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Multi-resolution wavelet analysis of blasting vibration signals
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Abstract: With the methods of wavelet analysis and fast Fourier transform, actual original signals from engineering project in near,
medium and far zones of blasting vibration are separately decomposed and reconstructed; and time signals and spectra of all
sub-frequencybands are obtained. On this basis, distribution characteristics of spectra and energy of blasting seismic waves along all
zones are studied with Matlab; and it is pointed out, that the values of dominant frequency in blasting vibration zones is in attenuation
sequence: near zone, medium zone, far zone; as the scaled distance increases, low frequency bands share higher proportion of total
signal energy, while high frequency bands share lower; signals in lower frequency bands have longer duration; in addition to the
frequency band that the dominant frequency locates in, when the band is from 0 to 2.441 5 Hz (close to the natural frequency of the
buildings), blasting vibration signals in the horizontal direction occupy an assignable proportion of the energy; and thus the aseismic
construction in horizontal direction is especially important for building structure designs.
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Table 1 Typical points data measured in near, medium and far zones

B Yy i ERl]] PR T /(cm/s) A% Hz

5 kg /m PG 73X I KAz K] MEH KAz K]
2 4.5 8.5 5.1485 P [X 2.338 1 3.084 3 1.968 1 123.2910 48.828 1 347.900 4
3 6.5 15 8.0375 X 2.698 7 3.608 0 2.3756 122.680 7 169.067 4 3234863
33 29 48 15.6234 X 0.819 1 1.242 6 0.770 0 59.204 1 585938 45.776 4
45 10 36.9 17.1275 X 0.623 5 0.349 2 0.802 2 439453 50.659 2 50.659 2
99 11.5 121 53.6067 X 0.083 1 0.173 5 0.070 7 26.8555 28.0762 219727
109 11 173 77.7885 X 0.113 4 0.2029 0.1577 28.0762 28.0762 15.869 1
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Fig.1 Figures of original singal and power spectrum in the
vertical direction of piont 33 in medium zone
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Fig.2 Figures of reconstructed singals and power spectra
in low frequency in the vertical dimension of 11 and high
frequency in dimensions of 11, 10 of piont 33 in medium zone
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Fig.3 Figures of reconstructed singal and power spectra
in high frequency in the vertical dimensions of

9, 8, 7 of piont 33 in medium zone
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Table 2 Table of dominant frequency, peak velocity and
the ratio of energy of each frequency range in three
directions of piont 2 in near zone

. SEvAD) KT KT
ML T W R . VR MR o W R
/Hz s P Wl S gk ol "Z M L
/(cm/s) /% /(cm/s) /% /(cm/s) /%
0~24415 1.8 0.02 0.67 1.8 0.03 531 1.8 0.05 20.88
2441 5~
48829 3.7 0.01 0.33 43 001 0.02 43 0.02 042
4.882 9~
. .02 .32 . .04 .44 X . .44
07657 5.5 0.0 0.3 8.5 0.0 0.46 6.7 0.03 0.
9.765 7~
19.531 3 12.8 0.03 041 134 0.09 1.12 104 003 047
19.5313~
39062 5 244 0.06 0.89 25.0 0.17 271 244 005 0.28
39'7(;6]2255N 67.7 0.51 19.14 47.6 098 24.66 55.5 0.14 0.96

78.125~56.25 1233 1.03 51.50  97.0 0.75 10.68 136.7 0.40 4.58
156.25~312.5 1941 053 7.64 1819 203 37.74 2875 1.10 20.97
3125~625 4272 086 1436 3540 121 1690 3497 148 50.22
625~1250 11926 0.68 4.07 8868 0.17 022 8984 026 0.67
1250~2500 13519 024 0.65 14038 025 0.16 12708 0.11 0.1
2500~5000 38544 006 003 31116 007 001 31696 0.03 0.0l
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Fig.4 Figures of reconstructed singals and power spectra
in high frequency in the vertical dimensions of
6, 5, 4 of piont 33 in medium zone
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Table 3 Table of dominant frequency, peak velocity and
the ratio of energy of each frequency range in three
directions of piont 3 in near zone
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/Hz HEE L R bl MR L
/Hz /Hz /Hz

/(cm/s) /%
0~24415 1.8 001 011

/(cm/s) /% /(cm/s) /%
1.8 003 394 1.8 0.05 953

2441 5~ 43 000 0.02 3.1 0.00 0.00 3.7 001 011
4.8829
48829~ 6.7 001 003 6.1 0.00 0.00 6.1 0.03 021
9.7657
9.765 1~
. . . 15. .01 .01 12. . .19
19.531 3 11.0 002 0.06 53 00 0.0 8 0.03 O
19.531 37~ 269 005 019 305 008 027 281 0.04 018
39.0625
39'7(;6]2255N 745 026 296 684 009 019 720 030 3.01

78.125~56.25 1227 1.94 6874 1514 149 2469 1495 030 1.61
156.25~3125 1642 129 1924 1990 288 65.88 3058 1.79 63.83
312.5~625 3967 082 747 3143 074 4.66 3314 099 20.84
625~1250 11194 046 094 966.8 0.19 0.12 9045 021 044
1250~2500 13055 0.19 024 13013 030 024 13617 0.09 0.05
2500~5000 27740 0.03 0.01 30505 0.02 0.00 27740 0.03 0.00
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Fig.5 Figures of reconstructed singals and power spectra
in high frequency in the vertical dimensions of
3,2, 1 of piont 33 in medium zone
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Table 4 Table of dominant frequency, peak velocity and
the ratio of energy of each frequency range in three
directions of piont 33 in medium zone

iy 3 H. 5 17 AP AT S @]
bl =N =% =%
L4 l{'%fﬁ AEH L4 l{'%fﬁ AEH L4 lfl%fﬁ AE&
/Hz W L W Lt WA et
/Hz /Hz /Hz

/(cm/s) /% /(cm/s) /% /(cm/s) /%

0~2.4415 0.6 001 024 0.6 0.03 847 0.6 0.04 35.04
2441 5~ 3.7 0.00 0.00 24 0.00 0.00 3.1 0.00 0.00
4.8829

48829~ 85 0.01 0.04 85 0.00 0.00 9.2 0.00 0.01
9.7657

9.765 1~

. . .21 15. .02 . 16. .01 .

