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Analysis of prssure relief effect of roof deep hole blasting parameters

based on micro—seismic data evaluation

WEN Yingyuan'?, GUO Zhigang’, CAO Anye’, WANG Songwei’, BAI Xianxi®, JIANG Siqi’
(1.School of Geological and Mining Engineering, Xinjiang University, Urumqi 830047, Chinas2.School of Mines ,China University of
Mining and Technology, Xuzhou 221116, China;3.Ordos Energy Administration ,Ordos 017000, China)
Abstract:In view of the phenomenon of frequent occurrence of high—energy mine earthquakes caused by the roof breakage of weakly bond-
ed thick layer with wide coal pillars in Hongginghe coal mine, theoretical analysis, micro—seismic monitoring and field test methods were
used to determine the occurrence of high—energy mine earthquakes and the pressure relief of deep hole blasting of roof. Two schemes were
proposed, i.e. the fan—shaped layout along the strike with charge of 2.5 kg/m and the fan—shaped layout along the dip with charge of
4 kg/m.Based on the combined monitoring method of the underground site and the ground micro—seismic system, the micro—seismic sig-
nals induced by the deep hole blasting vibration of the roof were accurately located, and the pressure relief effects of the two schemes were
compared and analyzed by the indicators monitored by the micro—seismic system.The results show that roof blasting with fan—shaped layout
along the strike mainly induces 1.0x10° ~ 1.0x10* J micro—seismic events, and that layout along the dip mainly induces 1.0x10* J or more
micro—seismic events. From the indicator of induced energy per kilogram of explosives, it can be found that in the layout scheme along the

strike, the blast—induced energy in the range of advance bearing pressure of the working face has increased slightly, but the rising range is
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not large; in the layout scheme along the dip, the induced energy of roof blasting at the working face side increases by about 6.3% com-

pared with that at the coal pillar side; In the fan—shaped layout scheme along the dip, the induced energy per kilogram of explosive is

more than three times of that in the scheme along the strike. Combined with the actual situation of the No.402 working face in Hongqinghe

coal mine, the validity and feasibility of the fan—shaped layout scheme along the strike beyond 450 m ahead of the working face were de-

termined, and it was verified that the scheme along the strike can achieve better blasting pressure relief effect. The results of micro—seis-

mic positioning during mining of the working face further showed that whether adopting the scheme along the strikeor the scheme along the

dip to carry out the roof deep hole pressure relief blasting, it can play a good role in the roof blasting pressure relief effect.

Key words:rock burst; roof deep hole blasting;layout scheme along the strike; layout scheme along the dip;micro—seismic monitoring

0 35l B

LAER, B T SR TR BE B4 348 T R b o 2% 4
SR T h R 2 T A R W 4%l X
AP E R E N TR B X BT R Y
PR, 25 5 ' BCT0UR P ) ) A2 0, {9 2 5 0 1) i
FER TR, R G2 O AR R 2 B
fEH TR, TOUAS 8 OB 7™ A= ) 7 5 AT R 23175 &k i B
PO RAE i R B A R, 559 A0 TR R A G R
B

THOA TR LI B AE Sl — 8 R A 00 T AR 55 Ak e
i, Z 3 TR 2 R e NESLE
W R RS E AL 5 0 R R 45 7 TH R AT
TWRAMIWIFE . B 52 FH S 43 A AR (AR
AT, AR T URFLAB R s T R AL, AT T A
PRI J5 N, AR A B, TR B T TR FLAR 1 RE RIS
55 RIUBR ARG I mr . ML A IR R, T
VETRT G 5 — R B 2 B TR FL AR RE A AT R4 BELIWI R i 7
HREITHRTRS e R, BEABEE" LIRS
FHEER™ 3207 TAEH AR 2 A TR T 5, R
FH UDEC L4833 R0 43 A7 = Bt , 15 381 & 21 )
Tt B, UEBH T U T0 BB A S0 o 3 A T2 2 %) B8
HLEM BRI, KRBT LIRSS 42— R IX
101 B R TAEH A% 5, R FH M ) 27 fift by F
BUEBALL v $ 7 3L AR T ok B 24 i 1 55 46 7
% BB S EE (PPV) g R T
HIRFLER S A 0, i@ 5 ABAQUS {4 2
TEPRMALRE () B, i TR 2 A T AR R AL
PSR S E AR S, B 5 i B A
BUERALL T8 T T AN [R5 10 5 5500 1 S50 1)
S O, 502 H 25 S 500 & BRI YE [ % T00 A 555
ferge, ZEHREM M IS MR T ARG
SR | WA M 2 vhs o S AR R R 4R T
WA TOURR IR FL A A M L 1) & BR S B00 o2 I i, O
FPTRRSE i, VLB ARG =8 17181 (1) TAE
TR B0 37 T A R LR b S o 155 490 91 38 R e 80, &K
WG T ORI BRI, PR 2 I 2 B X 2 R T

