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Abstract: This study focuses on optimizing blasting parameters for millisecond blasting of medium-deep holes at
the Jinduicheng Open-pit Molybdenum Mine, addressing its complex blasting conditions. Through numerical simula-
tions , the research systematically examines how hole spacing,row spacing,and delay time influence blasting effective-
ness. Field rock samples were prepared and tested to acquire actual in-situ rock mechanical parameters. Borehole a-

coustic data were analyzed using RSM acoustic logging software to determine rock wave impedance. A ten-segment deto-
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nation velocity meter measured explosive detonation velocity, enabling rock-explosive matching. Simulation parameters

were established based on measured rock mechanical properties and explosive characteristics. LS-DYNA software was

employed to construct numerical models with varying hole and row spacing,inter-hole and inter-row delay times.
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Table 1 Mechanical parameters of rock specimens

PSR PSR TR bR PR {SL/NEA

s i ako é‘ﬁ?ﬁi Ji°3 Compressive Shefir s.trength Elastic Pois.son's

. ] Tensile strength/MPa indices modulus/GPa ratio/

Rock Density/ ~ Moisture —
8 streng
wpe  (grem™’) contemt% o (USRS I C NS S kil
Saturated Natural a ¢ Natural Saturated Natural Saturated

Z s 2.57 1.66 1.6 16.8 20.2 2.73 35.4 3.88 3.24 0.29 0.30
Vidsbiiwa 2.49 2.01 4.7 40.2 50.5 5.03 42.6 13.01 9.58 0.23 0.24
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Fig. 1 On-site acoustic wave test
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Fig. 2 Acoustic wave map of the cannon area
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Table 2 Statistical table of acoustic wave test data

FLE fL 1 Hole 1 fL. 2 Hole 2 fL 3 Hole 3 fL 4 Hole 4
Hole depth % 3#E Wave velocity/ W 3#E Wave velocity/ W 3#E Wave velocity/ W 3#E Wave velocity/
R Depth/m (km-s™") (km-s™") (km-s™") (km-s™")

3.0 2.521 ® * *

3.5 2.521 * * *

4.0 2.542 * * *

4.5 2.564 * * *

5.0 2.532 * * *

5.5 2.510 * * *

6.0 3.636 * 1.423 *

6.5 2.479 ® 1.475 2.429
7.0 2.703 1.702 2.041 2.449

7.5 1.985 1.646 2.083 2.459

8.0 2.927 1.688 1.329 2.459

8.5 2.410 1.709 1.688 2.469

9.0 1.985 1.717 1.702 2.490

9.5 2.107 1.646 1.835 2.419
10.0 2.575 1.709 2.564 1.942
10.5 2.575 1.770 1.702 2.479
11.0 2.586 1.724 2.041 2.667
11.5 2.586 1.709 2.030 2.39
12.0 2.609 1.702 2.030 2.449
12.5 2.521 1.681 1.286 2.500
13.0 2.632 1.581 1. 660 2.500
13.5 2.586 1.667 1.739 2.553
14.0 2.575 1.739 2.083 2.521
14.5 2.479 ® * 2.470
15.0 2.597 * * 2.397

i

—
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Fig. 3 On-site test photos
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Table 3 Measurement results of explosion rate

fL1 fL2 fL3 L4 fLS SEIE
Hole 1/ Hole 2 Hole 3/ Hole 4/ Hole 5/ Average
(m+s™) /(m-s') (m-s7") (m-s™") (m-s™) valuem/s
TAL(ILH 8# IX4sk)

Dry holes 5088.8 4689.9 5243.5 5269.3 5191.3 5096. 56

( North slope,No. 8 Area)

IKAL (RIS S#/6# [Xi8)
Wet holes 4803.5 4948.3 4932.7 4829.6 5013.9 4905.6

(South slope,No. 5/No. 6 Areas)
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Table 4 Simulation test scheme for optimizing hole spacing

gy % fLiE fLIATSESD J/icksia Hewe ey fLAe LAl WERKE AFkmm
SIS Hole Inter-hole ik Inter-row Hole Drilling Stemming Bench face
Test Plan . .
spacing/m  delay/ms Toe burden/m delay/ms diameter/mm depth/m length/m angle/°
1 7.25 25 6.7 65 250 13.5 6.0 75
2 7.50 25 6.7 65 250 13.5 6.0 75
3 7.75 25 6.7 65 250 13.5 6.0 75
4 8.00 25 6.7 65 250 13.5 6.0 75
5 8.25 25 6.7 65 250 13.5 6.0 75
6 8.50 25 6.7 65 250 13.5 6.0 75

