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Abstract: With the gradual coal mining of deep rock burst mine, the impact accompanying roadway excavation becomes
more and more intense. Aiming at the problem of effective prevention and control of rock burst in roadway excavation,
taking the steep seam mine in the Wudong Coal Mine as an example, the temporal and spatial precursor characteristics of
rock burst in roadway excavation were analyzed by microseismic monitoring. Combined with the numerical simulation
analysis of stress and energy changes in roadway excavation, the mechanism of rock burst in roadway excavation was re-
vealed, and the prevention and control strategy of rock burst in steeply inclined extra-thick coal seam roadway was put for-
ward, which was verified by field engineering practice. The results show that the total energy of microseisms is extremely
low for 2—5 days or there is an energy latency of at least 4 days before the rock burst occurs due to roadway excavation in
steeply inclined extra-thick coal seam. Within 5 days before rock burst occurs, there is a high-frequency fluctuation period
of maximum energy ratio for more than 3 days. There is an obvious lack of earthquake before the rock burst occurs, and
the occurrence position is concentrated in the range of minimum value of microseismic energy near the heading face, or in
the range of minimum value of microseismic frequency near the extreme value of microseismic energy, and the rock burst
event is located in the area with high impact deformation energy index. The hard overburden structure of horizontal sub-
level fully mechanized caving mining in steeply inclined extra-thick coal seam is not easy to break, which makes the stress
concentration on both sides of upper horizontal goaf exist in roadway excavation. The stress between the front of the head-
ing face and the bottom of the roadway squeezed by the roof and floor strata is concentrated and the energy accumulation
is remarkable. With the increase of the heading depth of the roadway, the stress concentration and energy accumulation are
further enhanced, which is easy to induce dynamic disasters such as rock burst. The prevention and control strategies of
rock burst was established through comprehensive analysis, which consist of face blasting pressure relief, roadway drilling
pressure relief and reinforcement support, and scaffolding in complex areas. Combined with the temporal and spatial pre-
cursory anomalies of rock burst, it provides an opportunity to strengthen the unloading pressure in time. Through the pres-
sure relief of working face and roadway, the accumulated microseismic energy of more than 1x 10°7 per day did not occur
during the excavation. After the support was optimized and the complex area was protected, the daily average microseis-
mic energy of roadway excavation decreased to 2.2 kJ, and the proportion of microseismic events above 1 kJ decreased,
and the overall section of roadway was flat.

Key words: in steeply inclined extra-thick coal seam; roadway driving; rock burst; precursor characteristics; preven-
tion and control strategy
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Fig.1 Characteristics of occurrence environment of horizontal sublevel fully mechanized caving mining in steeply

inclined extra-thick coal seam
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Fig.2 Comprehensive histogram of steep coal and rock and its basic physical and mechanical parameters
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Table 1 Statistics of typical rock burst during

historical excavation of B3 roadway

H Pk K i /m fiE/10° )
2015-11-06 +450 m 895.0 1.48
2016—-10—11 +425 m 286.2 5.46
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2017-03-28 +425 m 830.8 1.11

et i s 2B R Bl AR [V E R 45 2R, Dk o
TRTER S 1x10° T LA B o kAP Syt A v
BRI 25 5, dmad Bp H GRS R SR . B
W 1x10° T LU BB AR, B R RE R A L (5

&2 BoBEHLMIIERARMEERIT
Table 2 Statistical table of typical rock burst during

historical excavation of B6 roadway

H 1 B Pk K i E/m fiER/10° )
2015-10—-15 +450 m 620.0 6.10
2015-10-16 +450 m 629.0 8.15
2016-10-07 +425 m 491.8 1.29
2016—-10-10 +425 m 509.4 235
2016-10-16 +425 m 556.6 1.85
2017-02-19 +425 m 1015.0 1.24
2017-02-20 +425 m 1021.0 1.33
2017-02-22 +425 m 1035.8 1.33
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Fig.3 Precursory characteristics of rock burst time in B3 roadway excavation
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Fig.4 Precursory characteristics of rock burst time in B6 roadway excavation
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Table 3 Statistical table of precursor characteristics of rock burst occurrence time in roadway excavation in steeply inclined

extra-thick coal seam

ey h5Siice JSSItN

1x10° JLA b SRR L ECRER ST

bR & AR dfFE3~5d

hifi R R A T2~ 5 di

1x10° T4 R A
vhifi bR A BT L~ 3 dAF

il AR RS dAY L H Bl
TR 1A, BRGRS

HIRGR B g A, BUHT3~

L3 ~5 dib g,
A1 di SRS dAGTHE B

Uk B H R RERE, s iR
KA R RO RE R 5 SRR L

PRI DU AR R, o -
ARIDE - BPGRRIERIRE  reemrpsuet, o o
AL BERTL AR BSR4 dIYTY .

N2 A e [ IEZL U= o L
2 MR : i

A

WHARMY, BEAT3~4 dfFfEW ¥ N, HATS dZE D APAE

22 AR EEEESEE 5 B ET KT

TE T AR & A R RE f s 2 10° T i, & ik A ™
FIERRA . ARV AR LR T, +425 m K
B3 M2 IR E 286.2 m, +400 m /KF- B6 HE IR &
535.4 m (B RGRRERA R 1x10° T i A4, T
(0T I VL 22 5 1 0 0 3 R v ot b e R A A 23 )
HIIREEIE ST

