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Blasting-Induced Peak Particle Velocity Prediction of Hole-by-Hole Blasting
Operation Using Digital Electronic Detonator in Open-Pit Mine

Ding Weijie, Liu Dianshu
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Abstract: Current research on blasting-induced peak particle velocity prediction in open-pit mines is infeasible for the hole-by-hole
blasting operation using digital electronic detonators, and its models lack interpretability. By recording the blasting parameters for
each blasthole and measuring the induced triaxial particle velocity, a model to predict the triaxial peak particle velocity is
established based on LightGBM, and SHAP is introduced to interpret the variable importance of the model. Regarding the root
mean squared error RMSE and goodness of fitting R” on the test set, the established LightGBM model outperforms the support
vector machine and neural network models as its RMSE decreases by 25.9% and 28.9% , while the R* improves by 12.7% and
9.9%. Compared to the Sadaovsk empirical formula, which is widely applied to the blasting design and safety evaluation, the
RMSE of LightGBM declines by 63.4%, 39.5% and 68.3%, while the R* increases by 18.9%, 27.7%and 42.4% in the
longitudinal axis X, transverse axis Y and vertical axis Z, respectively. The SHAP values computed from the model inform that

apart from the axis variable, the distance between blasting source and monitoring point, total charge, the minimum row distance,
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the average charge length, hole diameter and the maximum hole distance are the six most influencing variables that affect the

predicted value of peak particle velocity. The distance between blasting source and monitoring point is negatively correlated with

the predicted peak particle velocity, while the other five variables are positively correlated with the predicted value.
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geology.
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Fig.1 Blasting circuit based on digital electronic detonators
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Table 1 Example sheet of recorded peak particle velocity

W M) B T 1) XU (4R K O] Y A i e [1] 7 W i I
L (m) (em/s) (cm/s) (em/s)

T 1758 0.15 0.20 0.19
DINNES 1635 0.16 0.16 0.16

LAR b 1567 0.21 0.23 0.19

A5 Ll 1545 0.24 0.25 0.30

iz 1 73.7 4.11 4.17 9.65

Wiz 2 155.5 2.92 2.14 2.89

R2 BHSHIEROIR

Table 2 Example sheet of recorded blasting parameters

VA4S 3 .

=i fLEE/ ¥y I

R (% U (I . 2 i . .
L4 e B He =93 K

(mm) (m) (kg)

(m) (m) (m) (m)

1 250 15.7 18.2 17/9.5 687 10.9 7.5
2 250 15.6 18.1 17/9.5 680 10.8 7.5
3 250 15.8 18.3 17/9.5 693 11 7.5
4 250 15.5 18.0 17/9.5 674 10.7 7.5
5 250 15.7 18.2 17/9.5 693 11 7.5

50 250 156 181 17/9.5 680 10.8 7.5

3, fLIE] AE ) 36 ms, HE ] 4E B 100 ms, & 4 K
% 7R B UL B L, BT O R 8 D B ms.
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L 2 At
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BUIE KB

IE 0] 43 A b5 Bl BCHE 4 B AT LA 25 A IS
Jei M 42 RMSE 5 R*XF e an & 2 fr 7 . 38 3 % L
AL, AR =07 ) b B R 2 R AR AR A
T A3 5K RMSE {8 F1 8 & 19 814 1L 8 R : 7
m X b, RMSE #il R* 4y 51 2 1.72 5 0.74 5 7 U 17
Y BBl 1855 042, 7 T ) Z 14 3k 2.18
5 0.66. U UCHE % 48 25 1 AR B USBM 2 Y
EAR T X b 55 R A A, WA 20 A X
Y LA DL B BN  fE ) Z FiR 22K .
43 LightGBM &R &R

LightGBM B3 h & 2S5, e 2] 5
PI R By A TR B KR B 43X 28 2 B0
Foe 2 A A 1Y T B8 3 A AR K2 Lt Ah O 5 IR
LightGBM #5% 21 55 vk i i #k M | 43 51 @ 57 SVM A

NN 55 A1 5 =X E . Sk o i i B4 5 A8 1) 2 4
I B AR B Y 3ok 0045 B2 B, R H 2 Wk 22 B IIE (He
and Chalise, 2020) (Repeated K-fold Cross Valida-
tion) B & e A B 2 8 . K 4 4 LightGBM
— A WL A2 L IE J§ RMSE S AIRAY 2 4,
5 M 6205 SVM F NN (18 2 541 .

