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Optimization of Hole Distribution and Delay Time
in Blasting Excavation of Mine Roadway

HU Gang' ,FEI Hong-lu' ,GUO Yu-xin’
(1. Institute of Blasting Technique, Liaoning Technical University, Fuxin 123000, China;
2. Baotou Quanshan Blasting Engineering Co. ,Ltd. ,Baotou 014060, China)

Abstract; 1In order to improve the effectiveness of mining roadway blasting excavation and reduce the damage of
blasting vibration, the method combined field blasting tests, blasting vibration monitoring tests,and numerical simula-
tion analysis was adopted. The allocation of actual holes and vacant holes was determined according to the utilization
rate of the blasting hole. The reasonable delay time was determined based on the peak of particle vibration velocity.
At the same time,a numerical model was established based on the size of the roadway and the physical and mechani-
cal properties of both the roadway and the surrounding rock. Based on the material parameters,the impact of roadway
blasting excavation on the surrounding rock structure was analyzed using ANSYS/LS-DYNA numerical simulation
software. The research findings demonstrate that employing the layout method of central real holes coupled with sur-

rounding empty holes for roadway blasting excavation results in a utilization rate of cut holes exceeding 96% , with the
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highest utilization rate reaching 97. 9% . This indicates that the strategic arrangement of real and empty holes can sig-

nificantly enhance the efficiency of blasting excavation. Besides, when the delay time increased from 50 ms to 75 ms,

the attenuation rate of the peak of particle vibration velocity exceeded 20% at the same position. When the delay time

was 100 ms,the peak particle vibration velocity decreased to 2. 97 ¢cm/s at 25 m,indicating that the delay time can

significantly reduce the damage caused by blasting vibration. Meanwhile, when the layout of central real holes and

surrounding empty holes with a delay time of 100 ms was employed to analyze the surrounding rock structure during

roadway blasting excavation through numerical simulation, it was observed that a tensile stress of 9.1 MPa was gener-

ated at the arch crown position within a 1-meter range from the roadway section. Tensile stress greater than 5 MPa

was present at the arch waist position within a range of 1 to 4 m. Therefore, it is recommended to add steel frame sup-

port to the arch crown position and spray concrete on the arch waist position.
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Table 1 Blasting parameters and results of the first hole distribution
FIFR ALK E TR A A
WFLgme  PAFLZhE SRR Average residual hole length/m Percentage of utilization of hole/%
Hole Single-hole Break e 1 R 5 2 5 3 R 1 5 2 3
number charge/kg time/ms First Second Third First Second Third
experiment experiment experiment experiment experiment experiment
1 1.8 0
2~3 1.8 50 0.080 0.075 0.074 96.5 96.7 96.8
4-~5 1.8 100
~ 1. 1
6~7 8 50 0.138 0.128 0.087 94.0 94.4 96.2
8~9 1.8 200
10 ~11 1.2 2
0 50 0.073 0.058 0.048 96.8 97.5 97.9
12 ~13 1.2 300
14 ~19 1.2 350
0.069 0.052 0.054 97.0 97.7 97.7
20 ~25 1.2 400
®2 FEIMBALAXNBERSHREAREIT
Table 2 Blasting parameters and results of the second hole distribution
I FR ALK SRR A A
ML AfLZhE R Average residual hole length/m Per(:entage of utilization of hole/%
Hole Single-hole Break R 1 I 2 iR 3 7N 02 i 2 R 3
number charge/kg time/ms First Second Third Flrst Second Third
experiment experiment experiment experiment experiment experiment
1~2 1.8 0
3~4 1.8 50 0.230 0.218 0.200 90.0 90.5 91.3
5~6 1.8 100
78 1.8 150 0.290 0.271 0.243 87.4 88.2 89.4
9~10 1.8 200
11 ~12 1.2 2
50 0.110 0.100 0.090 95.2 95.7 96. 1
13~14 1.2 300
15~20 1.2 350
0. 095 0.077 0.071 95.9 96.7 96.9
21 ~26 1.2 400
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Table 3 Blasting vibration test results

