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A study on the visco-plastic behavior of the jointed rock
mass reinforced by rockbolts during excavation

Youn-Kyou Lee, Chung-In Lee and Taechin Cho

crude oil storage caverns under construction.

ABSTRACT A two dimensional visco-plastic finite element model capable of handling the multi-
step excavation was developed for investigating the effect of excavation-support sequences on the
behaviour of underground openings in the jointed rock mass. Ubiquitous joint pattern was
considered in the model and joint properties in each set were assumed to be identical. Passive,
fully-grouted rockbolts were considered in the model. Visco-plastic deformations of joints and
rockbolts were assumed to be governed by Mohr-Coulomb and von Mises yield criteria,
respectively. With the ability of removing elements, the model can simulate the multi-step
excavation-support sequences. The reliability of the model to the stability analysis for the
underground excavation in practice was checked by simulating the behavior of underground
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Fig. 1. Rheological components for elasto-visco-
plastic behavior
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Fig. 2. Linkage of rheological units for reinforced joint-
ed rock mass
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Table 1. Properties of rock, joint, and rock bolt for
reinforced jointed rock mass

Values

Intact rock Young's modulus(Ey) 7 GPa
Poisson's ratio(v) 0.2

Component Properties

Joint normal stiffness (k,) 5X10° GPa/m
shear stiffness (k,) 5% 10° GPa/m
cohesion (C) 50 kPa
friction angle (¢) 40°
dilatancy angle (y) 40°
joint spacing (S) 1m

Rock bolt Young's modulus (Ey) 200 GPa
shear modulus (G) 76.9 GPa
yield strength (o,) 250 MPa
volumetric proportion (y) 0.005

300}

No convergence
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o
o Sharma & Pande(1988)
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501 Present study
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Fig. 4. Converged strain of reinforced jointed rock
mass at each load level
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Table 3. Properties of rock, joint, and rock bolt for
simulating the visco-plastic behavior of oil
storage cavern

values

Intact rock Young's modulus (Ey) 75 GPa
Poisson's ratio (v) 0.23

component Properties
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Distan
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Deformation

unit weight (y) 0.0263 MN/m®
coefficient of /o \ / )
horizontal stress (K) 1.3 ! 3\ Y i 1\ )
Joint set 1, 2 normal stiffness (k,) 30 GPa/m ‘ i ‘ 1

shear stiffness (k,) 15 GPa/m) { \ﬂ ! !
cohesion (¢ 100 KPa i i\
friction angle (¢) 45° T
dilatancy angle (y) 40° [ |
joint spacing (S) 09m, 1.5m

Rock bolt Young's modulus (E,) 200 GPa L NN WA AN AR
shear modulus (Gy) 76.9 GPa
yleld Streng‘th (O".) 250 MPa .(c) after bench 2 excavation ' {d) after bench 3 exelvnt.lm.:
diameter ’ 0.025 m Fig. 6. Tunnel deformation after each excavation

volumetric proportion () 0.00014

step.
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Fig. 11. Axial rockbolt stresses after each excavation step
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