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Mechanical behavior and stability control of regenerated roof in long wall stratified

mining of thick steeply dipping coal seam
CHI Xiaolou'?, YANG Ke'?, FU Qiang'?, ZHANG Zhainan'"
(1.School of Mining Engineering, Anhui University of Science and Technology, Huainan 232001, China; 2. State Key Laboratory of Mining Response and
Disaster Prevetion and Control in Deep Coal Mines, Anhui University of Science and Technology, Huainan 232001, China)

Abstract: This study focused on the stability control of roof in long wall stratified mining of large dip angle thick coal seam. Taking Pan-
bei Coal Mine in Huainan as an example, the effect mechanism of water content, compression ratio and grain size grading on the compres-
sion characteristics of gangue is analyzed by comprehensive application of gangue lateral compression test, 3D imaging borehole detec-
tion test, physical simulation and numerical simulation method. In addition, the effect of these factors on the stability of the reclaimed roof
were also analyzed, the structural characteristics and stress state of the reclaimed roof were obtained, the dynamic behavior of the re-
claimed roof was revealed, the stability control measures of the reclaimed roof were formulated, and the control effect of the reclaimed
roof stability was evaluated. The research results indicate that the clay minerals of goaf mudstone and sandy mudstone are beneficial for
the secondary cementation of gangue. The contact state and stress state of the gangue during compression under load are constantly adjus-
ted, manifested as the compression and bonding degree of the lower and upper gangue being higher than that of the middle, with the com-

pression and bonding degree of the middle and upper gangue being the smallest, and the regenerated roof being more prone to damage. The

%5 H H#5: 2023-03-01 FERE: KB DOI: 10.13199/j.cnki.cst.2023-0334

EET B hEEEREIL S BT E (2022M721296); LB TR2ER 2R G [ AABHIFE sh3E 4% B0 H (2021yjre10)
YEE B e s 4 (1992—), T, IWARFFFEN, VI, 1. E-mail: xlchi@aust.edu.cn

WBIREE: 4 #(1979—), B, WWIIEGK A, ##%, i+, E-mail: yksp2003@163.com


https://doi.org/10.13199/j.cnki.cst.2023-0334
mailto:xlchi@aust.edu.cn
mailto:yksp2003@163.com

2023 4F55 6 A

# £ A F H# K 551 %

particle size distribution of gangue is the main factor affecting the shear strength of recycled roof. As the particle size of the gangue in-

creases, the regenerated roof exhibits ductile failure that slides along the shear line to the staggered and bulging of the gangue particles.

That is, the degree of mining fracture in the lower part of the regenerated roof tends to be milder than in the middle and upper parts, and

the middle and upper parts are the key prevention and control areas for the stability control of the regenerated roof. The deflection of the

main stress can lead to the fracture of the regenerated roof, so a plan for the collapse of the regenerated roof and the grouting.

Key words: steeply dipping thick coal seam; repeated mining; regenerated roof; stratified mining; surrounding rock control

0 35

RABEA (350 ~ 55°) JEAR)Z 12 o0 A T B IE 4K
W7, H 60% LAE 90 SRRl ICHRAR, 763 R
BEUEIF R A A He it 32 R S 2
TFRAGARTFR KR S HAZ A, LAPHER™ [X oy SR A
TMRAFRMIA | JE(4~ 6 m) . IR R REL 0.1 ~
0.8) . 5 BT CHHXT FUIT I i 4k 10 ~ 36 m’/0) Al 7K
Jie 5 KR B R AE AR IR, 3 R A 18] 1 BE 73
JEIERE, KA F YR A, 4 E IR R
Ttk B BERE RS | SOAMEIN AT AT 5 N SEI E BE
IR, HASERERS T X F TR0, A TR
T PR AN KA R 22 42 v 28003 TR T R A 0
[, AR R RS 2 e, NI, SEBR
AR 2 2 R SO ETER M R “BR” 5

