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Table 1 Statistics of full face blasting effect

conventional column lateral annular slit
No. charge charge

L/m L/% IL/kgm™ I,/m L/% I,/kg-m™
1 1.65 75.0 1.87 2.00 90.9 1.55
2 1.70 77.3 1.82 2.10 95.5 1.47
3 1.70 77.3 1.82 2.05 93.2 1.51
4 1.65 75.0 1.87 2.15 97.7 1.44
5 1.75 79.5 1.77 2.10 95.5 1.47
6 1.65 75.0 1.87 2.10 95.5 1.47
7 1.70 77.3 1.82 2.00 90.9 1.55
8 1.75 79.5 1.77 2.05 93.2 1.51
9 1.70 77.3 1.82 2.10 95.5 1.47
10 1.75 79.5 1.77 2.05 93.2 1.51
average value 1.70 773  1.82 2.07 94.1  1.50
relative value - - - 0.37 16.8 -0.32

Note: I, I, and I, represent cycle footage, hole utilization rate and specific

charge, respectively.

HRAEF 1 AT LU 2 5R R IR 5 24 4 i 4
T AR, 4 T T 4% 0 000 8 R L A 23R DA B A
ZYRFES I 1.70 m,77.3% F11.82 kg-m™. 2R
A o) B T2 1) 8 25 245 48R % g B R I, 4 BB T 9% 11 10
Pk RO M LR 2R DA B K 25 SRR 43 5 R 2.07 m,
94.1% F11.50 kg-m™. 55 R I8 LA AR 24 i Al 4
T AR AH B SR A 1) 9598 U7 5% 26 24 ) 1l 45 10 1 A 6f
106 B HE ROAME AL A H R 2 4R =T 0.37 m oAl
16.8%, ¥ 25 B FEREAK T 0.32 kg-m™. ] W, , $ 1# fL
e JEUN) [0 I JE 1) 5% < 24 AR 05 10 2 50 B 2 R R 5 2R
T 2 5 RO ) AR 10 0 0 250 23 AR e A JHL A4 1 4
BAR

5 % it

CU) 00 1) R AR D7) 5 256 24 48 X Jim 7 V) 48 7 B 22 I
SREBEAI L, (08 {6l 170 4 {3 i Ak o 1R 7K 52 S 9 % X A, B
T B X 42 T B R0 46 R B, SR 5 515 R g 2R IR
HEA A (e ot BB — A P R E i e D) 58 77 1] Y
WA RE AR

(2) i AU DR 245 DY Ja] 0 48 0 o7 72 0 4 £L v 0 3
PR oA, M) B0 I8 U0 8 A7 64 77 76 0 23 [ AR AR Y148 T 1a)

Chinese _Journal of Energetic Materials, Vol.31, No.12, 2023 (1245—-1254)

H A L7 R 55 U0 5 7 1) 4R KE N AR 7B 43 A 3R U E
LA AR 2R 24 110 % K R H 70 24 0 R X 50 43 T A )
WY R U1 4 26 25 1 D) 5 7 1) LA TR BE L 42

)W MAREGBBUFTIER T =K KEH
100 mm 2 1] 2 WAL, 4809 i 05 1) AT BEALE )
11 T V1) 4 25 24 % 0 A V) 5% T 7E 85 BE T B T — 45K
- W B, 1% S BCAE Y A T T BT R K B A F
200 mm, 3% W] D) 4% J5 1) () 24P R e D A5 2 9
.

(4) 55 3R FH 8 BUAT IR 25 245 F R AR A LG, 24 5% A
1) $1 T D) 4 5% 24 FR A R 8 Bk RORI I LR 52 43531
P T 0.37 m A1 16.8% , KEZRFEREIR T 0.32 kg-m™,
235 SRAE A 7 T S o T SR A0 1) PO U] 4 26 24 PR e R
T L i % 104 0 S 280256 0 % 1 A A

SE

(V] Bk, 2, BRR, 5. 3R R0 A 1t i 0k 4 e i FE 5
BRI R )] BB R, 2023, 51(1): 224-241.
YANG Ren-shu, LI Cheng-xiao, CHEN Jun, et al. Develop-
ment history and new technology research progress of rock
roadway blasting excavation in coal mines in Chinal]]. Coal
Science and Technology, 2023, 51(1):224-241.

