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A Constitutive Equation and FEM Analysis of Rock Masses Containing Fracturing Joints
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ABSTRACT

The mechanical bebaviors of jointed rock masses are strongly affected by the property and geometry of joints.
Cai and Horii proposed the constitutive model which represents the effects of density, orientation and connectivity
of joints as well as the property of joints itself before the failure of joints. In the case of the excavation in
rock masses under deep ground, the post-peak behavior of joints which are closed by the earth pressures before
excavation are dominant under the stress relaxation by the excavation. In such situation, undulations of joints
play an important role. Sliding along some parts of joints results in large opening at the other parts. In the
present study, a constitutive model of rock masses with widely-distributed joints is proposed which considers
only the post-peak behavior of joints. The stress-strain relations of jointed rock masses are formulated by taking
the volume average of stress and strain over a representative volume element in which the evaluation of the
relative displacement across the joint is required. The relative displacement across the joint is obtained by
introducing a concept of the system stiffness. The sliding and associated opening of joints with undulations is
considered where the amount of sliding and opening is determined by the constraint of the surrounding material
whose effect is evalvated through the system stiffness. Then, the proposed constitutive model of jointed rock
masses is implemented into a finite element analysis code with a three-dimensional element. As an example, a
problem of excavation of a power station cavern is analyzed. The distribution of joint opening distribution is
obtained and it is shown that regions with large opening displacement appear and the maximum opening
displacement is about 10mm.
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