58

VR TR , 38 38 ) AR 57, LS-DYNA A FRocfE
J¥ ALE( MRS ) 5k 3DEC &Ik, it
T BERE AR 24 B0 R R R AR B T TR
PR RN IO 5 3, A ISR B, TR
0TV SE o A BT A 2% R IR e R T T Y R TR i
FERUAE  $2 1 T IR AL AR 0 15 v AL AR A 45 5 110 5
A, RIS DU R IE R TR R, i
FHARUASAG 2 T VR FLAR 0 45 100 S 8k, 03 T 1004k
B chERE

TR THUAR R FL AT B0 P B 5 o SR X TOU A o 75 |
(AT A o b o A A s o kS 2 T AR 4 ) s A
FH A5 E RS A TAR R FLAR B 2 B0k 5 0 e
SR 22 R RS /3 AT BB 0L B Al FL B AR 1 Jr
HEAFVEMY 1% 2R FH AR 250l 43 A B0 37 T A TR L
P RO B DR A RO IIFSE . B 0 s W 4
Pt EGE S PR , AR B B A 5 A8 AT
WA B N B2 Gy e 2, R T
R PR BAR R BRI TR BT X 20 BT
B 402 T AE T To AT 55 1 45 5 2 T A 7 5 1R Ao K
RE W AR T RIS S0 M RN AR A o7, A1) FH i e
Bt X AN R TS R L By S A T PR A Ak, A
FEGE T F AR 58 1SR K 22 3 Hb X o
IR e =598

1 IEE=

1.1 TYEmE#HR

CIPRITIET F R 2R 3-1 B R & e B
A ok e P R SR AR T R SR R P 1 29.56 MPa,
PPk BE 1.99 MPa, i PEBI G 2. 11 GPa, A L
0.28, 402 TAEMIA IR XA 2 A T AR, TAERK
JE 246 m, E A K 3 616 m, X BEERE 9 40 m,
REEJT IR 401 SRS X5 VU g SR L 3 A KAk H )
MR AR 7 1) Ry SRt . TR AR B 1 B,

402 TAEMEFF R IR E A 690 ~ 710 m, T A [ 4
VIR 6.3 m, HFEETIE 5.90 ~24.73 m [WHP 5
Jeia, FATH N 48.84~107.74 m WD 45 8 & AR ML
W2 AR TR 5 5L B 34 A S AL V8 BT e 45 , o



www.chinacaj.net

AL 5 - 2T DAOR K A 9 TR IR FL AR 0 0 T S8R S0 2020 455 6 4
FERAR , ¥/ T 30 MPa, T4 If 530 4 7k o e vh s 10X10°~1.0x10° J 4 [()
TR 15 4 ¥ N IEWTR, 622 0.5~5.0 m, Hh L0X10"'~1.0X10° J #i{f | © o

BF37 W25t TAE PR MK, 622 0.6~3.1 m,
AR H TR P A 3.2~ 6.4 m/d, FEAfR
UEAT R
12 WEMBNEBRRGERR

Tl W 22 48 5% FH 8 2% ARAMIS M/E fU
MRS, Wil 72 3 B i K T 100 J R F 7E 0 ~
150 Hz Mefs 5 AR T 30 dB MU sh ik, MU=
MRGA 2 FEIRER , 0 Sk A R, N o 4
PR B WIS , T 24 1 MRS, 3 Mk,
PR ZEBE AL BE — % 200 ~ 500 m, 35 52 i 27 5% ] i —
FEAE 800~ 1 200 m , T 43k AR P 75 Bl T4 1 [m]
FIRLOBET TAET 50 ~200 m, TAE T &S AR3F 4
AW Lt AT I RO A B O R TR By
R e T b5 A 2 S HUE ARP2000 SR A
3 PRUEXT R S RS o — 423 (], TR R
AR R RS EWE 1R,

