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A Study on Prediction of Ground Vibration by Near Field Blasting

Hyo Lee, Chu—won Kang and Jin—seok Ko

Abstract For blasting vibration analysis, there are mostly two methods, firstly, far field vibration analysis to estimate
limit of building damage, secondly, near field subterranean vibration analysis to estimate rock damage and
subterranean structure facilities.
The former has been mainly used in our country and aboard, the latter is mostly analysed by using Homberg's
model. In this model, basic input data are acquired in far field surface vibration. But in the consideration of the
results of being conducted in this area over the past few decade, it is required that Homberg's model is modified.
For the purpose of this, measurements of near field vibration were first conducted in our country.
But it was only proposed the measurement method and the method of analysis or prediction was not suggested.
Accordingly, in this paper, measurements of near field subterranean vibration were conducted and the method of
analysis or prediction of near field subterranean vibration would be suggested.
Key words Far field vibration, Near field subterranean vibration, Rock damage, Homberg's model, Prediction of near
field vibration
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Table 1. Damage zone and characteristics of near field vibration(after Ouchterlony et al, 1996, Yang et al, 1993 and Bogdonoff,

1996)
Condition (.)f l:)-lastlng Characteristics of vibration
& monitoring
- Damage
Researchers Lﬁnear Di Acoelerati PPV . zone Comments
. charge istance | Acceleration requency
Expl (m)
PIOSIVES 1 Density | (m) (m/s?) (m/s) (Hz)
(kg/m)
Ouchterlony et al. Tunnel
- - 3.8 - - - 0.2~0.5 .
(1996) Smooth blasting
Yang et al. (1993)| Magnafrac 100 - 2~15 14,887~93,800| 0.36~6.2 |5,000~7,000 - Bench blasting
Rustan et al I]);pf rclhtairgne 0.18 The lowest
ustan e 4t etonato 0.14 2 - 0.3~0.9 - 0.4~0.5 | measured value
(1985) cord 0.26 f vibration
ANFO . of vibratio
Det:;‘z“’“ 0.1 [0.25, 0.65 25,16 | < 2,000
. 0.3 1.0, 1.4 1.1, 0.6 | < 2,000 Tunnel
Bogdanoff (1996) | 22mm Gurit 0.18 1.4 - 1.1~1.2 |2,000~5,000 ~ |Smooth blasting
18mm Gurit 145 < m 12-3.9
ANFO | o i
Weight :
Nie et al. (1996) | Emu1an 7300 & | u0 511|832 ; 0.1~0.8 . - diameter
ANFO .
Bench blasting
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Fig. 1. Variation of dynamic pressure on the side of the holes
as a function of the ratio hole diameter to charge
diameter.
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Table 2. Change of the power, n or (3, from distance from blasting source”?
Distance Shorter 2~ 15m < 30m > 30m Lpnger
of source distance distance
n, B 1.0 1.2931%** 1.4%%* 1.8%** 2.0
Type of wave P-wave Combined wave*
P (Direct) (Direct, reflected, refracted, surface etc.,)

*Most of the wave types are overlapped at receiver
**After Yang et al. (1994)
***After Jap (1994)
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Table 3. Comparison with method of expectation of near field vibration

Division Holmberg's method"

This paper's method**

Prediction of

near field 1 H+z,—x
. V.= K(—)|arctan (
vibration Ty ro

Use of the lower equation

) (1’0
)+ arctan ———
Ty R

Use of equation the lower equation

—a,) " VW

Calculation of

Use of results of surface vibration

Use of results of subterranean vibration

K-value, View = K I;?Vj
a-value C= GG GG
K=0.7, a=0.7, B=1.4 (B=2a)
Method of
Calculation of] Regression analysis Ci, Cs, C4: by calculation theoretically
K-value, by results of far field vibration* Cy: by near field vibration of test blasting really
a-value

*If 372q, it is insufficient to use the upper equation
**Use of Berta's method modified partially

