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Study on Vibration Response and Stability of
Steep Slope under Multiple Blasting Vibrations

WANG Zi-yi ,WU Gui-yi,LUO Chang ,ZHENG Hang-hang
(School of Mining, Guizhou University , Guiyang 550025 , Guizhou )

Abstract: In order to investigate the dynamic response and stability of a steep slope under blasting vibrations
from multiple blasts,the displacement, stress, maximum shear strain, safety factor and sensitivity of the steep slope
were analyzed by field monitoring, numerical simulation and mathematical methods based on the an open-pit mine in

Inner Mongolia. The data fitting results show that the radial vibration velocity has the highest correlation coefficient,

U %5 B 87 ( Date of reception) :2022 - 10 - 14 M 4& &5 % H BA ( Published online) ;2023 - 09 - 10

EZB N EF—(1997 - ), 5, it , ERAFHRME TR TARBFY, (E-mail ) 3415465147 @ qq. com,

BIRAEE  RAE (1973 - ) 3B 1 B, EE G4 TR 5 R0 TS, (E-mail) gywu@ gzu. edu. cn,

EEWA : [MEK A APER G X GBEBI H (52164005 ) 5 [F1 58 H AR 275 4 DR 2 564 B B I H (52064005 ) 5 53 9H 45 B3+l 95

H (BRSSP 2021 ] —f% 399) 5 SHNAE R I T1 H (RS JER [ 2020 ]1Y214)

About the author. WANG Zi-yi(1997 - ), male, master degree, mainly engaged in blasting engineering and slope engineering research , ( E-mail )
3415465147@ qq. com.

Corresponding author;: WU Gui-yi(1973 - ) ,male, master degree, professor, mainly engaged in blasting engineering and mining engineering, ( E-mail )
gywu@ gzu. edu. cn.

Funding projects: Regional Science Foundation of National Natural Science Foundation of China(52164005) ,Regional Science Foundation of Na-
tional Natural Science Foundation of China( No. 52064005 ) , Guizhou Science and Technology Plan Project ( Guizhou Science
Support[ 2021 ] General 399) , Guizhou Science and Technology Plan Project ( Guizhou Science and Technology Foundation [ 2020 ]
1Y214)



405 H3

TF—, RESE 5,5 ZUURIHRS) T BEIR S )i KA E PR

159

with all the coefficients of three directions greater than 0. 8. The relative error of the prediction results is larger in the
near-blasting area, while smaller in the far area. After a single blast, the horizontal displacement increases rapidly and
reaches the maximum value on the right side of the blast hole at 0. 05 s. In the vertical direction,the stress increases
gradually from top to bottom and the bottom is prone to stress concentration. The overall stress distribution of the
slope gradually increases from the slope surface to the slope interior. After multiple blasts, the displacement and hori-
zontal stress of the slope generally continues to increase with the increase of blasting times. The peak value of vertical
stress and acceleration are generally oscillating with the increase of blasting times. For a period after the blasting, the
acceleration is still not 0,and it takes a long time for the blasting energy to completely dissipate. Multiple blasting vi-
bration will continue to reduce the safety factor of the slope to a certain extent. With the increase of blasting times,
the change rate of the safety factor of the slope will gradually increase. Based on the gray correlation coupling analysis
of safety factor and orthogonal tests , the sensitivity of each factor is as follows: charge per delay(X;) > total explosive
charge( X4 ) > hole spacing(X;) > blast distance (X, ) > blasting vibration duration(X,) > hole number (X, ). It is

indicated that in actual construction, it is necessary to control the charge per delay and total charge in order to ensure

safe production.
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Table 1 Rock mechanics test results

HABRR TAM BMERE/GPa BURRIE/MPa  PEEIES/°  NESI/MPa

HH 0.28 79 5.13 45.5 16.27

KA 0.23 82 5.82 37.4 13.78

Zbp R 0.2 92 6.27 41.5 14.32

S 0.22 74 4.81 47.2 17.61

x2 BWSHILIT
Table 2 Blasting parameter design
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Fig. 2 Blasting vibration monitoring system
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Fig. 3 Arrangement of blasting vibration monitoring points

&3 BSBIRIEEAS KR

Table 3 Blasting vibration regression analysis test table

kB b2 ; =R SR
wn o mm ey KF gm EE_KTEM ST T
ke WE/m o WE/m RS REHRRSdRE R dRE R
(em+s™) Hz (ecm-s™) Hz (em-s™) Hz