AﬂbﬁﬁARmoooﬁ%ﬂzﬁ%%%

Rk
] — g - 0
e ‘ 500~800 m ? 100~200 |
402 TAETH
4 1 Hin s __300~500 m 100~200 m
— —]

[H el e e g)

LY X 401 TAETH RS X Y )

ﬁ%@m%,z%<z%<z;%2\5§%:i
A1 IThEAAHERMEEREN

Fig.1 Layout of working face roadway and

distribution of micro—seismic sensors

1.3 TERBHRERBR

402 TAF T 32 M 1a] 2K Hs g 52 ), 1] >k 0[]
Bk REZWEER KT 1x10* ] B R H 4, L
HOB RS R IEZ 52 WK, A B R IR ZUTF A S
it , TCREFT RN 2R B A O

2 KeeEW EZRMERKERBESH

402 TAETH PRI K RE 4 (=10 )
Wk PEHL 2019 459 H 1 HE 2019 412 A 1 HH
SR $0 [0] P B 50 P A T 0 2, A PR e R A 54 R
e (=10" ) B dr, Hhaem KT 10° ] 958
FepE A TE 11 W, R R 1 ) T A 0 & 2
Fis

2 ] DU B, W TAE ), KREE A 7% 5
2 AT TAEmR 25—, V55 838 Z 0 R R
R, X 58 A G W—5, WE 3 iR, 78

[ TR 537 m R

402,T.
K2 AwEY BEFEH @I ECA(16-545L)
Fig.2 Location of large energy ore seismicdip section

(drill hole 16-5)

e FE L b R BE R R R 2 AR TR BT T

B, AT CHLD A ) WA RBERE R e £, (5 ik

68.52% , i T E B, AR E = R ALY A R

HECRZ (HNIET 2 7T LA 2507 52 SRR T 10°)

RETEIT, 67 B2 FF A 0] B SR A0 R R i

RPN R IR BT A A7 AE — E B E DL IR 2, S5 A

402 AR 23 B H R G O, 2270 Al o KAE &

W R IR TR LI R E A T

401 37

351

30
;4:5,25—
E@zo—
=5t

op 2 8

5_

LikiEa HokL s
(FEATI)
AN SR AL TR A

M3 FEEGTHRSGARET EEEK

Fig.3 Number of large energy mine earthquake events

Wi

(ELBET)

in roof of different strata

P RE 3 = 14 1 23 8] 5 A5 00 43 A Wl 7R
402 TAEME A 401 TAE T8 40 m B4 by 2k 28 0
HE, S 401 SR 28 XY JE 2 IO R W 4 15 AN 784, 1
J i A TOUR A ol ) B T, 4 57 1) 402 T A 1T o]
KARSRZ MR JE 2D AR AW 2, 51 &k Khe &
W% WA Bl B — e n s g, R,
PEFT AR T T 7 B0 1] JE 2 A TR 1A A 7 93 8 4%
W H BB i T2 7 B AIL S L 1 23
() A7 B¢ R AFSH A T B — A

3 TRFLBHEHERMR AR

3.1 e o AR AR 5D JR L O R KE
PR TR 5 A B 4 M, 402 T A TG Rl R 222
F) 401 SRZE XS R BTN, [N 1 H 5 7 402 TAF:
TET 8 0 a5 o A ) TR A 7 AR s 2D s
59



2020 4E45 6 ] # £ A FH K

www.chinacaj.net

HRAE KRB R A2 b7 AR R M TR 9 1
OYATRE R R O BRI S AR T T AR B, R
SREEIER T 10° ] 0 EA 10 3 SRR R H
A% 8 E] 402 TAERCR XS 2 A TAEH SR IX
PR FF RS B A B, HIE R 2 R BR T AL
A B R AR £, ) B8 (g S AL D 5 A T AR 1 AL
RRE MR A R 2 vl 3l 2 IR 1 R 2 b
(AT ) B FE4T B 1, 55 4k v (57 A0 25 UM BBz DT
5 A K RE R RN U 48 HR T (K R
32 BHFIERBEAGERR