MR B BHIRIFAT AT RS R HA BB

FEJRIEZ Y TP R, B2 k= XA 1E 1
BUE TR BT AVE TR B 5 52, s AT — i o
PR TR A S 45 RE g 5 0 2R T
B E, PRI, 23H 22 Rh IR 35 maT Bh 4 R4,
AR AR THOUR 4G 56 2 B B SR Bl (9 ¢
AT RRAE, R DR BT 702 AR THORRG E 1R Y S B
FIRIAT A7 00 BR s 4 R AT T B4 p R 2 X ST I
A RN S S o R I R VAL A A RE K
22 UL A T B 2 fih S50 v ) OB SR ASE AL T,
LB AR TR A ORI T, FE A “B
RII5E” PG, BB F B A AR BT A Ok oT
JELFEL, 487 1 A BB RIS 45 BB A5 D3R i A 1
R R S5 IR RS TE  mLY
O3 JETT R AE AP AE TR S5 AG 16 1k, ML T 58 B a1
TEAN [RS8 ARS S5 0 R e 2 PR By i BEAREALE L A%
S BRI, P A TR BN 1 =S B S
RIAR L R R AP DR,

Li LRTIR, ARZEFH DI T A RS R
5 AR RHAIE, #3321 AR5 He S 2 bt ] 2 AR
PR . ER AR SRR E R BESY R OT R, b
o JE TR b e A R o AR TR, TR AR
6] TR, U AR AR R A8 IX Al ] R TR /N

2

il

gk a5 TR U, 52 2R 25 IX 43 ) AN [m) DX 480 4R
AT AORLAR G BC A5 N 3R R, AR TR 56 15 7
FERFERYAEXI AR 2 . T2 IR, R IR
SN ISR, FRA TR A R s Ak, W )
FER XN K B3 o R, AR A TR
PSR AIR S S R B 1247 s AR JU N E B
EHBEIE TR X e a b e 2 floathat
ATHIRHYRPE K i, S AT OUIE 25255 SRR R
1l P9 e 42 8 B A 000 PR 4 1E 58 3, 73
B KA 4 AR AR SR 45 PR 30 A e 4 4
P AR R, 73BT 45 DR 3800 1A TR 5 AR 14
BUREE s feJmad i R AL B . B R0 A A
U RERS AT FRAE TR 3 124470, St AR
DA A E PR, AT BUARCR Y

1 IESIRETAT MRS NE

1.1 HRIEEEH

CROERRACED 13 SHERARE, FHH
R 435 m, SEXMBIff 450, FIRIE 5.5 m, W ICRE f
0.3 ~0.5; BIZTRAKICHE 2.5 m Je g, )& 6.8 m
WIS, R NIE 3m s, )& 4.6 m i FRIEH,
e SRb e A B R B, P IR R B SR 3,
JE TR = B2

1212(3) TAE T R —490 m P33R X A1, 74
ZFRZLMHE, B R -400 m 2554k, 4L E 460 m 4%
2R, TAERARMIAREALS Tolk ) s, e 1
Fime B2 6 EETE RS EE, PR 2.5 m,
AHE 120 m; PR FHIRE 3.0 m, BHE 90 m, £54
PUBBA R AR T 1%, AR VR TR A PR TOUNR
1.2 REXFAT WD NE

WRIEI I A, oy B Ras K BBl At i
HEWRRA WAL T s e s
JRLERE ST, M T 2 FeA AT A T P Fp 2 5 A,
WE 2 fiR, 2 Mea et a o vl a8 &A%, ofk
oA, Ho, A Yo A e S i1t 33.2%, i
TR 28.2%, K T 45 A A B AH B 22 e &l 1
WY aRie & 31.8%, WP R AH N 14.1%, o4
S5 RE 15 TR R