Table 4. Physical properties of rock of test site

Apparent P-Wave Uniaxial Elastic
Sample No. Density Absorption (%) velocity Strength Modulus
(g/em®) (m/s) (MPa) (GPa)
1 2.683 0.192 5,872 193.0 59.24
2 2.704 0.189 5,978 203.2 59.14
3 2.666 0.224 5,630 161.2 56.39
4 2.671 0.196 5,808 174.0 57.16
Average 0.850 0.000 0 0.00 0.00
3. 22 xBTS A= 1 eqiomw
B ARS o8 AP A nsue A jﬁ
MEAF dgoen 2 TjAere) thREe sl IR %
F55 o= glow], AR spwniete] wAEo] ?
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TL— OFE(ANFO), Thouto] E(dynamite), o T e e
ZoKemulsion explosive) 2 % “‘ﬂ‘—%k(Fmex D% & L | 46ob me 16 :Order of blast
ol $5el Aoz ABS AAsE, 440l 3 :
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Fig. 2. Experiment design for monitoring vibration.
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Table 5. The pattern of test blasting.
Drilling pattern Charge pattern
Diameter
Blast Diameter | Maximum Total Charge Stemming
Comments
No. L?Eith of hole Burden ;ﬁ;ﬁi expl(:a fsive weight length length
(mm) (m) (mm) (kg/EA) (m) (m)
Emulsion 50 0.8/1.0 0.38
1 4.5 76 22 + 1.86
ANFO - 8.0 2.26
4 2.7 76 0.9 Emulsion 50 0.8/1.0 0.38 232
Emulsion 32 0.25/1.0 0.295 Mainly
3,56/ 27 45 0.7 + 0.705 used in
Finex- [ 17 0.40/4.0 1.70 Tunnel blasting
2 2.7 76 1.0 Dynamite 50 1.0/1.0 0.40 2.30

Table 6. Properties of explosives

Type of . Energy of explosion
explosive VOD (m/s) Density (g/cc) Gas volume (I/kg) (keal/kg)
Emulsion 5,700 1.1~1.2 826 880
ANFO 3,300 0.75~0.85 970 1,100
Finex-I 4,400 1.0 640 650
Dynamite 6,100 1.3~1.5 880 1,152
Table 7. Comparison with accelerometer and velocity monitor
icati Maximum range i i
Type of sensor Application Y g Sampling Unit of Example
Range Vibration Frequency rate out put
Near field 50,000g mmV/g PCB's sensor*
Accelerometer Vibration (500km /sz) 12~20kHz 25~40ksps Ve Bruel & Kjar
Velocity monitor| L+ feld 240mm/ 512H 1,024 MISEC | gy tmate serd
elocity monitor| (. mm/s z ,024sps cm/sec astmate series

*Used in this study

Fig. 3. PCB's Sensor used in this study.

Fig. 4. Foot used in this study.
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Table 8. Results of measured vibration
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Fig. 6. The sensor apperance inserted into the bore hole.

Condition (?f b.lastlng Characteristics of vibration
& monitoring
Test L b Comments
No. Explosives mIe)a;rn;:it;rge Weight | Distance | Acceleration | PPV | Frequency
2,
(keg/m) (kg/hole) (m) (m/s%) (m/s) (Hz)
1 | ANFO 3.5 8.8 1.0 58,619 428 | 4,000~5,000 Booster:
Emulsion 1kg
2 | Dynamite 2.5 1.0 1.0 38,064 1.41 | 4,000~5,000
) Booster:
3 Finex-1 0.2 0.65 1.0 28,195 0.92 | 1,200~4,000 Emulsion 0.25ke
4 | Emulsion 2.1 0.8 1.0 34,257 1.23 | 4,000~5,000

Poak particte velocity(m/s)

oz 0z 024 225 o028
rime(sec) Time(sec)

30000

58,084m/5°

o83 s 2 o 043
Time(sec) Time(soc)

Fig. 7. Vibration time history of test No. 1 using ANFO. Fig. 8. Vibration time history of test No. 2 using Dynamite.
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. 9. Vibration time history of test No. 3 using Finex-I.

