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Table 2.1 Near field vibration monitored by previous researchers

Condition of blasting &
monitoring

Characteristics of vibration

- Damage
Researchers Linear Accelerati zone Remark
Explosives charge Distance on PPV  Frequency (m)
P density (m) 2 (m/s) (Ho
~ (m/s)
(kg/m)
Yang et al. | Magnafrac 4887 5000~ Bench
(1993) 100 2-15 ~93800 0.36-6.2 7000 blasting
Pipe charge 0.18 The lowest
Rustan et al. | Detonation 0.4 ~ | measured
(1985) cord 0.14 2 B 03-0.9 ) 0.5 value of
ANFO 026 vibration
D :
etonatlon 1 0.25, 0.65 25, 16 ¢ 2000
cord
Bogdanoff | 22mm Gurit 03 10, 14 11,06 < 2000 g‘m;ll
- - Mmoo
(1996) ~ ,
18mm Gurit  0.18 14 11-1.2 2000 blasting
5000
ANFO 145 2 1.2-3.9 -
: Emulan 7500 Weight:
Nie and Deng diameter
& - 8~32 - 0.1~0.8 - -
(1996 ) ANFO Bench
blasting
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Table 3.1 Properties of explosives

Explosive vOD Density Gas volume Energy of explosion
(m/s) (g/co) kg (kcal/kg)
ANFO 3300 0.75 ~ 0.85 970 1100
Dynamite 6100 13 ~15 880 1152
Emulsion 5700 11~ 1.2 826 880

Ao gbx FAGd] wel nEE Age] gl 3FRF F F ANFOL &%
715Ho R s AL FErt Basd, old@ olf2 HELGEEA ofdd ZFe o5
of g AASHA Hed A4 FF Ade o5 dFE st AAlstor@nt. o
B AEZUEE AP Zoke AgAdE AEd Zoko AGRE HUF Fofokstd
ANFO®| ZekdE& ¥ole 2o Fodlth o4& 1#ste ANFOE 45 m H33e AH&3t
Ak

2t Aggste] Al Table 3.291 #&8H 29 Figure 312 HFAA 4
AXE R9gF2 Yok

Ar el HA

Table 3.2 Pattern of test blasting

Drilling pattern Charge pattern
Blast Length Diameter Maximum Type of Diameter Total  Charge Stemming
No. ) of hole  burden explosive of explosive weight length  length
(mm) (m) (mm) (kg/EA) (m) (m)
Emulsion 50 0.8/1.0 0.38
1 45 76 2.2 + 1.86
ANFO - 8.0 2.26
2 27 76 1.0 Dynamite 50 1.0/1.0 0.40 2.30
3 2.7 76 0.9 Emulsion 50 0.8/1.0 0.38 2.32
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Figure 3.1 Experimental design for monitoring vibration.
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Table 3.3 Comparison of accelerometer with velocity sensor

Avplicati Maximum range i i

Type of sensor pplication g Sampling  Unit of Example

range Vibration Frequency  rate output

Accelerometer Near field 50000 g 12~20 25 ~40 mmV/g PCB’s sensor*
vibration (500 km/s®)  kHz ksps Vig  Bruel and Kjar
Far fiel Blastmate series

Velocity . 1. d 240 mm/s 512 Hz 1024 sps mm/s a

vibration cm/s geophone

* Used in this study
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e ' ) ; i ical Al-foot combined with
a) View of Al-foot combined with sensor (b) View of Conica ot com Wi

PVC pipe

Figure 3.3 Al-foot.

(a) Amplifier (b) Signal conditioner and recording system

Figure 3.4 View of monitoring system for near field vibration.
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(a) View before inserting (b) View after inserting

Figure 3.5 Process of inserting Al-foot's sensor into the bore hole.

A9t gukg YABA Ak dhed oju ALEH wFL] YFA2 2go] 7 F83
t}. Bogdanoff(1996) ¢+ Yang et al,(1993)2 AAM7 RE&AHE 1R 2o AEL 4T
¥ A8 Nie and Deng(1996)& o] HEo it dFe] §lol AFFH PVC ol
Atole] FZHE aEH9H F ZAeE Y B AL Mg ¢hikg EAEA7)7] 9
3 WA A9 E(expansion cement)E Al{3ted 1-$HE AAIAG.

