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ABSTRACT

Influence of priming location on the ground vibration

Kim, Ji Soo
Advisor : Prof. Kang, Choo Won, Ph.D.
Department. of Energy & Resource Engineering,

Graduate School of Chosun University

In the past, rock blasting work for excavation work on the ground was limited.
In recent years, a large building from the mountains wallpaper Dig site and
construction of apartments for redevelopment for housing and crowded around the
existing structures within the city center i1s underway. Furthermore, the
underground reserve base, development of underground space has been expanded to
in deep underground is increasing the demand. This specialization of blasting
construction, enlargement, depending on the national scene with a large blast on
the rise, and the use of explosives is increasing each year.

Today, our society through the process of industrialization continued growth
comes during a highly neglected environmental problems, especially in the field of
construction noise and vibration issues are rapidly emerging in recent years. This
quantitative growth to qualitative growth in the pursuit of change 1s the situation.
In addition, the government, like in reality, considering the environmental impact of
the regulatory environment, as a means of dispute conciliation committee
established by the permanent organization i1s operating the sleep. So blasting
operations are subject to the more stringent regulations.

Blasting engineers compared to conventional blasting methods are looking for
effective vibration control methods. And when the blasting was designed they

considered a top priority to safety in efficiency, reliability and safety of design

- viii -



variables.

Determinings the propagation characteristics of blasting vibration factor are
location and blasting conditions. Location means that the blasting site and the
geometric shape of the  structure, the target of rocks and geological features
include the mechanical properties. Blasting conditions means that the type of using
explosives, weight per delay, composition charging, blasting method, tamping
condition, number of free face, distance.

Test blasts(2~3holes) were carried out a total of 16 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 ground vibration about
component(Transverse, Vertical, Longitudinal) particle velocity, peak particle
velocity (PPV), peak vector sum(PVS) from delay time(20, 25ms) by the formula to
predict ground vibration.

This study investigated the characteristics of vibration by analysis of the
nomogram and prediction of ground vibration about component(Transverse, vertical,
longitudinal) particle velocity, peak particle velocity(PPV), peak vector sum(PVS)
from delay time by the formula to predict ground vibration. And it analyzed the
trends of vibration damping by standards charge 0.5, 1.6, 5, 15kg. Standards charge
is "Blasting design and construction guidelines to road construction” by the
Ministry of Land, Transport and Maritime Affairs. Depending on the charge in
favor of vibration control method is proposed. Thus, when the design was to be

used as a variable.

The result of this study can be summerized as follows

(1) Vibration velocity were predicted from an average ground vibration prediction
equation of component(T, V, L) velocity depending on the delay time(20, 25ms) at
5~200m distance.

As a result, the vibration level of transverse component of the vibration level is
lower than the vertical and longitudinal component of the vibration levels in the

near distance and the vibration level of transverse component of the vibration level
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1s higher than the vertical and longitudinal component of the vibration levels in the
long distance.

The vibration level of longitudinal component of the vibration level is lower than
the vertical component of the vibration levels and the vibration level of longitudinal
component of the vibration level is higher than the transverse component of the
vibration levels in the near distance.

(2) Vibration velocity were predicted from an average ground vibration prediction
equation of peak particle velocity(PPV) and peak vector sum(PVS) depending on
the delay time and priming location at 5~200m distance.

The case of 1(20ms) and 2(25ms) reversal of the two components were tend to
be different, but vibration level of Case 2(25ms) in the near distance were predicted

lower and vibration level of Case 2(20ms) in the long distance was predicted lower.
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p.= \/%j;[mn (wt + ¢)]2dt = \/%J"Ow[x sin (wt + ¢))%dt

X

7 = 0.707X (2.8)

N A AN

Displacement v \/ \/

—

LA AL A S

AN /A N N A N

P P AL

Acceleration \/ \/ \/

Xo : Displacement amplitude(cm) T : Period
Vo ! Velocity amplitude{cm/s) f ! Frequency = 1/T

Ao : Acceleration amplitude{cm/s2)

Figure 2.1 Harmonic oscillation.

peak value(0 to peak) = A
virtual value(r.m.s) = 0.707A
P—P value(peak to peak) = 2A

Figure 2.2 The size of sine wave vibration.
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AAAET A9 4 (21), (26), @DAA & 5 9= vlel go] W
Zbo] AE3} AErohe] Atolol= 4] (29)9} (21003 2 A} Tk

En 2= V = wX =27fX (2.9)
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ek, WMo, £ VSRS ZF IERS 4T e 5
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AA & 7 AR AARE d7] oJEe A% vk E A e #AEE &
1 %Fo] 282 Ho % Al AZbe] Aw= 282 H X 3l Weber- Fefiner®] W 2 o
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= £59 PeakA = JfAlste= Wil B AMRE o FHT dBo] pEluvgtol A &2
o8 AREEA HATH
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oW, SA¥] JH= TR it dddt FA ol o S = Tk wbAE o] of
28 A7HA G = aL, 2 oo] g WA ol vEhE B R AN wtde] 49 §

25p} A feel mekel

ol Afuel o 2R A A o g kgt

)
o
reL
=
ikt
lo

& ol Y A (strain energy)”’} 7}l A= St A& d+EL A5
o Aol Mo x] whatol]l o3k wpaf= areshA] etk el 7agtel od b
3 (flexural rupture)”} dojifar o] Aol o & A & (burden)® ¥ 3 (bending)o] e}
Yo} (Persson, et al., 1970; Ash, 1973; Johansson, et al., 1970).

2.2.3 HkA} ok

g, 1 ] «L}JH*Q“O] A<= (blastablhty coefflclent)a} sho), b o Ao oFslm g 3}
HEol A7t S5 df7F A Aok g3 &o] AT 10004 1004kl 9] e Ad
th WhARS} o] & ¢Fwho] <17 mpafjol] ofstrlol FH oy A s Aol A vhALE <
Fute W obnkel &9 Aol sz As vluste] diets ol Eolv Wk
AT Aol M= =8 Hutol] o3 g7 wpg A AFSH o] o3 gt

Folxlith o] o] ol o5, HP 7t Aol Eel Al Aol & wid A
Aol =dsti Shnkoell A3 A4S 1 1 A3 22 837 St irgE dd
H o] FAo] Ho] Hel & 14 (spalling, scabbing or slabbing)¥ i1 HETHA] A 28 AFF
Hol P == Aol whEste] dojdrtal st 7|5 4o FHObert, et al., 1949,
1950; Hino, 1956; Duvall, et al., 1962, 1963).

2.2.4 5339 712%
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Bate 7159 ol &dl dial = F 7HA cduAde] H§HQ Agow o F
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T AR ddEu, O A& A gbo] vl A 11 7hAagte]l FAAAE FHE A
, XA ZIvk= Aol

o] 2] &= Torque theory(Atlas Powder Company, 1987), Nuclei theory(Barker, et al.,
1978; Winzer, et al., 1979; Fourney, et al., 1983; Adams, et al., 1983; McHugh, 1983) &
of g7l A o] 2ol o dwtHow FANYL HdS PG TtAato]l HES
4, AT Aol dubd o g wholE el 2ol It} Table 2.2% AA oy A Fof
A FAT7E AA = s e, o 15% dlelolth EE 7h2agke] 20~40%°] ¥ 1
o] el o] A= HGTAl dE EHE oA ot}
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Table 2.2 The shock wave value of total energy

Researcher Percentage of shock wave
Langefors 5~15%
Fogelson 9%

10~18%(granite)

Kutter & Fairhurst
2~4%(sandstone)

Konya & Walter 15%

2.3 BE9 A o]&

e AXANE 2E S0 w0y Be] EW o
Figure 237 2ol 9189 Sug 1ewA Asdch $44H4o27 e 438 A
of "ol A Mol N AeE ol o)s) £2 WA A Lol A TG o) Fh}

= i, tho] &3 Rayleighsto] oA =2
T3 1, o]AS agow 13 H Figure 2.49 2t}
Ak Fo] T3k FAl= A NS dyels g A A= Ao 2nke g Al
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3, &3, Rayleighst 59 37} &2 gt}
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® A= ==
Bao] A AR dokaee] o) g AEeE AT Trvke] o B o7}
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2ggth WH S A e A Ho] wat A H A 77 E ol g RE S PR

Body Wave

Figure 2.3 Body wave and Rayleigh wave.

Rayleigh wave

P
III|[II]III[IIIIIAIIITIme

Figure 2.4 Vertical displacement component of P wave, S wave and Rayleigh wave in

a short duration period.
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Figure 2.7 Schematic of the fracturing and deformation around

an explosion in rock (Dupont, 1980).
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Sobel, AuhBe] 9L Ao y] AAMNE 22 M E WSS T sofa
of ol A3 Fgstolof Bt
Table 24+ 2325 W0 thst JaS Yepfdot
Table 2.4 Parameters which influence ground motion
Influence on ground motion
Parameter Items 1 |
Significant Mo.ere.lte Y Insignif.
signif.

A. Delay interval O
B. Charge weight per delay @)
C. Explosives type @)

Controllable |- Burden and spacing O

parameters | g Hole diameter and drilling angle O
F. Stemming @)
G. Direction of initiation O
H. Charge weight per blasting @)
A. Distance of blast site and structure @)
B. Geography @)

Uncontrollable

C. Soil type and layer depth @)

parameters
D. Rock condition O
E. Atmospheric condition @)
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2.5 Langefors A|z}o| &

Langeforsel 93] Akl Az T QAbel 34, #3457t @apad o drht o
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and Kihlstrom, 1978). 71 &A= 2 (2.16)3 2t}
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Figure 2.9 Ground vibrations from five different charge and with delays

0~100ms(Langefors and Kihlstrom, 1978).
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2.6 E943F9 4
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A

a5 o3 340 F 7Hx W e sk AE WA (Duvall, et al., 1963;
Devine, 1966, Bicholls, et al., 1971, Bollinger, 1971; Ash, 1973; Archibald, 1976;
Dupont, 1980; Calvin, et al., 1990)3} <k= ¥ 2] (Langefors, 1978)S & < At} &4t
Al B2 A et Fokge] Asd & Ao BAQ A g (scaled distance) 7N
ol o3t whulxl o] o Zuyoln | Langeforse] “ofdl® wha& zhzho] Aokg v}
Agetel #AAC Aok ¥ (charge levels) 7o & AL S o =3t} o A=
ol W T A Jde o IazlEe] dFo] UnksiE o] gl

%0

26.1 &4AZY 7=

A Y = A FFF(W)I AZl(D)7F W u Ho dAEEE dSet=d 2
2 glolth b mAAA F A ddAYE AT FAAYO/WA)G e @
A2 (D/W) el th. Hendron(1969)2 3}z % & 2 A s=1d Table 259 WHSo] &

ool ogk gt o]Ao] ol MA= JF S 2= Buckingham Pi 3k 84

o] &(Langhaar, 1951)° ¢JstH dutd g AAEE= 6719 SHHFe FAd HE7)
9lal o] 5 W4 u/D, w/e, D/ tt, to/D 2 W/pc’D’olth. A& 47]= E&5 W0l 1
e SHHEFE] 2389 Aotk go] s ojul WS AU M2 Had

wrpo] ofs) WA AWHAEY A7)E FAORRE AZA A7 Aol vkl )
a1, 13] e Ao Fbsle Aekske] ¥ #Elst = = (Devine, 1966) 7 2] eF ek RFo]
FEUAE BUALE B/, oA ARG FoFFat Al W F u) ARAES
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Table 2.5 Variable considered in a dimensional analysis of explosion phenomena

(Ambraseys and Hendron, 1968)

Parameters Symbol Dimension”
Independent
Energy (per delay) W FL
Distance D L
Seismic velocity C LT!
Density of rock mass p Ft’L
Time t t
Dependent
Ground displacement u L
Ground particle velocity u LT
Ground acceleration U LT
Frequency f t!

