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Mechanism of rock burst induced within the fully mechanized top coal caving face

with overlying knife-shape-like gob and hard thick roof

ZHONG Taoping', LI Zhenlei', YANG Wei’, ZHAO Zhipeng”, SONG Dazhao', LI Hongping®, ZHOU Chao'
(1.8chool of Civil and Resource Engineering, University of Science and Technology Beijing, Beijing 100083, China; 2. CHN Energy Xinjiang Kuangou Min-
ing Co., Ltd., Changji 831100, China)

Abstract: Irregular upper gobs may increase the risk of rock burst incidents in coal mines. Investigating the rock burst mechanism in the
complex mining spatial structure of multi-seam rock bursts is essential for ensuring the safe extraction of coal resources. This study invest-
igated the distribution characteristics of static and dynamic loads on the W1123 working face through a comprehensive approach utilizing
theoretical analysis, numerical simulation, and on-site monitoring. The mechanism of rock bursts was analyzed and targeted preventive
measures were proposed and applied on-site. The results indicated that the coupled effects of the overlying knife-shape-like gob and thick
hard roofs exhibited regional characteristics in the distribution of static and dynamic loads beneath the W1123 working face. When the
working face was solely influenced by the “handle” effect of the knife-shape-like gob or concurrently affected by both the “handle” and
“blade body”, the lower part of the working face and the coal pillar experienced concentrated static loads and intense dynamic load disturb-
ances. The surrounding rock in the upper gob also demonstrated concentrated static and dynamic loads, with the proximity to the boundary
of the knife-shape-like gob resulting in higher dynamic and static loads. When only affected by the “blade body”, the upper surrounding

rock of the working face experienced concentrated static loads and was disturbed by dynamic loads. The area of concentrated static loads
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and dynamic load disturbances in the working face coincided, leading to the manifestation of rock burst from the superposition of dynamic

and static loads. Based on the structural characteristics of the knife-shape-like gob, the rock burst types during the mining period of the

W1123 working face were sequentially classified as strong dynamic load type, high static load, strong dynamic load type, and high static

load type. The risk of rock bursts assessed through on-site monitoring and numerical simulation matched the theoretical analysis outcomes.

Rock burst prevention measures were optimized based on the distribution characteristics of static and dynamic loads on the W1123 work-

ing face. To mitigate the stress and energy concentration on the roof and coal body, we have enhanced the treatment height and crushing

degree of the thick, hard roof while also intensifying coal body blasting and pillar cutting. Following the implementation of these optim-

ized measures, the average event energy released by the surrounding rock of the working face decreased by 54%, and significant energy

events were substantially reduced, leading to a significant reduction in the rock burst risk. This study can provide valuable insights for rock

burst prevention in mines with irregular upper gobs.

Key words: rock burst; knife-shape-like gob; top coal caving face; static load distribution; dynamic load disturbance; hard thick roof

0 35

W2 1 K B B RE IR BT U, AR T I 22 5 A e
1 AR St i LA SR ahidi b ORI R T
R BB B R E 2 —, PEE IR T
RS, JEERE TN . AL 4 B0 AR A A1 SR S 2%
SE i GRS T AR AR KL,
VSR TR R W7 25 5 I )t sh Bt 3, LA 20T %
LK 2 O ARBER B N MR R o A SO AR R
520, MBSt — LR d AR .
G X IR THURR AL 52 2R TR A5 A8 £4375 v BIL ]
JEIF T RARITE . AP SR T ORI AE 5
RSO TR, KPR R A s 5w &
gk il . 2R BT R B AN T
SR 2 AL IR IR 38 KT = A T 280
3, PTG v T R . AR BT R
PR 2 A0 388 B AL R IR RS TR 2 A P 2 18 Rl
PR IEIR R KBRS 4R v, S5 A il R Y
T MU ST T R 2R R
ORI 2 A58 2 IR 2R, SRt da R T
PR E AT R ol HLEEIT AR T W BUEROR
TTA ZEUST I A B2 R 2 ORI LR 45 (X 22 i) 4%
T BB B TE 1) 5 540, IS5 MR M2 175 & il o
JEM R E . BFEREM BRI FRE R X
PN M 2 A3 B2 3 9 ELON i) SRS h e
NIRRT AR, 2 K bl e EEEI . ZHAO
ARV T R a5 AR Y vhit IR, R
ZIZITRAR AT T vl ReA7 AL Z IR vh i
T

LR LRI, LA ZRIVRESH ZE AT T #EAT IR
VRIS, AN [RTA™ L 2 ] — A A ] X Js A7 T 14
sl i R AR AL AR ) o R TR A7 A 1
AN RS X AT AN [R], A T ez sl s
LS o3 AR DR AT AE B R 22 5. AT RIBT Tl D )5

30

i

B TOUR L 7 52 0T SR AT A 1 v ol e R AL o
Wi B A4 o (HD M BORAE | SR A1 R 5547
TE2E 5%, whily IR HLHE 75 4558 H A AR i A
RSP T R RERIDF o

VPR X 22 B2 IR o il s B, 32 1
JE IS RS IX | I Al JRE T A58 A 350, T AR T e
i B, R A | AR A BRI TR
W ti o BB LA o TR 5, Fo A JRE TR
R B TR R S XA T 2R T il
b s e A AL, DA e 2 A 7 A i B ot
JERIRIEE /e SE IOV /T8

1 IRLE

DAIHEG S W1123 TAEHE IR 4, 0 I A 7R
PEREBECRAE N, TAEmA T8 —RX PR, RIX
WEZSEZ A EE KA B4-2(2 [F1ER). B4-1
(B R), B3(AER), B2([HR 1), B1, B0 4k 6 )2,
e 1R

