F34EH 1 bR % e B R Vol. 34 No. 1
202441 H China  Safety Science Journal Jan. 2024

H3C S| AR O, SR 4 AR, RTINS IR AR AR A0 SR [ ] rh e Rl 2241 ,2024,34( 1) 158-165.
EX5| A& YUAN Yue, ZHANG Fengbin, SHANG Xi, et al. Deformation and failure analysis and control of deep roadway with
intercalated coal seam in roof[ J]. China Safety Science Journal, 2024, 34(1) . 158-165.

AP TIR REEEE TR IA s R Hi= 6

F oA e, M B xR B A aas
(1 HEREASE RENREEZATHEFEIR, M HE 411201;2 ¥ % B4 A #
AR R ETRKETA G ERN L LEFE L LT, HH HE 411201,
3EHBEARBUF, M M5 411406)

DEDES X936 NHERFRGES: A DOI: 10. 16265/ . cnki. issn1003—-3033. 2024. 01. 0806

BEEWB HmARETNEEEME(21B0487) ;iR AR SFETE B ZEN(2020]J4305) ,

[ FE] A THEREIBVARKMEE Y oE 8K LR A, PR AT = KK R
BATRERE FTRIAEESEEA SN M EERN A KNAR, B8 MERIFERRA6HD
FRA FFHEFLEARNEEREHN K ER  BR ENE-R-FR-AEDEERKER
B3 35K, B R B TR AT s 3 i, R 4 & M F 28 AR A, 3t B A HEAT RO
FLERKE TR R KB EL DR ERFIE T RS BEEN AR B G N
N BB G AR ;e , TR RS, A RNT E, EREXH . FH RTURR K KRS ERH
# 93, 112 mm, 5 #EHEE KT | mm/d, B 2T HEE AR, RERERE,

[XIA] T, XBEE;, BEEZPHF, #HFE;, #esy;, 46#

Deformation and failure analysis and control of deep roadway with
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Abstract:  Aiming at the problem of large deformation and failure of soft rock roadway in deep coal seam
roof,, taking the belt transport roadway in No. Wu2 mining area of No. 3 horizontal plane in No. 6 Mine of
Pingdingshan Coal Group as the engineering background, the failure mechanism and control
countermeasures of surrounding rock in intercalated coal seam roadway were studied. Firstly, the combined
arch mechanical model of the original scheme of belt was constructed, and the stability discriminant of the
straight wall semi-circular arch roadway was derived. Secondly, the joint repair technology of " anchor

cable-beam-grouting-composite mortar anchor cable" was proposed, that was, the roadway was expanded
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along the roof of No. Wu8 coal seam, and the basic support of the roadway was completed by anchor cable
and ladder beam. The deep and shallow hole grouting of surrounding rock was used for reinforcement
support, and the composite mortar anchor cables were arranged at the key parts of the roof and the two
sides to strengthen the roadway support. The distribution characteristics of stress and displacement field
before and after roadway repair were analyzed by numerical simulation. Finally, the industrial test of the
roadway was carried out. The monitoring results of mine pressure show that the maximum convergence of
the two sides and the roof and floor are 93 mm and 112 mm respectively, and the deformation rate of the
surrounding rock of the roadway is less than 1 mm/d in the later stage. The deformation has been

effectively controlled and the repairing effect is good.

Keywords: roof; intercalated coal seam;

measure; soft rock roadway ;
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Fig.1 Layout plan of belt transport roadway

in No. Wu2 mining area
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Fig.2 Deformation of roadway roof and side
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Fig.3 Observational results of scanning

electron microscopy
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Fig.5 Repair scheme of belt transport roadway

PR NEINUS EiaE 2161 S N LN S ]
T B PRI — 1 T2 B A/ By oA )2 il [T A 4
A7 DR, e T AR X R R4 e
FA Bl R Bl FL USSR 2 [ o AL B e v L, DLk



551 PO . TR AR e L 28 TS T WA 407 B L - 163 -
BB AL 1,
WAREIS T 5 B, # ) 8E S iy 2 J5 75 58 5 R A8 7 AU S SR AN 7 s
B HCH - B AT T ELAR 0 22 mm KR 2 600 : —
mm P SRASFT 45FT R B BHRBSOO ZZE B4V I e
i : () ®E