VEER T AR LR (Z F Il EHEE) 1 760 ~
2 285 mifFA TR L A A 1) B TR A R AL AR A
R A e B 2 075~2 285 m B4R IEAL N T
Ve P A A A a] BT T AT 120 ~330 m 52t 1
1 (BT S AR R 72 e ) 5 B 1 760 ~2 060 m
(R FL oA A T AE 5 R 7= 3 18], R T T A 1T 450
m SMSEMERRRY . MR E 16-6 167 B5FL AT A MR
JERLAH I 07 J& 60 m 1Y FE AT ( HoRL D ) T4
HIE

EhFLFE MR A B REAL A B 2 L, AR )
15 m, W& 4 PR, WFLIES 100, B K F-e
YR 570, LI 69 m, FLAE 75 mm , 2425 2.5 kg/m),
BEARKEN 41 m, HALKJE 25 m, LA RN
102 kg, IE[M%E24 1 24 2 FL% 2 21 4 FLIRIR AR
33 HEBEEHEARR

VR T AE T B 1 600~1 750 m HEATHE AL FLIHT
] B IEAG B, SRR EAT 0 4 AT A, AR I
TER A= 8], 76 AT )7 450 m b, SR TR
60 m YSEEAS T ( HORIAb A ) SEATRRAE I

BhALA ) B A B A 2 A 2 AL, T
YRR AR AR 3 L, AR B 10 m, TAE
T AEZE 1 20 m, ANTE] 5 Fi7R SRR L S
[ K-S £ 43 kg 57001 750, FLEE 251K 56 m Fil 69
m, A HE 4 kg/m, RE5KFEST I 19 m AT 30 m, &
FLEBE3 510 20 m Fl 25 m, Q1] 5a s ; TAETH )
SR AL S K- 1 53000 47° 60°F1 75° FLIEY
469 m, A HE 4 kg/m B 535N 29 .27 .26
m, FHFLK N 25 m, WA Sb Fis, 2 kSl
B3k 1 1) 2BE 24, AR Sy 56— U P A A A 0 1
AR AL, — MR TAE MO 1 4k fL

4 TR FLIB B EN ERUR 4

41 AEHEFHRBELRR LS
AT A B 5 58 DX A TR PR AR AN K, LA
DU BE AR DO R R0 Rl AR
60

LT b

AN - W

40241z 4
W4 #hiltmBHHEFE

Fig.4 Plan for strike sector arrangement of drilling hole

40241z
(a) KA

(b) AR
K5 #ilimRBaESTF

Fig.5 Plan for dip sector arrangement of drilling hole

548 4



www.chinacaj.net

TS 45 « BT U B DA B9 THOAS IR AL 1 2R B8R 7 M 2020 457 6
R B A 7 5, M BN ) TR A 175 2o o
FOREEAFAE , 3E— 2 R WL PR AR 3 3 TR 1007 SEN

80~

Yt 1. 55 00 W I 5000 A 445 5 T e TS TR L A Al
Je BRIIR ] W &5 D R A% S e B2 I B AR AR B K
WRINAABIRET . 8T HERR TSR & =
SifE T, B E SR T R A R S (] R B A
T T R T R N BLER R BN S AR
WA R MR IES , I RUREE hplbr e, 8
IR B 5 OR R G AHZS A W o = BE
TR X oM BRI R B R W A5 5 . R XS L
SIAT B M BB AR BT S RGeii 1 4 2 FLIRI A i
PR M RE B, 25 SRS WD B 24 YIS =R, o v
TEAR &I SIS 16 GRS, Ft—2 5157
Brel s, e n] B3 T8 A B85 & B RE i 22D 1.0x10° ~
1.0x10" J AYROR SRR 3 i i A 807 215 Kk 1)
AEtE FELI>1.0x10" | IRUR SRR 3, S B 1)
TEAT B 5 S BRI R 175 K i g i L > 1.0x10° ]
L A, E B A B R R 2 R 204
ke, (0] BT AR B 0 B 2E 25 1R 196 ke, LM
S REZERIAN K 2 ) A By 58 A 28 i LU 1)
TEARE D X8I Y IO URFLAR AL LA A ) Bt T A
FEMERES S ih e DN K217y NN 23R 9 R R
KT G, E RSO A

