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Coupling support effect on high-stress deep
soft rock roadway and its application
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Abstract: The roadway experienced the whole evolution process, including the stability before excavation, excavation disturbance
and support stability or failure. It is found that the steady state of the roadway was affected by the interaction of the in-situ stress field,
excavation-induced stress field and supporting stress field. In this study, the finite difference program FLAC® was employed to
analyze distribution characteristics of supporting stress fields in surrounding rock which were induced by the bolt and anchor cable
under different conditions of pre-tightening force and inter-row distance. Furthermore, the coefficient & of rock stress expansion was
defined to characterize the stress diffusion effect of surrounding rock. The coupling support effect of the bolt and anchor cable was
revealed as well. A new approach was put forward by considering the special geological conditions and engineering characteristics of
deep roadway in Zhujixi Mine. This approach was named as a step-by-step combined support technology consisting of cable anchor
spraying, U type steel support, grouting, floor anchor and injection. A three-dimensional (3D) similar material model test was
conducted to verify the approach, which revealed the deformation and failure of soft surrounding rock and the evolution laws of
supporting structure under high stress conditions. This scheme was also successfully applied to a practical engineering project, which
solved the support problem of deep soft rock roadway under high stress. The monitoring results indicate that the combined support
scheme effectively control the large deformation and floor heave of deep soft rock roadway. Eventually, the long-term stability and
safety of the roadway surrounding rock and supporting structure can be guaranteed.

Keywords: high stress; soft rock roadway; coupling supporting effect; step-by-step combined support technology; similar material

model test

Wk H: 2015-06-07

HBIH . EHRMFHTTEREILS (No. 51322401); HK HARBEILETH (No. 51574223, No. 41572263, No. 51323004); HHE {45 B2 k4
BEWIH  (No. 2015M580493); LR A8 H A TR BT 90 K T i SE 56 ST A (No. CDPM2014KF03),

This work was supported by the National Natural Science Foundation-Outstanding Youth Scholars (51322401), the National Natural Science Foundation of
China (51574223, 41572263, 51323004), the China Postdoctoral Science Foundation (2015M580493), and the Opening Project Fund for Shandong Provincial
Key Laboratory of Civil Engineering Disaster Prevention and Mitigation) (CDPM2014KF03).

BAEEWA: SR, 95, 1985 4R, L, BhEIARSTLL, FEENIFEE AN S S N BRI . E-mail: mgbl1985@126.com



%5 RS VRTINS TR 5 S RN T B 1425

1 51 5

B [ R 8 R O T KLk,
WL S 0 AU, S R R VR e
Koo BEETREAGRER R, MR R
BN, R R e TR,
S RUIE RN, B AR A
HE PR TF R B, B FER IR I
YRR AT« S —IRE) 7 5T AR ) R
i, SRR I AT AT A, R
RS TR IR ZL . [ AR T,

R G 8 s A 1 S TR PR R
BFRIOAES, ENAMFE LR, 2EHTT A
RIS, SRR TR, e T &
BUBFIURIL . 000 5205 e K AR T
SR TR G S I, R T s TR
AT SIEAHIRGE BFR T DML T A 2R
BN LSS BRI R . X5 MR
TR T UM AS L TR, SM0T T JE VA
B R S B S, 3 T4
SIS I . A O R T R
S AT SR UL, St T AR A B
BB . HELITF AT TR . SRS R
HOTEFIBLEL, 420 T BEBUR S . 3 SEd B, T
BT AR R T DS T
A B ARG, S T B A S R
IR I O B R AR S, T
T IS, SRR R 2 )
AT 4 R 52 2 R0 1K) 35 A8 [0
LRI TULRTRL . R, BRI <R
BFF 0 LA A RS bl R
SIS T RIS I 2 AL R, Rt T
SRS B B DTS R, BFR T U
S 2 R s O A — S R T
M I8 B T P ARIEAT T
GRACBER, 4875 T VoA 1 A TR T 15
FABLHL, BT LU SRR oty « 4
CrSEAP R R . BRI ) B AR S R 15
gt ARG X TR A TT 0
R HCEASE A BTSN R, R AT . Bl

