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Abstract

We describe a framework for mathematical modeling of slip weakening in an

initially intact rock mass due to shear strain localization along any arbitrary slip

plane. The modeling technique considered is based on continuum mechanics and

may be cast directly into a standard nonlinear finite element algorithm for the

analysis of pre- and post-failure responses of geological systems in a boundary-value

problem. The pre-failure behavior is represented by a continuum constitutive model;

the post-failure behavior is characterized by frictional yielding on a slip surface with

state- and velocity-dependent coefficient of friction. In the context of finite element

analysis, slip planes are represented by an embedded strong discontinuity introduced

into an initially intact finite element to signal the beginning of post-failure behavior.

This paper focuses on the narrow time interval of slip weakening, from the moment

the strong discontinuity has been embedded into a finite element until the relative

slip has grown to a large enough value for the coefficient of friction to reach steady-

state. To this end, we formulate a linear slip weakening constitutive law in which the

weakening component decays to zero at the same time that the frictional component

increases to its value at residual state.
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