LA R A 1 i O 23 1) 40 A AR A
Kl 5 iz, B3 AR 1E G S 2 o0 A T e A A,
1M B6 45 1 i o 1) 1= F AR 33 51 0 A TS IE ™
il . +425 m 7K ¥ B3 4 16 4 3F & 286.2 m &L & 1,
1x10° J DAL fgf 5 e B B R F+400 m /K F B6 i
Pk, HHAOR S R b, e B St o )
BRI R, SR AR A0 B3 R 1 B A T &
HBIpR Y R R EIZ . 7E+425 m K B3 g
2 286.2 m 1Y ik b R R A TR AE P R A, L
5.1x10° J K Al B A7 B 4 v 40 A e HLAR 2 11X i 4 3
iAW 2% . B6 1A a0E T vpf #b & 2E Ay
4 AR T B0 X A7 B S AR 23 1 X Bk, 3 5.5%10° T K
RE T I & AR TE I B X ) 6

Syt — A AR vl U 2 A 0 7S 1) IR AR AR R
fiE, LA 10 m A BAALIX (A, B #5186 4 1O Rk, s
VR S HRE AT O W 4 5, 2 s b R R A
B B BE AT R A A R AE A0 &) 6 BT, Ho ] 6(a).,
(c) 2754 2016—09—11 B3 #5iH vl s e & A= AT E ] |
65 113) 7 ) P9 R R et — A0 AR, EL o il 0 531
HAFIOHILHEIHA 17T H,

AW 3 i H AR R TR0.10
pit 2 IR @ 425 mKT y
%g N ® ® pep ° 11¥100
) e®0 o . 10~10°]
3 10~10° J
| ® 10~104J
® B,° , @ 10:-10°]
FlEEE &P, e @ 10°JLh F
0Om 100 m8 ®200m 300 m
(a) B3I P o b s 5 2 2 ) A R
® o 1~10J
C\e;\\))% : X%® 4400 mACE 10~10%J
= ° O Y B6A5IE 102~10°J
=y On ‘&
iR 9 ST, S & 1010
— @‘@M/ 10~10%J
AN r\@o @ 10105]
A4 m ay jw
, . s
N i . @ 10°70 1
Pl | & |, B3t
500 m 600 m @0 m 800 m

(b) BOHRIE ek i Hs R A 2% (8] 73 A R i
P 5 R EEIRE2 A T 0t GO 2 18] 3 A AR
Fig.5 Spatial distribution characteristics of microseisms in

roadway excavation in steeply inclined extra-thick coal seam

B3 A5 ik o i e A i E 1) ) e AR AL
FELERL 1% “M A" AR(LRRAE, 3538 8 i A7 3 4b B
I R R S A A X ), i E T AR T Ak S 2 0 vl
WAL E (129.5, 161.6 m) 73 5 F iR R i /MA
IX ] J Hh 2 X 5, e 161.6 m Abwhaiti s & LERT 160~
170 m PTEGESIR A 5 A, ARG AR/ MEL; 0 )
J7 1) whvds U & AR 7E 100.3, 144.5 m {37 B AL, 7T 2



51 HDET-A5 SURHASE PR RZ 8 vh oy Hu R AT IR R AE SO ACE Bl A 343

4.0 2
\ 3 U AIR
el @ fuEaLE.
3.6+ shit Bl ;'|_|'.‘ . WiEfeR o3
—_ g A7E 129.5 m Loy Vo et B
E S TN 120
Uﬁ% 12+ :‘\*_ ,akgglsl,ﬁm ig
2 MERR NGRS %&gg;ﬁga {15 &
ap 08 bl \/ - 2 e : b
= 1 N0 Bl 1=
0.4 0 R 0
o oﬂ ° °® =545
s 5
ool
0 50 100 150 200 250 300
7 1] K B /m
(a) B3 ppfidth i kA 7 1) 7 1)
TR
50 100 150 200 250
250 , : : :
200 | AR
£ FR AR X 1] ik
i 150 3 ME1445m
i =
E 2 N
 100F K it 31
: {7E100.3 m
50 o
¢ 3 BB AIX
i ° TEREE
ol . . )

0.5 15 25 3.5
TRERER/10% ]

(c) B3l 5 42 2 AT 5

Ko itk A i

7 200
i Ly 3 OB AR
6 FrfFmfoE m . %Zi’a}‘fiié
5354 m ] ik 1 R He B | 160
5t \ IR
g ,"—“‘6174 m *; | &
= » BIES : 1120 2
i) N : =
2 4 A . @
’ i ' 5 i e o 480
@% S ol BUEAERL. =
E2r o > o et o e
:. H ) A g T 140
1/
0 ' ﬁl_l H gel [Flfa . 0
500 550 600 650 700 750 800
K /m
(b) BEARIHE il i i & A7 17 7 17
TR A A

50 100 150 200 250

T RE R MAE X 7]

= Y ° *
E 150 #{& it
= P L L - v
< O B B IX 6 PrE169.7m
100 3 flREAIK
50 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0

TR REE/10°]

(d) BO#ETE s b % A= 8 ) 7

R B A Il

Fig.6 Characteristics of microseismic energy-frequency distribution of rock burst

AR RE AR/ IME X ] N . B6 B ARIER “M A7 AR
Ak B AN A A B I A TR B A /ML DX [, HE
I E R 610~620 m PN, IZXILAI AR RER N 5 046.4 T,
P 2 TR T AR SL A2 ) by MR R AR AL E (617.4 m)
D FIZ = R AR/ IMEL X B] o T[] J7 [0 £ 7E 2 AbBH
b ) RS i A /IMEL DX (], P 160~ 170 m Y =
REE A 4799.9 J, I E/NTF 210~220 m P 24 635.4 ]
PR e I, il b H & AR A 7 ) 169.7 m A, 7
TFHREEMER/INY 160~170 m P

7 JE BB CRE I 7 AR 3RO R fE R M 2
AN, R EE e b X S S AP, Bl B &,
TR TR ds” Wik A RIS B E T E T
2VE)

At

E; =1g( )]

K, E; Ry “Eahipeds” whit B BEHREL, R 5 A
Gt IX IR RN AR B, 1gVT; E, R F NG IX s
55 i A HUE R BE R, I 4 MG KRR, m ek
Geitmtia], d.