AA AxE 9% 13T 70y TS A43td 7 50 mm, ¥o] 500mme| =7
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Figure 3.3& ZAE AFAF £3S 98 230 AYE 577§ 58 2951 3.
o] 59 AT B AFA AHLE AME BFsr] Y5t 37 3 mme AAFFHTY
€ BEI AAE YA HE 1A AT Figure 34 IS E 437 4% 371718

He F3 Qlth

ZAY AFAF 23 & 9% ¢FulF B PVC FdolZyt YAFHE 14| 7Hs
FEE YR YAANE AFsFon ol MM/ RIAE nAFBE ASTA IXAZAC
Figure 3.5 A4 A9 A¥E& RAF3 Qo

33 A% 24

2 AFeN APdote) wE zH Zope] &3 AFAE ANFOE RTSETL 428 m/s,
AE7HE 7} 38064 m/s?, TholUnlo|EE AF4ET} L4 m/s, AE/HEET} 38064 m/s”,
dd Zoke AFETI} 1.27 m/s, AFE/NEET} 34257 m/s? 2 AZHQT. =3 F3
= oiek 4000 ~ 5000 Hz o] HY2 EX3Yh.

9o JeEhd AWK Table 340 FE3tgow, Z AAXe wE AYy Fise
Figure 3.6 ~ 3.8 o JehiAc).
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Table 3.4 Results of measured vibration

Li h Monitori
Test Explosives medaén;it arge Weight c(;iz‘ifclzg Acceleration PPV Frequency Remark
No. P Y (kg/ole) misH s (Ho)
(kg/m) (m)
4000 ~ | Frimer:
1 ANFO 3.31 8.8 1.0 58619 4.28 Emulsion
5000
0.8kg
4000 ~
2 D it 2. 1. . 4 141
ynamite 5 0 1.0 3806 5000
4000 ~
3 | Emulsi . ) ) .
mulsion 2.1 0.8 1.0 34257 1.27 5000
% o r PN g
) 10300 15000 20000
2 DAY <3 0235 624 Freguency {Hz}
Time{sec)
Figure 3.6 Waveform and FFT analysis of ppv by ANFO.
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Figure 3.7 Waveform and FFT analysis of ppv by dynamite.



HEY, F+¥ 274, 29, #HH

1.2673m/s T

»
&

Amplitude

Peak particle velocity(m/s)
&
S

7
10000 15000 20000

2925 583 £935 494 2945 Frequency (Hz)
Time{sec)

Figure 3.8 Waveform and FFT analysis of ppv by emulsion explosive.
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Figure 4.1 Calculation of near field vibration (Holmberg and Persson, 1979).
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Holmberg and Persson(1979)¢] 2dl& wypFs Qxste] BAHE 2A48 NEAEY A

1€ d&sted ddA, dA8 N8 AF2HAFAE o83ty 2 UDIA A5ghes A
g F 4 @2 oste ZAE AFHEFY AVE dEfokatEd 4 @DL A ¢
HAe A @DNA =209 AL PSFeokct. T2y A A =HFE dolHE
T4 AAE f=20F DA Eite A7 REolt}

Holmberg and Persson®| EdolA K, o, 7S thadaute] RN S B gho] of
B=2aF TUFsle 4 BAF B4 S97de g B4 2 727l A%
AAJA agk 05 ~ 1.0 (0.7), g= 209, K=0.79 < Yz ok

2 d7dAE 248 AF ABAE A28 98 948 AEIFS AP o
E o] &3t AR S AAsg.
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Table 4.1 Results of simple regression analysis

Numb f Dat K _n _ Coeficient of
umber ot Lata *=% p=n determination
20 372.58 0.948 0.96

Square Root
SD

1.896

R \TL®
Vg, = 372.58| —=

50% — ( W)
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Vector Sum ! r=0.96
95% : K=602.36 n=-1.89

50% : K=372.58 n=-1.88

v

Peak Particle Velocity(cm/sec)

1

43 AZA9 A& A% Mm

10
Scaled Distance(m/kg"(1/2))

100

Figure 4.2 Results of simple regression analysis.
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Table 4.2 Comparison of results of expected near field vibration and measured near
field vibration

Results of Results of
Di Linear charge |expected near field measured near field

Explosives 1S(t§.11;Ce density vibration vibration

(kg/m) PPV Acceleration PPV  Frequency
(m/s) (m/s?)  @/s) (Hz)

ANFO 1 3.31 2.06 58619 4.28 4000 ~ 5000
Dynamite 1 2.5 0.37 38064 1.41 4000 ~ 5000
Emulsion 1 2.1 0.30 34257 1.27 4000 ~ 5000

Table 4.2¢) Holmberg and Persson(1979) =g 9J§ =42 <
A$-E 206 m/s, Goldnlo|EE 0.37 m/s, IEA Zoko] ALE

SRS B Aolg Hojx Yot

153215 %8 23 ANFO<
0.30 m/s2 A4=" A

E A7 A AELaE 53 3FFY EGozRy A& 47 ZAFE AF 4=
Figure 4.3 ~ 4.5 o Yeyuch
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Figure 4.3 Expected near field vibration by ANFO.
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Figure 4.4 Expected near field vibration by using dynamite.
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Figure 4.5 Expected near field vibration by emulsion explosive.
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