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Table 1 The range for frequency band of reconstructed signal by wavelet packet coefficients

JZH Sio Si1 Si2 Si, j—1 Si

1 0625 6251250
2 0312.5 312.5625 625937.5 937.51250
3 0156.25 156.25312.5 312.5468.75 1093.751250
4 078.125 78.125156.25 156.25234.375 1093.751171.875 1171.8751250
5 039.063 39.06378.125 78.125117.188 1171.8751210.937 1210.9371250
6 019.531 19.53139.063 39.06358.594 1210.9371230. 469 1230.4691250
7 09.766 9.76619.531 19.53129.297 1230.4691240.234 1240.2341250
8

04.883 4.8839.766 9.76614. 649 1240.2341245. 117 1245.1171250
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Table 2 Condition of blast vibration measurement

s WAEMROHE/m RKBZE/kg B E/kg T8 B (ms 12D

1-a 51.57 2300 24231 2,3,4,5,6,7,8, 9,10, 11,12, 13, 14, 15
1-b 63.56 2300 24231 2,3,4,5,6,7,8, 9,10, 11,12, 13, 14, 15
2-a 50.50 1300 8500 2,4,5,6,7,8,9, 10

2-b 62.42 1300 8500 2,4,5,6,7,8,9, 10

3-a 23.60 84 484 2,4,5,6,7,9

3-b 57.50 84 484 2,4,5,6,7,9

4-a 23.60 170 1200 2,4,5,6,7,8,9

4-b 57.50 170 1200 2,4,5,6,7,8,9
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Fig.1 The vertical velocity vs time curves of 8 blast vibration signals
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Fig.2 The energy distribution of frequency band for 8 blast vibration signals
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Table 3 The percentage of energy for blast vibration signal at different frequency band

I l-a 1-b 2-a 2-b 3-a 3-b 4-a 4-b

04.883 0.080 1.045 0.256 0.212 0.030 0.161 0.026 0.151
4.8839.766 0.644 3.868 4.635 5.603 0.080 0.009 0.027 0.012
9.766014. 648 3.595 9.579 10.720 9.984 0.330 0.163 1.940 0.347
14.64819.530 25.420 14.540 22.560 10.712 0.440 0.013 0.385 0.175
19.53024.414 16.060 20.170 9.888 5.830 3.870 9.342 7.445 3.272
24.41429.297 12.600 15.480 12.320 9.808 10.20 8.183 13.380 13.420
29.29734.180 2.796 2.561 0.585 4.848 5.100 0.304 3.898 1.722
34.18039. 063 0.539 0.684 0.433 4.606 10.000 1.592 3.989 10. 800
39.06343.945 9.323 4.507 0.343 2.721 0.600 1.560 1.163 6.104
43.94548. 828 2.068 8.969 3.074 8.464 2.360 1.554 1.695 2.000
48.82853.711 7.615 6.210 11.620 8.361 3.680 0.546 8.476 4.691
53.71158.594 4.175 4.293 9.815 7.127 7.240 2.810 3.943 3.970
58.59463.477 7.063 1.890 2.345 3.213 2.680 11.420 8.692 7.403
63.47768.359 0.068 0.164 0.391 0.137 22.200 34.660 13.730 17.810
68.35973.242 0.234 0.055 0.675 0.534 1.990 1.891 7.488 2.570
73.24278.125 0.096 0.176 0.181 1.703 4.230 6.063 7.326 4.678
78.12583.008 0.502 0.076 0.434 3.433 0.460 0.176 0.391 0.027
83.00887.891 0.177 0.139 0.262 2.610 0.330 0.241 0.186 0.044
87.89192.773 0.130 0.175 0.467 2.752 0.150 0.089 0.245 0.026
92.77397.657 0.373 0.705 0.134 1.849 0.660 0. 064 0.188 0.014
97.657102.54 0.195 0.949 2.207 0.497 2.440 0.157 0.293 0.384
102.54107.42 0.602 0.560 1.762 0.877 1.250 0.021 0.291 0.285
107.42112.30 0.230 0.488 0.873 0.684 0.270 0.152 0.062 0.029
112.30117.19 0.191 0.213 0.849 1.590 0.550 0.410 0.542 0.219
117.19122.07 1.129 1.512 1.472 1.138 1.650 3.261 1.718 6.065
122.07126.95 0.495 0.199 0.323 0.404 2.030 4.972 0.768 4.720
126.95131.84 0.004 0.002 0.020 0.005 0.150 2.555 3.315 0.746
131.84136.72 0.009 0.002 0.024 0.005 1.500 2.221 0.873 2.038
136.72141.60 0.011 0.002 0.032 0.003 0.110 1.650 0.479 0.59%4
141.60146.48 0.023 0.004 0.021 0.003 1.510 0.648 0.693 0.723
146.48151.37 0.009 0.003 0.012 0.001 1.710 0.522 2.879 3.341
151.37156.25 0.010 0.004 0.029 0.001 1.070 1.495 0.413 0.736
156.25161.13 0.017 0.007 0.007 0.001 0.010 0.003 0.020 0.002
161.13166.02 0.037 0.007 0.023 0.002 0.010 0.003 0.021 0.002
166.02170.90 0.065 0.002 0.043 0.002 0.020 0.003 0.018 0.001
170.90175.78 0.010 0.004 0.023 0.002 0.240 0.003 0.014 0.002
175.78180.66 0.028 0.003 0.015 0.001 0.020 0.004 0.053 0.007
180.66185.55 0.050 0.004 0.007 0.003 0.090 0.009 0.035 0.002
185.55190.43 0.284 0.032 0.050 0.002 0.270 0.003 0.020 0.002
190.43195.31 1.154 0.038 0.080 0.005 0.030 0.004 0.038 0.002
195.31200.20 0.290 0.075 0.307 0.002 0.390 0.027 0.044 0.006
200.201250.0 1.605 0.602 0.685 0.275 8.070 1.058 2.842 0.864
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Fig.3 The reconstruction signals and reconstruction errors
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The features of energy distribution for blast vibration signals
in underground engineering by wavelet packet analysis

LING Tong-hua L LI Xi-bing
(School of Resources and Safety Engineering, Central South University,
Changsha 410083, Hunan, China)

Abstract: Based on the character of short-time non-stationary random signal, this paper studies the features
of energy distribution for blast vibration in underground engineering by means of the wavelet packet analysis
technique. Firstly, the characters of wavelet transform and wavelet packet analysis are briefly introduced.
Secondly, eight vibration signals measured under different charge weight, distance between the explosion
and measuring point etc. are analyzed by using the wavelet packet based on MATLAB (M aterials Laborato-
ry ), and results of energy distribution for different frequency band are provided. Finally, some features of
energy distribution of blast vibration signals are indicated. It is shown the method provides an effective tool
for studying blast seismic effect in underground engineering, specially, for constituting velocity frequency
criteria.

Key words: mechanics of explosion; energy distribution; wavelet packet analysis; blast vibration; non-sta-
tionary random signal; MATLAB
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