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Strong mine pressure appearing mechanism and control at deep buried working

face with large mining height
LEI Zhaoyuan'?, ZHAO Maoping’, LI Tuanjie*, LI Feng?, LI Lei*
(1.Shaanxi Energy Industry Green and Low Carbon Development Soft Science Research Base, Yanan University, Yanan 716000, China;
2. Yanan Energy and Chemical Group Co., Ltd., Yanan 717300, China; 3. Shanxi Coking Coal Electricity Coal Gasification Co., Ltd., Taiyuan, 030024,
China; 4. Shaanxi Huangling Mining Group Co., Ltd., Yanan 727307, China)

Abstract: During the mining of the adjacent working face, the strong mine pressure caused by the hard thick roof has obvious zoning char-
acteristics due to the mining of the previous deeply buried large mining height working face. The mechanism of the strong mine pressure at
the adjacent working face is the basis for realizing safe and efficient mining. This paper takes the deeply buried large mining height work-
ing face at Huangling No.2 Mine as the background, and adopts the methods of geological investigation, theoretical analysis and numeric-
al calculation to analyze the characteristics of the strong mine pressure, the breaking characteristics of the hard thick roof, and the evolu-
tion relationship between energy and stress, so as to reveal the occurrence mechanism of strong mine pressure at the adjacent working face
of the deep-buried large mining height, and specifies the prevention and control direction of the strong mine pressure. The results show that

the number and energy of microseismic events generated by the hard thick roof accounted for 52.12% and 69.4% of the total number of
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events and total energy, respectively. Zoning display feature was formed in which the value of the energy release on the proximal side was
large, and the interior of the roof plate on the solid side was basically intact along the tendency of the working face. The hard thick roof
plate constraint boundary conditions of “two solid support, one simple and one free” breaks at the working face tends to be about 108m
from the coal pillar of the adjacent section of the breakage. The energy and stress of the hard thick roof under the mining disturbance of
21422 working face form a reduced distribution characteristics from the airside to the solid side. The zonality of the stress and energy dis-
tribution is consistently related to the asymmetric breaking of the roof, as derived from the concentration difference coefficient. The hard
thick roof has a high degree of release in the 110m range on the air side, and is in a energy storage stage in the range of about 70m from the
coal pillar on the boundary of the solid side. According to the results, the strategy of weakening the stress concentration of the roof plate on

the airside and blocking the transmission of stress on the solid side has been formed, which provides a reference basis for the effective pre-

vention and control of the strong mine pressure in the deeply buried large mining height working face.

Key words: deep-buried large mining height; adjacent working face; hard thick roof; strong mine pressure
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Table 1 Manufacturing parameters of 24 122 working face

M /m MR/ EMKEmM K EmM RERAREMPa EEEE/M REm  BEWHE WUCREEE/m
580 ~ 636 0~5 2626 300 48.8 52~6.8 6 oasi 35~40

x2 KERENFSH

Table 2 Mechanical parameters of surrounding rock

A EPERR/GPa FLBRERI%  BUKE/%  PURIRES/MPa  URISREE/MPa  PEEREfA/()  BEESI/MPa  IEAAEL g - om”)

bk 2.64 8.69 1.25 24.94 1.13 35.15 2.93 0.24 233
258 2.21 6.82 3.55 254 0.81 36.22 4.38 0.19 1.305
Eiilra 10.66 8.72 0.95 53.52 245 38.17 2.28 0.19 2.58
Wb 11.33 7.55 0.96 62.15 4.02 40.92 7.68 0.13 2.57

15



2025 4F5 5 11

# £ M FH K 553 %

G)IFA A, 2245 m B W A L 3539 m i A .
43.67 m HLED AL 4327 m P45 . 190.74 m PRI D 7
() B W S5 2 ) 29 Ok 37.58. 31.63. 31.21, 2891,
90.68 m, i i HI= (1) 15 H, 22.45 m By b A Al
190.74 m ORI A Ry TARTE DCHE 2 . AR AT TH A
AR R “ = 47 (5 VA = B2 32.88 m,
oKL A 129.4 m), AT 22.45 m By iba 52 il
TAETHSRE 530 1 45 2
1.2 T/EmEH ER IS
121 ITAE@E BB HRE SR

21422 T AR HFTE L2 IR 2 850 m, Y T.1f
650 1f1) S PR [] () 50 1 S AR AE . 4B 21422 T AR
I 850 m(GARN 7870k 3h) Jo — 1> HAR A B A KA1
UGS, W 3 PR, RiFAAEMEESRIF 1337 K,
BB 1.7x10° 3, FHIAERR 1.3%10° 7, f K hE i
Jg7.17%10% T,