AR B AR AS I REFEEO T30, XF+425 m /K
S B3 A E [\ 97 ) 20~288 m., +400 m /K3 B6
TEFEMJ7 1) 511~783 m PN 1 p i AR TE B F8 B LATT

B, 2 Rt B SR AR Ok e AT RERE R

Botkin |§ 1
-1.9
J B3+6i2 =
B3 _2'3§§
AR 275
B2 AHE 425 mKT B
| BI2TE -3.5%
FYESE [ FEEER [ 39
0 100m 200m 300m 400m 500 m :
-43
(a)B3#:iE
B645iE
B3+6Ji)2
B3#:iH
+400 m/KF P
&) 4 . o
TRERE i a mimiE
BI+2JEE
Bl IR I [
300m  400m  500m  600m  700m 800 m
(b)B6#EIE

Bl 7 i gk b ol AT REE RO 25 8] ) A4l
Fig.7 Spatial distribution characteristics of impact deformation

energy index in roadway excavation



344 %% 3

F #®

2024 4F55 49 4

F 28 (B AR AN & 7 7R . B3 ASE 4 IE 2 286.2 m
e whh MR & AR FE 129.5 m HL5E T #8817 B, %Ak
it 8 AT B v AR T BB TR EOAH X i, A X
NI REFE R 1.5, B6 AREHRIER 5354 m
i il LR R A2 7E 617.4 m H AL T B3+6 12 HEE,
AL ) i AR I REFE B2 h—1.6. BT, M)
2 A T i 7 A 0 el IR B T i A
e Rt B = ) fa s X3k

et bR R A R AR R B G, ok A
AR TP o3 A A PR S A A T Y R R B A /M
DX [ 5 FET P, A7 B g et W {1 DX [ B 3 %) R
UM/ IME DX 8] BB, G ) 5 1] 10 mo DX ] [l Y
AR /IME X ] Y R R f 5l /N T 3.5%10° 7, HA&
(05T b I T AR 2 T 0 a0 7 A %) s S BT A T
ik AR T RE R = X
3 AMREERESERHANNTIHERZS

HEE 57

YT A BRTTEA R B AT B g ) 5 1 AR g

B2 ASERAE , ASUCR F FLAC3D {3+ B4
71, X R T M AT AR AR AL, DA T A g e A

FEAY 275 m

(1) BBl 5 SR 7 B ) B L RE B A AR O, 48 7 2Rt
LI 2B I ) ph b b R 2 LR
3.1 AMHEERESEIRHEEME

1 B b R A R AR E A TR AL A,
K HIE 2 FroR FEA Y IR T2 280 . AR E AT
TRABLL M 3R, R AN 10.0 MPa i1 5407 46 1 L
AT, BIRA T SN E K 9.8 my/s?, ZK T 1) e i) i
FRBER 3, bR AR AT AR, Hoar i w3
B RIS R 0.2 m, HCARR G RIG  , Z i
R 2 AT P AR AL A& 8 PR, AREALAME R
(KxTEx ) A 180 mx500 mx75 m,

TR ALY e A S B DR A T 4 1 A L,
B3. B6 A ELE B3+6 HZMMIAY+425 m 5+400 m
Ko B R B IN R R B S O, B AR vk ik
17+425 m /K B6 418 . B3 &l B2 HiELI K Bl 4
R E, IF7E+425 m 7KF- B3+6 B2 TARRIITZ 1T
BTG, #7400 m K- B6 AE . B3 1A i
PELL K +425 m /K- B1+2 B2 TAEE T2 . i it %L
(R TAR, R4 T ARt JELARE 2 A 1 i 1 11 7 ) 4
T S5 REE BRI T -

B1+2J4 24425 m/KT- Kl e

+425 m/KTBoA I Wb I+m5mm¥BH§E
B3+6/5Z+400 m/K-F AHRLRD B1+24JZ+400 m7KF
+400 m7K B34 1E +425 m/KFB1AE +400 m/KFB141E
+400 m/K-FB6#51E Wb +400 m/K B2 IE
B3+61E/Z+375 m/K- TR I BI-+2#2+375 mAK-F
Y PR B3+6/4)Z2+425 m/K T
BRI RIS B +425 KT B3#IH

K8 R B R R A I R A

Fig.8 Construction of roadway driving model in steeply inclined extra-thick coal seam

3.2 ARHHEESEE AR ST
BiAE B R, LL+425 m /K B3 #3855 B6
538 P8 1 A K +400 ZKSF- A8 4 T +425 m K F B3+6
I R 25 DX g i ), 2 Sk R
JZASTER N S 2 B AR AN 5] 9 s .
+425 m /K B3 5 B6 1B ik f5, 518 WS A7

FERA S N F1EE T, L B3+6 162 A W A 3E v ) X 8,
N B & i, Be AR 1A T A 2 BT AR, (45
A H — M 18K . 7E+400 m 7KF B3 5 B6 4
W, ThaA S B3+6 M2 AR LR 2s, ff
#54+425 m K- B3+6 M2 T RIE LA &1 “REIE”
N 1A X, RIS A AR AR P E R R #9400 m



5514 KPR TR B R Z 4 A5 il M TR AT IR AR S A F B 345

0

1.20
2.40
3.60

4.80
6.00
7.20
8.40

3 FL N JJ/MPa

9.60

10.80
12.00
13.20
14.40

15.22

(a) T ELR7 A 4 AR

IRV B3 538 AR AEAE B B i S dErf . +425 m 7K
- B1+2 5 B3+6 M2 R 25 X T 0y 8 18 i afF 1 i
B3 A IE SR T B1+2 B2 5 ) A 0 i ) 34 £
TE—E N IR TG, S h AR s m,
B3+6 4 J2 A AU A iz g 4R v B S 30, 5 K B
1355 15.22 MPa, J£+400 m 7K F B3 #3815
FHON g AR RS