T /IVRESE AR [ K BE 3 2 TSR P AR TOUR 12441 S e e sl 2023 45 6 H
HME | AR [
/D o VR 2=
L%ga 1212 3) k43 2 RS
Eléﬁﬂ@ﬁ% A s 5 5
WS N1 94| N\ A e - M Py - oo
jﬁ;g{*ﬁ ”””””””” Ny, 12120) FARERE
=) ] SN
RS ] etk
e F1212(3)-3 22° Z80°H=1.5 nT—|
13 SN —
Jet oo 22 FaREmt ]
@ffﬁ‘fﬂ% I N W | — e r—
MDA ~
DhE \ 1212(3) [ ekt
H1 IThasadRk56E
Fig.1 Comprehensive columnar and layout of working face
9000 a—Fi 5 33.2% {8 D/d, =5, AAUGAELE EAE 50 mm, 125018 U
7500 g ;:gé‘;fﬁf% KAFARAR 10 mm. BT R A ) R A 2R
o 0 o AR 31.8% LB, 33 S OO A5 4 FoBL AR (<1 mm,
%5‘500', 2.2 o fea b aa 1~3mm, 3~5mm, 5~ 10 mm) Y& Fib 5 e
o - L BEIURF 71 AR T 3 v 3k 36 TR KA
e Me. i 2_as P SRR AT 4 TIE 4 7KFIE 2G50, B
8 16 24 32 40 48 56 64 72 80

HSR/C)
H2 FET R AR

Fig.2 Composition of gangue minerals

Vs SR A W D OB S AN 3 iR,
TR LY AR S, Ve W, YR B4 H A
5 W e A W DAL R, MY AR, Al iR
ANE L BELII A B IR A e 5 A R, T
WEE 8% 5 2 . IR T, B RIT
RAEF RIS T B B R 23 IX 1] IR 58
SR, R L ECA R AAEY, B S EA 2
T PR A7 W7 0 P LAIR TG [ 2850 1T 02 AR T

e e o

(b) W R

(a) Ve

K3 EHAMREN
Fig.3 Microstructure of gangue

2 HAEHEFESEETREE S

2.1 KT
Z RN AR RGT O s, iR A e R
EF RN, BRI AR ST A R ORISR Y L

IEARFR A LI6(45), WE 1. )2 ERIE, BUE
B A7 PR SRR 1750, BF A B R BT R
RS L, BTG AR R 1.4%0, 1507
T TRAER N 17.6% . KT 7087, BURAHRIN K 4
AIKFN 18% . 21% 27% . 30%, FiL BRI R
135 mm, WX 45 N 24.3, 28.4, 36.5, 40.5 mm,
FKRF RN 4 DAKFBEEN 5%, 6% 7% 8%,

s 1E AR B B, 3kt 16 4HitE
x1 EXRBHEERFIKE
Table 1 Factors and levels of orthogonal experiment
M
K ;
FRAEID RS % BRI TRBRERIT

1 5 18(243mm) <1 e

2 6 21(284mm)  1~3 k)

3 7 27(36.5mm)  3~5  VIPERTRA):V(IRA)=2:1

4 8 30(40.5mm)  5~10 VB V(IEE)=1:2

T 55 N R

JEGT A4S 50 mm, = 140 mm 1) =58 A0 3
AR, L35 NF BT L JRCRE . S R 5 RSk o MR &
4 inZ8 R Fl WAW-2000 741 J7 BEIRIG AL, 1R Ik,
A 0.01 mmy/s, MEEE WE R LR %, B (]
5 min, K35 GB/T 23561 RIIFRUESS 11 FREAIA
A1 BT B I S vk, B 3 4L A 4S50 mm,
= 50 mm AYAS A B HL (450, 500, 55°), I FAE
TR BY 3 B, AR R 5 B A . XA
R L B D) T U AT 1 9, 9/ MR B0 o B T 85 D) i

3



2023 4F55 6 A

#EHFHAK

%51 4%

() B8 R FH v T A SR AR ML 8 7 A TR 59 1) ik
Wit AR, RIS B 4 Fis
22 FFRMRELSE EFE

A I R s 4 3 R 7 g -k e sh 2538 £k T %) 0k
WILRIARE | B E R4S 3 AN, aniEl 5 i
7N, IRARPIIA A U AN, B A 53 B, R R 4A
ARE K, FRE BT (2 7 BURAERT Y 50%), &
SR I3/ (2 R SE R T 10% ) 4 A5, A/
BRI FE A B, RO S JAE D212 5 BE R 40 1T AR

