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Design and numerical simulation of rock bolting and shotcrete for deep
tunnels with high stress in Jinchuan Mine

. 1,2 . 1 L] .3
GAO Qian"~, SONG Jian-guo', YU Wei-jian', WANG Zheng-hui
(1. University of Science and Technology of Beijing, Beijing 100083, China; 2. Key Laboratory of Ministry of Education on High Efficient
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Abstract: Considering the deformation characteristics of deep tunnels with high stress in Jinchuan Mine, a synthetic controlling
technology composed of pre-stressed cables was put forward. In order to forecast supporting effect and parameter optimization,
numerical simulation technology was studied and executed for rock bolting and shotcrete tunnels with high stress and jointed
creeping rock masses. Two supporting types and their parameters were given first. Then subsectional softening model and
parameter of dilatancy were adopted based on crash creep characteristics of joined rock masses and supporting strength index of

anchorage body were put forward. Finally, 1178 subsections of tunnels with high stress were analyzed and evaluated with the

above-mentioned numerical method and technology, and parameters were optimized.
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A IE 559 m, 5 55.9% . UFEBLARIELE
S AR AN ALY, AR I I SR TE A 500
mm L b, EREGEEE 1.0 m, S0 i W st
(1) 5.4 mx5.2 m Yie4i h 3.5 mx3.0 m. ARIEARIEHJEZ
. BREZ KHTpEARAT ),

N T R )V AT DRSS v I8 ) SR B A8 3 1) 72 T

K, RS J’U&fﬂ)\v}ﬁ”’# N AT BN ABRE AR E
CEOPERIEORT, IR X 1178 m 43 Boil TRt
ITRIEWTE. A THRCA IR ST, & R T e 2R
I RORRZ Y S HAR G, FRRE T N B s e
725 [ 25 ) W85 = 3 A% 10 1 A8 T A8 e P B 7 e o
Mk, B T SR A AR A P IR R R
ZH; ARG, G REARIE A RGN, A brh
KT o B ALY DL R SRR )7 28 5
YRR TR A S R fe b, T B B A [
A TSR RN . e, SR B3R I v SRR R 4
ok, AT 1 1178 m 2 BUEBUE B Z E i1k,
1S T8 iy s A

¥isHE. 2005-12-12



280 o

2007 4

1T DEEMRRIMBZIPARSRITS

#

h T AT X 1178 4 BUSIE I R b Ik, $2
ERESTICWIL: 9 L AW ET e s xR v N2 R E SN
5 PR RS ) S 4 8 5 DA MO 1 L 2 b s
25 415 it
1.1 ¥REZIPSHE

FRAE 37 i A F 53K, W20 H1 K 1178 m 43 BLE [
BB TIVAE. WAL, R TR W,

C1 AL TR 35 R A b /K e 24 45
FF, 8AFK3 m, 8], HEREL mx1 m, AN mE L,
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Table 1 Boundary stress conditions of the computing model

"o EF LA /m L. TiL%N) o, MPa Ji AIASN)) 0y /MPa
/m hy hy B o, oy A oy oy A
1.0 14.769 15.714 0.945 17.723  18.857 1.134
572 547 582 1.2 17.723 18.857 1.134 17.723  18.857 1.134
1.4 20.677 22.000 1323 17.723  18.857 1.134

VE: AR b AT S 2700 kg/m”.

Fz2 1178 m PEEEFRITESH

Table 2 Computing parameters of the rock masses for 1178 subsections

RMR s i PUH BRI P ) M P?%;s fa AR AR it ks
P /(kg'm ) R, /MPa R /MPa ¢/MPa P ) E/GPa H
40 2400 15.00 0.8 0.700 35.0 6.00 0.26
35 2350 12.75 0.7 0.575 325 4.83 0.27
30 2300 10.50 0.6 0.450 30.0 3.65 0.28
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Table 3 Softening parameters after peak strength of the surrounding rock mass