ShrtE— A6 H AT st T A A T
SO 75 Wi DX 35 A 527 5 W DX 38K, DA R A6 1) 3 T
A3 R AR 000 0 T T A TR g 05 R B R 1Y) 25
5o BEMUCREAN T HE 24515 & R i N ME M FE A, 1T 5L
T, Gt as R nE 6 iR,

H 1l 6 WA i) b AR B A T KEZ) 5 K RE
BARERBIEAEN 3 52, SRR MRS
1 o Ll SR — 5, BV ) o T A 2 TR R L AR 1l )
JERCRAT

3 3 A 1) B T A AN (R DX S8 8 I
YELGIRIEF R e, T AR I F SR ) 520

%60—
Jm
40 5 28
W
0 1 1 1 |
EFEY  GERBTE W EY Y
MEGEN WEEN A il

TAETH TAET SR (AR
120~330 m) 450 mLA4H)

6 THEANTHLBEHFLLE

Fig.6 Average induced energy per kilogram of explosive
T BRI AR 22 8 i S 7R R 7 5 3 T DA 805 B o
SEASHAIR] 2857 5 1 3 R P9 R o 1L R 2 52 1)
AN A HTIN A 3 PR A I S R T e Rl
) TR A S 380 1T 2 A2 31 T A 1 R sl s i, A 1)
BRI Ao B0, B — 20 R, AT R e 21 A
FLAG LT R . 0T L A3 A AT A0 R0 A T 5 K 1)
e, AT A& 3 AR A T A ) TO0 AR 98 1 15 % e it
A LA I 55 6.3% , R FHIR EEA K

L5 LM R R AN AR R, M TR AL
PR S0 ) B TR AT B H R OR B 2 (LAY R 42
T ) R S R AR T A, R AR AR T 1 SR
AR 0 2% e 3 H AT 402 T4 1 32 55200 7] 3%
TR ST 0520 256 B AR 7= S B O, 2 f ) Bt
TE A A 0] TOT AR AR 10 FL Ry T 47 1 TR S0y 52
SRR S b AR TG AR T 450 m RASb,
4.2 THRRFLIBREENERR S

Bl 7 Sk TAE T 9] R A 8] 4= 3B 0™ 722 T A,
& 7 FIHT,402 AR TR 5 48 Bl iz a0 Y S0 <
A B J8 L s O ) o3 A S R X B 402 TAE
TFT P19 [0 SR 2 A0 ] A2k TOT ) s A2 K 22 A T A A 34
Ry SIS | SRR A A T AR X A oA (H
KB ) T far s | X & R 32 3 403 TAE
TS M A R, Y TAE R MR EA 401 R4S

M —  BOEEE - %91:0~1.0X10°] © %442:1.0X10°~1.0X10'T O %52%3:1.0X10°~1.0X10'] O %%44:1.0X10°~1.0X10°J

—
~. |/

[
| 1]

e . -
J0( ][ % \'iﬂﬁ 9
= UQg iR
i 4022%%1’5 */
L M 4024 BhizHirts

i 401 ik TARE T R
4014 Bhiz fints

—C —— i ®

TN erﬁlﬁﬁﬂi‘ﬁé‘g%&iﬁ

T 16 A X
525 m |

W7 TAewmE XMW EFEEM

Fig.7 Plane location of all mine quakes during working face returning

61



2020 4F55 6 HH

www.chinacaj.net

HEMFHA

548 4

DX DX R 78 350 SR BT AR TR FL A& B 1) DX
401 K25 XN e S 1F I R 85 22, T A 2 S92 0t T AR
DRFLABRA Y X3, R 23 DX PN ) Bl 2P P b, e
HORRERR T 10°) MRUEF D, (A EER
JE , IR TSR A FLAE 1] Bt A1 18 07 58 S0 R8O AN
Andesteg e A B ARATS AR AR L 0 B T U0 T R
RWER

