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Mechanism and control techniques for gangue rib deformations in gob-side
entry retaining formed by roof fracturing in thick coal seams
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(1. State Key Laboratory for Geomechanics and Deep Underground Engineering, China University of Mining and Technology
(Beijing), Beijing 100083, China; 2. School of Mechanics and Civil Engineering, China University of Mining and
Technology(Beijing), Beijing 100083, China)

Abstract: Gangue rib control is one of the biggest challenges for gob-side entry retaining formed by roof
fracturing in thick coal seams. In this paper, the mechanism and control techniques for gangue rib deformations
were systematically investigated using theoretical analysis, numerical simulation and field experimental methods.
First, mechanical and numerical models were developed respectively to explore the dynamic impact behaviors of
the gangue body for different mining heights. Based upon the obtained results, a multi-level control approach was
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proposed to address the instability problem of the gangue rib in thick coal seams. The results indicate that as the
mining height increased, the impact force acted on the gangue prevention structure increased accordingly. The
intense impact of the gangue body initiated the deformation of the conventional gangue prevention structure, and
the roof sagging accelerated further its failure process. The severe impact area was within 6 m from the active
mining panel, and an impact prevention device was designed to dissipate the impact energy. The variation of the
lateral pressure was gentler within the compression area of the gangue rib. An individual support structure of
sliding-type characterized by pressure release was designed and tested. Laboratory tests showed that the
sliding-type structure coordinated effectively with the roof deformation, and thus improved massively its recycling
utilization ratio. The anchor bolt of wave-type with multi-resistances was invented to further improve the
monolithic stability of the gangue rib. Field pullout tests proved that the reinforcement effects of the structure
were remarkable, especially when the structures were 60 m or far behind the active mining panel. The monitored
results showed that the rib deformation decreased by appropriately 72% and the damage rate of the gangue
prevention structures reduced by appropriately 85% after adopting the new approach. The proposed approach not
only solved the rib control problems, but also brought about remarkable economic benefits.

Key words: mining engineering; non-pillar mining; thick coal seams; roof fracture and pressure release; gangue
rib deformation; surrounding rock control
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2.2 HEABEMFFHE

b TAETHER, K2 X THRCAE PRI T 5 V4
R — @ M, BRI “ %~
JESE—F0E” MshSEARL . YRR o
AFH PR EEA PR EA, T S R 2 BRI
ARG EAEE . WA RS, T H
R aif, BRI L ARk, i, R
VR 1105 TAEHICEYIEE 0.8 m). MaRiia i
12201 TAEMCFHIBIE 1.9 m)ZEH R L0
iF, PARFRCR RAF. 2RI, KedgK)E, WaHR
Pl B R SO BTG, AR G i 45 4 K VE
TN, PEE 7 EOR A (LA 2). AT,
K K)E, SXREI B AR . BE
Rk, LR T I EA 52 AR &8
XoF FE it o

() MEHLVAE R
K2 AFEREE A AL GmT a5 Bl s K

Fig.2 Support conditions of the conventional joist steels for

(b) FraRIERE EAZ

different mining heights

3 BEREEBRARHERIGISH

31 FHbmhE e

PRI R, T2 X T A A
R ANEFHERRRE. R B, TR 4 9Tk VR,
SEIF PR BRI N o B T AR BT,
s IO AT M 5 T X P PG, P48 I
RISESEHY. TR UORIERT , BT FF A Bt 29
BRI TR, XA R . FIRRAT
b ORI , 2E T IS b IS
GSTRF b R L 3).

A
y

FART 454

(X0, Yo)
|

K3 B AT R ol Y
Fig.3 Caving and impact model for the gangue body

B B 3 T HH DS AT A HE R I R &
B a2k AT RIS 21 AR IR PR ER A
WHAT- 3 L risshih RO Riazh, TR
L H IR, DRI B T 3 i ) EE 4
BT IRZ A BUIR, Ishid R e shge g iR 2,
A bty 42 A 8 R T 10 R 40 % 2 B R AR
ISR



#3645 10 R AR B TR U TS B R 35 AR T AL B 42 1 A 5 © 2495 «
FFARZ RN AT 50 P S e [ ER T PR (2) BRI
HIBE). (TS A AR 2 N H, o, 4t =pk ®)

DUV 5 3 T N PR A7) 58 B2 W) R A
Vv, =+/2gH @
TR I BR TS AUt AR Rz 3 ),
BN AR AT A AT B R R A . AR T
(LSEILINI YR EI)
f(x y)=0 )
PGSR, ABAR(x, y)AE R r] RoR A

v=\/ZgH cosz,b’+[\/29H sing+g

x—% Y

Jﬂcosﬂ}
@)

s x, AEARE AR BTG A &, A
A3z B 2 7 1) 5 7K -7 1) % £

BRI TR AT IR N

2V, ,  2VVoy

T(y_yo)"'(x_xo) +T(X_X0):O (4)

