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Analysis on weakening hard rock used by long-hole presplitting blast
in fully mechanized coal face with water-gel explosive grain

HUANG Wenyao*, MU Chaomin®, ZONG Qi¢, FU Jugeng®, WU Hongbo*, TU Min®
(a. School of Chemical Engineering; b. School of Mining and Safety Engineering; c. School of
Civil Engineering, Anhui University of Science and Technology, Huainan, Anhui 232001, China)

Abstract: Aimed to the hard rock fault in rock path of the coal working faces and the low efficiency of rock
breaking directly by coal cutter, the long-hole presplitting blast is done by self-made water-gel explosive
grain of long-range booster, numerical simulation and design of reasonable blasting parameters. The results
show that the long-range booster water-gel explosive has high reliability and when the blasting hole
diameter is 75 mm, the diameter of charge is 63 mm, the radius of crushing zone is 0. 4-0. 5m and the radius
of cracks is 0.5-1. 0 m. When the distance between neighboring blasting hole is about 1.6-2.2 m, the
damage cracks are future extended after long-hole blasting, it satisfies the requirement of rock breaking
used by coal cutter, which ensures that the fully mechanized coal face passes through the hard fault of rock
successfully.

Key words: long-hole presplitting blast; fault; hard rock; water-gel explosive grain; design of

blasting parameters

TERZIE MR, 2 @ K B A AR 2 AT RUR IR 8l o Bl W72 89 I 1 HR X F 7
ZIEZ AR A A WZ X T oA s SRR W= . SRFRIT ELIR SRR B N T RN Jg s 25 A 7l R AR K
RMENU AT LA B SR 2 0 X TR I A A A IR .

Y HHA:2013-02-01

ELWE . HRAABEI SV B H (51204007;51274009) ; %808 & % B4 9 A SRR 5 S0 H (KJ2013A102)
GRE AP 41 H (1208085QES5)

EHE BN SR 1964) B RO T R¥F[I B8, TN FBOEERM 50 10R 0 AR M58, (E-mail) wyhuang@

aust. edu. cn,



% 74 http://gks.cqu.edu:aNss , 5 .k fik 25 45 78 SL T 20 3% 35 4k 23 52 @ AR 32 7 2 A 103

SR JREATLAE B 25 A 1) K SR AR PR 2 A T 2 X
TG W IE R A= A B L, R RAL AR
5 1) 15k R I S Bl TR A R HE 24 98 KR e R W AR
FF A A A PG R auE— L Y e B B REARE
AR H . Yang % Tang % XF & 41 16 48 1 A
BB R4 TG Taylor 74 H T
TCK #i /5 # AL, Kuszmaul $ ) 77 KUS 2811, £
LR LS RS SO E N A AR R A A
VT A5 1 LB L 2 E R AR R I T 1Y ) 2 e e
FET RS . B SE R B T KR 24 4 KR 1 0 L
BRI ] I HE AT — /N 24 ik 1 L 790 24 44 ok 5
5 AH A HEAT K ALAR K 2h o R AL 990 2R 9% i T 7% g
P50 W5 R 2 A e R He R A T R R L
TSR B A IR /D 2 A A R A
SRR S 24 e B JR 2 88, 78 25 R T 2 1B )2
R I AT IR AL T 2R 48 0k L R KR 24 0 K 1Y) B i ol I
J2 R R A 4R S AL B — RS R HIL AR 8 I
R Ao o 25k TAE 1 W 2 4 4, T — S5 g ok
5] FL 1 385 72

1 KRAEMNEHSIERE

SR T A 2 s K R B A 1 R 8 K 2 AR A
S SR B R A 1 2 I S R R R R LK T
FMZiAE i KR 25 iR, e, B K E R
1 m,HA% 63 mm FRHIAREHTFHL PVC EIRAE R
BEN e BRI NGB TH A B B I 3 Sk A 2 R4S
A PN 80— AR B A R S 1 R AL R AL O
N R VR K B KE 2450 B o) A5 32 B A A UK R
ke, ARG HI AN TEL 1 R . i 45 4 BT BT SR L AR IE
TURSL 2 O L 2 R 2 R i T

