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Sressdistribution and synthetic reinforcing technology for chamber group
with soft and fractured surrounding rock

KANG Hong-pu, LIN Jian, YANG Jing-he, WU Yong-zheng, GAO Fu-giang

(Coa Mining and Designing Branch, China Coal Research Ingtitute, Beijing 100013, China)
Abstract: A combination of study methods, including field tests, theoretical anayses and numerical simulations, is employed to
investigate the stress distribution around the chamber groups with soft and fractured surrounding rock as well as the synthetic
reinforcing techniques in the underground station in Tunliu Coal Mine of Lu’an Group in Shanxi Province. The surrounding

rock of the chamber groups belongs to loose, broken and soft rock with medium stress fields. The features of the stress
digtribution in the surrounding rock are as follows: the secondary stress concentration occurs by overlapping adjacent stress

fields at the intersections and corners of chambers, and the peak stress values reach 2-3 times the in-situ stresses. Grouting with

high pressure followed by high pretension intensive bolts and cables is an effective synthetic reinforcing form for the soft and
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broken rock. The grouting with high pressure can fill and glue the fissures to improve the integrity and strengths of the jointed

rock mass, meanwhile, it can increase the anchoring capacity of bolts and cables, and be in favor of transferring and diffusing
the balting force in rock mass. The high pretension and intensive bolts and cables can form a compressive reinforcing zone with

arch shape. The underground practices indicate that the synthetic reinforcing technique effectively controls the displacement of
the surrounding rock mass of the chamber groups, and ensures their long-term stability.
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Fig. 1 Layout of chamber groups in shaft bottom
1.2 HRAFSHNRS2F

IR A AL T s e i 2 )=
WIS 20, AT R REE AR 5T 2 24
TESF RS I KA LA TP akAT T 150 27
W, N AEATHNY I BEE AR EEIIE B
TR

(1) HhpY: gl

MR IR K IS B0RE, AGER ] SY'Y-56
TR s SOy R B . I R SR
W B B e HE R B B R AT . B AL
FEARIE TR 0T 1 ) AT, R 30 m, HifLEAE
& 56 mm, KA K S e N K AR T
ALY i A R AT A .

WEgs Rk 1. Kb H, s,, s, s,, a4t
I IR TEE BN T KN B
IRV g Bt KK 3N )5 1) 6

Pl X S N )35 K88 s | >s | >s ) HIURY g s
BN T KN OEYAKRT 13
MPa, J& T &N 1. 5 KK 3N )77 5
HiE NNE J7 1.

F1 XRBMHHMELER
Table 1 Results of in-situ stress measurements in main roadway
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Table 2 Results of compressive strengths for roof strata
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Fig. 2 Borehole observation results in surrounding rock mass of

horsehead
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Fig. 3 Distribution of bolting stressfields for bolts and cables
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Fig. 4 Layout of bolts and cables in north horsehead
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Fig. 6 FHooor grouting effect in centra transformer station

(2) LB

KT T b f LB, AR AT T3S
RORKI . A BESL B EE R AP 7. BEA T
HRBRRAT RO, RSB SIS AR A S, TE
T e K R G548, R S BT B RS
P LANE T RAFAAT

(a) TIHUKEFHEFE
7 ShFLEOLERINEIR
Fig. 7 Borehole observation of grouting reinforcing effect

(b) #HARBIEEHE



%55

FRELY, A5, KATCREREAR S0 B A Y ) o)Al B 23 I R 813

4.2 HEMNERESH

XA F AT T VRGN 1 R AL B AT 52 )
W B LA AR i 5 5 SL A AT A2

(D A PR AL 55

H kAR BT OO 7 Jok it A o i 11 B T P 3
HRAEWEA . P SERALR Itk 8.
RIS, APPSR R AN K, (HAE R
BB, ARk 170 mm. 404 H B g b
ZESNKEHE TR s . 2 JGBEE R TAERAN K&
Jit LA Lk, A EAREA R R RS, WA R AR —
WIREL

EEE

%020 4 6 80 100 120 140 160 180 200
FLHUR fEl/d
8 H R R FTARE (A% S fh 4k
Fig. 8 Convergence curves of central transformer station
(2) B3k {7 #

