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DEVELOPMENT OF NUMERICAL MODEL FOR THE VISCO-PLASTIC BEHAVIOUR OF
THE JOINTED ROCK MASS REINFORCED BY ROCKBOLTS
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Synopsis

, & 3HFAL Dept. of Mincral and Petroleum Eng., Scoul Nat. Univ., Seoul
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Dept. of Applied Geology, Nat. Fisheries Univ. of Pusan, Pusan

In this study two dimensional visco-plastic finite clement model capable of handling the multi-step cxcavation was developed for

investigating the effeet of excavation-support scquences on the behavior of underground openings in the jointed rock mass. First, the finite
clement model which is capable of handling the multi-step excavation is developed and verified. And then the model is combined with
visco-plastic joint model. Ubiquitous joint pattern was considered in the model and joint properties in cacli set were assumed to be indentical.
Passive, fully-grouted rockbolts were consideted in the numerical model. The visco-plastic deformations of joints and rockbolts were assumed to
be governed by Mohr-Coulomb and von Miscs yicld critcria, respectively. With the ability of removing elements, the model can simulate the
multi-step excavation-support scquences. The reliability and applicability of the model to the stability analysis for the underground excavation in
praticce was checked by simulating the behavior of underground crude oil storage cavemns under construction.
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Fig. 1. Distribution of mesh for the simulation of clement
removal
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Fig. 2. Numerical simulation of the element removal
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Fig. 3. Dcformation upon each analysis step
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Fig. 4. Rheological model of elasto-viscoplastic bchaviour
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Fig. 5. Rheological model of rcinforced jointed rock mass
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Fig. 6. Visco-plastic model of reinforced jointed rock mass

Table 1. Propertics of rock, joint, and rock bolt for reinforced
jointed rock mass

Component Properties Valucs
. Young's modulus (Ep) 7 GPa
Intact roc Poisson’s ratio (v) 0.2

normal stiffness (X,)
shear stiffness (K,)
cohesion (C)

5x10% GPa/m
5x10° GPalm

. KP
Joint friction angle (¢) 5040 . “
dilatancy angle (¢) .
joint spacing (S) ‘liom
Young's modulus (Ejz) 200 GPa
shear modulus (G) 76.9 CPa
Rock bolt yield strength (o,) 250 MPa
volumetric proportion () 0.005
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Sharma & Pande(1988)
e
S0r Present study
0 " L 1 1 . 1 " -l 1
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Fig. 7. Stress-strain curve of reinforced jointed rock mass
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Table 2. Spacial characteristics of joint scts

Set | Set 2 Sct 3

Strike N70E N4swW N1I5wW

] Dip 85-88NW SONW T2NW
Spacing 0.5-1.0m 1.0-2.0m 2.0-4.0m
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Fig. 8. Analysis modcl with two joint sets

Table 3. Pr. perties of rock, joint, and rock bolt for simulating
the visco-plastic behaviour of oil storage cavem

Component Propertics Values
Young's modulus ( £)) 75 GPa
Poisson’s ratio (v) 0.23
Intact rock unit weight (7) 0.0263 MN/m®
coefficient of horizontal
stress (X) 1.3
normal stiffness (J(,) 30 GPul/m
shear stiffness (X,) 15 GPa/m
Joint set 1, cohesion (C) 100 KPa
2 friction angle (¢) 45°
dilatancy angle (¢) 10"
joint spacing (S) 0.9m 1.5 m
Young’s modulus (E,) 260 GPa
shear modulus (G,) 76.9 GPa
Rock bolt yield strength (a,) 250 MPa
cross sectional area 4.9 cm?
volumetric proportion () 0.00014
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Fig. 9. Deformation upon cach excavation step
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(a) Yielding under tension
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(b) Yielding under shear stress

Fig. 12. Yield zone of two joint scts after bench 2
excavation
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Fig. 14. Axial stress distribution each excavation step



5.8 &
of doME AHelguel FAsE F 5 87 As gy
o ZAUAY WYAFE Mol FY 24Y WoH FURL

2184 wde] - BEER sl

A S kg iAo R JEade A g AAd o8 =2
U 2 SAE vad AE 31*401 715% f¥as 223
& %“J 193D AFudo] iy s 3l Z2aPa A3
A& AFscck. Bd ey Hl*d%* AEL siyste Y
o3 ity "o s23 Fa 9 ZEEE9 d&a HAH A
BiAM 28 AFsla, ol§ Jidd E2adAY sidzds) A9
sto] Aeldhite]l FAE = Ede 2A9A 9 FEE Hilo o
2E FH2A4AFY Aol ey z2ays %**Aliic}.

