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Mechanism of rock deformation and failure and its control
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Abstract According to field investigation and deformation monitoring of roadway driving along goaf
in fully mechanized top coal caving face in Zhaolou mine, failure characteristics of roadway surround-
ing rock have been analyzed and its deformation failure mechanism has been deeply revealed. Results
indicates that low surrounding rock density, high in-situ stress, large destruction scope, unreasonable
supporting structure and parameters, complex stress environment and large section size are the main
reasons of surrounding rock failure and deformation. Based on control principle of intensive-yielding-
coupling support and key parts reinforced support, supporting measures of roof bolt net strip cable, lon-
gitudinal strip + two sides anchor net ladder cable, longitudinal steel ladder + narrow coal pillar cable
reinforcement and gunite + entity coal side drilling to relief stress are proposed. In addition, field test
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has been implemented. After roadway driving along next goaf stability, the effect of roadway surround-
ing rock is good. The maximum force of bolts and anchors are within their yield range, and set aside a
sufficient margin for the recovery period. The results can provide a reference for similar complex and

difficult supporting roadway.

Key words deep mine; roadway driving along next goaf in fully mechanized top coal caving face;

failure mechanism; control principle; field test
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Fig.1 Column chart of coal roof and floor of eleven area
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Fig.2 Schematic diagram of
roadway driving along next goaf layout
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Table 1 Material parameter of rock layers
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Table 2 Results of loose ring test of surrounding rock
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Fig.3 Destruction scope of surrounding rock
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Fig.4 Structural model profiles of roadway driving along goaf
in fully mechanized top coal caving face

3.6 BEMERTK, ZIPHEEX

R ARG W A A e, — %
4 m; BIIE SIS, A R TR R YRR
w f 0, 11302 TARMIHE ARSI 4.8 m, TG
3.5m, HAREIRE SR P A EBIsIS, JER A
KF]5.0m, AR 3.8 m, 4 H B W i
BUBRE 22 m®, AR e RS (0 S AR IE A0 BT, i
SE VIR T AU 16.5 m® A2l KSR s s 1k
N[Nk NS % =S () i B B GES N
AT A A0 o 5 108 0 T 1) 398 Jon Aof TOUAS £ 79 5 140 5 52 o
K, FEARETRE Myt bk A8 T
AR RIS TR RS, PR
TARTE A YA

4 ETEBEEEHIRE

P A am R L O Rl IR 2 sl N R
WA PRUEESTE B A R E PRI O . AR 25
JBCHT AR A A T AL A A L], TR 2
L R SRR OB 5 SR R SCHE F A 0 95 2 37 Y
Pl 4 i P
41 SEBAILERES P

1) U e TN J7 560 3 2447 S B T ] DX
A B B2 sl RESKIT AR R 4™ A48
ARIELY R, MEHA TR ACRES, s
e i SR P, AR RIS 25 AR L S 5 BT UIIR
AR ke A AR A AR I 3] DX P9 T R )
ARG, LS B DA B R R A, DR
HHINIPIRAS o TR, R T il 2R TN )
AR ST R BB ASE =, PRIEREAN A 45
RS E Lo

2) YN BAT — e Ak ThRg, LR
FNBURIINAZRRE, WSl A R EE ), Al
S R BIRBCR RS B B AR . R S 25
FIEAT IR [F IS, FESEARER AT IR AL, Y
DR BRI FLEA v, A BT RRARAE A AR
A AN g, ARIEAS 1 A AR e

3) LY RGN K AHEMFMEL . WL, ZEfif =
SR M EA HUCHL, S8 RGE ST REE A
A JLR ARG RIS R BRI A
(R A = SR S 50N 1 5 B 32 )R Ty
PERV G, A Rei oS P SRS AR, A3
RIS AR S, kB H S AT R H
4.2 KBERBLLANGE LR

R T A 5 AL PR RS T R T B T 9 R A 1
et S, AR RN —ADE LN AL ek
EATEWIR, RIGT BEBAREE . SABEREE b
APAEFSS AT, EAE O S ERIR 52 1, 4%
T SIS DA AN B OGRS, AT ey L5 4
R EE

R IR AR e A P S S A R e )
PN E, X BRIER S E T 5 3 A S i 3
FELERIRR DX, SR AR TR PR ORGSR 4R
5. PERAALTE R, REUSIEY L R i
FSCPRY SIEAACHRERE I Ty e, RS s e R 98K
M7 1L TORR 5 B 3K oo™, semaTibR (13
EE.

