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Fig.1 Schematic diagram of single hole equivalent charge division and group hole delayed blasting
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Fig.2 Flow chart of PCA-BP blasting vibration signal prediction model
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Fig.4 The ninth vibration waveform diagram of Project 1
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Table 1 Blasting parameter data of Project 1

BRF Him Rim  Q/(kg'm®) N> L/m
1 8.5 380 0.72 30 33
2 9.5 361 0.70 75 2.9
3 8.5 400 0.74 65 3.4
4 6.0 300 0.76 135 3.0
5 9.2 450 0.66 90 3.7
6 8.5 400 0.80 30 33
7 8.5 351 0.74 65 3.4
8 6.0 250 0.76 135 3.0
9 9.2 451 0.66 90 3.7
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Table 2 Normalized sample data
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Table 3 Correlation coefficient matrix

H R ) N L

H 1.000 0.845 -0.583  -0.667 0.543
R 0.845 1.000 -0.590  -0.544 0.822
Q  -058  -0.590 1.000 -0.088  -0.548
N  -0667  -0.544  —0.088 1.000 -0.291
L 0.543 0.822 -0.548  -0.291 1.000
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Table 4 Principal component eigenvalues, contribution

rates, and cumulative contribution rates

By H R Q N L a3 FEAF TtikRe BT
1 0420 0294  -0.143  -1.000  0.000 1 3.236 64.726 64.726
2 1000 0.105  -0429  -0.143  -1.000 2 1.139 22773 87.499
3 0420 0493 0143  -0333 0250 3 0.483 9.656 97.156
4 ~1.000  -0.503 0429  1.000  -0.750 4 0.096 1.926 99.082
5 0.820 0990  -1.000  0.143  1.000 5 0.046 0.918 100.000
6 0420 0491  1.000  -1.000  0.000
7 0429 0005  0.143  -0333  0.250 8 1 SPSS B A1, Al AR AT F2 M 15 0 R R,
8 -1.000  -1.000 0429  1.000  -0.750 ks,
9 0820  1.000  -1.000  0.43  1.000
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Table 5 Principal component score coefficient of Project 1

SHAFR
1 2
H 0.283 -0.152
R 0.299 -0.005
Q -0.207 -0.577
N -0.182 0.694
L 0.253 0.201
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Fig. 5 Layout diagram of the measurement points
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Fig. 6 The fourth vibration waveform diagram of Project 2
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Table 6 Blasting parameter data of Project 2

ER)Y  Him Rim  Q/(kg'm®) N> L/m
1 10.0 212 0.36 28 72
2 10.0 336 0.36 28 7.2
3 9.0 336 0.36 20 7.0
4 9.5 212 0.27 36 7.2

RT IRZHERS RO EY

Table 7 Principal component score coefficient

of Project 2
SR o
1 2
H 0.189 -0.566
R -0.252 0.156
Q -0.206 0.516
N 0.300 -0.142
L 0.284 0.284
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Table 8 Comparison of MAE and RMSE evaluations

PCA- PCA-
THE— BP TR BP
BP BP

X751 0.004  0.004
YJ7E 0.002  0.002
ZJ7l 0.002  0.003

XJ7la 0.024  0.029
MAE Y7 0.026  0.022
Z)m 0.015  0.021

X7 0.005  0.006
YW 0.002  0.003
ZJ716 0.003  0.004

X770 0.032  0.037
YJ5I 0.035  0.031
ZJ71E 0.023  0.028

RMSE

x99 EEREITLE
Table 9 Comparison of peak particle velocity (PPV)

