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ABSTRACT

This study suggests three models for the prediction of ground vibration
velocity in the irregularly layered ground of Jeju area: a regression

model, a probabilistic model, and a case based model.

The ground vibration from blasting in Jeju area is attenuated less and
spread farther than in inland due to irregular layers composed of basalt
and clinker layers, which have large pores. In other words, the medium
characteristics of Jeju for the ground vibration differ from those of
inland. However, the identical prediction equation both for Jeju and
inland is used for the ground vibration velocity at a planning stage.
Thus, the ground vibration velocity of the prediction equation is different

from that of actual blasting.

Therefore, it is necessary to develop an equation for the prediction of
ground velocity considering the ground vibration characteristics of Jeju
area. First, a regression model is constructed by using the data mining
technique with the independent variables of ground shear wave velocity,
drilling length, charge per delay, and scaled distance. Then, a
probabilistic model corresponding to the regression model is established

with the Monte Carlo simulation method.

In order to verify their applicabilities, the ground vibration velocities
from the models are compared with those from test blasting. In addition,
a sensitivity analysis on blasting conditions is performed for the
individual test blasting. The applicable range of blasting conditions for

the models is suggested from the sensitivity analysis.
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(a) Bright-Red

(c) Bright-Yellow (d) Dark-Grey

Fig. 1.4 Comparison of Clinker layers shape and color
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Fig. 1.5 Comparison of Clinker Particle Size
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Table 1.1 XRF Results of Clinker

Sample | 4,0, | GO | Fe,0,| K,0 | MyO | MnO | Na,O | P,O, | SiO, | TiO, | LOI | Total

a 159 | 7.72 | 12.3 | 1.32 | 6.23 | 0.17 | 2.68 | 0.64 | 48.4 | 2.45 | 2.04 | 99.8

b 155 | 7.65 | 12.8 | 1.56 | 8.24 | 0.17 | 2.45 | 0.58 | 46.5 | 2.65 | 0.49 | 98.5
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X = Asin(wt) Eq. 2.1
v o= Aowcos(wt) Eq. 2.2
a = —wZAOSin(a)t) Eq. 2.3
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v

Displacement d <§

u=Asin wt ‘ 7/2

) < A T=271/0
Velocity WA

v

v =Aw cos wt
/2

& y

A < J
T=21/w
Acceleration ,
a = -Aw? sin wt v WA

Fig. 2.1 Transformation of Displacement, Velocity and

V —~+

Acceleration in Sine Vibration
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Wave Classification
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S-Wave (Secondary wave, Shear wave)
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(a) Primary wave (b) Shear wave (c) Rayleigh wave

Fig. 2.2 Wave Propagation and Particle Motion (Kang, 2014)
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Fig. 2.3 Vertical Displacement Component of P wave, S wave
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Explosion

Fig. 2.5 Measuring Direction of Ground Vibration
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Heot waste, 1 37 AR ARt WY YAk A5, YA AHAEo] 3 o
B2 mAl & 4 9k,

A =2xf eV

o714, i HT) AEoA 0] A5z},

Eq. 2.7

Table 2.22} Zro] X]Xl-=(Earthquake Vibration)2 A|8HXl1=0of H|s} 1 ZFuotL
7F AF Al&AIREo]l A Aldo] 712 R|FolojA Fu}, Fup, mHIL FE]E] o

Al Fo =2dn AYRlE2 datdo] 540 7t ole A9 b S8

SAl0] wetn, ® nzutel BAR A AL Lo} Ao Hlste] mgo]
A gastth @A ApE Auso] olstd Zmast 2AlolA 4 Hg
HQl AMHEA £2 5A7AZ0 o] Frt AEUAL L st 2

o2 W Yot olo] ANMIEY] FAVIES AELER 28l Yt

Table 2.2 Comparison of Ground Vibration and Earthquake (Ryu, 2014)

Sort Ground vibration Earthquake
insi f cl
Focal depth Ground or inside of close Over under ground 10km
ground

Vibration frequency | Several 10 to several 100Hz 1Hz of below
Vibration duration Within 0.1s Overl0s, minute unit(a big

earthquake)

Vibration waveform Simple Complex




WAl 7B AR} MY SOl whel W E T} s19E )

=
53 WAES & motste] o2 A Z&slolof Ft}. Table 2.3 A|YWHE

Table 2.3 Parameters which Influence Ground Motion (Ryu, 2014)

Influence on ground motion

Parameter Item Moderately

Significant
ignifican signif.

Insignif.

. Delay interval O

Charge weight per delay O

. Explosives type O

. Burden and spacing
Controllable

parameters

mlo|a|w] >

Hole diameter and drilling
angle

Stemming @)

Direction of initiation O

. Charge weight per blasting @)

> [0

. Distance of blast site and
structure

Uncontrollable [B: Geography O

parameters

Soil type and layer depth O

. Rock condition O

CEESARSNR=

Atmospheric condition O

-2 -



2.1.3 AMHAIS 0] o5

AR EE =S o &5t tmsl & 7Hx] Y2 gk 2] HA(Duvall, et al.,
1963; Devine, 1966. Bicholls, et al., 1971. Bollinger, 1971. Ash, 1973;
Archibald, 1976: Dupont, 1980: Konya and Walter, 1990)x} Arokefsl u}Al

=

=
(Langefors, 1978)2 & 4 ot &A= GA2 A< HdFY Ated 2

e BAIRD g4t 2] (Scaled Distance) 7H'E0] 2jgh A|¥HEl-E9] ol 5850
Langeforse] 7fofe#l WAl Zbzro] JFokefilal 7zjete] HAIQl 7o

LI L o

o} FUlHE oS WY F &
A72) Aol o5t AEHIE4 o] o So] AvigtEo] QIrHRyu, 2014).