W3 ez TR T AL, B0 A A Ly )
S TR B2 170 m BRI RS . 85 yz 18
5 AT, TR S EOK T E 10 E 2 TE 600 m
JEREZE AT s FFEDATF R AL B R B, SRes XN B i 4
b A R S L THUAR N . I xy B WA, TEEZ
IR i () 35 2R R B AR v A 21422 T AR IR %3
] — e i

21422 T AR B A E TR . 21 ~ 50 m, 50 ~
100 m. 100 ~ 170 m 4 &b 2340 3 7 U= i F 444k, 2

e i J5E TR

B3 21422 TAETE MR 2 HFAE
Fig.3 Microseismic distribution characteristics of

21422 working face

. fEft A HE L 3.

12 3 AT, B 7= A A Bl R A1) I it o (L B
HZ I T ik N, I TR AR AR K A B
o BRAEE TS B B A T 695 AU S 4k
G5 B 52.129%), BOlchE R 1.18x10° J(5 LAk
Y 69.4%), FEGE TR o AR Hh B A JELTUAR R A
BT 1.0x10* J B F I 29 ¥k, Hidh KT 5.0%
10* T BIBERE S 9 YR, 4 Ak 20 B 5 SO 1 43 A 4
HEANIE 4 R .

R3 BERAMEEHSHIEREHE

Table 3 Distribution index characteristics of microseismic events in each layer

TARH A2 07 KRG (E/ VAl RehE b 1/% FEUA FHELS /%
A JELTHUAR 71724.16 1.18x10° 69.4 695 52.15

21 ~ 50 m#)2 27391.73 9.75x10" 5.73 175 13.11

50 ~ 100 m#)2 11039.71 4.49x10* 2.64 46 3.45

100 ~ 170 m% )2 1281.61 3.03x10° 0.18 9 0.67

IR R JEE TR ™ A= ) e S AT T T ) S 4
1 2 07K S B 25 2 B 294 460, 310 m 4343 4
K da fTm, W TAEE MK FIEE 25 180 m, KT
1.0x10* J sz S 145 2% AR A 21422 T4 i U A JE 15
M I

21~ 50m B A A M ME S EEE D EF
21422 T AR L, 2E a5 ma i ] = 248 vh 7E iR AR
B T2 180 m, fiE i E A 7E 1.0x10° ~ 1.0x10% J,
WA 4b FIf7s . 50 ~ 100 m 78 5 77 A B UZ F k-5
21422 T A 1 b 364 A, fE i (H 4 P AE 1.0x10° ~

16

1.0x10° J; 12 MR R0 2= T — TAEm, WA 4c
Jii7R o 100 ~ 170 m B 55 77 A 1 T80 =5 1 38 9 1k,
IFREIT 21422 TAEESEARM, 6 WRUE S5 m 2 T
— TAF I 5 iz ) AR T 14 B TR T L ) 2
163 m, KF 1.00x10° J A RGE S 1H 50 11k, anlE 4d
BN

TR A A A WIS e T AR TSR R i B AE
AT R T B, E I AT A0 Y e P T Tl R S R ) T4
TS IR B2 2, AR KeE = 15
RAAE T A HH ] A 2s —



RS TREEICR R AR AR IR ™ I A AR LB Y

2025 455 5 1A

— LToo
0 10> 10° 10* RAHETIHR
PN

Ae /)
(a) Ut JEE THUR IR R 43 AT AR AIE

7
P ééﬁ\“ﬁ‘a

[ -] cTo
0 10> 10° 10* "RAHJE TR
RE=/T

(b) TAET _E3#521~50 m78 45 WU /> AR ik

%

,ﬁ%i}‘ﬁ’ﬁ&@\ﬁ

[ — Lo

0 10® 10° 10* "RAEJETIR
RE=/T

(c) TAF I L #B50~100 m7 & W /0 ARk

©
‘y% % /;Jé’ﬁ: M)“ﬁ

— LT
0 10> 10° 10* "RAFJETIHR
PAN=N

Aexm/)

(d) TAET _E#5100~150 m78 & W02 3 A FFAE

B4 VTHATE B MR E AR

Fig.4 Microseismic events distribution characteristics at four overlying strata

122 IAE®@3%A &2 IR

X 21421 R TAE TR G SOWM, TAF
T S BN DI TR &, A WOk R AP BEAE 18 ~
22m, LR SRR YEFEAE 35 MPa /ety . Bl
21422 FOR & TAE MR 8h, R AH L TTAR T T AF 1fi
A Gy IV TRER G 5 TAE st ) 30T I 2 ) 5
SRS R FEBLGLRAAE, WE S fis .

