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An Elasto-Plastic Constitutive Law for Modeling the Shear Behaviour of
Rough Rock Joints

Youn-Kyou Lee and Chung-In Lee

ABSTRACT This paper presents a new constitutive model for numerical modeling the shear behaviour
of rough rock joints. The model incorporates the dilatancy of joints on the basis of elasto-plastic theory.
Barton's empirical shear strength formula are adopted in the formulation process. The mobilized JRC
concept is evoked to address the shear strength hardening and softening phenomena. The mobilized JRC
in the pre- and post-peak range is approximated by assuming that the variation of JRC is a function of
tangential plastic work. Discrete finite joint element is used to implement the proposed constitutive
model. The model is validated by the numerical direct shear test on a single joint which is subjected to
different boundary conditions. The test results are in good agreement with the experimental observations
reported by other authors. The numerical tests also exhibit that the proposed model can simulate the
salient features envisaged in the behaviour of rough rock joints.
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Fig. 1. Normalized plot of Barton and Choubey's
shear strength criterion.
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Fig. 2. Dimensionless model of shear behaviour of
joints (after Barton et al. 1985).
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Fig. 3. Elasto-plastic shear stress-shear displacement
model.
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Fig. 6. Isoparametric 6-node discrete joint element.
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Table 1. Input parameters for constant normal stress
condition. (unit of k,, k, : MPa/m, unit of RMC,
RDC : (m)(rad)/MN
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