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Failure mechanism and control technology of water spraying and

gushing type roadway with coal-mudstone roof

ZHAO Yunpei', JIA Jing’
(1.Jizhong Energy Xingtai Mining Group Co., Ltd., Xingtai 054000, China;
2.Jizhong Energy Hebei Coal Science Research Institute, Xingtai 054000, China)

Abstract: For deformation and failure problem of water spraying and gushing type roadway with coal-
mudstone roof in Huayi Wuyi Coal Mine, taking haulage rodeway of 11101 working face in the coal mine as
an example, roadway failure characteristics and mechanism was researched by use of field observation and
indoor test. The results show that coal-mudstone roof of the haulage rodeway has evident deformation with
the maximum subsidence of 700 mm, and bolts, anchors and I-steel supports are damaged seriously. Roof
mudstone contains large amounts of kaolinite and montmorillonite, which cause argillization, softening and
swelling deformation of the mudstone in contact with water. Failure and instability of the haulage gateway
are a result of the combined action of low-strength of surrounding rock, argillization of mudstone in contact
with water, lack of waterproof measures and unreasonable support modes. Failure control measures of
water spraying and gushing type roadway with coal-mudstone roof were proposed including whole anchors
support of roof, waterproof type anchoring agent and drainage through outlet entrances. The control
measures have been applied in return airway of 11101 working face. The practice shows that deformation
tends to stabilize after tunneling of the return airway is finished 30 days, the maximum subsidence of roof
is about 112 mm, and section of the return airway satisfies production requirements.
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Fig. 4 Slaking test of roof mudstone

3 BiEETREETHMANEEEHTE

3.1 BETHHENRER
11101 TAE iz 4k AR R A T4 AT &R )1 3



2019 F % 4

A ARG bR K AR B TRAR A A IR AL S 45 ] R . 27 -

PR AR T B A TR A R & A R A8 T 3R
R A5 45 T8 [ T 2% R85 R LA R R 25 0 T AR
e 2 5k ALK L8 7K 55 Ve Ak R Ak A8 1, iF T 5 3T
MR K A= Wi Bl B B R0 S AP 45 K 8 AR A B n T

(D FamEMHEAERAT . BN 2. )
o Ay LAAE b S5 98 A R 260 SR U S TOU AR SR b Bt i
JEAUAT 26 MPa, fLHi s B 290 3. 4 MPa, 5 B 51K 5
FETREIAREE N B 58 B 32 R 4 Bl ) 24 B bl 3
PR o LA R T R W B & AR R R

(2) TAR VA BRI AE TR Rt 2. o)
JL 53 AR T TR e A R A v A A R 5 A
EF LY KO R A B KA i 11101 T
A THT 32 S AR D 25 9 & A K AR K B 5 ok
SR HUAT A0 HE K R it o 8 45 TOUAR 7K 1 S5 Ui 25 T PN
KL FEIB 5 3 BORVE 5 TR 5 B R e B BRI, ik —
A BEAR T AR T TR AR e 1k

(3) AR EUHEHOK A i . A [R5 B4 18 B
He4, WRTH K B ARE YR S TR A T R T S 4 R R R
JE TRUM SR A 3 B30 ) K B AR R X T A U8 A Y 42
Tt s A o B RS 1 50 A 2K BEAE T B0 AR R 3T
Pr 411, 52 e S 4P O RN TR A 1 e T R B B
) DR A7 4 it

(D) TP AANEH, A R i
SRS T B AT 5 AR PR3 B K R W T B 4 Al
RKESE R 4 300 mm, {754 [ A5 A7 T I8 A T AR
PN T Al [ 3 TOUAR B 2 25 2 N AN BB 78 43 R #E TOUA
H £ 7K 2 RE
3.2 BB EMEIRIER F ok

T 11101 T4E 1f 42 i 45 28 V1 38 s IR 43 #
T R 4 w85 S 4 I iR B O SR BUA 801 Bl K
it 2 42 T OB TR K R TR S IR R R A
WOGEAR . B BOCE SRR S O SOR B SR T0UMR 1 &
TR R BE 77, 3 3 SR A R0 Bl KR it SR 0 i T AR K
X6 25 T SZ 47 235 44 114 4= T 52 ) DT 4% I 9k 3 7K 7Y
PV TR A T e 4

