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Experimental Study on Delay Time of Hole-by-hole
Initiation based on HHT Spectrum Analysis

CHU Fu-jiao' ,WANG Zuo-peng’ ,LI Ming-han' ,GAO Zhi' ,DING Ming-hai' ,YIN Shu-hai'
(1. School of Resources and Environmental Engineering, Shandong University of Technology,

Zibo 255000, China;2. Shandong Dongping Hongda Mining Co. ,Ltd. ,Taian 271000, China)

Abstract; 1In order to solve the problem that excessive blasting vibration affects the safety of village buildings
(structures) on the earth’s surface during the mining process of an underground orebody, the inter-hole delays of
8 ms,10 ms,12 ms,14ms and 18ms and inter-row delay of 100 ms were selected for tests in the #63113 ore room of
the orebody III in the mine. By combining the actual situation of the site and the empirical formula, the natural vibra-
tion frequency of the brick-concrete buildings with 1 to 2 floors in the village was 7. 63 ~13.23 Hz. The blasting vi-
bration data was collected on site and HHT transformation was applied on the measured blasting vibration signals by
MATLAB. The characteristics of the signals were then analyzed from the perspectives of time domain, frequency do-

main and energy. The highly adaptive EMD decomposition was used to decompose the original vibration signal into
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the IMF components which were transformed by 10-layer db8 wavelet transform and the proportion of energy in the

total energy of the frequency band 7.8 ~15.7 Hz of level 9 was summarized. The three-dimensional Hilbert spectrum

and marginal spectrum were obtained by Hilbert transformation of the reconstructed signal with the IMF components.

Through EMD decomposition and wavelet transform research on the blasting vibration signals, it is concluded that the

three-direction energy ratio corresponding to the 12 ms delay time at No.3 measuring point is reduced by 14.07% ,

24.89% and 6.26% ,respectively. The experiments show that the problem that the problem that the low frequency

energy takes a large proportion in the total energy can be improved by optimizing the inter-hole delay,and the reso-

nance effect can be effectively avoided. By comparing the Hilbert marginal spectrum and the three-dimensional Hil-

bert spectrum with different delay times,the main vibration frequency and the maximum instantaneous energy of the

blasting with an inter-hole delay of 12 ms appear 200 ms after the detonation, concentrated in the range of 30 ~40 Hz

which is higher than the natural vibration band of the buildings,and thus have the least influence on the structures.
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Fig. 3  Blasting Vibration Signal
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Table 1 Blasting vibration data when the delay time is 10 ms

1 396.33 0.08 15.81 0.10 22.10 0.13 20.51
2 463.24 0.09 29.85 0.17 21.28 0.43 54.05
3 553.34 0.05 17.86 0.11 20.62 0.21 43.01
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Fig. 4 EMD decomposition of the vertical blasting vibration

signal for 12 ms at No.3 measuring point
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Table 2 EMD decomposition results of blasting vibration signal with a delay time of 14 ms

iold me 1] D) e [i]
° Frequencies/Hz Relative Energy/% Frequencies/Hz Relative Energy/% Frequencies/Hz Relative Energy/%
IMF, 254 ~3810 0.02 393 ~3810 0.01 288 ~3830 0.03
IMF, 152 ~ 1600 0.01 307 ~ 1580 0.00 18.8 ~85 0. 66
IMF, 6~23.3 35.93 7.42 ~25.3 57.19 8.14~52.7 56.96
IMF, 0.659 ~22.2 38. 11 4.27~19 31.23 5.98 ~30.8 23.44
IMF, 1.74 ~13. 1 10. 53 3.25~10.2 7.37 3.35~15.9 15.99
IMF, 2.09 ~5.02 13. 31 3.39~7.28 3.81 2.89~10.4 1.07
IMF, 0.82~2.32 0.99 0.405 ~3.03 0.12 0.593 ~3.03 0.99
IMF 0.481 ~3.13 0.57 0.276 ~0. 741 0.25 0.757 ~1. 89 0.21
IMF, 0.28 ~3.62 0.53 - - 0.251 ~0.743 0.15

Residual  0.0125 ~0. 238 0.01 0.0178 ~0. 696 0.01 0.0151 ~0. 876 0.51
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SRl G = EREEELE %
Table 3 Energy Ratio between 7.8 ~15.7 Hz and total

energy in three directions under different designs/%

11/ % YIm/ % TE[]/ %
B 34.87 41.13 23.78
8 ms it 23.28 27.30 12.31
10 ms &3t 28.86 19.51 7.35
12 ms &3t 20.80 16.24 17.52
14 ms #it 33.86 31.68 34.15
18 ms it 24.06 32.53 9.65
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