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Abstract: The safety issues posed by blasting vibration to surrounding buildings urgently need to be addressed, while traditional
vibration-reduction methods rely on empirical parameters and lack statistical support based on small sample sizes. By
conducting blast vibration monitoring at a certain mine, the peak vibration frequency was extracted using the fast Fourier
transformation (FFT). The characteristics of the peak vibration frequency were then analyzed using a comparative approach
that incorporated the Bootstrap method. Bayesian analysis, and maximum likelihood estimation. Based on this, the inter-hole
delay time was adjusted to half a cycle and verified through field tests to confirm the accuracy of this method. The results show
that as the distance from the explosion source increases, the vibration velocity of the particle gradually decreases, and the
attenuation characteristics of vibration velocity vary with direction. The Bootstrap method does not require the assumption that
the population follows a specific distribution, instead drawing samples directly from the original sample. This approach better
reflects the characteristics and distribution of the samples, resulting in statistical outcomes that are more representative of
reality. An 8-ms half-cycle is determined to be the optimal inter-hole delay time. Field tests show that, compared to a 20-ms
inter-hole delay time, an 8-ms inter-hole delay time reduces peak vibration velocity in the X, Y, and Z directions by 14.81%,
12.68% , and 36.51% , respectively, while the peak vibration velocity in the combined velocity direction decreases by 22.55% ,
demonstrating a significant vibration reduction effect. The research findings provide a basis for optimizing parameters in
medium-deep holes underground blasting, effectively addressing safety issues caused by blasting vibrations.
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Fig.1 Detonation moments of each hole
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Table 1 Measured data of peak vibration velocity when the delay time between holes is 20 ms
o) FLEIESIRS )/ X JrfdiRel/ X J5m Y JrmldRE/ YIrm o Z iR/ Z I BB/ R R/

7 ms (em/s) F/He (em/s) F4/Hz (em/s) F A/ He (em/s) (em/s)
1 20 0.010 58.6 0.080 13.7 0.037 19.5 0.089 0.080
2 20 0.012 60.5 0.104 9.8 0.049 17.6 0.115 0.104
3 20 0.022 72.3 0.089 9.8 0.058 50.8 0.108 0.089
4 20 0.026 60.5 0.082 19.5 0.055 50.8 0.102 0.082
5 20 0.020 74.2 0.055 9.8 0.034 50.8 0.068 0.055
6 20 0.019 70.3 0.071 7.8 0.038 50.8 0.082 0.071
7 20 0.051 52.7 0.073 21.5 0.103 50.8 0.136 0.103
8 20 0.031 72.3 0.060 9.8 0.070 50.8 0.098 0.070
9 20 0.054 70.3 0.063 21.5 0.073 52.7 0.111 0.073
10 20 0.017 74.2 0.063 7.8 0.038 17.6 0.076 0.063
11 20 0.047 72.3 0.084 21.5 0.092 52.7 0.133 0.092
12 20 0.013 50.8 0.053 60.5 0.052 50.8 0.076 0.053
13 20 0.014 74.2 0.077 7.8 0.034 17.6 0.086 0.077
14 20 0.029 50.8 0.047 50.8 0.069 50.8 0.088 0.069
15 20 0.037 72.3 0.082 9.8 0.050 48.8 0.103 0.082
16 20 0.030 74.2 0.047 58.6 0.064 50.8 0.084 0.064
17 20 0.023 62.5 0.093 9.8 0.050 29.3 0.108 0.093
18 20 0.022 72.3 0.066 9.8 0.059 50.8 0.091 0.066
19 20 0.040 72.3 0.047 23.4 0.054 50.8 0.082 0.054
20 20 0.022 72.3 0.066 9.8 0.059 50.8 0.091 0.066
21 20 0.030 72.3 0.060 7.8 0.054 50.8 0.086 0.060
22 20 0.037 74.2 0.063 5.9 0.052 52.7 0.089 0.063
23 20 0.036 72.3 0.104 15.6 0.052 50.8 0.121 0.104
24 20 0.036 62.5 0.144 13.7 0.062 52.7 0.161 0.144
25 20 0.029 72.3 0.060 9.8 0.056 50.8 0.087 0.060
26 20 0.019 72.3 0.067 9.8 0.041 17.6 0.081 0.067
27 20 0.014 76.2 0.036 9.8 0.071 48.8 0.081 0.071
28 20 0.023 74.2 0.067 17.6 0.080 17.6 0.107 0.080
29 20 0.021 74.2 0.055 25.4 0.124 21.5 0.138 0.124
30 20 0.020 68.4 0.068 9.8 0.130 21.5 0.148 0.130
31 20 0.034 52.7 0.072 9.8 0.097 52.7 0.126 0.097




79 g LB R S5 A

2026,46(4)

Xt 3 AAN R T3 1) 9 J5 e I Bl e B R 4 3 S AT

-2.8
s InX [
— X F B EENE .
i y=1.7T1x+4.65

-321 R=0.86

-3.6
N
5

-4.0+

—44F "

-
_48 1 1 I 1
-5.4 -5.2 -5.0 -4.8 -4.6 -4.4
In (Ql/’s. Rl)
(a) X J5 mRE
-2.0
" InZ -
—Z F AR EENE
v=1.67x+5.16
R=0.91

-24r
\\\l
> _oghk
= -2.8

-32F

_36 1 1 1 1

-5.2 -5.0 -4.8 -4.6 -4.4 -4.2
In (Ql/’s. Rl)
(¢) Z 5 iR

LML EERANIEL 3 IR .

-16
s InY
— Y H &S
v=1.642+5.20 -
-2.0F R=0.83

InV,

_24 1 1 1 1 1 1
3'(35.1 -50 -49 -48 -47 -46 -45 -44
In (@« R")
(b) Y F{RE
-1.6
= InV
AR EEEN S
20 F v=1.602+5.34
-
-24
> _928 F
= 2.8
-32 F
-3.6
28 1 1 1 1 1
-50 -49 48 -47 -46 -45 -44
In (Q¥-«R"')
(d) BHE

B3 BAHERELSER

Fig.3 Fitting results of vibration velocity in each direction
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Table 2 Fitting parameters of Sandovsky formula

J7 1 A <k K a

X Jrim y=1.71x+4.65 104.59 1.71
Y Jrin y=1.64x+5.20 181.27 1.64
Z J5 1) y=1.67x+5.16 174.47 1.67
A y=1.60x+5.34 208.89 1.60
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Fig.4 Typical vibration frequency domain diagrams
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Fig.5 Typical waveform for each measuring point
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Table 3 Statistical characteristic by Bootstrap method
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70
69 ¥ME=63.21396 Hz 0=1.302 57 Hz
-
g l;
dm
% 6
M6
= .
® .
57

5% 58 60 62 64 66 68 70
I B 9% 3 491 52 341/

Bl 6 #MARFENEQQHE
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Table 4 Statistical characteristic by Bayesian analysis
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m WM g m, OO0 ERIKE

X 51 63.29 0.18 (62.94,63.64)
Y J5 1] 63.28 0.18 (62.94,63.63)
Z J5 63.29 0.18 (62.94,63.64)
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Fig.9 Posterior probability distribution

of Bayesian analysis
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likelihood estimation
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Fig.10 Data distribution of maximum likelihood estimation
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Table 6 Measured data of peak vibration velocity when the delay time between holes is 8 ms
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