AT SR T M ALE (X Yy )
R B A 3N

[gH sin(2B) + x,, — %, ]
2H cos? g

JUAT-A

()

vy, :\/ZgH cos® B+

Z e R RE R AR e R, WIKE RECN
R, WMALi$ Z $4AT 45 LR phdi g8 A
[gH sin(28) + x,, — %, I

E. =mgHR?cos? B +
p = M9 P 4H cos® S

Ao m AR E

¥ :R(6) I A, phiRE H IR, BRI,
KRG, W AR TERIATE5H T b GE 3G,
NI T AT s w1 25 ottt () R Bl 2% A, ZETIAR T
JEA [ 55 AT R P2 AR AR T
3.2 WHEshEAERERE
3.2.1 T

T4y o RS P 05 3 Bh A 22 40 M B4 LS-
DYNA HHTRAR, 2R b 24, BEn
SR B ARLR M ) A B B AR, A AR R R
A R R

(1) BTt

KH Lagrangian fiiiAs8 =515, BRI Z1 1
JRAARRRA X, TEATEE IS Z, s Al bR x , T
S IE s RN

X =Xi(xj’ t) (i j=12273) (7

e o v Cauchy iy, f BRI BTRARIRTT, %,
I o
(3) FiE~FIETTHE:
PV =p, ©)
X p WUHTRERE: p, WVIIGRERE; V
ARRERL, V= ox 10X, | -
(4) REETTHE:
E=VS, & —(p+qV (10)

A VORI ETEARRL, & WNARRKE, pA
571, q NAERREEVERL /7. iz R EEA T AR R
P

BRI i St 7 X I8 PR 5 s B it
DL by #E sl SRV IR e S i %
AER, IR DUE O Z R T I R AR 2 2B
P il SR A o
3.2.2 AR

MRIEERR Mol kN, AR AR, K
K, WHAAE FTERIAT 2540 b )3l B F 3 R sh o 4
e BRI R A RS RT R YE VE S B R DRy, A4
fai A ANIPE SR A (B4 0.5 m), LU A &A1 FAET
MR b o DURBELVIER R ZE (AR 0.8 m). &
PV RS2 CPIEE 1.9 m)Fr &85 15y
JEIEZCTIME 4.1 m) i 54 B T AR ph
L

B 4 AN AR i kA AR R 1) 28 B i 2 4
JIEAE . ATRURIL, REHRE, AR 2R
T2ty B b DI E 23 m. WEE AT, BT
PREK I 7104 0.91 MPa, 24K i in 4 1.9 m i,
B /1N 2.06 MPa, 1 B4 E 4 T ok
M 7715 3.62 MPa. MJE 7 A FE R, 7
AR X el O Al I B L, B iR b
AR DI BER B R, BRI E 18 S
K BIEAHK KR AT, WA 0 R HER
RO, EE0T EARE Z AR T2 JIRHIE, N HET
o D42 3 4 e

5

(@) K= 0.8m



HA1E S TR

2017 4

.
e+ 06
.Mn—ul
Dbt b
Bberié N
B
EE E
RELL
<Lt
BE
.J.m—ul
2Ietie

(b) K 1.9m

0.
12es06
-

1

3

(c) X#E4.1m

B4 AERGFAA P B s 46z Pa)
Fig.4 Impact pressure evolution for different mining
heights(unit: Pa)

4 BREVIREHAHBZHIMR

o 0 AN [ R v 2% AR T A AR 9 e ke 2 A AT
K, JBIEE D) TR AR S A HARF IR AT AR
PR R PE R 5, ELRGSE i AT A HEXS S0
SRR A O R0 B s 0 i R SRR TR R4
EEL Y AN EEYEY <973t P e 1 I ot FR (RS I
BT T AT AR R sh A, TR AE
TR B A s AR TR, g in 7 KA,
T AR AR E TR

AR AN [ DX IR A 35 52 AL, 0 A 25 B ™
S1201 i itk s BideAT 20 X H= il (ML 5). R
AR X AT HUERYISE, TAERAITR, TH%
FEFHRT IR S AT 6 m B N o X,
KA XA AR A VE N L, %X a3 kil ™
L, NEE X AR TR 142 m 2 A
NEERSEX, ZEBEE AR N E, MR
AN T2 ZJRRNaE X, WAt ks
A .

