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Prediction of Ground Vibration According to the Priming Location

Seung—Eun Kim, Pog—Hyun Ryu, Choo—Won Kang and Chin—Surk Ko

Abstract Excavations by blasting in urban area have caused lots of complaints. Hence, special attentions need to
be paid to controlling the ground vibrations in designing blasting for those areas. In this study, among the various
parameters that can affect the propagation characteristics of ground vibrations, the effect of the priming location
of explosive on the ground vibration level was studied for two types of emulsion explosives that had different
detonation velocities. Three priming locations of top, middle, and bottom were considered in a charged hole. In
the experiment on the effect of detonation velocity, the ground vibration caused by the explosive with a lower
detonation velocity showed larger attenuation in the amplitude. The priming locations also affected the ground
vibrations levels. The ground vibration level produced from middle priming was found to be larger than the other
priming methods under the same blast conditions, but the attenuation of amplitude was also larger in this case.
In contrast, the ground vibration level from bottom priming was not larger than the middle priming, but the attenuation
was smaller so that the ground vibration was detected at a longer distance.

Key words Priming location, Top priming, Middle priming, Bottom priming, Ground vibration
B 547 RaolA ojstolxl ol BaERle] Z7lo] et WAzl BEet olck. o= <la) wuia
AX RS 7P AR i, a5l Z] g2 Alofshr] 17t o] dasith 2 dAtollA
WupSe] AREAS AT ol AAE F Huaziel 7Bt Bore] FRo) mE S
=4S olobugit). ANFIE-L Bdo] 2t E“Oﬂ*ﬂ o 27 UehAlRk WEe] 77k AA 150
el Aok g S Lebeh 1591 SIS A3k $d71%el Bardal Aol g )
UiehebAle 2217t 714 2Eo] we) AukEA] stk 971 F717|ERCh A% SRS Uekot 71417}
Ao WEo| Wel Autals EAo] Liehtr.

M0| 7191, B71E, FNE, 7%, AU

s 1 Tl o

o 2 I-)lI

_'[‘:_l‘

1.M 2 7] S1al etel wet Wt 7jeAES Wk A
g o, Wkl Eo] Aut EALS ARAL oy AR

2|2 Q7E WARE AR BZoA o]fojRe A wmbxzle wejdith
AR AR thgh R A717F g5kl Qlok o otz 5 Fofo] FiRol whE WSS A+
ohA] Fefo] WupiEch ando R A5 Aofst = z}q{Tsz} QHEE(2007) = EoF 20| 7|EHoaH
E] oj A9 AgjoA= HE&o] Fadhol EﬂrﬂP ZJ

, 2adE ez daad o] 7hashs oA Zofo] T wislo] w2 7
AN oA A A B AL
3 Z:jEH?,.u_ AU ATk 2 EAS 3319tk E, Mark Leidig et al. (2010)L

ko)

« SAA4) ¢ pogryu@hanmailnet oFh W9lY] BUAES ZH- 37k4] T2 Bl
7“;‘/\01 220109 129 17 oKX F A
A} shmel : 20109 129 249) HZAM5leRblack powder), SANFO(heavy ANFO),

bl |
AR ol : 20109 129 282 =324 B(composition B)) 0.2 8} A58 235}

69



70 Zoro| 7|1ZLIX0f WE XHES oE

of AHE Afolo] Aust AT AN A wvk W] IXsh qlow], Fig. 13t gk 2ARAY] A4
omyE ALzt Z7kst HAjUALEpeak Al BER] HAARK, TR FAHA, Al
particle velocity; PPV)©] Ful47} gdsahs S40]  PgAA|e] 37902 ths 4 qlek AR &
Uebgtk olE @l gL ATEAGING  PHES BAL oFh AR FeHH24Im)lA
AgW9lE T Ho| Bark B2 14Tm) 7ol ek, o] AA|S] BEA T P4k
Sope] 7|%e] W0 EA 71Boke] AHA AN A BB LE, A A4 v, Aguels], 7
AT B ol Bl TR 48T AHE AuTioplel aFdeRd Hniglelch