(2] Zeilbnmt, B oM, e, &5 . M0 T v 2 L A5 il 152 50 52

BT[], 0B 2E 4, 2018, 3(4): 335-341.
ZUOQ Jin-jing, YANG Ren-shu, XIAO Cheng-long, et al. Mod-
el test of empty hole cut blasting in coal mine rock drivage[]].
Journal of Mining Science and Technology, 2018, 3 (4) :
335-341.

(3] TR, 870, 5B ) = G 1 FRIBEKE 25 19 15

FEL)]. Frfiektkt, 2014, 22(6): 857-861.
WANG Hai-bo, GUO Zi-ru, ZONG Qi. Experimental study
on high power class 3 permissible water gel explosivel]]. Chi-
nese Journal of Energetic Materials (Hanneng Cailiao), 2014,
22(6): 857-861.

(4] WFBAL, j5 50U, L, 45 . DRH A RTE SRR R 0 i A b A9 5

P AR HLEI ()], e Rz i CH AR, 2017, 48(5) -
1252-1260.
XIE Li-xiang, LU Wen-bo, JIANG Qing-hui, et al. Damage
evolution mechanism of deep rock mass in process of cut blast-
ing[J]. Journal of Central South University (Science and Tech-
nology), 2017, 48(5): 1252-1260.

[5] Cheng B, Wang H B, Zong Q, et al. Study of the double
wedge cut technique in medium-depth hole blasting of rock
roadways [J]. Arabian Journal for Science and Engineering,
2021, 45(6): 4895-4909.

(6] B M, MUK, sA s, A5 R4S TR SRl MR a0 1 R K

01 hE AR S, 2022, 34(1): 120-127.
YANG Ren-shu, WANG Yan-bing, ZHANG Zhao-ran, et al.
New technology and application of cutting blasting in shaft
and roadway engineering[]]. Bulletin of National Natural Sci-
ence Foundation of China, 2022, 34(1): 120-127.

(7] s, SO®, T . RS BT R A BB 1952 m )],
e updi, 2015, 35(4): 576-584.

Sttt

www.energetic-materials.org.cn



N0 i) BV V) G 25 24k 280 B AR BE A 4R R R Y

1253

[10]

[11]

[12]

[13]

[14]

[16]

[17]

GONG Min, WEN Bin, WANG Hua. Influences of cut param-
eters on blasting effect in rock roadway of coal mine[J]. Explo-
sion and Shock Waves, 2015, 35(4): 576-584.

ARG, sk, AR, AR BRNE IR B 25 AR T ' 1T A L
BROESE KOS L) ] MRS vy, 2020, 40(1): 92-99.

DENG Yong-xing, ZHANG Zhong-lei, GUAN Zhi-giang, et
al. Research and application of root smooth blasting mecha-
nism of shaped charge in spiral tube[J]. Explosion and Shock
Waves, 2020, 40(1): 92-99.

FIEvk, 2P, BEA, 45 . UJ4E 25 G R IE ) T 2401 K
AWML )] TRER R, 2023, 45(4): 521-532.
WANG Yan-bing, LI Shu-xuan, GENG Yan-jie, et al. Direc-
tional fracture mechanism and surrounding rock damage char-
acteristics of slotted cartridge blasting [J]. Chinese Journal of
Engineering, 2023, 45(4): 521-532.

YANG L Y, HUANG C, BAO S J, et al. Model experimental
study on controlled blasting of slit charge in deep rock mass
[J]. Soil Dynamics and Earthquake Engineering, 2020, 138:
106318.

AR, VRIS . BEKEAE R A B A R 9 o B AT SR L) ] M 2
2, 2017, 42(12): 3065-3071 .

YANG Ren-shu, XU Peng. Fractal study of media damage un-
der blasting loading[]]. Journal of China Coal Society, 2017,
42(12): 3065-3071.

