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Influence of Delay Time and Priming Location on the
Blast-Induced Ground Vibration

Choo Won Kang, Bok Hyun Ryu*, Tae Hong Choi

Abstract In order to identify the characteristics of the propagation depending on delay time (20, 25 ms) and priming
location (top priming, middle priming, bottom priming), test blasts were carried out a total of 4 times using different
spacing, burden, drilling length, charge per delay and was derived the formula to predict blast vibration. This study
investigated the characteristics of vibration by analysis of the nomogram and prediction of Peak Particle Velocity
(PPV) from delay time and priming location by the formula to predict ground vibration. And it analyzed the trends
of vibration increase by standards charge 0.5, 1.6, 5, 15 kg. Standards charge is “Blasting design and construction
guidelines to road construction” by the Ministry of Land, Infrastructure and Transport. Depending on the charge
in favor of vibration control method is proposed. Thus, when the design was to be used as a variable.
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Table 1. Experimental conditions

Sequential
blast No. I 11 11T v
Blast No. 2 [ 3 | ae [ =8 [0~ 2~ 14 | 15 | 6
Explosive :
diameter (mm) Emulsion type ¢©50
Detonator DS detonator
Drill hole
. 76
diameter (mm) @
Hole depth (m) 9.0 6.0
Hole spacing (m) 3.0 2.0
Burden (m) 2.7 1.8
Charge per delay (kg) 14 6.4
Priming location Top Middle Bottom Top Bottom
Delay time (ms) 20 25 20 25 20 25 25 20 25
Blasting holes (ea) 2 3 3 2 2 2 2 2 3 2
> O« > O«
st hole @76mm 20 sthple @76mm
1.8m A i sm
=]
=
=
=
Stemming 'EE: Stemming
< 1=
2.96m ==
=]
==
|I==]
9.0m r 6.0m
Y
Charge per 3.04m Charge per
hole 14.0kg hole 6.4kg
A l v l

(a) Blasting pattern for holes of No.1~13

(b) Blasting pattern for holes of No.14~16

Fig. 3. Blasting pattern
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Blast No. 1 Blast No. 2 Blast No. 3

SH0 #0. #0 #0 HO. oH0  #0 #0

Sequential blast
No. I

Channel Channel  ChannelChannel Channel ~ Channel Channel Channel
K A K AR AR AR A KA A
20ms  100ms 20ms 20ms 100ms 25ms 25ms
Blast No. 4 Blast No. 5 Blast No. 6 Blast No. 7 Blast No. 8
R T

5 R PR

Sequential blast
No. I

Channel Channel  Channel Channel Channel Channel Channel Channel Channel Channel
1 2 3 4 5 6 i 8 9 10

R AR AR AR AR AR AR AR AR A
20ms  100ms 20ms 100ms 20ms 100ms 25ms 100ms 25ms
Blast No. 9 Blast No. 10 Blast No. 11 Blast No. 12 Blast No. 13

KO O B0 #Ow o HQ #0w o HO  #0Tw o HO  #0°
6

Sequential blast
No. Il

Channel Channel Channel Channel Channel Channel Channel Channel Channel Channel
1 8 9 10

K AR AR AR AR AR AR A XK _AR_A
20ms  100ms 20ms 100ms 20ms 100ms 25ms  100ms 25ms