gL'
o2
o

oF Y 92000 FFESIA V| EKprimer) ARG AAES Awu v)nd G
o) 1171 sl vl gl oo A7 v 2R Sslel Sick lgleR g 2 gl 4
Qe T ATl A|EA 1B A T|Heh BEAlel A4S HIRste] Bhger @
ofat 7S o71%] ARl A, nlel, Qb Nk} o 58 NARROR T Wk

el & Aol kel B0 ARPY  FTo] SRR S7E AL s Lok, o]

w2 ol ofgt AEO] At BAS MOl ofF  QReEES B 2
N e N g o
ol T S B e ool ZEINE A 2 W) ke HE & SHRIRR D) i
Z F)E, rjZon Basle] ANES AS  HElo] gtk oS AL HRE UK WA Wake
9 BARAE B v AT 2 Agrelol|o] AAED, Shder wnkek ok
2 o] Eopg A gikero] gelan A Wel vtz A HEE of
NESIHo| 2 ANAFE wwI B, Azl 3 ek £ ATAA LER AEel7} o] Aol
&5t QAA|olckFig. 2).

_21_
=
2
JJ;_
_IB.
l
4z
o,
]
Lﬁ
=)
fz

o]
i

=0 o1 -
H, FoFel 71E o] AREe] Aa s bt
ol @ 4 U=F sck 3. HEAE Wy 9 A
Al HitH
2. AAx|Ho| x|A 3.1 8 98

N
s Bl § 24509 Yoy
e 4 5 Jol e} whtol ofgt AuEAl
JgHAE NS wEelT FAAS A = of sk SHE siolop] $ie B 71ESIAel

o}rl mlo

:\9

Quaternary Period

Alluvium layver
3 aDy Dyke
(ol ]
¢ o
— £ 5 Diorite
2 T
=] s
3 E = Leucocratic granite
@ (4
< — Intrusion —
= o . .
= I: Granite gneisses
L. ©
<
E Augen—gneiss
— Intrusion —
k) [ Quartzite
o
N
s Hallasan layer
<
o
o Psc Schist type

Fig. 1. Site map of study area. Fig. 2. Geological genealogy of study area.



Table 2= AFof A&
Wl 3Fo|ct

. OXIM 7

3.2 ASZT
Table 12] W23} Fig. 39| @ulud o= & 24
slo] AH ANE NS A 2t 5 461709) 2
2 FEshglon] AAEe] A= Fig. 49 2ol

20the] AZ71E ARgsto] Wl 2|37 7~109me] 7

Table 1. Experimental conditions

No. #1~#6 #T~#12 #13~#18 #19~#24
Explosive Emulsion explosive I Emulsion explosive 11
Explosive diameter(mm) D50
Detonator MS Detonator
Diameter (mm) 76
Drilling Length(mm) 6.0 9.0 6.0 9.0
Spacing (mm) 2.0 3.0 2.0 3.0
Burden (mm) 1.8 2.7 1.8 2.7
Charge per hole(kg) 6.4 14 6.5 14
Charge per delay(kg) 6.4 14 6.5 14
Number of hole(ea) 1

Stemming

Charge per
hole 6.4kg

1| ¢ Stemming
-

6.0m

Charge per
hole 6.5kg

(c) Blasting pattern for holes of #13~#18

Charge per
hole 14.0kg

fesm

(b) Blasting pattern for holes of #7~#12

J s
——=a
(d) Blasting pattern for holes of #19~#24

Fig. 3. Blasting patterns.

