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Study on Rock Fragmentation under Condition of
Delayed Initiation between Holes in an Open-pit Mine

YU Chuan-ze ,GUO Lian-jun ,DENG Ding ,WANG Xue-song , CHAI Qing-ping
(School of Architecture and Civil Engineering, Shenyang University
of Technology, Shenyang 110870, China)

Abstract: To optimize the initiation delay time of an open-pit mine and enhance blasting efficiency,a three-di-
mensional bench blasting model is developed using ANSYS/LS-DYNA software. The model consists of 2 blast holes
in the front row and 1 blast hole in the back row arranged in a triangular pattern. The bottom initiation was employed,
and 5 stress monitoring points were placed within the hole placement area. Simulated tests were conducted to evaluate
rock fragmentation under different delay times between rows(42 ms) and between holes(11,13,15,17,19,21,and
23 ms) , while monitoring their effective stress levels. Additionally, a delayed detonation profile model for the two

front row boreholes was established to observe the propagation characteristics of explosion stress waves. The results
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indicate that when the delay time between rows is set at 42 ms and between holes at 17 ms, it leads to peak values of

maximum effective stress at each monitoring point which facilitates overall rock fragmentation. The advantage of time-

delay blasting lies in its ability to enhance rock damage by utilizing the pre-blast hole as a foundation, while the

front-row hole acts on the post-blast hole through pre-detonation effects, creating a new free surface. Through field

testing and demonstration,,we analyzed the distribution of rock fragmentation in blasting pile photos using split-desk-

top software. The findings indicate that with an inter-row delay time of 42 ms and an inter-hole delay time of 17 ms,

approximately 77.24% of rocks are below 20 ¢m in size, while only a negligible proportion (0. 31% ) exceeds

50 em. Overall,the crushing effect is satisfactory and meets both production and operational requirements for open-pit

mining operations.
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Table 1 Blasting parameters
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42/ mm 150 S FLEE3E/m 5.5
JREMIIL/m 4.5 42/ m 9.5
FEE/m 1.5 FLIAE/m 5.2
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Fig. 1 Blasting monomer design step profile
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Fig. 2 Geomelric model diagram (unit;m)
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Table 2 Physical and mechanical parameters of migmatite
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Table 3 Compressive strength parameters of

mixed rock under different confining pressures

o, =0, o, P* o/
0 76.5 0.33 1.00
20 226.0 1.16 2.69
40 322.0 1.75 3.69
60 400.0 2.27 4.44
80 471.0 2.75 5.11
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Fig. 3 Failure surface parameter fitting
(e) HAZ R e

TS R 43 2 O DA a2, % 5] Sk
(13 ] EARHEAT IR E o

Raa RHT 28 a4,

®4 REERAT 2HE

Table 4 Summary of RHT parameters of migmatite
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Table 5 Explosive parameters and state equation parameters

RO/(g+em™) d(em-ps™') A/MPa  B/MPa R, R, ®  E/MPa
1.25 0.5122 2.762 0.0844 5.2 2.1 0.5 0. 0387
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Fig. 4 Monitoring point arrangement
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Table 6 Maximum effective stress value of monitoring point
I 11 13 15 AR 19 21 23 A/ MPa
A 14. 509 16. 398 15.722 21.902 15. 335 16. 653 13.321 16. 263
B 26. 128 24. 877 20.716 24. 355 22. 408 20. 937 20. 365 22. 827
c 30. 008 31. 831 29.113 30. 998 28. 328 30. 219 27.519 29.717
D 15. 994 13.076 13. 192 13. 144 17. 862 17.342 17.214 15. 403
E 22.070 20.907 20. 346 20. 860 21.120 20. 865 20. 260 20.918
S-34{E/MPa 21.742 21.418 19.818 22.252 21.011 21.203 19.736
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Fig. 6 Damage change diagram
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Fig. 7 Variation trend of maximum effective
stress at monitoring points
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Fig. 10  Simulation of delayed detonation with double holes in the profile
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Table 7 Proportion of rock fragment size

with 17 ms delay between holes

Hepg Rt/ em it/ %
0~10 43.27
10 ~20 33.97
20 ~30 14. 86
30 ~40 5.15
40 ~50 2.44
50 ~ 60 0.31
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