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A Numerical Analysis on the Shear and Hydraulic behavior of Single Rock Joint
with Roughness

Hee-Suk Lee and Youn-Kyou Lee

ABSTRACT The development of proper joint model, which can describe real phenomena exactly and still can be used
easily, is one of the most important element for the analysis of the mechanical and hydraulic behavior of discontinuous rock
mass. In this study, an elasto-plastic constitutive model of joint behavior considering asperity degradation was extended with
the concept of first and second order asperities. The proposed model was implemented to numerical code with discrete finite
joint element. The parametric study with the various asperity angles and degradation coefficients showed that the model can
reproduce the shear behavior of typical rough joints well. Results of laboratory monotonic and cyclic shear tests were
compared with those of numerical tests to validate the model. The hydraulic model considering the relations between gouge
production and aperture was introduced to the mechanical model. In an attempt to examine the performance of the model,
comparative numerical test was conducted. Permeability between joint surfaces increased rapidly at the first stage, but
became nearly constant with increasing shear displacement due to gouge production and uniform variation of aperture
distribution.

Key words : rock Joint, elasto-plastic constitutive model, finite element method, asperity degradation, hydraulic

behavior.
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Table 1. Test matrix for the parametric study

Parameter 0 PN
Case o ) 00" c(mMN) cy(m/MN)

Reference case 10 10 100 400
0 10 100 400

Effect of o)
20 10 100 400
10 0 100 400

Effect of 0
10 20 100 400
10 10 0 400

Effect of c,
10 10 200 400
10 10 100 0

Effect of c,

10 10 100 800
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Table 2. Input parameters used in the simulation of uni-directional direct shear tests
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Table 3. Input parameters used in the simulation of cyclic shear tests

g, K, o 0 (o 0 (o 0
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GH27 1 1800 8000 13 18 13 2 35 95 700 235
o] Hz Fok RE 2 AR A AAGE vepich,  ARA-S3 3} Al5HE7)A] (unloading stages)e] AE™
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Fig. 9. Cyclic shear behavior for rough granite joint from
both numerical and experimental shear tests
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Table 4. Input parameters used in the simulation of shear-
hydraulic tests

Parmz;’fple GH4 GH21 GH41 MH27 MH32 MHI1
G,(MPa) 1 2 3 1 2 3
K, (MPa/m) 1200 1200 1200 1200 1200 1300
K, (MPa/m) 30000 30000 30000 30000 30000 30000
ol ) 4 14 14 o9 8 115
o ) 7 8 7 7 8 6

¢, (m/MN) 50 30 50 60 20 30
¢, (m/MN) 350 350 300 400 400 500
f, 03 025 03 025 025 018
¢; (m/MN) 80 30 60 60 30 60
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Fig. 10. Permeability changes obtained from several numerical and experimental tests for shear-hydraulic behavior
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