(1) S8 J7 AR S M. 5 40T A LG, 2 A
F T DASR LT A 305 7, v TOAR 1 ) 0 S Ao
JEE RN BE » BT A8 5000 ) AR A8 9 . % F 11101 T
A T A T TOURR , Fh U8 A R B K LR AU L Bl R
BEAT S 4 TR R I TR RS T AR 4 i R
ST S AR e A AR TR R SR G B A
72 A R TOUAR ) 2 RS 1 O TR S 4 45 4
PRAFHE o I 5 B R B DA B o TO0 A A 2 R ik

<Tl1213
AR

(2) SRITIE BRI GR AP T . 22 4 f i
K2+ R B L R OO e A R R X i e i
BRI b TR HE AT R 3R O [T o R S
2R 1] 45 K 5 TR L R R A — L 4R R R A
(1 B AR R e T B R R ) S A R 2
1A B BB AR T

(3) B 7K R0 11 590 o 10 7 2l 2R 45 4 R 4%
W P A0 O o 25 e T 590 £ TR K A #5 T
I P 3 R 38 AT (o 5 8 2R 45 4 AN B T 20 A HE A
B 1 DX RS TR 5 R R B B )2 L S B S R R
Ao BT 7 TRy [0 1) LA 50 5 11 1 I 5 11 5 2 1 301
TG 151 568 52+ H. 32 7K BRATE FH B2 00 45 /0 o 1 5873 O i 3 47
SER IR E T

(4) TRA MK FLHEK . XF T 5 & AR K /Y 4%
T8 R FAT 22 TN S AP A v THURR K H 0 5 Al L 1wl
AT PN S 2 0O B A R i R T 5 X L T
SE IR [ o 308 2o A TO0 AR PN A — T B 1 o A AL
A ORI 23 THUAR 7K & 9 OO 7K % 52 470 3o 7 Y

AR
4 TFEELE

4.1 TAAR B IRAE H] H

BE XA T — L 111071 T4 T 12 i 4 725 1
INFHIE S5 5 0 A S T BOR 50 32t T AR 4 5
R+ Bl 7K T [ 5 K AL HE K R 25 4 I i
it » IR HBEE J3 Br B A0 A S TR 28 bk ik
2B B & s i v T 11101 TAE |
WA AR ST R S PR .
B $21.6,%7 300

Hi#¢21.6,%5 300

BRLREAT ¢ 22,13 000
450(720{720(720|720| 720|450 /

[=3
SR Ry [
90, 0,
=118 2l |o
=) [e B| |5| MnsREE 621.6,15 300
(= (=
SIE SHS

~

4500

K5 11101 AR 1 [l XA 3P 7 %8
Fig. 5 Support scheme of return airway of
11101 working face
(1) TRM e R $21. 6 mm HIK Lk, K&
& 5 300 mm, #pEE 300 mm, [B]E A 720 mm, H{EFE N
800 mm, il % Jy AT 200 kN By 7K 289 4 [ 551 3%
1 4 FSCK2340 A1 1 # FSK2340;FE#:1% H 300 mm X
300 mm X 16 mm (& X § X J&) 125 3 Bk 6 4% 5 ] —



. 28 o

5 B

2019 £ % 45 %

HEA R S MAE M 4 500 mm X 176 mm X 6 mm
(KXBE X)) M8, KeR®EH 621, 6 mm
ML A EE R 7 300 mm, HEEESH 1 600 mm, %4
M 1A By K B4 A R 38 H 1 % FSCK2340
1 % FSK2340,

(2) FSEBAGAT EE H] $20 mm BRSO AT K
43 000 mm, & HE 4 M, [N 870 mm, HERE Ky
800 mm; By 7K U438 &1 577 26 FH] 1 4 FSCK2340 1 1 %
FSK2340, finsififi &= % 4] $21. 6 mm QL K&
295 300 mm, HEEE 1 600 mm, BEHEAG E 1 AR 5 Bk
VA FI 2 ) 1 4% FSCK2340 #il 1 45 FSK2340,

(3) g i sir T0 A 7K HE 80, 78 T Al 3 4 B
S mE 14 $28 mm. K 5500 mm 1tk fL , HETik
) THUAR 7K 51 3t 30 45 18 HE KV N .