5 & it

1) MR A G0 W RS HE o o7, 43 B & R 402 TAE
[T CIBS 115 N 2 R S B S a9 =M iy =9 =X
FRIEATO, B 5 X2 2 A S il TR U LA
HIE,

2) MR R X FFRAG B, EFXF 402 TAEHE T
THUM R FLAR B S 25 50 2.5 ke/m 07 1) B T A
J7 5 4 ke/m R B B A B 2 I T L
SRt

3) F Tl W R 175 & e it 20 T, A 1) B TP
A7 B TR 25 R BE i) 1.0x10° ~ 1.0x 10" ]
M= S 5 B I AG B R A A R KT 1.0x
10° J A0 4, A0 1) T A 5 B 1) o T A
1 S R R A

4) BT RATYES I L e 48 b 73 AT, 2 1)
AT B 5 G, TR R T SR R 5% e 3l 161 R Tl
AE AR /N AR AN K, i AR BT R,
AR TR TR % 00 15 % B o Lb A A 42 g, (EL 4R
P RCRA B, R W I 25 5 B TR 1 B A
A A i) Bt T A, TS U LA 18 347 e B AR 4 ) Tt
i H 8 SR AR

2 % X HR ( References) :

(1] S5DOH, 25—, s 55 3 B i b R & e 70 4 B

WHHTARRR RS BE[]]BERBEHR,2019,47(9)
1-40.
QI Qingxin, LI Yizhe, ZHAO Shankun, et al. Seventy years de-
velopment of coal mine rock burst in China; establishment and
consideration of theory and technology system[ J]. Coal Science
and Technology,2019,47(9) :1-40.

[2]  BRTZSRR Z W va e vhili st SRR BEEOR IR [ ) R B
2FHi AR ,2018,46(10) :99-104.

CHEN Weijun. Study on control technology of rock burst in coal
mines of western Erdos[ J]. Coal Science and Technology, 2018,
46(10) :99-104.

[3]  ZEMEAR W — L0, 24 %, 55 FR I 5 2R o 19 it s L 28
FIBTA [ )] R4, 2014,39(2) :205-213.

JIANG Yaodong, PAN Yishan, JIANG Fuxing, et al. State of the

art review on mechanism and prevention of coal bumps in China

62

[4]

(5]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[J]. Journal of China Coal Society,2014,39(2) ;205-213.
25 B, R XA, A s AR S e R S BOR I R
JelnZ= AR BRI ST [T ] R B R, 2019, 47 (12) - 76—
82.
LI Kang, CHEN Jiangiang, ZHAO Zhipeng, et al. Study on disas-
ter—causing factors and evolution process of rock burst in roadway
near gob[ J]. Coal Science and Technology, 2019,47(12) .76-
82.
SKRAGEA L, 2R LT 45 R TR 144 THT e e  280 aofr of t
JERRANIIEL )] BP0 ,2019,47(3) : 112-119.
ZHANG Chuanjiu, DU Taotao, LI Hongping, et al. Research on
rock burst prevention of high static coal seam in hard roof working
face[ J]. Coal Science and Technology, 2019,47(3) :112-119.
IRIRIE BRI, 2 A U IR AL By 18 /N AL ok
JEBRFEL )], e 4 53R, 2019,46(4) : 1-6.
SU Zhenguo, DENG Zhigang, LI Guoying, et al. Study on preven-
tion and control of small coal pillar rock burst by roof deep hole
blasting[ J]. Mining Safety & Environmental Protection, 2019, 46
(4): 1-6.
&Y/ U R A\ R R C R IR VESY e A R Gk & N
BUR B B[ )] R BHEHR ,2019,47 (1) :62-68.
LI Hongyan, MO Yunlong, SUN Zhongxue, et al. Research status
and prospect of coal bumps prevention and control technology[ J].
Coal Science and Technology, 2019,47(1) :62-68.
FEPOHT, 23 R, S5 TR e M s R A LS R
BRI T] D4R, 2019,44(1) : 141-150.
QI Qingxin, LI Yizhe, ZHAO Shankun, et al. Discussion on the
mechanism and control of coal bump among mine group [ J].
Journal of China Coal Society,2019,44(1) :141-150.
r R XUEES R A TR A TR A A TR I
25 ARSI A DU B R I (D] 5 40 12 5 TR =24, 2013, 32
(8):1588-1594.
GAO Kui, LIU Zegong, LIU Jian, et al. Application of deep bore
hole blasting to gob—side entry retaining forced roof caving in hard
and compound roof deep well[ J]. Chinese Journal of Rock Me-
chanics and Engineering,2013,32(8) ;1588-1594.
WL, ZR IR, 26 4 . TR AL B i 1 s 284 Il 30 s B R F 5
[J] Al eE AR 2015,43(7) :55-59.
YANG Shengjiang, LI Zhengjie, LOU Jinfu. Study on pressure
releasing technology with structural cracking made with deep
borehole blasting [ J]. Coal Science and Technology, 2015, 43
(7):55-59.
BT 2R, AR DT BE X R 55 S s B AR R
SEVERIZIR [ J]. R B 5 42 4 TR 4, 2019, 36 (5) : 924~
931.
HOU Gongyu, HU Tao, LI Zixiang, et al. Effect of cutting roof
height on the stability of gob—side retaining roadway with roadside
support [ J]. Journal of Mining & Safety Engineering, 2019, 36
(5):924-931.
KR R A TR D A A R A AL TR I35 AL BOR 1Y
W SR D] AR E k2, 2016.
I, TRALBRSS AL BB TE R B0 B S [ D]
KIE R IFEHL TR, 2016.



