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Abstract: [Objective] Thick top coals are common in roadways excavated along the bottom of thick coal seams. Mine
earthquakes along the mining face can exert dynamic loading on thick top coals in roadways, prone to induce the dynam-
ic instability of thick top coals and even roof fall-rock burst compound disasters. Therefore, there is an urgent need to ex-
plore the mechanisms behind the dynamic instability of thick top coals in roadways under dynamic loading induced by
mine earthquakes. [Methods] This study investigated a roadway of deep thick top coals in the Binchang mining area,
Shaanxi. Specifically, this study analyzed the dynamic instability characteristics of deep thick top coals in the high-stress
roadway, investigated the multi-field evolutionary patterns of thick top coals in the roadway under different static/dy-

namic loading using numerical simulations, and determined the mechanisms behind the mine earthquake-induced dy-
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namic instability of thick top coals in high-stress roadways. [Results and Conclusions] The results indicate that the roof
fall zone of thick top coals in the roadway is far from the mining face. Roof falls were followed by the exposure of the
flat roof and the breaking of anchor cables in the roof. Concurrently, high-energy mine earthquakes occurred near the
roof fall zone, resulting in roof fall-rock burst compound disasters. An increase in static load corresponded to continu-
ously increasing fracture depths and deformations of surrounding rocks in the roadway. As the time and intensity of dy-
namic loading increased, the vibration velocity, acceleration, and fracture developmental degree of top coals increased
gradually, along with significantly increasing detachment layer number of top coals. The anchor bolts and cables for the
roof, all located in the fracture zone of top coals, showed significantly reduced support performance. Under the static/dy-
namic loading, the cumulative damage and detachment layer number of thick top coals in the roadway increase gradu-
ally. The dynamic loading induced by high-energy mine earthquakes leads to significantly elevated vibration velocity
and acceleration of shallow broken top coals. Consequently, the anchor cables break off when the load acting on them
exceeds their bearing capacities, and the shallow broken coals fall at a relatively high speed, thus inducing the dynamic
instability of thick top coals and even roof fall-rock burst compound disasters. Based on these results, this study pro-
poses preventing and controlling the dynamic instability of deep thick top coals in roadways by reconstructing the active
and passive supports of thick top coals and reinforcing pressure relief.

Keywords: deep mining; thick top coal in a roadway; mining-induced earthquake; multi-field evolution; support struc-
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Fig.3 Locations of mine earthquake sources and roof fall accidents
in the No.301 mining face
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Table 2 Detection results of fractures in thick top coals in the air return roadway of the No.301 mining face

W4

REALBEAEAE D] R R, 5 mUA b KARAFAE £ 2% A HLDU A 1) 2R Bt
TRHRFLBEAEAED] B2 ) 2, 6 mUA 1 XUBE, AP7E 2 A AN ROk 1) LB
AR LEEAFTEN] S 2R, 6~7 msr BB ]

TRARFLRE RS [ Z4BRA 0, 6 mld b XIS A 22 S AN A I i) 4B

VA FLBE R M 2RI ., 6 m{SEAFAE— BRI X 3k

T FLEE R 2B T, 6 mAbSEIRI R BERE, 8 mlA b DXCHRAE m AN KUNRERIA 2, kI
HRARFLEE RS 2RI, 6 mUA HAFTEZ SR AR ZLRR, 7.0, 8.6 m{ B AFTEH] WA 4B,

RIEZ, BiPLEER R, 6.5 ml BAF/E 2 AM I AU BLET, 8.8 mdsy EA7 76 I A3 o] 4B5,

RIEZ, BABALEEE MR, 6 mbl BAATEZ SRR AU, 6.5 mfv B A7 7E B b s 1 4B

RIVER, BAPFLRE R 2RI, 6 mLA b ArFAE £ 4Rk ) NI /N4 Bt
RIVER, WAL B m AR, 8 mAbSRERERE A I ., AA7E ] S A T 4

5 HETXEE/MmM  FLE/m
1 10 9 RIEE,
2 30 9 KIAEZ,
3 50 9  KILAZE,
4 70 9 RIHE, HIHFLEE AR D] i 2R
5 90 9 KIWAEZ,
6 110 9 SRILHJE, IRFFLRESRS ) 2R
7 140 9 RIEE,
8 170 9 KIWAEZ,
9 200 9 #ﬂﬁ%’
7K B
10 230 O kWl
11 260 O kWl
12 290 9
13 390 9
14 410 3 IREBALBEAAAE I B R OKEAR R, RBIBERED)

3 U RIBIEATEEENRZI5RELHFE

3.1 RH;EFGTEEESEN THENHE

1) HE )

h T EIREBIL R R SR T 301 TAF i m] A
TH JE TR Bl e ke DI LA 1 ) 5 AR, AR ] 1
KA E A A o3 A X i R S A )
B2 SRR i PY, ST KRB = SRR AR,
 6a 7w, X0 T AR RIGT 2E1 T — 2 ik, ik
RGBT RT 2 TAET RS T 301 AR XA
BB TX LA = W1 (0,. 0, 0.) TEALKHIE, W& 6b
frs, Hidr 301-1, 301-2., 301-3 K 301-4 JF R BB 5
15 301 TAREmE KR 200, 400, 600 F1 800 m.