19.531 3 17.1 002 020 53 00 0.08 6.5 0.0 0.08

19.531 3~ 299 018 515 299 027 799 287 0.13 487
39.0625

39'7(;6]2255N 592 071 8273 415 098 7436 458 0.67 5523

78.125~56.25 83.0 027 1003 958 036 864 781 0.14 3.77
156.25~312.5 180.7 0.18 158 169.7 0.11 041 1758 0.15 0.87
312.5~625 3235 003 003 3345 0.04 004 3345 004 0.11
625~1250 10175 0.00 0.00 9259 0.00 0.00 9357 0.00 0.01
1250~2500 15222 0.00 0.00 15344 0.00 0.00 15424 0.00 0.01
2500~5000 29742 0.00 0.00 27466 0.00 0.00 26746 0.00 0.00
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Table 5 Table of dominant frequency, peak velocity and
the ratio of energy of each frequency range in three

directions of piont 45 in medium zone

EEwa] KP4 KPP
B el gkt el figt el fek
EH A A
/Hz W HE ML
VA VA VA
/(em/s) /% /(em/s) /% /(em/s) /%
0~2.4415 18 000 063 06 001 1319 06 000 025
2441 5~
18829 43 000 001 37 000 000 43 000 0.00
48829~
5001 0.1 2 0. .01 3 0. )
07657 85 001 013 92 000 00 73 000 0.00
9.765 7~
146 002 0. 171 001 052 153 002 02
19.531 3 6 002 038 17.1 001 05 53 002 028
19.531 3~
30,0625 336 023 2620 323 009 1050 385 021 1631
39;;6]225; 525 046 56.88 513 019 5723 507 059 80.63

78.125~56.25 983 028 1520 952 0.17 1742 1099 0.14 233
156.25~3125 1770 0.05 056 191.7 005 105 1776 0.03 0.16
312.5~625 3705 001 001 3662 001 004 3326 001 0.02
625~1250 8099 0.00 0.00 9033 0.00 0.01 7483 0.00 0.00
1250~2500 17200 0.00 0.00 21509 0.00 0.01 21509 0.00 0.00
2500~5000 32654 0.00 0.00 28491 0.00 001 28491 0.00 0.00
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Table 6 Table of dominant frequency, peak velocity and
the ratio of energy of each frequency range in three
directions of piont 99 in far zone

77 1] KPR AP
B Lo WM RER RN RER IR RER
T T T
/Hz W W L) W

V4 V4
/(em/s) /% /(cm/s) /%
0.6 001 952 24 001 28.16

2 Kemls) 1%
0~24415 06 000 022
2441 5~
48820
48829~
97657
9.765 7~
19.5313
19.531 3~
39.0625

39.062 5~
78.125 494 0.06 3198 433 004 366 433 006 28.07

3.7 0.00 0.00 3.1 0.00 0.00 3.1 0.00 001

6.1 0.00 004 79 0.00 0.5 7.3 0.00 0.06

177 002 748 17.1 0.05 2097 165 0.04 20.33

269 005 5827 281 015 6430 232 0.04 19.69

78.125~56.25 964 001 179 928 003 137 977 0.04 3.62
156.25~3125 163.6 0.01 017 1819 0.00 0.02 1978 0.00 0.04
3125~625 4114 000 001 4340 0.00 0.00 3638 0.00 0.01
625~1250 8368 0.00 001 8490 0.00 0.00 7410 0.00 0.01
1250~2500 16962 0.00 0.01 16547 0.00 000 17328 0.00 0.01
2500~5000 32672 0.00 0.01 32672 0.00 0.00 32672 0.00 0.00
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Table 7 Table of dominant frequency, peak velocity and
the ratio of energy of each frequency range in three

directions of piont 109 in far zone

77 1] KPR AP
B Lo WM RER RN RER IR RER
T T T

W L) W

/Hz R Lt
/Hz Hz z
/(em/s) /% /(em/s) /% /(em/s) /%

0~2.4415 0.6 000 022 0.6 0.00 274 24 0.00 011

2:::;25 ; 3.7 0.00 0.00 4.3 0.00 0.00 49 000 0.01
453259; 92 0.00 004 79 0.00 0.17 85 0.00 013
9];6553?; 153 001 1.83 19.5 0.04 831 159 0.11 59.97
]295?);23; 28.1 009 71.83 281 015 79.08 20.8 0.08 20.75
39&?]2255N 50.0 0.06 2432 50.0 008 879 458 0.09 18.22

78.125~5625 793 001 170 879 002 089 952 0.02 0.79
156.25~312.5 1843 0.00 005 1874 0.00 0.02 1605 0.00 0.01
312.5~625 4034 000 0.00 3357 0.00 0.00 4315 0.00 0.00
625~1250 10059 0.00 0.00 896.0 0.00 0.00 813.6 0.00 0.00
1250~2500 20154 0.00 0.00 20154 0.00 0.00 20154 0.00 0.00
2500~5000 29846 0.00 0.00 29846 0.00 0.00 29846 0.00 0.00
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