W1123 TAET F£% B2 52, )2 E 1 104° ~
110°, {0 ] 14° ~ 20°, il /1 o 12° ~ 14°, 12 & JiE
8.6 ~20.8 m, SEHJEJF 9.5 m, ShF 0~ 2 )2, &5th 1
B B2 MR SR N 26.34 MPa, ELAT 55 il i
e, B2 MEZTMR LA | W0 Bl s F A b &,
JERER 0.88 ~ 20.72 m, “FHJEFE 8.19 m, Fihihi om
ik 33.33 MPa, JRy Bk HoRL b 5 FIANRD 4, B
723 ~35.00 m, ¥ EE 17.51 m, BP0 R G0 E
45.84 MPa, Tiiti B AT 58 il 1k . B2 SEZ AR LA
Ve WiTle e Fib A 3, JEEE A 0.44 ~ 28.07 m,
FRJEEEE 5.76 m, PR 39.73 MPa, JE
gD, R K 6.95 ~ 24.98 m, AL 14.11 m,
AR TRSRE Ny 48.23 MPa, JEEHREA 55 w1
B4-1 M2 5 B2 2 M HE 40 ~ 50 m; B2 #)2 F 7
Bl B2

W1123 TAEmISA 56 192 m, E[K 1469 m, 4



PR s R TOUR I SR 2 X i A T vl b PR ML 5

2024 455 6 A

SR/ E R m| HEER | Bk
397.85 15.88 KPS [saaay
LG [E] ﬁéﬂ:}'{
399.11 126 B42 i SN
406.80 7.69 whiles =
414.65 7.85 T =——
419.33 4.68 M E
421.67 234 B4-1 41 |azaman
7. Qﬂ:
422.83 1.16 e | A
424.75 1.92 B4-1 i =
429.07 4.32 U
[yl :»:a:a
431.20 2.13 b ] | A
432.50 1.30 P parara] | T
446.94 14.44 MR [ -
e URNEES
448.77 1.83 B3 Ji
452.00 3.23 e JER
TR
467.70 15.70 il
478.25 10.55 B2 Jit EPEE
479.04 0.79 Viekas
484.41 237 B2 J&
485.34 3.93 Vikas
507.23 21.89 EibE=
507.90 0.67 L
508.50 0.60 Bl
509.13 0.63 FHRD &
514.90 577 BI1 &

A1 Wi123 THEm4 AR A
Fig.1 Drilling column diagram of W1123 working face

TR, R BE 3.2 m, B B 6.3 mo W1123
T A M A VR 2 380 m., T AT 1 XU HE IR 24
330 m, 3B 7 AA K 291°, T AR ) b A T
28, TAEmmIL R4 W21 SRa5 X, W1123 T
RS W1121 k2 X Z R A 15 m 581 X B
FE o W23 T AF w6 Ml e T A7 A B4-1 82 1Y
WI143 R % X, k% X5 TAEHE M F 8 70 m;
W1123 TAEMZRL N E M PE 13-745 m, TAETHZ
s F R 120 m &b 2 HAEM 60 m Bt Ry B4-1 4

| )”W N%Eﬂéfﬁ?ﬁ )JE’
I

-1
W1143 45X
—W1121 R% X 00 m
%70m [
15m TAETH 2 ¥t
Tk | 1120 m
A 1 [B] A \
~ L L \
W1123 TfEff U WIS REX {5om

— B4-1 EZIFRL R — B2 HEFFRIAHR
(a) P

2 W1145 231X, W1143 F25 X (JIHR) il W1145
KA X (15 IEIE R4 X . W1123 TAEf%S
[ Z5 A AN TR 2 IR

2 HEELE

2.1 TIEEZIEEHDH

TIFEIE R 25 DX B0 SR i 3 B,
W, COTRRY RESReAS TR 1T BT VAN ) o A A SR
N Ky, T8 BSRas i 2 3 43 BB AR T W
] A B SRRV, 3 K RV A6 ) A 1) S RO T K,
ORI Ky R K, FER A 1R 2 A sS b as e A
BIVER . IR R as KB R SR ) 21 &
TARIEZ | AL R v SR ) A — i R R,
TR R 2 T AR %) BB 0 S e b, s fa v
j([l6-17]O

WA TTHETE 2R 25 DX SR N T 52 e i T, m e
W1123 TAEHRIRII 5 R Be— . BB FIBr B =
BBt — M AN Z B R A 5 1 R 1 K Y X
5, BB R I A2 R s 5 1M 2 B SORB T K,
K, 520 (A X8R, By Bt = RS2 oRAas A 3 SR T K,
MR X, BYBE—3Z K, 18 R A&k . 085 i
0. VEFL, BYBE 52 K, R K, B T 4558, 505
(IR ST 00 VER, BB =2 K 10 N A&k . 2205 1Y
Bi T 0,0 VEF . EAL, W1123 TAETEZ 5] W1121
Rezs KT B 18] S A TT o, LA R TARE T B B A%
AUTAE RS Y B T ST 0,00+ 0,00 TEFS

T AR PR R, AR AT SR ) o, HIPE
T W1123 TAETH B B i — 2, & BBl
SRIIE], W1123 AR 35045 Qi 4 fis, BIrhr
TR P FE XB R R N R X IR B —
B (& 4a), TIHEIE K25 IXAX “TIAR” X TAETHIA 5200,
22 YR 2k A 1 DX BEEAE AN T AR R A B RO
I s T AT ] JRU R o I B oRe s IX A, TR I 22 W
W1121 2R %8 XA TTHEIE R 25 XA 52 00, {H A6 B 1T SZ

gt =r +

SO 00m.