TE RS i IV g B TR K e 7™ AE 1R B K
SRR TRURREAN P2 0 1] 1 22 B I A 2 B
DINEER, 5 R ILPT AR IR, 330 7E M )
BB A AR BRI X . 7R B A A
FIR, ST RILFEER, X% X ST N5
P, R TR ] B RS e R

ARG T 10 W AR A 7 A B D) B AR
Wb T BRI RCR 2 R BLUR3AR T, HE T 52
FIFE BRI TN RS s BRI, 0] 9 35 i A B 7
AT Iy, Bk TR 2= R B Ui i i
J™ RIS
5 AT MRS

51 SFAEML

B ) Lk HOR & S R R B A N 58k S 3
R Rl 4 S B, 6 S mJy SRk AT Tk, feih
THUAR B 19X 7 28 s NI AN+ P Al R B R 1)
TP+ 7 JOREACE A 8 B R 0 iR AT S+ S AR A AL



670 Kl 5 w24 TREEAR #31%
VRIS 7% S TR 5 5. mm, LT CK25100 4 A 1 %, 9 Hfkse
@22xL6200 | @22x[2400 &Eﬁ%ﬁﬁ@”ﬁﬁf”ﬁ%’ WM ELR H PO42.5R
vomaso L 1 T 29 soossnno SRR ERRHEATFIAITHY, A 1 216
'i ‘[TFZM 2.15, KAy 0.42, HEEERITIS y 385, FHAELAIK
____________ Wttty L 15\ 3 VEH 3%~5%. WEHCHR A ML AR AKAE ), N
PR I e B ABFEHEMEGED, e LB T R R IR )
5 g | T o0 o S PAASE HE H SPA SR

= mmﬁ o 2 514 SRBAEEILETE
(@t 4 BEEAR 1 200 m, REWE 3 m MEATRGFLENFE, 4
400 19955150 400 FLIRPE 20 m, BifLEAR 110 mm. ZEXEAEAL T 2044
1] _ RARAS, FRARAE ST MG, P I e B S it
e = e Lk W, MBI R, SO e R,
s T WY 3~4 (5, PRUE, STORKEREN LA 2R
2t IEIDE Fey AR A, SR AL 0 FE B0 7 447881 1 1 R
LN s W, AR T YRR R P, RN T

— BT R 5K 0 A
o Vil BEFE . 2 W P IS B ()RR IR L 4

KI5 By g A EE (mm)

Fig.5 Cross-section diagram of roadway support
5.1.1 TR X3P

VR SCHT7 ST BRI ) /N, SCh i A,
DAl T7 SR BT RV 2R (1) PSR ) 23 il 4 i 1) 200
N-m(40~60 kN)F1 150 KN THUAR o {1065 2= 27 [ 355 3508
iRt 20°~30°, AMENTRE S HHEETR B IEXY . T
TUEN A 3 R AR /N, TR A 4600 mmx275 mmx 3.75
mm 1) W BUS5E407, IS Ry R, A
TN AER S Y B A, R R
TRATE 2 HED ) W RSN il = e, AR
AR K i B3 O A BEAT s SC A, W RN Ay K
“h 3600 mm, 24 E 4 1600 mmx1200 mm.
512 H3II

SRR TR ) 5 TR R A 38 K
HEREVEE, A AAC EE R 2 2 200 mm; [R]I,
i i 35 8 B8 SR AL R S R, e
HPETHAL 600 mm b & AT E 1 HEMN ) 216 mm )7
B, BIIRA K 2 400 mm, 186 2 R, B9 HERE 800
mm, 4R K $22 mmxL6200 mm, K71
3040 A ng TR ARt AEFLATH CK25100 4 [ 711
2 30 LUK SRR In) JEASC (R ABTAR) £ FEE n oK )
20°~30°, HIZAALFS KBV o
5.1.3 FHEAZH ik X I

PHIAR 1 300 mm A& 1 HEGhm) 016 mm 471
FRERGE, BRI TAE, MK $22 mmxL3500

B BN ) TR S R 2 R AR TE R
TEBZY ARG R T H I, RIEHATE R &
LR EE, A AT R A I ik R BN, b s A
kISR 5k 15 t A1 25 mm; AR K XL R,
IR SRR IS0 50k 20 t A1 45 mm; ASFTHERL N
150 mmx150 mmx12 mm (B, AR N
300 mmx300 mmx12 mm EFEFCAL, FLRLALHE &1
OFEE s T BTSSR M R RE K AN/
F 100 mm, BEM R EEAS KT 20 mm.
52 BEEEHMRI

A5TE N BERG 100 m A5 E 1 AN IEIKIE, X A5 TE
RIMAIAE S TR 2 FAAT . RS2 J1 AT I
5.2.1 il A mAcA I

R R G S 7 R EEA ORI 4
R AR IAT TSl K 6 hAsE R m A
I Hh 2 .

