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Time frequency analysis and energy distribution of blasting vibration signal in tunnel
WANG Ziming, YAN Jianwen, YANG Zhenjun
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Abstract: In this paper, to study the energy distribution law of chamber blasting vibration signals
for different sections, it is necessary to effectively predict the vibration law of cavern blasting on
vibration, reduce the adverse effect of vibration on the protection of buildings., and analyze the
law of the influence of the number of detonation sections on energy distribution. Taking the rock-
fill mining of the dam body in the initial dam project of Quanshuigou Tailing Reservoir in Ruyang
County as the engineering case, the wavelet transform method is used to process the blasting vi-
bration signal to obtain information on the energy contained in the frequency bands of each layer,
and then analyze the time-frequency characteristics of the blasting vibration signal from the fre-
quency and energy aspects. It is concluded that the main vibration frequency falls basically in the
energy-concentrated frequency band,and that the phenomenon of frequency band energy concen-
tration still exists. Comparing the energy distribution of vibration signals with different numbers
of initiating segments, it is found in the study that that by increasing the number of initiating seg-
ments, the phenomenon of energy concentration in several frequency bands at the same time can
be reduced. Combining the advantages of the Hilbert-Huang Transform (HHT) method that can
simultaneously analyze the time-frequency characteristics of the signal, it is further deduced that
the increase in the number of initiation segments will enhance the mutual superposition of vibra-
tion waves, and that the superposition of high-frequency vibration components will reduce the
amplitude, which will cause the main frequency to converge to low frequencies.
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Fig. 1 Overall view of construction site
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Tab.1 Distance from observation point to initiation point
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1 133 1 210.0
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3 257 3 264.3
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Fig. 2 Waveform diagrams of the three-way vibration

signal at the first observation point
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Tab. 2 Energy distribution of radial vibration component
WL 345 ST P T i e (/T
Wi / He
1 2 3 4 5 6 7 8 9

[78,156) 3.381E—1 5.498E—3 3.326E—3 4.553E—3 1.939E—3 1.582E—3 1.908E—2 1.183E—3 2.878E—4
[39,78) 9.770E—1 5.415E—2 4,485E—2 1.717E—2 1.408E—2 2.887E—2 8.664E—2 7.056E—3 1.934E—3
[19,39) 5.301E+0 2.188E+0 4.011E—1 4.076E—1 9.562E—2 1.867E—1 1.289E—1 5.991E—2 4.303E—3

[0,19) 1.339E+1 4.053E+0 2.391E+0 4.768E—1 9.592E—1 1.544E+0 3.051E—1 3.649E—1 7.344E—2

it 2.020E+1 6.302E+0 2.840E+0 9.062E—1 1.071E+0 1.761E+0 5.403E—1 4.331E—1 7.997E—2

T4/ Hz 13. 14 13.75 13.03 17. 37 6.52 5. 79 6.52 5.79 5.20
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Tab. 3 Energy distribution of tangential vibration component
LI 8525 AR P 4 A RE e /)
#inly / Hz
1 2 3 4 5 6 7 8 9

[78,156) 6.989E—1 2.289E—3 4.105E—3 1.151E—3 4.905E—3 1.825E—3 2.208E—2 2.201E—4 1.257E—4
[39.78) 9.529E—1 1.004E—1 2.065E—1 9.415E—3 4.367E—3 1.121E—2 8.704E—2 2.730E—3 1.071E—3
[19,39) 4.222E+0 1.045E+0 5.915E—1 5.944E—1 1.924E—2 2.358E—1 9.179E—2 4.049E—2 1.874E—2
[0,19) 1.679E-+1 3.089E+0 6.541E+0 2.213E+0 7.310E—1 3.169E—1 2.550E—1 1.033E—1 2.196E—1
Bt 2.273E+1 4.256E+0 7.343E+0 2.818E+0 7.596E—1 5.658E—1 4.577E—1 1.467E—1 2.395E—1

FAH/Hz 10. 67 13.03 12. 31 5.79 10.13 10. 86 5. 07 6.52 6.52

F 4 TR EAEE A
Tab. 4 Energy distribution of vertical vibration component
LI 525 AR A 4 A R /)
it/ Hz
1 2 3 4 5 6 7 8 9