(Charge Levels) 7i@o] Qs As&=S o5

o

ME(2010)0l 939, Wupise] 27] &, =48-S EAISH: Yol sixjujcy
23H ch2r] o] bl ol 24 ANt YA Bk olHAIR, AR F -
Wel2 7V glol Mgst gy WAL 0]RLI(USBM)OIA WEZ Eq. 2.80]

V=K-—7)" Eq. 2.8

4714, V:AE&% (cm/s)
D : Z2Qo2HE9] 2] (m)

P A A (ke)

o = =
JiES
izl
2}
offt
oz
>

3

N

N

>
a)
S

9l Eq. 280141 712]e} Ae Afekro] wl(D/ W) FHit7]2](Scaled Distance :
SD)2} stal, b=1/20|H A& 2HAEAZ](Square Root Scaled Distance : SRSD),
b=1/30]H A& stAbA2](Cube Root Scaled Distance : CRSD)2} 3ot

0

=23 -



dojzl AtmE2 HEASH] sl Eq. 2.8

o] ©]1, Log-Log Scale £t Alo] X&of SDE Y&of VIS Fgozn 7187
-ngtat AH KE 7= AAdS UEE 2 9led, o] AR Eq. 2.101F &
< IeAdIHEd e gaA o

logV=1ogK—n « log(—) Eq. 2.9

Y, =a+ Bz, +e, (=12 --,n) Eq. 2.10

log(=7) =o, n=b 2 5}, olAlo]

MAAS U E Y=o+ BzS 23 YA XM (Population Regression Line)o]z}
oft], R PAAS BT I YWAste QRHe )Y AudS AR sHA of
ZRAYHE A AAFH(Method of Least Squares)ol2til sttt & Ax|FH o
oA melAmAe] ALl o, Bt K, ng Eq. 2113 2 BAZ SR

A HLFoA log V=Y, logKk= «a,

|~_|

rr

i
o

ole} Ze Wwoz AEY WaIEAFAME AFR 50%7t AERFAlC]
QR0 UojA| 50%= FEAl] ofLr] ¢S Bt &, ML 50%2
THA= AIEERA0] AFEE|olAl: Flolth. Jefut e AR ES Rol7] 9
AL ALzl 95%S HET & t 5. ATE 95%0] LuHEARAIS ArEE
7ol Wastch o5 ¢lsh folA TRl EARMAY] 7187(8)F FLsH
Mol YEH()E ol5AA, Az YRES AMstel 78 4 9tk of ge

=
MBSt WS et 2ot

- 24 -



5%

Eq. 2.12
Eq. 2.13
Eq. 2.14

|

L.

ot

2] o] 95%0|E=2 «

I 4= A
JolIA &= )

5

L

WALZ Eq. 2133 Zo| 7 &

.
R

L=
g §

H

Eq. 2.123 o] Alire

te

[

|

L.

HSE)
O}
2AR AE

|

|

QX
a+t,(n—2)xSE
24

v 1

SE = (\/l
n

Eq. 2.120]1M o

a (95%)
¥ Eq. 2.1400A4 t,(n—2) tEx BOJA AMRE7} n-20]1 Al2]7to] (100-

18450 T2t BrEiat o4 A

o9} 22 of

[$

doz AAGANA AAE dalEs R84 o2t

Ko
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ik

4 9lt,

TERL 20039 29 QWA A7 % AFWILHANEY) S Foto] K-160,

n=-1.62 AMERH A== 75%°] Eq. 2.1565 1At TRSIIH

2

D
V= 160(——=) 1% Eq. 2.15

VW

oo}, 20061 120l ufe] Aletold S wiedo] olst AE e 9
ZEY ANSE ZF R|A oA SRS 2 =2 F3A d A AS AlaRRE 3
sb K=200, n=-1.62 A}gst Al2]= 84%°] Eq. 2.16& “T2 At wAlwto A

A - NB ARl 225t WEstACL,

D _
V= 200(——) % Eq. 2.16

VW

o|lZM, = dmt AXIA FVHHIL e HoRlEo] ot EAS ol &

gdup AA R Al Al 2AS ORI 2EE Bd8go] o] RFOR| =55 Hfeh

& DoiE A" dgol ol AE AAIEJIHI & 4 flon, sig Aol AT
5] W2 A& HolHE A= st doks FolA P FHIAY AR = FA

oheh, olelet HRlEREA S AR HIHEA GAOlA FRo] T2 & Sle
oS ogstr] Het AHolA Atd oz, Ate g FAJo] TAE g oA

WIAES £ 9% AR B0l Foivt Wasi
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X

2.2 HEER Algold 4B

Lee(2007)0] ©JstH, Al=go]Md(Simulation)2 At 20d &<t 7],
Atglafere] zk Fopo]l Al Ufe- ZrHEgt Ao Z(Problem Solving) &2 2JAFAZ]
(Decision Marking)?] 9t oz ApgE o] tHLaw, 1991; Evans, 2002; Kim,
2004; Choo, 2005). Al=gfo]idolst A|ARLS o]sfistal A =& &7

ol WA =2 oleol] Lojd 5 = AR SeHoln kM BHR AR
1

o
L
¥

B2 Adsts BoAd $Y(Kim, 200502, LE /P53 P 1L
7V54S 28 (Probability 402 WAL ORA SRL B HLES
anpsos West BFES U PAIE ¥ 4 b 2PL JpUstel SeiA A

5= 7|&A™ 9AFZ2A(Technique Decision Making)o|2t & 4~ QITHKim, 1992).