WA, ZeBEat, ks, L ORI UIAEAT B TCT D) 4 25 A K
il P A B AR BT S )] o ATl K A 4R, 2019, 48(2)
229-235.

YANG Ren-shu, ZUO Jin-jing, LI Yong-liang, et al. Experi-
mental study of slotted cartridge explosion shock wave propa-
gation characteristic with different cutting seam pipe material
[J]. Journal of China University of Mining & Technology,
2019, 48(2): 229-235.

T3, sk A, BRMG, 45 . % 20 45 1 X D) 4% 24 40 R ECR B
MIWEsEL)]. JRsh S upiti, 2018, 37(10): 27-34.

YUE Zhong-wen, ZHANG Shi-chun, QIU Peng, et al. Influ-
ence of charge structures on the slotted cartridge blasting effect
[J]. Journal of Vibration and Shock, 2018, 37(10): 27-34.
e, W, gk, AF . L [ AR AR U0 4% 24t Ak i A
ARGy MM U D] ks 5 e, 2019, 38(23) -
186—195.

YUE Zhong-wen, TIAN Shi-ying, ZHANG Shi-chun, et al. Ex-
panding law of cracks formed by slotted cartridge blast under
unidirectional confining pressure [J]. Journal of Vibration and
Shock, 2019, 38(23): 186—195.

S0, HIHER, PR AR . AL e B D) 48 24 6 4 AR RS0 g ML
ey )] A0 5 TR, 2018, 37(11) 1 2460-
2467.

YUE Zhong-wen, TIAN Shi-ying, CHEN Zhi-yuan, et al. Influ-
ence of the interval between holes on crack propagation in slit
charge blasting[ﬂ. Chinese Journal of Rock Mechanics and En-
gineering, 2018, 37(11): 2460-2467.

T sc, sk AR, BOMG, 45 . DV4E 24 40 s R iR A ALY AL
B[] BERFAR L 2018, 43(3): 638-645.

YUE Zhong-wen, ZHANG Shi-chun, QIU Peng, et al. Mecha-
nism of explosive crack propagation with slotted cartridge mil-
lisecond blasting[)]. Journal of China Coal Society, 2018, 43
(3): 638-645.

FRAS, VEWR I, SS B . FEF SPH-FEM KB & 1 U 4 24 £ 3% i pL 34

CHINESE JOURNAL OF ENERGETIC MATERIALS

[21]

[22]

[23]

[25]

e

BUEAU) ). S REM KL, 2020, 28(4): 300-307.

CHENG Bing, WANG Hai-bo, ZONG Qi. Numerical simula-
tion on blasting mechanism of slotted cartridge based on cou-
pled SPH-FEM algorithm[J]. Chinese Journal of Energetic Mate-
rials (Hanneng Cailiao), 2020, 28(4): 300-307.

ZUO J J, YANG R S. GONG M, et al. Studies on directional
breaking controlled theory of slotted cartridge blasting for rock
[J]. Arabian Journal Geosciences, 2021, 14(18): 1928.
AR, A, WS a, G5 TR PR BOR 9 D) 48 24 40 2R
BRI AT ()] A A J1e 5 TR i, 2013, 32(2)
317-323.

YANG Ren-shu, ZHANG Zhao-ran, YANG Li-yun, et al. Cu-
mulative blasting experiment study of slotted cartridge based
on hard-rock rapid driving technology [J]. Chinese Journal of
Rock Mechanics and Engineering, 2013, 32(2): 317-323.

W R, RIS, BT, S UG b SRR A ke 2 R L 5
[ ¥ S oh . 2017, 37(1): 134-139.

YANG Guo-liang, CHENG Shuai-jie, WANG Ping, et al.Experi-
mental on slot tube blasting of axial decoupling coefficient
charginglJ].Explosion and Shock Waves,2017,37(1):134=139.
FREC, VEURYE, SRRy, A T U4 A 24 E [ WUR Y b R LA R
BB L)) RS S ahidi, 2023, 42(3): 322-329.

CHENG Bing, WANG Hai-bo, ZONG Qi, et al. Mid-deep
hole cutting blasting technology based on slit charge direction-
al presplitting [J]. Journal of Vibration and Shock, 2023, 42
(3): 322-329.

