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Abstract; To improve the prediction accuracy of blasting vibration in open-pit mines and mitigate the hazard
risks to surrounding buildings ( structures) ,a blasting vibration prediction model( DBO-BP) based on the Dung Bee-

tle Optimizer( DBO) for optimizing the parameters of a BP neural network is proposed. Taking the blasting project of
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the Biesikuoduke Open-pit Mine in Hami, Xinjiang as an example,Grey Relational Analysis( GRA) is applied to e-
valuate the correlation between seven key parameters, including minimum burden, distance to the blast center, powder
factor, stemming length, elevation difference,delay between rows , maximum charge per delay,and the radial , tangen-
tial ,and vertical components of Peak Particle Velocity( PPV) of blasting vibration. The DBO algorithm is introduced
to optimize the weights and thresholds of the BP neural network , constructing the GRA-DBO-BP model to predict the
radial , tangential ,and vertical PPV of blasting vibration. A comparative analysis of the prediction results from the
GRA-BP and GRA-DBO-BP neural network models verifies the superiority of the GRA-DBO-BP model. To further
verify the universality and reliability of the proposed method, the slope rock blasting project at the Nan Open-pit Coal
Mine of Xinjiang Tianchi Energy was selected as the research object for validation. The results demonstrate that GRA
can effectively assess the correlation between blasting parameters and PPV ,with the grey relational grade for all seven
parameters exceeding 0. 6. DBO optimization can effectively circumvent the tendency of BP neural networks to con-

verge to local optima, thereby enhancing prediction reliability and accuracy. This study provides theoretical support
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and technical reference for vibration control and safe construction in open-pit blasting projects.
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Table 1 Biesikuduke Open-pit Mine blasting engineering field-measured data

J¥% Number X, X, X, X, X, X, X, Vv, v, V.
1 2.70  2.25  0.32 162.30 56.14 9.70 50.00 2.82 2.73  3.02
2 2.70  2.25  0.32 162.30 79.58 21.20 50.00 1.13 1.17  1.57
3 2.70  2.25  0.32  162.30 113.22 32.70 50.00 0.71  0.67  1.09
4 2.70  2.25  0.32  162.30 139.93 41.30 50.00 0.54  0.48  0.77
5 2.60 2.50 0.38 126.90 53.90 11.30 65.00 2.13 2.0l  2.5I
92 2.50  3.00 0.36  94.00 147.08 45.40 60.00 1.66 1.73  1.69
93 2.60 3.25 0.35 126.90 65.23 13.10 75.00 2.07  1.99  2.04
94 2.60 3.25 0.35 126.90 91.05 22.60 75.00 1.58 1.6l  1.55
95 2,60 3.25 0.35 126.90 119.32 34.90 75.00 1.50 1.44  1.47
96 2.60 3.25 0.35 126.90 147.34 4500 75.00 1.70 1.78  1.67

2.2 BTG XEKER R0 E ZE R

BT IR OCH B B A& W R (FF
F) 5 = [ R VA (B ARk (B 1381 1) S A, LA
SE PG SRR . 3R 1 BRI IR 7 A 4
WEs o, i 2805 =1 PPV B Gk 1
>0.6, 0 A A ZOR . Hodr, O 5 = AR IR
S (I 32 1) TR e JEE A AR, W] B M s 4 vh o3
A TG G S B AEA RO A A 5 B dls = 1w
R IO R R R3S, (R AR i S B S B
JEE i 2R, RTS8 5 = 7] PPV HAT B

ARSI , A A B I iy A 25K
2.3 MNERSEHIZE

P gt BP pft 28 ) 28 LAY IR, LA 7 30052 ) PR 1R
S A JZ T L= PPV AR S 2 L R
Kolmogorov = JZ24#1 25 [ £8 A 7E 1 5 B, 223 B o
B E BT SECh 14 9B 7-14-3 1925 Fh s
Mo VAN B 5z AR T, KB %S
ROBLE AR 2 PR
2.4 TNERSHR

“h EL VLA BE B O AL 5303 ( DBO ) X it 28 [ 4%



26

i3 2026 49 H

E# i Radial
[ 141 Tangential
0.8 7 . 77 i[’ﬁlVertical o
7
o 0.7 - )
ERN=Y AR AR AeR AR R el
£05
3
£ 04
S
i 0.3
0.1
(NQISHZRSHZE=NZESH