1Th

Ag2olds|ol Z1Al, BB Sold BUUSH AHSHL Uk gt o
HEoln A ULAIS si@sted] o syl &upsols] WRolch S5
urgsto] 2E-E/A YO BALS AASHY Fig. 2.69 2ol APEA wo|
A g 2 ov SHRCIN T BEWT A0l FAY 542 2ol 2g
% 9lon R o]g o|gste] 2t Mlziize] I Wet Fu WA 2 Atk

2yey 2EE

B e e e T R RS S R BEES §BRIRAEY FART FRA8 SRR FERS bER4 FR8

[ETre— ana L P R RO PR SR —

Lower Limit Upper Limit Lower Limit Upper Limit

Fig. 2.6 Concept of Probabilistic Analysis (Lee, 2007)

2) & oM+ Lee; 20079} Jins 20149] A+ W& & ARE ¥&sto] Bebstal A5t
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2] goo)gt

Aol A

< o A

g golA it =

|

B

B (Multiple Regression

oA

L oE

Aol A

i=h
LN

o9

e 2

Analysis,

2.2.1.1 9|HE4 A9

__A__l

e

JJJ
%

&

AE 71X
(Independent Variable)e}

o

(Regression Coefficient)2 ZA 5= vlo|th A& Qly}

St

(Dependent Variable)2}al $HHLee,

2001).

B

3

2.2.1.2 &3y ed 7=

],

Yang(2007)0f 2]

ste

SWart gAede] 7o

7t
=

oju

(=)

ol
oju
O

o/
'

‘A

Eq. 2.171} Zct.

TR

oju

Eq. 2.17

By + 01X, + B Xy ++ -+ X, +€

Y =

qr
o
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<t

el
Hr

|

XQ:”’!

A7IM, X,
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224 0jX9] g0, e & AFe2AN FAN FES 7HssHsH] HsHA,

7197 0, BAF o2Q1 AL S w2ty 7 stth(Walpole & Myers, 1985).
Wi §Y WAST 54 We Y WA} Eq. 2173 2ok £1L MRS

g oA g milo] BAFS Jee Atk E, o]F ZotoA Ko &

UAS 7T o] RHEl2 F45 W YE A FO|, 4 59 HLE 2EF B
3 b

ot AP & (Scatter plot)so] 2% AlA FEjS 7HA of &8 7H5SH Ao|oth
2.2.1.3 &3 HEA

7t. | E&3} A4~ (Unstandardized coefficient)

e oA 2F slHAISE SIAY O Zast o SH¥SRTE SAEUAT
+ Ag AAstaL siAsor sttt o] H L oA dojX]= SJHLF A
(8] EFSHA 4 Unstandardized coefficient, B)= U0A] SQdHL;ES EXcH
Heg VPANAS U o =HHRI FEH0 URl= 4%t A & 55
71 dopy "gksheAlE UEAL ol A oEEHeEe] AR EAl
(Statistical Control)7|s0l2tal gt} o] Fofl shfel E5Y¥iao] 1 RITFS
CESUAL & o, 1 99] |AE Ast Wk SY¥LT TRl 13T
I F&Hp0 UR]= W] Aeg ¢ #YEd 2 AJoHKim, 2006).

L. B4 (Standardized coefficient)

AR SPHLY s 12 MAlst Qe vlaEsHsE ARESHY
FEolAlt). SHA|SE Bl BESAI = 2 SRS ST dFE 2] gz
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DL A2 e SYALE o) YN THEES HEF Ut AFgo] AEslA

OThKim, 2007). o|2igt Aol ©@elel RES FUAL Mo JFY 37

I
ih
ox
i
>

(Coefficient of Determination)

Kim(2006)0f] 29]stH, sAZoA= FF2HA0l u] Q=X TH35I7] 5t
AR A 5(Coefficient of Determination)s AF&stc;. AAASE (R square)zhil
pen] SYUsTL F5ULS HYSE Msetn 2 4 Uk AFALE AP

e Eq. 2.187 2T}

rlr

p2 _ SSR _ SST-SSE _ | SSE

SST SST SST Eq. 2.18
o714, R® = ARAS

SSE = 3| HA 7123 QANIES

#
SSR = BAM o2 Hud IANEY

ih
oX
-
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r|r
ne,
rc
12
|o
hu
o

IA
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o
of
19
N
mjo
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)
rin
in)
A
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Eq. 2.199} &t

Eq. 2.19

)
(n—k—1)

k(1—

_ R2_

2

<F

%0
w

%0

<F

7

oA7NA, R, =

<F
170

T

R® =

<

—_—

37t skl o

A7 7

A

8704 o}
(Variance Inflation Factor: VIF)

ct.

o

|

H o

A

st X471 "ok VIFZEo] 19

o ttEsd7dol o

Pl o

5}

5712g o)

g

tHYang, 2007).

