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A Study on the Characteristics of Blasting Vibration by Superposition Modeling

Choo-Won Kang, Seung-Hyun Kim and Hyun-Sik Park

Abstract In this study, the vibration waveform of the single hole which is not mterfered from the different blasting
holes iz separated, the each dominant frequency which is determinated through the Fast Fourier Transforrn (FFT)
15 measured. Also the separation waveform executed a superposttion modeling which changes to delay time fram
Ims to 80 ms in 1ms nterval and controls the number of blasting holes from 2 holes to 15 holes i arder to
investigate the effect of PPV according to the duration time of the vibration and the nurmber of blasting holes.
As g result of analysis, the longer the duration time of the vibraticn, the longer the delay time which 15 not interfered
from the different blasting holes and the effect regarding the number of blasting holes from nside identical delay
time did not appear a lot

Key words Superposition modeling, Daminart frequency, Blasting wibration, & ms Criterion
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Table 1. Summary of test blasting

Conditions o 1 2
Drilling diameter (mm) 45 75
Drilling depth (m) 2.5 3.3
Burden (m) 0.9 1.2
Spacing (m) 1.0 1.3
Holes per delay 1 1
Number of holes 15 15
Charge per hole (kg) 0.75 1.60
Charge per delay (kg) 0.75 1.60
Total charge (kg) 11.25 24.00

NO.1

Tampping

25m

Charge l L

Free face

Newmite |
32mm - 3EA

Fig. 1. Conditions of test blasting

NO.2

1.3m O
0 0
1.2m
A | Free face
Tampping i
33m
Charge =
Newmite |
50mm - 2 EA
h 4

Fig. 2. Conditions of test blasting

MS #11 MS #12 MS #13 MS #14 LP #6
MS #5 MS #7 MS #8 MS #9 MS #10
MS #0 MS #1 MS #2 MS #3

Fig. 3. Firing pattern
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Table 2. Result of vibration monitoring
Sample Max. Charge . Peak Particle Velocity (mm/s) Measuring
Distance (m) ; VY .
Number (SN.) | per delay (kg) Transverse Vertical Longitudinal instrument
1 0.75 30 5.08 1.65 4.06 Minimate Plus
2 0.75 70 0.714 0.683 1.06 DS-477
3 1.60 29 13.70 9.14 16.10 Minimate Plus
4 1.60 69 2.64 2.16 3.40 DS-477
Table 3. Result of separation waveform
Peak Particle Velocity (mm/s)
Sample Number (SN.)
Tran. Vert. Long.
1 5.08 1.27 3.43
4 0.523 1.032 1.413
9 9
Sample Number 1(SN.1) Separation Waveform of SN. 1
T 8 Measuring Distance : 30m T 8 PPV : 5.080
£ o] o £ o
o I
g -6 g -6
-9 T T T T T T T -9 T T T T T T T T T
100 200 300 400 500 600 700 800 20 40 60 80 100 120 140 160 180 200
Time{ms) Time{ms)
Fig. 4. Full waveform of SN. 1 Fig. 5. Separation waveform of SN. 1
6 3
Sample Number 4(SN.4) o Separation Waveform of SN. 4
T4 Measuring Distance : 69m ] 24 PPV : 1.413
E 2 14
T 24 g 1
K 2 2]
R v v v v v y ¥ -3 v v v ¥ ¥ y T Y y
100 200 300 400 500 600 700 800 20 40 60 80 100 120 140 160 180 200
Time(ms) Time(ms)
Fig. 6. Full waveform of SN. 4 Fig. 7. Separation waveform of SN. 4
05 0.06
0a] Dom. Freq : 164Hz 0.05.] Dom. Freq : 79Hz
€ 03 8 0041
£ £ 0.03
£ £ o002
01 001
0.0 T T T Y 0.00 T 3 Y 1
100 200 300 400 500 100 200 300 400 500
Frequency(Hz) Frequency(Hz)

Fig. 8. Result of FFT analysis (SN. 1)

Fig. 9. Result of FFT analysis (SN. 4)
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Table 4. PPV of SN. 1 per period (unit : mm/s)