N RR Y I | N I o 1 = A
Fir AL 2% 2% > B P 7% 11 5 B KL LightGBM |
SVM FI NN fr @ il & B &K 43 5l 2 0.062 s,
0.073 s F1 0.498 s, LightGBM #4 Il 25 58 JF #% e
2 B FE I 25 4 5 I 4R Y R 1A RMSE il R?
XLt K 3 B R LightGBM 78 Il 25 4 5 i) 4t 4k
B & RMSE ke R* ¥ W % L T SVM NN # §% [G
A AEMHERAE F LightGBM A RMSE % 22 T H
by 3 AN 43 I FEAR T 25.9% .28.9% H155.2% , M
R A T 12.7% .9.9% F128.9%. [ 4 4
T A A TR T S 5 00 AR R O T T U b o)
Pl #5 8B 8 B 22 5 . B RN F L LightGBM A%
RURS B W 2 00 T L A4 3 A0 BE A AT B A B ST 0
B P 2 88, HORS B O M R AR . X T 0 (R
HKEAS | LightGBM 4 50 [7] £% f T 1 4y 6 8

F A A0 A g v A T A b A i B AR e X
= A BRI TR R R Sk A O b 56 I T ST R R
Kl FADL G O B e 0 R 00000 25 2R e Al o il X
43340 93 RMSE 1 R*. il 48 =% RMSE 5 R
XFHE UL 5. LightGBM 78 34~ Ak bk 7 1) b W] BE AL T
SVM . NN Al §# [C 2> & . LightGBM 7£ 48 17 X I,
RMSE #l R*43 % 7 0.63 5 0.88; £V 6] Y 14351 Hy
1.12 5 0.83; #E 2 1] Z 143514 0.69 55 0.94.Light G-
BM 5 NN M X ERIMHE,HEY N Y E
LightGBM 1 RMSE P& ik T 23.3% , R* & & 7T
15.3% ; SVM W 7E =75 ] |- ¥4 F LightGBM. 5
SVM Fl NN iX 2 Fp HL 2% 2% > B R AH L, LightG-
BM 7E V][] Y b B RS B RLELA R A W R T
i A5 G AOR B2 R0 AU A OB BE O T Ay 2 Fh B AY
A X T B R 2 2 5, LightGBM (9 RMSE 7£ 3
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68.3% , RN 4 5 $E 75 T 18.9% . 27.7% H142.4%.

e S o b e T AR B I AR R A B
P MR B 22 2 AR GB 6722-2014 h & {3 47 4y 114 Ve 1
P 3 22 4 (B X 256 24 o L HE PR A5 R 1 2 H0HE AT
DRI, P AR TR X T i U 4R G 09 LSRR A
Y TR R S AR SCEE I 0.5 em/s 7 by 5 8 5 A
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1.0 —
3.0 { w2 (2) [ (b)
- LR K R - LR K R
USBM- i 24 it 0.9 H USBM- 4.2l it
o 5 || USBM-#ALEAZ) & W USBM- 7L K2 6t
0.8+
074 073
0.7
0.65 0.65 0.60) 640.64
0.61
& 0.6 0.57 0.59
0.51
0.5+
0.44
0.4
0.3}

X Py [z X DIy ) Z
Ak 7 ] Aehsr el
K2 AL RMSE 5 R4
Fig.2 Test set RMSE and R of the empirical formulas
a.RMSE; b.R?
%4 LightGBM 5 # %6 NNESH
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