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Influence of Detonator Layout on Frequency
Spectrum of Blasting Vibration with Electronic Initiation
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Abstract: Blasting is widely used in tunnel engineering as a large scale and high efficiency method of rock
breakage ,but it inevitably brings some bad effects to the adjacent structures and surrounding rocks, among which
blasting vibration is the first. Electronic detonator initiation can realize the active control of blasting vibration intensi-
ty and spectrum due to its accurate delay,high reliability and safety,which is an effective means to reduce the seis-
mic effect of blasting. In order to explore the influence of the location and number of electronic detonators on the fre-
quency spectrum of blasting vibration, field tests and numerical calculations were combined. The main frequency

characteristics of blasting vibration are summarized for five different initiation locations, including the bottom of the

I %% B 8f ( Date of reception) :2022 — 08 - 30 M 4% B % H # ( Published online) ;2023 - 04 - 07
EF B AR (1990 - ), 2, 1 Rz 44 T 0, 322 R TR 7 1 A RHIF TAF , (E-mail) zhjr@ whu. edu. cn.
EEWA: EK AR EEESTH (51909196)

About the author :ZHOU Jun-ru(1990 - ) ,female, Ph. D, Associate professor, master’s supervisor, mainly engaged in research and practice of engineering

blasting and rock mechanics, ( E-mail ) zhjr@ whu. edu. cn.
Fund Programs: Chinese National Natural Science Foundation (51909196 )



F40 % WA R, N A RIS T T A B R IR S Y R B Y

21

charge , the top of the charge,the middle of the charge, simultaneous initiation at the top and bottom of the charge,
and simultaneous initiation at two points evenly distributed in the charge section. Based on the spectrum expression of
blasting vibration in viscoelastic medium, the characteristics of blasting loads under different working conditions were
analyzed from the perspective of superposition of blasting sources, which was used to reveal the influence of detonator
arrangement on blasting vibration frequency spectrum. The results show that the initiation conditions are ranked as
simultaneous initiation of two uniformly distributed points, middle initiation, simultaneous initiation at the top and
bottom, top initiation and bottom initiation,in the order of vibration frequency from largest to smallest. Multiple deto-
nators actually divide the whole charge into several segments,which is equivalent to superposition of multiple sub-ex-
plosive sources. Changing the location or number of detonators is essentially to detonate the entire charge in segments
at the same time. The more segments,the length of sub-explosive source charge and the detonation process are shor-
ter,which means the energy release rate of explosives and the blasting vibration frequency are higher,and the rise of

explosion load is faster. In addition, with the increase of distance to blast source,the influence of detonator position

on blasting vibration frequency converges.
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Fig. 2 The schematic diagram of the free face of each hole in the process of hole-by-hole initiation
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Table 1 Calculation parameters of explosives
W/ (kg m™) BE/ (m-s™')  A/GPa B/GPa R, R, w
1050 3850 209.7 3.5 5.8 1.29 0.35

®2 BERIHESH

Table 2 Calculation parameters of rock mass

W/ (kg -m™) HEBE/GPa

HEL /N7

Jift AR 568 B/ MPa DILRR/ GPa

2750 60.5

0.22 70

36.2
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