Al4~(VIF: variance inflation

A+E Eq. 2.20%

Pt jHx o Al gol o

SEE

=
=

factor)

Eq. 2.20
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Fig. 2.7 Basic Concept of Simulation Method (Lee, 2007)
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2.2.3 ZHZ=Z Algdold

rlo
ok
i1ad
=
")
uju
L
H
ol
o
rlr
1
i
e

=HZ=2 Alsglo]Ad(Monte Carlo Simulation)
I (Probabilistic Distribution)2 g Qoj”d oz RES &5t HAHS & &
A A SOl B 4 dE A

S5 £A8 Pue Agdold Rz olgste sldold. 5, B
iAol CAARS BHoz sbset sjo] WS A7 AR o
Aot 8EA S48 M by sto] BEWL0 ke PER LE

+ uviilo|th(Baek, 1997).

2ERE Algeolde 24t AAHYA YABEAL U FYALde] A AHE
° o deid ou AR AR, BN, BA o)F, Ay B4 5

CHFsh S-&7ofolA de] AFRE 1 QltHKang, 2004).

2005), Algeloldor mule FAststs] siAe we At u] o]
o ola eAEe sjdst] sl b -
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Fig. 2.8 Validation Criteria (Lee, 2007)
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FHxo 2

SEHLTE Flok= ol A 4 QAS A2 AL Qe oAy
sFEH LT Foh= o] £3hel A4 (Continuous) &

, Table 2.40] A 2]35}9ct.

Table 2.4 Types of Probability Distributions (Lee, 2007)

Division | Discrete probability distribution |Continuous Probabilistic Distribution
2ol 7to] w|Gi& Aol Zro| st
Hyg o i]-% WA 7} /\]—Z\]Oﬂ 7<7]_ —:r‘_%'}g Eﬁ—/;\‘ %/\P /\]'_O]Oﬂ %—Z_} Z_HIO]
Concept ; Oy] T}_ﬂis}xf—_g} ow\ AN K] E”'Ej'] E“?_]:él T‘T_KHE}D:L _/;\—6—];8! OE E—%%
® Pl = e T T B2 A4 Jgjmnoog uehd
Jm=nofoz e
SojgeE HTEE
Tvpes g5 5 1 (Probabilistic Distribution) | - &% & (Probabilistic Density)
o0 | gEm)EarDr) - 218 Y £ &%(PDF)
Terms (Probabilistic Distribution Function)| (Probabilistic Density Function)
- =R B 154~ (CDF) - A & 3~ (CDF)
(Cumulative Distribution Function) | (Cumulative Density Function)
.4y FEBg AJERL, 27 &
o|MY TdewE, O|FFE, ZEOLE ﬁ‘ﬂi ArEE, HEREx, JokE
Kinds Bx X7|sHEE, 7|5tEZ, 20| , Stol2Rm x|ABR IE
23 AAPH BE 5 5 exAfym, ARdE im
HAERE 5
7t A2 (Normal Distribution)
- 7N AdeEe 1Q A 5 AIdEAE AWs &= 220]7] gl &E0]
= peid Mg 0% 2xe 2mayol & 2ol Ol YES s
o, QU PEEY} REAFELE Lprojict,
c 27 ARRme A JtA 27e thea .
- BEUR W4 S WeaEo] by ACHEEY B
- 2EAS Wao] glo] WRuch 2 ABY AL HAEo| LoHFRS FHo=
¢ AR ®).
- W@ 2ol go] AT ol WRolA Tel "ol 9t o) wAsE
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Normal Distribution

Probahility
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<Normal Distribution>
L. A7t B3 (Triangular Distribution)
- 718 - AR AN A4S ot FSE AYste vEE Y Aledold

oA ALF BEIR oF R8I AFSSIE REZ B YA 9

C &7 A B A JMA £ et 2t

- F|tgtol 1AElof ot

- Alagho] e ot
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Triangular Distribution
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T3 (Log-normal Distribution)
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Uniform Distribution
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2.2.3.8 LFHQ ANt AH

ST EPE7 ZAEH, 2 FHo| O 7|22 0Z 7Pdstl Ba3ClE)E
AR Eedl, %A AR FERTEYL RATe] S42 & UEin Qe
Al Agre AX(Goodness of Fit Tests)E AlA|stojof sttHMun, 2005: Kim,

2002).

1) x> A& (Chi-square Test)
2) K-S ZAA(Kolmogorov-Smirnov Test)
3) A-D ZAA(Anderson-Darling Test) So| 9)C}.

APRo 471 308ch 2u olAbEel Bmel Fe xf HHol BEAVF Aw A%
w39 42 K-S @Ao]l A(Mun, 2005; Kim, 2002)stctil da2{A Qont, A
7V gol ALgat: wWHe A-D FRolth MEE AR AHARe

2
TR UX|(H)dRs dAshke wHor A-D FAFo] 1.5080 Aow
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Bl Mg AYL st 150l Yol T ANES WA L 4 Uk,
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Table 3.1 Obtained Blasting Data

Site Test Blast Times | Test Blast No. Event Data
1 8 58
1 3 2 8 64
3 8 55
4 6 47
5 4 30
2 4
6 5 44
7 6 54
8 8 70
3 2
9 8 40
Total 9 6l 462
3.2 ALO]E.

