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ABSTRACT

The anisotropic behavior of rocks is primarily attributed to the directional arrangement of
rock-forming minerals and the distribution characteristics of microcracks. Notably, sedi-
mentary and metamorphic rocks often exhibit distinct transverse isotropy in terms of their
strength and deformation characteristics. Consequently, it is crucial to gain accurate insights
into the deformation and failure characteristics of transversely isotropic rocks during rock
mechanics design processes. The deformation of such rocks is described by five independent
elastic constants, which are determined through laboratory testing. In this study, the charac-
teristics of the directional variation of apparent elastic constants in transversely isotropic rocks
were investigated using experimental data reported in the literature. To achieve this, the
constitutive equation proposed by Mehrabadi & Cowin was introduced to calculate the
apparent elastic constants more efficiently and systematically in a rotated Cartesian coor-
dinate system. Four transversely isotropic rock types from the literature were selected, and the
influence of changes in the orientation of the weak plane on the variations of the apparent
elastic modulus, apparent shear modulus, and apparent Poisson's ratio was analyzed. Based
on the investigation, a new constraint on the elastic constants has been proposed. If the
proposed constraint is satisfied, the directional variation of the apparent elastic constants in
transversely isotropic rocks aligns with intuitive predictions of their tendencies.

Keywords: Transversely isotropic rock, Apparent elastic modulus, Apparent shear modulus,
Constitutive law, Rotation of coordinate axes
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Fig. 1. Definition of global coordinate system for transversely isotropic rock sample
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Fig. 2. Local coordinate systems for inclined transversely isotropic rock samples: (a) rotated by an angle § about =,-axis and then (b)
rotated by an angle ¢ about z,-axis
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Table 1. Elastic constants of transversely isotropic rocks

Rock type E(GPa) v E’ (GPa) v G’ (GPa) Reference
Asan gneiss 68.3 0.3 54.4 0.2 17.1 Cho et al.(2012)
Taiwan marble 78.302 0.267 72.189 0.163 27.425 Chou and Chen(2008)
Olkiluoto mica gneiss 79 0.17 56 0.21 24 Hakala et al.(2007)
Asan gneiss 57.54 0.1363 32.30 0.1151 16.19 Yim et al.(2022)
O Barco de Valdeorras slate 68.22 0.23 38.04 0.28 19.45 Alejano et al.(2021)
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Fig. 3. Variations of apparent elastic modulus £, in the rock samples with respect to changes in the dip angle ¢ of the weak planes:
(a) Asan gneiss (Cho et al., 2012), (b) Taiwan marble, (c) Olkiluoto mica gneiss, and (d) O Barco de Valdeorras slate
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Fig. 11. Variations of apparent Poisson’s ratio (a) v,,, (b) v,; and (c) v, in the O Barco de Valdeorras slate sample with respect to
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