U AR BHSE LR 5 I3 TR 6 S5 45 A
ARTBL DR HAT SR & SRy, RHE
P8 i I O R S AP R R

2 BT SR ARG SO RN AT

2.1 W SRNG5S EHE

DRIV 8 i b 1 0 P AR P TR R P T, 4
FRTE A2 5 il Y g A = A (R A b . g i
FRTIPUR B BTBY SR I, [ B NS AR T sl
IR, g R ARE A R E , T B A AT
R A, S AR AR TE B TP L
PN 18, AR RS N JPRES, P
AR R ERIPIRIERE ST . BB FLA AR TR IR 2
a3 THEISIN 18 3K N 1A
VERCH B, 3 A 8 [ Ak T Y. A W i 4 ) A
IRES, B FPEEA LIS REURTEHIA .

S ES b s W H AT L BRI N S AR S
N 13, AR IR N 13 4 F FE, RA
FLAC™ BERL M AR PR ) 5 1) B 42 T AT
RS N R ARAE, LR RS
HERRG SN, A HAA B ) 5 (AR R
THR AR . BRI A BRI TS
JOG R B ) 67 A, AR R K R < B R < e A
60 mx 60 mx60 m, A KA 2 S ZEUE TN,
R 1, WU #ERAME )RS 500E WL 2P,
FKH Mohr-Coulomb #IRHEN] . FUEBFURT, HX
HEFFTE F3 4 20, 40, 60, 80. 100. 120 kN 2%,
RIS 100, 1204 140, 160 180. 200 kN,
BEAFIAIHERE 4 500 mmx500 mm. 600 mmx600 mm-
700 mmx700 mm. 800 mmx800 mm. 900 mmx
900 mm. 1 000 mmx1 000 mm, %2 mHEE A
1 000 mmx 1 000 mm. 1 200 mmx1 200 mm.
1 400 mmx 1 400 mm. 1 600 mmx1 600 mm.
1 800 mmx1 800 mm. 2 000 mmx2 000 mm (% [
HeBE AT IMHERE T 2 £5), vt 216 N EUE VAL
B, EIETEHCA A W HL ) 22 40hr IR 1, #iAT.
WRITHSHIE 2. KM FLAC™® BI04 T4
[ 155 ) 55 T HERE A 2F T B S N D 3 B oy AT
fiE, Wi 1~3 iR

R 1 BETEECE AWE ¥R

Table 1 Physical and mechanical properties of roof and floor rock

Ak HEp/ (glem’)  HiPEE o/ MPa HUEREo./MPa BMEMIE E/GPa AL B c/MPa WEE e/ (°)
Miba 2.53 7.60 97.39 70.50 0.21 9.52 4951
Wi 2.62 5.77 66.62 59.70 0.25 5.67 4536

e 2.34 3.56 45.17 55.10 0.32 2.51 51.44
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Table 2 Mechanical properties of bolt and anchor cable
EL PR/ GPa IHFALL W/ (glem’) Ve RIEE/ MPa TERMNEEES/C ) Ve F R )1/ MPa
T 200.00 0.25 7.80 0.90 48.00 1.00
iR 300.00 0.18 7.85 0.90 48.00 1.00
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Fig.2 Distribution characteristics of surrounding rock support stress field under different pre-tightening forces of anchor
cable when row distance is 700 mmx700 mm, pre-tightening force of bolt is 80 kN (unit: Pa)

-1.0826x10°~-10500x10°
43.0000x10“m—85000x10“
—7.0000x10“mﬁ5000x10“
£1-5.0000x 10*~-45000x10*
£-3.0000x10*~-25000x10*