4
N

L— TR K B K 24 5 2— 5 ) A% AR 44 5 3—
PR R ST PVC & 4— B3EK5— Tk
Bl ZESEEKRAENEHTER

S B AL R K R G AE R PR RES B LR 1
M1 AT 24 R A Fil i R P T R T T
VEFIK IR K254 B i 1) o 92 B Y IR AL AR
P2y AR/ T AL AR AR 2 0 s AR 1R A
SCRTEML AL R 19 112 K 3o 52 i T 0 24 10 A T e B8
W T T7 R MK 24 T S T A 2B AR A S B BT I B0 A T K

IS DRI O T R TR LA A 2 24 T R 18 I K
I ST o SR 24 A A A v ) e 1 2 L

®1 REEERKRAEEESH

e ik Mpighm/ 2 R LR/
T+ H

© B/m (kgem DEA/mm (kgem ?) (mes )
28 1.0 3.3 63 1090~1155 6 570

2 REAMREHBROHERMY

AR UHAE R R A LSDYNA B, 550 {H 5 7Y
H2mX2miERE, RAEAEN 63 mm, X 5
180 000 MNHAIT, FEZ5 R JWLRZS I 8. 425 B
WBUE N2 1 5, WA R A H-J-C 4504 A # 8
RS2 2803k 2 o,

R2 BEEAHNFNRESH

T T
TEH

© (kgem ) AME JEHREE/MPa BB/ MPa
72‘?&( 1620 0. 26 90.0 9.3

BASRARBEL A B a A S XA 2 Bros.
X HE BB AL 0 B 37 HL A a6 20 0 AT A0 R 0 A 1
LA B U™ AR T 28 X BB 2R DX R BB 4 2R IX
B IX A8 0.5 m Zi A5 BB VE R EUIX B 42 0
LAy MRS AL 21 0.5~0.7 m Bl N A A1
OBl i R B AL 0. 7~1. 3 m 5 Bl ¥ A 2B 2k

DAMAGE
1.000e+00

8.889e-01
7.778e-01
6.667e-01
5.556e-01
4.444e-01
3.333e-01
2.222e-01
1.111e-01

000e+00

(a) BufEml

(b) BGAR



104 http://gks.cqu.edu.cn

TRKXFFHR

% 36 %

. 0.7~1.3 miE R
[ EERRREER

(c) Aafitifhg
B2 BHAARERHGER

R 24 S0 A o B 0 BOME B A 1B 3 TR
0.22 ms(UNE 3Ca) FF7m ) N B K P2 A 1 SR VE L S
FALREIE B 4 a5 s e AR ME R M ALk . FE
0. 60ms Bf (4N 3(b) fIr 7 ) » b B 24 S0 T00 38 1 ) 4%
R R R E IR R TS ) . A
0. 98 ms B (AN 3 (o) fir ), B 2L 800 5 HE P £k
ZINB) 5 1) VB T B Ak L S LT 1 7R LR R T
HAT — e WA B 3 32 B T 4 I R ) 48 0%
2 A ERIE B .

DAMAGE
1.00e+00

8.889¢-01
7.778e-01
6.667e-01
W 5.556e-01

% N 4.444e-01
3333¢-01

2.222e-01

1.111e-01

0.000e+00

(a) 0.22 ms

DAMAGE
1.00e+00

8.889e-01

7.778e-01

6.667e-01

5.556e-01

4.444e-01

3.333e-01

2.222e-01

1.111e-01

0.000e+00

(b) 0.60 ms

DAMAGE
1.00e+00

8.889¢-01
s |7.778¢-01
6.667c-01
5.556e-01
4.444¢-01
3.333e-01

2.222e-01

1.111e-01

0.000e+00

(c¢) 0.98 ms

3 BWALELTIENHRERMY

3 KEAE

3.1 IR

B 3212 Lok TAR ML T98 — R X AL 3, T
YR #E XA 2 196 mudrfm — 650~ —610 m; [8] K45
K 2 252 m, bR — 630~ —570 m, #3897 {7 /1 339°,
TFUTIRAHE 200 m, FHHEES 194 m, TAE 1 P Z
¥ififh 16°, v SR = 181 77 t. M2 AEAE DF64 W
JZ(/28°~49°, H=13 m VI I) ., iZWiZ A BT F 84 T
VT A — KA B2 308 2 8 AU 2R . 5 A T A
BLALY 66°, TAET S RNAS 25 45 m Wi )2, W)z o A
TEX A& 4 Fros . W2 A 0 1A PERE S 5O 3R 2.