AL 25 « BT SRR B DA A TOURR R L L 0 T S8R o

www.chinacaj.net

2020 4E%6 6 )

[14]

[15]

R R TR AL 19 B BT B AR B R I [ ) 4R %2
42,2014,45(6) :76-78,82.

LI Chunrui. Deep hole pre—splitting blasting new technology and
its application for hard roof [ J]. Safety in Coal Mines,2014,45
(6):76-78,82.

UL AR, TR /N JEE R TR ) R 5 6 45
PEREARBETE[ ] DA ,2017,36(7) :56-58.

JIANG Tao, YU Zhonglin, XIE Tengfei. Study on technology of
deep hole blasting to reduce initial caving interval of thick and
hard roof[ J |.Coal Technology,2017,36(7) ;56—58.

JREZ M, B 22 SRR A5 AR SRR A T V8 TR M 4
FR KR )] PG 2R R4, 2017,37(5) :668-673.
MA Yanxiong, LIANG Zhijun, WU Zhaohua, et al. Technology
and application of blasting crack aiming at thick roof of deep fully
mechanized mining face [ J ]. Journal of Xi “an University of
Science and Technology,2017,37(5) :668-673.

FE2ELE YRGS E R RE AR AT SR 3 M R T AL 58 ik T
TR TR 2R ,2014,42(11) :14-16,4.

ZHUANG Xuean, ZANG Chuanwei, ZHUANG Wei. Forced roof

caving technology of hard roof in short wall coal mining face[ J].

[18]

[19]

[20]

Coal Science and Technology, 2014,42(11) .14-16,4.
SRS, 00 2 % HHLE 2 R i T A T AL T SR 9% 18 K AR B 5%
[J] MEHAE AR 2019,38(4) :41-43.

ZHU Xinpeng , ZHAO Yajun. Application of deep hole presplit-
ting blasting technology in hard roof of shallow coal seam|[J].
Coal Technology, 2019,38(4) :41-43.

W R 1 A, 45 TR 4B 0 3 B S 2 o
THURBO N R )] BR 2R, 2019,47(12) 232
37.

CAO Minyuan, CHEN Jiangiang, YAN Ruibing, et al. Study on
factors affecting rock burst of sub—erectcoal seam based on data a-
nalysis[ J . Coal Science and Technology, 2019, 47 (12) ;32—
37.

TS SR, A AT, A5 R TR T R bt R M D A
REEEORWITEL 1] M 5e244%,2019,44(1) : 160-172.

TAN Yunliang, GUO Weiyao, XIN Hengqi, et al. Key
technology of rock burst monitoring and control in deep coal
mining[ J]. Journal of China Coal Society,2019,44 (1) :160-
172.

63