3.2.1 XA U xut EX

NG} 38 o] RojAl AfOE. 1 AL AESEAAE NALA| iR o
dolu, slyrerel SAL moksh] s ATALAUATY KDY BA| AOA
ABote APIES 2QIgt AT} Fig. 3.29 2ol $7] SIEEAY] slateel Yol

=T A T Qwtb) o= A it

I

r&"

Foluj =T FAH(Qwtb)> 2 x| AejAiojn], o] fM2 dubxioz AW
HEE2Aoz 7]5o] dREo el tiE> 24 AgE
3 mm Z7]9] ZgFAo] 10 o] THA 0 5~107) F &= #F2st= S40]
ot} B8HA RA S 0,7} 47.5~49.90wt%, Na,0= 2.76~3.75ut%, K,0=
1.07~2.01wt%2] Q0|1 NayO+K,0= 4.07~5.76wt%2] oo slekstcl(Park
et al., 2000a). Si0,°t Na,O+K,0°] Z’d8]|Z o]&35t shitets Bewo] TASE
(Total Alkali-Silica diagram: Le Maitre, 1984)0] TA|st ZAi}= Fig. 3.39} &
o] @Rotx] FHERIo T LEEgTY
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Table 3.2 Experimental Conditions of Test Blast No.l, 2, 3

Description Unit | TYPE I | TYPE I | TYPE IV | TYPE V
Drilling length m 2.0 2.7 3.4 4.5
Burden m 0.7 1.0 1.6 1.8
Spacing m 0.8 1.2 1.9 2.1
Drilled hole diameter mm 50 50 76 76
Charge per hole kg 0.25 0.96 3.0 5.0
Charge per delay kg 0.25 0.96 3.0 5.0
Explosive diameter mm 25 32 50 50
Explosive - Emulsion
Holes - 6,10 | 610 | 610 | 6 10

AlFHIts Fig. 359 o] FAEGon, SE ASS st 117]9] A%
J17 ARIER AlgEn EhogvE 7t AS7|7tK|] o] AAel= TB. 19] %
L E|A 50mojlA] Z|t§ 580meo]|il TB. 29] 4L Z]A 50mo)A Z|f 800mo|H,
TB. 39] 4% Z|A 40moA 2o 1,000mo]ct.

Aol e7tse Eutlee] dFaclel AiEdS 2elsty] sl AlgEnt

ASERALB UM 2 BE] A STHE(Section A-A)S AlFEm A]o] jm A

rok
et
15

o\)i'

Fo2 Mgt ANEHS PESIUTE ASFYE BH-304E B50 AE

4%
ro

-

AtZtEo0] 2.6mE o2y o]E HEQ 24m(TCR: 83%, RQD: 80%), AY
1.0m(TCR: 55%, RQD: 20%)7} @A&jo 91 2#H=E 1.4m, A 1.0m(TCR:
90%., RQD: 30%) ol% ThA] 2750 3.0m PHEL o|F AA(TCR: 83%,
RQD: 60%)0.2 @Aelo] 9t AZFAE B-21e MEADY 24m, AZLE
Llm o]% o] 3.0m AAHE 0% 2AAE 1.0m, A% 05m P4 o|% of
Al 2271 50] 5.0mol4 ZA @iElo] Qirk. 1eln AEFAE BH-1& AlEA
OIX}ZA=o0] 0.8m=z YA FAdEo] 91 HY 4.1m(TCR: 83%, RQD: 75%) o]=
ZHAHZS 1.6m, L 1.4m(TCR: 85%, RQD: 60%) & Y EOKTCR: 90%, RQD:
g5%)0] WAElol iy, AuHoR RE AZFoN 2A7E0] Ao Al
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Fig. 3.6 Relationship between Distance and Velocities (PPV & PVS) (Test Blast No.l)

Table 3.3 Prediction Equation of Ground Vibration for Peak Particle Velocity(PPV) and Peak
Vector Sum(PVS) (Test Blast No.1)

Peak Particle Velocity(PPV, cm/s)

SD Method Reliability Predictive Equation R S.E

Square root 50% V=11.70(5D)” %
0.81 0.24

95% V'=29.09(5D)” "%

Cube root 50% V=32.42 (SD)f 1.11
0.84 0.22

95% V="75.70(SD)" !

Peak Vector Sum(PVS, cm/s)

Square root 50% V=11.93(SD)”
0.80 0.24

95% V=29.62(SD)” "

Cube root 50% V=33.39(sD) 1
0.84 0.22

95% V="77.05(SD) """
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Fig. 3.7 Prediction Equations of SRSD Vibration Velocities on PPV and PVS (Test Blast