(b) 1-1 T &

H2 W23 THhEfE
Fig.2 Layout of W1123 working face

31



2024 445 6 1] # 2 M FH K 5552 3%

2 S 1= S MrEE = ,
I T T 1
SEPRY
W1143 KX e g
FKABR i
[r]

gy WIAES RERX 'l

i

B3 MR R LA A

Fig.3 Distribution characteristics of concentrated stress in

knife-shape-like gob structure

RN T RIS A HR N VR LA B A — e e
BT, R, BrBE—IE AL T DL AR T PR X e
FERN HERX T, () iR,

T jix =’)’H1+0'j—a+0'j—b+0'j—1<l +a—j—d1
o =YH + 0+ 0j_n

(1)

WI1121 K= X WI1143 XX W1145 X=X
L
/

W1123
'IWW/

de%‘wﬁﬁ$m

B , WrE= ,
I T T 1

(a) B Bt — i A

WII21 R X W43 KA X W45 R X
L
| /
I
| W1123
TAETH
> :
E]}Té’fﬁﬁ )‘(}J%'[I[XAH
W Sl : B = :
(b) B Bt Bk o0 A
WI1121 K% X WI143 RZ[X W1145 RF X
L
/
I
| Wil23
TAETH 7

T
@%&% N AR X
) rBe— | ) B =
(c) BBt = #paA
M4 THEHEXIBEERRQATE
Fig.4 Distribution of static load in mining process of working face
(RN A1 Hy A H, 5350 AR iz s A0 AR I
32

[ XASHIR, H>H, o

[A] R By B i (%] 4b), W1123 T AF 1 [l A5 0
AR UEAE B BE— I FERE -, TTHEIE RS X “TIRR”
ATIE” FRHER T W1123 TAEm, 2K T
AT L R A R rh R B R L, TR R T N AR
X, TAEm 2 IEFRE =X (2) s

O jox =7H1+O—j—a+a-j—b+o-j—Kz+O-j—dl
O s =VH, + 0, +Tj_g, + Ti_a2

(2)

1, 0 Fl 00 5350 9 B B — AR TH oh T 3R
AR

[ S B BE = 5 (18] 4¢), W1123 TAE T H R 67
TIHEER A X R I7, Mfdr)z, B AR bR
TR ER R TR AR . B AR Bz E T4
TeRA XTI AR, TR T 1 A X, AR TH
ZEFE A 3) Fim. o IBTE = TAEM
EERRIEE R

0—j3:yH2+0-j—a+O—j—K3+o—j—d2 (3)

22 BIAEHS T

R SR R R W I S B R Y B
TE M sh 4k 3h, Reas XN B 5 A 2 Mok R R 2 T
T 32 s sh o R0

R SCHR [21] FIBFFE R, HEM W1123 TAE
HEEZ W1145 2R 55 XA, 28 T A 0 ) A rH)
7l EATE R TREE R N AT M, W 5 . fEAR
% Ba-1 HEZIFRAEOL T, W1123 TAEfH
FINX B MR & AR S 7 A ) SRz X B 25 44 A
A, AR A XN 52 I sh I B 7% 3 It i S
&3 F TAE T A R 5B X BOEAE, R TAEm T
BRI B 2R s AR gl . AR R A )
RS XA, (EAT3 AL T A% A% sl it S s L, e
AR AT ]RSO T A A 25 .5 T JR K T & A
s JE NG IR, PR TR T ] XU [t 2 Z o sl 3k
SR, AFUREGS TR DR BRI X B A e A BRI

%% Ba-1 BZTFRFE M, B RS X
S W1123 Wi RS 5 %28 KR THZS P i R i 2,
B4 JHZ A B2 2 R4 X Sl 5 ] S ERE A A E
B8l PR, JE— 2B BT B T4 R 1 i R R
AR ZURR B, 78 JTHEIE R 25 S5 M9 4E FH R T AR TH 8h
AR oA EIZL ., W1123 TAEmE 30 Ak 6
F7R

] SR B BE—, B 45 H N FUR 450 M 32 J14E
TRz X “TINR” BINEH, i s EL, AR 2
PSRN EA S, [IRE B, B AR N FIEE
5K M ZE| “TIRET FN U1 BT B INPE, B A5



PR SRR IEIE R 2

LT A e s R LIS

2024 455 6 A

TR 2 38 A BLR RE 4 K, shali i shat— 220 k.
IR B Be =ik, AR T S B 3R, shikdish
y s AT LRz B IR A XTI 57 MR, 3
AL TP B B AR iR B R

i 2-2 FE A ST M T 3-3 MA 2T N

77777 WH%%%E-zWWBm*E

Hs ThEIREBEEEMTE

Fig.5 Roof overburden structure of working face

W1121 K% [X W1143 R X W1145 K45 X
/

/

R R
‘**""++++++,+ =4 =
L S A T S S A g

e > s s
RN

r + s
Lw1123 L{E -9
BB , BE= ,
I T T 1
(a) LAETE ] 43 A

+ BRI, BRI 0 A S AR O R A BRI RS

(b) AT i 73 A
Ko THEEEZDIHSNTE

Fig.6 Distribution of dynamic load of working face

2.3 i ENHIR ER XIE S

T 5 e B Y, 14 a8 tor A0 3 28 o7 22 0 5 R A8 K
S ZER A A R A ok e R I R e B, B 1 G
TAE b R B, JIHEIE R s KO T AR 1 ol i
A DX RRAE A9 E B P R, W1123 TAEm
2 R B BEshff k& s b pL an sl 7 B .