sekpekiRMR  RYERN HEH VAP A WBERER WAVERAE  DUbSREE MRS dTKA
e’ 1% c/MPa &’ % @IC) e’ 1% R /MPa g’ % wiC)
0.0 0.7 0.0 35 0.0 0.8 0.0 15
40 0.5 0.395 0.5 27.5 0.5 0.40 0.5 10
1.0 0.09 1.0 20 1.0 0.0 1.0 5
0.0 0.58 0.0 32.5 0.0 0.7 0.0 15
35 0.5 0.335 0.5 26.5 0.5 0.35 0.5 10
1.0 0.09 1.0 20 1.0 0.0 1.0 5
0.0 0.45 0.0 30 0.0 0.6 0.0 15
30 0.5 0.27 0.5 25 0.5 0.3 0.5 10
1.0 1.0 1.0 20 1.0 0.0 1.0 5
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R4 HEITETHITESE (BFLEZ ¢ 22 mm/35 mm)

Table 4 Computing parameters of anchor element (bore diameter ¢ between 22 mm and 35 mm)

HiE A HeRE WA BRI 9RVEAE iR R Kiona Shond

/mm /(10*m?) /m i [ /M Pa it FEE /kN /GPa H(10°N)
18 2.54 1.0 20 98.6/1.0=98.6 130/1.0=130.0 31.3/1.0=31.3 5.65/1.0=5.65
29 6.60 1.0 20 98.6/1.0=98.6 260/1.0=260.0 39.7/1.0=39.7 9.11/1.0=9.11

x5 WERPALMITASH GEFLERE 40 mm)

Table 5 Computing parameters of anchor cable element (bore diameter ¢ 40 mm)

[ER EEHIOESS HERE IR il 2L A B % Jukt Ml Kyond Sbond
/mm /(10 *m?) /m 3/ /MPa /GPa SR S8 /KN /GPa (10°N)
15.24 1.82 2.0 20 98.6/2.0-49.3 2302.0-115.0  6.52.0-3.25  4.8/2.0-2.4
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Table 6 Computing parameters of beam element for shotcerte layer
R 5 22 )51 /m 1 il BY/m” A B E/GPa WA Z/m®
FERRE L 0.10 0.1 17.5 83.3x10°
T <G o g gt 22 0.20 0.2 21.0 666.7x10 °
F1 FRKEHEZENEXEETHESY
Table 7 Computing parameters for anchorage of rock mass with different lengths of cables
RMR 40 35 30
IR K /m 5 6 5 6 7 5 6 7
Bl T FRUNE 3 /e 14 17 14 17 20 14 17 20
1D 3375 4275 5250  3.375 4275 5.250 3375 4275 5.250

A, D AHEIRE S FRbR, RY, RY, CT, @f
oy R ik g B TR B BUuby . BN R R
MMEIESEL, R, R, ' @ 50l fs A )
T AR SR N AR A R S B (WLER3),

R M T A 5 R0 Y L SR FRID T
. MR (3D, (4D, n LLyEEF W ) S 1 AR 0 Ji5
PRl 2 5. K8~ 104034t T FlAvF 43 M40, 35
FI300) = A5 AR 5 5 SR bR

* 8 HELERSERFRUEEITESE (RMR=40)

Table 8 Softening parameters after peak strength for anchored rock

mass (RMR=40)

10 HEEEESERKILEETESH (RMR=30)

Table10 Softening parameters after peak strength for anchored

rock mass (RMR=30)

PERAE  gime )y NEEEEM PURGRE Bk
& 1% ¢/MPa  @/(°) R/MPa w/()
0.0 0.7 35 0.8 15
3.375 0.5 0.528 36.8 0.535 10
(5m)
1.0 0.120 26.8 0.0 5
0.0 0.7 35 0.8 15
4.275 0.5 0.564 39.3 0.571 10
(6m)
1.0 0.128 28.6 0.0 5
0.0 0.7 35 0.8 15
5250 0.5 0.602 419 0.61 10
(7m)
1.0 0.137 30.5 0.0 5