B2 5L 2 B, BE ) T4 AR IR mR:, 301 TAE
T ] JXAER 3 B T DX 3 L 2 == 1) 7 ) 4052 T s, Ll R
TAETHS B T X B 80, HOXE B T X iy 7 5
PR, 7F A IX 201—204 T 4E m & = 4% X
302 TAEHAKIK MR ES AR, 301 T AR [0 XA E B T
X3k = [ B JT 0. 0, 0. 5351 40.7. 20.8. 26.0 MPa,
AT T HI4G 7, 3G 535018 6.0%. 14.3% Fl 22.1%.
FE 205 T AE T B 2R 25 3 K 301 T 4R 1 4% 600 m &,
B T Xk =[] B T3 43 A 44.2, 23.4. 33.7 MPa, 341§
IR 15.1%. 28.6% H1 58.2%. W] %1, ZE4RIT T AF
JEHE 205 TAETE: R shagm T, '8 10 X I A #dkn
WEFE

2) W REBh#k

7 AR T AT K2 301 T A i 6 R i 1T 5 TR
DX s s, B ST 9 A T E 104 800 m B fH [ B 380 m v

yvx

730 m

wo®Y

o

() =AU EARY

% o AR Il B K45 HIN R 7

201,202 203 204 302 205 301-1301-2301-3301-4

0 1 2 3 4 5 6 7 8 9 10
100

(b) =] JREEIE B T DX 3 L = [ 92 g A

K6 301 AR XUARIE B T3 DS Rl = 1] B 38 AR
Fig.6 Three-dimensional stress evolutionary characteristics of
surrounding rocks in the roof fall zone in the air return
roadway of the No.301 mining face

FIN ARG SRR, 7R 7R TARIRER S T, &
INPAPE SN NTEAT N FES EL SN SN2 RN LT V3
Az o 301 AR ] XS TE T4, 483 SEAACRE DX It 25



© 30 - M M 5 B4R %52 %
302 LA N B R X [T XU L T i K sh bt sh, i Al
oo remtl FA RS R ) BRI, YRR R ] KU T 4
380m| | ! UTISE, HoP= R i sh B0k S 3B A a5 sh AR &
L. o e 1x105-1x10°] iR
205 TAFE » 800m ' 32 FESHHEM TEERE T

1x10%~1x10°J
(a) 2020-12-01—2021-01-31
302 T 1ETH

+ 1x10%~1x10%J

_______________ [ ]
301 TAETHW | ! ETX 5
|
| : /
b T K
205 TAETH » |
(b) 2021-04-01—2021-06-30 IEFERR X
302 TAFT L
"""""""" T RE PR X
301 LfEm | |
|
| |
| |
205 LAFTH »

(c) 2021-09-01—2021-09-28
K7 B XS = sh B s il
Fig.7 Impacts of dynamic loading induced by mine earthquakes on
the roof fall zone

L P E

Sy FE AR AN AR BN 7 3T GRS iR A ) A 1 R T
SERRSETE, LA 301 AT [ XUEE 55— B T X3k
T AT 5, @7 UDEC B HIOT MR A5 18 R EE 15
FORY, qniEl 8 FIrR . BEAUSEX SN 48 mx48 m, FFEME)ZE
Tt A . Aab s Al LR e 2, B A% 43
XA 53, 52 R %%, HeiA bt R Mohr-Conlomb
SRR AR RARRARY , 5 i SR P ELAG e B2 ) S e~
JEARTE R AT, SR H AR R 42 o i 4 B ) 2 S 84
SCHR [25] ITE AT RAZ IR . A AR i B
A, Hor 3 3 RS B, AR 1A 6 BB RLIZ,
A, BV 3 PR BN ) SR, LR 3. BREAUSR
Cable HLITHLALLE] 2 th AT | B R 38, JFAR I UDEC
REALLAE T WA S AP R ) 2= PERE B 45 % Cable 51
JCHEAT SRR 5 455780 v 3 T4 52 8 01— 3 5,
WD 53 B VUM AR T B0 1 AT o

[ A EESRERE N/ [FUTSRCK-T Rae
13,0 m b g g ! HIBES > : '
— I T THENE
[Eaas Aaua bam. L] e
na Sas raans k| S
D LeeuE Eae” © T [SNn Aree e e aa
1018 ARRb L S 2m R R e
B AR B . 4 o '_
pli0 = ; \ i I T HifF
: : | : = : : N Y | LSl 1 !
w0 il o
150""*%%,\ R e i e v s o N I o SSESESaesa
- =0y Ssseieuichs | cessssesieiet
v G TR T T < R
1 I i//y \‘\ :ﬂﬂ i; :;‘
8.0m s L k] el iR
: o (LB m A T 6.0my -
le— |
h 48.0m -