MRS, 4 AT Ah & 100 mm, [8]) HEHE 700 mm x 700
mm, RHAXZEE M, 48R 06 mm 1%
KAL) A% 80 mmx80 mm, I H & 4N H AT 3
o BEMR R R HEWIRE R G SR
W SR EE AR €25, WIS IEERE 100~ 150 mm,

3) BERAER SHEERI, A e Al E G
[ ZE GRS 5 )2 v i 2 A R 7 A LA
PR D L 2R DCR A2 (4) A1 (5) THRDIF a4l
LB — 2D 5 FA T LTI I e o 3 4 o
FIESENEEE S A B ) | $E e
AR AR A R AR T RIS S 2 TS
B Z TR YIRS AN A HE— 2 1 e R
B H AR RS EOHE R E N MR IE g
B MAH X B A TR FE

WL B B TR A AR A
BN R R EAZ 21,6 mm, K 8 000 mm &
SRA R A2 ATHERE 1 400 mmx 1 400 mm , £ K
JER 1600 mm, TREFLIEIKWIA LI 2.5 Fl 4 m,
T A B A0 A fL, R AL IR HERE 1.5 m, 14
KAL) 3 MPa, BB E AR HEILERK , fFE
ROR R GEOR G R A G P IR R X 45 E
TOUAR AN VR 0E A7 [, 41 A 0D KRR R 4 AR
®17.8 mmx 13 000 mm %l & 4 21, A1 HEHE 2 800
mmX2 800 mm,
4.2 EARKBEAREEITEITLLSHT

FRE R R K s s A 2 A 9° &2 A, HL
SIRZ AR, e LIk A BR 22 43 B AR A i Ak Ry
KPR, BRI W S 50 m; IR 7 28 4R
T ERHOE 5 o 5.2.3.8 m, TIARAFATE
2.8 m JEMIMEE (1 BE)Z) s IREB T RABE N
AR, 55 A 6.4, 8 m, W, KR THbR AT
PRl RN A 6 FiR

SRR R IR - EAC A A B R 45 38 L5 )
B )2 S HUE S % B I i B TR LT X Y )
S AFRIE ARG ST L R AR B AR R O ]
JE R PR 10 A7 | AR 00 AL 107 4 RO A5 14 b 7
FIEEHAEA TN, B AE TRt 15. 6 MPa T FLfif
B, AT 12,8 MPa il 1] 7K S fa 28, A J5 it Jin
31.6 MPa %l [ 7K V- fap 2k, A W 3 % S 800

I ]
- H -

Eo6 HESHKE

Fig. 6 Models for numerical analysis

*1 EHBEEVENESH
Tab.1 Rock mechanical parameters of belt

transport roadway

PRERL | A i/ FHER | Bihr | NEE
ek | MG/ | MG/ - Ji/ | R, |HEf

cpa | cpa | % ™) vy | wipa (°)
WHE | 3.86 | 2.66 2550 4.2 | 1.92 | 27
WA 3.91 | 2.33 2600 4 | 2.13 | 28
Wb | 6.17 | 4.06 2600 5 1.22 | 29

e 2.89 | 0.96 1380 0.8 | 0.35 26

P L 7 AT 8 s T s S N A R K Y
8 fia) 1o 7 A v DX, TR e R RS ) v #%5 R 123 mm,
THURS A A 0 7 8 X5 3R 16 T 0 i A T 185 ) ]
TR XN, TR e KB 16 %28 52 mm, {HIR &
ARTE A 0 L A A AE R ) B X RT3 s 1 A TS
FARSAT A TR A LA 22T . Y8 )5, A 1E 1 )
PR EGRIBATI ] T A S0 , M et B
N ESIE AR AR R T A R

WRAG 7 ERMERIB P X A3 A dn &l 8 B,
8 FIAI. T IR S S AR E A 25
TP AR R R, S BOE SR X B oK T
THM S, TOUR AR S I X A0 A TR /DN, fe KR
2974 1.5 m, T PHHS S DX A DR LA, e KR
2956 m, KRB EMNE+ R FER+ A G
WG WA 7 5, BRI A7 7 — Y Rl 1)
SYUIRER  (H R AE A ] 7 28 AT B 0 e SRR IR A 2R
L B D R R A T % R A VO R B M R TR
T REAS AE 7043 K #7 TO A 8 Aok B 1) ity b, 0 —
P m S A AR RRE M TG A B RAS SR
TRIE AR PRl A AR I K R e A 2 A ksl )
4.3 DIFKIEHR