X X X X X X X
&y AISES
Blasting vibration influencing factors
K5 CHREESS

Fig. 5 Correlation results

ToUI P BB Y el E AR, X L 43 GRA-DBO-BP 5
GRA-BP BASINMERE . anl&l 6 Firzs, 7 &1 43 51 Jre
KT GRA-BP 5 GRA-DBO-BP # 7E Wik 4 I 1)

7K 3F- 3% # Horizontal Velocity
o &M Radial Velocity

T[] 3 Vertical Velocity
y=x

6
. Model: GRA-BP .
; 3 L4 ?
& g-' :
Z2t & e
_§ Py 27
A lr [W‘,t‘
0 1 2 3 4 5 6

Ture PPV/(cm * s™)
(a) GRA-BPA Y i 3 42 47 8 151 0] 44 g )
(a) Test set vibration velocity prediction

performance of the GRA-BP Model

PR RER

x2 BRESHLE
Table 2 Model parameter settings

TR AISH Model parameters UKL Times
YIZRIREL Training times 1000
2] 3 Learning rate 0.1
0.0001

/M ZRi%ZE Minimum training error

I I IR R T 235 SR %) L v, GRABP A v
BRI RTRINAEAE v = o BRAE DL 20 0] 23 A1 52
SR, 0 A r R A DX ) i 2 R R, TR
JEE ARG 5 o3 oA 2 B2 it 2 B U 284041, (T B
TS W TEARR, R A T 25 2R 7 25 R Bl 431,
BRI LR E TR 2% . ML Z T, GRADBOBP #5271
A TRINIMEL S = BE AR T T y = x ZRBHIIT , 42 IXC [ 725
ZIN, T PR JRE S B T TR N 30 oA 8 it 2k 5
A S S 7 e R e S SRAE 10 ] S0 i 8 R R
WRRAEAIG 22 0/ 0N BRSSO 45 R i 8 i AR oE , B
A 1 TR AT R

7K 3% J¥ Horizontal Velocity
o #2134 ¥ Radial Velocity
T [f] 3 [ Vertical Velocity

N ]

“,
o

e -
Model: GRA-DBO-BP

el

w0

54 %

= \,

2 $

2 o’

=]

g f

=S 4
Vg

0 1 2 3 4 5 6

Ture PPV/(cm * s7')
(b) GRA-DBO-BP A5 7 3 42 = 3 T30 44 18 [l

(b) Test set vibration velocity prediction performance

of the GRA-DBO-BP Model

K6 BRI ERERS L

Fig. 6 Comparison of model prediction performance

ST 2 X L PR AN AR AR ) T g L R
R® MAE RMSE RPD %02 DT 45 A 6 45 A i £ 7
S0, B 3 AT, E ) A {5 a5 4R 2 R I 5
£ GRA-DBO-BP 51 (it 45 30 1 i 48 A ¥4 4= i 1
F GRA-BP #i7#1 . GRA-DBO-BP £ % (1) Yt o 52 %
R* 01 7, OF ¥ 40 %) 1% 22 (MAE) 35 7 f iR 2
(RMSE ) & 2 5%, [7] B 380 % 95 0 4 25 ( RPD ) 328 1y
T GRA-BP #1755 3¢ B L350 0 A1 -5 5 0 1 f) AH ¢
PETT R FOT0 g 22 /0N RGBT, LA TR

fLRE ). £3G K% , GRA-DBO-BP KA 7 4ig 2 Fii )
155 v R 3L L SR e A A P R R R AT S
2.5 IEBEVERINLE RIS L AT

&7 J&75 T GRABP 5 GRADBOBP #i#1 = [ li%
(B B SR 5 S X He 2, P 8 25 i 1
PR RILEAR (] D)) 3 1) =7 ) R 4R 3
PR B 22 (MRE) X LUE5E R . Bk,
25 DBO Ak e BRRY , HAR ] 1) [m) | 2 ] ~F- 25 A 0
IR R 5. 85% .7. 05% 6. 99% , ¥ 45 il 7%