*9 HEBERSERRUEEITHSE (RMR=35)

Table 9 Softening parameters after peak strength for anchored

rock mass (RMR=35)

WIPERN.  ghme o BEBREA DURGRAZE BYNKAM
el eoMPa @/(C)  R/MPa wi(®)
0.0 0.58 32,5 0.7 15
3.375 0.5 0.448 35.2 0.468 10
(5 m)
1.0 0.5 26.8 0.0 5
0.0 0.58 325 0.7 15
4.275 0.5 0.478 37.8 0.50 10
(6m)
1.0 0.128 28.6 0.0 5
0.0 0.58 325 0.7 15
3.250 0.5 0.511 40.4 0.534 10
(7 m)
1.0 0.1378 30.5 0.0 5

D WYER:  gpmoy  NBEEBMA DU BTk
e 1% oMPa  @A")  R/MPa wi(")
0.0 0.45 30 0.6 15
3.373 0.5 0.361 334 0.401 10
(5 m)
1.0 0.120 26.8 0.0 5
0.0 0.45 30 0.6 15
4275 0.5 0.385 35.7 0.428 10
(6m)
1.0 0.128 28.6 0.0 5
0.0 0.45 30 0.6 15
5230 0.5 0.412 38.1 0.458 10
(7 m)
1.0 0.137 30.5 0.0 5
2.3 BHBEREMHTMER

1) KRB R RALFE o AETHRARIPY
%*%Mﬁﬁﬁ%ﬁﬁﬁkﬁ%ﬂ,ﬂﬂﬁﬁﬁ%&

WL K (1) de K AR TARZS o 0 JEOREE R L RS EA T U,
JE LA AL RS A AR R s M VR 4R bR 2 —

(2) BIE TSR K, - H [l &1
ﬂﬂﬁ%ﬁ,%%ﬁﬁﬁ%%ﬁ'ﬁii%EMMA
MK T g—HWbsdE, FINTRENIER: UK
ﬁﬂﬁ%ﬁ%ﬁ,iﬂﬁm\mmﬁﬂﬁﬁhﬁﬁm
FEZ L

|VT| IvBl
K = ’ 5
R ©)

i
(3) ARE M HAXT SR K, - PIHSHI S A
K, , ESCABEP R AR S S s 2 L
K J“L[H“Rl (6)
° b
Kb, w, u SR TRRE SO i,
b AR W .
(4) IR etk REF, . it ARER e %
75, FLAC FUFARGE TR ik frdkas it



523 i+

UiE, AL VRS e B AR I W S B B S B A R 283

TEFRR S A 2670 o FEACTIF R IR Hk 5 82 A 46 o
S PR R T ¢ MINBEGE S @ N Bl e @, » B

c,=clF, ,
()
@, =arctan(tang/F,) ,

IR A RFGWIR, BB RTEE Z 2 RYORET F .

3 HHEERS5XEHKL
3.1 HESER

RSV 7 AT T 0, RN H T8I
FBL 20 A% 15 94 X Bt o) 1) (R AR A AR . DR T HEAT R R
ZRAL B, R BRI AR R 5T B4
HEAT T 325 ikt (RMR=40, 35, 30), 3F:RKahMN
J1 (NP R =10, 12, 1.4) FB3FHERKE
(L=5m, 6m, 7m) [MIEAREAEIRE 0¥, KET

KM R B TRETE, R12~14{XAHT
I R = 2P N
3.2 FEHR®

e L& B G )V R ey N 7 R 3 AR 10 (1) e 4 AR AR T
FEME, BT LA SRR O R SR G i AR
FEUCIERE b, R T 0 N e i AR A S 9 AR
AW Hrid, BT T AFEEEE Bkt ANFEER BN )
FAF R R FER B R (A AR TE i e v
TN, PHUEIRIS LU L R