+425 m /K- B3 5 B6 1A it 5 1K R ) 4
Hh a3 A AR S T T 5 I X . +400 m /KF- B3 5
B6 B PR, B _E AR R, TRl e T Y
Ve 710 T AL S, #145+400 m 7K F B3 #1855 B6 4
RPN ) R b oA, BRI A HE ) B3
FIE N 7 SN T R | S R R, R KK
135 %) 28.3 MPa; 17647 T+425 m /KF B1+2 5 B3+
6 BEJZR 2 XN AR T dE i B v, +425 m 7KF- B+
2 WEEIFR G, +400 m /K F B3 A1 LH KR 15
FIHHORERL, (145 B3 4538 IS HR A Ry 7 0 (RN I
AR b A B S )

i 3 FE+400 m K A5 T 4 2 m, +425 m K
il b5 2 m AbFEAT R W, 224 H+400 m 7K
B3 AR IH i i 5 ) o AT S S AN 10 7R . +400 m
KV B3 AR IE AR UE T, PR b E A A R B e, B3 45 E
JEE B K - R g 1 {f 15 3] 28.22 MPa, %5 B6 4518 15 4
5.21 MPa; [A] B} B3 4 3E F 75 3 B0 77 U {H 5 )
14.10 MPa, # B6 418 = 2 4.19 MPa; +400 m 7K -
B3 A% 48 YA, +425 m K AETE 15 2 m A B AL,
B3+6 1) TAE I RIE i B) A 55 442 T4 B

KV 77/MPa

(b) KPR F3 53 A H5AE
KO 2usiRHE JFAR 2 AR HR I ) 2 [ A R AE

Fig.9 Distribution characteristics of stress nephogram in roadway excavation in steeply inclined extra-thick coal seam

25 40
—i— +400 m7/KPEEE 2 mAKE R )
—a— 1400 m/K PAE F 52 m3E BN A
20 |—e— +425 m7j<$%ié-iJ:752 INEEIENWA| 432
. W20 BT
14.10 _# NiJjEEH 23.01 s
Ssp o, .*( R 1243
R P (ot R
= 7 I
w10 - 16 &=
i %
5t 18
()] ——— e  ——
100 120 140 160 180

{7 47 /m

K110 +400 m 7K-F B3 AEIE A5 W 1 70 Ai i B
Fig.10 Stress distribution of +400 m horizontal B3

roadway after excavation

BAYEA IG, HoR A X 2 A7 W B N ) 53-53)
ikF) 12.94, 13.54 MPa.
3.3 REREESERHNEERFEST

TE+400 m /K- B3 RIS AEMS, fi th AR B0 Al
K, 25 O AR R I I 45 2R, 221 4400 m 7K
- B3 A 3H 4 JE fE 2 i A B A A 11 BroR, o
1L 235l i) | 7 ) J7 1] RE S AL . +400 m
K-8 T 48 B, ) 75 0] B3 AR1E | B6 451G HREY
FEW] B A RE AR BLR, o] 124 m {2 & 4L B3
AT T 7 SR A F) 96.7 kI/m’, 35 B6 A TE T 7
#9%4 30.5 kl/m’,

+400 m JK-F- B3 A3 i [0 77 6] BR AR 1 IS R4, H
PP T A WA E ] B R BE R AR IR, DI y Ty



346 # %

F #®

2024 4F5 49 %

120 e 9322
- A2 mPb I
e 90
100 - [ RRERE —96.7
o ol B3LR 1 80 ~
Ego.“.u“ = M 70 €
- . R S8 L) \ -
= Jo e 120 1s0fs 662 60 2
et EmfEm i i 50 2
‘Ei; e " {%ﬂ
% fFa 7 40 2
40 L. by
5l | U 30 3
20 Pl '\ -~ v 20
had BT
1 1 1 1 1 0
0 30 60 90 120 150 180
A ) 437 /m
(a) i 7y
100 . - 89.2
890 i—=— FRIG A2 mhr E
' N i LA E 80
~ o} ' 0 ~
£ 60 E
2 60 +400 m7KF )
J&( B3#:d S
¥ B 40 X3
?[]u:% 404 = 29
by L MR ST 30 K
= 2 a0 50 100 150 |20 E
I N A7 & /m
i 10
R EITE A= o
0 100 200 300 400 500
A AL E /m
(b)EM 717

11 +400 m 7K B3 45184 i Rl i J5 fh #a 3

Fig.11 Trend diagram of excavation energy evolution of +400 m
horizontal B3 roadway

li (49 126 m AR, Aot TAE AT 4 m AR A3
PERER LA F] 89.2 k/m’, BB F 24 11.9 ki/m’,
% LK AT R Jim R AR S 25 A v ] S A A R
Wi £ FH, B3 5 IS T AE AR R 500 W] 2 K T AHAR B6
AIE R, (Al B3 A ik T iy PR R
SR, B3 AR IE A4 4 AR AT RE AR RN W
BRT B
3.4 2UEREEREERH D EEL EVIE

Zi LA b iRt R 2 A A o 5 1 ) 5 e
AR BT, A A R L JEE 2 A i a2 o
A R AR AN 12 Fis .

