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Influence of blast hole spacing on penetrating crack propagation of eccentric uncoupled charge
ZHANG Xiantang'?, LIU Xiaokang®, WANG Xiangyang”®, ZHOU Hongmin'*, WANG Hongli'
(1. Shandong Provincial Key Laboratory of Civil Engineering Disaster Prevention and Mitigation, Shandong
University of Science and Technology, Qingdao 266590, China;
2. College of Civil Engineering and Architecture, Shandong University of Science and Technology, Qingdao 266590, China)

Abstract: In order to study the influence of hole spacing of eccentric uncoupled charge on the penetrating crack
propagation in smooth blasting, this paper first deduced the calculation method for hole spacing of eccentric
uncoupled charge by using the formula of hole wall pressure of concentric uncoupled charge and the superposition
principle of stress wave. Then, based on the obtained range of hole spacing, the propagation positions of penetrating
cracks in three kinds of rock under different hole spacings were calculated. Finally, sandstone material was selected
for numerical simulation. The results show that the penetrating crack is distributed on the eccentric side in eccentric
uncoupled charge blasting and that the rock with high tensile strength has a large degree of deviation from the hole
connection center line. When the hole spacing of sandstone is 60 cm, the propagation direction of penetrating crack
coincides with the center line of the hole, and concentrated penetrating crack area appears below the center line. The
increase of the hole spacing causes the penetrating crack to move away from the center line, resulting in under-
excavation. After the eccentric decoupled charge blasting, the damage of rock on the eccentric side is obviously
greater than that on the non-eccentric side.
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Fig. 2 Pressure increase coefficient fitting curves of eccentric uncoupled charge
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Fig. 4 Initial radial stress peak
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Table 1 Location of penetrating cracks with different hole spacings

[ A KA Ak
FREATEY AL B/ cm

P,/MPa 0/ P,/MPa 0/C) P,/MPa 0/
M, 60 383 86.73 496 77.76 512 75.77
M, 65 437 81.75 553 73.78 693 64. 81
M, 70 493 78.76 610 69.79 786 59. 82
M, 75 551 73.77 669 66. 80 869 54. 84
M; 80 613 69. 79 730 62. 81 923 51.42
M 85 676 65. 80 791 59. 82 1016 40. 88
M, 90 742 61. 81 854 55. 83 1130 37.89




7 56 2 A8 < 4 L 18] R X i L AN R 5 2 25 B R TR Y 5 5.

2 WABRBWIAE

2.1 WA REIT

N AT B AR R 56 Rossmanith 255538 3 Xt o 40 M7 389 5 2 A1 5 A7 BB B AR A R A ) S AR A A% 1 R
BB IR 25 51, e 9 — 8 IR B =X S B 8447 A O AR ARl . A DL 3 B A3 D' AT DL Ot R 2 A3 A 24
SR A, HLT R R B S A A, DR R AR A b A 2R VR R A A B i R LB R AT B ST A AT DO AT
BLIE B AR A Sy e Pk o A i 2 AR RE . AR i 3 A 28008 =X, SR T T 0 A AR AR 3 B R X5 X iR
40 em X 30 em X 0.5 em, ARG EAERBARCR AP BI AR AR 1 AR A 224 WAL ERE N 1.2 cm, 2y
G FEERE.HRHR 0.7 em, BT 5 AR KA & T ALRE— M, 2% SClk 08 96 L ) BE i 3158 7y
2 KA PLBEES AR S 8 WL SCERC10 DAR AR (6) , T A3 B[R]0 A HE A e 25 i FL B BE N 3. 2 em, f O AN FE A
20T N ML IR 8. 1 em, 25 FEHE I ARG I P TG ¥R X AL RS R E AT A Ak b, 5 2 AT R KR TR It
B Mo FLIE] BE 43 ) % B R 3.5 F1 7 em, BPAEEAS T T LN
2.2 REERSW

Kl 5 R i A e () e A IR RICR K, 36 2 XS AR R RS K T T 41, S R A3 ecm 3( 5 cm
BF A5 T 4 ~ 5 450 RS0 AR ) 2 R a8 E B AL TIRALIEOLME R 8 7 em B M AL
BT 1 ARTE RS, MR KIS 2 BT OH A OO SO L i O 0 2 08k R K R T
A A 0o o i o 0 L D] B P 85 K, AR AL B 3 ) S 80 S s I 78 4

