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Fig. 1 Photo of topographic environment of a surface mine
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Table 1 Empirical equations for prediction of blast induced peak particle velocity
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Fig. 2 Part of ground surface profile of a surface mine
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Fig. 4 Equivalent path under concave topography conditions
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Fig. 5 An example of the monitored seismogram of blast induced ground vibrations
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Table 2 Parameters of rock and rock mass

Feg il AAEE o/(geem ™) HAWHE o/(km e s HEREHE /(km e s HERTEEERE

Fell 3.526 5. 33 3.35 0. 395

Fel Fel2 3.526 5.33 4.13 0. 600
Fel3 3.526 5.33 4.62 0. 750

Fe2 Fe2l 3.461 5. 13 2.29 0. 200
Fe22 3.461 5.13 3. 15 0.376

SS1 2.577 5.01 2.74 0. 300

. SS2 2.577 5.01 3.71 0. 550
53 SS3 2.577 5.01 4.58 0. 836
SS4 2.577 5. 01 4.75 0.900
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(a) Plane view of sensor layout
(b) Elevation view of sensor layout
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Fig. 6 An example of layout of geophones for monitoring of blast induced ground vibrations
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Table 3 Recorded peak particle velocity (v,..) from field seismic monitoring
o BRHRBIR A Q/kg S BRI R R/ m SYEEE FUSIREIGEME B
HN WS R=2 .
ik e Fel Fe2 SS 2R;/m  w/(em-s')  f/Hz
1 540 360 135.99 0 153. 25 289. 24 1.09 4.88
3 540 360 156. 58 0 478. 00 634.58 0. 29 11.72
4 0 750 0 0 149. 86 149. 86 2.74 40. 04
5 0 750 0 0 220.59 220.59 1. 61 18.55
6 0 750 129. 00 67.61 452. 24 648. 85 0.13 12.70
7 450 0 0 258.92 98. 2 357.12 0. 60 26. 37
8 450 0 0 261.76 27.71 289.47 0.97 10. 74
9 450 0 34. 29 140. 71 123. 45 298. 45 0.8 4. 88
10 270 450 0 0 553.66 553.66 0.43 33.20
11 270 450 0 0 553.66 553.66 0.49 33.20
12 270 450 0 0 741.59 741.59 0.25 12.70
13 0 450 70.71 0 45. 16 115. 87 3.15 34.18
14 0 450 70.71 0 45.16 115. 87 3.15 34.18
15 0 450 72.04 232.42 148. 95 453.41 0. 20 16. 60
48 0 420 7.68 89.09 120. 22 216.99 1.92 35.16
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Fig. 7 Fitted results of linear regression of the equation (6) with a confidence level of 95%
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Table 4 Calculated results of linear regression of peak particle velocity with Sardofsky’s equation

ZH KT 25 [ i B

K 704. 226 5 702. 540 0

a 1.938 4 1.927 4
MIERER 0.953 6 0.9515
TR TT % or 0.366 4 0.374 3
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Table 5 Relative error &£ and the average relative error of the equivalent distance equation

and Sardovsky’s equationto the recorded data

FEIR AR ORI FEIR AR R SERHE B 5K
) 523 : : :
¥ 5 Jlem + s BURIIREED FHXT IR 22 BURIIREED FHXT R 22 RIIREED AH X 1R 22

/(em *» s™Y) e/ % /(em s 1Y) e/ % /(em* s™H) e/ %
1 1.09 1.50 37.96 1.54 41. 24 1.19 9.56
2 0.58 0.75 29. 96 0.78 34. 31 0.76 31.71
3 0.29 0. 26 11.07 0.27 7.02 0.37 28.50
4 2.74 3. 45 26.01 3.53 28. 80 3.32 21.16
5 1.61 1.17 27.49 1.18 26.62 1.59 1.45
6 0.13 0.19 46. 81 0. 20 52.57 0.18 35.09
7 0. 60 0.49 18. 06 0.43 28. 40 0. 50 16. 85
8 0.97 0.75 23.17 0. 66 31.94 0. 64 33. 94
9 0. 80 0. 60 24.51 0.63 21.49 0. 60 25.57
10 0.43 0.57 33.35 0. 60 38.79 0. 46 6.17
11 0. 49 0.57 17.03 0. 60 21.79 0. 46 6.83
12 0. 25 0. 14 44. 44 0.15 41.92 0. 26 4.51
13 3.15 3. 67 16. 47 3.72 18. 21 3.92 24.48
24 3.15 3.67 16. 47 3.72 18. 21 3.92 24.48
15 0. 20 0.27 32.55 0.27 35.72 0.27 35.43
48 1.92 1.11 42. 44 1.11 42. 40 1.42 26.13

TR/ % 32.0 32. 69 19. 14
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Attenuation law of blasting induced ground

vibrations based on equivalent path

Hu Xuelong', Qu Shijie', Jiang Wenli*, Li Hua*,
Yang Wei’, Huang Hanbo”, Hu Guangqiu'
(1. Civil and Environment Engineering School , University of Science
and Technology Beijing » Beijing 100083, China;
2. Hebei Iron and Steel Group Mining Group Com pany .
Tangshan 063000, Hebei, China)

Abstract: In this work, in view of the widely understood idea that topography and geological condi-
tions are usually complicated and have a critical influence on the level of blast induced ground vibra-
tions, we analyzed the effect of topography on the path through which seismic waves travel, intro-
duced two concepts, the equivalent path and the equivalent distance, and established an equation for
determining the surface peak particle velocity, taking into account of the effects of the maximum ex-
plosive charge quantity of a single initiation period, the explosion heat of the explosive product used,
the acoustic impedance of the rock, and the integrity coefficient of the rock mass. A series of field
seismic monitoring tests were carried out to determine the reliability of the equation. The result show
that this equation can be used to describe the relationship between the peak particle velocity and the e-
quivalent distance. and be applied under actual field topographical and geological conditions with a
much higher accuracy than that of the Sardovsky’s equation, proving the reliability of the equivalent
distance based equation describing the attenuation basic patterns of seismic waves and possibility for
use in field practice.

Keywords: blasting; ground vibration; peak particle velocity; topography; equivalent distance
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