AR R 2 ok AT I TSR B TOURG A e
JEBN AR, FLT AR R S5 S BRI A 2 B B A 4
T AN T BT, AR T T B RS S J2= ) B B R L=
G548 TERRARTESIERS, K oKP TAR I R L
AR IS 2 AT 454, B A5 KP-R 25 X P T
A LR S SO e 31 v A B (ST 1 <2 T AP
SEESEN NN e RERTA U VA E S R SR CRY e
P 55 h A AR iR sh 5 A VR IR, S B0R) DURAR

HZ BT, (A A E S AR AT SO B R
RS RTINS DIE S SIS P [ S SR 95
ATESRIEAAAE LK RS X WA )i S rh,
ot TAR AT 5 E AR R R 2 . B
e MR A5 R B, b b e R A i 1 e AR Y
RESE M A AETE W] A0 00 X 25 5, U RE AU AN 21 73
A1 5 5y 5 | 52 IX e PN 0 i R S i A R R A A
Wt AR AR B3R SR, A5 A 1 TR A
W T B R — AP G, (A SR R
BIE IR RE R BUR O R . SRR RE 4 ol
aod el S B A BE R e FAEL, 7 5 5 S ks M 25 1) 3l
JIREH

L
Fi )

B6
A&1E

B3+6¢)§ = -

12 2RSS AR T gk bt R AR LR &
Fig.12 Schematic diagram of the mechanism of rock burst in

roadway excavation in steeply inclined extra-thick coal seam

4 REREEREEEREEHTHER G
R E RS H

41 REPREEEBIR D EHERE R

Ao el s A A BRI IRARRAE 15 A A LB
W T AR TE A 2 PR X 4R, Ha A B X R Y
RS BIIA T, T GE T 2R B R A2 A E
e R ol MR B A SR AN 13

VTR TSR A T A A Y b — oK TR
TFRAE A H, L e 0 0 AR AR = W e 2 o A
JO7 S B R ARNE o A T A P, X TE IR 5 3 Sk o
PR R ARG AL, o B R AR SR X 1] 8 R AR T Y
SNEIERS o I STI A, i R MR Y 52
PP o [T, R T T TR A I DR AR DR, 8
NS, S s AR A T A 2R X S R BT,
R B ERZER G BA TG . teAh, 1A 8 4
HEAFAE v i M T A A BRI 28 BT IR AR AR RS, R e 1k
B TSR 0



511 e, SRR HE B R ZE Y A v e BT IR AR IE R LT B iR 347
RS B Iy o g
BURHE AL | g I o
WAL g 4 AR L TAETH e e
2 FEWEER T ma oy
- | | R ¥
o SR S Bo1E i
HRReEL T S ESEPNIER . B3+6
e RRCRAS T #iwe A pygy 12
| | 1 o
o 2R E R I et
IRE T3 EAETIH S —— = B | m
L AT
T, | |
A ok ——= it

I B A BRI I B e it R E R s, TR

B I SR R BR <E1—SC-B — AP ia i, s>

KRB ARG, FREEEETTEEL, By

SREE, SRR R . AL, RIS RRE RS R

KA A RTICRAEI , e I 452 1A 4 B it 0 1 70 12,
DRl SUBTRY R R A 2 4ol ik

B 13 iRt B R Z AR i A il Mo B A SR
Fig.13 Prevention and control strategy of rock burst in roadway

driving in steeply inclined extra-thick coal seam
SRR EEEEE & ER A
H1 B3+6 12 IR B TR AR I 4 v 73 A AR,
XA EETT A IEH, K +425 m 7KF- B3+6
JEIT RGN T7 58 R BANE 14 B

T R AL AR R B R S R L 55

PR B P AR o HAMFLHRERE AR B i FLAREE D 10 m.
X T e e v T R VR AR T 5 ) RE
FRRERGR, 43 H fim 9] 1a] 76 4 2 T AR it T 2 1
FL, e A IR Sk S R L A7 BB R e A P

4.2

85°

KAl $28.6 mmx10 000 mm
IEIHER 1 400 mmx3 200 mm "\

KA % $28.6 mmx10 000 mm
JEJHEEET 800 mmx3 200 mm

e AT $22 mmx2 800 mm

[EHEEE T 000 mm*800 mﬂ\

+450 m

(B 10m

14 +425 m /K- B3+6 S 2T RABEHE T

Fig.14 Schematic diagram of blasting pressure relief

+425 m

scheme for B3+6 coal seam mining at +425 m level

Y1 1.5~1.8 m P, HIEFLE N AEIA R 1.8~2.0m
o[RS, R AR 3 m A8 1 SR E AR EIEAY
fL, B5FLEAR 150 mm, IREESTN 12 m.

+400 m 7K~F- B3 BB AL S 3 0 2Kl 15
FR o AR F TR 622 mmx2 500 mm 1 45 g2
SURNAERFT, 72 5 ki B B /S5 9 622 mmx2 800 mm ¥ 22
FETCH AT CRMGT700 BRSUAFT . ARE T $21.6 mm
(R IEAE N $28.6 mm JNBREIZR . [FIFFTE F/KF Bl+
2 M2 T AR R fE v, B3 A5 1H ISR N J) 4 X
S5 S AR A AR, DR S A A SR 2R

JHHE R $28.6 mmx5 000 mm
[AHERE 1 400 mm>3 200 mm

H 42 $28.6 mm
x5 000 mm

[a)FEFE 1 400 mm
x3 200 mm
E i
on|en EP:IL\’{}?;
Aﬂﬂ}ﬂg
5400 I
5600

F 15 +400 m 7K B3 FiEMAL R S R

Fig.15 Schematic diagram of optimal adjustment and support scheme of + 400 m horizontal B3 roadway

4.3 RURRBER P EHEREHR

TE R FHAS YR H B S BRI J2 A6 38 i 2E i o 3

e B 36 S s B LB R ) He 5 7 S, AT AR IE
SR TT B RT  HE B A AR S iR 2L



%X

348

% 2024 4E5F 49 %

HIEEBANE 16 Frzn. +400 m 7K F- B3 4 1 7
P 5 1 S 4 AP B BEAFAE A T AN T3 5 R B 4 45 1)
T, 7637 RARAL RS w I, Sk B R 2
T8, e A R , B HS 2
HABTE TR AR . BUAb, TE AR TE K 3 K A7 ik
Traes%, HARE L S 3497E 20 om LI .