A6 KT IS W e n (] 9. PR FE AR A B AE I 3
AN H R 10 mm, 8 TSR . (AR
ANHA, RS TR SURIE N, 89 A1 20 mm At
ZIRHAGTRGE . BRI A —EA THE R
&, B RAEEATG . ARLEFEE SR TR,
H T S BTV SR T B0 N0 40 mm A . 5
SRR ER 73 M BOR A JiSE, RGN 17~24 mm,
ZIE—HAATRGEIRES o RS B RGE R S
AL, H T AR = Rt Pl S 2R LI 5%
Wi, SIAR T B SkITR WARTE o (HE R Al ] it 145 R
i, BlEORER TRE, M3 B2 .
40 TURRBIER

0 24 48 72 96 120 144 168 192 216 240
R0 B E)/d
9 de SRR T th 2%
Fig. 9 Convergence curves of north horsehead
(3) HifitFsz Jui

BEFE 2 7 IS0 2R B, A S BT A 52
TN, F HARHF 52 1R AR TR I A7 R B die.
VRS A 52 0 B v TR, A SR AT IA 2 T
PR PR o AR TG VR A 2 R AN A PR R AT, it 0 e R

BN AAETE A = J A AL 0, 3 AR mfif %
PURBhRE 151, AR AR .

ER PR, ZR I A Rz T KA PO AR 2
IR, REE T A IR E .

5 & it

(D LR IR G I I SREAL TR B R 2
WHCE . SR, BA N RS, ZEAHAR
=) 7] P e SR ! S 1/ 87

(2) R Z T2 A BN LR o FEAR A X
ReAISAL, NS AT RN, N WA £
JEUE ST 2~3 Ao FlE R BB U i R AT iz A 5
UR, AR R 3 AL TAE X R A R S A
NS L A RIS RAR R, SRR i SR T 5
AT/ BIGIRE o i 5 2 6] (RO ELRE W, T e R S A
RENER AT Ao

(3) VRAL oy sV L o BT BRI I ] 2
UGS SR B (RN ey 5. SR T R A
B, AR CA RS, L B e A IR K,
BAT . SR PO TR IEA,  PRUEILTN 5 AR
REA R BRI FlE b o VER RSB BAT . B R S
P, AEFES R REBORE 3230 BN g X
TR LR I B TN ) A3 K, LLER Rl ] X
il e d bk, Pl il DS A E )R sl R
BRIK TS R -

(LRI HLAAT A7 TR PRS2 4 ]
HIKHIRAS, PRIE T SRR S, THER TAF
FEM R ARSI b = i 7 RAr
%M

SE Ak

(1] FE2r:, Eate. BESHAT S e 5 EBR[M]. et
Mo Tl A, 2007. (KANG Hong-pu, WANG Jin-hua
Rock bolting theory and complete technology for cod
roadways[M]. Beijing: China Coal Industry Publishing House,
2007. (in Chinese))

[2] W, FEE, 580K, 55 BCABERE S it S
SCER[M]. ARt Bk Tolk i kA, 2001, (LI Ming-yuan,
WANG Lian-guo, YI Gong-you, et d. The theory and
practice of bolting and grouting support method for soft rock
roadway[M]. Beijing: China Coal Industry Publishing House,
2001. (in Chinese))

[3] F&EM, ZEHIIE, 2250, R N ) B s s Al 2
PHARWITUI. A4 1% 5 TRE%4R, 2005, 24(16): 2889
- 2893. (WANG Lian-guo, LI Ming-yuan, WANG Xue-zhi.