C )
S1201 23z M

51201 If’ﬁfﬁq:

TeL)C JC JC JC JC C )

K5 w2 X

Fig.5 Partitions of the gangue rib control

FERT AR IXHFAE, AR T ESR VI &
AT X R B S A i, JFiE = i

IR AT T S5 EREVPIN RIS B AL .
4.1 FhERTAHIES]

Bl et 2 SR 2 D) TO R s P4 45 4 O K o5
RN BT N J5 AT B R il — & IR
SR T TR N R QU T I P 1 /o & )
FERLMPT e

AR IR6) AT A, AR E LR, IR AT
RN SP) AT — B FE R L Bk ph i R . AR
REAMUETCA A R, 5IRYITSR KRR
K, BHEOVITSEA T EEr SR, @
MU S R, AT — e R 4 i TR 2 Y i AT
PeRSF. IS0 32 BE S IR, SR
A FLIAIEE ., AR S AT AL, @ AL BT
FFSRSTGiilh, w&He GES8. R
S1201 iz ik #.fL “3 H+3 H+3 H+3 H+2
B B4R, FLEE 600 mm, HEFLIESLIEDY,
TR SRR

AP R, Wit 7 e X R
HIEF BRI (L 6). ZEEMR AT TN, W
ORI RE . Z 45 R 6 000 mm, 2 500 mm,
bk 2B, HimkRR RIS, AT
W, A BORGAE AR ARSI 450 4 b
P

(b)
K6 BB T
Fig.6 Gangue prevention using the impact pressure control
structure in the field

B 7 bk i DL R By e A h B A e



F3/HE F10M EEEE B A U TR AT S AR TEATL ) R 32 ) B AR 7T © 2497 o
20r A PAHFIFR R, A 1% 45 M RS T R
2001 TR B SR B, RO e AR B 5

2 150} M TRR A IR IR, A VRS T 25 il 25 2

2 ool 1, WTIKIEEREEIRZE., o0, B
. WA BAFIOPTS MRS, A RO 4
) | | | | | 8%, HEALOEEDIRE, SoS TR U AT .
00 02 Mwmfe 08 10 4.2.2 WAL P G50 5 AR A R

K7 R pdnd BB b 4 e R i
Fig.7 Energy variation in the impact pressure control structure
during the impact process

Aiethse, w7, FHAME R EE, e
B AL B PR R ) A BB BT L, B i
EE BB U (T AERRAE H o
4.2 ZEiLAiEH
4.2.1 AL T S50

JE S D) TR AR AT A s S I A% A 0 355 s 0 97
K EBEZEE R BbAh, BT REIR, RS XA
AR M PT R R K, FEDIgEMA ]
WERRAAE D BRI, Fik, BRI
PART LA AT B A R i A8 T RE /), HRE sk
P — e FERE MR LE AT, 7 Al N A T

FRHE LA I Bl AR TEARRAE 32 H SR B 2Rk g
TS (ILE 8). ZPUATLEM T U BUNS
IR, P U BN R4, Ghim gy 1l s
AEXTIE RS, WERE RN @ R BT L. U
RV 25 0 AR B 4 TP AN S 7 B BE S s ) A8 T
REJJ, PR U BYENE 0 S S N 5 1 R AR pT s
e, NI ORIEARTE TR A FH 3 i 2Rl

K8 MRk H a4
Fig.8 Sliding type of gangue prevention structure

B B 7 LA AT 25 B,
HERAEHFE DX ORI ] 2. IR AR
AN, PERTRCRZE, B EIARMRILR: AR
K, PG ThRERZ BRI, 2 5 IR S
i, PR, SEARHRE RO E EOCE B, ORI
KRR i A% AL CL F A A AT N,
WL 7 5 S5 A0 BEAT 2 P R A

(1) w5677 %Kil R

B AL ALy A IE N A 2. WiF— i
PSRN E Rt 3 B U RTHEZY iy /1= P V) I T e
A IR IFIRLRE AL RS, Pl o S R i 2 vl
5, SO SR BN A AR R (L 9).