4.2 IAEXKE

FE 11101 A 187 [a] XA 4 2 2ok 2 v v 3% 0 A2 B
MR OO HEAT WE I, 25 SR an &l 6 pron . A A E
i iy 30 d J5 . B E AP TA0E , TibR & KT il &
22 112 mm., 45 38 W7 1 RF 0 2 38 K AT AL s
BR ., TEARIE MR SS WIR) L R R A AT R AR P A
MG, B B A T0 AR 4 A S B K R A [
F91) 1tk 7K L AHE K 5 it 7T A 28 A IR T K AR ) e T
M A5 18 A2 T8 BB IR )

120

®x O
S O

TR T YR/ mm
f=)

0 5 10 15 20 25 30 35 40
T8 I i 1 18] /d

& 6 11101 T [a] R TiAR T 30 & 1 i 45
Fig. 6 Subsidence monitoring results of roof in

return airway of 11101 working face
5 #ig

(1) 11101 A i iz i 45 J& T 3 8 i) o4k I 7Kk 2
JEUE A TR S 3 L TOUAR T U B 2. th T I0 AR K
MIVE ] T AT R FIAR T 5 L T8z R
B R A TN R R L

(2) TOAR I o & A K S ey 08 A 52 I A 1 4
TR WK E M e Ak AL A I AT L BRAR T
HE FE R et

(3) 11101 T 1 iz i 45 i I 2R A2 02 [ o i
K VR 8 7K 5 T Ak R SR BB K 48 it L 3247 O XS
HMENREGGENNLE R,

(4) BT T00HT 4 4 2RS4+ Bl 7K L 4 1 5]+
T 7K FLHE 7K 1) 5 38 8 IR 25 G 4 1l 15 e, O 3L
F 11101 TAEMm MIAAS . SCeR M, A iE 48 1 30 d
Ja BB TRE. TRE KT ®EA N
112 m, 45 38 Wy I 2 2B 77 55 oK A IZ T DX Al 26 )
BRI T 5%,

% % Tk (References) :

L1 k)8 A& . W T 58 R 3h 25 i A5 4 T00 AR A X A

WIRHLH SR KI] Aa %5 TR%R,
2016,35(4) :806-818.
ZHANG Guangchao, HE Fulian. Asymmetric failure
and control measures of large cross-section entry roof
with strong mining disturbance and fully-mechanized
caving mining[ J ]. Chinese Journal of Rock Mechanics
and Engineering,2016,35(4) :806-818.

2] fafs & . ok) . W IR 2l ) 252 i 45 4 78 JF 1 3R

PLl Sl H AR LT R 5 %4 TR %4l 2016, 33
(3):423-430.
HE Fulian, ZHANG Guangchao. Deformation and
failure mechanism and control technology of large
section coal roadway subjected to severe mining
dynamic load [ J]. Journal of Mining &. Safety
Engineering,2016.,33(3) :423-430.

(3] Zeaeds 0, Whamus , 45, Yo 45 TROAR 45 38 [ 4 24 B e

PEHLHE S 8 THALBE 2 A7 [T ] M5 2441, 2011, 36 (6)
903-908.
LI Xuehua, LIANG Shun, YAO Qiangling, et al.
Analysis on fissure-evolving law and roof-falling
mechanism in roadway with mudstone roof [ ] .
Journal of China Coal Society,2011,36(6):903-908.

L4 J™2r Aol 5 i  BOH W bk I 7K 1 R0 2 o b 0 4% 1 3R

FRAE K=l s L1 A 5 TR,
2012,31(3):524-533.
YAN Hong, HE Fulian, DUAN Qitao. Failure
characteristic of coal roadway with water spraying
and gushing in fragmentation roof and its control
countermeasures | J ]. Chinese Journal of Rock
Mechanics and Engineering,2012,31(3) :524-533.