G YRR

(DRI

|

0 s 44

o, A A ORIE 1] 2 4 S fh, A RO A2 A AR L s -
WERE-2AL, B0 Vs A2 SEIWT 1A e 28, st
A IR ) 2 Al AR ST B, 2 b S PERT A B R4, I
TR 1) =R R PR F A, BE AN ) BT, Bt
S0 ) AR BOE A (2 B RS2 T 1Y 48%) 5
WE it TREE— B34, BEAJE AR BN S22 1)
Js S5 R 3 A8 A /0 B4 s s [ 45 3, e 408 1 LR
TN A0 BURE 1 20 ARORLAR S R e A A P A
Tt

100

1, 52
K150 |

45°

SRR

B4 #FaRES% S F A TR TR g kit

Fig.4 Side limited compression of gangue and shear test design of regenerated roof

N 73/MPa
6.80

W5 #Fa &4 A2 B A - B R AL
Fig.5 Stress-time evolution of gangue compression process
RN ZICARLNE R T5 75, 15 B) Matlab £ 7F, 73
B KA, TR RLARGRIE PR 2R R A DKL s S
SEMARERE, R PATFAVRCARR BT 3D nl AL R,
WAL 6 Frw, ff A BURDRLAS BN | FRAR AR MOR | 75K
ARG R, SRR o AT A SRR A 1] R BE I
SYEIT R, RS X LT A AR R A
- R T R R, A DR R AR,
4

[3%) w E W N
JE 5K J/MPa

K6 ZHEEBWTAEELNS] 3D ER
Fig.6 3D display of compaction stress of gangue under influ-

ence of multiple factors

BF A e 4 2 SR BE IR R B G AR X FRRRAE, FLACH H
L PR TR A R 4t S 2 s T K BRRAE
2.3 BETREYIEBEHE

R A AR A BT U H IR AR 3 Bl T
SR A TOURR A 57 58 K -5 2t 1) fh £, An e 7 B
71, SO, P OO 5 5 E AR, HLAR B 5



W/IVERE . RABUARHLZE [ BE 73 JZ TR AR TR 12447 o8 S A Pl

2023 455 6 1A

2.0 e 45° ST F
-----
—e— 55° =t A
LRy,

- 1.5+ iy
& i
2 h =l
£
% Loy e
= f
6=

05}t

0 50 100 150 200 250 300 350 400
IFA)/s
B 7 A R RS 58 L G Am Bt JE]
Fig.7 Curve of shear strength and loading time of typical re-
claimed roof

S PR HEPERE R ARAIE o BTS00 0], A TR — Rk
FR4i, AR AT RS e s B B T AL T
ey, P AR TR BE B AE g — 7 1f0 58 Wy 11 8 07 W [l Y
REAERERE, 53— 07 W T i e ab a0 A B
552, BT UG R A BEBOR, A 5 5T B AR TR AT
A PN IS 8 4 e B A UL [ B i, 0 5 9 R ) 2
WS, A 0 AR 8 RE T WA, A TOUR AT BT U1 T
IR RE I A

RAG 1 JEE RS2 1] JBE T 2 TR 30 1 A4 T
Mzt — A, BRI, P17 a2 R
7 1o} B8 UI) ) 8V P A oA A A B U0 RS R
R, AREL T 58 B A R BT ) A P E R BT DAL I, 7
A THAR AR IR 112 B0 KR IR R
SRR FEAA U AR . HET 16 1Py 2
LR, SR 3 Bl R RYIER D S8R T, T
ARPFFHAE DR 1 SN B, ULk 20 K2t
AR SN 4 AR PAHRDKOE R
{EL, RTTRAT 4 AR 22 (E, WK 8 Fror, i
R PP RAR IO 25 2 i T KR IR R A
FREIE, fr A R A G %) 1A TR 266 5 ) RN B 42
PN 25 B BRSO fie iy, X P A TR B 70 5 2 2 M0
e B R BN IMK U BRI . 4R Bk
PRFHERE .