~ T e R
- %Mﬁﬁ Wi 8 fﬁ?fﬁ N

0 30 60 90 120 150 180 210 240 270
R 2 /m

K6 i & m Az A% il ith 2k
Fig.6 Monitoring curves of roadway surface displacement

til&l 6 AT LA -
1) BIETFZ 0~90 m yu [l A, A Fl a2




E5H

FAERE A ISR 2 i [ A TR B L B ) 5 671

TR, T 2 0 35 5 bt A T adk BE 25 1)
A ARIEF] 9 mmim. Xt TARE T2 S8
Fr PO E T, WY ) 3 Y A L D) 1) A O R Y
PRS2 IR Y, e e I e AP U B s, Al
PRt Ak ) ELAOH Y e, A AR IR 7 3 8
A5 A 31 [ 0 A S

2) WAk EEIE Sk 120 m S A AR TR B W
TP g7, A v O AR B R AL 0.7
mm/m, A N E A R, S R G EH]
A EBR BRI LURE, RIS ARTE N
MR, ARG T V5%,

3) AR E 5, TR Ryl KN 168 mm,
R K 103 mm, SR N B RN 125
mm, ¥ ER KN 234 mm, FBIE R R
W JE ST S 33.1%~42.8%. AL G I SC 4 T 5
R I bz AR 1 P AR T 0 R A e 191
PERAR
5.2.2 TR B &K

hy e DA OO 29 ), s M 0 R T T A R
H A A TOUAR 25 )23 o B 7k TR 2 J2 0 i 2

% 30 60 90 120 150 180 210 240 270
HEHE 5 /m
BT TS
Fig.7 Monitoring curves of roof separation
Hil&l 7 AT AAR i e TR g 22 (A b 15 Ak 1 3R i
R HATRBUH A R, A5 T8 k4] 300 2y 2 %
BOK, BEASTE LTI 2 228 e TR e, R )
TRAE R B 2 80 30 mm, AUk S35 %61 20%.
5.2.3 44AF. ®EzH BN
HEREAT . RS R R R, R
BEAE L BRI )T HSZ AT T I &1 8 Syl
TH P ST L B R 52 g il il e
HE 8 WTLAE e AT, Hfig 2 e it
0~30 m i [l A 3B bR, 3 DRk 7 iy TN g 5 )
SAPRGAEY, Sy A R S R B e
J1: AR IFZ 30~90 m YEH N, BEAE S TR D)
Hahn, SEARKERERIAT . AR 32T BAE 150 kN
200 KN /e IS HE BT BT AR RS B BUR 5 SCAT T 3
I, Ak AT B B R REE s A E S 90 m

AT HERZ R G TRE, HY R
AR ST U2 12 1R rL, R 45 iE
SRS AR B A A AR B R )
FesE Ja i e K AB 2399 g 165 KN A1 225 kN, #4576 H:
JE RGN, IF R EERIARI S T AR R . TR
PR AR E 5 I LA R AOR A 9 PR

180+ (a) kT

150}
120+

o

60 (,__//:w._.....\ﬂ/-—‘
30f

0

250 |
200 //—/
150 M
100 T
50|

% J1IkN

(b) &

0 30 60 90 120 150 180 210 240 270
ek B/m

— SRR WY

K8 AP Rz i th 2

Fig.8 Monitoring curves of bolts and cables

TR

4
Ko A FLE IR
Fig.9 Support effect of roadway control
6 & it

1) T BRI VR I E o 2 4l o [ 5 AR
EINRRAE, A FEE R AR RE 99, HuN )
s FEARASIEIAEE K, P SHOE A2,
Pl 1 B35 52 2% R 3 BT D R ST RO 3 % 2%
518 B AR RN . BE Tk, AR
TR NG A N ) IR R, B T e kR
T S AN O T S 1 L 4 o i

2) ARG R AE N, TR
RN 271 mm, PSR IE A Kk 359 mm, il
W RS KN 30 mm, 2054 535 B
34.7%, 42.6%F1 20%, i FIA 1SRG A E]; B
v B ZRALEIMER B, . #iRZ oKl
435k 165 KN A1 225 kN, 576 H e iRys N, IF



672

R 5% A LAV

314

A IRRAYIE] B 48 T 78 AR R

/%\i A

3) SR THUARCEM iy 28+ 2B 1) Ak + P 95

N 1o A A Ao+ 2 JOREA S 60 23 N B MBI + 524

PEAT B ALEN I (S 7 56 It il ok 1R AR
DI ERBOE ARAS ST HOARMERL, AT FUEE ROy S4Bl

ok

MBS TAT A A4

S K

(1]

[2]

(3]

[4]

[5]

(6]

[7]

G, RIS, SR, AR IREIER A T
R A %5 TR, 2005, 24(16): 2803-2813.
HE Manchao, XIE Heping, PENG Suping, etal. Study
on rock mechanics in deep mining engineering[J].
Chinese Journal of Rock Mechanics and Engineering,
2005, 24(16): 2803-2813.

