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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 2. Input parameters used in the simulation of uni-directional direct shear tests

0,MPa) K (MP«&/m) K (MPa/m) oy () o () 4,00 c(mMN) o ,(m/MN)
GH18 1 2430 8000 16 7 35 80 500
GH35 2 2840 8000 10 27 35 150 550
GH7 3 3120 12000 17 27 35 60 450
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Fig. 8. Change in asperity angle obtained from numer-
ical simulation of direct shear tests



125

Table 3. Input parameters used in the simulation of cyclic shear tests

0n Ks Kn 0 /o 4 o
(MPa) (MPa/m) (MPymy 0O %O

og ) g, ©) 0,00)  c;(M/MN) c,(m/MN) ¢ (m/MN)

GH27 ! 1800 8000 13 18

13 2 35 95 700 235

o ¥4 Feb RS 747 AAADH GARHE epdict.
Z AR} JAT] A2 o2 Ax g A8t
EE o AFAGEFETLANS &4 (unloading
damage coefficient)® VFERl™ 557 A wls) A
3] AA dgsisdch A oll= 12 27 AZTE
FYsA AZRAE, 22 27] HE 7 271E A9

= ez 7Pedl, ole thiE AE AolA o
Aol ARGl A9} e E 53 E HelX| 99k
7] o Folrh.

Fig. 9= HEHQ 3749k AR Helof gk 371 A
A g Ao a4 AAE vlag Aol Al 15
7oA 8] PR ET & v o]& o] F Hxhi
Lol weh FA 8] Fhaste] ARAGEY TELE ¥
sizict. &3 7 F71oll 4 AWS 7] (loading stage)H) <
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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

Sample it GH21 GH4I MH27 MH32 MHII
Parameter
o.(MPa) 1 2 3 1 2 3

K, (MPo/m) 1200 1200 1200 1200 1200 1300
K, (MPa/m) 30000 30000 30000 30000 30000 30000
@ ) 14 14 149 8 115
o ) 7 8 7 7 8 6
¢, MMN) 50 30 50 60 20 30
¢, mMN) 350 350 300 400 400 500
f 03 025 03 025 025 018
¢ mMMN) 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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