isotropic rock samples are simulated. The predicted results from the numerical experiments
are consistent with the failure behavior of transversely isotropic rocks observed in the actual laboratory tests. In
addition, the simulated result of true triaxial compression tests hints that the dependence of rock strength on
intermediate principal stress may be closely related to the distribution of the microstructures included in the rock
samples.
Key words Strength anisotropy, Transversely isotropy, Mohr-Coulomb criterion, Cassini oval
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Fig. 2. The different shapes of Cassini ovals
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