T . PCA- X X
z;ﬁ i SR BP i;:géj% igﬁﬁj%
X 0.072 0.076 5.56 0.062 13.89
THE— Y 0.099 0.105 5.06 0.041 58.59
VA 0.072 0.069 4.17 0.069 4.17
X 0.014 0.013 10.07 0.012 14.29
THEZ Y 0.007 0.007 0.00 0.008 14.28
A 0.011 0.010 9.09 0.018 63.64
F10 EIAAFLL
Table 10 Comparison of dominant frequency
) . PCA- 7t i it
THAF Jrim SHE PR -
X 15.79 19.18 3.39 25.96 10.17
THE— Y 12.41 16.92 4.51 18.06 5.65
A 29.33  23.69 5.64 18.06 11.27
X 16.13 18.15 2.02 21.68 5.55
TR Y 18.65 9.07 9.58 7.56 11.09
A 13.11 12.10 1.01 12.10 1.01

ANTE TR T BB AR 45 57, BB B S 0]
REAFTE—E M 22 b o ARBEER] AT LR B A
PN S — AR A R PR 3, B ) 3t o 21
AN S AR BRI I 22 YRR 3% 3l ]
P LU H A I 50 5030 0200 s — U A 4R Bl &R
i R, FEHT B TR AR AE T A 30 e A MR =
HOE I I LB 73, AR5 KT B R 2 Rtk Ay
ERIT 3T, FE T D S IR SRR R R AR A Ml
PRSP T I

5 i

(1) i1 F— BUBRR IR 3l RAEICR A R s
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Prediction of Blasting Vibration Waveform in Open—pit Mine Based on the
Characteristic Value of Blasting Center Distance
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Abstract: Blasting vibrations in open-pit mines can potentially lead to damage in surrounding rock formations,
slope instability, ground fissures, and structural damage to buildings. Additionally, these vibrations may disrupt
the daily activities and safety of nearby residents and facilities. Accurate prediction of blasting vibrations is
essential for scientifically assessing their impact on the surrounding environment and infrastructure, optimizing
blasting design parameters, ensuring construction safety, and providing informed decision-making support.
Currently, in China, the assessment and verification of blasting vibration safety primarily focus on peak particle
velocity and particle frequency. However, relying solely on these parameters as safety criteria is insufficiently
reliable. A comprehensive evaluation of the entire blasting vibration process is necessary to objectively assess its
characteristics and effects. Consequently, the prediction of blasting vibration waveforms has emerged as a
significant area of research. The waveform of blasting vibrations in open-pit mines is influenced by various
factors, including geological terrain, blasting parameters, and charge structure. Accurately predicting the
waveform of blasting vibrations holds significant practical importance for the analysis of blasting vibration
velocity, frequency, duration, and the design and evaluation of safety measures. To facilitate the prediction of
blasting vibration waveforms in open-pit mines, this study proposes a novel method that integrates the
characteristic value U, representing the distance from the blast source (R) , with principal component analysis
(PCA) and a backpropagation (BP) neural network. Initially, this method involves extracting the extreme

values from the blasting vibration waveform data and defining an idealized feature value U for R, establishing a
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corresponding relationship between R and the vibration signal waveform. PCA is employed to conduct a
principal component analysis on variables such as step height, R, and explosive consumption, ultimately
reducing these variables to two principal components. These components, combined with U, serve as input
parameters for the BP neural network, while the corresponding vibration velocities at each time point in the
waveform are utilized as output parameters. Extreme value prediction was conducted on the blasting vibration
waveform, and the predicted waveform was derived through interpolation calculations. The findings of the study
demonstrate that, when comparing the predicted results with the empirical data, the PCA-BP model exhibits a
closer approximation to zero than the BP model in terms of root mean square error (RMSE) and mean absolute
error (MAE). Furthermore, the relative error in the peak vibration velocity predicted by the PCA-BP model is
less than 11%, and the absolute error in the main frequency is less than 10 Hz. The predictive accuracy of the
PCA-BP model surpasses that of the BP model, thereby confirming the model’ s accuracy and reliability. This
method offers an enhanced capability for predicting blasting vibration waveforms in open-pit mines under
consistent topographical, geomorphological , and geological conditions, thereby providing a significant reference
for blasting design and safety assessment.

Key words: open-pit mine; blasting vibration; the distance from the explosion source to the monitored location;

waveform prediction; principal component analysis; BP neural network
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