Table 2. Main performance of explosives

Products Average detonation RWS Bulk density Heat energy Gas volume
velocity (m/s) (%) (g/cce) (kcal/kg) (1/kg)
Emulsion 5,700 120 11~1.2 880 950
explosive I
Emulsion 6,000 160 12-13 1,300 865
explosive I1
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Fig. 5. Comparison of regression results of the two explosive types.



ZIA
=I=)

ro

223

& ARE WE germpold nRAR TaEl
o} &, gofdo] 0.5kgl A5 widA D= 15m, vhk
7HA2 1.6kgQ] 79~ 27m, 5.0kg2] 7-$- 49m, 15.0kg

éﬁ S Wil Z7E]oAe ofE

H %ol ol ZoF o] 45A
of =0l 2} vﬂé 2AE o 4 Qlek
4.2 71BSIX/0) M2 ATnE

71Z9) Aol w2 BAATE Bl Kt n gro] 7}
= 5 @rol 7P ZA vEhdar 134
7k AX 2ol D*El ZdukE]A] oFal o7]1&e T 7]
A HTE 2F gho] AA] o A7t A4 gkof
ZEo] de| Aupsts 542 HeItKFig. 7).

Ao B AHHAE of|2A1e
0.5, 1.6, 5.0, 15.0kg 0.2 H3}A]
¥k 2152] 2 Fig. 8ol EAJ51%]
%“21* gol 0.5kg?l -9 #2] 4m
ojtfell A= AHE pEol S EHPPVmp) Y
7V =0, 47]£(PPV1P) 7| Z(PPVyy) 22 Lt
Btk S~12moAE E1E, 9U|E, AY)E,

[0 Top priming

Vo= 96.48(SD)1%%
—— Vg5=249.39(SD)19%
[ Middle priming

V50=176.86(SD)-21¢
—— V5=384.43(SD)216
[ Bottom priming

Vso= 81.36(SD)189
—— V45=207.02(SD1%0  R=0.84

R=0.86

R=0.92

Peak particle veloclty (cm/sec)

0.01

T
1 10
Scaled Distance(m/kg'?)

100

(a) Square root method

|'0

- ZEY - DA 73
13~20mof| A= 7%, S715, 4715, 21m o)
o= A7IE, A7IE, SAI1EY] o= AR AE
A7F A ESE Ak olef & HFIS B Aokl of

O

a4 Bi7 = Uehem, 1 23kE Table 30] 7+
ekl @otelgich. o] ATHE ww ekt w
qlo] uliE TARlAE F771Ee) WE4zo] 7}

& AA e A M e 7159 AerE

— PPVtp

1.0 13,0kg

_0.5kT1.6kg 5 0\kg

0.9 -| | \
0.8 -|
0.7 |
0.6 -|
05 -|
0.4 -
0.3 -
0.2 -

0.1 4

Predicted Ground Vibration Velocity (cm/sec)

0.0 T T T T T T T T
0 10

Distance (m)
8. Comparison of predicted ground vibration levels with
distance for the different priming location.

Fig.

[ Top priming
Vs50=212.85(SD)-2%
—— Vg5=544.02(SD)-200
[ Middle priming
V5o=318.71(SD2%9
— Vys=661.70(SD2%  R=0.89
[ Bottom priming e ™
Vso=123.74(SD)-180 = &
—— Vy5=316.33(SD180

R=0.88

Peak particle velocity (cm/sec)

R=0.83

0.01

T
1 10
Scaled Distance(m/kg'")

(b) Cube root method

100

Fig. 7. Comparison of regression results of the different priming location.

Table 3. Dependency of ground vibration level on priming location

Ground vibration level 0.5kg 1.6kg 5.0kg 15.0kg
PPV, > PPV, > PPVy, < 4m < 8m < 14m < 25m
PPVump > PPVy, > PPVy, 5~12m 9~22m 15~39m 26~68m
PPVy, > PPVy, > PPVy, 12~20m 23~36m 40~64m 69~112m
PPVy, > PPV, > PPV, > 21m > 37m > 65m > 113m
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