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Table 1 Material parameters of rock'®

p/(kg'm™) E,/GPa U oo/MPa E,/GPa oJ/MPa oy/MPa Cls™ P
2700 68.69 0.228 75 40 150 5.6 2.63 3.96
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Table 2 Material parameters of explosive

[10-12]

p/(kg'm™) D/(ms™) Pc/GPa A/GPa B/GPa R, R, w
1200 4000 4.80 214 0.093 4.15 0.95 0.3
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300 cm
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Explosive D, =70 mm D,=70mm Explosive

Rock

I =N B

Fig. 1 Calculation model

2.1 JBFLIEIEE L=40 cm BYE A TSRHYT RIES 2
Pl 2(a) ~ & 200) 205 4 1 1 A SV LRI N 40 em IfA £ 80y R it A

(d) =230 ps (e) t=340 us

(g) t=1540 ps (h) = 1200 ps
Kl 2 L=40 cm W5 A7 80 Jig i 7
Fig. 2 Growth process of rock crack at =40 cm
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(a)t=10ps (b) 1=60 ps (c)t=120 ps
(d) =210 ps (e) t=340 us (f) t=420 ps

() =520 ps (h) £ = 1200 ps (i) £ = 2000 ps
3 L=60 cm B & 41 8Ly R 1L 7R
Fig.3 Growth process of rock crack at L=60 cm
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(a)t=10ps (b) =70 ps (c) =140 ps

(d) £=190 pis (e) £ =340 ps () =380 ps

(g)t=510 pus (h) £=1200 ps (1) £=2000 ps
Kl 4 L=80 cm B & f1 8L JE 1L 72
Fig. 4 Growth process of rock crack at L=80 cm
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Wit (4) XA R A A L H EE K 5044 m/s, A ZBRY REE ving 1 Bk, 7EFLIE L N
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Table 3 The average speed of rock crack extension

Speed of rock crack extension/(m-s™)

L=40 cm L=60 cm L=80 cm VG
2051(£=40 ps) 2157(+=60 ps) 2286(£=70 ps) 0.39
2197(£=70 ps) 2083(#=120 ps) 2285(£=140 ps) 0.41
1656(£=230 ps) 1923(£=210 ps) 2140(£=190 ps) 0.44
1968( Average) 2054( Average) 2237(Average) 0.41
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—HRABIMIT T Fig. 5 Pressure curve in the x direction at the center of the
4 I ?‘E 7#; 1;“ connecting line of gun hole with different hole spacing
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Table 4 Blasting parameters

H/m h/m a/m b/m L/m I/m Q/kg
1.7 0 2.0 1.2 0.20 1.50 0.9
2.0 0 2.0 1.2 0.22 1.78 1.0
2.5 0 2.5 1.5 0.45 2.05 2.0
3.0 0 3.0 1.5 0.67 2.33 3.0

(2) #5100 %
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(GB 6722-2014) Hr— i [ H 8504 19 42 42 Fo v/ o o i 20 3 B8 s o (<10 Hz B IR 30 3 FE v 19 3 i 2
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a Blast hole

K XJ k >é’ (K % K w (K » I Outer hole detonator
K K kil W

A Four links

W W W W W

s s %f\}ﬂ L i
il W W kil W
W W a W W

™~

Bomb line

Free face
/L Exciting detonating element

Pl 6 R I % 1 4 7 1A

Fig. 6 Schematic of detonating network

x5 RIBEME

Table 5 Blasting vibration monitoring

Measuring point ~ Distance/m v/(cms™) Jf/Hz v/(em-s™) J/Hz v/(em's™) Jf/Hz
1 163 -0.21 9.16 -0.28 9.16 0.27 18.31
2 154 0.04 8.85 0.04 35.71 0.03 9.48
3 339 0.04 12.16 0.05 7.83 0.06 13.29
4 234 0.19 18.31 —0.14 9.16 —0.11 18.31

1.5~2.0 cm/s; 10 Hz<f<50 Hz BFHE 3 3 v (1930
FilJ& 2.0~2.5cm/s) .

(2) PR35 5 e 35 SR

ARG, A ML R (CEE M), A
Ve 4 MEfLEF Moy RGN, AR mE 7
Fros e LT AT LAE ), B 0L A 240
KRG, R A A B FLEE T G 0B W O 5
R PR R . 4 MLz SRR 8 A E
gr, B8z A 5B, 7E 5 M fL =z ] A
VAR & ) B A TR = el aa cht 15 ) 2 e N

RRADLAS 2R A PR 2 A — 2, T T B B7 AR
2k B AT 5 Fig. 7 Blasting effect
5 & i

(1) KB IV I8 8 A AH T A7, B 6 L T B2 1 184, B L) PRl 4 80 R A5 5 o e 4, R FL R R R
TR XS R, W A 1 93 S /AN BOE T /D, B 2 o AE 0L =2 8] 32 21 A S 1 L s K 1N 7 U R ) 1)
IR, BRECREY R 5, FLRE LB PR A 1SR, 32 SES0R BB E A A0 BB 3T B AL 0 %
7,

(2) 78 3 FOR R FL B FE 2500 T, BT BB TG x T[] 8 KR N 0 0k W6 {0 1 ) 8 Ul R A B AR — 3, S fL
6] #E £=80 cm A X} T L=60 cm FI L=40 cm, )i 1 I WEAE 23 908 67.7% F1 50.1%.

(3) FH T2 A 3 2 B DX A T ol 3 S 8 R IO 0 e P At 1 0/ P A 485 5L, Rk T2 b AR 8 o A
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Numerical Analysis of Impact of Shot Hole Spacing on Crack Growth in Rock
LI Hongwei, LEI Zhan, JIANG Xiangyang, LIU Wei, HE Zhiwei, ZHANG Binbin
( College of Chemical Engineering, Anhui University of Science and Technology, Huainan 232001, China)

Abstract: In order to achieve full fragmentation of the rock and effectively use the explosive energy, the
impact of different hole spacing on the rock (hornfels) blast crack extension was studied via ANSYS/LS-DYNA
software package using fluid-structure interaction (ALE) algorithm. The results showed that with the
increase of the distance between the two holes, the crack growth around the single gun hole becomes more
sufficient, the comminution area around the gun hole increases, the generated branch small crack gradually
decreases, the main crack increases, and the crack growth rate is about 0.42 times that of the longitudinal
wave velocity of the rock. In the area between the two holes affected by the explosion stress wave of the
adjacent holes, the main crack growth and expansion are more obvious, and with the increase of hole
spacing, the position of the main crack interconnection is closer to the direction of connecting the center of
the two holes. Engineering practice suggested that the results of numerical simulation has positive effect on
blasting engineering, the results of numerical simulation can be used to guide the design of blasting scheme
and can provide important reference value for the blasting engineering.
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