FEa. R TR A B A 2 R LB AR B S
ARG HAIFE[D]. PFiE: IR, 2012

MR, GEmfi . IR T8 e 4 1 J B 5 I YA 5
[]. FEA MRS, 2006, 35(2): 145-148.
BAI Jianbiao, HOU Chaojiong. Control principle of
surrounding rocks in deep roadway and its application
[J]. Journal of China University of Mining &Technology,
2006, 35(2): 145-148.

W%, PMBEHT, ERMC. BT MR AR E AR
MR R RO ST IE ). a4 55 TRES R, 2009,
28(11): 2280-2285.

YANG Jun, SUN Xiaoming, WANG Shuren. Study of
deformation and failure laws of deep roadway and coun-
termeasures in Jining Coal Mine No.2[J]. Chinese Journal
of Rock Mechanics and Engineering, 2009, 28(11):
2280-2285.

WRIGA:, 280, Juig¥r, 5. BOFmN R X I
[FERAS B ATUAFAE KA. RS 4 TR AR,
2013, 30(3): 363-368.

CHEN Xiaoxiang, GOU Panfeng, FAN Zengzhe, etal.
Deformation characteristics and controlling of tailgate in
high stress high gas and outburst region of deep mine
[J]. Journal of Mining & Safety Engineering, 2013,
30(3): 363-368.

RN, PARA . WAKTEYCA B IE S BRI TN,
FHR]. BER2Z44R, 2009, 34(3): 325-328.

LI Haiyan, LI Shucai. Study and application of support
technology on swelling soft rock roadway[J]. Journal of
China Coal Society, 2009, 34(3): 325-328.

EPRM, BEALZE, Jr D, SE.ORBEDTIREPCE B IE
AR A AR D] RO 15 2 4 TREA AR
2013, 30(2): 165-172.

MENG Qingbin, HAN Lijun, QIAO Weiguo, etal. The
deformation failure mechanism and control techniques of
soft rock in deep roadways in Zhaolou mine [J]. Journal

(8]

9]

[10]

[11]

[12]

[13]

[14]

of Mining & Safety Engineering, 2013, 30(2): 165-172.
SKIE 4, AL, BUKSE, . WS SRR
HARE RS HINTII]. R e TR SR, 2011,
28(1): 16-27.

ZHANG Houguan, HAN Lijun, HE Yongnian, et al. Floor
heave control in roadways with soft-and-swelling rocks in
complicated structural area[J]. Journal of Mining &
Safety Engineering, 2011, 28(1): 16-27.

PP ISP SR EPL P N = R N IR ES
A SRGEE T A 0128 S TR,
2010, 29(10): 1954-1962.

LIU Quansheng, ZHANG Wei, LU Xingli, etal. Safety
monitoring and stability analysis of large-scale roadway
in fault fracture zone[J]. Chinese Journal of Rock Me-
chanics and Engineering, 2010, 29(10): 1954-1962.
XSRS, BOK/AK, HIsk. B A B e iR
FEE YO R A%, 2011, 32(10):
3097-3104.

LIU Quansheng, KANG Yongshui, BAI Yungiang.
Research on supporting method for deep rock roadway
with broken and soft surrounding rock in Gugiao coal
mine[J]. Rock and Soil Mechanics, 2011, 32(10): 3097-
3104.

SRMUL, WEALZE, SRR AR R B E R AL B
HEEE NG SRR, K 5% LY
##, 2013, 30(3): 355-362.

ZONG Yijiang, HAN Lijun, GAO Jianming. Instability
mechanisms and dynamic superposition coupling support
in extremely fractured and soft rock roadway[J]. Journal
of Mining & Safety Engineering, 2013, 30(3): 355-362.
BRA, Ex, B, . RIS AR TE L Y
RS RGBT LR ]. e
TR, 2012, 31(4): 1-11.

LI Shucai, WANG Qi, LI Weiteng, etal. Comparative
field test study of pressure relief anchor box beam sup-
port system in thick top coal roadway[J]. Chinese Journal
of Rock Mechanics and Engineering, 2012, 31(4): 1-11.
Ex, BARA, BN, & RH)E RS TE L Y
B RA RS R GAE T S R[] A,
2013, 34(3): 842-848.