. IXERgis RO JoE s AR H IR AL 5 5 i R I (.
SRS [A] . S C I
. Instrument Epicentral Peak particle vibration peak particle vibration velocityof
Delay time/ms . . - . -1
number distance/m velocity/(em + s7 ) cutting hole/(cm + s )
A 25 4.72 3.432
50 B 30 3.14 2. 948
C 35 1. 47 1.268
D 40 0.95 0.743
A 25 3.75 2.496
75 B 30 2. 68 1. 930
C 35 1.24 1.012
D 40 0.83 0. 486
A 25 2.97 2.325
100 B 30 1.85 1. 128
C 35 1.00 0. 682
D 40 0.73 0.451
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Fig. 4 Particle vibration velocity curve of 50 ms of cutting hole
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Fig. 5 Particle vibration velocity curve of 75 ms of cutting hole
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Table 4 Material parameters of rock

W SRR AR LL YU EAENEY) S
Density/ (kg - m ™) Elastic modulus/GPa Poisson ratio ~ Compressive strength/MPa  Tensile strength/MPa
2600 34 0.2 85 5

x5 HEHMBERESE

Table 5 Material parameters of explosive

iolis P= 30 PCJ JEH7
. -3 . . -1 A B Rl RZ w EO
Density/ (kg - m™)  Detonation velocity/(m + s~ )  Pressure/GPa
1250 4400 5.2 1x10° 4.17 x10* 10 3.8 0.039 7x10°

4.3 BRiREEES

TER 3 — R A AL 7 30, S [E] 2 100 ms i
AT TE R Bl 1 o 1B o 44 52 0 S i A Rty L,
ST BT I AR e 70 A, B DR B RS 2 114 T

FEE 5 R TR RS A BRI, 55 48 k0 B 2 i) Oy
3.5 m( ¥4 165012) 4.5 m( ¥ 5 165033) 5.5 m
(1515 165086 ) F1 6.5 m (15 15 164991 ) 4ib fr) JF 45 4%
AR 2R, AN Al 10

~ 03 ~ 03
w w
",,75 0.2 -’;5 0.2
. } . }
\EE 0.1 \@5 0.1
a £ a £
& § 00 & § 0.0
¥ 01 ®E 01
& =5
) )
A~ _0.2 L L L ) ~ ~0.2 L L L Il
0 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
i8] Time/s i 6] Time/s
(a) 165012 (b) 165033
~ 03 ~ 03
I(I] ‘ll)
T~ § 02 ~§ 02
= P
\§§ 0.1 \EE 01f
w2 w2
& £ 0.0 & £ 00
BE g = o1
=4
E 3
& 02 . . . ) =~ 02 . . A )
0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8
I 8] Time/s i 6] Time/s
(c) 165086 (d) 164991
10 oS P o) A i 2k

Fig. 10 Particle vibration velocity



FA2E H3W

BRI, SRk BRI B L A T AR A A LS A A DR T 61

Fe P 10 BB B e I a6 P AR 75 4 42
B, n] AT 2 B R a0 {8, R 10 A

4 R R (Y T3 6, HLiRZE I 11 o o

x6 FRiRFEEEILSR

Table 6 Peak value of particle vibration velocity

JT A5 R i {E Peak particle vibration velocity/(cm «s™")

e BRI WA AR HIRILIA 245t
Epicentral distance/m . ) ) AH o B HA
Numerical simulation Fitting formula Fitting formula of cutting hole
3.5 18. 64 15.72 18.37
4.5 15.33 11.62 14.29
5.5 13.10 9.14 11.69
6.5 12.03 7.48 9.89
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Fig. 12  Stress nephogram of surrounding rock
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Fig. 13 Stress curve of surrounding rock
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