(5] homie, Zespie JRaE, 45 ¢4 Wik E B oK E I

ML R )] RUG5ZL2TR%R,
2011,28(1) :28-33.
YAO Qiangling, LI Xuehua, QU Qundi, et al.
Supporting  countermeasures and roof falling
mechanism reacting with water in mudstone roof
roadway[ ] ]. Journal of Mining & Safety Engineering,
2011,28(1) :28-33.

(6] WERE.EAW,H 4R, 5. % 8l oAk R 1 A



2019 F % 4

A=A

R K A BRI & AR AR

BB IR AL B 2 AR © 29 -

[7]

[8]

£9]

[10]

[11]

IR 19 TE % B R s R L. A £ D14, 2013,
34(1).211-220.

BIAN Yuewei, XIA Caichu, XIAO Weimin, et al.
Visco-elastoplastic  solutions for circular tunnel
considering stress release and softening behaviour of
rocks[ J ]. Rock and Soil Mechanics, 2013, 34 (1)
211-220.

FELL A AR TR TR T T A A U R AT AR 4R
MR MR SR A A %5 TREMR.
2012,31(11) .:2248-2257.

YAN Hong, HE Fulian, XU Tengfei. Study of double-
cable-truss controlling system for large section coal
roadway of deep mine and its practice[ J]. Chinese
Journal of Rock Mechanics and Engineering,2012,31
(11).:2248-2257.

TSR A B 7 L AR S ME L T AR R T O S TOUN Al S
R LT ] R B AR 2010, 38(5) : 28-30.
KANG Rong, HE Fulian, L1 Hongbin. Application of
truss and anchor to support seam gateway with
broken roof[ J]. Coal Science and Technology, 2010,
38(5) :28-30.

MELL A e bifid, BT 45 T8 AT ST R S 4 43
Brlll E A a5 TSR AR, 2010,29(4) 1 649-664.
KANG Hongpu, WANG Jinhua, LIN Jian. Case
studies of rock bolting in coal mine roadways[]J].
Chinese Journal of Rock Mechanics and Engineering,
2010,29(4) :649-664.

LA, R BT R ORI TR AR I 8
BRI R EZ2WHn ] 560 h%5T
2014,33(5):1014-1023.

YAN Hong, HE Fulian, WANG Sigui. Safety control

JEL I 2 iR

AR,

and evaluation of roadway with super-large cross-
section and soft-weak thick coal roof [ J]. Chinese
Journal of Rock Mechanics and Engineering,2014,33
(5):1014-1023.

WEETEORIL R A0 A AR R RN O TR AR AR

[12]

[13]

[14]

[15]

-GG A AR I b R R (0. A A )2
5T RHt.2014,33(9):1828-1836.

SU Xuegui, SONG Xuanmin, LI Haochun,et al. Study
on coupled arch-beam support structure of roadway
with extra-thick soft compound roof [ J]. Chinese
Journal of Rock Mechanics and Engineering,2014,33
(9):1828-1836.

SRR AT . T T £ T TR A P B
5 EEER L] ﬁijji%,zowm(es) :1721-1728.
ZHANG Guangchao, HE Fulian. Pillar width
determination and surrounding rocks control of gob-
cross-section and fully-

side entry with large

mechanized mining [ J ]. Rock and Soil Mechanics,
2016,37(6) :1721-1728.

TR AR e AONE L AL TR R R TR £ T AR T
X B G H5E E SHEHBAR LT ], Bk %4, 2016,
41(9) :2188-2194.

ZHANG Guangchao, HE Fulian, LAI Yonghui, et al.
Reasonable width and control technique of segment
coal pillar with high-intensity fully-mechanized caving
mining [ J ]. Journal of China Coal Society, 2016, 41
(9):2188-2194.

FERE AR o, A BRI R R O & A
ARG KW )] A a 5 TR,
2014,33(3):539-548.

WANG Dechao, LI Shucai, WANG Qi, et al
Experimental study of reasonable coal pillar width in
fully mechanized top coal caving face of deep thick
coal seam[]]. Chinese Journal of Rock Mechanics and
Engineering,2014,33(3) :539-548.
ZHANG  Guangchao, LIANG Saijiang, TAN
Yunliang, et al. Numerical modeling for longwall pillar
design:a case study from a typical longwall panel in

China[ J]. Journal of Geophysics and Engineering,
2018,15(1):121-134.