* F @ force, L : length, t : time

2.6.2 95% A1 249 273

W AAE s U AGe] ARARE B K n A5 e st Aol 3
Hol A EQon ity

Aol A gepdae] dAlE vehlls 2RSS A = A

AAGTe 2ANH S S ABAYE 2a-20 Y= FolA HAaAsel o)
2 A& (best fit line)& 73k o] & 50% Al Aozt 3ot

PAGT KO 50% #= Koot aFal 95%, 99%°] K#ts 717 Ky, Kozt shd Ko, Ki, Ko
2 22 A xe 545 ol&ste] 4 (222), (223), (2249} 2ol 7+& + 3
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K, = expA4, (2.22)
K, =exp(A,+1.6450) (2.23)
K, =exp(A4,+2.3260) (2.24)
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Figure 3.1 Site map of study area.
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T

Kad : Acidic dyke(Cretaceous period of mesozoic era)

Psc : Schist tribe(Paleozoic era)

Pq : Quartzite(Paleozoic era)

ign : Silica layer(Paleozoic era)

Qa : Diluvium and Alluvium(Quarternary period of cenozoic era)

PCEgn : Granite gneiss

Figure 3.2 Geological map of study area.
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Table 3.1 Experimental conditions

Blasting No. 1~6 | 7—-8 | 9~12 13 14 15~16

Explosive )
diameter (mm) Emulsion type ©50

Detonator DS Detonator

Diameter 76
(mm)
Drilling Length 9.0 6.0
(m)

Spacing 30 20
(m) ' '

Burden 27 18
(m)
Charge per
delay (kg) 14 64
Delay time 20 2% 20 2%
(ms)

Blasting holes o 3 9 3 o 9
(ea)

> O«

> OO«
T Brasthole @76mm

1 Biasthole B76mm

e % o A A
= _— = =
====HB = —=
=== —E= = i = Stemmin:
e — =l |« Stemming = 9
e = Pro — =-
=—FEI BE =
— == = ==
= — v 9.0m == 6.0m
:=,_ = [y =
: = 6.65m Charge per Charge per
;i_ — -; hole 14.0kg hole 6.4kg
—8 W : !
(a) Blasting pattern for holes of (b) Blasting pattern for holes of
Blasting No. 1~13 Blasting No. 14~16

Figure 3.3 Blasting pattern
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332 AZLEY A=

AGA e o] A5 PMTAFY] eXAD-8 69} InstantelAle] Blastmate I, I 28t <]
AZ71715 AH&ste] ASS AASAT 23 AlSol A8-%¥ eXAD-89 Blastmate 1T,

M @ge] @3t 0 A9 52 0§38 A4 A WARE &L, AF 52 ASto)

A3y, Jd, 4 4 FagF 55 dFdAA Addstd IFs AS s EEA G99 F
o, kg Aokak(charge weight per delay)® A& (distance)& 522 83w

o] & #4abA e (scaled distance)Z A5 o2 AlXtes 7l FER ofye, MESHe T3t
T 9 Aol 58 AAE] BT gl 7 deE AHeE I e AE 377
2t & 4 9t} eXAD-89} Blastmate II, M9 AEs=4 W9

Fu BAS Fstax & wf 2% ZC(Zero Cross Frequency)$ i1s Fgo] ¥ gt
(FFT, Fast Fourier Transform)®] 7} 3t USBM/OSMRE$} DIN 4150 =3} 4] 0]

7}&3kth. Figure 34 @7 Ad%A9 AF Fdolt),

rlr
o
o
—_
w
!
DO
o1
=
G
8
wn
o)
&
o
ui

Figure 3.4 Foreground and Measurements of study area.
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333 AZAE AZF 2+

)

A\

Table 3.19] W33 Figure 3.4 Latgjed o=z 1630 AdA AAlE A5 A
A3 F 54400 ARE g5 on ASE AEs F5o Ytk el ARk
%9 A=2L Figure 349 ZF].—O] 34t o] AF71E AFEslo] W3 x]-H 3} 23~227me] A
AN A A

B2 HEH 448 A=A xd m=2d HAAd - (Transverse component) Y A4
w9 A% 0.127~80.203mm/sec, 214 ¥ (Vertical component) YAE=2] 49 0.127~
84.961mm/sec, & AI & (Longitudinal component) QA =2 749 0.127 ~81.642mm/sec,
H Y YJAE %= (Peak Particle Velocity, PPV)e] 749 0.191 ~84.961mm/sec, & ¥ E g

(Peak Vector Sum, PVS) ¥A&%29] 49 0.197~107.047mm/sec & A== At}
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AGEAE S Sl ASE AdE volg(F-5 Fa)dA AdAxd= JEE(T, V,
L) Asdolg et H YA = (Peak Particle Velocity, PPV) 2} = o) ® & g+ (Peak Vector
Sum, PVS) H°lHE o] &3te] 3 AAE AAstdnh A4S Ko ng F3t7] 913}
o] W&t gatAee 2a-20 THE AA 13 ARAAE Bl 54E o
foldh 1gla SAA g ANkXlE oS24 Skt A RkzlE doly o] HdAikA
2= TunDesign™ 4¢] Bz 8 739 TDTestBlastZ AH-&31%)
FAEE AR, 7199 2710 thg] Table 413 2t}

o

J o
=

1

Table 4.1 Analysis conditions

Case Delay time (ms) Applied Blasting No. Number of data
1 20 1~8, 14 306
2 25 9~13, 15~16 238
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4.1 Case 19 A&EE 3JAEY

Table 4.2

Table 4.29]
Figure 4.17 #Zt} o 7|4, Ve
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Table 4.2 Prediction equation of ground vibration for component velocity(Case 1)

Transverse component velocity

D —1.81
Prediction 50% Vo = 113.83(W)
Square root . o i
equation o _
method 95% Vs 304.40(—\/W )
R 0.841
50% _ D\
Prediction 0 Vso = 259.56 W
Cube root ; —TE
equation o B
method 4 95% Vs = 714.87(—3 . )
R 0.824

Vertical component velocity

D —2.22
Prediction 5026 Vo = 487.70(W)
Square root ; -
equation o B
method d 95% Vs = 1607.19(—\/W )
R 0.861
—2.24
Prediction 50% Vo = 1358.84(W)
Cube root , —
equation o _
method 95% Vs = 4646.31 (—Q/W )
R 0.845
Longitudinal component velocity
o D —2.03
Prediction 50% Vso = 260.97(W)
Square root t' o\
equation o _
method 95% Vos 619.56(—\/W )
R 0.835
D —2.05
O J—
Prediction 50% Vo = 667.90(W)
Cube root , PR
equation o B
method 95% Vs = 1622.06(—VW )
R 0.869
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Figure 4.1 Relationship between T, V, L components velocity

and scaled distance(Case 1).
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4.2 Case 19 PPV¢e} PVSe 3AEA

Table 432 AZEFS T3l

PVS tlolE vt s3ste] 3]7&4 & AAIZ 50, 95% AWl 01]%«

M 1>
1%
o
>
>
o
iy,
&

Table 4.3 Prediction equation of ground vibration for PPV and PVS(Case 1)

Peak particle velocity

- _D —2.13
Prediction 50% Vo = 472-23(W)
Square root equation FerYT
0 = —
method 95% Vs = 1313.86( \/W)
R 0.894
50% Vs, = 1285.16 D_|\*P
Prediction ° \/—
Cube root equation PR
(0]
method 95% Vs = 3653. 97( T )
R 0.879
Peak vector sum
i 50% Vio = 511.41(—)_2'11
Prediction \/W
Square root equation PRETET
0 = —
method 95% Vs = 1438.76( Nai )
R 0.895
o _D —2.13
Prediction 50% Vo = 1378.58| 5
Cube root equation PR
0 —
method 95% Vs = 3962. 76( AT )
R 0.881
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Figure 4.2 Relationship between peak particle velocity(PPV), peak vector sum(PVS)

and scaled distance(Case 1).
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4.3 Case 29 &Y 3JAEY

Table 4.4

Table 4.49]
Figure 4.37 Zt} o 7|4, Ve
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Table 4.4 Prediction equation of ground vibration for component velocity(Case 2)

Transverse component velocity

D —1.69
Prediction 50% Vio = 84.46(W)
Square root ; o i
equation o B
method q 95% Vs = 289.79(—\/W)
R 0.796
o D —1.65
Prediction 5026 V50 = 14183(W)
Cube root ; TR
equation 0 B
method d 95% Vs = 515.95(—W )
R 0.750
Vertical component velocity
D —2.05
Prediction 50% Vo = 290'41(W)
Square root ; PR
equation 0 B
method d 95% Vs = 1034'53(—¢W )
R 0.824
_D —2.01
Prediction |  90% Vi = 580.93( \/W)
Cube root , —
equation o B
method d 95% Vs = 2271'79(—{/W )
R 0.783
Longitudinal component velocity
D —1.98
Prediction 50% Vso = 236.05(W)
Square root t' o i
equation 0 B
method d 95% Vs = 823.41(—\/W )
R 0.814
o D —1.93
Prediction 50% Vo = 428.98(W)
Cube root , > i
equation o B
method d 95% Vs = 1622.03(—VW )
R 0.767
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Figure 4.3 Relationship between T, V, L components velocity

and scaled distance(Case 2).
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4.4 Case 29 PPV PVSY 3AEH

Table 4.5+ A4
PVS tlolE vt s3ste] 3]7&4 & AAIZ 50, 95% AWl 01]%«

oo
o

ft
:OL_i‘

MTo >
1%
o
>
>
o
iy,
&

Table 4.5 Prediction equation of ground vibration for PPV and PVS(Case 2)

Peak particle velocity

- _D —2.01
Prediction 50% Vo = 345-80(W)
Square root equation Ty
0 = —
method 95% Vs = 1023.63( \/W)
R 0.855
- 50% Vi :687.97( A )_1'98
Prediction AT
Cube root equation PREYT
(0]
method 95% Vs = 2202. 39( T )
R 0.814
Peak vector sum
- 50% V., = 374.54(—)_1'99
Prediction \/W
Square root equation o i
0 = —
method 95% Vs = 1125.75( Nai )
R 0.851
509 v =761z 2 | "
Prediction ° 50 = . AT
Cube root equation FRwEY
0 —
method 95% Vs = 2414. 84( AT )
R 0.809
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2AN dAgAYANM = 7 2 Aegwol dSEHurt A= HAAdEe] WUE

Felu Aa AR JeFsin A ASHAT

(1) A& efaFeo] 0.5kgd

5~200m7HA 2] Aol FALE dS5sEHes HAEE o
24m roll M= Hl 47.95% =A ASH AL, 25~200m T-Foll A= H ol 136.18% St
A ASHAY. 28 JAYPALE S50 &2 HE) 5~19m Fitell A= ol 22.40%

AN

&Sl vs) 5~

= ASEH AL, 20~200m T-REA = Hd 56.40% A ol SEH AT AR oS53
TEHEEE JAAAE AS5SE50 HE] 5~30m FFEell A= FHol 32.93% E=A o S AL,

31~200m T-ztellA &= Hd 51.01% 2A oS5 A th(Table 5.2, Figure 5.2).