N — A I OB BT P A TR BT B 56 8 32
i, G4 4 FoRiAR 2 e B A TR Y VIR S Ak, 4n
K9 I, AR TR 2 B 1 5 D) vl 280 A= 3 g
T I I 300 5 D) T AN KLU AR FE S i 5 D) H 3]
T BT BT RS TR Sl 7% i S PR IR AL

RIARBL/ NS, AT A UL B] 25 B B T 00, W 1145
il ), MR AR T e s SR B e s it 4 R T
Wy Ae FURL WY 1 1T — RS 2 v, B A0 A Tt
M2 5 S AR, FH-A TOUR AR B B9 VIR 9 7

*2 PEEERBRER
Table 2 Shear strength test results

e SRR JRgERE R B AR RS/
EICA S . S . s S MPa ©)

1 1 1 1 1 0.175 31.65
2 1 2 2 2 0.154 39.27
3 1 3 3 3 0.147 38.41
4 1 4 4 4 0.310 34.64
5 2 1 3 4 0.088 4212
6 2 2 4 3 0.094 40.55
7 2 3 1 2 0.396 31.75
8 2 4 2 1 0.145 28.09
9 3 1 4 2 0.147 .11
10 3 2 3 1 0.132 35.82
11 3 3 2 4 0.151 4135
12 3 4 1 3 0.291 36.87
13 4 1 2 3 0.104 41.35
14 4 2 1 4 0.154 40.62
15 4 3 4 1 0.160 41.43
16 4 4 3 2 0.119 4226
0.14 146
- AT SR /1 _ ia
0131 o AWML M BEHER % i
R . q14.
0.12 RE %
£ 0.11 140 &
g . 0 /_/ \\ 13.8 W\H
#0.10 | e 13.6 X
X Vs v
E 009 . « v 13.4 g
=008t ACREES-
& e A =
- v 130
007F - Vo fas
0.06F \42.6
\.
0.05 : . *2.4
FIKE IR Hifz [iSAE

K8 ZHEEHHALTRTYBESBEEE
Fig.8 Multiple factors affecting the sensitivity of shear strength
parameters of regenerated roof

2B A e A 4 T ) S 25 A BE S A B A
HAOH SR N9 ARl AL, ARARKT A 4 I
S5 P AR OB IS BE 5 VI IR 1) RE 0 8 T HUREAR AT 41,
J e 28 R A AR JEE R E 10 K BE TR 0 )2 0T Rt A
AT B P AR TR S s e i 2 b b i
A, BITR 3 J2 2 A T A s ol )
B X

3 BETRSILARIHESHA

it — 2 AR AR TR 5 A4 R AL, 12 KA )=
5



2023 4F45 6 1) H#

# 2 # K

%51 4%

(b) K2
B9 FREALAZAF L

(a) /K1 1

(c) K3 (d) /KF 4

& FF A DU B 1 8 4 AR

Fig.9 Shear failure characteristics of cemented regenerated roof with different particle sizes

I E R BE TR 4 2 DR A ) b p R X 3 A 3
AT 8 m, AR 32 mm (4 & FL, E AR &L LA & an
K10 iR, #2250 1.25 m B fLIREE 4 FLBE S0
T MBBAERE . 1~3 58, K 0~1.25m
FA8CEE R 3020 1 4%, K 1.25 ~ 2.50 m 8%k
BN 9. 8. 4 4%, K 2.50 ~ 3.75 m LK 43 B

B FLIRIE /m
3.75~5
25375
0 g 12525
3 30 ——~30°  Po-125 *] 330
2k 3009 60° 2r 3000
¥ 1L Q('\" 1k /
il
2ol o 0 }270° A\
=
®

0°
—30

\ 60° ) 3000/

\90" %f 0 :270" F/\\!L \90°
/ 4 )