Blast No. 14 Blast No. 15 Blast No. 16
T

<HO #Q HO-. HO #0

Sequential blast
No. IV

Channel Channel  ChannelChannel Channel  Channel Channel
1 2 3 4 5 6 T

R AR AR AR AR AR M
25ms  100ms 20ms 20ms 100ms 25ms

Fig. 4. Circuit of sequential blasting

Fig. 5. Measurements of ground vibration
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Table 2. Measurement results
Sequential Blast Delay time Priming PPV Distance Number of data
blast No. No. (ms) location (cm/s) (m) (ea)
1 20 Top 0.227~8.3399 27~157 34
1 2 20 Top 0.262~8.4961 25~163 34
3 25 Top 0.175~6.5978 23~167 34
4 20 Middle 0.0444~3.1915 35~180 34
5 20 Middle 0.0921~3.0646 39~185 34
II 6 20 Middle 0.127~6.6588 45~192 34
7 25 Middle 0.129~8.1642 43~194 34
8 25 Middle 0.132~7.6006 46~198 34
9 20 Bottom 0.138~1.2176 48~202 34
10 20 Bottom 0.105~1.9496 50~204 34
it 11 20 Bottom 0.1~1.7251 55~210 34
12 25 Bottom 0.0683 ~1.9447 61~218 34
13 25 Bottom 0.073~1.1663 66~222 34
14 25 Top 0.0254~1.7788 25~175 34
v 15 20 Bottom 0.0191~0.2416 58~214 34
16 25 Bottom 0.0222~0.305 70~227 34
% 25
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2 Longitudinal ) Longitudinal
E 15 4 = E 15 4
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Fig. 6. Ground vibration time history of measurement results; (a) delay time=20 ms, priming location=top, distance=82 m,
(b) 20 ms, top, 64 m, (c) 25 ms, top, 60 m, (d) 20 ms, middle, 98 m, (e) 20 ms, middle, 102 m, (f) 20 ms, middle,
106m, (g) 25 ms, middle, 110m, (h) 25 ms, middle, 114 m

Fig. 69 971 A& wtg2 A &4 dlolel(5447l) AR 20 ms, SI713, 102 mo) o|A7 =, (Hh= A
T Al AE B =AIRE otk (a)= Hut AR 20 ms, $XH713, 106 mo] o]AAE, (g)= A
5 Atole] AAIRZE 20 ms, 713, 82 mo] oA AARE 25 ms, TXE71E, 110 mo] oA, (h)= A
2], (b)= ADARZE 25 ms, A71E, 64 mO] o]AAzZ], AR} 25 ms, FI7]E, 114 me| oA Z]oA FA
(©)= AAAIZ}F 25 ms, H7]1ZE, 60 me] o|AAT, (d)= 3t TFo|tk oJ7]A], (a)~(c)= Sequential blast No.
Z|AAZ}F 20 ms, F717]Z 98 me] o] AT, (e)= A [ 0]31 (d)~(h)= Sequential blast No. I1o]|c}
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Table 3. Case conditions and prediction equation of ground vibration

Wk Ajole] XA 71 BT AuIE] mAs o

Case Delay time Priming Applied Number of Prediction equation
No. (ms) location Blast No. data (ea) d
~1.84
1 20 Top 1, 2 68 Vio :369.86(7 R=0.917
v
D o\
2 20 Middle 4,5, 6 102 Vio :225.36(W) R=0.875
—1.82
3 20 Bottom 9, 10, 11, 15 136 Vio :135.78(7 R=0.926
5 /W)
D o\
4 25 Top 3, 14 68 Vio :93.64(7 R=0.937
v
Do\ 222
5 25 Middle 7, 8 68 Vip = 1409.32(W) R=0.932
D\ 218
6 25 Bottom 12, 13, 16 102 Vio :594.67(W) R=0.927
100
0
_g_ 10
£
Q
<]
.
>
s
2 14
<
K] ]
= {{ ] case No. 1 (20ms, Top)
2 1 case No. 2 (20ms, Middle)
E 041 E 4 Case No- 3 (20ms, Bottom)
o E ﬁ Case No. 4 (25ms, Top) g
1< case No. 5 (25ms, Middle) L
i : Case No. 6 (25ms, Bottom) -
0.01 . ———r
1 10 100
Scaled Distance(mlkgm)
Fig. 7. Relationship between Peak Particle Velocity (PPV) and square root scaled distance
" 7
g . H

Delay time, P

(a) SD=lkg/W"?

location

Delay time, Priming |

(b) SD=10kg/W""?

ocati

(c) SD=100kg/W""?

Fig. 8. Comparison to predicted ground vibration velocity by Case No.
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(50%) AQERE o541 Table 33+ a1, ke 15 &
A& ARt A3k= Fig. 73 Zth

A 7E 1~100 m/kg'* 2] W jollA] PPV 2] Case
No. @2 3t ulw3gt Avk= Fig. 83 Ptk

A AAZZE 20 ms?l 75- 7|E dupg el ZEa
Fo] A #A d&E Itk $271E Wi} o7
Z g o] A, JALE Fitko] tEX|gh
A E7E 29.3 mkg POl oA 7] Wi o]
o] St 29.4 mkg Pololl A 1%
b o] 2ol AY WA S