K9 Wiz dr F AT 4548 == R B I 1 72
Fig.9 Bearing test of the sliding type of gangue prevention
structure in the laboratory

R4 37 St 1 100, a3 o LR DK/ 43 i) B
100, 200, 300, 400, 450 F1500 N-m. 36 FE
R R TR, R 4 SR BN B4
FER/AMESE, SRIE T Eh RN R, il A R
RS I A% B il ) far BRI AR G &R

(2) REess R

Bl 10 AA A FAF N Rlm a5 sk
R, @i riiess R, A ISR

O ANFEHFEFMT, AMEAME LR T
FEARML . MRPEARARAE, vl thZe kil sy 9 5 4
BrEg: BB RAAER. R E. &
JIEFHBANE JJE B . DAFAKE Y 500 N - m ] A4



* 2498 + HA S TR 2017 4

100 200 - Fn = 180.62 kN
80 Fn=70.36 kN 160

< 60t £ 120

= =

& &

Z 4op Z &
20t 40
0 1 1 1 1 1 1 1 ] 0 1 1 1 1 1 1 1 1 ]

0 2 4 6 8 10 12 14 16 1 0 2 4 6 8 10 12 14 16 18
WL E/mm W Eimm
(a) H1%H = 100N « m (f) H1% =500N + m
wor o 1256 kN BI10 TR IFHLAR 2% T A BRI RS 1%
120¢ Fig.10 Bearing and yielding behaviors of the sliding type

> 100r of gangue prevention structure

< ot

=

£ oop OIHT, AL BRI v RS BEE 0~1 mm T,
or IS . BN 19 kN BT, HEASE I EL
20+ . s N
. . TRFF 19 kKN JLPAAR . 1 Ja il m) 7 4 5 1 R R

0 12 BRI IN, BRSPS U S [E] R RS 188
L G KA. HIZE 166 kN 2547 0 A TE B B VS S

- 065 kN B AR ZE AN S B e, LR Rk,
140} y TRUES #2500 5 TR V) [FAR T s B T #  4k 20
120F hn, e Ay HE IR, SRR U BUEN I T I

Z 100} NN . .

| RIS, QRN A L AR,

g ol @ TREHIAEA T o B (T L% T
a0t THEE) 22 WVEOR, BB R E AR, fiE
201 WA it G R (WL 1) GRS
% 2 4 6 8 10 12 14 16 fr B SR 2 B2 R R, ETTEN

W Emm )
(©) % =300N +m F, =0.259M +55.583 (R” = 94.33%) (11)
1801
160 Fo = 1373k A P EROKHE 8, M IR .
140t 210+

~ 120} S &N LR E:

§ 100+ 180l — WG ih e

& 80f £

= 60 @ 150}

40} E
28_ | gi 120}
o 2 4 6 8 10 12 = oot
W E/mm 6 . . .
(d) 4 =400N = m 0 100 200 300 400 500 600
2001 F = 17053 kN FHHSEN - m)
160 11 s REA RS R A SR

Z 10l Fig.11 The relation of the maximum sliding force and torque

3

& L . \ g N

s % B0 I e DX R R 52 X 75 AT 8 P I S,
af S1201 iz kg i Sk AN T S 48, SO
ol R RS, TSR T RIS TR & 7

01234567 89101112

W B /mm
(e) fl% =450N +m

AL . ARIEILIZ AT BB TR T /7, 38 id 5 (11)
N300V ) 11 D S SO i 11 v A 2 W A



nH]‘

G EI

RIS BRI IR R A AR TR S 2 BRI 7L

*2499 -

4.
43 (EEREESH

H % 2N by g M A A2 AR A7 0 35 2540 3=
B A A4 s P R R SR AN B A AR R . AR £
SRR, AR R NS CR A X)), HARE
PERGUIEE 1 2 A B A . St — B s 7
PRFRE M, BTG R E D) T R I X 2 B4 7
GEN, B T R AR T AR R
4.3.1 P ZHIH L

WX Z BRI T A TSI B, B 1R
XRABTEEATE o REER HANAFAAR . 93k K4 T-FR
SEH R, o, MR RRSCIR, BRRE RS
K2 DR A TR () BE R . s dr S R, 1% i 4
FIRTSR TR, AR Z AL, A vRSF
R, BRI ARG R, BAASEULE 12,

RN &k R
5 \ 2500 mm \ \
-« ‘ W - i
LHEE: 25 mmi M 300mm' 300mm' 300 mn

K12 R Ei

Fig.12 Wave type of gangue prevention structure

4.3.2 Jn JE

P2 B A 45 KB T AR T i T, R 3578
AR LA E 2 T T, BEE TAEmH R, 3
AT A5 J2 R A AP T, A 3 2l e B SE
H TR NIRa 2 35, BRIt i A 1 4
KAl [ BT, AR B BH 25188 I 0 435 BE P [ e A 5

R XIS AT A T A AR A 4,
W2 P A5 R — O g o AR
HEEPY, R T b0 R 00 ) 3
SRR, RS EMESAT A E R TR B AR R )
AT AT N R = AR W R 7. EBhHES R 11K
TP IR N

RlzészKﬁwﬂa+5) (12)

