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Analysis of blasting vibration characteristic signal based on time-energy
density analysis of wavelet transform
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(1. Zhejiang Bayong Highway Engineering Co., Ltd.,Jinhua 321000, China;

2. School of Civil Engineering, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: The current research of blasting vibration signal is mainly focused on the time-frequency
analysis, but not from the perspective of energy. In this paper, the blasting vibration signal was
analyzed based on the time-energy density method of wavelet transform. Firstly, the Mallat algorithm
was used to decompose the local information of the signal with wavelet, and then the energy of each
moment was obtained according to the time-energy density curve. The time-varying of energy density
of signal in each frequency band was counted. Finally, five groups of blasting vibration signals of the
No.2 double-hole tunnel in the Liyanlongkeng were analyzed using the method. The results show that
the closer the distance to the blasting center, the stronger the blasting energy is released. The energy
coefficient ratio of wavelet decomposition frequency band d2 and d3 accounts for 93.33%. The
maximum energy ratio of wavelet decomposition frequency band is d2, and the corresponding
vibration velocity and frequency are utilized to judge with the blasting safety regulation. This method
provides a new way for blasting vibration safety assessment from the perspective of energy, and that
also has a theoretical guiding significance for the study of blasting vibration mechanism.

Key words: tunnel engineering; blasting vibration signal; time-energy density analysis of wavelet
transform method ; blasting safety assessment
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Fig.1  Blast hole arrangement of the level surrounding rock
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Table 1  Blasting borehole parameters

HBAE AL R ALk MZE/ke
Jili g 27 0.6 16.2
HETR AHAR 1 10 1.2 12.0
AR 2 6 1.5 9.0
Jili g 12 0.9 10.8
WAL AR 1 6 1.2 72
Al HR 2 6 1.5 9.0
Jili g 10 1.2 12.0
HfHR 1 6 1.8 10.8
W1 35% Al HR 2 4 2.1 8.4
HlTHR 3 4 2.1 8.4
HiTHR 4 6 2.1 12.6
B i) 12 3.3 39.6
EieL] TR IR 8 2.7 21.6
R R 4 0.9 3.6
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Fig.2 Layout of the measurement point(unit:m)
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Table 2 Monitoring data of blasting vibration

V/(mm-s™)
G T N I ]

Ay WA Rm Qlg Slkg

1 40.96 2343 59.1  26.80 2532 29.22
! 2 70.55 2343 59.1  10.21 9.34 11.18
1 7131 2343 59.1 1448 12.13 1843
: 2 7990 2343 59.1 6.88 774  6.47
1 63.12 2343 59.1 1243 1020  8.83
’ 2 4096 2343 59.1 2537 26.55 28.34
1 57.00 2343 59.1 1274 1523 14.22
! 2 54.12 2343 59.1 2454 20.83 23.50
1 61.55 2343 59.1 1822 10.09 18.52
: 2 65.53 2343 59.1  19.70 20.12 20.47
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Fig.3 Original signal of blasting vibration (the measuring point 1)
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Fig.4 Wavelet decomposition of blasting vibration signal in three vector direction
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Table 3  Frequency range of the maximum energy ratio
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