TAE T I 28 A T8 AR VR T 50 U %
W& 5a irzs . 115 5 323 S A X B A B 5)
W BUREES KTE F R S SR R LG, Hoh B TR
29 2 m, FREA A B ANE 5o iR ; B 5 00k
S R AT, S8 115 5 Z 58 Mhr S
T, $F—255 | & TAE G2 0 X AR 7%, iniEl Sc
JIE 75 e DX PR P A ORR A 5 i S B (KR,
HFBESIKTF 40 MPa, TAETH 40 5 AN X B
SRR 1 A JEE T P R AR S, BN R R (K 5d),
FEAE B K T 30 m([&] Se), LA T4k TH A fifi

FREEFER AR 2 RIS v, F BB AR A 1
TEARIE AR b, 5 BOEIH RS AT BB % 0T
Z R BUIRAS, WniE 5F PR

O P e A T A A 7™, A T A T 2 0 A
SR DAL 42 TR By i 8 Al TR ) 5 AR5 7%
HPAARCR A

21422 TAETH
1155

170 150 130 110 90 70 50
SO T 1

B5 21422 THEE %Y E LI
Fig.5 Strong ground pressure visualize feature at the
21422 working face

17



2025 4F5 5 11

# £ M FH K 553 %

2 XA R TOIARAR T AR R 5% 1

FRAE “Bly 1b 2 TR R WG KT F < R4 23 38 b = 1 i
ERFCAI S K HLEINT 0.4 ~ 0.5, RS e B2
KF 2~ 2.5 HHJREE" Bl AN 6" 21422
AR TR A R TR e T = R LR T 0.4 ~ 0.5 [
FRYE IR i S5 R T 2 B R S5 R i A
(R (3)) P41, D0 e e JE2 T Al B 7 7 A4 114y “ R 42 454
JFE ISV, O R A K — T BB, TE R H H
UL

2q2

M+(1-K,) > hi>h- . (4)

R MR R, my K, b BT S VK S H R ik
2B B 0; b, RAEE R, mo [ oA SEEEZ R SRR,
m; g K ORHE)ZE ML FA#AT, MPa; o, S JCHE 2 i T
HYPUERE, MPa.

EFE XS 35 m MR E R T R B, fEW
TAEMSE S IR “Bl” #far fEH, 224 R e
()07 B e K, LA I 7B R TR S TR i s 2, &
TERERE R & AR i 42T AT R F A B i 2 b
B R A DX TRRIBE 3l BT o5 Y 9 3 o Fh Il 6, B —
W 21422 T AT B A JE TWOAR HE R T AR 29 5130 5k
P R S — A 7 R %I TOAR e A
T Rt FR AT R3-SR AR AR, Anl&] 6 TR .

4 PRI AR M A SRR L Lo T

INE %) PN 13 BRI 235 A6 B Ve 235 A 7 5 5 28 ms T BT X6

B o
. | o e
B
-
~
4 3 2 Fo
-
-
-
-
L~
Fo X1 ; X5 P
C i a 'D
(a) P 320 [¥] S — 120 ] SR T 2544
B - A
: ) — g
b, /JD
b L~
z m 3 -
- _— L~
L
! T ‘ o Sl
C i a D

(b) W S R SAR A I BRI DR 3 5
E: a. BB SNAIA: 1. 2. 3. 4 HTARBHL
by, by ABHHA
B 6 THAR 4 A 20 1 40 4 BB T 5 A

Fig.6  Plastic hinge line and fracture structure of top plate
B AR T35y, R Maple #EATK . 3 4 IR G
JEN PR B (4) HEAT IR, MR B — Tk
PSR AT O, AT TR 25 H ( TLART R i RS
W3 5,

hz

MPZZO'[ (5)

Kb M, WE EWIRE S h a2 R, my o bt
}jgig, MPa,

x4 HEBITAEETRAR PR A 5

Table 4 Limit bearing conditions of top plate at the adjacent working face

A B W13 S35 e BRR 3R S A
W = My 2a=m, 2
il = Pba—b6P b W X Zhdle_z(s
. —_ —_ ebl = y —
S Woo = My o Ty 2 ;Wl—zzW;b
fiiZ—ih @ WB:MP5(£+£2) Wep, = f [*+— de*d Mp(Za x1+ab” —2ax1”+b XI)—lqab:O
X2 b X mb X2 —m bx1xp 3
v Wep, = jo a7, Im=
Wiy = Mpé(; + ;)
3 ETtRgeE5 N HEN KR