— W e S R IR — SRS

T e
KB TARmEs
(a) B By—/—phrit AL

— R e R ORI — BN

Iﬁfﬁlilﬁk%

W1123

EREIEAES

EE"J»’”*I I{’EEL%%
(b) BBt = B R ML

K7 FTREXHETIEaASBFREMFFTE

Fig.7 Schematic diagram of dynamic and static load superposi-

tion induced rock burst in working face

R B B — s, X B AR W1123 TAEmEH R
H AR ] XU LA SR i B v DX, Rl T4
RS IX “T1 57 FEHT 32 20 00 sl 3548 sl 5 44 v o
AL ik R S S INE e vhl MU, s 3l 3R
phili . R B B, W123 T4 i R A 32 )
TIHIERZE XTI 87 F TN VEH, i de h A
%ﬂmﬁiﬁnzﬁ%ﬂ“ i — 201G R, e 2 ORT 5 B0 208 N
Pk iy, R s A s L . PR B B
=i, W1123 TAETH EAEsEh, ELER A )R 25 X
BT | 18 377 R SR SRR AIG, PRI B =
1R FR R o U
BB — N, W1123 TAETH H R 3R X B
FE AR X, T AR XA E A —E i
ks, (A e AR AR BEAR T T AR T &8s BB —
P, A T s A X350 A1 55 B Be— AR R, {H2Z o
i fa R X ST R G BB =, TARTE T &R
DX B Sy i O 40 2 TC A J wp s A 8, A T 1L
Foh R AR X, Hp, 21 RS X
SEMR, B B i ha A R R R K

3 Mt EALH LG IE

3.0 HEEMBTHHEEREK
300 BAZS
MR I 1l 50 Gk B Iy sk SR IO g 2 — A4
AR, KR SF 1000 m(X)x2 000 m(Y)*x500 m
(2), 3£ 257 712 A~ WK | 270 180 4> R4S 5 1, AL
33



2024 4F5 6 1]

# £ # F H# K 5550 %

FE )R] 45 B2 % 200 ~ 250 m (R FF 4230 5 LARE
(ERIL SO, BB AN 8 B .

K8 #HEMNEAE

Fig.8 Numerical simulation model and working face layout

IR JES S [ 2 vk ) i A%, TOURBHEE Jin 3.5 MPa 2534
AT 5 AR D FE it 8 s B Y g TN 1A
F FAAT A 7K1 F7, X 7 Il i 2 £ A S ey K
SR AT o AERVEE ST R 10 m/s®. SR FHBE/R—
JEASAMGRE I T, B ARE A SO 1,

x1 BEEMMENFSH
Table 1 Physical and mechanical parameters of numerical
simulation

W R VAL FHES NEEEE PihioR
(kgm®) H/GPa O MPa  fi/(°) J¥/MPa

Hiz

WS 2447 803 026 519 3022 6.89
MbE 2618 13.62 025 638 2886  3.17
MwbE 2541 1033 022 6.49 2998 448
B2Z 1703 247 035 3.00  31.00 221
B4-IMZ 1316 352 031 250 3749 2210
RESE 2546 448 032 400 3041 2426

3.1.2 B EHESHAE

PRI W1123 TAEf#S AT E oA “T1 87
ZER) (W1145 K25 X)) BHEAEAL (X=465 m) I8 F1 47
A4, i 9 s . MRAETIHIE R 25 X “T1 &7 45
Tyt L e o7 7 B4 5 e i R R R0, B W1123 TR
PIHR 0~ 400 m i Bl (Y=150 ~ 550 m) Jy By Bt —,
400 ~ 750 m 3 (Y=550 ~ 900 m) [ Bt —., 750 ~
1 450 m JEHH (Y=550 ~ 900 m) M Bt =,

W1123 A T8 51K Jif L 0 g 43 A &l 10 e
N, ZIREEEIMERTS, BlA N ) E 27 TARm
T ERANX B AR AR | AR IR XU B AR —

34

PR B TAR G EEELT 187,
FREE AL WG . 78 “T1 87 T Or R T H
FOPRAS, s DX LS T AR 5007 ) £ AR A B K
BB LS RS B A R — 2

35¢

[N} N (9%
(=] w (=]

3t H N J1/MPa

(=]

W1145 X2 X (J15)
[ 7777777772774

5l W1123 LA

0 200 400 600 800 1000120014001 6001 800
Y/m

B9 WI123 TIFHE 4 B & B Bt B X 29 R
Fig.9 Division of each mining stage of W1123 working face

B 10 W1123 T/E T B R A B & 5 A 24
Fig.10 Stress distribution before mining in W1123

M & 11a AT, [RIR BB —BF, TART R &R
DX B AT 0 g A v R e HLY IR, AR T AR
T4 PR RN B b T AR TR R R AR, MR
300 m B, DX T PN AR T i A B 3 1 ) B rhoeT
ik 31.89 MPa(4EH R %M 3.31, T [)), T A i [ml Xt
BRHIT I S S PR AT IR 14.03 MPa(1.65).

W 11 iR, R B B i, 78 fr Be— 2 IR 3k
i 3ERE 1, IR X “I1 5”7 AR T w1123
TAET, “JIRR” Fn <) 57 JLEVE R R T N
P2 A R, TAE T R A0 DX BT Sk 2
N S EE R I, T AR I R XU BBl A S AR R R (]
KRN 650 m ik, X3 T P T4 1 32 i 8 BT 7
ST ik 54.92 MPa(5.7), TAE i [ XU i 1 1
FEFRT] K 23.12 MPa(2.67).

WE 11c Fis, BERBBE=AF, W1145 %45 XAE
F )2 T B W23 AR T 35 A R 7 B AR,
N IJWEE/NT 16 MPa, B2 R4 13 W1123 T AR
[B] XU R i AR X, i AR H AT EA 21.65 MPa(2.5).