Fig. 10. Vibration time history

of test No. 4 using Emulsion.

(a) Acceleration (b) Velocity

(a) Acceleration

(b) Velocity

Fig. 11. FFT analysis of test No. 1 using ANFO.

Fig. 12. FFT analysis of test No. 2 using Dynamite.
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Fig. 13. FFT analysis of test No. 3 using Finex- I .
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Fig. 15. Comparison with results of near field vibration.
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Fig. 14. FFT analysis of test No. 4 using Emulsion.
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Table 9. Comparison with results of near field vibration (after Ouchterlony et al, 1996, Yang et al, 1993 and Bogdonoff,

1996)
diti f blasti
Condition 9 .as . Characteristics of vibration
& monitoring
Researchers Linear Comments
Explosives charge | Distance | Acceleration PPV Frequency
P Density | (m) (m/s2) (m/s) (Hz)
(kg/m)
R.L.Yang et al. | Magnafrac 100 - 2~15 4,887~93,800 | 0.36~6.2 | 5,000~ 7,000 Bench blasting
Rustan et al. 2 - 0.3~0.9 - measured value
cord 0.14 £ vibrati
ANFO 026 of vibration
De“’nr"g‘on 0.1 [0.25, 0.65 25,16 | <2000 Tunmel
Boadanoff 22m(r:r(1) Gt | 03 | 1014 1.1, 0.6 | < 2,000 unne
& o 0.18 1.4 1.1~1.2 | 2,000~5,000 .
18mm Gurit 1.45 <7m 12~39 Smooth blasting
ANFO ’ ’ ’
ANFO 3.534 1.0 58,619 42782
. Dynamite 2.5 1.0 38,064 1.4708 Booster: Emulsion 1kg
Th 4 ~
is study Finex- | 0.235 1.0 28,195 0.9188 | #000-3000 1 o ter: Emulsion 0.25ke
Emulsion 2.105 1.0 34,257 1.2673
oot 0.00922 Voltage 0.015
0008 0.01
0006
2 oons g 0.005
§ 0002 $ 0
:a o g -0.005
S -0002 S oo
—0004
o006 0015 -0.0147 Voltage
-0.008 -0.02
098 1 102 104 106 108 11 7 1.02 1.04 1.06 1.08
Time(sec) Time(sec)
(a) Vibration by testS (up). (b) Vibration by test5 (down).
0.008 0.015
0.006 0.01185 Voltage
0.01
— 0.004 .
§ ooz S ooos
b5 = o
a -0.002 E
§ -0.004 é -0.005
-0.006
0008 -0.00766 Voltage -0.01

-0.01
1.16

Time(sec)

1.18

(c) Vibration by test6 (up).

-0.015
1.12

1.14 1.16

Time(sec)

(d) Vibration by test6 (down).

1.18 1.2

Fig. 16. Wave test of near field vibration.
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Table 10. Results of sensor test of near field vibration

- EIA 4

Table 12. Prediction of near blast vibration level using

C-value
No. of Vibration(Voltage) Ratio
0. of test i i i
Up(D) Down((2) (D) Kll’ld'Of E'quatl'on of expectation
explosives vibration near blast hole
Test 5 0.00922 -0.01470 0.627 W
Test 6 -0.00766 0.01185 0.646 ANFO v = (8,000)-(0471)-G- G- —5
Dynamite v = (87000)‘(0.550)-@)'@'@
Table 11. Results of C-value \/7
Finex- I v = (8.,000)-(1.453)-@-@-—W
Kind of C-value L
explosives C1 2 C3 C4 C Emulsion v = (8,000)-(0.663)- GG g

ANFO 8,000 | 0.471 | 0.704 | 0.543 | 1,440
Dynamite 8,000 | 0.550 | 0.575 | 0.556 | 1,407
Finex- I 8,000 | 1.453 | 0.235 | 0.417 | 1,139
Emulsion 8,000 | 0.663 | 0.549 | 0.486 | 1,414
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