(2) AT Fof=Fo] 1.6kgd o

5~200m7tA o] Aol A FAALRE dE5AsHEs A dS5UsEEed &l 5~
43m T3l A = éitﬂ 5399% = A ol F ¥ 31, 44~200m T-7Hll A= A 86.07% S
SR A S A=) etk A d S5 s g vE] 5~33m s ol 3052% =
A dEFE AL, 34~200m 1A A = Hdl 40.04% SA dESE A AP S5 E
L JARE dS5E vE] 5~54m it A = Hd 4098% = dS5HAL, 5
5~200m TZtellA = FHo 32.87% A o =% tH(Table 5.2, Figure 5.2).

4

(3) AL AofwFo] Skgd o

5~200m7tA o] Aol A FAALRE dS5HAsEHEes A dS5UsE 5 &l 5~
TTm T-7Fel A= ﬁtﬂ 67.54% A AZE AL, 78~200m T7tell A& FH ) 47.31% SHA
oS Ant. LelaL A dS5HEEE vs] 5~60m -1l
A dEFE AL, 61~200m FHAAE Hdl 2567% SA dEH A AP S5 E
Lo+ JAAAZE dS5EEel vl8] 5~97m it A= o 47.93% =A oA S, 9
8~200m T-Ztel A= Hd 17.22% A o 5= tH(Table 5.2, Figure 5.2).

(4) A efsko] 15kgd W

5~200m7tA 2] AgelA FHAAPE dEAedes AR dESHsEE0] nls 5~
134m -3roll M= Ao 74.08% =/ 5% AL, 135~200m 1kl A= o 17.61%
A dZHdth 28 AP E S 5520 Ble 5~104m T3Hell A= o) 43.83%



3L, 105~200m T3t A= FHol 13.22% <A

= AR d55E

CEERENE
i, 169~200m -%F

1o 2
H] 3] 5~168m -3l A= FH o 53.86% = ol 5+
NA = Hd 388% A A=

;9, Ay

A cH(Table 5.2, Figure 5.2).
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Table 5.1 The influence of charge per delay on the predicted ground vibration

velocity for Case 1

. Charge Predicted ground vibration Ratio of increase
Distance velocity (cm/sec) (%)
N (Vv-V) (Vv-V1) (Vi-Vo)
(ke) v v " Ny Ny A
5 3.301 6.343 4.922 47.95 22.40 3293
10 0.942 1.361 1.205 30.85 11.48 21.88
20 0.269 0.292 0.295 8.12 -0.98 9.01
40 0.077 0.063 0.072 -22.08 -15.19 -5.98
60 0.037 0.025 0.032 -44.16 -24.42 -15.87
80 0.022 0.013 0.018 -62.21 -31.41 -23.44
100 09 0.015 0.008 0.011 =77.75 -37.10 -29.65
120 0.010 0.005 0.008 -91.55 -41.93 -34.96
140 0.008 0.004 0.006 -104.05 -46.15 -39.61
160 0.006 0.003 0.004 -115.53 -49.91 -43.78
180 0.005 0.002 0.003 -126.19 -53.30 -47.55
200 0.004 0.002 0.003 -136.18 -56.40 -51.01
5 9.459 23.068 16.027 58.99 30.52 40.98
10 2.698 4951 3.924 45.52 20.74 31.26
20 0.769 1.063 0.961 27.61 9.58 19.94
40 0.219 0.228 0.235 3.82 -3.14 6.75
60 0.105 0.093 0.103 -13.58 -11.40 -1.95
80 0.063 0.049 0.058 -27.80 -17.66 -8.62
100 16 0.042 0.030 0.037 -40.04 -22.76 -14.08
120 0.030 0.020 0.025 -50.91 -27.08 -18.75
140 0.023 0.014 0.018 -60.76 -30.86 -22.85
160 0.018 0.011 0.014 -69.80 -34.22 -26.51
180 0.014 0.008 0.011 -78.21 -37.26 -29.83
200 0.012 0.006 0.009 -86.07 -40.04 -32.87
5 26.527 81.714 50.949 67.54 37.65 4793
10 7.565 17.539 12.475 56.87 28.87 39.36
20 2.158 3.765 3.055 42.69 18.86 29.37
40 0.615 0.808 0.748 23.85 7.44 17.73
60 0.295 0.328 0.328 10.08 0.03 10.06
80 0.175 0.173 0.183 -1.18 -5.59 4.18
100 0 0.117 0.106 0.116 -10.87 -10.16 -0.64
120 0.084 0.071 0.080 -19.48 -14.05 -4.76
140 0.064 0.050 0.059 -27.27 -17.44 -8.37
160 0.050 0.037 0.045 -34.43 -20.45 -11.61
180 0.040 0.029 0.035 -41.08 -23.18 -14.54
200 0.033 0.023 0.029 -47.31 -25.67 -17.22

Note) Vr=transverse component velocity, Vy=vertical component velocity, Vi=longitudinal component velocity
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Table 5.1 Continues

Predicted ground vibration

Ratio of increase

) Charge
Distance velocity (cm/sec) (%)
(| Dr ey Vo Vo) Ve Vo Vi v
e v " " N Ny vy
5 71.694 276.631 155.387 74.08 43.83 53.86
10 20.447 59.376 38.047 65.56 35.92 46.26
20 5.831 12.745 9.316 54.25 26.90 3741
40 1.663 2.736 2.281 39.21 16.61 27.10
60 0.798 1.112 1.002 28.21 9.93 20.29
80 15 0.474 0.587 0.559 19.23 4.87 15.09
100 0.317 0.358 0.355 11.49 0.75 10.81
120 0.228 0.239 0.245 4.62 -2.74 7.16
140 0.172 0.170 0.179 -1.61 -5.80 3.96
160 0.135 0.126 0.137 -7.32 -8.52 1.10
180 0.109 0.097 0.108 -12.63 -10.97 -1.50
200 0.090 0.077 0.087 -17.61 -13.22 -3.88

Note) Vr=transverse component velocity, Vy=vertical component velocity, Vi=longitudinal component velocity

Table 5.2 Maximum ratio of increase on rate of velocity components for Case 1

Charge per Rate of velocity Distance Maximum ratio
delay (kg) components (m) of increase (%)
(Vy-Voi/¥y 22:330 —ﬁég.?s
05 (Vv 22:;30 —2526%;0
ViV Siggo —352i?§1
(Vv 4451:;1?)0 —5886?(?7
16 (Vv 3451:330 —3;)6.5024
ViV 52:230 jl302'?887
Vo o i
0 VvV (S:ggo —327;657
ViV 92:%0 jl1779232
¥y is5-200 Trer
B VeV T S
SORAL T T
Note) (+) : increase, (=) : decrease
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Figure 5.1 Relationship between predicted ground vibration velocity(component) and
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25~200m T-Ztell A& Ho 8391% SEA oS5 A th(Table 5.4, Figure 5.4).

(2) A FefsFo] 1.6kgd

5~200m7t A o] Ao A FAA R oS =5 %50 ng 5~
38m 7ol A= éJEH 52.20% = o & C}iﬂ, 39~200m 7kl A= ol 80.38% SEA
o ZE vt 1Eal AR S FsEEe HE] 5~23m Tl A= Hd 10.32% =
| AU, 24~200m 7oA = Hl 16.10% SA ASH AT PR d S5 E
= AT AS5E 5] HlE] 5~43m Frel A= Hdl 46.70% E=A oAFEH AL, 4
4~200m TZrolME Hd 5536% SA oS = A tH(Table 54, Figure 5.4).

rﬁ
-%
H
i
)
rx
2
Hz
£

s

4
f

(3) A efaFo] Skgd o

5~200m7FA 9] AglelA] FAARRE S5 sEHEE AR dS7 S5 18] 5~
68m T-7Foll = FH o 61.06% = A A5 % AL, 69~200m -7l A= FH o 4
At 2@ APAFR A FEo] v 5~41m Il E H O 13.82% =

A QS AL, 42~200m 77l A= A 1157% 9HA dS5HAT A PR A5 F
Lre HJAZE dSE=ol Hls) 5~7Tm 1ol A= o 54.81% =A ASEHAL, 7

8~200m TZtel A= Hdl 31.70% A o= tH(Table 5.4, Figure 5.4).

(4) A FefsFo] 15kgd wf

5~200m7FA 9] AglelA FAAFRE S5 sEHEE AR d S5 5 18] 5~
118m F3roll A= Hdl 68.05% =A S5 L, 119~200m It A= Hdl 20.57% S

| ol SE AT 272 AR dZS5E50 vl&) 5~72m M= HH 17.08%
=A o S = A3, 73~200m ?7}011*% Ho 7.36% A SHAT @GR oS
S JAAME o =%5d v8) 5~134m il A= A 61.47% =4 d=H A,
135~200m -7t A& Hdl 12.31% WAl o 55 A th(Table 5.4, Figure 5.4).