A AAZZE 25 ms?l 75- FX71E Hup o] 71
0] AY F=A ASE T, F7)E dugg ol 1
0] AY FA dE= Sk

A AAZH20, 25 ms)e}t 7| EIR|(A71E, ]
A7]F)of oJgt WapH el Case No. 1~62 F3F
s FAE)7E 1~100 mkg'? HlollAE A9
A2} 25 mso]al A 7]%(Case No. 4) ¥t o] A
FAO] SHollA 7 sl dAISE ek A A4 A

7} 25 mso|al A7|E dhPHS A9)skal 1~29.3
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o
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o
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0.1

—— Case No. 2(20ms. middle) (0.5kg)
- Case No. 4(25ms. 1op) (0.5k8)

Case No. 6(20ms. bottom) (0.5k)

—— Case No. 2(20ms. middle) (1.6kg)
Case No. 4(25ms. top) (1.6kg)

- -— Case No. 6(20ms. bottom) (1.6kg)

Predicted ground vibration velocity (cm/s)

5 10 100 200
Distance (m)

(a) Charge per delay=0.5, 1.6 kg

m/kg"? WelelAlE ZIRAIA7} 20 mso] T 7] F(Case
No. 3), 29.4~100 m/kg"”” HYoJA= A7} 20
ms©| i F717]Z(Case No. 2) HaphHo] HEAo] &
HoA FEsHA AISE QT o] HH 2 £4 ghit
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RG] oJgk AEE-S &3] 8l A
< A Z|(SRSD) 9] Bt AN oS4 Ae
of W o5 JUEAE Fig. 99F ol =AISHTh

HJAE=(PPV) Y] Bt AN ASAS F5t
5~200 mo] o|AA oA ANEEHEE oS3 Aat &
ofgol] 3.0 kg ool Wutdst A7}t pheS
AAARZE 25 msolal A7]E WuPHO] AFeE,
W} A7t Hold4= A AAIAF 25 mso]al o
7|2 Wapr o] EEe] 7P WA A5 E e
2|aL ool 3.0 kg ool A AARZE 25 mso]
I 713 A o] Jsze] 7R WA 5= ek

ZHrg Apokeko] 0.5 kg w 5~200 m7Fx| 2] Az
oA AAARF7E 25 mso]aL H7|5F by o] o
SEEE A AARZE 25 mso]al &7]F Wi e o
S25EE HI3 5~80 m FXtollA= [ 196.15%
WA SIS E AL, 81~200 m Lol Al= Xl 29.74%
A dEEAch 2R AAARTE 20 mse]al F7t

0.1

—— Case No. 2(20ms. middle) (5kg)
Case No. 4(25ms. top) (5kg)
Case No. 6(20ms. botrom) (5ke)

—— Case No. 2(20ms. middle) (15kg)
Case No. 3(20ms. bottom) (15ke)

-- - Case No. 4(25ms. 1op) (16ke)

Predicted ground vibration velocity (cm/s)

5 10 100 200
Distance (m)

(b) Charge per delay=5, 15 kg

Fig. 9. Relationship between predicted ground vibration velocity and distance for different delay time and priming location
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Ratio of increase (%)

o (PPVio4—PPVies) /PP Viea ©

v (PPViea—PPVins) /PP Vit
(PPVio4—PPVies) /PP Vina @
o (PPVios—PPVie2) /[PPViea =
100

(PPVisoa—PPVinnz) /PP Vinos
(PPVisoa—PPVin2) /PPVios « (PPVies—PP Vi) /PP Vies (1.6k8)
(PPVioa—PPVin2) /PP Visos = (PPVies—PPViso2) /PP Vs (5k0)
(PPVisoa—PPVinos) /PP Vios +

(PP Vs —PP Vire2) /PP Viwos (0.5k 8)

(PP Vo2 —PP Vo) /PP Vo2 (15kg)

504

04

—50

—-2009 ©
=250

—300

—350 T T

T
20 40 60

T
80

T T T T T
100 120 140 160 180

Distance (m)

200

Fig. 10. Relationship between ratio of increase and distance for different delay time and priming location