PR s R TOUR I SR 2 X i A T vl b PR ML 5

2024 455 6 A

W1121 55X

(a) BrB—

WI1I21 RZE X WP X 1T

(b) BrB—

W1121 K5 [X

(c) B =
11 TAEE ERAE N B E 5 N A= B

Fig.11 Stress distribution at each mining stage

3.1.3 BB AE

FIFHSCHK [24] £33 05k BT A U4l Fish
TR SRR A vk BE, 76 TAETRIAT T 12.5 m Abi%
AU 1) M 28, 75 3] 4% B B T v A i e B 43 A
WE 12 Fis . [BER B BE—F, AR s A 2 A
AR TS S 2 AR 1 ] KU R S R M Y, T
A T[] JXUHs P SRR BE 24 50.3 kI/m?, T A Tl iz i 4
NS IR A ME AR ZY 157.1 KI/m’®, X B MEAT: 31 fE B
K, #9208.6 kIim’ . ML TBrBe—, 18R B B i} il
FroobE BB B R, TR T [ XU P I 147.7
ki/m’®, TAETEE AR IR 595.9 ki/m’, X BEAAL: 04
{E 9 418.9 kI/m’, SV fE UG (5 X BB AE N 7%
F T AR 2 f s RS, AR T [0 XU L sk g
FE AR KA S . B B = T A 1 Bl b e K
FEAIR, B Tk DA 24 100 kI/m’ .

454 W1123 AT FlA df 2o ) Fa vk g o
ATRFOE AT, TARME R #0 . XCBOREAE LU T AR 9]
R B N ) R st R s B A b, B bl I
R R RIS Sl B AR A, Sl R A A B T R I

LA, BUE R AL S5 R 5 5 o e 45 SR B — 3,
A B B W1123 A% i i 28 52 A /N RE a FR
RRERE, B rhli ek fm . rB—kz . Br
—AH—E T ER

7007 o prEr— (I 300 m)

600 | —o— BB ([F1F 650 m)
—o— [fr B = (IF12K 1 100 m)

SR 2~4 £ | f

500 +

400
300 -
200

HPERERE /(KT -m )

100 +
ol

—100

200 250 300 350 400 450 500

X/m

W12 THmwyEs#RERSEIH
Fig.12 Elastic energy density distribution of surrounding rock

in front of working face

3.2 Hlip MR IR A b XU
320 TARE ZRIE A HKIE LN 5T

W1123 A AT RAT) 0 598308 ) 2 B A R 52
B 1A AR B X S AR R T R AT S
W1123 TAET 2% 101 45 248, Hod (48
F T AE Dz f A 28 TAE 1 0] KSR IR 06 5,
105,20 55 11 GWEC4 . K 135 W1123
A T RTR B BE— i, MR K 52 mif KR
386 m WIIA] SR B oA A, P AR PRI B
HAE S AR A B i, HLEAG Y ) SR RRAE, R
A TS S AR T ) S AR g s A i T XU X
WSCBRE T (T AR iz F A0 R ) 240 T 7 500 ~
9 500 kN, 177 T-4F 1 [=] XU s ) 2 40 T 5 000 ~
6 500 kN), #1112 B Bz TAE T T 30 X 88 S 4K
FEAEARFRX A o 33X 5 WS B —F o B 4 R 4R
oL R
3.2.2  ROE WM B T

TR R R A 3 2 AR S 550 Sl RR ik
N —FRIE A, B FRRERZE | fE B
TR ks fes 6oy 8 e , T3 A TR S BE RN 25 ] 43
AT VAL T 1 wh o & B X 380RD G 6 R . 3k B
W1123 TAEE R Be—m g 1A~ H A0 i ik
53T, WE 14 Fis .

TR A T8 A3 A AT N, A5 BE R
R B AAE W1123 TAEM X B A A ) 2R 2
X i RS K BT 1 AMfE R T 10° T Y
ORI, K BN B T 4 MEER KT 1077

35



#HEHMFHAK

52 %

2024 4E5F 6 1]
JE71/KN
B 9 500
1B 8 500
m , 1H 7 500
= E A 15 6 500
&= 1B 5500
oo 1 4 500
D 2 e I8 3 500
= = 1 2 500
2| §.%), ™ 1500
=8 500
lk =8 —500
= 52

B 13 WI1123 T ' L4 E 4 oA
Fig.13  Support pressure distribution on W1123 working face

—

ﬂ % o8 ;e : " I I
50 100 150200 250300 350400450 500 550 600 650 700 750 800 850

O 0~10° ~ 10°~10* 10*~10° X 10°~10° * =10° fgH:J

MRS PR R
r T

(a) MBI

)
0o it 0
[T S
%o QOL).\,\‘)(XEQ
i o
e 2

[}

104~10° X1 105~10° % =10° fg&:J

O 0~10° 10>~10*
R
I T

(0) W B I
M4 HUEFE MR EM A

Fig.14 Spatial distribution of microseismic events
T, TR R XM LA A4 T 1R R
T 107 TR 0, O A KR it 18 2 4 A E
W123 AR R, e 14a fros.