RS5 21422 TEETRBRETFHETESER
Table 5 Calculation results of top plate breaking

characteristics
T HLAGE B2 I 22 i e A B
bpi/m x,/m
21422 18.39 108.41
O o] R T RS TR My 21422 TAF I £ ) F

o7 A i S (1l
18

25 X BEBERE) 29 108 m Ab,

3.1 ZHHEHTNE

DL B — 40 IR e AR A 454 . JF R AT =)
R s, AR B 2 B 7 R R A = 4
FLAC™ BB TR, RS 845 mx800 mx295 m,
PEAIBE L 2 TAE M 38 275 m A 2 T . it
21421 F1 21422 WA~ TAETE, 25 TAF 1H BOE m < B2
650 m. FEfE 300 m, X BT 35 m, i1 FHUEFE 100 m.



RS TREEICR R AR AR IR ™ I A AR LB Y

2025 455 5 1A

ST 21421 TARRIFZ R, 21422 TAREHER
Bl WA R THURR FA) 1 ) K g HE v A

St
e
bt
R

B 7 FLAC® iHH#A
Fig.7 FLAC® calculation model

R 2 MBRLA RHEATHIS, RO Tk T
FSR AR RUETH A A TARE, W 8 PR

70

—m— RS

001 @ MR SR,
< SO —m— HFEFLAC 5 5 Hi s
% 20 —@— JEFEFLACYFR & KR
2
4?2 30
&
20
10 1

0 0.001 0.002 0.003 0.004 0.005 0.006
iR

B8 HEMMNSHATE

Fig.8 Numerical simulation parameter calibration

R Al X ™ I b 8 g 0 25 SR, TE R 2
TAR A bt A R A R A E ), &
7.5 MPa, HARJ7 % i B8 e o BRI 4240 1
710 m, 23142 650 m,

3.2 TRAREEERLAFE

21422 TAETH JT R & 450 m(Gs 3 784> % 3h) B
AR 9 FraR . 21422 TAE IR R r=4:
P BE 2 BEAE AR RS N ) 2 )2 4,
LI 25 0 i 15 %% A R T S AR, G v i k2 o 42
FREREZE B 80 m B AIG ZS M P, 4n &l 9a TR o
FIE o 2 (T E AR T 0 22 A0 v S AAR M ) R AER 534
FFAE TAE T 250 ~ 300 m {3 ¥ 1 i 1 %% B 24 R 5.0%

/]

47 0x10°
00 0x10°
00 0x10°
00 0x10°
00 0x10°
00 0x10°
00 0x10°
00 0x10°
00 0x10°
00 0x10°
00 0x10°
00 0x10°
00 0x10°
00 0x10°
00 0x10°
00 0x10°

00 0x10°
00 0x10°
00 0x10*
16 3x10?

an
83y

(=
(=]
(=]
X
—_
(=]
™

NN—— NN WWEA RNV I100000O\O\O
WOOUNOUNOUNOUNOUNONDNDND WO

S5m 50 m 150 m

] URREE TR
(a) I RE R AR E

250m 295 m

551
50+
45 I
s 40 I TAEH L E v
- 35k .1 [
I X JRAE
S 3obm ! I g
s 30 % . 3;1’-3 % |
Jes 50k -
#20F !
gg sk ; 70m
i 110m | i PRI
1(5) %f&:ﬁrﬁﬁ'ﬁﬁﬁﬁl,ﬁﬁﬁﬁﬁ* i ',_/H
f@ﬂ??%@?ccc{qm@@@@@@%ﬁ%}iﬁé’%ﬁ:&%&%ﬁ

0 50 100 150 200 250 300 350 400 450
W47 B /m
- IR TG 40 mEE O 60 mEE
-O- SOmEH  —O- 100 mE A Sk 120 mE
(b) TR il 725 4 A RFAE

Bo 21422 TAEE R T & %K 244
Fig.9 Energy distribution characteristics at 21422 working face
10* Jm®, Pt FRE -

RS JEE TR R et 4 AR W] R T AR B =,
WNIE 9b Fion o RERE AN 22— RERE L, et VL
£ 3.63x10° ~ 0.74x10° J/m’ Z ] . 21422 T.4E i FF
SRAS AT B LR R AR 20 A A RE B4R v, Anl&] 10
7R o WRAE JELTHURR AR TRz 5 SN 11 B AN [
JERREREEE T M, REI B (29 7.5%10% J/m’, JF

Rei/]