Table 4. Maximum ratio of increase on rate of peak particle velocity

Charge per Rate of velocity Distance Maximum ratio
delay (kg) components (m) of increase (%)
5~80 -196.15
(PPVNo4-PPVNo6)/PPVNo4
81~200 29.74
5~92 -69.24
0.5 (PPVNo4-PPVNo2)/PPVNo4
93~200 12.88
5~171 42.85
(PPVNo.6-PPVNo2)/PPVNos
72~200 -24.00
5~144 -271.55
(PPVNo4-PPVo6)/PPVNoa
145~200 11.85
5~166 -87.92
1.6 (PPVNo4-PPVNo2)/PPVNo4
167~200 3.26
5~128 49.42
(PPVNos-PPVo.2)/PPVNos
129~200 -9.74
(PPVNo4-PPVno.6)/PPVNoa 5~200 -(364.00~10.08)
5 (PPVNo4-PPVNo2)/PPVNo 4 5~200 -(108.21~7.19)
(PPVNo6-PPVNo.2)/PPVNos 5~200 55.13~2.63
(PPVNO_4—PPVN0_2)/PPVN04 5 -~ 200 —(] 2985 ~1 833)
s (PPVxo4-PPVNo3)/PPVxo4 5~200 -(43.90~28.82)
5~113 37.40
(PPVNo2-PPVNo3)/PPVNo2
114~200 -8.87

* (+) : increase, (-) : decrease

71% ) of

=

=

AE<Lro vIg) 5~92 m 27t
e 2 69.24% WA 5E AL, 93~200 m 7t
o= Hol 12.88% =7 ASE Uk AAARZL 25

mso|il o

5~71 m A= Zd) 42.85%

7% WopPE ] oS UELEE

A AR
20 msol31 F717|% wpih ] o2 AL

=7 AISEAL, 7
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2~200 m 7ol A= Hff 24.00% A AS= ok
A Aokeko] 1.6 kg ol 5~200 m7bA] 2] Ao
A AAARZF 25 mso| i A7) Wb o] o &2l
&= AAARZE 25 mso| 1L H7|E Wap o] o
A5E= vlgl] 5~114 m F{tol|A= Fof 271.55%
A AEE AL, 145~200 m ollA= Fff 11.85%
=7 diEEQdeh 283 A DA 20 mso|al F53F
71 dtohi o] o & 5<4mof vls) 5~166 m 7t
A= A 87.92% WA AIEE L, 167~200 m -
M= o 3.26% 7| &=tk A AAA7 25
ms©] 1 97]F Wb o] oS FSEE A AXAL
20 mso|il FZ7|E P o] o &35 we) vs|
5~128 m ko A= |l 49.42% =7 dSE9L
129~200 m FrofA= |l 9.74% A A=k
Ak AokeFo] 5 kg wf 5~200 m7Ex| Q] A7 o)A
A|AAAZE 25 mso]al A7) E dupah o] &35
T AAAIRZE 25 mso|aL 7| & Wup o] o &x
Edof nlE) U 364.00%004 24 10.08% A
AZEIRIL, AAARZF 20 mso]aL FH71E 9] oA
AZLwo] vls)] o] 108.21%4 4 7.19% 27|
&= qick A AAR7F 25 mso]al 7]F dub o
&3 5EE= A AARE 20 mso]al F7H7|E 9] 4
ZAZE&wo| v o 55.13%004] A 2.63% =7
ASE ek AU geksFo] 15 kg @ 5~200 m7t
219] Aglof| A RAARZF 25 mso]TL H7]E Hubyy
9] &2 FEEE A QAR 20 mso] L F717]Z9
202250 v ] 129.85%0)4 24 18.33%
A ASE95, A AR 20 mso]al &7|E Wt

& Lo
e 2

1000

o] o ExlEgmol Hsl Hof 43.90%0l4 4
28.82% W7 oIZE9Ah A AARZF 20 msolaL Fk
7)E9] dEAELT 2|27} 20 mso| 7=
Hlal o] o & ELwol| sl 5~113 m 7kl A
= ) 37.40% £ lZEIQIL 114~200 m F7ko]
M 2 8.87% 27 5= i(Table 4, Fig. 10).