MR R JZ AL AR (151 14b), DA
TFRMEIZ (B2 45 2 E—JFRMZE (B4-1 1) ZIa] Y
2 JZ W JEE T AR A R AT K RE SRR R A
W1123 TAEHEAE N 1 _EJ7 B3 )2 F1 B4-1 #E)Z
Z B JERE A RN A T 2 D RBER RS, £R
G WOR S AR, B A AR b T AR
A ety S S DX TR T ] U R e B
A—ERPEER .
36

4 HEMIERAREER R

4.1 PSRRI AR

WA L3RS T, BT | ] ) SRS X PN T
TE g = = =Y WA RUTE e =g =9 e o2 1087 2L LIPS | S
BE— R 1] T AR T B op e 1&] 15a s, vl A,
i S — SR B4 [T 1ot it 5 A 6 X B MREAE . T A T
TR ) ) T AR 235 A R R A7 TR S R R R A R X
iR Bl 280k R R B A A R R R AR . iR AR
W1123 T AR [BER A 7 v gl 8 43 A R AiE B 0, By
5 LSRR s R S R R B — . B Be—
(2] SR 300 100) SR B4 75 o it TG 736 2 o B — iy 3 v
HEAYER

FEXF DAL wpii s 2R, A W1123 T AR
B RRIE T B b RS R T4, AnTEl 15b s .
AR5 A it 358 1 DX B R AE U1 T4 it , 3 m T T
A T 0 DR | AR T s T2 T AR
FLAHCEE, ST TAE fiz s AR T2, K
T TGURR A B s B (bR B e b — PRI E AIA
S ) 1) i A TR T AR ), LA S B i — 25 55 1k TR 5
JEEERE | BEARIEAT AR 2 A kA v Fn sh 48 3
() B TR 2SR AL HERE S 10 m, B
A e b A B DO N M AL HE R N5 & S m. iR
PeALRE I FE W1123 T AR TH [R5 B B — F B Be = i
PEAT TARRRY
42 RALFEHERMEIR

FE XA H R RE A A S A R R Y A
S HAE 3 RE s, LSRR TAE T A H A6 2 BlUR 20
. W1123 TAE HiB sp & it U8 A 1S 19 = RE R U=
Fe RS P AR AN 1E AT WA 16 FIEL 17 iR XF
Eb AT, 7 e it £ T T R R H SRR R AL T
AT, B R RE R REURIZL, By s it Ak )5
B H Y RE R SR T M 54%, Hodp, ARkHEEUE
BEPLZE S, B B — L BRI e i o B B — 11
2 ~ 4 £ (1 12), (BOE A it St 5 B B — 4 B B —
H S RE AR T 28.87%; FE4R-31 2 AN AL it 2%
ATEHT, BB = H Y RE R U B — R T 76.29%

BBt BB = OR S R F  A B B —
(& 14) AR, BB = T AE 1A 0] RS [ 45 14 v 25
FESL OB M AT B 0 . (EB BE —RB B = 10° )
DA b 04 o s R A R AR R B R A I
T, B Be— KT 107 T REF A BOE Tl 68 A2
BB AR E 5. BB =R 2, oAk it S it i
J& TR BRI 89.7%, 43 % 8 A0 R FE REAIR; By
Be— 10" J fE A OR SR AFACR 742 B BE AR



PR s R TOUR I SR 2 X i A T vl b PR ML 5

2024 455 6 A

il x3~cd AR E R D)L

(a) T LA AT

Tk
gl~g6 H T A TR Al T 7L

TR x1~x2 D AR i s IO i TR A AL

T T KA

s1~s3 J9 A 1 8] RS THURRGAE 17 D7) T L
s4~s6 AT THI 1] XU THUR B B PRI AL

— Bl
— BB

s5~s8 9 AT I ] )RS TUAR il TR 1R A 9L

gl~g8 N T ZAR TR il B IR A AL
x1 N TAF IS S AR DAL,
x2~x5 Ny TA I a6 T A A P AR AL
it x6~x7 AEEFDITAL, x8~x9 J9 X BV TIAL
(b) fE A5

— LB

— R

H 15 WI1123 TrET & 3 & 17 6 15 06

Fig.15 Measures to prevent rock burst on W1123 working face

2.0 o
[ SPHRIRE R 0 BRI =10° ) AR S
5 It SI2 i T St
15t rBe— | IS
é e ° 107 -
ol I
%Lmiq ° il
Jm : 2
= W
= =
B ° =
D: ° 106
f ]
05+ : % .
{13 .
H o
H o
0 3 Jl J all, [ o n 105
01-01 04-01 07-01 10-01 01-01 04-01 07-01 10-01 01-01
2018 4 ) 2019 4

H# (A-H)
W16 HmH G RE SRR AN

Fig.16 Microseismic energy distribution before and after op-

timization of rock burs prevention measures

F 113, BrEc = AR A 140, D040 it St i f5 8 4
WK FERZ 65.19%, LI X BOIEAL | THH A /2 B 45
HAR B T A BN, [l fe it AR BE S ol 3 1 4%
PRI, el i FE B A 2 AR AT

5 4 i

1) WG 4E 7R T L4 T HEIE SR 4 ORISR T Al
FEAAERT W1123 TAE 4 R By B 8h 208 i
PP ML . JIHEIERZS X TAR I # sh a0 A i

MR R ANZ “TIAR” R X (BB —) A
SRBNEIY phily, 52 “TIRET R0 187 SEma Y X8R (B
BT e asm s A vy, A2 “T1 87 2y X
B (BB =) Ry ohit

2) WFFEASEN T W1123 TAETH 4 PR B B 3222
ik fE R X ek, X TR B— R B, X BT
PR A B # A T RS A 8 X, TAE
T 1] JRUE R A7 A — A TP M sh &k sl . xF
FHB =, TAEmE S R g fidr 2 b R AR,
AT ] XS AR 32 A B A P OR sha i sh
X, ST XML T XES . BEBIIFII
T Wi 25 5 5 FRE AT 45 REFEAR— B, KAIE T vhasHL
B TE AL

3) WA B A BT AN I A5 S T W23

37



2024 4F5 6 1]

#HEHMFHAK

552 %

JHET §

REKX

T T O T
300 350 400 450 5005 600 6500700 750 800 850= 900 950 100010501 100

O 0~10° ~ 10°~10* 10°~105 X1 105~10° * =106 fEE:]

IEAE

(a) B BL IR R3]