MAN K, LIU X L, WANG J, et al. Directional blasting technol-
ogy of slit charge for geological disposal of high-level radioac-
tive waste [J]. Advances in Civil Engineering, 2018, 2018:
6401545.

HdE, BT, R, S UDAE 2 S A A T I T (A AL
SABTTE )], RA™ 5 % 4 TR, 2020, 37(4): 674-680.
SHEN Tao, LUO Ning, QI Fu-zhou, et al. Numerical simula-
tion and optimization of smooth blasting in rock roadway with
split-tube charge hold[]]. Journal of Mining & Safety Engineer-
ing, 2020, 37(4): 674-680.

WA, BRWL, meakifl, S5 B T AR AR 0GB 1 R Y o AR
WA XL H AT FE )], TR SR, 2021, 53(1): 67-74.
WEI Dong, CHEN Ming, YE Zhi-wei, et al. Study on blasting
failure zone based on rate-dependent dynamic characteristics
of rock mass[J]. Advances Engineering Sciences, 2021, 53
(1): 67-74.

ARRE, XYy, L, AR A P I A 1) 2R RE A B U ]
EAROEAR AT )] A e S TR, 2018,37(9)
2037-2047.

ZHU Fei-hao, LIU Ze-gong, GAO Kui, et al. Experimental
study on rock damage of roadway excavation by cumulative
blasting in structural coal[J]. Chinese Journal of Rock Mechan-
ics and Engineering, 2018,37(9): 2037-2047.

CHEN W, MA H H, Shen Z W, et al. Experiment research on
the rock blasting effect with radial jet cracker[J]. Tunnelling
and Underground Space Technology, 2015, 49: 249-252.
ARG, BRI, FMHE, &5 SRR R B 24 60 Bl AL AR A 4
x5 R0 PR35 i, 2020, 39(12): 63-69.

DENG Yong-xing, MA Hong-hao, WANG Gui-lin, et al. Ex-
periment research and application of borehole-blasting of spi-
ral tube shape charge [J]. Journal of Vibration and Shock,
2020, 39(12): 63-69.

2023 % H 314 H 124 (1245-1254)



1254 FIT A RN BRI, 0, EAA

Blasting Effects and of Lateral Annular Slit Charge and Application in Hard Rock Cutting

CHENG Bing'*’, WANG Quan'?, WANG Hai-bo’, CHENG Yang-fan'’, ZONG Qi’, WANG Meng-xiang’

(1. Anhui Engineering Laboratory of Explosive Materials and Technology , Anhui University of Science and Technology, Huainan 232001, China; 2. School of
Chemical Engineering, Anhui University of Science and Technology, Huainan 232001, China; 3. School of Civil Engineering and Architecture, Anhui
University of Science and Technology ; Huainan 232001, China)

Abstract: A lateral annular slit charge was proposed in order to improve cutting effect in hard rock tuunels. Firstly, the blasting
effects of the charge were analyzed theoretically. Then, the distributions of blasting strain and blasting crack after the charge
blasting were studied through the model experiments. Finally, field tests were implemented to explore the applied efficacy of the
charge. Results showed that the lateral annular slit charge could induce an energy accumulation effect at the slit position, which
results in the rock mass at the slit position being subjected to stronger blasting loads and thus having stronger crack propagation
ability. The lateral annular slit tube could reduce the blasting strain in the non-slit direction and increase the blasting strain in the
slit direction. The strain distribution characteristic proves the energy accumulation phenomenon in the slit direction of the lateral
annular slit charge. According to the macroscopic crack propagation, the crack propagation ability of lateral annular slit charge
in the slit direction has been significantly improved. Compared with conventional column charge cutting blasting technique, the
lateral annular slit charge cutting blasting technique could improve drivage efficiency and reduce cost in hard rock tunnels,
which verifys that the lateral annular slit charge is preferred in hard rock tunnel cutting blasting.

Key words: lateral annular slit charge;hard rock tunnel;cutting blasting; blasting effect
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