[GES
& :
@ N
45m PEXAE

B4 BESHTEE

Bl

3.2 BEAR

DEFFLS M. MR B2 94 3 45 5 I 4 A %
(AU ZE SR S AR AL AN LA L AR 35 0 75 mm . gk
WAL /K F- 7 1] B9 ALIRI B O 2. 0~2. 2 m, B8 L J7 1)
MM LI B 1.6 mo, AHRR 4 4> HE i AL Y o0 A B
LA L B A B LA 5170 B ALY J7 1) i I
JE R 607 £, Bl AL B 2 A A 5 B B9 S, HR
B AL IR WA S R

0
%
Wi g
)=
60
(a) L FmE
P *—————o

3.2
|
|
|

NP
N
|
T
=
D |
ey
T |
N
N
|
|
.8 !

(b) ShifLH
Bs5 RIABHAALHEREEFA.m)

2 JE A W B o SR FH 2 AV SIE U R A R AT I 2R 4



% 74 http://gks.cqu.edu:aNs , 5 . Kk ik 25 43 7 JL 77 3L 08 K 35 4k 43 5% @ AR 22 W7 B A A 105

TR A » Ay DR UE 24 A3 78 260 £ L PN I 1) 256 24 e o v 4, 2L
SRS HE AL I Sk 2 e 2 K (] B 2 D AE T
LN 2 REEIFE 5 AN E E L. LS5z
(i) R S 056 o0 26 A 4

3) FEABAFL RN A ] L B 3 oK. R LT B U
L. HEHLKBEA/NT 8 m, #&HIFLA A 25 L. A3 4E
2y RS UR I a0 s SR I RS 25 ] R R ey
FE T AEAERR I o Ay By b b A S rp L, 2SR A
FLAL P B e ™58 s HEHLK AN 10 m,
3.3 JREHREN

SRy AT 5 5 B e 52 9 P e AR R R R 8 752 X
Fe N = DN E SRR R A LAY B X BRI E
SIS T8 A AR AR S B s AT R A 23 A B SR
Xof A5 1 [l B 15 A 5 W s LA SR BROAH N 1Y) B R i it
25 Tl o 1 41 2l S80I A YRR A AR 3l DN R A 2
2K Instantel 2\ #@) 4 72 B Instantel & 30 W AX .,
Bl 27 >R U A T 8 T R L 90 2R e 3 Y AT R
AN (7] 2 25 ik 1) 2 A i S A T WU

4 HEREZH
4.1 BBWHR

X R T I A7 7 AL B T A S RS R A L
Bl 6Ca) L () o Tl FL 0T 38 A5 4SO A B8 T S AR AL
BIOLL HLZE R 7 () (b) o MERB R i 4 L [
HR AR S LE AT LUR S R R R
DO E 0 R SRR B R ROR AR, X R
P LU 2 AR R, LA 07 4 BE AR 25 0 K A kgt
AR AT ) A R S A B 2R BURGE 3 i ot e A
HBLE AR IC TR T A PR AR PR AR

(b) RS A AHGE
6 BWAREABNSHAEE

B350 A A AU ) 245 R e W AN T Bl s T
FRASL A [ & A 10 05 18 S R 24 90 4 L 0 MPa

H1 25 MPa B, 75 4 24 Bt X 2 42 1 0 {B A5 400 465 21 an
K 8(a) (o) I/ » G R B 25 140 T A 6 285
S 8(b) (D FrR. N 25 MPa i), i T
FIARTE R BY (R R B B 24 80z 1 5 1) AR FH B2 i)
B e AR S U E R TS R TE LR A& TR
R EUR /N . FE A BRI B R 25 1R A AL R
RO e B I BURR AR AT B R SRR, ey TE
FERAN BB B . X B bR T 1) I i A
WOy T EE RN R . BE LK 3 038 K 5
I 2 O 0 2 B S A I8 5 T e A F ) 45
B o R D %o 4 S0 i % i B B 1 S ) 4 L B
VUG HLE T B 3G R BB X AR /N L A R
13 PR AR TR A IR R i e 1T B KM AL E AR
[F] B 388 ke 24 3, A B A R T A1 R R