-1.0000x10*~-50000x10’
(a) HFTFIHERE ) 500 mmx500 mm

(b) HiFFTUE J1 % 80 kN

(b) HIRTE 14 160 kN

(b) HiFFEHEE S 700 mmx700 mm

-9.867 8x10*~-9.5000x 10"
-8.0000x10°~-75000x10"
—6.0000x10*~-55000x10*

-8.950 5% 10*~—85000x 10"
~7.0000x 10*~-65000x10"
-5.0000x 10*~-45000x10*
3,000 0% 10*~-25000x10*
-1.000 0 10*~—50000x10°

40000 10*~-3.5000x10"
-2.0000x10°~-15000x10°
0.0000x10"~-2.1930x 10°
(c) HEFTTE SN 120 kN
B 1 SRR Y 700 mmx700 mm, $ERFE K 160 kN WA FHFHHUES FEE ST N B FIE (AL Pa)
Fig.1 Distribution characteristics of surrounding rock support stress field under different pre-tightening forces of bolt
when row distance is 700 mmx700 mm, and pre-tightening force of anchor cable is 160 kN (unit: Pa)
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Fig.3 Distribution characteristics of surrounding rock support stress field under different row distances
when pre-tightening forces of bolt and anchor cable are 80 kN and 160 kN respectively (unit: Pa)
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Table 3 Compressive stresses of surrounding rocks under different pre-stresses of bolts and anchor cables (unit: kPa)

STV

BEFFIE 3/ kN

fir (EESINPIE PN
/kN 20 40 60 80 100 120

100 45.00~49.37 50.00~53.17 55.00~58.21 60.00~62.85 65.00~67.62 70.00~72.50 1.00, 1.11,1.22,1.33, 1.44, 1.56
120 55.00~58.40 60.00~62.70 65.00~67.13 70.00~71.69 75.00~76.36 80.00~81.14 1.22,1.33,1.44,1.56, 1.67, 1.78
HEFF | 140 65.00~67.43 70.00~71.70 75.00~76.08 80.00~80.58 85.00~85.18 85.00~89.88 1.44,1.56,1.67,1.78, 1.89, 2.11
I 160 75.00~76.46 80.00~80.71 85.00~85.06 85.00~89.51 90.00~94.05 95.00~98.68 1.67,1.78, 1.89, 1.89, 2.00, 2.11
180 85.00~85.50 85.00~89.72 90.00~94.04 95.00~98.45 100.00~102.95 105.00~107.53 1.89, 1.89, 2.00, 2.11,2.22,2.33
200 90.00~94.53 95.00~98.74 100.00~103.04 105.00~107.41 110.00~111.88 115.00~116.41 2.00, 2.11,2.22,2.33,2.44,2.56
100 25.00~30.00 25.00~30.00 30.00~35.00 35.00~40.00 35.00~40.00 40.00~45.00 1.00, 1.00, 1.20, 1.40, 1.40, 1.60
15 120 30.00~35.00 35.00~40.00 35.00~40.00 35.00~40.00 35.00~40.00 40.00~45.00 1.20, 1.40, 1.40, 1.40, 1.40, 1.60
. 140 35.00~40.00 40.00~45.00 40.00~45.00 40.00~45.00 45.00~50.00 45.00~50.00 1.40, 1.60, 1.60, 1.60, 1.80, 1.80
?‘D;JI/JIA 160 35.00~40.00 40.00~45.00 40.00~45.00 45.00~50.00 45.00~50.00 45.00~50.00 1.40, 1.60, 1.60, 1.80, 1.80, 1.80
180 45.00~50.00 45.00~50.00 50.00~55.00 50.00~55.00 50.00~55.00 55.00~60.00 1.80,1.80,2.00,2.00, 2.00, 2.20
200 50.00~55.00 50.00~55.00 50.00~55.00 55.00~60.00 60.00~65.00 60.00~65.00 2.00,2.00,2.00,2.20, 2.40, 2.40
100 20.00~25.00 20.00~25.00 25.00~30.00 30.00~35.00 30.00~35.00 30.00~35.00 1.00, 1.00, 1.25, 1.50, 1.50, 1.50
120 25.00~30.00 30.00~35.00 35.00~40.00 35.00~40.00 35.00~40.00 40.00~45.00 1.25,1.50,1.75, 1.75, 1.75, 2.00
b i 140 30.00~35.00 30.00~35.00 35.00~40.00 40.00~45.00 40.00~45.00 45.00~50.00 1.50,1.50, 1.75, 2.00, 2.00, 2.25

