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Rock-support Interaction behavior for Ground Condition Based on Numerical

Modelling

Yang Soo Jeon, Kong Chang Han and Joong Ho Synn

ABSTRACT It is very important to control the final load that acts on a support system, in tunnel engineering. A reliable
analysis is needed to carry out technically reasonable design and safe construction. Also, a series of procedures of
construction and the rock-support interaction behavior must be considered. Most existing studies have been performed as the
limited analysis based on the simplified assumption. In this study, through the analysis of a circular tunnel using a 2-D finite
differential code, the rock-support interaction behaviors in the variation of rock and stress conditions are analyzed and
compared with the results from the closed form solutions. Consequently, more realistic rock-support interaction curves are
obtained by including the effects of initial stresses and rock condition. These curves are very useful to predict the required
support pressure in the initial design stage.
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Fig. 1. Rock-support interaction curve.
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Table 1. input data of each rock masses.
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(o8 Disturbed Un-Disturbed o, E.. K* G*
RMR m,
(MPa) m, 5, m 8 (MPa)  (GPa)  (GPa)  (GPa)
20 166 7 231E02  162E-06  402E-01  1.38E-04 141 178 19 07
30 302 10 674E02  857E-06  B82IE01  4.19E-04 148 3.16 211 1.26
40 5.51 13 1.79E-01} 4.54E-05 1.53E+00 1.27E-03 154 5.62 3.75 2.25
50 1004 16  4.50E-01  240E-04  268E+00  3.87E-03 162 10.00 667 400
60 1830 19 LO9B+00  127B-03  45SE+00  1.17E-02 169 1778 1186 711
70 3334 23 270E+00  674E03  7.88E+00  3.57E-02 177 3162 2108 1265
80 6076 27 6ATE+00  357E-02  132E+01  1.08E-01 185 5623 3749 2249
90 11070 30  147E+01  1.89E-01  210E+01  3.29E-01 193 80.00 5333 32.00
100 20171 33 330E+01  100E+00  330E+01  1.00E+00 202 10000 6667  40.00
* K: bulk modulus, G: shear modulus
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Fig. 2. Load-deformation characteristic curve from closed
form solution. (a) RMR =20, (b) RMR =60
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Fig. 3. Load-deformation characteristic curve nomogram.
(closed form solution)

Fig. 3-& ¢ubEFE A Hgtoll B2 Ede) Y3
(side wall)e] W 9] & vhehd 17 o]c}

A3 vie} Zro] RMREF goodol 4l 7004 ol 4]
EAY BAAES HYon B a7l 700]4ke]
739 ekl o) RMR = 70014 % = A
Zrol oF 10° A7t ol ARl ABSLE H¥Hrin ¥ 4 9
o},

5. MikY

AEs ukgk o] &4 2L F7 10me Eldo]
TAZ kol FFsE Ao sHEglen], 2] 9
B3A1E Ed 379 1002 At F 845
2400709 radial mesh® E1'd AAoA 952 A-E
849 A7E FANAYG. HHELL Fig. 49} e}

Aol AEd BAL Table 13 22w, Hoek-
Brown 27158 WHA1917] HSHA Ttascadtoll A Al

_OBTITLE: ROCKMASS BEFAVK

FLAC fverson 3 22}

L 712412000 0956
step 6000

Q.000E+00 «<x< 3.000E+01
| 0DODE~00 <y 3 00DE-01

Rock Mechankcs Laty
CHORNAK NAT UNIV.

1 FLAC (Wersind 22)

P 2enmn 095

P % aingtie, atyien o sast

Fig. 4. Finite different mesh for analysis.

% HOEK FISE o] £33ith. ol A4l Z=e] Mohr-
coulomb RHE FAE AT, 4 HAAtA v 7
zone®| HAH T a7}t Fo| AMAAEEE FAH
oj9lrh.