2
B

s

ot kit
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Table 5.3 The influence of charge per delay on the predicted ground vibration

velocity for Case 2

. Charge Predicted ground vibration Ratio of increase
Distance velocity (cm/sec) (%)
N (Vv-V) (Vv-V1) (Vi-Vo)
(ke) v v " Ny Ny A
5 3.098 5.256 4.909 41.06 6.59 36.90
10 0.960 1.269 1.244 24.36 1.95 22.86
20 0.298 0.306 0.315 2.92 -2.93 5.68
40 0.092 0.074 0.080 -24.59 -8.04 -15.32
60 0.046 0.032 0.036 -44.17 -11.15 -29.71
80 0.029 0.018 0.020 -59.91 -13.42 -40.99
100 09 0.020 0.011 0.013 -73.28 -15.20 -50.42
120 0.014 0.008 0.009 -85.04 -16.68 -58.58
140 0.011 0.006 0.007 -95.60 -17.95 -65.83
160 0.009 0.004 0.005 -105.23 -19.05 -72.38
180 0.007 0.003 0.004 -114.12 -20.04 -78.37
200 0.006 0.003 0.003 -122.39 -20.93 -8391
5 8.277 17.315 15.528 52.20 10.32 46.70
10 2.565 4.181 3.936 38.65 5.86 34.83
20 0.795 1.010 0.998 21.26 1.18 20.32
40 0.246 0.244 0.253 -1.06 -3.73 2.58
60 0.124 0.106 0.113 -16.94 -6.72 -9.58
80 0.076 0.059 0.064 -29.70 -8.89 -19.11
100 16 0.052 0.037 0.041 -40.55 -10.61 -27.07
120 0.038 0.026 0.029 -50.08 -12.03 -33.97
140 0.030 0.019 0.021 -58.65 -13.24 -40.10
160 0.024 0.014 0.016 -66.46 -14.30 -45.63
180 0.019 0.011 0.013 -73.67 -15.25 -50.69
200 0.016 0.009 0.010 -80.38 -16.10 -55.36
5 21.678 55.672 47.976 61.06 13.82 54.81
10 6.719 13.444 12.161 50.02 9.54 44.75
20 2.082 3.247 3.083 35.86 5.04 3245
40 0.645 0.784 0.781 17.68 0.32 17.42
60 0.325 0.341 0.350 4.75 -2.55 7.11
80 0.200 0.189 0.198 -5.65 -4.63 -0.97
100 0 0.137 0.120 0.127 -14.49 -6.28 -7.72
120 0.101 0.082 0.089 -22.25 -7.65 -13.57
140 0.078 0.060 0.065 -29.23 -8.81 -18.76
160 0.062 0.046 0.050 -35.59 -9.34 -23.45
180 0.051 0.036 0.040 -41.47 -10.75 -27.74
200 0.043 0.029 0.032 -46.93 -11.57 -31.70

Note) Vr=transverse component velocity, Vy=vertical component velocity, Vi=longitudinal component velocity
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Table 5.3 Continues

. Charge Predicted ground vibration Ratio of increase
Distance velocity (cm/sec) (%)
(m | P VeV Vv Vo) Vv
(ke) v v " Ny Ny A
) 54.852 171.668 142.355 68.05 17.08 61.47
10 17.000 41.455 36.086 58.99 12.95 52.89
20 5.269 10.011 9.147 47.37 8.62 42.40
40 1.633 2.417 2.319 32.45 4.08 29.58
60 0.823 1.053 1.039 21.84 1.32 20.79
80 15 0.506 0.584 0.588 13.31 -0.69 13.90
100 0.347 0.369 0.378 6.06 -2.27 8.14
120 0.255 0.254 0.263 -0.32 -3.99 3.16
140 0.197 0.18 0.194 -6.04 -4.71 -1.27
160 0.157 0.141 0.149 -11.26 -5.69 -5.27
180 0.129 0.111 0.118 -16.08 -6.57 -8.93
200 0.108 0.089 0.096 -20.57 -7.36 -12.31

Note) Vr=transverse component velocity, Vy=vertical component velocity, Vi=longitudinal component velocity

Table 54 Maximum ratio of increase on rate of velocity components for Case 2

Charge per Rate of velocity Distance Maximum ratio
delay (kg) components (m) of increase (%)
(Ve-Val/Vy 22:3(1)0 7411;20,29
05 (Vy-Vu/Vy 12:;30 —2523
ViV 22:330 —3:’5?:1
(Vv 32:320 —5&326.23?8
16 (Vy-Vu/Vy 2451:330 —11()6.3120
ViV 4451:;1?)0 jl565.7:«.?6
A 6g:g§o —64116953
5 A 20 i
ViV 72:%0 —5341'?710
VvV o700 0
B VeV a0 oo
ViV 12g j 330 —6112%371
Note) (+) : increase, (=) : decrease
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Figure 5.3 Relationship between predicted ground vibration velocity(component) and

distance for Case 2: charge per delay=(a) 0.5kg, (b) 1.6kg, (c) bkg, (d) 15kg.
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(Vv=V) /Vy o (Vyv=V0)/Vy = (Vi—
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Figure 5.4 Relationship between ratio of increase and distance for Case 2

(component velocity).
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5.2 AW JAS=(PPV)S AU E H(PVS)dl o

AMAE o =

Al AA Aol mhE H o A}
212 Table 4.3% 459} #t}.

HoJAE=(PPV)SF HHEHPVS) Y Het A hzls oS 0% A AA A =R
13 X (Figure 4.2(a), 4.4(a)S 2 A3

A Y& el HWEd 2% 252 3abA e 7t 134kg/w'? ol Ulol A= ] < A3}

4

=(PPV)eF HAME F(PVS)el Bt (50%) AHzls o=

7F 25msel Case 27F A A A 217 20mse] Case 1H.tF WY& AEFFo g2 BEAEQ =}
2 A A g7} 135kg/w? o] Aol = 2 A A1 27} 20mse] Case 10] A A 27} 25ms
o] Case 2H.T} o AEFFo 2 BAEQT)

SRSD®] A& Wi (50%) A WkdE o 22 oA 0.1~1000kg/w"” H 2] g2k 2o
A AAAE e A e el AutdsaEES vus] B Ay HagaEEs A
HE T Case 12> A 342%0 A Ao 24.34% $& AE4T2 HolH, Case 2%
FH 2 3.44% A HA 2436% S NFFTS HALh

5.2.1 AWYAEZ(PPV) 9@ AAE o=

HAAJASEA 3 AN FS o537 98] SRSDe Hit AW E oS40 =
Ao & o= 25X E Figure 559 #Zo] EA]&+91 a1, Table 5.5 = =

rlr
2

HNYAEZ(PPV)S] Hi A E dF24S 53 5~200me] o]AAZAA &
EE dS3 A3 AoFsro] FUhEd wEl HU AT Asaeo] I9dEE AUt
%7}Q{— 20 A A= X]OJ/\]XV} 25ms?] Case 2, YA AAM= A AA 7}

(1) A& gof=Fo] 0.5kgd o

5~200m7F=x]e] Al Al Case 19 dSHs&EEE Case 29 oS35 &H 50 &
5~9m FIFel A= FHdl 7.40% =A <S5F 31, 10~200m FIHel A= H o) 44.16% S
A =% tHTable 5.6, Figure 5.6).
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(2) A gofaFo] 1.6kgd d

5~200m7HA1 ¢ Aol Case 19 S5 EEHEE Case 29 dFxsEHo H] s
5~16m T-Froll A= Ho 13.64% =A A F% AL, 17~200m T-7holl A= Hd 34.45%
3 o =5 QtH(Table 5.6, Figure 5.6).

(3) A of=Fo] bkgd o

5~200m7A ¢ Aol Case 19 S EEHEE Case 29 dF5xsEHo H] s
5~30m T-3roll A= FHol 19.35% =A dS% AL, 31~200m A= H ol 25.56%
A o =¥ A tH(Table 5.6, Figure 5.6).

(4) A Fof=Fo] 15kgd W

5~200m7tA1 el Al A Case 19 dFF-s&5%+ Case 29 oS sHE
5~5lm F-Zroll A= Hl 24.49% =A A5 %H AL, 52~200m T-Zroll A= H 17.55%
3 o =5 QtH(Table 5.6, Figure 5.6).
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Table 5.5 The influence of charge per delay on the predicted ground vibration

velocity for PPV

. Charge Predicted ground vibration Ratio of increase
Distance per delay velocity (cm/sec) (%)
(m) (kg) PPV PPVeres | (PPVewa-PPVewer)/PPV el
5 7.324 6.782 7.40
10 1673 1.684 ~0.63
20 0.382 0.418 ~9.36
40 0.087 0.104 1884
60 0.037 0.046 0477
80 0.020 0.026 2015
100 0.5 0.012 0.016 ~32.66
120 0.008 0.011 ~35.59
140 0.006 0.008 3812
160 0.005 0.006 ~40.35
180 0.004 0.005 4235
200 0.003 0.004 4416
5 25.278 21.829 13.64
10 5775 5.420 6.15
20 1319 1.346 1.99
40 0.301 0.334 ~10.83
60 0127 0.148 ~16.36
80 0.069 0.083 2045
100 16 0.043 0.053 9372
120 0.029 0.037 0645
140 0.021 0.027 ~0881
160 0.016 0.021 ~30.89
180 0.012 0.016 ~32.76
200 0.010 0.013 3445
5 85.065 63.606 19.35
10 19.434 17.033 12.35
20 4.440 4,229 475
40 1.014 1.050 351
60 0.428 0.465 867
80 0.232 0.261 ~12.49
100 0 0.144 0.166 1554
120 0.098 0.115 1810
140 0.070 0.085 20.30
160 0.053 0.065 9224
180 0.041 0.051 9398
200 0.033 0.041 9556

Note) PPV cue1=PPV of Case 1, PPVcue2=PPV of Case 2
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Table 5.5 Continues

Predicted ground vibration Ratio of increase
. Charge )
Distance ver delay velocity (cm/sec) (%)
(m)
o (kg) PPVCasel PPVCaSeZ (PPVCasel 7PPVCase2)/PPVCasel
5 274.085 206.951 24.49
10 62.617 51.380 17.94
20 14.305 12.756 10.83
40 3.268 3.167 3.09
60 1.378 1.402 -1.74
30 0.747 0.786 -5.31
100 15 0.464 0.502 -8.17
120 0.315 0.348 -10.56
140 0.227 0.255 -12.63
160 0.171 0.195 -14.45
180 0.133 0.154 -16.07
200 0.106 0.125 -17.55

Note) PPV use1=PPV of Case 1, PPVcae2=PPV of Case 2

Table 5.6 Maximum ratio of increase on rate of velocity components for PPV

Charge per delay Rate of velocity Distance Maximum ratio
(kg) components (m) of increase (%)

0 5 (PPVCasﬂ*PPVCaseZ) 5 ~9 740

' /PPVcaser 10~200 -44.16

1 6 (PPVCasﬂ*PPVCaseZ) 5~ 16 1364

' /PPVcaser 17~200 -34.45

5 (PPVCasﬂ*PPVCaseZ) 5 - 30 1935

/PPVcaser 31~200 ~25.56

15 (PPVCa5617PPVCaseZ) 5~51 2449

/PPVcasel 52~200 -17.55

Note) (+) : increase, (-) : decrease
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Figure 5.5 Relationship between predicted ground vibration velocity(PPV) and

distance for different delay time.
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Figure 5.6 Relationship between ratio of increase and distance for different delay

time(PPV).
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5.2.2 A EZ(PVS)d 93 A¥tAE o=

o e el o3k AW ES o5t 918 SRSDO Hit AWkzlE dF52 o= 7
glo] & o & JUE A& Figure 577 Zo] EA|t L, Table 5.7 o S5X5x] e 57
&5 UEA Folth

A E HPVS) Bt AvHE dF54S F3 5~200me] olAA A s&He
£ A5 A3 Fofdel SUHEel whel A e AEFTo] ddE e AYrt S
HE HARE AN E AAAIA7E 25msel Case 2, A A= AAA A7 20ms

2l Case 19 X FFTo] WA oS5 ATt

rR ok

(1) #g eksko] 0.5kg¥d

5~200m7FA1 el Aol A Case 19 dS53-s&H%E= Case 29 S5 sEEol H]3|
5~9m Pkl A Aol 7.39% BA S E AL, 10~200m Pl AE Ao 44.18% b
A o =5 Qch(Table 5.8, Figure 5.8).