1 2021.9.20 460 319.69  37.19 N.2 3.26 32.88 4.82 34.52 4.74 45.06
2 2021.9.20 460 327.32  38.15 N.3 4.22 15.69 5.36 34.09 5.70 31.87
3 2021.9.20 460 343.10 42.46 N.4 5.03 16.11 4.97 22.30 5.35 39.08
4 2021.9.20 460 186.07 152.72 N.5 2.91 28.22 2.27 29.02 2.44 52.02
5 2021.9.20 460 183.60 151.95 N.6 1.75 29.82 1.67 24.42 1.79 35.92
6 2021.9.20 460 261.60 18.91 N.7 1.83 23.61 1.85 30.70 2.18 45.31
7 2021.9.20 460 198.99 77.24  N.8 2.32 21.78 2.22 14.11 2.09 33.82
8 2021.9.30 460 26.57 15.12 N.1 6.11 31.21 6.48 17.41 4.78 26.59
9 2021.9.30 460 195.24 158.88 N.4 2.12 23.25 1.78 38.90 3.21 30.31
10 2021.9.30 460 318.96  45.27 N.5 4.36 50. 62 3.67 26.02 3.48 36.72
11 2021.9.30 460 195.22 159.47 N.6 2.14 23.25 1.78 38.90 3.21 30.31
12 2021.10.21 460 190.99 111.58 N.1 2.47 17.53 1.96 22.66 2.23 26.10
13 2021.10.21 460 264.83  21.53 N.3 1.81 13.26 1.24 41. 86 1.90 16.46
14 2021.10.21 460 185.03 115.81 N.4 1.86 19.94 2.04 20.93 1.53 29.19
15 2021.10.21 460 185.03 118.89 N.5 3.38 28.22 2.27 29.02 2.44 52.02
16  2021.10.21 460 262.92  37.79 N.6 2.25 19.32 2.23 23.62 3.04 31.92
17 2021.10.21 460 189.16 48.15 N.7 2.04 19.25 2.47 19.31 1.80 31.10
18 2021.10.21 460  200.66 77.94 N.8 2.34 32.72 2.18 33.87 2.16 35.74
19  2021.10.29 460 222.07 148.92 N.2 1.63 15.46 1.33 20. 18 2.07 29.61
20  2021.10.29 460 356.79 194.20 N.3 1.51 16.59 1.42 31.75 1.28 25.86
21 2021.10.29 460 263.46 203.10 N.4 1.91 12.72 1.24 14.22 1.31 10.42
22 2021.10.29 460 359.84 194.41 N.5 1.62 11.32 1.52 32.12 1.54 31.32
23 2021.10.29 460 168.98  87.99 N.6 2.08 30.41 1.91 38.30 2.77 29.87
24 2021.11.8 460 178.92 119.56 N.3 1.92 9.02 0.82 13.72 0.86 9.82
25 2021.11.8 460  619.39 221.60 N.4 2.51 13.72 2.08 14.42 2.40 13.72
26 2021.11.8 460 164.20 118.40 N.5 2.68 28. 11 2.66 45.82 2.73 30. 14
27 2021.11.8 460  428.64 6.33 N.6 1.12 21.45 1.18 19.90 1.02 32.24
28 2021.11.8 460 170.89 55.85 N.7 2.11 27.35 2.01 37.64 2.16 38.43
29 2021.11.8 460 222.21 87.08 N.8 2.15 25.14 1.19 27.72 1.55 21.66
30 2020.9.10 460 304.06 125.29 N.3 0.98 14.42 0.77 14.42 0.89 11.32
31 2020.9.10 460 574.32  69.30 N.4 1.06 14.42 1.16 27.52 1.02 22.92
32 2020.9.10 460 584.78 104.29 N.5 1.13 15.03 0.85 14.98 0.82 20.87
33 2020.9.10 460 299.79  80.75 N.6 1.04 15.86 0.85 17.15 0.78 15.60
34 2020.9.10 460 152.85 48.84 N.7 2.36 29.82 1.79 30.46 2.24 34.94
35 2020.9.10 460 223.36  87.57 N.8 1.95 28.05 1.57 24.14 1.68 25.40
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Fig. 4 Regression curve of measured blasting vibration velocity
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Table 4 Regression results of measured

blasting vibration velocity
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Fig. 5 Blasting vibration velocity regression curve
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Table 5 Prediction and error analysis

of Sadovsky empirical formula

‘ﬁ Vs JEQ?X’“ JE
ﬁ}iﬁ@gﬁ S BRI
E k 1) (em-s™")  SDR/kg”  iR¥E/%
cm * S

1.574 1.868 82.04 15.72
1.341 1.535 83.54 12. 64
1.040 1.540 32.72 32.48
2.135 3.695 21.84 42.15
1.789 2.989 31.91 40. 26
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Table 6 Dynamic response of slope at different time under single blasting condition