T ) B R W g A, 21 HE 400 m ZKF- B3
AT ] A 10 BE AR S A AR A&l 17 BR
TE+425 m 7K B3+6 H5E2 TAE 1 >R 2E A7 H 0k 60
506G S O R4 A R AR B L e 1 5 i 0t i
TR, B B KREE FEE E 3.3x10% I, +400 m /K °F
B3 &gt PR K 10° T L B KBEE, £
W1+400 m 7K-F- B3 45 18 48 2 78 5 4 S 40 SR kA 7 )
JEVERE IR, K& H R 10° T LAY RE RS0, E)
FE AR A5 T 2 1 R R o = () 0 AR

1€ 2023 4F 3 A J5 B AR TE 295 R Ou e VR #
Ji, BB Rt T A R H B HGERE R 2.2x10° T,

JEUG S 1L

SCPRALE B S I A TE TR 0L

TR FIH AR 4.9 4, BEAP LT3 5
H Rt HRit it 4.8x10° I, V350 H RIHHUR K
9.4 DT HIREAR 54.17% . 47.87%, 3 10° T LA - #52 Ak
HFF G 8.7%, B LALHT T I 1.0%, Mtk
W1+400 m /K- A58 S 7 SRR Al e, 5
F SRR RE SRS AL AT T S B AIE, FL
{107 1 DLE e S0 o5 L/

T SRR 18 i 0 RIS s, e B
GV R AR AR I e | A T fi 0 Ty SRR
BB AL, A AS T A R P I S A7 5 58 4 ki
AR KA H BT AE 10° T LLERRERSHF, 455
ESERE I SIRIALE RS E R S g
AE RS I AR, HL10° T DL R e g
ECR B, 3 T TR AP, 45 B B X
BT AT S5 3 A K P 457 1k 53 4 26 - 94 o
LG ) B R B R R 2 W, S T S BUR R

VIR KA DR E RGN A8 T8 22 2t

WK R BT 4%

SCHRA I S
K16 BiAfit S A E S
Fig.16 On-site roadway situation before and after application of prevention measures
4.0 100
- - PR 07 [ R H R R
M 10~10° ] o HHRUREAUX
10°~10° 1
32 180
3.30%10° ] 10°~10°
z SCTT EARALTT AT R R <
& 241 9.7% 1.7% 202343 ] 8.7% 3.2% 160 X
= | A =
i ° 1594 | 16.3% | 521 3ol by
= ) | e
% 1.6 44 72.2% | 64.2% 440 D:\
E}i ° > | 9 | : pen
° I @ | ' |
sl ® [l [fe4.8x10°7 9.4/~ o ! ]
08} 3 | 9l il [# To N 2.2x10° ] 4.94 420
o |_ ; || __Le ALl sgl g -
o B e,
|||||.'I-_~::~j|:.|| [l |||.';.;in;;;.i:::5':-_'|,-s.::::;::_|||1||| .- '.::g:;;;i;.l| H| P b 0
0 50 100 150 200 250 300

+400 myK B3 4518 4 HE [A]/d
Bl 17 +400 m 7K B3 H538 82530 18] (1) 1505 R s AR 43 A HAE

Fig.17 Energy-frequency distribution characteristics of microearthquakes during driving of + 400 m horizontal B3 roadway



HDET-A5 SURHASE PR RZ 8 vh oy Hu R AT IR R AE SO ACE Bl A 349

51
5 % it

(1) LT 2UUAs} L JER IR 255 8 4 2F 1) Flc i s D 4
Br, 48 T ohif bR & A 2 S hn 5w At 42w K
FRAE . VAR A5 T8 18 0F vhs R R AR AT AR 2~ 5
K BLHE SRR AR ARE, SAEE 2 /0 4 d YRR S
PRI BT 5 d EmAEAE 3 d LAE KRR 5 s
Sl R & AR BIAEE B BRI S, R A
B R A3 A R BE B 0 TR TR A3 1 R B N
(B DX 113 FEL P, A7 T F i e 1 DX [ B ST FERR
IR /IMEL XT38 6 P, L et S 80 5 24 7 1
AR BEFE ORI 3 o

(2) SRHE JEAR T R R A N ) W, 4k i
T Lk s 54 o ST R E AT L KO 14 R 28 XA A7
FE WA T EN PG, 2 TR AR BB
J, A5 it 22 T 5 S T RGN g B A
FE AR % 5 IRl A AR sh s B mafE R, Hi ik T
VETRTHT 7 M A T R A e B R R TR AL
Wit 5 5 A0 T I LR o v S R R AR U —
AR, R FP AR aLAE b b b B G PUE, RS
5 e it b R 2 A 3 0B R

(3) FH ARk I TR AR 2 A i 0 ) v o ot e
BLEE, T b S et AR 2 A8 i a0 1 T T A s £
JE | AR TR FLEE S A S b | 2 2% XU AR T 1 v o
R IE R S, 454 vl MR S AT IR S
kg B Bt 455 1 T 1 I 1 0 B 0 g B AR AR AL
3 3k AR T 5 (5 A5 40 0] ) o & A B R
I 10° T UL GRRE &, FEXT S Ak R 5 2 2 X
B S BR, BE R YR R R A 2.2%10° 7,
H10' T DU EBORFE S H R R EL A I 1 R A3

22 ik (References):

(1] BN, AR RITR S RIR1B3N[]. PR, 2019, 44(4):
973-984.
QIAN Minggao, XU Jialin. Behaviors of strata movement in coal
mining[J]. Journal of China Coal Society, 2019, 44(4): 973—984.