SN 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

’ Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole Hole
((;';Z) 3.175 | 3.810 | 2.794 | 3.683 | 2.921 | 2.921 | 2.921 | 2.921 | 2.921 | 2.921 | 2.921 | 2.921 | 2.921 | 2.921
(611‘35) 6.604 | 8.890 | 9.779 [10.033 | 10.160 | 10.160 | 10.160 | 10.160 | 10.160 [ 10.160 | 10.160 | 10.160 | 10.160 | 10.160
(;i:) 5.207 | 5.207 | 5.207 | 5.207 | 5.207 | 5.207 | 5.207 | 5.207 | 5.207 | 5.207 | 5.207 | 5.207 | 5.207 | 5.207
( lir’fls) 7493 | 7.747 | 7.747 | 7.747 | 7.747 | 7747 | 7747 | 7.747 | 7.747 | 7.747 | 7.747 | 7.747 | 7.747 | 7.747
2.5T
(15ms) 5.080 | 5.080 | 5.080 | 5.080 | 5.080 | 5.080 | 5.080 | 5.080 | 5.080 | 5.080 | 5.080 [ 5.080 | 5.080 [ 5.080
(lgris) 5.715 | 6.096 | 6.096 | 6.096 | 6.096 | 6.096 | 6.096 | 6.096 | 6.096 | 6.096 | 6.096 | 6.096 | 6.096 [ 6.096
23ms | 5.588 | 5.715 | 5.715 | 5.715 | 5.715 | 5.715 | 5.715 | 5715 | 5.715 | 5715 | 5715 | 5.715 | 5.715 | 5.715
28ms | 5.461 | 5.461 | 5.461 | 5.461 | 5.461 | 5.461 | 5.461 | 5.461 | 5.461 | 5.461 | 5.461 | 5.461 | 5.461 | 5.461
38ms | 5.461 | 5.461 | 5.461 | 5.461 | 5.461 | 5.461 | 5.461 | 5.461 | 5.461 | 5.461 | 5.461 | 5.461 | 5.461 | 5.461

Table 5. PPV of SN. 4 per period (unit : mm/s)

SN 4 2 3 4 5 6 7 8 9 10 11 12 13 14 15
' Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole
((;:1:) 0.921 | 1.016 | 0.762 | 0.968 | 1.080 | 1.000 | 0.873 | 0.762 | 0.746 | 0.921 | 1.095 | 1.127 | 1.111 | 1.048
(13111;1s) 1.873 | 2.096 | 2.080 | 2.191 | 2.159 | 2.223 | 2.207 | 2.207 | 2.238 | 2.238 | 2.238 | 2.238 | 2.254 | 2.254
1.5T
(19ms) 1.334 | 1.524 | 1.445 | 1.635 | 1.572 | 1.572 | 1.683 | 1.683 | 1.667 | 1.667 | 1.730 | 1.699 | 1.730 | 1.778
(2§r1;1s) 1.667 | 1.889 | 2.016 | 2.000 | 2.096 | 2.048 | 2.048 | 2.048 | 2.048 | 2.048 | 2.048 | 2.048 | 2.048 | 2.048
2.5T
(32ms) 1.461 | 1.540 | 1.540 | 1.540 | 1.540 | 1.540 | 1.540 | 1.540 | 1.540 | 1.540 | 1.540 | 1.540 | 1.540 | 1.540
(33213) 1.476 | 1.461 | 1.461 | 1.461 | 1.508 | 1.508 | 1.508 | 1.508 | 1.540 | 1.572 | 1.572 | 1.572 | 1.572 | 1.572
46ms 1.588 | 1.651 | 1.699 | 1.699 | 1.730 | 1.746 | 1.778 | 1.778 | 1.778 | 1.778 | 1.778 | 1.778 | 1.778 | 1.778

SN.1 SN. 4

121 —— 2Hole] ks —— 2Hole|
—— 3Hole| 3Hole|
4Hole| 4Hole|
—— S5Holg| - 5Hole|
BHole| 6Hole|
—— T7Hole| 7Hole|
8Hole| 8Hole|
—— SHole| 9Hole|
—— 10Hole| — 10Hole|
= 11Hole|
- 12Hole|
— 13Hole|
o —— 14Hole
I 28ms ~15Hole| 14

12ms 23ms : ; :
©otems o 198 19Ms 26ms

PPV :5.080

11Hole|
— 12Hole|
— 13Hole|
14Hole|
— 15Hole|

PPV :1.413

Peak Particle Velocity(mm/sec)
Peak Particle Velocity(mm/sec)

24 6ms

10 20 30 0 50 60 70 80 10 20 30 40 50 60 70 80
Delay Time(ms) Delay Time(ms)

Fig. 10. Relationship between PPV and delay time by SN. 1 Fig. 11. Relationship between PPV and delay time by SN. 4
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