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Optimal Vibration Reduction Delay Time in Medium-Deep Hole Blasting Underground
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[ ABSTRACT] Taking fan-shaped medium-deep hole blasting of underground iron ore as the research object, a full band
frequency analysis was conducted on the actual collected blasting vibration waves. Based on Matlab fitting and superposition
analysis, a method was proposed with the half-cycle corresponding to the high-frequency sub-cycle as the optimal delay
time. It was verified by numerical simulation and field test. Results show that, by subtracting the half-cycle corresponding
to the main frequency of blasting vibration waves in a staggered manner, the vibration reduction is not significant, and
vibration enhancement is observed. The optimal delay time between holes is mainly related to the high-frequency sub-cycle
contained within the effective band of the blasting vibration wave. Determining the delay time with the high-frequency sub-
cycle is more accurate. The strength of multiple stacking is still related to the high-frequency sub-cycle. Under the condi-
tion of low stacking times, the sensitivity between the two is not high, and the sub-period of sub high frequencies can also
have a certain vibration reduction effect. However, as the number of stacking increases, the correlation between the two
continues to strengthen, so only high-frequency sub-cycles have good continuous superposition vibration reduction effects.

[KEYWORDS] medium-deep hole blasting; optimal delay time between holes; Matlab data fitting; high frequency sub-

cycle; vibration reduction
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Tab.1 Test results of blasting vibration
GE il X Jr] Y il Z )i
FI/Hz  WEEIRSE/ (em - s7") FWi/Hz  EIRE/ (em - s7") FWi/Hz  EIRE/ (em - s7")
1" 33.6 0.10 33.6 0.12 26.5 0.04
2f 29.4 0.09 27.8 0.11 28.4 0.04
I 37 32.3 0.13 37.7 0.15 27.0 0.05
4* 40.0 0.08 41.1 0.09 32.0 0.04
5* 43.0 0.01 43.5 0.11 35.7 0.03
6" 42.6 0.04 35.7 0.05 38.1 0.02
1* 31.0 0.09 43.5 0.20 41.2 0.04
2f 38.1 0.24 30.8 0.21 35.1 0.05
I 3* 41.7 0.09 53.3 0.14 47.1 0.05
4* 39.2 0.12 43.0 0.11 44.9 0.06
5* 35.4 0.14 51.9 0.12 38.8 0.03
6" 35.4 0.07 36.0 0.15 33.6 0.02
1* — — — — — —
27 27.4 0.11 31.0 0.08 33.3 0.03
1 3* 39.6 0.28 39.2 0.44 32.3 0.09
4* 37.0 0.08 37.7 0.15 38.5 0.07
5* — — — — — —
6" — — — — — —
1" — — — — — —
2f 31.0 0.06 30.8 0.09 30.3 0.02
3* 39.2 0.10 39.6 0.14 32.5 0.03
Voo, B - o a N -
5* — — — — — —
6" — — — — — —
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Fig.1 Three typical waveforms in blasting Fig.2  Different delay times and peak vibration velocities
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Fig.3  Occurrence frequency of different sub-cycles
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Fig.4 Vibration reduction of different stacking times
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Fig.6 Simulated overlay outcomes of different delay times
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Tab.3 Verification test results of blasting vibration

. X it Y it 2 )it
o R
I/ Hz  WBEIRE/ (em - s7") FWi/Hz  WEIRE/ (em - s7") FWi/Hz  EIRE/ (em - s7")

1* 31.5 0.06 33.8 0.08 35.6 0.03
2* 32.0 0.05 35.7 0.07 32.1 0.02

I 3* 33.2 0.08 38.7 0.11 31.5 0.02
4* 36.6 0.07 37.2 0.08 34.3 0.03
5% — — — — — —
6 — — — — — —
1 — — — — — —
2* 29.2 0.09 33.0 0.09 31.2 0.03

n 3* 38.1 0.12 37.2 0.15 33.1 0.06
4* 34.4 0.08 38.1 0.10 35.7 0.04
5% — — — — — —
6* — — — — — —
1 — — — — — —
2* 39.2 0.08 34.1 0.09 35.3 0.02
3* 32.3 0.12 30.1 0.08 35.2 0.05

me B N _ _ — —
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