K o WA, O NIRRT S5 R ) B
B, HAMREER S, y N ETFIEE, K,
REBE T REL.
FBATUEE T RAEIERT, &Ry duohisk
THE R 7, 15 H KRN
e Thl
R =k, @9
b Ky AERIEE T RE  hy NIRRT AT 2
P AT AR R, Ly N EEARTI T He A 8048 SR AT AR 5

&, U ONZ R S SC T O
(ST AR )L e M TSN g S WA VA T o
FENFRI I e A0 P D 2 BEL 735 5 4 P A 4
AR N
Pil + Piz - F|KC<I.T] (14)

i K, TR SR A4 3 45 ) 5 A T THURR AR )
BEREG F AR TE TR FH - 8 A L F 1
B [TPAZ I WSk SRt m f A R i 7y, 7]
AN AR E .
4.3.3 i Z M S B b o

(1) whadis

ke enpe 2 B H S IRCR, AT Bl
PRI (LK 13). it T & D9 Jm TAFM 10 m g
2, SR i AR . it I P A Sk
SIMIRIRIESL, AR PR NEEAA, AKEEE o
JIERERE, i Tt R WL 13(b).

ey .-,"o,',*,-‘l‘c’ Fateeite

[ -i: ey ‘_$
] o i

() BUBHE S

(c) &t
Bl 13 a2 By 5 A bt ARk A%
Fig.13 Installation and pullout test of the wave type of gangue
prevention structure

(d) Hrghst

(2) PRI H

Xof i i A THIAS R B 2 =X 22 B 5 S M a5
FREAT R R MR . RIS B RS B P 28 5 A
g, R SRR, ki EmE R w
ARMNR, BERLEEY, FHARSEHT
IERR, RIS FE A S AT B R 084

B 14 Sy e TAETHAS AL B hr i E g2 4.
PR R ORI, PR B R R sh L%, =
i fE TART R, mARHRAEBA . Fk i B T
YETH 10 m B, B ARME TR TRER N, 60 m B hik
JIHEKARLE, 80 m A4 FriR A THRaE . M hikss
FHHTARR RS, ATk REUAF] 97.92%, AL



* 2500

HA1E S TR

2017 4

itk AE/MPa

1
Q (N1 |

0 . L L
0 10 20 30 40 50 60 70 80 90 100 110 120

i J& LA RE B5/m
Bl 14 ZFHA S b ko 45 1
Fig.14 Field pullout test results of the wave type of gangue
prevention structure

JEREE, METIEN
T —1099_ 1029053
(L+1/34.80)°*

s TONERKRRE, | R e TAEMEE S .
RS XA S 5 R S — /N ire i A2, Wi E
T AT AR, PHES SRR B ko, A
IR iR K o B v PR I 5 45 44 e K R ELA B
10.3 MPa, HF@EiATAEEE, 564 e A 2R .
EAAERERR, BT ST A S VRS,
DI H B o — e R E FEmrAaEss, Fit
AN DX 355 8 W (O R PRS00 0 2= BT 22 5

5 WBAFBESIBRSH

(15)

R B8 IE TR J2 ) TOL R s B A S B R, X
S1201 JKIB AR A 35 BEAT I T I I . FEAE SR
PURT 250 S B B 4 35 T S8 3K B oy il A B
PG, AT NI 60 d IRFEEPENE I, Horp, IS
1R 2 A7 TR FESAT S B, A 3 A 4 AL T
R B, WA B Y

Bl 15 AARFE TR N HAHELIEE LR
WEGUER, v, ER LRI RE T, 7
AR E TN 517 mm, FARFRIEIE
KT KACH T R, mKNBRE -0 145
mm, BE RS RRR T2 72%. B 16 5 2 Fh
TR T I ETARTEE, w AT S50 b I
TR KA, JUHARES R RES, O A
FEE; CREUH ARG, BH-PRERE. mTL, B
TR AT SR AT AR TR, I T H
R, fREBEREEN. \E, RN
PR EAK T 2 85%, AMUFEHIIR RiF, HAG

Y ERTE g8

¥

S

o,
,,,,,,

— BT RE

A A T B /mm
w
S

>>>>>>

D>

0O 5 10 15 20 25 30 35 40 45 50 55 60

i a]/d
100 — W1 ----- M ri 2
— e MR s W 4
L 80F
g 60
3 40
B R
B 20
0 [ L YRR TN ! ! ! ! )
0 5 10 15 20 25 30 35 40 45 50 55 60

i [a]/d
Bl 15 AN[EHPH 5 S0 358 Y il 45 5

Fig.15 Monitored results of the gangue rib deformations using
conventional and newly proposed approaches
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Fig.16 Photos of the gangue rib deformations using

conventional and newly proposed approaches
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