650 700 750 800 8507900 950 Iig’oé‘-’osm10011501200|i501300135014001450
O 0~10°  10°~10* 10°~10° X 105~10° * =10° e )
i HHEE AR , FReg
T

| (b) BB = R
W17 R EIEE N M EEN T aN

Fig.17 Microseismic plane distribution in each mining stage

after the implementation of optimization measures

T AT vl i B b O AR R D UEAT T TR
TE A S A T E ] AR YIS, B4 TR
J2 40 T R A e, AR ARG A T R A v iR 3h 3
Pesho BiiaHsit st )a, T8 i A B H 5 6E
AR 54%, 10° 7 BE40m 10° T BB M= FF 0
AR 89.7% F1 65.1%, KEEREFAFE RIS, ik
HOJE FE R BRI

S % 3 Hf(References):

(1] PRSP, RS7HT, FRAEE, 2025 4F A = B I 2% S 5 K Tl
(7). BB, 2019, 44(7): 1949-1960.
XIE Heping, WU Lixin, ZHENG Dezhi. Prediction on the energy
consumption and coal demand of China in, 2025[J]. Journal of
China Coal Society, 2019, 44(7): 1949-1960.

[2] ks, Mgon, Bk, 55 FRIEHED i T By i DR -5
(7], #EmeeaR, 2022, 47(1): 152-171.
DOU Linming, TIAN Xinyuan, CAO Anye, et al. Present situ-
ation and problems of coal mine rock burst prevention and control
in China[J]. Journal of China Coal Society, 2022, 47( 1) :
152—-171.

(3] FFOMn, 25—, i, 55, ER rhili b K R 70 4F: B

38

[5]

[10]

[11]

[12]

[13]

HHAKRR SR
1-40.
QI Qingxin, LI Yizhe, ZHAO Shankun, ef al. Seventy years devel-

(], M Bl AR, 2019, 47(9) -

opment of coal mine rockburst in China: establishment and consid-
eration of theory and technology system[J]. Coal Science and
Technology, 2019, 47(9): 1-40.
T2k, Wi, RO, 45, MR B ST M2 vl b AT LB R
T PUERTIE (V] BEBAHOR, 2021, 49(6): 13-22.
HE Xueqiu, CHEN Jiangiang, SONG Dazhao, et al. Study on
mechanism of rock burst and early warning of typical steeply in-
clined coal seams[J]. Coal Science and Technology, 2021, 49(6):
13-22.
HE X Q, ZHOU C, SONG D Z, et al. Mechanism and monitoring
and early warning technology for rockburst in coal mines [J]. Inter-
national Journal of Minerals, Metallurgy and Materials, 2021,
28(7): 1097-1111.
FEOBN, AR, AN, AR I i ISR B A B S EOR
HH (7], MERAER, 2023, 48(5): 1861-1874.
QI Qingxin, MA Shizhi, SUN Xikui, ef al. Theory and technical
framework of coal mine rock burst origin prevention[J]. Journal of
China Coal Society, 2023, 48(5): 1861—1874.
WEARL, 55 DO, W AR EE, 4F. FREMED il o AR S B EoR 7
HE L], BERBFERA, 2011, 39(1): 11-5, 36.
LAN Hang, QI Qingxin, Pan Junfeng, ef al. Analysis on features as
well as prevention and control technology of mine strata pressure
bumping in China[J]. Coal Science and Technology, 2011, 39(1):
11-5, 36.
IR, X 36, Fotm, A5 TR TS SR 78 i A K
Fr2e., BB V], B, 2022, 47(2): 807-816.
ZHU Sitao, LIU Jinhai, JIANG Fuxing, ef al. Classification, pre-
diction, prevention and control of roof movement-type mine earth-
quakes and induced disasters in China's coal mines[J] Journal of
China Coal Society, 2022, 47(2): 807-816
R, _ERIERCR M Z AR M 454 vhili B g (1] Bt
AR, 2021, 49(12): 58-66.
LI Kang. Study on disaster caused by unbalanced spatial structure
impact of overlying residual coal seam[J]. Coal Science and Tech-
nology, 2021, 49(12): 58—66.
FAEE, TR, 220, 5 RO RS DR 2 vl
B ], A L TR, 2017, 39(9): 1689-1696.
JIANG Fuxing, WANG Yuxiao, LI Ming, et al. Mechanism of
rockburst occurring in protected coal seam induced by coal pillar
of protective coal seam[J]. Chinese Journal of Geotechnical En-
gineering, 2017, 39(9): 1689-1696.
MU H W, WANG A H, SONG D Z, et al. Failure mechanism of
gob-side roadway under overlying coal pillar multiseam
mining[J]. Shock and Vibration, 2021, (1): 4403456.
MU H W, SONG D Z, HE X Q, et al. Regional local integrated
rockburst monitoring and early warning for multi-seam
mining [J]. Journal of Geophysics and Engineering, 2021, 18(5):
725-739.
JIA C,LAI X P, CUIF, et al. Mechanism of rock burst and its dy-

namic control measures in extra-thick coal seam mining from be-


https://doi.org/10.3969/j.issn.0253-2336.2021.12.mtkxjs202112007
https://doi.org/10.3969/j.issn.0253-2336.2021.12.mtkxjs202112007
https://doi.org/10.3969/j.issn.0253-2336.2021.12.mtkxjs202112007
https://doi.org/10.3969/j.issn.0253-2336.2021.12.mtkxjs202112007
https://doi.org/10.3969/j.issn.0253-2336.2021.12.mtkxjs202112007
https://doi.org/10.11779/CJGE201709017
https://doi.org/10.11779/CJGE201709017
https://doi.org/10.11779/CJGE201709017
https://doi.org/10.11779/CJGE201709017
https://doi.org/10.1093/jge/gxab048

PR s R TOUR I SR 2 X i A T vl b PR ML 5

2024 455 6 A

[14]

[15]

[16]

[17]

[18]

[19]

low the residual coal seam to below the gob[J]. Lithosphere,
2022, (Special 11): 8179501.