WANG Qi, LI Shucai, LI Weiteng, etal. Comparative
study of arrangement mode of pressure relief anchor ca-
ble box beam support system in deep thick top coal
roadway[J]. Rock and Soil Mechanics, 2013, 34(3):
842-848.

MR, gy, TRE, S ORI R
B FA R B A R[], A%, 2011, 32(6):
1874-1880.

XIAO Tonggiang, BAI Jianbiao, WANG Xiangyu, et al.
Stability principle and control of surrounding rock in



5 5 3 FAERE A ISR 2 i [ A TR B L B ) 5 673

deep coal roadway with large section and thick top-coal
[J]. Rock and Soil Mechanics, 2011, 32(6): 1874-1880.

[15] AR, MR, ISR, S, KA AT RIA
A R EOR[I]. B4R, 2011, 36(4): 556-561.
ZHOU zhili, BAI Jianbiao, XIAO Tonggiang, et al.
Deformation and failure law and its control technology of
roadway with large section[J]. Journal of China Coal
Society, 2011, 36(4): 556-561.

[16] BT, WK, MTaE, A&, KW A TN ) My
SRR IO BLIE B S BI]. BER AR, 2007, 32(10):
1061-1065.

ZHAO Hongliang, YAO Jingming, HE Fulian, etal.
Application of prestress truss cable in large cross section
coal roadway[J]. Journal of China Coal Society, 2007,
32(10): 1061-1065.

[17] ke, Z=2EtR, wmifl. SR ) T AR 9 2 96 25 i
NI R TRENHP]. &0 055 TR, 2004,
23(12): 2100-2105.

ZHANG Nong, LI Xuehua, GAO Mingshi. Pretensioned
support of roadway driven along next gob and heading
adjacent advancing coal face and its application[J].
Chinese Journal of Rock Mechanics and Engineering,
2004, 23(12): 2100-2105.

[18] TAf, Mg, TFeE, 5. WRIhimu s A E S
T S FIRR ], R 24 TREAR, 2012,
29(2): 197-202.

WANG Meng, BAI Jianbiao, WANG Xiangyu, et al. The
surrounding rock deformation rule and control technique

[19]

[20]

[21]

[22]

of the roadway driven along goaf and heading for adja-
cent advancing coal face[J]. Journal of Mining & Safety
Engineering, 2012, 29(2): 197-202.

g, MY, WE, % EATUE S IR A
T[] KA 5 224 TRE244R, 2011, 28(3): 376-383.
LI Lei, BAI Jianbiao, XU Ying, etal. Research on rock
control of roadway with complex roof driven along goaf
[J]. Journal of Mining & Safety Engineering, 2011,
28(3): 376-383.

e, LI, ERHE, & BT 1000 m RTLK
IR €3 VAR = 9 ONIR /LT N B SR S Sl N
274, 2011, 30(8): 1638-1645.

PENG Hua, MA Xiumin, JIANG Jingjie, et al. Research
on stress field and hydraulic fracturing in-situ stress
measurement of 1000 m deep hole in Zhaolou Coal Mine
[J]. Chinese Journal of Rock Mechanics and Engineer-
ing, 2011, 30(8): 1638-1645.

KA, T, SO, A5 Ik It s FA 2 el
HIFEER S S [I]. IR A=), 2002, 31(4):
370-373.

SONG Hongwei, WANG Chuang, JIA Yingxuan.
Principle of measuring broken rock zone a round under-
ground roadway with GPR and its application[J]. Journal
of China University of Mining & Technology, 2002,
31(4): 370-373.

PSR- R ORI T A SR S [ PR LB 2 52
PARGIFD]. dbnt: HEER(ER), 2009.

2014 Zx (o JT R BRI by S = BRifhis 25
7™ International Symposium on Green Mining

EHBALL: PR

ARIPEAL: PR TR A TR B K A SR R
EEW:

(1) seEM RS

(2) RBETFERTZHEH

(3) FHUT KU Filvh

(4) FRBTFRATHF

(5) WEHEZTFR 12 K R AR

(6) HLLEHUMAL S A BT REA 53 %

(7) HEREZ I A TE PO R R ke

(8) T2 LR 2 H TR B 5 Bk
SWES: P il
KW HRE:

MBI HEM: 2014 4211 H 21 H

ST 2014 4711 H 22 H-23 H

SWHE AR VIR rp RV AR X
BXZAHi%E: 0516-83885280, 83885753

%

H. 0516-83885606

EFHiFE: Xxjlincumt@163.com

£ MLt http://greenmining.cumt.edu.cn