Y5 0y iz s R 8 R AT R
DU, 1 DA 268 S Ak ity T A i s 5 45 B — Wi i R A T
A0, 268 HEAL T WL A5 70 K W I s an & 9 fir



bR R e B o

$34%

- 164 - China  Safety Science Journal 20244
Zone ZZ Stress
CBoImeR
@IV, KB
[ERES 02722
——
————
Zone ZZ Stress ]

Caleultzd by Volaetic Averagirg
+05

-1.433

-2.5000E+06
-5.0000E+06
-7.5000E+08
-1.0000E+07
-1.2500E+07
-1.5000E+07
-1.7500E+07
-2.0000E+07
-2.2500E+07
-2.5000E+07
-2.5430E+07

(b) BAEJE B RSy
Zone Z Displacement
3.2699E-02
3,0000E-02
I 2.0000E-02

1.0000E-02
0.0000E+00

-1.2272€-01

(c) BIETT RE MM

Zone Z Displacement
! 2.3090E-02

2.0000E-02
1.5000E-02
1.0000E-02
5.0000E-03
0.0000E+00

-5.0000E-03
-1.0000E-02
-1.5000E-02
-2.0000E-02
-2.5000E-02
-3.0000E-02
-3.5000E-02
-4.0000E-02
-4.5000E-02
-5.0000E-02
-5.1997E-02

(d) BBJE BB
7 BEARSREHTEREIULE R

Fig.7 Simulation results of original scheme and

repair scheme

AN AR 318 5 TR AR RS AT 8 K T RS I
S, WU MR KB T /A 113 mm , IS e KO8
(B4 94 mm ; B HHASIE AR TE B4 K (U 7E — B ) 2
30 K5 , A IO AR S BT AR TE R 22, W 5 191 24
50 K, &7 8 % i ks TR, I sk s R ¥ K F
1 mm/d, HEIR K W I 25 55 T 0 . AR 18 5 R
FHBCA T 7 A 080 T 12 i Ak LA A IR
A6 A THURC AR B 7 5 A8 2 A /N FL IS FE T 4 AR/l
FEL PN AR A8 S AP s il R B

8 BREARBURSH

Fig.8 Plastic zone distribution of repair scheme
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Fig.9 Deformation monitoring curve of repair scheme

5 & it

1) R IKask o REECA B IE , A
o 22 VIRE 8o 3 RO R T, HIURAF A
SERRERRRYIMEZ T N BRI
T E, FEHIMERE R

2) MBS HEIIE , BlA AR RS 2 DO AR IH 1Y
HRETR RS AR T B E ORERE T 22,
A R ARROIR

3) Kz A WU S M2 AT 91, T AR 7K 3
AE )RR o ATy AR R T R
R 2 W] S 53

4) GREIRECHARTE TR I JZ R BERR, N4 1 K
550 JZ HEATH R A0 JEE T R HC O TR AR 52 ), T
T L YR T R RE T, 7R OB R AL o S
I AR IE A AT A R

% x ot

(1] @R ReEMs TIZeUAREESHELT]. BRI, 2014,39(8) :1409-1417.



51 BT TR TR I A2 A 38 A TR 73 A B HLAE ] - 165 -
HE Manchao. Progress and challenges of soft rock engineering in depth[ J]. Journal of China Coal Society, 2014,
39(8) . 1409-1417.

(2] BWUEH XEE, D\ ReREARLESHERRZRS O] PELERSFFIR, 2021,31(8) :119-124.
DAI Shiwei, LIU Xinxin, WAN Fei. Coupling analysis on disaster inducing factors for large deformation accidents in soft
rock tunnels[ J]. China Safety Science Journal, 2021, 31(8). 119-124.

(3] E5=F,0% GHEn, 5 FEEEtIRESEE SRR RINFIEARL)]. PEZERNFFIR, 2021, 31(8):
83-90.

