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Abstract

In order to study different explosives effect on the energy distribution characteristics of blasting
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vibration signals, the lifting wavelet packet algorithm was used to analyze the seismic wave sig-
nals of emulsified explosive, TNT and RDX at different distances tested in the field. The results show
that the three-dimensional time-frequency distribution characteristics of seismic wave signal ener-
gy of different explosive sources are obtained through the lifting wavelet packet transform analysis,
and the energy size of each frequency band, the time and the proportion of the total energy of the
signal are obtained. The energy values of TNT and RDX are larger than those of emulsion explosive
at different distances, but with the increase of distance, the total energy values are closer and closer.
Among them, the energy percentage in the 10~80 Hz band is higher for emulsified explosive than
TNT and RDX charge.
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Table 1. Explosive performance parameter [18]

=1 RGNS H(18]

S W ST 1ED)RE W fE
(g/cm?3) (m/s) (cm?®) (mm)
A 1.30 3200 260 12
TNT 1.60 6856 285 16
RDX 1.77 8640 475 24.9
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Figure 1. Original, reconstructed and error signal diagrams
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Figure 2. Seismic waveform and three-dimensional energy spectrum
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Figure 3. Energy distribution of seismic waves in each frequency band
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Figure 4. Three-dimensional energy spectra of seismic waves with different drug
properties
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Table 2. Energy of seismic wave in each frequency with different explosives
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FUACLEZ TNT JE%4 RDX #E%4

WEL Rz g RERE feRfE AR fiE L fiL AT
/(cm/s)? 7 HI% /(cm/s)? 7 HI% /(cm/s)? 73 HI%

1 0~10 0.0147 0.02 0.3224 0.08 0.3695 0.09

2 10~80 64.786 69.2 216.41 51.44 296.11 67.87

3 80~130 22.613 24.2 178.31 42.38 114.05 26.14

4 130~190 0.3441 0.37 0.2947 0.07 0.4965 0.11

5 190~220 5.3356 5.70 20.194 4.80 17.732 4.07

6 220~250 0.4760 0.51 5.1842 1.23 7.5131 172

IR 0~250 93.569 100 420.71 100 436.26 100
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Figure 5. Energy distribution of seismic waves in each frequency under different

B 5. REMEZRHE S S TR ST

Table 3. Seismic wave frequency band energy and distribution for different explosives

3 3. FRIMEHRIHRBIITHREE R T T

T T T 1T 1T 1T 177

0
0123456789101 23456789101234567 8910

AMNEZ TNT RDX
Bs poo  10~80 Hz e oo 10~80 Hz fem e 10~80 Hz Re
HAEE i HREE ey HREE g
REHE A% REEE Hol/% RemAE B2 /%
1 299.8 247.9 82.7 2770.6 1434.1 51.8 1460.4 899.8 61.6
5 739.5 535.2 72.4 2848.9 2089.2 71.3 2240.1 1556.8 69.4
10  387.2 258.3 66.7 1437.2 904.2 62.9 1149.3 733.5 63.8
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15 93.6 64.8 69.2 420.7 216.6 51.5 436.3 296.3 67.9
20 46.9 30.2 64.6 106.9 58.9 55.1 334.7 199.3 59.5
25 108.8 48.7 44.8 200.9 53.4 26.6 597.5 184.2 30.8
30 29.7 242 81.6 67.4 374 555 115.2 714 61.9
35 47.8 18.2 38.0 141.3 38.7 27.4 2454 72.4 29.5
40 85.3 59.5 69.7 155.4 103.2 66.4 178.7 125.0 69.6
45 5.3 2.8 50.6 20.2 9.4 46.5 23.8 9.9 41.6
50 311 24.9 80.3 87.9 60.9 69.3 90.6 65.3 72.1
55 25 1.8 72.7 111 7.2 64.9 10.9 7.5 69.3
60 7.0 5.3 75.2 33.3 16.1 48.4 31.8 19.1 59.8
65 19.1 12.8 67.4 102.0 57.0 55.9 86.8 52.4 60.3
70 23.4 13.5 57.6 755 35.0 46.4 81.2 37.3 46.0
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Figure 6. Energy changes with distance
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