(a) BERTHEFL 1 1.46 mibFL A SEM

.
(b) B L 19.05 mAbFL AR
B 7 BEEEEL AR

DAMAGB

i

1.000e+00
8.889¢-01
7.778e-01
6.667e—01
5.556e-01
4.444e-01
3.333e-01

2.222e-01

1.111e-01

0.000+00

(e) HHEIE

(d) HEIE
B8 TRBEETHEHILABEEHRGEER



106 http://gks.cqu.edu.cn

TRKXFFHR

% 36 %

MR AMEURE B A1 10 BE R T A 9
TEAR R AR L L FEAR 1 5 SR o 3 B2 A 34 5]
THUY B 8 30 5 DR 2 4 T I RO 0 L S B TR
PLE S W2 U

4.2 BEIRE
AR F AR Sl 0 07 58 L R AT T 2R IR
I LA RT3 3 LB 9 R R AL 12 m

s FLEH

(1 2 5 A3 FET A2 i i .

®3 BUIRIMNABENSER

L35 PN e/ (mm + s 1) A/ Hz
%5 . 2 /m
251 /kg T % L T \% L
1 90. 0 15 22 47.8 17.0 50.0 166.0 20. 8
2 90. 0 17 34.7 55.9 23.5 2.0 166. 0 2.0
3 108. 0 14 34.9 43.2 24.8 2.0 85. 8 24.0
4 108. 0 12 37.3 57.4 23.7 35. 8 88.0 21.3
5 111.6 15 21.0 58.3 38.7 2.5 131.0 23.3
6 111. 6 13 24.9 43.4 29.0 2.0 130. 0 2.0
7 172. 8 15 21.1 57.5 44.6 40. 5 103. 0 39. 8
8 172.8 13 45.7 40. 6 39.9 2.3 40. 3 40. 0
9 230. 4 16 19. 4 30. 6 24. 9 2.0 156. 0 2.0
10 230. 4 14 33.4 24.3 33.7 48. 8 45. 3 2.0
B~ 2 A yE s
B 200 | | % S 5 it
I o s L/ S
e— 6] 34 3 1] 9 o A A BB R S L O B 22 087 2 VR L T4
- bt WO 25 B T AR
25 of e EUCCEERE.
se Lm0 2) 33 A AL B 3 1 22 1 R AL T
02 025 03 035 04 045 05 055 06 WSEEH, R ARGl KRG EREZL, L
N 1 — Lo ZE R0 (25 il H B R A R T BT 2 A Y T 2
P — ‘ S5 P — b 4Hr 5T s SN
s E T ERE - 4R 1 R MEMLA 3 L AR T M IR 2.
£-2 v i S — -
§ ' — I I 2 5. SR L T A e ] S e AL E
= 02 025 03 035 04 045 05 055 0.6 %*I{/ﬁﬁﬂ%ﬁ};%L‘T ﬁﬁgg&@%&ﬁﬁﬁﬁé" lﬁ
ts ot i W 2= 9 5 3CAR LU A 2 4 L SO 22 5 19
B9 BURHNESHZAELE S AESRAT A A AT R E

T AT 0T B 7 191 2 A 0 AR B ) A 2 SR b 9
8 e 77 A= 1 i 2l 3 AN o BB AR Bl 1Y) B A E A
Sy A BFE AR T A A R A fE 40~170 Hz 1
AR B AR Bl ) PR AE 170 Hz B, X
J2 R TR A M LR FH 22 B0 A 1) R A R O L o 0 il
I& Sh AT R AR B 3 A RO B 1R IR Bh R R B
T PRI o SR 22 R A 25 5 1 R M B R L AT LA R
Iof AV 10 41 0 ik 20 g e ) R R A R 25 R A Y

=24
AT

CEPd

[ 1] Yang R, Bawden W F, Katsabanis P D. A new constitutive
model for blast damage[ ] ]. International Journal of Rock
Mechanics and Mining Sciences &. Geomechanics Abstracts,
1996, 33(3): 245-254.

[ 2] Liu L Q, Katsabanis P D. Development of a continuum
damage model for blasting analysis [ ] ]. International
Journal of Rock Mechanics and Mining Sciences, 1997,
34(2) . 217-231.