No.1)
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Table 3.4 The Influence of Charge per Delay on the PPV (Test Blast No.l)

nglrﬁk‘;r 0.5 1.6 5.0 15.0

Dis(t;;‘ce SRSD | CRSD (C/R;R) SRSD | CRSD (C%:R) SRSD | CRSD (Czim SRSD | CRSD (C%ER’
5 472 | 9.81 | 1080 8.10 | 1500 | 86.2 | 13.76 | 23.01 | 67.1 | 22.94 | 34.54 | 50.6
10 2.48 | 455 | 83.6 | 425 | 6.99 | 64.4 | 7.22 | 10.66 | 47.5 | 12.04 | 16.00 | 32.9
20 130 | 211 | 62.1 | 2.23 | 3.24 | 45.1 | 3.79 | 4.94 | 30.2 | 6.32 | 7.41 | 17.3
40 068 | 098 | 43.1 | 1.17 | 1.50 | 28.1 | 1.99 | 2.29 | 15.0 | 3.32 | 3.44 | 36
60 047 | 062 | 33.0 | 080 | 096 | 19.1 | 1.36 | 146 | 6.9 | 2.28 | 2.19 | -3.7
80 0.36 | 0.45 | 26.3 | 061 | 070 | 13.1 | 1.04 | 1.06 | 1.5 | 1.74 | 1.59 | -8.6
100 0.29 | 0.35 | 21.3 | 050 | 0.54 | 86 | 0.85 | 0.83 | -2.5 | 1.41 | 1.24 | -12.2
120 025 | 029 | 17.4 | 042 | 044 | 51 | 072 | 068 | -5.7 | 1.19 | 1.01 | -15.0
140 021 | 024 | 142 | 037 | 037 | 22 | 062 | 057 | -83 | 1.03 | 0.86 | -17.3
160 0.19 | 021 | 115 | 032 | 0.32 | -0.2 | 0.55 | 0.49 | -10.4 | 0.91 | 0.74 | -19.3
180 017 | 0.18 | 9.1 | 029 | 0.28 | -2.3 | 0.49 | 0.43 | -12.3| 0.82 | 0.65 | -21.0
200 0.5 | 0.16 | 7.1 | 026 | 0.25 | -4.1 | 0.45 | 0.38 | -14.0 | 0.74 | 0.58 | -22.5
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Table 3.5 The Influence of Charge per Delay

on the PVS (Test Blast No.l)

Cg:‘;gy‘zkz‘;r 0.5 1.6 5.0 15.0

Dis(t;’l’)‘ce SRSD | CRSD (C/R;lim SRSD | CRSD (C%ER) SRSD | CRSD (CZER) SRSD | CRSD (CZER)
5 499 | 10.17 [ 103.7 | 8.48 | 1559 | 83.8 | 14.24 | 23.67 | 66.2 | 23.48 | 35.41 | 50.8
10 2.66 | 4.75 | 78.6 | 451 | 7.27 | 61.1 | 7.58 | 11.04 | 45.7 | 12.49 | 1652 | 32.2
20 141 | 221 | 565 | 2.40 | 339 | 412 | 403 | 515 | 27.7 | 6.65 | 7.71 | 15.9
40 0.75 | 1.03 | 37.2 | 128 | 1.58 | 23.8 | 2.15 | 2.40 | 12.0 | 354 | 3.60 | 16
60 0.52 | 0.66 | 27.0 | 0.88 | 1.01 | 146 | 148 | 154 | 3.7 | 2.45 | 2.30 | -5.9
80 0.40 | 0.48 | 203 | 0.68 | 0.74 | 85 | 1.14 | 1.12 | -1.9 | 1.88 | 1.68 | -10.9
100 033 | 038 | 153 | 056 | 0.58 | 40 | 093 | 0.88 | -5.9 | 1.54 | 1.31 | -14.6
120 028 | 031 | 11.4 | 047 | 047 | 05 | 079 | 0.72 | -9.1 | 1.30 | 1.07 | -17.5
140 024 | 026 | 82 | 041 | 040 | -2.4 | 0.69 | 0.61 |-11.8| 1.13 | 0.91 | -19.9
160 021 | 022 | 54 | 036 | 034 | -49 | 061 | 052 | -140| 1.00 | 0.78 | -21.9
180 019 | 020 | 31 | 033 | 030 | -7.0 | 0.55 | 0.46 | -15.9 | 0.90 | 0.69 | -23.6
200 017 | 018 | 1.1 | 030 | 027 | -8.8 | 0.50 | 0.41 |-17.5| 0.82 | 0.61 | -25.2

1000

Predicted Velocity(cm/sec)

Distance(m)

(a) PPV

Predicted Velocity(cm/sec)

1000

Distance(m)

(b) PVS

Fig. 3.10 Relationship between predicted Ground Vibration Velocity and Distance by Charge
per Delay (Test Blast No.1)
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Table 3.6 Prediction Equation of Ground Vibration for Peak Particle Velocity(PPV) and Peak
Vector Sum(PVS) (Test Blast No.2)

Peak Particle Velocity(PPV, cm/s)

SD method Reliability Predictive Equation R SE

Square root 50% V= 230.30(51))71.55
0.96 0.15

95% V=401.10(sD)" "

Cube root 50% V=476.82(SD) " 7
0.96 0.14

95% V=2813.39(SD)” %"

Peak Vector Sum(PVS, cm/s)

Square root 50% V= 255‘00(513)71.55
0.96 0.15

95% V= 444.44(8SD) "5

Cube root 50% V=516.79(SD)” %
0.96 0.15

95% V'=2897.05(SD)~ 1%
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Fig. 3.16 Relationship between Distances and Velocities (PPV & PVS) (Test Blast No.2)
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Fig. 3.17 Prediction Equations of SRSD Vibration Velocities on PPV and PVS (Test Blast
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Table 3.7 The Influence of Charge per Delay on the PPV (Test Blast No.2)
Cg:;ie(kz‘;r 0.5 1.6 5.0 15.0
Dis(tlfl’)‘ce srsD | crsD | I srsp | crsp TS0 srsp | crsp T30 srsp | crsp [0