[2] ERP. SRESA A )% 5P R IS I R (0], AR 24, 2019,
44(4): 1283-1305.
XIE Heping. Research review of the state key research development
program of China: Deep rock mechanics and mining theory[J]. Journ-
al of China Coal Society, 2019, 44(4): 1283-1305.

[3] SEbks, M, B2, 5. FEED i H B VA BUIR 5
(7). BEBE#AR, 2022, 47(1): 152-171.
DOU Linming, TIAN Xinyuan, CAO Anye, et al. Present situation
and problems of coal mine rock burst prevention and control in
China[J]. Journal of China Coal Society, 2022, 47(1): 152—171.

[4] SEPHR, WL, 2R, 45 0 RER TR 3 0 U B e

[3]

(6]

(7

[8]

]

[10]

[11]

[12]

SRl R[], BB, 2020, 45(5): 15671584
QI Qingxin, PAN Yishan, LI Haitao, et al. Theoretical basis and key
technology of prevention and control of coal-rock dynamic disasters
in deep coal mining[J]. Journal of China Coal Society, 2020, 45(5):
1567-1584.
5. I ALy g 9 AU T B W A T B R W ST #E S ().
HEBEH, 2020, 45(5): 1557-1566.
YUAN Liang. Research progress on risk identification, assessment,
monitoring and early warning technologies of typical dynamic haz-
ards in coal mines[J]. Journal of China Coal Society, 2020, 45(5):
1557-1566.
AR SR, AR, T, 55, CPIRE” S0 N il R BUR (RS AR
SRR BEAAFAR, 2012, 37(12): 1960-1966.
ZHAO Yixin, JIANG Yaodong, WANG Tao, et al. Features of mi-
croseismic events and precursors of rock burst in underground coal
mining with hard roof[J]. Journal of China Coal Society, 2012,
37(12): 1960—1966.
ERA, TG, A5, SF bl s 5 R R R AR 2 P
Wb AT i R [J]. SEme 24, 2022, 47(2): 762-790.
WANG Hongwei, WANG Qing, SHI Ruiming, et al. A review on the
interaction mechanism between coal bursts and fault structure in-
stability from the perspective of multi-physical field[J]. Journal of
China Coal Society, 2022, 47(2): 762—790.
FRAM, FMAR, BB, 5. KBEIU AT i AR Al R
HEHLRIRTFE]. A % 5 TR, 2013, 32(11): 2250-2257.
WANG Hongwei, JIANG Yaodong, ZHAO Yixin, et al. Investiga-
tion on mechanism of energy explosion during extraction of island
longwall panel[J]. Chinese Journal of Rock Mechanics and Engineer-
ing, 2013, 32(11): 2250-2257.
I, FARRS, AT, 55, RBRIBENFE LN R I BRI 5
WHFE[I]. BB, 2006, 31(3): 273-277.
CHENG Yunhai, JIANG Fuxing, CHENG Jiulong, et al. The primary
study on microseismic locating and monitoring technology of shock
bump caused by key stratum movement[J]. Journal of China Coal So-
ciety, 2006, 31(3): 273-277.
KA, ARMRMG, RN, 45, PR B SR E RO E R RR
TEWFSE[I). Sa A 12 5 TR AAE, 2023, 42(5): 1150-1161.
ZHANG Quan, ZOU Junpeng, WU Kunbo, et al. On the character-
istics of mine earthquakes induced by key strata breaking during
deep mining[J]. Chinese Journal of Rock Mechanics and Engineer-
ing, 2023, 42(5): 1150-1161.
W, FIZR, Th/ I, 55 %5 BT ARRe PE AORE 2 KA it b
JEHLIE K BFIA ] MEBFAI, 2022, 47(9): 3384-3395.
PAN Junfeng, YAN Yaodong, MA Xiaohui, et al. Mechanism and
prevention of rock burst in coal seam roadway group considering
time-varying characteristics[J]. Journal of China Coal Society, 2022,
47(9): 3384-3395.
B R, IR, ER58, 55, B0 bl (5 ] VRO Yk R S wh i i
JE NI BRI, B, 2022, 47(5): 1974-2010.
GONG Fengqgiang, ZHAO Yingjie, WANG Yunliang, et al. Re-
search propress of coal bursting liability indices and coal burst “Hu-
man-Coal-Environment” three elements mechanism[J]. Journal of

China Coal Society, 2022, 47(5): 1974-2010.



350

%X

% 2024 4E5F 49 %

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

IR, 2t %, X1, 45 25 R 2 A T A 0 ki b ML)
B W BT, 24, 2020, 45(5): 1659-1670.

ZHU Sitao, JIANG Fuxing, LIU Jinhai, et al. Mechanism and mon-
itoring and early warning technology of rock burst in the heading
face of compound thick coal seam[J]. Journal of China Coal Society,
2020, 45(5): 1659-1670.

Fw b, AR, ZER, S URNEME R L T R mEAE s
SR RTA IR FRALIET]. BRI, 2022, 47(6): 2289-2299.
WANG Gaoang, ZHU Sitao, JIANG Fuxing, et al. Seismic mechan-
ism of coal pillar-key layer structure in fully mechanized caving
face of inclined thick coal seam[J]. Journal of China Coal Society,
2022, 47(6): 2289-2299.

PR, BUR, 2, S AHARR 2 XOCHEZ AR Y &0 AL
FE[I). HEAEEA, 2010, 35(12): 1957-1962.

WEI Dong, HE Hu, QIN Yuanfeng, et al. Study on mechanism of
mining tremor induced by key strata instability in the gob beside the
working face[J]. Journal of China Coal Society, 2010, 35(12):
1957-1962.