P8 AR T2 R R e 1 o B C AR (A Y

Fig.8 Distinct element method-based numerical model for analyzing the stability of the thick top coal structure in the air return roadway

®3 EENABREN

Table 3 Stress boundary conditions of the numerical model

5 B 6/MPa  ¢/MPa  o./MPa
1 IR ) 38.4 18.2 213
2 302 T A1 [H1 R 40.7 20.8 26.0
3 301 TAETH F2R (600 m) 442 23.4 33.7

AR LT3 R AR T8 LA 2 SR A i 9
JIR o BAUEE R, Bl R, 18 A B
TRIE L AR AR AN W o, JHe b TR A LA i) 2R 2,

WS DL i) S4B R . ZEARAT & 301 T AR IR Bhi i
T, BE AN IR 1K BN A 3, izt
TR 2L R IR BE I 6.9 m H9 K 8.1 m, PIHS M4
PR BWE R 0.6 m ¥R 2.4 m, H IR IE P
AR R ERE . EEA N 1T i R, TR A
T B U TR 0 o S R, ASTRI R B85 T
TR AL I A 10 Frow, TR K R U T 0.14 m
WK 0.22 m, HAETHME 3.0~4.0 m 5 P A #0d
WD, REE T 4.0 m 5 BURAR TR 8052 . U676 4B ik



e [ %1

% 10 B3R % B R K e R A AR TR 5h 77 kAR - 3] -
@REpEEL ez @RS
L e e e BB Mitit AR DRI i
Ce e L T S T P e e ey e e
o = =i e = | T
S S L e i o et =R ]

e R RRMEA fe = L ey =) L i 192m
L1 | el il
a5 S e | 3 ] BRI -
A S Pl
T s Eaamma RN Do -
e, 1 e e 2
R e S o e e T
R ,;ALL‘OE"m — : %S‘m‘ "
(d) o 3R 1 5 2 T B /m
B e e e
EE e EEy [ ‘ -0.25
RIS mof o
ﬁﬁ?i ~ oom [f 0%
g ‘(TJ’ ! —0.15
‘ -0.05
= | EEEE | B 0
0.05

B9 AFRSIN G T FlA BB RHE

Fig.9 Fracture and deformation characteristics of surrounding rocks under different mining-induced stresses

K301 TART R S52 0 T, 301 TAF T [n XU 36 TR
0~4.0 m i Bl PN THURE K iy A ME MRS S T I 35 AR, A
TR X 3

—0.04
—0.06
—0.08
—0.10 +
£
WJTHH —0.12 +

PSNY

2014
&

~0.16 |

L

-0.18 |

~0.20 }

—0.221
0

[ 7 A58 1
F-e- N3 2
|- NEJIFR8 3]

b2+

TR
92m

HiE

i
1
i
i
i
i
i
i
i
i
i
i
i
i
i
4

6 8 10
TR /m
P10 IR A 3REE R I IRAS AR

Fig.10 Deformation characteristics of thick top coals under
different mining-induced stresses

33 AEZHBFZHF TEERTE YT

Sk BB 22 S A0 s SRR TR 235 A AR 1k s i
1iE, eI 8 B T E TR J N ) I8 3 SEA L,
AN [ S EOE LY, BT AR 52 2 2 e
ANTRIShZEAE P A ) £ T A R DU S4B (A | ik
FESF 2 b A . AR STk [26] AFSRAE A, TR
REBEGUNAE 1x10°~1x10° J B, 2 V5 b 0 1 72 2 1 )3 hy
1.0~2.9 m/s; HLEEH-R IR0 0" 7 sh i AL & 1 1 LA
T R BOE SR, 10° TRES T R K E MR 0.5~
30.0 HZP, AR LA RN 2x10° T 0 RZ AR IRAL
WE(EFE S FE 2 3.0 m/s. &R 1 hETE S
SRR 1 5 I W b o B S RN AR B A A A AR T
A1 301 T AR FERET A2 1% s G 0L (] 7), AR
TF 5% % W (E 72 2 R 43 il R 0.5, 1.0 1.5, 2.0 m/s,

https://www.cnki.net

A 10 Hz, s Z8AE R 735024 0.1, 0.2, 0.3, 0.4 s,
SR T Wl R B I B, R DU S K R B S, R
Rayleigh BHJ¢E, B4 2%,

T A B TSR] Sl A A R AR N A
JETRURESE A R BE ) . 4B KA R St AR AR, LR 7
V(B RE B L 2.0 mv/s BEAET 2.0 s S50 AR 18 R T5
SRR TERRIEAS WA 11 s . BB R 5
A R TR 548 2 1 R ARARAE B &30 DX R AR A8 P

TERW) G, VLA BTSSR ARAS S WLt 5= sh o 48 1E
JE TR E MR 2
] h2AZ/m
—0.8
By
T T \r:—r T :82
Eema e | B
B e e et S ,0:1
== N
- L2
JEARUR %
B S ERTT S TS5 R ARHIE S5 B W U0 IR
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Fig.12 Vibration velocity and acceleration characteristics of top coals at different locations under dynamic loading
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