(2) A gofaFo] 1.6kgd w

5~200m7A1 ¢ Aol Case 19 S5 EEEE Case 29 dF5xsEHo H] s
5~16m T-3roll A= FHol 13.63% =A d5%AaL, 17~200m e A= H ol 34.46%
3 o =5 QtH(Table 5.8, Figure 5.8).

(3) A& AofwFo] Skgd o

5~200m7FA1 2] Al A Case 19 dSH TS Case 29 o SH 5ol H] &
5~29m Rtell M= H 19.34% =7 5= 031, 30~200m -3kl A= H o 25.58%
3 o =5 QtH(Table 5.8, Figure 5.8).

(4) A gofeFo] 15kgd o

5~200m7tA1 el Aol A Case 19 dF5HEEH%EE Case 29 oS sEHE0 3|
5~5Im F-Ztoll A= Hl 24.48% =A A5 %H AL, 52~200m T-Zroll A= H 17.57%
SA o =5 A tH(Table 5.8, Figure 5.8).

N

_62_



Table 5.7 The influence of charge per delay on the predicted ground vibration

velocity for PVS

. Charge Predicted ground vibration Ratio of increase
Distance per delay velocity (cm/sec) (%)
(m) (kg) PV Scael PVScasez | (PVScaser PVScases)/PVScaser
5 8.248 7.639 7.39
10 1911 1.923 -0.64
20 0.443 0.484 -9.37
40 0.103 0.122 -18.86
60 0.044 0.054 -24.79
30 0.024 0.031 -29.17
100 05 0.015 0.020 ~32.68
120 0.010 0.014 -35.61
140 0.007 0.010 -38.14
160 0.006 0.008 -40.37
180 0.004 0.006 -42.37
200 0.003 0.005 -44.18
5 28.138 24.302 13.63
10 6.518 6.118 6.14
20 1.510 1.540 -2.00
40 0.350 0.388 -10.85
60 0.149 0.173 -16.38
30 0.081 0.098 -20.46
100 16 0.051 0.063 2373
120 0.034 0.044 -26.47
140 0.025 0.032 -28.83
160 0.019 0.025 -30.91
180 0.015 0.019 -32.77
200 0.012 0.016 -34.46
5 93.617 75.513 19.34
10 21.686 19.010 12.34
20 5.024 4785 474
40 1.164 1.205 -3.52
60 0.495 0.538 -3.68
30 0.270 0.303 -12.50
100 5 0.168 0.195 -15.56
120 0.115 0.135 -18.11
140 0.083 0.100 -20.32
160 0.062 0.076 -22.26
180 0.049 0.060 -24.00
200 0.039 0.049 -25.58

Note) PVScaei=PVS of Case 1, PVScuse2=PVS of Case 2
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Table 5.7 Continues

Predicted ground vibration Ratio of increase
. Charge )
Distance ver delay velocity (cm/sec) (%)
(m)
m (kg) PVSCasel PVSCaSeZ (PVSCasel 7PVSCaSe2 )/PVSCasel
5 298.345 225.299 24.48
10 69.111 56.716 17.93
20 16.009 14.278 10.82
40 3.709 3.594 3.08
60 1.576 1.604 -1.75
30 0.859 0.905 -5.33
100 15 0.536 0.580 -3.18
120 0.365 0.404 -10.58
140 0.264 0.297 -12.64
160 0.199 0.228 -14.46
180 0.155 0.180 -16.09
200 0.124 0.146 -17.57

Note) PVScase1=PVS of Case 1, PVSc.sw=PVS of Case 2

Table 5.8 Maximum ratio of increase on rate of velocity components for PVS

Charge per delay Rate of velocity Distance Maximum ratio
(kg) components (m) of increase (%)

0 5 (PVSCaselfpvs()aseZ) 5 N9 739

' /PVScasel 10~200 4418

1 6 (PVSCaselfpvs()aseZ) 5~ 16 1363

' /PVScaser 17~200 ~34.46

5 (PVSCasﬂ*PVSCaseZ) 5 - 29 1934

/PVScaser 30~ 200 ~25.58

15 (PVSCa5617PVSCase2) 5~51 2448

/PVScase 52~200 1757

Note) (+) : increase, (=) : decrease
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Figure 5.7 Relationship between predicted ground vibration velocity(PVS) and

distance for different delay time.
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Figure 5.8 Relationship between ratio of increase and distance for different delay

time(PVS).
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< Blasting No. 1 >

Mo Ground vibration velocity (mm/sec) Distance | Weight
i T Vv L PPV PVS (m) (kg)

1 '75.469 '79.983 41.822 79.983 113.741 27 14

2 54.339 83.399 34.819 33.399 83.691 31 14
3 40.992 30.203 81.203 81.203 87.572 34 14
4 30.203 69.857 45.750 80.203 107.047 40 14
5 42.310 50.728 32.964 50.728 58.347 44 14
6 41.400 48.400 30.600 48.400 58.290 46 14
7 25.400 42.500 35.700 42.500 42911 48 14
8 17.900 39.600 34.100 39.600 52.851 49 14
9 31.574 36.795 33.282 36.795 46.443 50 14
10 26.300 40.400 23.900 40.400 43.836 51 14
11 33.400 32.600 23.000 33.400 38.467 54 14
12 14.900 37.300 18.400 37.300 41.099 53 14
13 12.700 29.700 13.100 29.700 32.121 62 14
14 13.200 28.700 18.500 28.700 32.960 67 14
15 7.620 26.300 11.900 26.300 29.641 71 14
16 7.110 24.500 12.200 24.500 25.480 74 14
17 11.600 24.600 11.900 24.600 25.882 77 14
18 9.680 22.400 6.970 22.400 23.419 30 14
19 5.840 20.400 11.800 20.400 21.963 82 14
20 9.220 21.100 4.890 21.100 23.072 85 14
21 13.400 14.900 8.320 14.900 19.014 93 14
22 14.000 17.600 12.400 17.600 17.863 96 14
23 8.620 14.200 5.560 14.200 16.494 100 14
24 8.430 9.290 8.640 9.290 12.123 108 14
25 6.840 3.840 3.940 8.840 11.147 114 14
26 6.110 3.600 5.240 8.600 10.058 117 14
27 6.430 5.030 12.000 12.000 13.438 123 14
28 11.200 6.180 4.290 11.200 11.668 129 14
29 8.750 7.190 4.940 8.750 9.202 130 14
30 5.730 3.100 6.520 6.520 8.706 137 14
31 3.220 2.830 2.480 3.220 4213 142 14
32 3.320 1.810 2.050 3.320 3.536 147 14
33 1.810 2.270 1.870 2.270 2.614 153 14
34 2.490 2.110 2.350 2.490 2.506 157 14
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< Blasting No. 2 >

Mo Ground vibration velocity (mm/sec) Distance | Weight
i T Vv L PPV PVS (m) (kg)
1 12.810 31.915 18.886 31.915 37.925 35 14
2 6.588 21.716 5.197 21.716 22.211 39 14
3 8.613 12.737 14.738 14.738 17.466 43 14
4 8.174 11.712 7.027 11.712 14.139 50 14
5 4416 9.662 5.612 9.662 10.413 55 14
6 6.027 6.027 6.149 6.149 9.814 58 14
7 5.940 2.510 2.600 5.940 6.081 61 14
8 3.110 1.860 4.870 4.870 5.564 65 14
9 2.980 2.000 4.600 4.600 5.246 67 14
10 2.290 2.410 4.320 4.320 5.399 69 14
11 1.670 2.710 4210 4210 4949 72 14
12 3.330 3.910 3.870 3.910 6.304 1) 14
13 2.940 2.050 3.510 3.510 4.020 79 14
14 1.520 1.840 3.830 3.830 3.835 32 14
15 2.160 2.590 2.560 2.590 3.831 36 14
16 3.290 1.210 2.830 3.290 3.509 39 14
17 2.520 1.430 2.410 2.520 3.167 94 14
18 2.140 2.210 2.600 2.600 2.859 100 14
19 1.480 1.050 2.760 2.760 2.800 102 14
20 1.240 0.905 2.750 2.750 2177 106 14
21 0.762 1.560 2.380 2.380 2.502 110 14
22 0.825 1.250 1.840 1.840 1.917 114 14
23 1.110 1.670 1.140 1.670 1.767 118 14
24 1.730 1.100 0.667 1.730 1.752 123 14
25 0.841 0.810 1.510 1510 1.517 129 14
26 1.000 1.000 1.320 1.320 1.738 135 14
27 0.667 1.220 1.030 1.220 1.583 141 14
28 1.160 0.587 0.921 1.160 1.450 149 14
29 1.080 0.857 0.698 1.080 1.399 153 14
30 0.889 1.060 0.762 1.060 1.191 159 14
31 0.492 0.444 0.683 0.683 0.799 164 14
32 0.365 0.460 0.603 0.603 0.686 169 14
33 0.365 0.413 0.492 0.492 0.547 175 14
34 0.429 0.444 0.286 0.444 0.562 180 14
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< Blasting No. 3 >