160 35.00~40.00 35.00~40.00 35.00~40.00 40.00~45.00 40.00~45.00
180 35.00~40.00 35.00~40.00 40.00~45.00 40.00~45.00 40.00~45.00
200 40.00~45.00 40.00~45.00 40.00~45.00 45.00~50.00 50.00~55.00

45.00~50.00 1.75,1.75, 1.75, 2.00, 2.00, 2.25
45.00~50.00 1.75, 1.75, 2.00, 2.00, 2.00, 2.25
50.00~55.00 2.00, 2.00, 2.00, 2.25, 2.25, 2.25

S8 SCHLE Y 3 KRB b RRAEAS R AT 554
RINE ) 5AF TG N HOCR, DR
SRR G RN, Mg k=0, /015 (0,
ANV L5 B A TV 0 250 T BB d R T N 1
00 20 H IR T 7720 100 kKN HFF TS )20 20 kN
I PR L e K s I DD s 4 A {EDRICOK, D3 B e
5 B R ] DX P s I g DX R S v AN T K
HAFZ Ny X R H k< 1.8 IELBIZ0YE 50%,

k>1.8 WHHIZ AT 50%, WInE Xk >1.8 I,
A2 I s N XA B 0. 22 B WY ) X R
Bk <2.0 MELHIZ Y 52.78%, k>2.0 IELEIZ) Y
47.22%, WAl LY k> 2.0 B, R KN X
AEZM. SRS MXEN X Rk <1.6
HIELBIZ 5 52.78%, k> 1.6 HIELBIZ)5 47.22%,
WA 5E 4 k= 1.6 I, A SR SN RN X
AHE I, FEARIGINAT 78 70 R AR 5 2 A



1428 e ¥ =5 2017 4F
HER. T8 JE Y B SEE I R N ) & N IX, AT 7800 AT T

FET IR R TS e b BERREG S HER RN G SN, PRUE S TE [ A 5 S 4 A i)
BB S22 & 0 i, Hie TS ) & P KIARG I S, P il 6 A 4 IR

WR: HAFIE S8 60~100 kN, SRFE A
140~180 kN; SpfETisE A& R HiAF R A
700 mmx700 mm, FFFTEE I8 80 kN, HiER K
7109 160 kN MR AT TE Rl 5 S2 4 854, BEAE Al
A DX PN R Y ) X PRI e AR, HFRETEAS

22 W SRS ST RN T

ABAE VSR T BRI S AR A3
Fo o FZ IR N S 45 SR DN AR LA KPS
WF 4>, HALSHA Lo ASFTUR I3 5 o) He 4
NAETEH AR 2 4~9 R,

R4 R HNHWRGER

Table 4 Crustal stress testing results in Zhujixi Mine
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N J/ MPa Wiff/ () DIl () N Jj/ MPa Wifh/ () DR/ (° ) NiJ)/MPa Wifh/ () DRl ()
1* 27.90 -4.02 98.26 19.80 81.33 35.70 17.20 17.76 187.72
2" 20.60 4.16 96.21 16.10 84.82 159.41 10.00 -3.09 174.00
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Fig.4 Roof convergence under different pre-tightening forces of bolt and anchor cable
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Fig.5 Two-side extrusion displacement under different pre-tightening forces of bolt and anchor cable
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Fig.6 Floor heave displacement under different pre-tightening forces of bolt and anchor cable
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Fig.7 Roof convergence under different row distances and pre-tightening forces of anchor cable
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