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Reinforcement Effect of Viscoplastic Rockbolt — Numerical Study

A8t (Cho, Taechin) e e B R
# 4 (Lee, Chung-In) AEea 2-Y-2dka)

2 2F/Abstract

gute AdeA &40 wme g Feo F2F 5L el 53 o iR
deEo e A F13, 983 4L 9E5Y WEe U AA gwre AF 2
33 A% S FUF JFE 711 Ytk & AT E Bert 2E] Sl ohite] a4
A% (viscoplastic behavior) € A&AF Pz 24 & I FEssd 2d & /syt
E3 ST 2E B dutFs e AL EE SREL HAA ASS BAY 4 dE 59
FIHA, BEE AR AV} 1Y Fegite] A4 ASl g £AHY 2de 44
stgeh Ayl 2 ZEE FAa4 AT UE 944 2o FEE L JIxE 4AF
TAENE sste YFagch 443 PR E ATEAY E 448 138 9
sl @A) 23] AWF 2 e A RS TFY ALA AT S BA8A 83 AFE%e)
H@sgon, SEE AU o nE AREHE &g,

In-situ rock mass demonstrates the variety of structural features, and especially the mechanical
and spatial characteristics of joint (or joint system) gx‘eaﬂy affect the deformation and failure
strength of the rock mass. In this study finite element model capable of analyzing the viscoplastic
behavior of reinforced jointed rock mass has been developed based on equivalent material app-
roach. Accuracy and reliability of the numerical model have verified by simulating the behavior
of simplified block model and comparing the results with analytic solutions. Practical applicability
was also demonstrated by analyzing the time-dependent behavior of underground oil storage
tunnel and assessing the reinforcement effect of rockbolt.
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Table 1 Mechanical properfies of rock for simulating viscop-

lasfic behavior
Property Value
modulus of elasticty (E) 100 MPa
hardening parameter (H') 50MPa
yield siangih () 05 MPo
fluiddy (y) 0001 /Pa/day
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Table 2 Mechanical properties of rock, joint, and rockboli
for simulaing the behovior of reinforced rock

mass
Material Property Value
Rock modulus of elasticity (E.) 70.06Pa
Poisson’s ratio (v) 02
Joint nomal sfifiness (k.) 50X 10° GPa/m
shear shffness (k) 50x10° GPo/m
cohesion (c) 50.0KPa
infemal friction angle () 40°
spacing (S) 10m
Rockboltt | modulus of elasticily (E») 2000GPa
Polsson’s ratio (v) 027
uniodal yield stength (6,) | 0.25GPa
rockbott porfion 0.005
q
.~ tockbolt
joint
& & Y 4 4

Fig. 5 Viscoplastic model of reinforced rock mass.
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Fig. 6 Viscoplastic behavior of reinforced rock mass.
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Table 3 Mechanical properfies of fock, joint, and rockbolt
for simulating the bolt action in fhe joinfed rock

mass

Material ) Property Value

Rock modulus of elasticity (E) 7006GPa
Poisson’s ratio (v) 02

Joint nomnal siifiness (ky) 5.0 GPa/m
shear sfiffiness (k) 506GPa/m
cohesion (¢) 500 kPa
intemal friction angle () 400

Rockbolt |moduius of elosicly (&) | 2000GPa
Poisson’s mtio (v) 027
infficl yield strength (o) 2500 MPa
Utimale yield srength (6,) | 4000 MPa
Uttimate viscoplastic shear siin | 0.23
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Table 4 Rockbolt proportion required fo stoblize the rock
mass and oplimum instaliafion angle

Joint Dip Rockbolt Installation Angle
(deg) Proportion (deg)
42 00011 33~36
45 00029 33~46
50 00048 42~50
8 00059 46~48
60 00067 49~53
] 00065 62~68
70 0.0067 74~81
75 00062 82~89
80 00048 8088
8 00029 85~97
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Fig. 8 Rockbott proportion required fo soblize the jointed rock
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Fig. 9 Effect of rockbolt action on the joint nomal siress.
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Table 5 Mechanical properfies of rock, joint, and rockbolt for simulating the behovior of ail siorage cavem

Material Properly Value

Rock modulus elasficity (E) 67.7GPg
Poisson’s fafio (v) 023
mass densily 265 X 10° kg/m?

Joint st #1 st #2 sat #3
nomnal sfifiness (k,) 66 GPa/m 66 GPa/m 1.0GPa/m
shear stiffness (k) 33 GPa/m 336Pa/m 0.5GPa/m
coheslon (c) 500 kPa 500kPa 100kP0
infemal fricticn angle (o) 40° 400 30
spacing 355m 314m 1.25m

Rockboit modulus of elasticity (E») 2000GPa
Paisson’s ratio (v) 027
yield sirength (o) 2500 MPg
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Table 6 Viscoplastic behavior of reinforced gallery

imtemal disiance change(mm) | convergence time
A-L | A-R | L-R (day)
no bot | —0473 | —0496 | 0678 | 267
cose #1| —0474 | —0494 | —0673 189
cose $#2| —0474 | —0495 [ —0674 73
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Fig. 20 Finite element mesh for simulating the behavior of
oil storage cavem.
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Fig. 21 Rockbolt installation around oil storage cavern
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Fig. 22 Deformation of oil storage cavem.
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Table 7 Viscoplostic behavior of rinforced cavem
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Infemal disiancs change (mm) converg. time
A-L A-R L-R © bench-1 bench-2 (day)
no bolt —0952 —-09N -0.186 —0249 -0.235 429
cose #1 ~—0952 -0972 -0.186 —0.249 ~0.234 215
cuse 2 —0952 -0973 -0.186 ~0.249 -0234 166
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