[ 3] Tang C M. Numerical simulation of progressive rock



# 7 http://gks.cou.edy:6nse . % . sk ik 2 4 9 JL LR 8k 55 10 4 K @ AL 2 W7 2 4 A7 107
failure and associated seismicity [ J ]. International 2011, 30(6): 1089-1096.
Journal of Rock Mechanics and Mining Sciences, 1997, LU Wenbo, YANG Jianhua, CHEN Ming, et al.
34(2) . 249-261. Mechanism and equivalent numerical simulation of

L6]

L7]

[8]

[9]

Zhu Z M, Xie H P, Mohanty B. Numerical investigation
rocks [ J .
International Journal of Rock Mechanics and Mining
Sciences, 2008, 45(2): 111-121.

Wang Z L., Li Y C, Shen R F. Numerical simulation of

of blasting-induced damage in cylindrical

tensile damage and blast crater in brittle rock due to
underground explosion [ J ]. International Journal of
Rock Mechanics and Mining Sciences, 2007, 44 (5):
730-738.

Ma G W, An X M. Numerical simulation of blasting-
induced rock fractures[ ] ]. International Journal of Rock
Mechanics and Mining Sciences, 2008, 45(6): 966-975.
Taylor L M, Chen E P, Kuszmaul J S. Microcrack-
induced damage accumulation in brittle rock under
dynamic loading [ J]. Computer Methods in Applied
Mechanics and Engineering,1986,55(3) :301-320.
Kuszmaul J S. A new constitutive model for fragmentation
of rock under dynamic loading[ C] // Proceedings of the 2nd
International Symposium on Rock Fragmentation by
Blasting, August 23-26, 1987,
USA. [S. L. ]: Society for Experimental Mechanics, 1987
412-423.

BLIR, BUKE. &0 a3l J i & 8 ) poR o
WET T [ 5F K 2 2 4l A SR B2 iR, 2008, 36 (12):
1599-1605.
QIAN Qihu.

dynamic fracture criteria of rock and rock mass|[]].

Keystone, Columbia,

QI Chengzhi.

Dynamic strength and

Journal of Tongji University: Natural Science, 2008,
36(12): 1599-1605.

[10] Li H B, Xia X, Li J C, et al. Rock damage control in

bedrock blasting excavation for a nuclear power plant[ ] ].
International Journal of Rock Mechanics and Mining

Sciences, 2011,48(2):210-218.

(1] 5 3che. Hakde. BRI, S5, RMBEIR A OT 2 B 25

FEBLA B S A R B L), B 0 0 2 5 TR R

[12]

[13]

[14]

[15]

[16]

transient release of excavation load for deep tunnel[ J].
Chinese Journal of Rock Mechanics and Engineering,
2011, 30(6): 1089-1096.

KRR /bR KGR GE. PR R B R AU BT ) 45
BIGE S LT ] R B2 HOR , 2010, 38(5) . 31-33.
CHU Huaibao. YANG Xiaolin, YU Yonggiang, et al.
Experimental and research on similar material selection
for coal blasting [J]. Coal Science and Technology,
2010, 38(5): 31-33.

IR, SR, & U TE R E T BV R I )
PELT ], BER 4R . 2012, 37(2): 268-273.

MU Chaomin. QI Juan. Mechanical characteristics of
gas-filled coal under blasting load[ J]. Journal of China
Coal Society, 2012, 37(2): 268-273.

FRHL. R, TR, S MO RAL B R B
PR B LT B A i oe 5 TR i, 2008,
27(8): 1674-1681.

GONG Min, HUANG Yihua, WANG Desheng, et al.
Numeric simulation on mechanical characteristics of
deep-hole presplitting blasting in soft coal bed [J].
Chinese Journal of Rock Mechanics and Engineering,
2008, 27(8): 1674-1681.

HRE, RN, ARG, S 7RIS WK E s R T 42
HRB G RAEDE R L] A A 1% 5 TR, 2007.26
(12). 2510-2516.

XIA Xiang, LI Junru, LI Haibo, et al. Study on damage
characteristics of rock mass under blasting load in Ling’ao
nuclear power station, Guangdong Province [ J]. Chinese
Journal of Rock Mechanics and Engineering, 2007,
26(12):2510-2516.

WIS, Gk i SHE M) dbat ha T
b AL S 2009,

(R &)



