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ANALYSISOF ENERGY DISTRIBUTIONSOF MILLISECOND BLAST
VIBRATION SIGNALSUSING THE WAVELET PACKET METHOD

LING Tong-hua® ? LI Xi-bing?
(1. School of Highway Engineering  Changsha University of Science and Technology Changsha 410076 China
2. School of Resources and Safety Engineering  Central South University Changsha 410083 China)

Abstract Blast vibration analysis is the foundation for studying the control of blasting vibration damage. Based on
the characteristics of short-time non-stationary random signals this paper investigates the energy distributions of
blasting vibration signals by means of the wavelet packet analysis technique. In this paper the characteristics of
wavelet transform and wavelet packet analysis are briefly introduced. Then 6 sets of blasting vibration signals of
multi-interval-time in millisecond blasts are analyzed by using the wavelet packet analysis technique with
MATLAB. Energy distributions for different frequency bands are obtained. The results show that the wavelet
packet analysis method is an effective means for studying seismic effect induced by blasting and is especialy
useful for establishing the velocity-frequency criteria.
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Table 1  The range for frequency band of reconstructed signal by wavelet packet coefficients Hz
So S S S j1 S j
1 625.000 62500 1250
2 312.500 312,500 625.000 625.000 937.500 937.500 1250
3 156.250 156.250 312.500 312,500 468.750 1093.750 1250
4 78.125 78.125 156.250 156.250 234.375 1093.750 1171875 1171.875 1250
5 39.063 39.063 78.125 78125 117.188 1171.875 1210.937 1210937 1250
6 19,531 19.531 39.063 30.063 58.594 1210.937 1230.469 1230469 1250
7 9.766 9.766 19.531 19531 29.297 1230469 1240234 1240.234 1250
8 4.883 4.883 9.766 9.766 14.649 1240234 1245117 1245117 1250
S j j=0 1 2 2t i=12 3 n
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Table2 Conditionsof blast vibration measurement
/m kg kg /
1-a 300 850 9800 2 3 456 7 8 9 10 11 12 13
1-b 300 864 17200 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
> a 340 970 5000 2 3 456 7
b 320 950 8500 2 3 456 7 8 9 10 11
3a 315 1000 14000 2 3 456 7 8 9 10 11 12 13 14 15
b 325 1020 19000 2 3 456 7 8 9 10 11 12 13 14 15 16 17 18 19 20
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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 6 blast
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Table3 The percentage of energy for 6 blast vibration signals at different frequency bands
1- a 1- b 2-a 2-b 3-a 3b

0 4883 4.447 76 0.2399553 1.9778703 1.385944 2 1.2258858 0584576 0
4.883 9.766 0.840 72 0.080 446 5 16.2251490 56.969 406 0 44.2708730 31.3655750
9.766 14.648 46.165 50 240611430 35.224 010 0 5.0155655 75795423 85751497
14.648 19.53 244470 1.815566 1 28.057 5610 32.057 7910 33.617 7420 27.896 242 0
1953 24.414 3.85362 0.873356 9 0.456 694 6 0.469 959 7 22032433 2.329.869 4
24.414  29.297 2.70360 2.666288 8 13112604 0.645022 3 0.5738852 37319616
29.297 34.18 12.243 30 61.689 9910 8.720170 4 1.920 674 2 23219344 7.012609 0
3418 39.063 2152970 6.281 6454 14954326 0.486 1159 03290792 5.3315940
39.063 43.945 0.127 53 0.1804350 0.0302433 0.0151275 0.0334523 0.392 486 8
43.945 48.828 0.22251 0.036 686 8 0.0353059 0.016586 5 0.1608178 0.528 026 8
48.828 53.711 0.152 82 0.059 293 6 03730107 0.032 2252 0.3157005 0.467 745 6
53.711 58.594 0.142 87 0.113 6537 0.063 894 6 0.0435118 0.304 824 3 0.468 907 0
58.594 63.477 1.42789 0.187 0437 0.570 0659 02948855 2.676 6409 35112524
63.477 68.359 0.246 68 0.142918 3 03537025 0.1336257 27421252 24029108
68.359 73.242 0.309 05 03054419 0.167 7871 0.119186 1 0.324 436 4 1.860 625 3
73242 78.125 0.81118 0.851759 8 0.100 459 5 0.1692385 0.766 373 3 22887619
78.125 83.008 0.019 90 0.002 908 4 0.1812387 0.002 1475 0.000 857 9 0.001 806 4
83.008 87.891 0.046 71 0.0021747 0.146 5730 0.002 969 9 0.000 604 4 0.001 6337
87.891 92.773 0.034 08 0.0023225 0.1427382 0.004 709 5 0.000 907 3 0.001 896 6
92.773 97.657 0.026 73 0.003136 5 0.1947707 0.002 9428 0.0008735 0.001 966 6
97.657 102.54 0.055 86 0.004 236 7 01699110 0.007 166 8 0.003 057 8 0.005 238 8
102,54 107.42 0.050 44 0.004 1818 0.048 693 4 0.001 9258 0.002 266 7 0.005380 3
107.42 112.30 0.016 32 0.003916 7 0.168 118 8 0.005 086 8 0.000 8959 0.002 774 1
11230 117.19 0.02501 0.002 007 8 0.077 179 2 0.003514 1 0.0017211 0.006 226 9
117.19 122.07 0.295 44 0.1200155 0.062 806 0 0.011 3833 01733075 0.306 6539
122,07 126.95 0.078 49 0.065 651 1 0.086 020 3 0.0142151 0.137 067 9 05353233
126.95 131.84 0.098 93 0.0539490 0.204 190 4 0.014 4247 0.0617418 0.086 196 6
131.84 136.72 0.156 30 0.028 164 6 0.116 719 4 0.008 023 3 0.045 806 8 0.078199 3
136.72 141.60 0.060 48 0.003 496 7 01533376 0.0044115 0.0056309 0.004 7279
141.60 146.48 0.040 40 0.002 869 2 0.124 6403 0.006 571 4 0.0100419 0.0329152
146.48 151.37 0.043 44 0.009 0459 0.120384 7 0.008 9219 0.025 063 3 0.067 662 1
151.37 156.25 0.070 92 0.010 757 4 0.119 498 2 0.008 130 2 0.0109439 0.055 156 1
156.25 161.13 0.016 42 0.000 558 7 0.011576 2 0.001 0192 0.0004770 0.001 033 4
161.13 166.02 0.026 19 0.001 2045 0.005 102 1 0.0007175 0.000 784 3 0.002 187 7
166.02 170.90 0.021 50 0.000 905 6 0.009 935 7 0.001 2802 0.000 803 3 0.0013749
17090 175.78 0.01391 0.001 202 6 0.007 011 1 0.001 1038 0.0003758 0.000631 3
175.78 180.66 0.015 60 0.001 277 4 0.006 456 2 0.0020359 0.000 522 6 0.000 810 4
180.66 185.55 0.012 44 0.000952 1 0.005 989 2 0.001 703 3 0.000593 1 0.001 3710
18555 190.43 0.017 35 0.001 668 3 0.010664 8 0.0010319 0.000 758 0 0.0014159
19043 195.31 0.014 24 0.001 7869 0.0109870 0.000 9000 0.000 359 6 0.001 003 7
19531 200.20 0.020 59 0.003204 9 0.020 492 3 0.001 404 8 0.0007101 0.002 000 9

200.20 1.052 97 0.0827789 26323469 0.107 3929 0.067 271 4 0.046 120 2
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