PR A1

4.750 0x10°
4.250 0x10°
3.750 0x10°
3.250 0x10°
2.750 0x10°
I 2.250 0x10°
1.750 0x10°
1.250 0x10°
I 7.500 0x10*

2.500 0x10*

B 10 TR ik & oA 8 AL AR 4E
Fig.10 Energy distribution evolution characteristics of roof

19



2025 4F5 5 11

# £ M FH K 553 %

A ESS RN YN
3.3 TRAREL SRS

PR G A R A5 5 0 7 2 3 B4 A 1 e
B R . ZIFRA g, 21422 TAERFFRA
[ 57 5 19 7 3 0 AT A7 A6 B A 25 5, R R B JEE T A 4y
LA THEAURZS (B JITE 20 ~ 63 MPa), H. il 23 il
Ti1) S A R AR ) 2 A AR, e rPr il 23 ) 80 m 3 LAY
N JI1E 45 ~ 63 MPa.

N F3/MPa
w 1.049 8x10°
0
I —1.000 0x107
:
!
!
1
1

—2.000 0x107
—3.000 0x107
—4.000 0x107
—5.000 0x107
I —6.000 0x107

™ ~7.000 0x107
N — : ~8.000 0x107

e -9.000 0x107
20m 95m 155m 220m 280 m I —1.000 0x10%

-1.100 0x108
O IR TR -1.131 6x10¢

B 11 21422 TR B 5 H B AR AR AE
Fig.11 Vertical stress evolution characteristic of surrounding

rock at 21422 working face

TAET 120 m {85 F B A T 50 ) BEE R ALY
T o BEAR, P42 B (& 12), T EE
80 m N A N 1 40 A B A AR 100 ~ 120 m %
I 37 A TR ) S22 B o — R IR ) o A A
e g JEL T AR 114 46 8 107 7 (A8 b e R, 22 e 4500 A
fiE; 100 m Ab YR BN ) 52 22 IR A3 A RRAE

ER(FIAEhA= IR

="

=5

Il 2 ) S

N 71/MPa
wn
(=)
=

W &

[e) ()
o
¥, RN

Y !
A T OO T
S
10 1 1 1 1 1 L 1 1
0 50 100 150 200 250 300 350 400 450
WE A E /m
IRFEE RN y=145.74x %3 100 mB% y=—0.0002x>+0.039x+
LR R=0.935 LR 19.53 R>=0.946
- IRAF TR 40 mBE O 60 mEA
()- S0mES  -O- 100 mES S 120 mBE A

=

B 12 21422 T K30 T8 % % H M ) 3 GARAE
Fig.12 Vertical stress evolution characteristics of overburden

under mining

20

WA AR T 22 [ DX B A 00 AR I ) 4 v e R,
FIWEAE 25 70 MPa; 21422 T4 18 #4 /i A0 N /1 46 Fh R
B SRRl N T R R U A T I 2 0] 28 S A
REAR, Wni&l 13 iR

TAETHHERAL E/MPa

1
A P e
i*%‘ AR T

0 100 200 300 400 500 600 700 800
WA TR oz 7 /m

W13 TR EE N A 9% %

Fig.13  Vertical stress distribution projection of roof

4 ZREETHRKIBIIES T

R JE TGUAR A o TAE T e B B 455 )2,
% 21422 TAETHFFRARG Ry, U A JEE TR P 0 [
YN H B A F RSS2 s
1 B R A Ay E I 2 00 ) S A A 3 5 0 553 1 A
AR PRI 0 3 BN 5 68 o A i T AR T
W EAFRINE . Yo 21422 TAF 4 ot i v 1R A 5
TRV T A 0 1) 1o F AR AFAE A& 14 B o

21422 T AR I b R 3l ik A8 ) A8 £k 17 g W1 FR
X B AL L Z M 25 M2 20 m Ak, PREERS 00
A (BEAE R 050> 0O )0 11T 5 AR
B (a,), BT AT T {5 i) 5% 5 T A0 457 8 74 4 Hp g g
(REHHE) SN (BEE) FHMEMILERE. Moo=
1 B, AR TRAR N ) (e ) REACRERE 55 Y o<1 A,
WA JRETRUAR N 7 (RE ) BERCRRFEAIR . BRI 2 )
X B MRERE 2 110 m {37 B4 1 7743 A W 0 (1 2
110 m 35 ] 79 22 1 3 S8 P ), B S5 1A A s S AR AT 24
70 m MK T o, fH, 2 FERRE . doLnr . A
JELTOUMR 7 PR HE KR S A48 TAERIR 21 F, W TAE
05 1) 22 B0 XY ARSI o JHG v R e R TR 7 1 2 )
110 m {85 A RS ORR E =i, 50 S BRI 215 o S
W30 FHEAEZ) 70 m s AL T & RRIRE, S E AR
i