5. ERUIRSHS S5t Wik Ngo| ofst &

AR} 7129 K)o ofgt M) ARIEm ] bl
A} Ak goero] whe} A54zo] o]
o cheARh R el A2t 7kes

QAR 25 msol| T 47| Wbt w el
Ael7} Wol 42 2|7} 25 msolaw 97| s
wlo] K1EAl0] SHolA e Wuhgvon o
ElT. gokere] wel W ABSES Mol WL
sloh7] 98] “ERTA A AAAT A2
aeol AXE Aotk AAgstel Wubiyol et 4l
o] AR Azl Taigick

H5Sso] elels Aelol net 25 Alolo] Selat
wwpggle theat gk

st R Aol A] okl 0.5 kel - 80 m,
0.625 kg 90 m, 0.64 kg 91 m, 1 kg& 114 m, 1.5
ke 140 m ofujoli= X|IAJ%7} 25 msolL H7]=
uhgo] 1 o] F:0] Aol XA 25 mso]
3072 wmtabylo] AEA o] o] geiat Wby
How BAE9

e ASAlTelA goko] 1.6 kedl A%

=il

2.1 ..
Y=1008+0.501080)

Case No. 6

(delay time=25ms, priming location=bottom)

100 o

Distance (m)

Case No. 4
(delay time=25ms, priming location=top)

05 1

Charge per delay (kg/delay)

Fig. 11. Relationship between charge per delay and monitoring distance where the two levels of peak particle velocity from

Case No. 4 and Case No. 6 are reversed
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Table 5. The influence of charge per delay on the predicted ground vibration velocity for all Case No(continued)

Classification of Charge Distance Predicted ground vibration velocity (cm/s) Cr?ss
. per delay point
surface blasting type (m)
(kg) Case No.4(25,T) Case No.6(25,B) (m)
90 0.029742 0.032661
Standard ' 114 0.019481 0.019508 4
pattern 115 0.019178 0.019141
130 0.015399 0.014651
o 60 0.033048 0.037135
Application 80 0.019747 0.019834
pattern 0.5 80
) 81 0.019313 0.019304
Type III 100 0.013245 0.012194
o 70 0.030623 0.033843
Vibration Application 90 0.019529 0.019568
pattern 0.625 90
control @) 91 0.019147 0.019102
blasting 110 0.013636 0.012634
small scale o 70 0.031280 0.034729
Application 91 0.019557 0.019602
pattern 0.64 91
3) 92 0.019178 0.019141
110 0.013928 0.012965
o 120 0.025546 0.027139
Application 140 0.019386 0.019394
pattern 1.5 140
@ 141 0.019141 0.019095
160 0.015265 0.014496
170 0.025467 0.027037
Standard ; 198 0.019384 0.019391 108
pattern 199 0.019210 0.019180
Type IV 210 0.017447 0.017057
o 120 0.027065 0.029117
Vibration Application 144 0.019529 0.019568
pattern 1.6 144
control ) 145 0.019289 0.019275
blasting 160 0.016172 0.015552
middle scale o 170 0.023942 0.025078
Application 191 0.019437 0.019455
pattern 2.8 191
@ 192 0.019256 0.019235
210 0.016402 0.015821
290 0.022230 0.022912
Standard . 313 0.019392 0.019400 .
pattern ' 314 0.019281 0.019266
330 0.017640 0.017288
Type V N 230 0.023418 0.024411
pplication 255 0.019469 0.019494
pattern 5 255
General ) 256 0.019333 0.019328
blasting 270 0.017575 0.017210
o 270 0.021921 0.022524
Application 289 0.019408 0.019420
pattern 6.4 289
@ 290 0.019289 0.019275
310 0.017118 0.016666
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Table 5. The influence of charge per delay on the predicted ground vibration velocity for all Case No

Classification of Charge Distance Predicted ground vibration velocity (cm/s) Cr(.)ss
surface blasting type per delay (m) point
&P (kg) Case No.4(25,T) Case No.6(25,B) (m)
490 0.020914 0.026340
Standard " 511 0.019400 0.024403 s
pattern 512 0.019333 0.024317
530 0.018173 0.022834
Type VI 420 0.021303 0.026839
Application 443 0.019364 0.024357
Large pattern 15 443
scale ) 444 0.019286 0.024257
blasting 460 0.018102 0.022744
460 0.021311 0.026848
Application 485 0.019384 0.024383
pattern 18 485
) 486 0.019313 0.024292
500 0.018356 0.023068

* 25=25 ms, T=top priming, B=bottom priming
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