WANG Xinfeng, HE Yi, LU Mingyuan, et al. Study on deformation and failure characteristics of deep roadway
surrounding rock under excavation unloading disturbance[ J]. China Safety Science Journal, 2021, 31(8) . 83-90.

(4] SN, I8, 5A7, 5. RETWRESEFSLIRRMWIRIRZERIL)]. IRRFIR, 2014,39(1) :47-56.

LI Weiteng, WANG Qi, LI Shucai, et al. Deformation and failure mechanism analysis and control of deep roadway with
intercalated coal seam in roof[ JJ. Journal of China Coal Society, 2014, 39(1) . 47-56.

(5] B5E8 &89 T5K,5 SRHIEIMMKIEBEMVIESERTALI]. PEV WAFFR, 2022,51(1):
67-76.

JIA Housheng, PAN Kun, LI Dongfa, et al. Roof fall mechanism and control method of roof with weak interlayer in
mining roadway( J]. Journal of China University of Mining & Technology, 2022, 51(1) . 67-76.

(6] ZTXK= BN, EHE,F R BEMNBERZNHESHOXEENIEL)]. BRBZEA, 2022,50(5):
73-83.

LI Yongliang, YANG Renshu, WEN Mingrui, et al. Stressed characteristics and regional anchoring mechanism of cable
bolts in coal mine roadway roof( J]. Coal Science and Technology, 2022, 50(5) . 73-83.

(7] FHR,EPFE.&EXR,F s NNEBELRRSWANGE RREBEFRRARLI]. BRFR, 2014,39(4):
614-623.

YU Weijian, WANG Weijun, HUANG Wenzhong, et al. Deformation mechanism and rework control technology of high
stress and soft rock roadway[ J]. Journal of China Coal Society, 2014, 39(4). 614-623.

(8] LI Jiagi, WANG Zhifeng, WANG Yagiong, et al. Analysis and countermeasures of large deformation of deep-buried
tunnel excavated in layered rock strata: a case study[ J]. Engineering Failure Analysis, 2023, 146. DOI. 10. 1016/].
engfailanal. 2023. 107057.

(9] BHNR RS, &N, 5 s NBEHEESRERNRERFEBNARLI]. X SZE2TEFR, 2021,
38(1) .68-75.

ZHAO Guangming, LIU Chongyan, MENG Xiangrui, et al. The composite anchorage bearing structure in high stress
roadway and its load-bearing effect[ J]. Journal of Mining& Safety Engineering, 2021, 38(1) . 68-75.

[10] #RR,NE,RES,F BEFNIBEROREETREBSENITREDAN] RNERARS T, 2021,21(23):
10054-10060.

XU Qiang, LIU Yong, SONG Yuxiang, et al. A method for calculating surrounding rock pressure of deep loess tunnel
based on loose broken rock zone theory[ J]. Science Technology and Engineering, 2021, 21(23) . 10 054—10 060.

[11]  3V&E. SEIRWE Xt Do mhilE REMBARID]. RN . PEN KRS, 2014.

SUN Meng. Study on in-situ stress distribution law and its application in Pingdingshan mining area[ DJ]. Xuzhou: China
University of Mining and Technology,2014.

(12] EDZE,=B,FEW,F. BIKIMEA N SBESEMXEMT BOVESIARLI]. XU SZETEFR, 2016,
33(6) :957-964.
WANG Weijun, YUAN Chao, GUO Gangye, et al. Control of malignant expansion of plastic zone in surrounding rock of
rock roadway under the conditions of violent mining[ JJ. Journal of Mining& Safety Engineering, 2016, 33(6):
957-964.

(13] =R, TEFE, RE,F Rl Fo)EOXBEESABRBRIMUEL)]. IREKEH, 2016,41(12) .2 940-2 950.

YUAN Yue, WANG Weijun, YUAN Chao, et al. Large deformation failure mechanism of surrounding rock for gateroad
under dynamic pressure in deep coal mine[ J]. Journal of China Coal Society, 2016, 41(12) . 2 940-2 950.

EE® M = A (1983—) 55 WIm MM 1 B2, EENGA A % T L
PRl s ) R0 I B 4545 5 TR 30 T 9E TAF . E-mail ; yuanyuekafu@ 163. com,

-~