—"#r_‘?_

©

d4% Po4 ZzaPs WF gg4e €A 243 A8
# ¥27A8 daez W 2AWI % SRE Rpo) G 49
A g A5 ool g gos oY WY 4EAE 3
Eatgich sj4giely ool wisl, FelwHyel, TRE 589
R TN s T bt e
wet ol FRs RAFAc

i'

BE 3% iz siMAnaRE %%Eﬂ %3P XE HY
9] *5%'%'5}19} A BA ALE Y F A dl*ﬂi HES
£ e Wae] 2 YASE WY dAd BEHA
el ¢ = ok w3 Aigel Adee i"}*l s
da ool M 21%3 28E 427 B AolE YFsA 4]
AR o] dFolle} gL Helo TEE“% neld ¢
s di Aol E—EEA %’1%1 B2, Ay EAHAL uigte
°I AAell ozt & 7yl WE FozM AA
z}cdo] ojgolz 4 Al_Q, Ho = II}*E)'}.]A,IL

I

.}

rr lm

ox O pir X oo

fﬂ.:

E!

D HY o ofd Ly e
o

[P,'I_'
I._

e |
[

ok

ol A, o], (1990), HAE I FFF $8 g2 Uy
Foll wat A4, A F oA, 27 PP268 282

o], (1994), SBEZ R Hdalehitel FA4AFol B8 +
A8 oy g, Agdetm Fopuab 9= f

ZEHA, o], (199, A& Zdg o83 ekt A% £
284, 3l g a3 2, 29, pp.299-309

zE|, o], (1993), BEE Y24 AFol 2 AuEz B4
-=aA s A, 2 A F e, 3, pp.215-230°

Beer G. (1985), An isoparametric pintfnterfice element fr fnite
element analysis. Int._J. Num. Mcth. in_Eng., Vol.21, pp.585-600

Chandrasekaran V.S. and King G.J.W., (1974), Simulation of excavation
using fnite elements. J. Geotech. Eng. Div., Vol.100, pp.i086-1089

Cho T.F. and Lec C.I (1993), A new discrete rock bolt element pr
Jnite element analysis. Int. J. Rock Mech. Min, Sci. & Geomcch.
Abstr, Vol.30, pp. 1307-1310

Gerrard CM. and Pande G.N.
/einj)rced pinted rock masses I

(1985), Numerical modelling of

Threory, Computers __and

Ghaboussi J nnd Pecknold DA, (1984), Incremental fnite element
analysis of geometrically altered structures, Int. J. for Num. Meth,
in_Eng., Vol.20, pp. 2051-2064

Goodman R.E, Taylor R.L. and Brekke T.L., (1968), A model pr the
mechanics of pinted rock. J._of the Soil Mech. and Found. Div.
Proc. of A.S.C.E,, Vol.94, No. SM3 pp. 637-657

Larsson H. and Olofsson T., (1983), Bolt action in pinted rock. Proc,
of Int. Symp. on Rock Bolting, Abisko, pp. 33-46

Olofsson T., (1985), Mathematical modelling of pinted rock masses.
Doc. Thesis, Lulea University of Technology

Pande G.N. and Gerrard C.M., (1983), The behaviour of reinprced
pinted rock masses under various simple loading stages. Proc. of
fifth Cong. of the Int. Soc. for Rock Mech., Vol2, pp.F217-F223,
Melboume

Sharma K.G. and Pande G.N.,, (1988), Stability of rock masses
reinfprced by passive, jfully-grouted rock bolts. Int. J. Rock. Mech.
Min. Sci. & Geomech. Abstr. Vol.25, No.5, pp.273-285

St. John CM. and Van Dillen D.E, (1983), Rockbolts: A new
numerical representation and its application in wnnel design. 24th
U.S. Symp. on Rock Mech., pp.13-25

Van Dillen D, Fellner RW. and Dendrou B, (1979), A4
two-dimensional  fnite  element  technique  fr modelling
rockgtructure interaction of a lined underground opening. 20th US
symp. on Rock Mech., pp.251-258

Wilson E.L., (1977), Finite elements fr JDundations, pints and Auids.
In _“Finite elements in_gcomcchanics” G. Gudchus (Ed.), Wiley,
Chichester

Zienkiewicz O.C. and Cormeau 1.C., (1974), Visco-plasticity - Plasticity
and creep in elastic solids - a unifed numerical solution
approach. Int. J. Num. Meth. Eng. Vol.8, pp.821-845

Zienkiewicz O.C. and Pande G.N, (1977), Time-dependent
multilaminate model of rocks - A numerical study of deprmation
and  filure of rock masses. Int. J. for Num. Anal. Meth. in
Geomech. Vol.l, pp.219-247

—157—