[78,156) 6.916E—1 2.725E—2 3.561E—3 1.342E—3 1.366E—3 2.378E—3 1.488E—2 2.461E—4 1.603E—4
[39,78) 3.978E+40 1.371E—1 6.838E—2 1.419E—2 1.454E—2 1.627E—2 5.560E—2 2.138E—3 6.722E—4
[19,39) 1.848E+1 3.188E+0 7.525E—1 2.923E—1 1.097E—1 3.722E—2 1.072E—1 2.466E—2 1.607E—2
[0,19) 1.328E-+1 5.437E+0 6.342E+0 1.348E+0 5.532E—1 1.280E—1 1.214E—1 1.371E—1 1.049E—1
Bt 3.673E+1 8.790E+0 7.167E+0 1.656E+0 6.789E—1 1.839E—1 2.991E—1 1.641E—1 1.218E—1

A4/ Hz 13.96 12.31 16. 65 16. 65 10. 86 17.37 22,44 10. 13 5.42
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Tab.5 Energy distribution and main frequency of radial vibration component in the second vibration monitoring
- LT 5 0 4 250 B )
Wi/ He
1 2 3 4 5 6 7 8 9
[0,19) 1.58E+1 1.58E+1 1.24E+1 2.11E4+1 1.58E+1 9.04E—1 7.26E4+0 5.03E—1 3.11E—2
[19.39) 1.24E+0 1.22E+0 3.77E—1 2.27E+0 1.22E+0 8.48E—1 1.21E+0 3.94E—2 9.49E—4
[39,78) 1.80E—1 1.70E—1 1.27E—1 2.01E—1 1.70E—1 2.66E+0 1.77E—1 9.47E—3 3.19E—4
[78,156) 1.03E—2 1.07E—2 5.54E—2 7.76E—2 1.07E—2 2.09E—1 3.23E—2 3.55E—4 1.39E—4
Bt 1.72E+1 1.72E+1 1.29E+1 2.36E+1 1.72E+1 4.62E+0 8.68E+0 5.52E—1 3.25E—2
FHi/Hz 9.0 9.0 10. 6 5.8 10. 6 11.3 5.1 5.8 9.0
F2 6 B YRR Bl W I 0 1] $% Bl 43 A iR A3 A B A2
Tab. 6 Energy distribution and main frequency of tangential vibration component in the second vibration monitoring
WL 5% AR P4 A R /)
Wil / Hz
1 2 3 4 5 6 7 8 9
[0,19) 1.95E+1 1.95E+1 8.91E4+0 2.33E+1 1.95E+1 1.92E+0 6.06E4+0 7.09E—1 2.70E—2
[19.39) 2.61E+0 2.59E+0 1.62E+0 1.57E+0 2.59E+0 1.41E+0 1.34E+0 1.14E—1 4.89E—3
[39,78) 4.19E—1 4.25E—1 4.17E—1 3.51E—1 4.25E—1 1.47E+0 1.98E—1 9.38E—3 1.26E—3
[78,156) 1.86E—1 1.87E—1 1.22E—1 2.54E—1 1.87E—1 2.41E—1 6.75E—2 6.54E—4 3.68E—4
Bt 2.27E+1 2.27E+1 1.11E+1 2.55E+1 2.27E+1 5.05E+0 7.66E+0 8.33E—1 3.35E—2
FH/Hz 7.9 7.9 7.7 8.2 8.1 8.5 8.6 8.2 7.9
F T B URR Bl W D 1] B B 43 £ AR 43 A B A
Tab. 7 Energy distribution and main frequency of vertical vibration component in the second vibration monitoring
ML 525 A P 4 A e A /)
B/ Hz
1 2 3 4 5 6 7 8 9
[0,19) 2.13E+1 2.14E+1 6.09E+0 8.21E+0 2.14E+1 1.14E4+0 2.03E+0 3.15E—1 1.90E—2
[19,39) 4.83E+0 4.67E+0 5.84E—1 2.35E+0 4.67E+0 9.41E—1 5.87E—1 7.30E—2 1.82E—3
[39,78) 3.72E—1 3.93E—1 9.10E—2 2.42E—1 3.93E—1 1.44E+0 2.73E—1 3.03E—3 2.83E—4
[78,156) 1.38E—1 1.23E—1 1.84E—2 5.76E—2 1.23E—1 1.03E—1 3.33E—2 5.21E—4 5.71E—5
Bt 2.66E+1 2.66E+1 6.78E+0 1.09E+1 2.66E+1 3.62E+0 2.93E+0 3.92E—1 2.11E—2
A/ Hz 11.5 11.5 11.5 11.3 11.5 8.5 5.2 11.3 11.5
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Fig.4 Three dimensional time-frequency

spectrum of vibration signal
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