Mo Ground vibration velocity (mm/sec) Distance | Weight
i T Vv L PPV PVS (m) (kg)
1 12.054 44310 66.588 66.588 67.753 45 14
2 13.298 41.358 24.644 41.358 47.669 48 14
3 10.516 36.698 24.595 36.698 39.164 53 14
4 11.248 29.329 23.180 29.329 30.585 59 14
5 4.465 14.030 15.030 15.030 19.788 64 14
6 6.220 11.000 13.700 13.700 18.4777 67 14
7 5.710 12.500 15.100 15.100 16.148 74 14
8 4587 12.834 11.541 12.834 15.407 75 14
9 2.410 6.350 10.200 10.200 11.239 78 14
10 3.430 7.940 9.110 9.110 10.073 30 14
11 3.780 5.730 '7.920 7920 9.448 84 14
12 2.350 3.570 7.330 7.330 7.740 39 14
13 2.000 4910 6.130 6.130 7.301 94 14
14 2.190 5.490 4570 5.490 6.907 99 14
15 3.520 3.290 4.780 4.780 5.810 103 14
16 4.760 3.140 4.440 4760 5.478 107 14
17 2.750 3.980 4.290 4.290 5.579 110 14
18 1.870 2.860 3.910 3.910 4.340 114 14
19 2.600 3.810 1.380 3.810 4.591 116 14
20 1.700 3.620 2.100 3.620 4.137 119 14
21 1.710 3.020 3.190 3.190 3.955 127 14
22 1.540 3.350 1.790 3.350 3.710 131 14
23 1.980 3.440 3.330 3.440 3.602 135 14
24 3.020 2.250 2.170 3.020 3.582 144 14
25 2.170 2.480 2.460 2.480 3.370 149 14
26 2.830 2.240 2.250 2.830 3.482 152 14
27 1.780 1.890 2.410 2.410 3.005 158 14
28 2.940 2.730 1.320 2.730 3.065 164 14
29 0.952 2.300 1.430 2.300 2.406 165 14
30 2.060 1.830 1.700 2.060 2.127 172 14
31 1.400 1.080 1.440 1.440 2.011 177 14
32 0.460 1.760 1.220 1.760 1.863 182 14
33 1.060 1.460 1.240 1.460 1.648 188 14
34 0.952 1.270 0.825 1.270 1.334 192 14
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< Blasting No. 4 >

Mo Ground vibration velocity (mm/sec) Distance | Weight
i T Vv L PPV PVS (m) (kg)
1 5734 9.345 12.176 12.176 12.900 48 14
2 11.900 3.620 7.240 11.900 12.509 51 14
3 3.140 5.400 9.380 9.380 10.337 54 14
4 3.940 2.330 9.520 9.520 9725 57 14
5 4.856 3.4677 4709 3.467 9.639 61 14
6 3.684 7.808 7.808 7.808 8.832 66 14
7 6.246 7.222 4.099 7.222 8.197 69 14
8 5.320 2.790 7.000 7.000 8.006 72 14
9 5.380 3.570 2.680 5.380 6.458 77 14
10 4.600 3.210 5.450 5.450 5.679 30 14
11 4.100 2.490 4710 4710 5.945 86 14
12 3.001 4538 4124 4538 5.145 90 14
13 1.870 3.920 3.890 3.920 5.457 94 14
14 1.910 3.180 2.970 3.180 4701 99 14
15 2.240 3.330 3.440 3.440 4.555 104 14
16 2.890 2.020 3.100 3.100 4.483 108 14
17 2.620 2.400 3.250 3.250 4.364 113 14
18 2.830 3.270 3.196 3.270 4127 117 14
19 3.030 2.330 3.000 3.030 3.959 122 14
20 2.950 2.590 2.210 2.950 3.848 127 14
21 1.320 2.830 3.490 3.490 3.518 133 14
22 3.020 1.940 1.520 3.020 3.377 139 14
23 1.650 0.889 2.540 2.540 2.878 143 14
24 2.100 2.000 1.790 2.100 2.152 150 14
25 1.240 1.160 1.380 1.38 1.662 157 14
26 1.300 1.700 2.190 2.190 2.548 162 14
27 1.910 1.520 1.910 1.910 2.351 167 14
28 1.650 1.520 1.910 1.910 2.332 174 14
29 1.220 0.873 1.890 1.890 2.127 176 14
30 1.860 1.220 1.730 1.860 2.651 182 14
31 1.520 1.780 1.780 1.780 2.082 187 14
32 1.270 1.780 1.270 1.780 1.890 192 14
33 1.380 1.100 1.700 1.700 1.983 198 14
34 1.350 1.140 1.570 1.570 1.678 202 14
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< Blasting No. 5 >

Mo Ground vibration velocity (mm/sec) Distance | Weight
i T Vv L PPV PVS (m) (kg)
1 5.100 11.492 19.496 19.496 19.649 50 14
2 5.246 12.298 7.222 12.298 12.363 53 14
3 7.637 10.248 71.857 10.248 12.790 57 14
4 8.442 7184 6.100 8.442 9.502 63 14
5 4.099 5.246 4172 5.246 6.804 68 14
6 5.173 4.880 3.440 5173 5.467 71 14
7 2.510 4.020 4.430 4430 5.457 78 14
8 2.540 3.810 4.270 4.270 5.758 30 14
9 1.830 3.460 2.410 3.460 4.288 34 14
10 2.540 2.540 3.300 3.300 3.860 87 14
11 2.060 3.590 2.440 3.590 3.727 92 14
12 2.590 3.160 2.670 3.160 3.837 97 14
13 2.670 2.670 2.250 2.670 3.578 102 14
14 3.180 1.650 2.410 3.180 3.554 108 14
15 1.730 2.970 2.400 2.970 3.489 111 14
16 1.640 2.700 2.050 2.700 3.259 117 14
17 2.030 1.910 2.030 2.030 3.119 119 14
18 2.400 1.810 1.920 2.400 2.832 123 14
19 2.320 1.350 2.410 2410 2.740 125 14
20 1.350 2.160 1.670 2.160 2.678 130 14
21 2.410 1.140 1.650 2410 2.669 137 14
22 1.540 1.830 2.300 2.300 2.378 142 14
23 1.840 2.300 1.210 2.300 2.432 146 14
24 1.920 1.060 2.130 2.130 2.648 155 14
25 2.030 1.910 1.650 2.030 2.471 161 14
26 2.030 1.400 1.440 2.030 2.372 164 14
27 1.540 1.300 1.890 1.890 2.245 170 14
28 1.860 0.968 0.778 1.860 1.926 175 14
29 1.780 1.130 1.400 1.780 2.064 177 14
30 1.430 1.650 1.300 1.650 2.113 184 14
31 1.100 1.250 1.540 1.540 1.928 189 14
32 1.590 1.210 1.430 1.590 1.885 194 14
33 1.030 1.480 1.080 1.480 1.850 200 14
34 1.030 0.794 1.050 1.050 1.420 204 14
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< Blasting No. 6 >

Mo Ground vibration velocity (mm/sec) Distance | Weight
i T Vv L PPV PVS (m) (kg)
1 8.833 15.982 17.251 17.251 22.557 55 14
2 5.490 12.517 8.174 12.517 14.494 60 14
3 6.027 12.493 6.978 12.493 14.305 65 14
4 9.930 9.077 6.661 9.980 13.023 68 14
5 5.612 4319 3.440 5612 5.839 72 14
6 2.680 3.430 5.130 5.130 5.156 1) 14
7 5.124 3.343 3.733 5.124 5.398 30 14
8 1.520 3.050 3.670 3.670 4.832 85 14
9 3.050 2.290 1.520 3.050 3.302 90 14
10 2.570 2.510 3.080 3.080 3.914 92 14
11 1.780 2.160 2.920 2.920 3.410 97 14
12 2.170 1.490 2.700 2.700 2.77166 103 14
13 2.710 1.380 1.210 2710 2.7178 107 14
14 2.620 1.210 2.050 2.620 3.147 113 14
15 2.030 1.520 2.540 2.540 3.120 117 14
16 2.620 2.170 2.670 2.670 2.197 122 14
17 2.000 1.620 1.700 2.000 2.662 125 14
18 2.290 1.270 1.270 2.290 2.622 129 14
19 1.940 1.380 1.870 1.940 2.517 131 14
20 1.400 1.910 1.910 1.910 2.460 135 14
21 2.160 0.762 1.600 2.160 2.454 143 14
22 2.050 1.240 1.510 2.050 2.370 148 14
23 1.680 1.350 1.680 1.680 2.388 152 14
24 1510 1.370 1.350 1510 1.975 161 14
25 0.839 1.830 0.857 1.830 1.943 167 14
26 1.520 1.170 1.130 1.520 1.902 170 14
27 0.841 1.650 0.667 1.650 1.880 176 14
28 1.780 0.937 0.937 1.780 1.850 182 14
29 1.400 1.270 1.560 1.560 1.649 184 14
30 1.430 1.350 1.100 1.430 1.817 190 14
31 1.400 1.100 1.110 1.400 1.469 195 14
32 0.857 0.714 1.300 1.300 1.425 200 14
33 1.080 0.778 0.841 1.080 1.135 206 14
34 0.921 0.905 1.000 1.000 1.294 210 14
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< Blasting No. 7 >

Mo Ground vibration velocity (mm/sec) Distance | Weight
i T Vv L PPV PVS (m) (kg)
1 57.633 34.961 64.074 84.961 85.897 25 14
2 49.215 81.960 40.894 81.96 88.553 28 14
3 40.968 30.984 30.598 80.984 82.499 32 14
4 31.793 66.758 24.7190 66.758 69.964 39 14
5 8.369 27.743 14.982 27.7743 30.009 44 14
6 11.566 27523 11.102 217.523 28.961 46 14
7 9.020 21.600 12.600 21.600 23.313 49 14
8 10.800 21.000 12.700 21.000 23.251 50 14
9 9.700 12.400 12.400 12.400 20.040 51 14
10 7.490 14.100 14.900 14.900 19.757 52 14
11 7.620 14.200 11.900 14.200 17.207 55 14
12 4700 8.130 11.800 11.800 13.891 60 14
13 7.030 7.100 11.000 11.000 11.307 64 14
14 7.380 5.100 11.000 11.000 11.251 69 14
15 4.700 4.570 9.650 9.650 9.711 74 14
16 3.430 4.320 7.110 7.110 7.937 78 14
17 5.080 4.190 7.620 7.620 8.124 30 14
18 4.450 3.810 6.990 6.990 7.625 32 14
19 8.890 10.400 3.490 10.400 12.373 36 14
20 7.640 4.840 5.110 7.640 8.127 97 14
21 6.240 3.620 10.000 10.000 10.296 97 14
22 6.700 3.020 5.780 6.700 7.669 100 14
23 7.000 3.510 4.370 7.000 7.407 103 14
24 6.190 3.350 5.560 6.190 8.392 114 14
25 5.590 2.970 5.430 5.590 6.251 120 14
26 2.520 3.350 4570 4570 47732 123 14
27 5.020 4.890 3.840 5.020 6.275 129 14
28 3.790 2.750 2.300 3.790 4.227 134 14
29 3.940 2.560 2.560 3.940 4.614 136 14
30 3.030 4.890 2.830 4.890 4.968 142 14
31 3.670 2.330 3.640 3.670 5.101 148 14
32 2.440 2.780 3.790 3.790 4.324 152 14
33 2.520 1.030 2.620 2.620 3.620 158 14
34 1.970 1.680 2.910 2910 3.006 163 14
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< Blasting No. 8 >