C R VLS H IR S A5 18 48 T R0 98 X it
I E) PR ARk 4 ST WL, AR S S SR AN R AT
WS, AR A AR Aok, SVEX A
Ji&, YRR R R 36,0 mT, R AL T kA
e AR B EEIE0.5 m (57.11 cm), #EIHAI
FIEE120 em, 1 P9 A WS L 1.2 mo

R MREPEEREHETTHEER

Table 11 Results of numerical simulation for the supporting rock mass

o ) e To JE A S0 1 5 A ST doe RS O T KIRYE G FasE
/h Jem /em /em /m Ihs
20 3.737 4.446 2.486 1.0 oo
60 5.827 10.571 5.349 2.5 4 0
100 9.412 19.139 9.842 3.5 5
120 10.117 24.53 12.66 4.0 2o
140 14.001 30.58 15.80 4.0 2o
160 15.286 37.04 19.17 4.5 o
180 19.665 43.33 22.46 5.0 oo
200 22.738 49.44 25.70 5.5 oo
628 77.17 124.24 73.17 6.0 g Fa

F12 RAFH L =10 HERTH IMIFARITHER

Table 12 Results of numerical simulation in three supporting projects with mining stress £ =1.0

MR figele g DURHOHEXTECSIE MRS DURHBAET IS IR SR R R e R
fE/m hin v/em u fem K, K, F,
5 14 15.36 19.92 3.41x10 2 3.98x10 ° 1.16
40 6 17 10.24 17.20 2A27><10‘f 3.44x10° 1.28
7 20 9.08 16.80 2.02x1072 3.36 1.33
5 14 20.65 27.10 4.59%10 > 5.42x10°° 1.07
35 6 17 14.55 23.77 3.23x10 2 4.75%1072 1.22
7 20 12.19 22.84 2.70x10 > 4.57x10 2 1.25
5 14 30.10 44.53 6.69%10 2 8.91x102 1.02
30 6 17 22.94 4431 5A10x10‘f 8.86x10'i 1.17
7 20 17.14 37.15 3.81x10 > 7.43%10°° 1.22
K13 XD L =120 THIMIIPARITEER
Table 13 Results of numerical simulation in three supporting projects with mining stress 3 =1.2
ezl wsy DURHOAXTHECE WM DUSBHIX e BATseR B s R
RMR i

J&/m Hin v/em u fem K, K, F

5 14 15.57 26.86 3.46x1072 5.37x10 > 1.22

40 6 17 10.19 23.45 226x10 2 4.69%10 2 1.26
7 20 9.10 23.10 2.02x102 4.62%10 2 1.05

5 14 19.53 35.23 434%10 2 7.05%10 2 1.05

35 6 17 12.62 30.71 2.81x10°2 6.14%10 2 1.16
7 20 11.76 30.36 2.61x10°2 6.07%10 2 1.20

5 14 31.90 66.59 7.09%10 13.32%10 * 1.00

30 6 17 19.05 46.82 4.23%10°2 9.36x10 2 1.10
7 20 17.23 45.78 3.83x10 9.16x10 2 1.15
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Table 11 Results of numerical simulation in three supporting projects with mining stress £ =1.4

el gy DURHCHRTECSIE PRI BURBUHRRREIE TR R e A R
RMR
J&/m Jin v/em u /em K, K, F
5 14 14.49 32.97 3.22%10 2 6.60%10 2 1.08
40 6 17 9.60 29.90 2.13x10°2 5.98x10 2 1.17
7 20 9.22 29.68 2.05x10°2 5.94x1072 1.21
5 14 21.34 44.94 4.74x10 > 8.99x10 > 1.02
35 6 17 13.92 39.21 3.09x10°2 7.84x10°2 1.12
7 20 12.83 38.35 2.85x%10 2 7.67x10 2 1.17
5 14 34.08 78.98 7.57x10 2 15.80x10° 0.96
30 6 17 20.28 56.74 4.51%1072 11.35%10 2 1.05
7 20 18.91 55.56 4.20x10 2 1.11x102 1.11
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