814 A+

2011 4F

Study on mechanisms and technology for bolting and
grouting in specia soft rock roadways under high stress[J].
Chinese Journa of Rock Mechanics and Engineering, 2005,
24(16): 2889 - 2893. (in Chinese))

[4] Beti, Mg, sk R, AF IWMER AT R ISR
Y. A TR, 2001, 23(1): 84 - 88. (HOU
Chao-jiong, BAI Jian-biao, ZHANG Nong, e a. Cod
roadway bolting under difficult and complex conditions[J].
Chinese Journal of Geotechnical Engineering, 2001, 23(1):
84 - 88. (in Chinese))

[5] WHILZE, BUKAE. BB AT R Al R IR S 0 S e 56
FUI. HERR 2244, 2005, 34(4): 418 - 422. (HAN
Li-jun, HE Yong-nian. Numericd experimental study on
mechanical characteristics of cracked rock mass reinforced
by bolting and grouting[J]. Journa of China University of
Mining & Technology, 2005, 34(4): 418 - 422. (in Chinese))

[6] HRZLYEE, E&4, MR @B ) i) P R g8 A
TRABARE P N [T, M =4k, 2007, 32(12): 1233 -
1238. (KANG Hong-pu, WANG Jin-hua, LIN Jian. High
pretensioned stress and intensive bolting system and its
application in deep roadways[J]. Journa of China Coa
Society, 2007, 32(12): 1233 - 1238. (in Chinese))

[7) HELAE, L8k, s s, U H T 5 4 e (),
Bk ¥4, 2008, 33(7): 721 - 726. (KANG Hong-pu, JANG
Tieeming, GAO Fu-giang. Design for pretensioned rock
bolting parameterg[J]. Journal of China Coal Society, 2008,
33(7): 721 - 726. (in Chinese))

[8] MARK C, MOLINDA G M, DOLINAR D. Analysis of roof
bolt systemg[C]// Proceedings of the 20th Internationa
Conference on Ground Control in Mining, Morgantown,
USA, 2001: 218 - 225.

(9] BscZE, E3Ch, S i #iAUKIe 86 3 i) & 3L
N, &+ TFE24R, 2001, 23(2): 212 - 216. (RUAN
Wen-jun, WANG Wen-chen, HU An-bing. Development and
application of new kind of cement composite grout[J].
Chinese Journal of Geotechnical Engineering, 2001, 23(2):
212 - 216. (in Chinese))

[10] V5o, ARBH R RRE A A 27 v S [ b4 R T R R iy
RURFIEWTFTD]. Jbnt: BERFHEDITTEBE, 2007. (FENG
Zhi-giang. Materid development and research of osmosis and
diffusion on chemicd grouting for extraordinary cracked coal
and rockmass[D]. Beijing: China Coal Research Institute,
2007. (in Chinese))

[11] BUCZE. Ry B RMBOT TREAEREIT T[], & L TR
274k, 2005, 27(1): 69 - 73. (RUAN Wen-jun. Research on
diffusion of grouting and basic properties of grouts[J].
Chinese Journal of Geotechnical Engineering, 2005, 27(1):
69 - 73. (in Chinese))

[12] ERIKSSON M, STILLE H, ANDERSSON J Numerical
calculations for prediction of grout spread with account for

varying  aperture[J].
Underground Space Technol ogy, 2000, 15(4): 353 - 364.

[13] BRANTBERGER M, STILLE H, ERIKSSON M.
Controlling grout spreading in tunnel grouting—analyses and

the GIN-method[J]. Tunnding and
Underground Space Technol ogy, 2000, 15(4): 343 - 352.

[14] §27 7, Yo, KRBT SCH BB BORTER 2207 XK Y
). HERFEEA, 2003, 31(6): 33-35. (HU Xue-jun,
FAN Shi-min. Completed set technology of bolt support for

filtration and Tunneling and

developments  of

seam gateway applied to Lu’an mining areg[J]. Coa Science
and Technology, 2003, 31(6): 33 - 35. (in Chinese))

[15] HEer, #k  fi, skuk)I. ANFLARTRRY ol 2R i DR wfi s
ERIETT S SEER[J). A 128 5 TR A4, 2008, 22(3):
387 - 390. (KANG Hong-pu, LIN Jian, ZHANG Bing-chuan.
Study on small borehole pretensioned cable reinforcing
complicated roadway[J]. Chinese Journa of Rock Mechanics
and Engineering, 2003, 22(3): 387 - 390. (in Chinese))

[16] GRAY P A, HUNT N, FABJANCZYK M W. New
development in ground support with particular reference to
high capacity, high load transfer rock bolts[C]// Proceedings
of International Conference on Geomechanics/Ground
Control in  Mining and Underground Construction,

Wollongong, Australia, 1998: 513 - 524.