Mo Ground vibration velocity (mm/sec) Distance | Weight
i T Vv L PPV PVS (m) (kg)
1 8.906 19.569 30.646 30.646 31.610 39 14
2 8.174 16.006 8.174 16.006 19.215 43 14
3 6.930 11.736 9.760 11.736 14.168 48 14
4 5.100 7.808 3.638 3.638 11.309 54 14
5 3.538 4758 5.954 5.954 7.136 59 14
6 4.197 5.490 5.392 5.490 7.556 62 14
7 4.450 4.330 4.850 4.850 7.008 65 14
8 2.830 3.020 3.710 3.710 4.904 68 14
9 4.100 2.370 3.020 4.100 4.794 71 14
10 3.430 2.540 3.560 3.560 4.378 74 14
11 2.190 3.160 3.860 3.860 4.360 77 14
12 3.890 2.870 2.020 3.890 4.295 82 14
13 3.780 3.080 2.480 3.780 4.159 87 14
14 2.790 2.840 2.950 2.950 3.842 92 14
15 2.760 3.570 1.870 3.570 3.795 96 14
16 2.700 2.300 2.620 2.700 3.631 100 14
17 2.590 2.620 3.140 3.140 3.438 103 14
18 1.890 2.700 1.290 2.700 2.984 105 14
19 2.460 2.590 1.670 2.590 2.750 108 14
20 1.760 1.350 2.220 2.220 2.502 112 14
21 1.220 2.030 2.170 2.170 2.355 119 14
22 2.160 2.160 1.980 2.160 3.058 123 14
23 2.110 1.540 1.400 2.110 2.557 127 14
24 2.050 1.320 2.000 2.050 2.396 136 14
25 1.560 1.350 2.000 2.000 2.610 142 14
26 1.700 1.970 1.320 1.970 2.260 145 14
27 1.430 0.937 1.840 1.840 1.871 151 14
28 1.830 1.670 1.320 1.830 2.469 156 14
29 1.330 1.700 1.680 1.700 2.240 158 14
30 1.380 1.290 0.857 1.380 1.584 164 14
31 0.905 0.714 1.210 1.210 1.266 169 14
32 1.190 0.746 0.619 1.190 1.239 174 14
33 0.556 1.080 0.683 1.080 1.086 180 14
34 0.921 0.825 0.698 0.921 1.225 185 14
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< Blasting No. 9 >

Mo Ground vibration velocity (mm/sec) Distance | Weight
i T Vv L PPV PVS (m) (kg)
1 39.650 62.415 81.642 81.642 89.488 43 14
2 15.592 43.530 24.229 43.530 51.094 50 14
3 16.665 35.282 34.184 35.282 48.568 53 14
4 12.639 29.768 277.596 29.768 40.460 59 14
5 6.344 17.983 12.786 17.983 20.150 54 14
6 4.810 15.400 16.600 16.600 17.096 53 14
7 6.393 15.396 15.250 15.396 21.380 72 14
8 6.600 13.700 14.100 14.100 20.369 74 14
9 3.780 8.480 10.100 10.100 11.166 77 14
10 3.300 8.130 10.200 10.200 11.382 30 14
11 3.790 6.670 7.790 7790 10.292 84 14
12 4.350 5.080 3.590 3.590 9.151 39 14
13 2.710 6.240 8.480 8.480 8.599 94 14
14 2.790 5.760 6.000 6.000 3.654 100 14
15 6.400 4.330 4.570 6.400 7.273 103 14
16 2.790 3.600 5.570 5.570 6.712 108 14
17 2.980 3.980 6.300 6.300 6.392 111 14
18 2.270 3.350 5.790 5.790 6.141 114 14
19 2.350 3.080 4.980 4.980 5.733 116 14
20 4.670 2.910 4.810 4.810 5.009 120 14
21 3.490 2.140 3.170 3.490 4.026 128 14
22 3.620 2.270 1.600 3.620 3.882 133 14
23 3.780 2.640 2.570 3.780 3.809 137 14
24 3.270 2.250 3.050 3.270 3.745 145 14
25 3.480 2.170 2.730 3.480 3.686 151 14
26 2.840 3.060 3.060 3.060 3.592 154 14
27 2.410 2.980 2.290 2.980 3.617 160 14
28 2.510 1.400 2.460 2.510 2.874 165 14
29 2.270 1.790 2.020 2.270 3.252 170 14
30 1.020 1.460 2.080 2.080 2.115 173 14
31 2.050 1.680 1.810 2.050 2.596 178 14
32 1.160 1.140 1.700 1.700 2.210 183 14
33 1.240 0.968 1.440 1.440 1.671 189 14
34 1.210 1.140 1.290 1.290 1.641 194 14
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< Blasting No. 10 >

Mo Ground vibration velocity (mm/sec) Distance | Weight
i T Vv L PPV PVS (m) (kg)
1 76.006 71.516 63.586 76.006 99.087 46 14
2 18.910 57.779 32.7194 57.779 59.922 50 14
3 35.868 40.236 38.235 40.236 55.028 56 14
4 32.720 35.429 40.187 40.187 56.030 53 14
5 17.031 24.034 30.085 30.085 36.968 64 14
6 6.030 26.800 12.700 26.800 29.901 70 14
7 8.250 26.200 23.400 26.200 27.939 73 14
8 18.129 22.302 22.619 22.619 28.851 75 14
9 6.350 16.500 14.400 16.500 18.010 30 14
10 4.060 13.200 15.400 15.400 19.245 33 14
11 5.780 8.320 15.400 15.400 16.454 87 14
12 7.290 13.700 15.200 15.200 19.578 92 14
13 6.110 7.460 14.700 14.700 15.716 97 14
14 3.940 13.000 10.000 13.000 14.238 103 14
15 12.300 5.980 6.790 12.300 13.502 106 14
16 12.000 5.970 8.950 12.000 12.389 111 14
17 6.220 6.650 11.600 11.600 11.689 114 14
18 9.490 4.620 3.870 9.490 10.094 118 14
19 5.590 6.600 8.130 8.130 9.621 120 14
20 5.160 5.540 7.480 7.480 9.574 124 14
21 7.030 6.210 2.080 7.030 9.255 131 14
22 5.350 6.990 6.870 6.990 8.753 136 14
23 4.680 7.000 3.730 7.000 8.485 140 14
24 5.190 6.180 3.620 6.180 8.414 149 14
25 5.640 5.460 5.350 5.640 8.202 155 14
26 6.910 5.250 2.830 6.910 7.964 158 14
27 5.350 4.410 5.910 5910 7915 164 14
28 5.190 3.160 3.220 5.190 6.573 169 14
29 3.940 5.350 1.050 5.350 5.454 171 14
30 4.100 2.270 3.170 4.100 4.844 177 14
31 2.460 1.640 1.780 2.460 2.507 183 14
32 2.350 1.760 1.750 2.350 2.440 187 14
33 1.250 1.460 1.460 1.460 1.577 193 14
34 1.240 1.320 0.968 1.320 1.481 198 14
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< Blasting No. 11 >

Mo Ground vibration velocity (mm/sec) Distance | Weight
i T Vv L PPV PVS (m) (kg)
1 16.641 19.447 19.447 19.447 27172 61 14
2 7184 14.835 10.931 14.835 17.331 65 14
3 12.688 13.030 9.492 13.030 18.296 68 14
4 12.932 10.321 12.078 12.932 15.831 73 14
5 11.224 7.686 7.320 11.224 12.123 i 14
6 10.614 6.783 6.710 10.614 10.973 83 14
7 3.320 6.020 7.780 7.780 7.870 38 14
8 6.210 2.490 4.490 6.210 7.220 91 14
9 4.490 3.680 7.180 7.180 7.295 95 14
10 4.350 2.540 6.940 6.940 6.998 99 14
11 3.760 5.720 4.450 5.720 7.375 104 14
12 3.620 3.540 4.050 4.050 5.424 109 14
13 3.920 2.650 4.290 4.290 5.034 114 14
14 3.680 4.440 4.190 4.440 4926 119 14
15 4.520 2.490 4.460 4520 4.862 123 14
16 3.130 3.570 4.130 4.130 4.703 127 14
17 3.030 3.460 4.000 4.000 4.501 131 14
18 3.790 2.840 1.620 3.790 4.463 135 14
19 3.350 2.320 3.760 3.760 4.214 138 14
20 2.560 1.940 3.750 3.750 4.202 141 14
21 3.540 1.940 1.160 3.540 3.618 147 14
22 3.110 2.460 2.510 3.110 4.273 153 14
23 2.100 3.220 2.760 3.220 3.879 158 14
24 2.520 2.430 3.330 3.330 3.648 164 14
25 2.560 1.700 3.170 3.170 3.224 170 14
26 3.060 1.840 2.590 3.060 3.278 176 14
27 3.050 2.080 1.980 3.050 3.251 181 14
28 2.560 1.480 2.140 2.560 3.198 189 14
29 2.110 0.968 1.840 2.110 2.197 193 14
30 1.840 1.980 1.600 1.980 2.248 198 14
31 0.968 0.810 1.380 1.380 1.391 203 14
32 0.698 0.619 0.857 0.857 1.059 207 14
33 0.444 0.508 0.714 0.714 0.838 213 14
34 0.683 0.524 0.651 0.683 0.900 218 14
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< Blasting No. 12 >

Mo Ground vibration velocity (mm/sec) Distance | Weight
i T Vv L PPV PVS (m) (kg)
1 4904 6.490 11.663 11.663 12.567 66 14
2 4.319 7.027 5.490 7.027 7.7180 71 14
3 4.758 4.392 5.319 5.319 6.093 74 14
4 5.148 2.611 3.416 5.148 5.406 79 14
5 3.977 2.220 4.563 4563 5.676 84 14
6 1.620 2.000 4.680 4.680 5.218 88 14
7 2.080 1.570 4.870 4.870 5.063 92 14
8 4197 2.147 3.562 4197 4520 95 14
9 3.320 1.560 3.160 3.320 3.816 100 14
10 2.780 1.480 2.160 2.780 3.472 104 14
11 1.970 2.710 1.680 2710 3.437 108 14
12 1.160 1.980 2.380 2.380 3.133 114 14
13 1.600 1.700 2.110 2.110 2.535 118 14
14 1.840 1.380 1.940 1.940 2.991 125 14
15 1.700 1.250 1.840 1.840 2.473 128 14
16 1.650 1.170 1.050 1.650 2.251 134 14
17 1.080 1.650 1.030 1.650 1.949 137 14
18 1.250 1.590 1.060 1.590 1.908 140 14
19 1.030 1.700 1.400 1.700 1.891 143 14
20 1.320 1.640 0.889 1.640 1.824 148 14
21 1.640 0.921 1.410 1.640 1.789 155 14
22 1.480 1.080 1.100 1.480 1.739 160 14
23 1.270 1.020 1.020 1.270 1.709 164 14
24 1.490 1.270 1.000 1.490 1.670 173 14
25 1.130 0.762 0.968 1.130 1.579 179 14
26 0.984 0.984 1.330 1.330 1.556 182 14
27 0.873 1.330 0.825 1.330 1.452 188 14
28 1.380 1.110 1.110 1.380 1.390 194 14
29 0.619 0.508 1.130 1.130 1.358 196 14
30 0.841 1.020 0.873 1.020 1.277 202 14
31 0.921 1.130 0.714 1.130 1.263 208 14
32 1.100 0.413 0.619 1.100 1.159 212 14
33 0.762 0.730 0.937 0.937 1.077 218 14
34 0.619 0.714 0.730 0.730 0.982 222 14
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< Blasting No. 13 >