W FIR AT AT BB T 21422 TARTH E
Tia] 14) T TS 7R 43 A3 I 22 00 ] SEEAARAR 53-A A
DX (I 7 4 H 3 B (AR IR AR, Aan &l 15 o



i RIRAE . DRICR AR AR A TS s i AR LTS

2025 455 5 1A

) Q1 S \

R LR 2142211’43@% :
(a) HIHRARZS O 1) SR 73 73 ARSIk

(
; \

S TIAX

0, L 110m \

T — RO
(b) FFURES ST AR S S 43 AR FRFAE

03, max j

R R | [

TR 21422 TAEM
(c) JF R Ja SRR /153 A3 Ak

A 14 ITAE®E I RITAE F LAE  EAHFAE

Fig.14 Evolution characteristics of abutment pressure

during mining

I X 21421 TAETH R 2 XAE X, 1T Xk 21421
e zs X5 X BCBERE I s X, X X B 21422
TAEM IS MR S G X, IV IX Ry 21422 T A4F i 52
AR 30 X, VX Ky 21422 T AR SEARM (BT
— TAETH) PR IX . SR N ) W AR it ) i
Oy XA BT AR R R A R SR R[], IR
JEETOURR AE 21422 FHAR TAE T 95 00 4 X6 FrR i Ir B4,
TR T W23 -5 S i X RNV IX (B IX ., SFR
X))o PR AR AR T AR Wi e “or X7 il A
F-Bt, TR “BRARING 2 57y B v A 32, JSHL DT S 4 )
N IR (B R, IR B TR AR

B S P TS PR e ST

A

R

AN

Y

N

1423 TAE

[ B A 3 AT Y EAEINVAL i
B 15 21422 TAEH TR E B K A A R AE
Fig.15 Vertical stress distribution characteristics of top plate
WA 21422 T AR BUA 2540 S g 224k, Hoilm
230 SR AR TE 53531 >Re 7K ) 6 28 5 R R

BB, SEBLSRA R AR, [ 21423 AR
SRAT TR R AEAT T RAFIER . B SR W 7 X
B i B AR SE TN 1 1 A VR THUAR 1) BT, AR T 21422
A T A PR TR 4 300 B 2 s RO A S A
TERALE-H 04, R BURRE A, ARl i
e JEETOURR T A THT A A P, 3RS T 5 AR T SR

5 & &

1) MR JEE TUR A Ay 52 0 T A T s S B ) S U8
Fo BT SR RN EHE R T, 21422
FRSR TAE I TAR R A& IR T TARH 62
A A ) B0 S AR A B TO P i 0 1 2 B
B, G Es 110 m i [ R S A4 v oA, O
PR T KT 1.0x10° T iR S

2) WIHA 1 21422 A T A JRE TR Ry P 3 [
T —ihfa T —ih A7 B RS, it
A4S T R A JE TR A R AR AR 1, B E T TAE
T T [0 £ A BT 57 5 E T TR 25 0 29 108.41 m
Ak RIS 21422 TARTHFFRALEN T HRe & 5 0 i
AR TR 1] p 11 22 0 1) S AR RV A o H v R
JEETGURR AE I 25 00 110 m ¥ Rl A R OB JE R 5 B SE4A
321 FERRERELS 70 m S AL T ERRIRE, I mE T
— LA

3) S FF R AT RS, 21422 FHAR T4 17 U A JEE 15
Wit B F A AT 5 U A i e i A X AR
T, -2 B TS AN 7 43T FR I 22 A0 ] S )
Ay DX, ORISR TAETRS RAPLEE, OB ‘W
R 2 O g B R 2, BELIT S A 7 ) A3 R B
i SELH, TR 4 ) R e TR TR 375 2 s 1 LAY

22 3 #ik(References):

] gESeE, A0 1 5 TR M), st Bl i, 2002.

(2] &9, VFZM. BRI RS 422 8) ). s, 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.

[3] JUIJF, XU T L. Structural characteristics of key strata and strata
behaviour of a fully mechanized longwall face with 7.0m height
chocks[J]. International Journal of Rock Mechanics and Mining
Sciences, 2013, 58: 46—54.

(4] FEE JAME, )4, 5. BRI T <BIKZ TAE AR R )5
I B 3 AR AE AT (0], SR 5 8 R A TR 24, 2021, 3(4):
63-71.

