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Estimation of Ground Vibrations Around a Pillar Due to
Blast Loading and the Impact of Flyrocks
Sang—Gon Lee, Choo—Won Kang, Ho—Min Chang, Pog—Hyun Ryu, Jang—Won Kim,
Ha—Rim Song and Seung—Eun Kim

Abstract In blasting for lighting, fatigue behaviors of pillars such as destruction and deformation may occur due
to blasting vibration and flyrock, which may cause collapses of cavities.

This study aims to identify dynamic behavior of pillars to maintain efficient safety of cavities in large drafts. when
they collide with flyrocks under blasting for the excavation. For the purpose, we compared ground vibration around
pillar when flyrock collided with the pillar and that when explosive blast happened for the excavation. we conducted
fragmentation analysis of the flyrock and compared impact vibration obtained from empirical equation with ground
vibration obtained from regression analysis of real vibration data. also we compared those with results analyzed
from numerical analysis.

Key words Blasting vibration, Impact vibration, Flyrock, Pillars
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Table 1. theoretical flyrock velocity and flyrock distance

Excavation Flyrock Flyrock
. LD . .
weight (tke) velocity distance
(ton) g (m/sec) (m)
36.29 1.06 33.02 16.34
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Table 2. Measured peak particle velocities with distance
NO PPV Charge Distance NO PPV Charge Distance
’ (cm/s) (kg/delay) (m) ' (cm/s) (kg/delay) (m)
1 1.23 34.30 102 14 2.64 34.30 65
2 2.86 34.30 85 15 1.49 34.30 72
3 437 34.30 32 16 1.41 34.30 90
4 8.53 34.30 22 17 1.19 34.30 95
5 1.22 34.30 124 18 1.16 34.30 105
6 1.54 34.30 111 19 0.91 34.30 110
7 5.52 34.30 71 20 1.09 34.30 80
8 4.71 34.30 61 21 0.34 34.30 157
9 0.43 34.30 163 22 0.27 34.30 227
10 0.58 34.30 141 23 0.56 34.30 239
11 0.43 34.30 167 24 0.43 34.30 242
12 0.60 34.30 123 25 0.57 34.30 138
13 4.85 34.30 47 26 0.47 34.30 147
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Fig. 2. Relationship between peak particle velocity and Fig. 3. Relationship between peak particle velocity and
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% volume < size X = 100 (1—exp(— 0.693(X/ X50)"))

(6)
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Table 3. Result of fragmentation analysis

Passing percentage Size . .

%) (cm) Uniformity 1.95
F 10 7.63 Rosin 50 1858
F 20 10.43 -Rammler ‘
model
F 30 12.80
Slope 0.9914
F 40 15.12
F 50 17.57
Slope 1.32
F 60 20.36
F 70 23.61
Schuhmann x50 20.68
F 80 28.03 model
F 90 35.86
R-Squared 0.9319
F 100 49.83

Fig. 4. Digital image processing result for the fragment size distribution
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Table 4. Impact vibration by flyrock
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Fig. 5. Geometry of the dynamic analysis model.
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Table 7. Calculated maximum particle velocities due to

blasts
Table 5. Properties of the analysis model
Velocity (cm/sec)
Rock type . X-direction Y-direction
V, (m/sec) 5163 Point | 28.81 5.65
V, (m/sec) 2832 Point 2 30.49 2.06
D - 1 .
ynz:imllc }E;lgs 29850000 Point 3 30.37 1.89
modulus(AFe) Point 4 28.92 5.30
Dynamic poisson's ratio 0.261
Table 8. Calculated maximum particle velocities due to the
Table 6. Impact pressure by flyrock impact of flyrocks
Maximum fragmentation 49.83 Velocity (cm/sec)
size (em) X-direction Y-direction
Mechanical energy(Joules) 97416.48 Point 1 12.91 0.67
Volume (m”) 0.06478 Point 2 14.94 0.28
Energy density (Joules/m®) 1503804.88 Point 3 15.22 0.28
Impact pressure (N/Fa) 7.705 Point 4 12.86 0.36

(a) X-direction

f"J, RUAS

(b) Y-direction

Fig. 7. Distribution of ground particle velocity due to blast.
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Fig. 8. Distribution of ground particle velocity due to the impact of flyrocks.
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Fig. 9. Vibration velocity of pillar
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