Mo Ground vibration velocity (mm/sec) Distance | Weight
i T Vv L PPV PVS (m) (kg)
1 34.819 65.978 50.898 65.978 67.221 23 14
2 24.644 34.770 22.204 34.770 41.007 28 14
3 14.054 32.598 18.739 32.598 33.018 30 14
4 16.397 30.842 15.543 30.842 32.615 35 14
5 9.492 19.764 7.832 19.764 22.7759 42 14
6 6.393 13.469 4978 13.469 14.956 45 14
7 5.050 13.700 8.250 13.700 14.018 50 14
8 3.430 10.300 7.630 10.300 12.828 51 14
9 4.590 5.830 6.430 6.430 8.848 53 14
10 4.320 8.000 6.220 8.000 9.117 55 14
11 2.160 5.970 6.100 6.100 7.7135 65 14
12 4.600 5.940 7.810 7.810 8.013 64 14
13 3.590 2.430 5.180 5.180 5.293 68 14
14 3.560 3.300 3.560 3.560 4.408 73 14
15 3.970 4.650 2.890 4.650 4.822 77 14
16 4.320 1.910 4570 4570 4933 81 14
17 3.160 2.620 2.540 3.160 3.681 36 14
18 2.540 1.910 2.920 2.920 3.116 38 14
19 1.780 1.910 2.540 2.540 3.074 90 14
20 2.410 1.650 2.920 2.920 3.422 95 14
21 2.380 2.680 2.840 2.840 3.977 101 14
22 2.570 1.320 2.730 2.730 3.052 105 14
23 2.940 1.400 1.410 2.940 3.039 109 14
24 2.640 1.080 0.873 2.640 2.801 118 14
25 2.540 2.670 2.000 2.670 3.107 124 14
26 2.460 1.430 1.140 2.460 2.7114 127 14
27 2.600 3.160 1.750 3.160 3.619 133 14
28 1.860 1.460 2.080 2.080 2.231 138 14
29 1.870 2.020 2.030 2.030 3.238 140 14
30 2.640 2.210 2.100 2.640 3.152 148 14
31 2.170 1.510 1.710 2.170 2.374 152 14
32 2.140 1.490 2.020 2.140 2.556 157 14
33 1.920 1.790 1.700 1.920 2.057 163 14
34 1.750 0.937 0.921 1.750 1.827 167 14
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< Blasting No. 14 >

Mo Ground vibration velocity (mm/sec) Distance | Weight
i T Vv L PPV PVS (m) (kg)
1 0.976 2.416 1.293 2.416 2.576 58 6.4
2 1.330 0.667 1.670 1.670 2.150 61 6.4
3 0.921 0.921 1.620 1.620 1.770 64 6.4
4 1.560 0.651 0.683 1.560 1.622 63 6.4
5 1.460 1.510 1.190 1510 2.234 72 6.4
6 1.440 0.619 0.968 1.440 1.705 77 6.4
7 0.635 1.170 1.400 1.400 1.678 81 6.4
8 0.635 0.444 1.380 1.380 1.467 85 6.4
9 1.342 0.805 0.878 1.342 1.749 39 6.4
10 1.080 0.683 1.140 1.140 1.486 93 6.4
11 1.020 1.050 0.873 1.050 1.453 98 6.4
12 1.330 0.683 1.110 1.330 1.342 102 6.4
13 1.240 0.460 0.698 1.240 1.247 105 6.4
14 1.190 0.349 0.762 1.190 1.203 109 6.4
15 0.651 0.508 1.030 1.030 1.192 114 6.4
16 1.030 0.762 0.889 1.030 1.161 117 6.4
17 0.781 0.439 1.025 1.025 1.037 120 6.4
18 0.586 0.659 0.634 0.659 0.929 128 6.4
19 0.429 0.556 0.778 0.778 0.906 131 6.4
20 0.667 0.460 0.556 0.667 0.815 136 6.4
21 0.254 0.635 0.635 0.635 0.898 141 6.4
22 0.492 0.603 0.397 0.603 0.780 145 6.4
23 0.610 0.244 0.512 0.610 0.715 151 6.4
24 0.512 0.415 0.366 0512 0.634 160 6.4
25 0.444 0.397 0.365 0.444 0.642 166 6.4
26 0.254 0.381 0.508 0.508 0.635 172 6.4
27 0.429 0.508 0.508 0.508 0.604 179 6.4
28 0.381 0.254 0.254 0.381 0.475 185 6.4
29 0.381 0.254 0.254 0.381 0.475 189 6.4
30 0.381 0.349 0.349 0.381 0.472 194 6.4
31 0.381 0.254 0.254 0.381 0.402 199 6.4
32 0.127 0.286 0.206 0.286 0.353 204 6.4
33 0.254 0.127 0.127 0.254 0.311 210 6.4
34 0.159 0.191 0.190 0.191 0.197 214 6.4
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< Blasting No. 15 >

Mo Ground vibration velocity (mm/sec) Distance | Weight
i T Vv L PPV PVS (m) (kg)
1 3.928 17.788 4416 17.788 18.348 25 6.4
2 4.343 1.391 2.147 4.343 4.623 31 6.4
3 1.330 3.710 2.710 3.710 4.292 34 6.4
4 1.560 1.490 2.840 2.840 3.160 38 6.4
5 2.680 1.900 1.860 2.680 3.266 45 6.4
6 2.510 0.810 1.480 2510 2.557 48 6.4
7 1.952 1.562 2.440 2.440 3.142 51 6.4
8 2.270 1.250 1.030 2.270 2.320 55 6.4
9 2.160 0.794 1.840 2.160 2.891 59 6.4
10 1.160 1.290 2.020 2.020 2.267 61 6.4
11 2.130 1.020 1.080 2.130 2.151 59 6.4
12 1.380 1.460 1.640 1.640 2.260 70 6.4
13 1.980 0.841 1.370 1.980 2.123 1) 6.4
14 1.586 1.025 1.854 1.854 2.052 30 6.4
15 1.100 1.440 1.460 1.460 1.909 34 6.4
16 1.710 0.794 0.746 1.710 1.830 39 6.4
17 1.300 1.460 0.730 1.460 1.601 91 6.4
18 1.240 1.080 0.714 1.240 1.551 95 6.4
19 1.171 0.683 0.634 1171 1.354 97 6.4
20 1.320 0.476 1.020 1.320 1.340 102 6.4
21 0.635 1.020 0.683 1.020 1.285 109 6.4
22 0.708 0.683 1.171 1.171 1.228 113 6.4
23 0.460 1.130 0.683 1.130 1.211 117 6.4
24 0.444 0.778 0.746 0.778 1.093 126 6.4
25 0.778 0.762 0.762 0.778 1.098 132 6.4
26 0.381 0.381 0.762 0.762 0.889 135 6.4
27 0.381 0.381 0.635 0.635 0.696 141 6.4
28 0.635 0.381 0.381 0.635 0.660 146 6.4
29 0.381 0.635 0.254 0.635 0.648 148 6.4
30 0.254 0.333 0.587 0.587 0.630 154 6.4
31 0.508 0.254 0.254 0.508 0.568 160 6.4
32 0.397 0.444 0.413 0.444 0.536 164 6.4
33 0.381 0.254 0.381 0.381 0.421 170 6.4
34 0.254 0.254 0.254 0.254 0.381 175 6.4
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< Blasting No. 16 >

Mo Ground vibration velocity (mm/sec) Distance | Weight
i T Vv L PPV PVS (m) (kg)
1 1.244 3.050 1.147 3.05 3.219 70 6.4
2 1.620 2.220 0.683 2.220 2.309 5 6.4
3 1.640 1.370 0.778 1.640 2.012 78 6.4
4 1.840 1.290 1.050 1.840 1.993 32 6.4
5 1.780 0.524 0.619 1.780 1.888 35 6.4
6 1.320 1.270 0.587 1.320 1.798 39 6.4
7 1.440 1.210 0.841 1.440 1.669 96 6.4
8 1.440 0.905 0.762 1.440 1.623 99 6.4
9 0.873 1.380 1.020 1.380 1.550 103 6.4
10 1.240 0.730 1.020 1.240 1.577 107 6.4
11 0.732 1.220 0.439 1.22 1.436 112 6.4
12 1.210 0.825 1.020 1.210 1.404 118 6.4
13 1.196 0.781 0.781 1.196 1.481 122 6.4
14 1.020 0.667 1.170 1.170 1.339 129 6.4
15 0.968 1.060 0.968 1.060 1.417 132 6.4
16 0.825 1.060 0.635 1.060 1.159 140 6.4
17 1.020 0.381 0.413 1.020 1.052 140 6.4
18 0.921 0.667 0.794 0.921 1.067 144 6.4
19 0.810 0.841 0.603 0.841 1.113 147 6.4
20 0.794 0.635 0.603 0.794 0.972 151 6.4
21 0.732 0.805 0.610 0.805 0.920 159 6.4
22 0.397 0.540 0.746 0.746 0.844 164 6.4
23 0.830 0.366 0.488 0.830 0.841 168 6.4
24 0.508 0.492 0.254 0.508 0.657 177 6.4
25 0.413 0.429 0.444 0.444 0.580 183 6.4
26 0.365 0.429 0.365 0.429 0.579 186 6.4
27 0.390 0.342 0.342 0.390 0.513 192 6.4
28 0.254 0.381 0.381 0.381 0.442 198 6.4
29 0.206 0.349 0.191 0.349 0.362 200 6.4
30 0.333 0.206 0.302 0.333 0.390 206 6.4
31 0.159 0.333 0.254 0.333 0.335 212 6.4
32 0.254 0.127 0.254 0.254 0.311 216 6.4
33 0.159 0.222 0.191 0.222 0.317 222 6.4
34 0.159 0.222 0.206 0.222 0.310 227 6.4
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