6.1608E-02 2.9205E-02 1.3520E+05 1.3550E+06
6.0000E-02 2.7500E-02 0.0000E+00 1.0000E+06
5.0000E-02 2.5000E-02 -2.0000E+05 0.0000E+00
4.0000E-02 2.2500E-02 -4.0000E+05 -1.0000E+06
3.0000E-02 2.0000E-02 -6.0000E+05 -2.0000E+06
fggggggg 1.7500E-02 -8.0000E+05 -3.0000E+06
: 2 1.5000E-02 -1.0000E+06 -4.0000E+06
& il I 0.00008+00 1.2500E-02 -1.2000E+06 -5.0000E+06
2 '0000E-02 1.0000E-02 -1.4000E+06 -6.0000E+06
3.0000E-02 7.5000E-03 -1.6000E+06 -7.0000E+06
-4.0000E-02 5.0000E-03 -1.8000E+06 -8.0000E+06
-5.0000E-02 2.5000E-03 -2.0000E+06 -9.0000E+06
-6.0000E-02 I 0.0000E+00 I 2.2000E+06 I -1.0000E+07
-6.6114E-02 -2.2975E-03 -2.3545E+06 -1.0199E+07
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Fig. 13 Dynamic response of multiple blasting slopes
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Fig. 14 Multiple blasting slope vibration response
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Table 7 Values and levels of each influencing factor

KT L ALEL IR JALALEE  REEREh s BURAGR
/ X, X,/m X,/m B X,/ms  Xo/kg X,/kg

1 12 42.5 1.8 220 270 400

2 16 40.0 2.9 320 250 650

3 20 37.5 3.8 420 230 900

4 24 35.1 4.4 520 210 1150

5 28 32.7 5.1 620 190 1400

SCMA T TR0 X, ~ X, e R A 1
ﬁjvlrf?ﬁﬂ Yo THFA X SRS Y AR

X,

w [N]

Bt

I}
S

1

&~

>

1. 330
1.410
1.425
1. 662
1.504

1. 388
1. 469
1.430
1. 551
1. 494

42.5 1.

40.0
37.5
35.1
32.7

1. 595
1. 650
1.341
1.318
1. 428

A

220
320
420
520
620

— K~ o0 O ©

1.571
1.334
1. 520
1. 567
1.593

270
250
230
210
190

1. 557
1. 657
1.425
1. 347
1.346

400
650
900
1150
1400

(2)
1.416
1.456
1.587
1.557
1.314

(3)

R 2E AR XY HEATICt AL AL P, 455

y

%
0.611
0. 815
0.852
0.592
0.444

%; — minx;

maxx,; — minx i

0.293
0.432
0.123
0. 841
0.583

Gl

A=

0.304
0.320
0.577
0.253
0. 356

X =Yy

0.358
0. 567
0. 386
0. 627
0.516

0.233
0.123
0.244
0. 149
0.397

(GRi T

0.370
0.242
0.322
0.304
0.270

(4)

— R TE R WAHIE PR A max = max il

A min = mlnA, AR,

A min + mA max
A, +7mA max

S H =

0.5, KFABOEFE R 4 b X
0.687 0.896 0.886

0.527 0.789 0.873
0.516 1.000 O0.704
0.696 0.592 0.933
0.781 0.701 0.844

0. 842
0.709
0. 821
0.679
0.737

0.953
1. 000
0.942
0. 987
0. 892

0.833
0. 944
0.871
0. 886
0.916
(5)
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L = [XI X, X3 X, X Xﬁj =

[0.642 0.796 0.848 0.761 0.955 0.890]
(6)
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Table 8 Orthogonal test results
érﬁ% Xl XZ X3 X4 XS X6 ’_ﬁ:é/%ﬁ

1 12 42,5 1.8 220 270 400 1.71
2 12 40.0 3.8 520 190 650 1.66
3 12 37.5 5.1 320 210 900 1.39
4 12 35.1 2.9 620 230 1150 1.44
5 12 32,7 4.4 420 250 1400 1.35
6 16 42.5 5.1 520 230 1400 1.19
7 16 40.0 2.9 320 250 400 1.65
8 16 37.5 4.4 620 270 650 1.59
9 16 35.1 1.8 420 190 900 1.81
10 16 32.7 3.8 220 210 1150 1.71
11 20 42.5 4.4 320 190 1150 2.01
12 20 40.0 1.8 620 210 1400 1.53
13 20 37.5 3.8 420 230 400 1.43
14 20 35.1 5.1 220 250 650 1.39
15 20 32,7 2.9 520 270 900 1.64
16 24 42,5 3.8 620 250 900 1.99
17 24 40.0 5.1 420 270 1150 2.22
18 24 37.5 2.9 220 190 1400 1.94
19 24 35.1 4.4 520 210 400 1.41
20 24 32,7 1.8 320 230 650 1.55
21 28 42,5 2.9 420 210 650 1.97
22 28 40.0 4.4 220 230 900 2.02
23 28 37.5 1.8 520 250 1150 1.23
24 28 35.1 3.8 320 270 1400 1.44
25 28 32,7 5.1 620 190 400 1.77
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Fig. 17 Sensitivity relationship between safety

factor and influence factor
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