5 19.34 | 37.62 | 94.5 | 47.65 | 71.89 | 50.9 |115.23|135.55| 17.6 [269.97|249.87( -7.4
10 6.61 | 11.82 | 79.0 | 16.27 | 22.59 | 38.8 | 39.35 | 42.60 | 8.3 | 92.20 | 78.52 | -14.8
20 2.26 | 3.72 | 64.7 | 556 | 7.10 | 27.7 | 13.44 | 13.39 | -0.4 | 31.49 | 24.68 | -21.6
40 0.77 1.17 | 51.5 1.90 | 2.23 17.6 | 459 | 4.21 -8.3 | 10.75 | 7.75 | -27.9
60 0.41 0.59 44.3 1.01 1.13 12.0 2.45 2.14 | -12.7 | 5.74 3.94 | -31.3
80 0.26 | 0.37 | 39.4 | 0.65 | 0.70 8.2 1.57 1.32 | -15.7 | 3.67 | 2.44 | -33.6
100 0.19 | 0.25 | 358 | 0.46 | 0.48 5.3 1.11 | 091 | -179 | 2.60 | 1.68 | -35.4
120 0.14 | 0.19 32.8 | 0.35 | 0.36 3.0 0.84 | 0.67 | -19.7 | 1.96 1.24 | -36.8
140 0.11 0.14 | 30.4 | 0.27 | 0.28 1.1 0.66 | 0.52 | -21.1 | 1.54 | 0.96 | -38.0
160 0.09 | 0.12 | 28.3 | 0.22 | 0.22 -0.5 | 0.54 | 042 | -22.4| 1.25 | 0.77 | -38.9
180 0.07 | 0.09 | 26,5 | 0.18 | 0.18 -1.9 | 045 | 0.34 | -23.5| 1.04 | 0.63 | -39.8
200 0.06 | 0.08 | 249 | 0.16 | 0.15 -3.1 0.38 | 0.29 | -244 | 0.89 | 0.53 [ -40.6

Table 3.8 The Influence of Charge per Delay on the PVS (Test Blast No.2)

Cld‘:;i‘?k‘;r 0.5 1.6 5.0 15.0

Dis(t;’;‘ce sksp | crsD (‘I3 srsp | crsp (F50) srsp | crsp I50) srsp | crsp IS0

5 21.43 | 42.26 | 97.2 | 52.80 | 80.44 | 52.4 |127.68|151.11| 18.4 [299.14|277.52| -7.2
10 7.32 | 13.37 | 82.7 | 18.03 | 25.45 | 41.2 | 43.60 | 47.82 | 9.7 |102.16| 87.82 | -14.0
20 2.50 | 423 | 69.3 | 6.16 | 8.05 | 30.8 | 14.89 | 15.13 1.6 |34.89|27.79 | -20.3
40 0.85 1.34 | 56.9 | 2.10 | 255 | 21.2 | 5.09 | 4.79 -58 | 11.91 | 8.79 | -26.2
60 0.46 | 0.68 50.0 1.12 1.30 159 | 2.71 2.44 | -10.0 | 6.36 | 4.49 | -29.4
80 0.29 | 0.42 | 453 | 0.72 | 0.81 12.3 1.74 1.52 | -12.8 | 4.07 | 2.78 | -31.6
100 0.21 0.29 | 41.8 | 0.51 0.56 9.6 1.23 1.05 | -14.9 | 2.88 1.92 | -33.3
120 0.16 | 0.22 39.0 | 0.38 | 0.41 7.4 0.93 | 0.77 | -16.6 | 2.17 1.42 | -34.6
140 0.12 | 0.17 36.7 | 0.30 | 0.32 5.6 0.73 | 0.60 | -18.0 | 1.71 1.10 | -35.7
160 0.10 | 0.13 | 34.7 | 0.25 | 0.26 4.1 0.59 | 048 | -19.2 | 1.39 | 0.88 | -36.6
180 0.08 | 0.11 32.9 | 0.20 | 0.21 2.7 0.49 | 0.39 | -20.2 | 1.16 | 0.72 | -37.5
200 0.07 | 0.09 31.4 | 0.17 | 0.18 1.5 0.42 | 0.33 | -21.1 | 0.98 | 0.61 [ -38.2
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Fig. 3.20 Relationship between predicted Ground Vibration Velocity and Distance by Charge
per Delay (Test Blast No.2)
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Table 3.9 Prediction Equation of Ground Vibration for Peak Particle Velocity(PPV) and Peak
Vector Sum(PVS) (Test Blast No.3)

Peak Particle Velocity(PPV, cm/s)

SD method Reliability Predictive Equation R S.E

Square root 50% V=.83.49(SD)" 1.35
0.98 0.12

95% V'=129.34(SD)" "

Cube root 50% V=121.23(SD) 4
0.96 0.14

95% V'=209.92(5D)” "

Peak Vector Sum(PVS, cm/s)

Square root 50% V=114.96(SD)~ 1.40
0.98 0.11

95% V= 174.56(SD)” "

Cube root 50% V= 172_12(519)71.45
0.97 0.14

95% V=289.47(SD)”"*
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Table 3.10 The Influence of Charge per Delay on the PPV (Test Blast No.3)

