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Prediction of Blasting Vibration Velocity
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Abstract; In order to address the problem of predicting blasting vibration in complex geological conditions at
open-pit mines, an improved BP neural network prediction model based on Mahalanobis distance discrimination

(MD) and principal component analysis( PCA) ,namely MD-PCA-BP model,is proposed. By combining the monito-
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ring data of blasting vibration at Changtan open-pit mine in Inner Mongolia, outliers in the monitoring data are elimi-

nated using the Mahalanobis distance discrimination method. Then, the principal component analysis method is em-

ployed to reduce the dimensionality of factors affecting blasting vibration and obtain three principal component fac-

tors. The scores of each principal component factor are calculated,and finally a nonlinear relationship between blas-

ting vibration and principal component scores is constructed through BP neural network to establish the prediction

model based on MD-PCA-BP. The results show that the fitting degree between predicted values and measured values

of blasting vibration velocity prediction model established based on MD-PCA-BP reaches 0. 94, indicating high pre-

diction accuracy of this model. When compared with Sadovsky empirical formula,two improved elevation empirical
formulas , MD-BP model ,PCA-BP model ,and BP model ,most of the prediction errors of MD-PCA-BP model are with-

in 10% , demonstrating higher reliability and accuracy compared to empirical formulas and unimproved BP prediction

models. The blast vibration prediction model based on MD-PCA-BP exhibits good predictive performance for blast vi-

bration velocity in complex terrains.
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Table 1 Blasting parameters
LR ZHUH PR SR ZHE
fLiz 100 mm fL&K 93 ~277
fLEE 6 m HefE 4 m
ER 2~16.5m || FRHM  4~112 kg
2 X i
2 Tk HMZHEE 4000 ~17200 kg || HERT FLIEI 30 ms/
Fig. 2 Overview of mining areas HEME] 100 ms
®2 BURTNEE SN R
Table 2 Blasting vibration velocity monitoring results
K- e ; " HRRHAL st R IR 2 5/
ZHIR JROE/ % %
1 1629. 80 65 1631.10 17.5 115 133 15 032 0.11
2 1038. 10 -10 1038. 15 9.5 137 71 8816 0.06
3 478.87 25 479.52 4.0 78 21 1768 0.06
4 285.00 -85 297.41 16.5 80 125 10 168 1.23
5 439.11 10 439.22 16.5 80 125 10 168 0.86
55 651.51 5 651.53 16.5 80 125 10 168 0.21
56 557.63 -70 562.01 16.5 257 116 13 936 0.48
57 599.82 25 600. 34 16.5 257 116 13 936 0.29
58 722.73 20 723.01 16.5 257 116 13 936 0.23
59 731.66 20 731.93 16.5 257 116 13 936 0.12
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Table 3 Empirical formula regression analysis results
hes ESY AN Y /AW i BB
1 [RIEFR A=\ V=2669.21(Q"*/R)"* 0. 582
2 KRB sk 2 V=2697.37(Q"/R)"* (Q"’/H)" " 0.592
3 A= AR 2 V=2699.22( 0" /R)*" (H/R) ~*" 0.592
T2 V IR RBER 3 B (B, em/s 5 Q SRR LA 25 kg R RO, ms H 7R85 25, m,
60
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50 .
wl o 20
'
ﬁ 0o} misp *
st ] $ °.
AT 20} T10} -
S Ce ,
10F e o 5t T
- ®,,
mw o »
0t o oL , . . . .
0 02 04 06 o085 1o 0 02 04 06 08 1.0
P P
FLS R IR E(G  [CBE 6 BIRRERHER A = B
Fig. 5 Mahalanobis distance without eliminating outliers Fig. 6 Mahalanobis distance after eliminating outliers
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Table 4 Correlation matrix
A g KFEERS X, A REEEEY X, fLIE X, FLEL X, ORI Xy R X,
AR E X 1. 000 0.705 -0.347 0.202 -0.356 0.114
IR X, 0.705 1. 000 -0.254 -0.045 -0.270 -0.163
fLIEE X, -0.347 -0.254 1. 000 -0.110 0. 985 0. 668
fLE X, 0.202 -0.045 -0.110 1. 000 -0.209 0.528
KB X -0.356 ~0.270 0. 985 ~0.209 1. 000 0.616

MR X, 0.114 -0.163 0. 668 0.528 0.616 1.000
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Table 5 Rotated component matrix

- %

Th 1 2 3
LR 0.975 -0.182 -0.021
5 A B 0.972 -0.192 -0.108
Bz 0.728 0.058 0. 660
TR B -0.116 0.922 -0.151
R -0.161 0.901 0.232
LB -0.110 0.024 0.969

2kt
o FNL Bl

KO Tkt s L

Fig. 9 Rotated space component diagram

x6 BERSHES

Table 6 The score of each principal component

BN W)L Wiy
hass . N -

TS 1 TS 2 FHsr 3
1 1.49089 2.22448 0.17548
2 ~1.26427 -0.27869 0.32211
3 ~3.14688 -0.85039 ~1.10849
4 0.26243 -2.37880 -0.36051
5 0.55919 -0.62477 ~0.78958
50 0.39053 -0.19327 -0. 66365
51 0.39449 -0. 15030 -0.65591
52 0.79371 2.14927 0.63913
53 0. 80940 2.39652 0.72292
54 ~2.95995 1.18899 0.01394
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