/ — ﬁ I /— :
Lr \ ;3 I+ \ \ =
oL 120 1 2400\ °
3t 0° —150° 3L 2107 150° 2L

180°

H 6. 5.5 %, K 3.75~5.00 m LTI 5. 4,
34 LER OO AL AR TR AR E ) b,
T ST 440 e 23 R R A i T S s A TR

SRR Z RNy 8] b, TR ST A 4 i 4 R
T, RN, Rk 2, BV AR TRON AR Hp ) 5 3l
] _I R 48 RS A RS H S AR X AR AR AIE

BifLIRE /m BifLIRE /m
3.75~5 g375s
25375 25375
g 12525 0 g 12525

Bo-125 2] 30— Po-125

AL

._.
™)
=
S

3

o /

H10 4:FLFLERSHES F L

Fig.10 Number and orientation of cracks in borehole wall

| SALEERLGOIT i o3 A h, 5 4553 A TE 0° ~ 180°
JEFE, 18 250 A AE 180° ~ 360°; 2 5 FLEEZIL )7 (37 )
iR, 5 50 TE 0° ~ 180°, 14 4734 1E 180° ~ 360°%
3G ALEER LI A A, 2 SR A AE 0° ~ 1800, 11
ZROTARTE 180° ~ 360°, LA Ml i, 3 A fLFLEE
B4y )5 5; FEAAAE 180° ~ 360° X35, T 4302 I
R 3 B LAY IE N 7 AL 7E 52 bR 5 57 B R D P8 20075
], GniEl 1 R, B 3 AL A i FLBE LSy o 32 %
SARTE 20° ~ 200°0X 35, R A THOMR e 2% 2 2232 By
A7 A7 AC A PG 7 1) 8 ) 3 S M B o R A A7 A5 2 o

6

METEAE B N IR, 5 Loy R R 2 KB AR 1 30555
T, M/nﬁ/ﬁkmﬁiﬁ$ﬁ/n$ﬁ#%?FEiﬂjixiﬂ“ e

4 BEMRRHNZITAHSREEH

4.1 BETRRININZFTH

KA VR IZE 1) RBE R 70 J2 FFHAE TR A2 2R
BT e N R RISMA 2R G A RO Z52R, IR
Z W Mo 32 B 45 PR TR i 2 (242
TARES AL ), SMPR & 0GR BN )37 AR 4 ) Ak
IR B A TR T DB (P A TOUAR BT AR 1 30358 o i



W/IVERE . RABUARHLZE [ BE 73 JZ TR AR TR 12447 o8 S A Pl

2023 455 6 1A

B 00 PR R 4 P A oA B U0 I 55 B 8 L i R
WU, IS G EH R Y TR B, 2
S T ) F AR AR L, 76 R 25 X = S AT
P AR TR A LA ) 5 2 1) P9 PR 4 B A5 RS H 2
XFRRBFAE; T 53 )2 R AT BE—UCR B 7 18 P AR
2, P TR 7] 2 AF A AR G e s i, HL 320 F7 K
IR 55 05 I G IR S AR XS FRARAE, BARR I T
19 S A b4 Y = N M R o S SN VA B [ S
B, anfE 11 PR,

Bl BETRMEENHXE

Fig.11 Regenerative roof dip principal stress vector

B AR AR 052 M) P TOURR 5 AR AR, kAR
ZIN, PR T PR B J 4 2 52, BB R AR R, A T
M N FRRBRIE 22, T o3 JZIT R 5 1R 320 75 10 5 7
A OO SR I 1 e A [ DI 3R R Ay B A, A T
MR B RE T e A8 ) b T T b B R A, AR ) b
BRI R E Se R AR L AN 12 Fn

R WS )2 SR s VIR E R A
ISR BT S RS, LR it S B 5 AT
JETT I, LB A T T B R )R, s B PR B
P PP T 2R A S R IO, o O i B B )E O I

WG JZ AV 1] 5 5 ) LR 5 BT R AR

TN, e R a ST B, H R 23 AR [R] DX
WP SEBRAIE R B T3 58 | RiAR /), e M
W R, BRI ASA RN, SRR AR, SRS
FEWURSE AP TC T, By A IERE o, Anl&l 13 P
4.2 BETURTRE S

SERETZ 5200, AR TOUR 45 4 5 D BB R AR
RINAERIFREFAL . R, 4 i R AT V52
] K BE T 73 J2 TP SR A TR AR A 1, e 5 A
TR A8 SRR It T AT Ff1 15° ~ 20°, #L4% 43 mm [ 7E3K

0.8 - ZEHE <1 mm
—— I 1~3 mm
-0 It 3~5 mm
- 4 5~10 mm

0.6

PUE 3R E /MPa
(=)
~

0.2F

0 50 100 150 200 250 300 350 400 450 500
S

B 12 BAE L TURGUE 8 E 5 Ao 8O B e &
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Fig.13 Fracture characteristics of regenerated roof
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