A3 W3 RLLI KT, MR, % LT GRA-DBO-BP i 22 [0 4 1 KA L1 R A IR Sl i 2 T AT 5 27

10% LAY T 6 FE A5 70 GRABP X oy 15 22 ) 43 1) 2 ik
29.91% 40. 17% 22. 03% . WHFPHEHIFH L, S35 4H %

RIEFEIR A F 68.27% ~82.45% , SLAP Yk T PR
L RENS W AR Tt BP S MR A TINAG L

*3 BRI

Table 3 Model performance indicators

GRA-BP GRA -DBO-BP
eIt (=l 1w B =o! I 1w T 1]
Index Radial Transverse Vertical Radial Transverse Vertical
component component component component component component
R? 0.85 0.83 0.92 0.97 0.98 0.97
MAE 0.42 0.51 0.42 0.07 0.08 0.14
RMSE 0.48 0.61 0.47 0.08 0.09 0.16
RPD 2.72 2.33 2.90 9.99 8.83 5.56
~ SEHE M dval
‘7: 250 GRA_DB(ESH_SEIIJG vate ‘f: 3.0 SZI{E Measured value T’: 5.~ SCUME Measured value
8 5 | = CRA-BP & & 2.5~ GRA-DBO-BP s £ | GRA-DBO-BP
Wy B3 ,,l 85 20]
RE 1503 ®|E T R 5 '
e - g s LSy
a S a & 1.5} m S
g3 10 £ 10| <10
Ey EE Ex
=~ 0.5 A o5t = ~ 0.5
s s s
g g g
~ e ~ — ~ O e
0 2 4 6 8101214161820 0 2 4 6 8101214161820 0 2 4 6 8101214161820
JF5 Number JF5 Number J%5 Number
(a) V. b)v, (c) V.

A7

I (1R 3 N 45 SR L

Fig. 7 Comparison between predicted and measured results of three-directional peak vibration

GRA-DBO-BP
GRA-BP

N
S

A%} iR 2% Relative error

[ 8

Fig. 8 Comparison of relative errors of peak vibration velocity under three? direction blasting

TGRA-DBO-BP
GRA-BP

3 ET GRA-DBO-BP E=EWE T2

CIES L an®sh g

R — A TR R U6 IE Y 4 T PE 5 A5 R TS
JE |, TE R SC 3 T 5 5 I 255 01 307 28 0 v B K T
GRA-DBO-BP Tl 5 7Y - 5¢ w471 25 56 ik 1 JE Al |

AR} 1R 2% Relative error
HXF1R 2 Relative error

1) I VA AR A X 1 22 X L ]

VEICHT S 58 PN T AR O AH T A LA i ™ g e T A
VENSAES G, 5T TR S HA — @ M, A
SCRLHEER FH R ST 2558 B PR R T e Ak 5
T, AKS S5 R 4 S s T B 7 , D FE TR0
) PR E— P YIRS

TS R M R A P B R LA M A B 8RB, DR



28 W

2026 49 H

SRR = B SR, T HE AR 4 x 107 1, BTIX
KGR ALE [, B 1S ASRES G B, R 5840 m,
K SCH G A ] 5, R B ) ABT IR 3R 6 ~ 15 MPa
MR b & BB RALR R

PR TR B KL, BT 40 m &
W BE A2 B AL 22 AR B A R, i 290 TR, 1%
TP VORI TAEE . 0 X IR A 40 m AL B

B, LA LLE BC ™ BE4R TH75 5K, BOT /50 m %8 5 Bir
AL SRR, L BC A 138 mm (152 mm 142
BEAIL , SR T RSCRE F, 7 A 8 L ol 2 R A IR0 i85 52 it o
AN BRI , 181 D0 A8 1 2 B M I R i A, T
JRIE PR 58 15 B AR BB AR T5 58, AT S8Rl A A 4
4 Prondt o4 %, Horh 52 AR NI GRAE AT
M, 12 A D AR A T 3R E

R4 RIS R b EE

Table 4 Peak blast vibration velocity monitoring data

J¥% Number X, X, X, X, X, X, X, v, v, V.,
1 2.80 8.50 15.60 180.60 19.59 17.52 55  11.91 10.62 13.33
2 2.80 8.50 15.60 180.60 20.69 18.51 55 6.15 5.76  17.87
3 2.80 8.50 15.60 180.60 25.58 22.88 55 3.26 2.91  3.55
4 2.80 8.50 15.60 180.60 28.34 25.35 55 3.36  3.17  3.81
5 2.80 8.50 15.60 180.60 29.13 26.05 65 2,22 219 2.79
60 2.60 8.00 14.40 135.50 25.40 22.72 70  13.32 12.83 14.51
61 2.60 8.00 14.40 135.50 29.42 26.31 70 7.86  7.71  8.92
62 2.60 8.00 14.40 135.50 31.48 28.16 70 3.84 3.9 4.90
63 2.60 8.00 14.40 135.50 32.96 29.48 70 2.88  2.76  3.59
64 2.60 7.50 16.80 135.50 13.80 12.34 65 3.50 3.28  4.27
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Fig. 9 Comparison between predicted and measured results of three-directional peak particle velocity
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