W1, HKEL, B, 5
2023, 48(5): 1846—1860.
PAN Yishan, XIAO Yonghui, LUO Hao, et al. Study on safety of
Journal of China Coal Society, 2023, 48(5):

L hil R G AT T[], B AR,

rockburst mine[J].
1846-1860.
FRELAE, 206K, BT, S5 I T ORGP -t~
IR P RERIEAR[D]. BB, 2020, 45(3): 845-864.

KANG Hongpu, JIANG Pengfei, HUANG Bingxiang, et al. Road-
way strata control technology by means of bolting-modification-
destressing in synergy in 1 000 m deep coal mines[J]. Journal of
China Coal Society, 2020, 45(3): 845-864.

AL, BUKSE, RS, A5, HE N 32 S S 4 R Ry
PREEBLE ], BB AR, 2020, 45(8): 2749-2759.

GAO Mingshi, HE Yongliang, LU Caiping, et al. Coordination
mechanism of internal strong active support, soft structure pressure
relief and anti-punching of roadway[J]. Journal of China Coal Soci-
ety, 2020, 45(8): 2749-2759.

PSR, BB, AL, S5 IR R S R WA LA S M- )
DA HIBOR ], BSR4, 2022, 47(5): 1946-1957.

XIE Shengrong, WANG En, CHEN Dongdong, et al. Collaborative
control technology of external anchor-internal unloading of sur-
rounding rock in deep large-section coal roadway under strong min-
ing influence[J]. Journal of China Coal Society, 2022, 47(5):
1946—-1957.

Y EPL, BOSCH, RN 2. TIPSR T (R) Bt aesl
5 SEERT]. MBI, 2020, 45(S2): 1946-1957.

FU Yukai, JU Wenjun, WU Yongzheng, et al. Mechanism and prac-

tice of energy absorption and anti-impact of bolt (cable) in deep

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

mining roadway[J]. Journal of China Coal Society, 2020, 45(S2):
1946—-1957.

FANEL, AT F DL, AU, 55, IR AR “H RS -Brr”
b 4 S S A AR 1. m%*m, 2021,46(1): 132-144.

‘WU Yongzheng, FU Yukai, HE Jie, et al. Principle and technology
of “pressure relief-support-protection” collaborative prevention and
control in deep rock burst roadway[J]. Journal of China Coal Society,
2021, 46(1): 132-144.

SRR, Xy, 2R, 55 BB AL
JRBR[]. BEAR24R, 2018, 43(8): 2133-2143.
ZHANG Junwen, LIU Chang, LI Yulin, et al. Study on the sur-

Bl 4 S R

rounding rock structure of stagger layout roadway and its pressure
release as well as deformation yielding mechanism[J]. Journal of
China Coal Society, 2018, 43(8): 2133-2143.

A, B, R, AF . SR BRI SR R S 1 B e
AL ITI]. A0 155 TRRA, 2023, 42(2): 261-274.
LAI Xingping, JIA Chong, CUI Feng, et al. Study on the evolution
law of overburden energy of steeply inclined extra-thick coal seam
influenced by mining depth[J]. Chinese Journal of Rock Mechanics
and Engineering, 2023, 42(2): 261-274.

KD, Bh, 4RI, 55, SUERHE SR REMER SRR A RS
W 5 Bef RO T]. SRR 241, 2023, 48(S1): 1-14.

LAI Xingping, JIA Chong, CUI Feng, et al. Law of overburden
breaking and energy release in the mining of difficult coal resources
in steeply inclined extra-thick coal seam group[J]. Journal of China
Coal Society, 2023, 48(S1): 1-14.

R, B, R, S TN 0 B L B e il b AT A
BHEUSGEZ BT FE (1], BRI, 2022, 47(2): 745-761.
CUI Feng, JIA Chong, LAI Xingping, et al. Study on advancing rate
of steeply inclined extra-thick coal seam in rock burst mine based on
loading-unloading response ratio[J]. Journal of China Coal Society,
2022, 47(2): 745-761.

WANG Guifeng, GONG Siyuan, DOU Linming, et al. Rockburst
mechanism and control in coal seam with both syncline and hard
strata[J]. Safety Science, 2019, 115: 320—328.

CAI Wu, DOU Linming, GONG Siyuan, et al. Quantitative analysis
of seismic velocity tomography in rock burst hazard assessment[J].
Natural Hazards, 2015, 75(3): 2453—2465.

TS, LA, E, 5 B il RS D5
B W R R (0], A A 12 TR, 2017, 36(4):
803—-811.

DOU Linming, JIANG Yaodong, CAO Anye, et al. Monitoring and
pre-warning of rockburst hazard with technology of stress field and
wave field in underground coalmines[J]. Chinese Journal of Rock

Mechanics and Engineering, 2017, 36(4): 803—811.


https://doi.org/10.1016/j.ssci.2019.02.020
https://doi.org/10.1007/s11069-014-1443-6

	1 工程背景
	2 急倾斜巨厚煤层巷道掘进的冲击地压时空前兆特征分析
	2.1 急倾斜巨厚煤层巷道掘进时间前兆特征
	2.2 急倾斜巨厚煤层巷道掘进空间前兆特征

	3 急倾斜巨厚煤层巷道掘进的冲击地压孕育机理分析
	3.1 急倾斜巨厚煤层巷道掘进模型构建
	3.2 急倾斜煤层巷道掘进的应力特征分析
	3.3 急倾斜煤层巷道掘进的能量特征分析
	3.4 急倾斜煤层巷道掘进冲击地压发生机理

	4 急倾斜巨厚煤层巷道掘进冲击地压防治措施及其效果分析
	4.1 急倾斜煤层巷道掘进冲击地压防治策略
	4.2 急倾斜煤层巷道掘进冲击地压防治措施
	4.3 急倾斜巷道掘进冲击地压防治效果

	5 结　　论
	参考文献