RMR = 200114 1007FA] F 97H9] YubLFollA] X B
ShE HEATIHA A E AAEIS e, 2 A EghEE
AN2E filed) B Y& AAFch wEhA] x| Hete)
w32 A3 sfA Hwle] gL A7 A}

A Kok edndoll SREsA ot Ao 74
sgen HER ZE210, 5. 3, 2, 1, 0.5, 02, 0.1,
0.05, 0.02, 0.01, 0.005, 0.0025, 0=+ Zro] W3 A A}
o] Esl9] M=t YXA)F17] el S} FAlo K H
o] g3 A Hrt AR|H 7] ojFe] el wig L gl
' Aoz 73ee

g HRH 2ol vk ke A 554 S s}
7] 93k 271 ¢-88(K)E 1, 0.5 283 29 A 7HA
o] A2 AEse 4L AAs

Fig. 4% RMR =309 7-5-9] w9 ei9} L4 g4

TLE | RO CKMASS

ALYSIS (RMR=30 K=1, Pi=n)
ek e B

LEGEND

Fiastiefy indicatan

Rock Agcnars Lab
CHONNAM NAF LINWY

»»»»»

Fig. 5. Displacement vectors and the plastic zone for RMR =30, K=1, Pi=0.



Support pressure (MPa)

1
t
. N
[ B 60 % 120 150
Displacement (mm)

Fig. 6. Load-deformatio;'\ characteristic curve nomogram.
(K=1, FLAC)

HAE Vel ek

ZE s tAlol g 2ele) B3R Bide] Wl
FHARE zAEG on, St o] o] ol wi7iA]
& Al

ZAol 2ol 2fsh, ehihilell El'de] S uloll
7HlR S o Qs elde] yhE L rn2 FoEA =
o R E rol &4zt wha gt oleigh el
99 2Awhrdd el ok AR oz HYHE (roof)
o) AEFo.g 2Hgste] ErHERl yX (ror) TRl AR
gt 718 Ha = Fcl” oly y& vrte) whgl
Ffolrt, ¥ =FollMe 7 sy A2 RE eld ¥
A 24999 dAg 71 53gon], o] ZRE] MR
(roof)9} v (floor)e] A R.qH& AHA§H9d ok

ol &ao) 2743} FUE 271 (K7 12 B9
NAHE Fig. 6oll AAIFAct. o] 2ale] -2 vt
7} & RMR = 70041 F9olle 7o) e 58
Holom RMR =209 3% 1 m o]-de eid w97}
W EA G AEg A Hehe He e TS vhehlaL 9l

RMR =200]3 K = 29| Y49 AL (P7} 2 MPa vl
hel K =059 459 AL@7t 0.5 MPa rithell A
el d o) W97l E1'd Y A Aol e F K= o] ulsh
H4 B33 Jo el & Blv) o]e AESHLE Q%
AR sta) g olulsin, Aute] BIHE §3 Eld9)
487t WATE Aud}, o] g Auls FshH
o] o2 E FMAE & 4t e, 271 S/ 4N E
I3 4 & B3 hute] AFSEA S TelEioRdhg: 9
ikin=

Fig. 7 RMR = 3031 7 -l o] 28ll¢} ctFat 27]
SRl v ko] bt AR HhS54S LERA A

159

2.5 mp— o
‘[ \_\.
B i N
| | hE
4 ‘1 ..
20 t e Arijytical <
| [ Ka1 4 S
L N K08 "\,\
e K2 b
15 ) Jy
X \ —

\ r\L&lmm» |

1.0 o } }
N ‘ L

N H

05 LN L

Support pressure (MPa)

R BN _L
ag T . T
o 30 0 90 120 150

Displacement (mm)

Fig. 7. Rock-support reaction curve for RMR=30

Table 2. Input data for the support design

elastic modulus (E,) 207 GPa
rockbolt bIr(l)car(ll(—)(rie(g);mat1on constant for 0.143 m/MN

—

ultimate fatlure load 0.285 MN

elastic modulus (E,) 20.7 GPa
shotcrete | poisson's ratio (V,) 0.25

uniaxial compressive strength 34.5 MPa
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Fig. 8. Load-deformation characteristic curve nomogram.
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