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Numerical Analysis of the Visco-plastic Behavior of Rock Mass Considering
Continuum Joints and Rock Bolt Elements

Seung-Hwan Noh, Chung-In Lee and Youn-Kyou Lee

Abstract Rock mass contains discontinuities such as faults and joints, and their mechanical properties and spatial
distribution dominate the stability of rock mass. Because the deformation of rock mass occurs discontinuities in
many cases. However in the case of poor quality rock mass under high stresses, the deformation along intact rock
can also influence the structure's stability. In this study, two dimensional finite element program was developed
with a rheological model to analyze the stability of the structure excavated in jointed rock mass. The “equivalent
material” approach was used assuming intact rock, joints and rock bolts as visco-plastic materials. The program
was verified by analysing an intact rock model, a jointed rock mass model and a reinforced jointed rock mass
model. The displacement was examined in each model with changing the intact rock behaviour as elastic and
visco-plastic. In the case of poor quality rock mass under high stresses, the assumption of visco-plastic behaviour
of intact rock resulted in larger displacement than when assuming elastic behaviour for intact rock. Therefore it
is recommended to add intact rock's visco-plastic behaviour to the existing model, which only assumes visco-plastic
behaviour of joints and rock bolts.
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Fig. 2. Rheological model of reinforced jointed rock mass
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Table 1. Input parameters for intact rock
Component Properties Values
Young's modulus (&) 10.0 MPa
Hardening parameter (H') 5.0 MPa
Intact rock .
Yield strength (oy) 0.5 MPa
Fluidity parameter (7 ) 0.001 Pa/day
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Table 3. Properties of rock and joint for input parameter

Component Properties Values
Young's modulus (£ 1.0 GPa

Poisson's ratio (v) 0.25

Intact rock

Cohesion (a) 0.34 MPa

Internal friction angle ( ¢;) 24°
Normal stiffness (K,) 1.0 GPa/m
Joint Shear stiffness (K) 1.0 GPa/m

Joint spacing (S) 1.0 m
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54 REER BYE 2|l HAN AS o ot BERFS olgstgckFig. 9). A sk

sz wyw deloye] 44y BUo) AfNe A8 U A= Shama & Pande(1988)0] AG3H
Z35}7] 9J5to] Sharma & Pande(1988)0]l &J3t 23} Fkat ZtK(Table 4).



224 A&A delok SEE 848 2 oute] M Awel Wi pAjsA

Table 4. Mechanical properties of rock, joint and rock bolt

Component Properties Values
Young's modulus (Ey) 7.0 GPa
Poisson's ratio (v ) 0.2
Intact rock
Cohesion (a) 2.2 MPa
Internal friction angle ( ¢,) 37°

Normal stiffness (K,)
Shear stiffness (K)

5.0x10° GPa/m
5.0%10° GPa/m

. Cohesion (¢) 50 kPa
Joint
Friction angle ( ¢) 40°
Dilatancy angle (¥') 40°
Joint spacing (S) 1.0 m
Young's modulus (E3) 200.0 GPa
Shear modulus (G) 76.9 GPa
Rock bolt
Yield strength (oy) 250 MPa
Volumetric proportion (p) 0.005
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Table 5. Properties of rock, joint and rock bolt for input

Table 6. Case classification for model analysis (case I ~

parameter case VI)
Component Properties Values C Behaviour of | Existence of | Existence of
v ; dul 780 GP ase Intact rock Joint Rock bolt
oung's modulus (£ . a ; Elastic % X
Poisson's ratio (v) 0.2 I Elastic o X
Intact rock Cohesion (a) 0.6 MPa 11 Elastic 0 0
Internal friction angle ( ¢,) 29° v Visco-plastic X X
insitu stress ) 2.0 MP v Visco-plastic (6] X
insi ess (0,/~0 . a ; -
b VI Visco-plastic (6] (0]

Normal stiffness (K,) 10

Shear stiffness (K;) 5 GPa/m
. Cohesion (c) 45 kPa
Joint
Friction angle ( ¢) 45°
Dilatancy angle (¥') 45°
Joint spacing (S) 1.0 m
Young's modulus (Eg) 200.0 GPa
Shear modulus (G) 76.9 GPa
Rock bolt
Yield strength (o,) 250 MPa
Volumetric proportion (p) 0.005
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Fig. 13. Radial displacement along the radial line parallel to the joint set
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