WANG Pu, ZHOU Haiyong, WAN Guangxu, et al. Stress charac-
teristics of different mining directions adjacented fault under hard
thick roof[J]. Journal of Mining and Strata Control Engineering,
2021,3(4): 63-71.
(5] DBBE G R LR AR bz 85 2 Bl AP
21


https://doi.org/10.1016/j.ijrmms.2012.09.006
https://doi.org/10.1016/j.ijrmms.2012.09.006

2025 4F5 5 11

#HEHMFHAK

53 %

[7]

[9]

[10]

[11]

[12]

[14]

[15]

22

AL CFR ). R R R TR R, 2021, 3(2):
23-31.
BU Tengteng. Dynamic response relationship between roof move-
ment and deformation of roadway in fully mechanized caving face
of deep and thick coal seam[J]. Journal of Mining and Strata Con-
trol Engineering, 2021, 3(2): 23-31.
NS, TRGEE, AT, 5F. PHHRSR/R 20 X 3T He 30 K ThiAR
wEHALL]. )BT, 2020(6): 191-197.
GAO Xuepeng, YU Fenghai, REN Qiang, et al. Strata movement
law and strong ground behavior in western Ordos Coalfield[J].
Metal Mine, 2020(6): 191-197.
EER. LAHOTRE S R ST E N SORT T LB
[D]. P42 PYZRHERE, 2015,
WANG Jindong. Study on structural stability of overlying strata
and formation mechanism of strong ground pressure in fully mech-
anized top-coal caving mining[D]. Xi’an: Xi’an University of Sci-
ence and Technology, 2015.
SKREG, 36 7, X0, A5, A RE IR R S R AR Ay
Tk B BI R (1), R 5% & TR, 2017, 34(5): 852-860.
ZHANG Peipeng, JIANG Lishuai, LIU Xufeng, et al. Mining-in-
duced overlying strata structure evolution characteristics and dis-
aster-triggering under high level hard thick strata[J]. Journal of
Mining & Safety Engineering, 2017, 34(5): 852—860.
BMAR, 2B, 5 K, 45 RIRIRT DX AT THUR e W7 20 i K 72 )
UL 1], R~ 5% 4 TR, 2016, 33(6): 1038-1044.
XIA Binwei, LI Xiaolong, LU Yiyu, et al. Study on the breaking
span and deformation of hard roof in Datong mining arealJ].
Journal of Mining & Safety Engineering, 2016, 33(6): 1038—1044.
T, WRA, KT, G5 LER M £ )2 B TR B W RS ik X %2
AT 1], 1R 25 18] 5 TR, 2017, 13(S1): 339-343.
WANG Tuo, CHANG Jucai, ZHANG Bing, et al. Study on frac-
ture characteristics and safety control of multi-layer hard roof in
fully mechanized mining face[J]. Chinese Journal of Under-
ground Space and Engineering, 2017, 13(S1): 339-343.
A, T, RE, 5. 22 RETHCR GBS “Bt5e” K4
HIIR ARG [J]. EBRLAER, 2016, 44(11): 18-23.
HUO Bingjie, YU Bin, ZHANG Hongwei, et al. Study on forma-
tion mechanism of arch shell large structure of overburden in coal
mining face with multi layer hard roof[J]. Coal Science and
Technology, 2016, 44(11): 18-23.
TR, XA, T, A5 U )2 TOUAR: Fr) Ml T A R G4 ol
WEFELI]. LR, 2013, 42(3): 342-348,
YU Bin, LIU Changyou, YANG Jingxuan, et al. Research on the
fracture instability and its control technique of hard and thick
roof[J]. Journal of China University of Mining & Technology,
2013, 42(3): 342-348.
YU B. Behaviors of overlying strata in extra-thick coal seams us-
ing top-coal caving method[J]. Journal of Rock Mechanics and
Geotechnical Engineering, 2016, 8(2): 238—247.
AR, 7, TARIE, 55, R b LB R 2 AT ) B (e A
TUBESE (1], SRy 5224 TR, 2013, 30(2): 205-210.
CAO Shenggen, JIANG Haijun, WANG Fuhai, et al. Numerical
simulation of overlying hard strata rupture in a coal face[J]. Jour-
nal of Mining and Strata Control Engineering, 2013, 30(2): 205—
210.
T, FOHOE, BRojAE. SR itk X-0 T 3988 1240 1],
T ET RS 4R, 2011, 40(6): 835-840.
PU Hai, HUANG Yaoguang, CHEN Ronghua. Mechanical ana-

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

lysis for X-O type fracture morphology of stope roof[J]. Journal
of China University of Mining & Technology, 2011, 40(6): 835—
840.