3 em¥3 cm Hb 4% “L@?ﬁ 3lemx3 km ‘:F‘il}ﬁ% i | 3 ¢m>3 cth FRal R
T o i IR PN EC DT
IR A o[ 7|
R e il 3 FEEes Wi
T TR, || ST
flod T J RN LR
: il SRR T 2 B {a
(a) A 1 (b) BEALI (c) AT
Bs5 HEEBFHRE
Fig. 5 Effect diagram of model destruction
x2 ROFBAEABEBRRGKE
Table 2 Crack length of eccentric uncoupled charge blasting cm
e R T | el el
1 10.1 11.1 11.6
2 5.9 10.9 11.1
3 6.7 11.6 11.7
4 9.7 10. 3 10.7
5 4.7 3.2 4.1
6 3.3 2.2 2.3
7 3.1 2.9 2.3
8 2.5 2.7
9 4.6 3.1

2.3 SREHSN
CLA B R - A R 5 28 AL B A W T 1 B B AT A 43 T8 T S RS AE L 38 o % A 0 5



c 6 - L AHBEKXFFROARFAFZ RO 2024 4% 3 #7

AR i o 00 DX SRR AT 23 AR RO 5, T LA B 1A O S R R 2 R S AR AR EE . AU MATLAB N
im2bw R EO R (TR B 35840 AR AT —E AL AR PR AR5 R AT G 4E B TH 5. AR & 4 B A i
o AR BT R R

b BN
70 lg)’

X F G AEE Ly WE TR N OO B SESE RGNS & T

Or TR A 45 5, SR LI BE D 7 cm I M AL 3% O 2 5 ) 1 BE T 1 A% BT 2R A HUEL AL 8] XSl £ B 52
B DR AR I R S T R AT IS T A AR . T 6 T s DA Al MR o 0 ) 3 2 RSO T 2k
P SRR B 45 R TR RS M2 o AR, A SC R B R T 0. 96 U RORBLF . 0 00 19 73 T2 4 %
1,399 6 AR GO U B 0 FEHERCH 1. 075 5 i O 00 F) 2 JE2 48 50 T 1 i 4 000 i o D00 549 220 JE 43 0 52 A A s
M 1.3 fis. FHlttﬁfﬂiﬁaluf%%/—‘%?/\;miﬁfﬂﬁ)‘ﬁﬁkﬁ%ﬁﬁﬂ’hﬁl% i 4o A0 A9 S A 58 47 2 A T G T A
O AL ] B R B A7 T LA L3 O R B ST IR i B SR

(12)

9 g
8 7L
T lg M(y)=—1.399 61g y+7.944 5 6+ g M(y)=—1.075 51g y+6.493 7
6 #0999 5 2. 09879
B st B
=, = 4
40 =
3 s
3 |
2L zr
1F 1r
0 w 0
-1 0 1 2 3 4 5 6 7 -1 0 1 2 3 4 5 6
lgy lgy
(a) Rl (b) FEfm -l

6 R=7 cm B 5 4%

Fig. 6 Fractal dimension at R=7 c¢m

3 WAROABEERGBERM
240 cm

3.1 EER 120 cm 120 cm

o BIE 5 A T o A b LB B R R
YEZG M 2 AR A Euler B 3L A AR A
Lagrange Wk, MFALEAANMEG RN

80 cm
&
oy
5 S = WTm——
g
il

L7 AR5 4 cm " AT ~ 1Y Ha L f L
JAL I B 52 51 60,70 .80 cm . 70 R < sl S Pl
240 cm X 160 ¢cm X 0.6 cm, B HEZY . 28 = i
AT I RS R A B AE 0.2 em . 5 = ! e
D i TSR T I 7 e = gian ()

H SLALIEZS ! il
Zip-9L8 :

3.2 HEMBSH
%Eﬁﬂiiﬁﬁ%@%ﬁﬁe»%ﬁﬂﬁzﬁﬁ

AL ﬁﬁ Riedel-Hiermaier-Thoma (RHT)

B 38 0F B 7« MAT_RHT K XA R S8, BRAR S5k 3 pist,

B7 HEKRETEE

Fig. 7 Schematic diagram of numerical model



7 56 2 A8 < 4 L 18] R X i L AN R 5 2 25 B R TR Y 5 7o

£3 EAMHESH

Table 3 Rock material parameters

W/ (kg/m®) LA/ GPa HERAYES Jii Wz IE 3 / MPa PR JE / GPa UL/ GPa VI tidE/GPa
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Table 4 Explosives and state equation parameters

Jones-Wilkins-Lee IR 255 F 2 5

A/GPa B/GPa R, R, w E,/GPa

1/ (kg/m”) FEE/ (m/s)

1200 3 200 47.60 0.529 3.50 0.16 0.41 4.5
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Rock damage distribution of eccentric uncoupled charge
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