(1) BAEREAEE R A
SE RSO R R R i A FIAR R S BORME 5 , T

ANTRI AT B AR AL, 4L A 25 A AR A A B ) 22 £k
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Fig. 4 Stress variation process of bench blasting cross-section
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Fig. 5 Stress variation cloud diagrams

under different hole spacings
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Table 5 Optimization simulation test scheme for inter-row delay time

NN f B HERE I 1] SiE K A2E S HEa] A 3
JEPIE S
Bench Row Inter-row delay per Inter-row
Test plan . . -1
height/m spacing/m meter/ (ms *+ m”~ ) delay/ms
1 12 6.19 8 49.52
2 12 6.19 9 55.71
3 12 6.19 10 61.90
4 12 6.19 11 68.09
5 12 6.19 12 74.28

(2) B R 1R

BV Ui T (iR R SR eY R T Wy g SN ok 1555
AR AT DX 3, A 8 A 3 A 5 e RS AT A 2 B A
HERHY R . B BT BT R Y 0 AR AR, T A
SR R AU A R R 2

SR VA AN [R] A ST P ) X6 228 B PR A9 47 FH 2

LN

(a) HH] FE S5 i [] 49.52 ms

(a) Inter—row delay time: 49.52 ms

- IR

(c) HEMR]ZEH BT 3] 61.9 ms

(c) Inter—row delay time: 61.9 ms

(e) HEIE] FE s} 6] 74.28 ms

(e) Inter—row delay time: 74.28 ms
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(b) HE IR FE B 7] 55.71 ms
(b) Inter—row delay time: 55.71 ms

(d) HE 5] %E 393 F5f 5] 68.09 ms
(d) Inter—row delay time: 68.09 ms
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Fig. 6 Analysis of rock mass damage under different inter-row delay times
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Fig. 7 Shows the relationship between the delay time

between rows and the degree of rock damage
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Table 6 Simulation test scheme for optimizing the delay time between holes

NN - B L AL 2B K A2 1) N N
wprE  AwmE e L AL
. Row Hole Inter-hole delay per
Test plan Bench height/m . . o Inter-hole delay/ms
spacing/m spacing/m meter/(ms - m”~ )
1 12 6.19 7.75 2 15.50
2 12 6.19 7.75 3 23.25
3 12 6.19 7.75 4 31.00
4 12 6.19 7.75 5 38.75
(2) BEAUZE R oM R BBERR L AR e oy — 3 AR

N T VR A [R] AL ) SE 3] i (8] %) 2809 i B 52
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(a) FLIATSE B[] 15.50 ms
(a) Inter—hole delay time: 15.50 ms

(c) FLIE] S HA B} ] 31.00 ms
(c) Inter—hole delay time: 31.00 ms

P8 ANIR]FLIEISE S (5] 25 T A s 40 B

Fig. 8 Analysis of rock mass damage under different inter-hole delay times
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Table 7 Blasting test parameters
RORALIE /LR 2PN i /MR FhiALALB I
Maximum Minimum hole ~ Maximum row  Minimum row Drill hole Subdrill
hole spacing/m spacing/m spacing/m spacing/m depth/m depth/m
8.3 6.4 5.73 4.56 13.5 1.5
AL 2 i SFRALEE Rk il RN AL S TP 2 R g L DAL G
Charge weight Average blasthole ~Average row Spacing Average distance from the front Powder factor/
per hole/kg spacing/m spacing/m length/m row holes to the slope top line/m (kg-t™")

440 7.78 6.09 1.0 2.3 0.28

* "v‘ - "i;r SR = 82 ’3’ <
(a) S HALALET (b) BB S B
(a) Before blasting parameter (b) After blasting parameter
optimization optimization
K RS BRI
Fig. 11  Shows the shape of the heap size after blasting
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Table 8 Distribution of detonation size in parameter optimization area
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