RPIE, Tk, B0, S RIGIURSCHZ “BE U-Y” BRI
WPRFAE AR AT (7). BB B4R, 2020, 48(2): 36-43.
ZHU Weibing, YU Bin, JU Jinfeng, et al. Experimental study on
“horizontal U-Y”
strata in stope roof[J]. Coal Science and Technology, 2020,
48(2):36-43.

TR, o, d AR, 5. KA T T 45 H R R AR I 5 45
HEART]. A 5 5 TR, 2018, 37(5): 1134-1145.

YU Bin, GAO Rui, MENG Xiangbin, et al. Near-far strata struc-

ture instability and associate strata behaviors in large space and

periodical breakage characteristics of key

corresponding control technology[J]. Chinese Journal of Rock
Mechanics and Engineering, 2018, 37(5): 1134-1145.

ERMZ, Biorsy, IREHE. SOfTE/E T oRas X DR 2 4R A
RETTHE BT R [I]. 562441, 2010, 35(8): 1263-1268.
WANG Shuren, JIA Huihui, WU Chongfu. Determination meth-
od of roof safety thickness in the mined-out regions under dynam-
ic loading and its application[J]. Journal of China Coal Society,
2010, 35(8): 1263-1268.

TR, T, A, A [ A T A A AR T e 3
FUHELI]. BRI, 2021, 46(S1): 25-37.

XU Gang, YU Jianhao, FAN Zhizhong, et al. Characteristics of
strata pressure behavior of working face under typicalroof condi-
tions in China[J]. Journal of China Coal Society, 2021, 46(S1):
25-37.

HORDG, MR, ANTF) 3 5T () MR A TOUb M R 7 2 43 BT B B I
W [1]. B8 IT2R, 2012(2): 12-16.

HUANG Yaoguang, PU Hai. Analysis of roof limit load and
broken pace under different boundary conditions[J]. Coal Min-
ing Technology, 2012(2): 12-16.

ARk, gRILAK, ZEsr i, S5 AR IR IR AL S B AT
% 0], B4, 2016, 41(5): 1093-1098.

LI Tie, ZHANG Shanlin, LI Shoufeng, et al. Mechanism and con-
trol measures of rockburst in Huating coal mine[J]. Journal of
China Coal Society, 2016, 41(5): 1093—1098.

B, YU, SR, S B JELSE Rt A 1) AR o R R
A5 R B0 L TSR L LI). MEIREATR, 2023, 48(2): 649-665.
CUI Feng, FENG Ganggui, LAI Xingping, et al. Characteristics
and definition of high-intensity mining in extremely thick coal
seam with strong impact tendency [J]. Journal of China Coal So-
ciety, 2023, 48(2): 649-665.

BRI 3, A7 I, VPSR 0 LD ) AR (M. 2 . AR
e PR A R, 2010.

VIR, B 0. 5 OR 155 23R I G R 2 S5 A 25 B X
BB ], A0 015 5 TR 2R, 2011, 30(8): 1547
1556.

XU Jialin, JU Jinfeng. Structural morphology of key stratum and
its influence on strata behaviors in fully-mechanized face with su-
per-large mining height[J]. Chinese Journal of Rock Mechanics
and Engineering, 2011, 30(8): 1547-1556.

BRI, RIS, R0, A AR IR R SR T X B A A
Pri At (V] PH 2RS4, 2022, 42(1): 91-98.

LEI Zhaoyuan, LI Tuanjie, CUI Feng, et al. Damage evolution
analysis of section coal pillar under dynamic and static load in
deep thick coal seam[J]. Journal of Xi’an University of Science
and Technology, 2022, 42(1): 91-98.


https://doi.org/10.1016/j.jrmge.2015.11.006
https://doi.org/10.1016/j.jrmge.2015.11.006
https://doi.org/10.3969/j.issn.1006-6225.2012.02.004
https://doi.org/10.3969/j.issn.1006-6225.2012.02.004
https://doi.org/10.3969/j.issn.1006-6225.2012.02.004
https://doi.org/10.3969/j.issn.1006-6225.2012.02.004

	0 引　　言
	1 矿井概况
	1.1 工程背景
	1.2 工作面强矿压显现特征
	1.2.1 工作面覆岩运动微震分布特征
	1.2.2 工作面强矿压显现特征


	2 坚硬厚顶板破断极限条件
	3 坚硬厚顶板能量与应力演化关系
	3.1 三维数值模型构建
	3.2 顶板能量演化特征
	3.3 顶板应力演化特征

	4 坚硬厚顶板失稳机理分析
	5 结　　论
	参考文献