PR, ARG, £, 5 RS R RAR TS & TR il
PLEIFSE (V). Rl 5 2 TRESAIE, 2017, 34(6): 1134-1140.
QU Xiaokun, JIANG Fuxing, WANG Huitao, et al. Research on
mechanism of rock burst induced by coal pillar failure in mine
goaf[J]. Journal of Mining and Safety Engineering, 2017, 34(6):
1134-1140.

ZHAO T B, GUO W Y, TAN Y L, et al. Case studies of rock
bursts under complicated geological conditions during multi-seam
mining at a depth of 800 m[J]. Rock Mechanics and Rock Engin-
eering, 2018, 51(5): 1539-1564

BB, AR, R . BRI TAE T R AT R AR
B BERE S R AE L% Bl iR SR [, B RL 2 R, 2022,
50(S1):36-41.

GE Haijun, FENG Zhizhong, LI Caiyun. Strong ground pressure
characteristics and prevention technology when shallow buried is-
land working face goes down through overlying residual coal pil-
lar[J]. Coal Science and Technology, 2022, 50(S1): 36—41.
BN, Juk A, W, S BRI RE R P 2R3 XN N 1355
Br RS BB SE [T]. BEBRLEAEAR, 2019, 47(1): 179-186.
HUO Bingjie, FAN Zhanglei, XIE Wei, ef al. Stress field analys-
is and study on dynamic pressure mechanism under goaf of shal-
low depth and closed distance room and pillar mining[J] Coal Sci-
ence and Technology, 2019, 47(1): 179-186.

ko 7. RE T AR OO HE X il A & AR 152 m 431 (7.
BAAPFEHAR, 2015, 43(12): 32-35

ZHANG Huijun. Analysis on roof strata weighting of longwall
coal mining face affected to pressure bump occurred[J]. Coal
Science and Technology, 2015, 43(12): 32-35.

BT, A, XISCR. B s X BRI R 4R 25 46 18 32 4R Ak
Lenbils RASHUHIAT (1], 5241, 2020, 45(5): 1595-1606
ZHAO Yixin, ZHOU Jinlong, LIU Wengang. Characteristics of

ground pressure and mechanism of coal burst in the gob side road-

[20]

[21]

[22]

[23]

[24]

way at Xinjie deep mining area[J]. Journal of China Coal Society,
2020, 45(5): 1595-1606.

ZERR, f[2ERK, SEMRA . SRR A BT K bl MU ORI VA T
HE SR, PSR, 2018, 47(1): 162171

LI Zhenlei, HE Xueqiu, DOU Linming. Control measures and
practice for rock burst induced by overburden fracture in top-coal
caving mining[J]. Journal of China University of Mining and
Technology, 2018, 47(1): 162—171.

R EE, XA, R, A5 TRERARTE vty e Sl 3 IR B
REESHAR ], BIR2E4, 2020, 45(5): 1607-1613

PAN Junfeng, LIU Shaohong, GAO Jiaming, et al. Theory and
technology for the prevention and control of dynamic and static
load source separation of deep tunnel impact [J] Journal of China
Coal Society, 2020, 45(5): 1607-1613

K, W9 SOR, BRADR, 55, AT TR 38 B A2 2R T AR T
i R R A LEE (D). SR e 4 TR AR, 2021, 38(6):
1144-1151.

DU Taotao, JU Wenjun, CHEN lJiangiang, et al. Mechanism of
rock burst in fully mechanized caving faces under residual coal
seams with hard roof[J]. Journal of Mining and Safety Engineer-
ing, 2021, 38(6): 1144-1151.

SRS, AL, B2l S B w0 R S AR s R R
B (0], HEe4R, 2015, 40(7): 1469-1476

DOU Linming, HE Jiang, CAO Anye, et al. Rock burst preven-
tion methods based on theory of dynamic and static combined
load induced in coal mine[J]. Journal of China Coal Society,
2015, 40(7): 1469-1476.

WWAE, Bbs, BOL . SE T RER AR S R B A R S
RARBIRAEN [J]. 550 D124 5 TR A4, 2005(17) : 3003—
3010.

XIE Heping, JU Yang, LI Liyun. Criteria for strength and struc-
tural failure of rocks based on energy dissipation and energy re-
lease principles[J]. Chinese Journal of Rock Mechanics and En-
gineering, 2005(17): 3003-3010.

39


https://doi.org/10.1007/s00603-018-1411-7
https://doi.org/10.1007/s00603-018-1411-7
https://doi.org/10.1007/s00603-018-1411-7
https://doi.org/10.3321/j.issn:1000-6915.2005.17.001
https://doi.org/10.3321/j.issn:1000-6915.2005.17.001
https://doi.org/10.3321/j.issn:1000-6915.2005.17.001
https://doi.org/10.3321/j.issn:1000-6915.2005.17.001

	0 引　　言
	1 工程背景
	2 冲击地压机制
	2.1 工作面多源静载分布
	2.2 围岩动载分布特征
	2.3 冲击地压机制及危险区域分布

	3 冲击地压机制验证
	3.1 数值模拟揭示的冲击危险区
	3.1.1 模型建立
	3.1.2 围岩静载分布规律
	3.1.3 围岩弹性能分布规律

	3.2 现场监测揭示的冲击地压风险
	3.2.1 工作面支架压力数据监测分析
	3.2.2 微震监测数据分析


	4 冲击地压防治措施及效果
	4.1 防冲措施优化方案
	4.2 优化措施防冲效果

	5 结　　论
	参考文献