Cg:;i‘zk‘;r 0.5 1.6 5.0 15.0

D is(t;;‘ce SRSD | CRSD (C/R;ER) SRSD | CRSD (CZER) SRSD | CRSD (CZER) SRSD | CRSD (C%:R)
5 81.01 | 151.90| 87.5 |177.63|261.40| 47.2 |383.29]444.87| 16.1 |804.61|742.84] -7.7
10 9.22 | 15.96 | 73.0 | 2023 | 27.46 | 35.8 | 43.64 | 46.74 | 7.1 |91.62 | 78.04 | -14.8
20 362 | 6.05 | 67.1 | 7.93 | 10.41 | 31.2 | 17.12 | 17.71 | 3.4 |35.94 | 29.57 | -17.7
40 142 | 2.29 | 61.4 | 3.11 | 3.94 | 267 | 6.72 | 671 | -0.1 | 14.10 | 11.21 | -20.5
60 0.56 | 0.87 | 559 | 122 | 1.49 | 22.4 | 2.63 | 254 | -3.5 | 553 | 4.25 | -23.2
80 032 | 049 | 52.8 | 0.71 | 0.85 | 19.9 | 1.52 | 1.44 | -5.4 | 3.20 | 2.41 | -24.8
100 | 022|033 | 506|048 | 057 | 182 | 1.03 | 096 | -6.8 | 2.17 | 1.61 | -25.8
120 | 016 | 024 | 49.0 | 035 | 0.41 | 169 | 076 | 0.71 | -7.8 | 1.61 | 1.18 | -26.7
140 | 013 | 019 | 47.6 | 028 | 0.32 | 158 | 0.60 | 0.55 | -8.6 | 1.26 | 0.91 | -27.3
160 | 010 | 015 | 465 | 0.23 | 0.26 | 14.9 | 049 | 0.44 | -9.3 | 1.02 | 0.74 | -27.9
180 | 009 | 012 | 455 | 0.19 | 0.21 | 142 | 0.41 | 037 | -9.9 | 0.85 | 0.61 | -28.4
200 | 007 | 0.11 | 446 | 0.16 | 0.18 | 135 | 0.35 | 0.31 | -10.5 | 0.73 | 0.52 | -28.8
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Table 3.11 The Influence of Charge per Delay on the PVS (Test Blast No.3)

Cg:‘;gy‘zkz‘;r 0.5 1.6 5.0 15.0

Dis(t;’l’)‘ce SRSD | CRSD (C/R;lim SRSD | CRSD (C%ER) SRSD | CRSD (CZER) SRSD | CRSD (CZER)
5 11.29 | 20.07 | 77.8 | 25.48 | 35.22 | 38.2 | 56.58 | 61.08 | 8.0 |122.08]103.88] -14.9
10 428 | 7.35 | 717 | 9.66 | 12.89 | 335 | 21.44 | 22.36 | 4.3 | 46.26 | 38.02 | -17.8
20 162 | 269 | 659 | 3.66 | 472 | 289 | 8.12 | 8.18 | 0.7 |17.53 | 13.92 | -20.6
40 061 | 098 | 60.2 | 139 | 1.73 | 245 | 3.08 | 3.00 | -2.7 | 6.64 | 5.09 | -23.3
60 0.35 | 0.55 | 57.0 | 0.79 | 0.96 | 22.0 | 1.75 | 1.66 | -4.7 | 3.77 | 2.83 | -24.8
80 0.23 | 0.36 | 54.8 | 053 | 0.63 | 203 | 1.17 | 1.10 | -6.0 | 2.52 | 1.86 | -25.9
100 0.17 | 0.26 | 53.1 | 0.38 | 0.46 | 19.0 | 0.85 | 0.79 | -7.1 | 1.84 | 1.35 | -26.7
120 0.13 | 020 | 51.7 | 030 | 0.35 | 17.9 | 0.66 | 0.61 | -7.9 | 1.43 | 1.04 | -27.4
140 0.11 | 0.16 | 50.5 | 024 | 0.28 | 17.0 | 0.53 | 0.49 | -86 | 1.15 | 0.83 | -28.0
160 0.09 | 0.13 | 49.5 | 020 | 0.23 | 162 | 0.44 | 040 | -9.2 | 0.95 | 0.68 | -28.4
180 0.07 | 0.11 | 486 | 017 | 020 | 155 | 037 | 0.34 | -9.7 | 0.81 | 0.58 | -28.9
200 0.06 | 0.10 | 47.9 | 0.15 | 0.17 | 149 | 032 | 029 | -10.2 | 0.70 | 0.49 | -29.2

1000
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(a) PPV

1
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0000
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(b) PVS

)

Fig. 3.30 Relationship between predicted Ground Vibration Velocity and Distance by Charge
per Delay (Test Blast No.3)
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Holof sigstch(Park et al., 2000a).
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7b ATt No.4

APt AfRRSAolt, F7uASAolT AubtnS K831 o
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Table 3.12 Experimental Condition of Test Blast No.4

Description Unit TYPE I TYPE IV TYPE V
Drilling length m 2.7 3.4 3.4
Burden m 1.0 1.6 1.6
Spacing m 1.2 1.9 1.9
Drilled hole diameter mm 50 50 76
Charge per hole kg 1.00 3.0 3.0
Charge per delay kg 1.00 3.0 6.0
Explosive diameter mm 25 32 50
Explosive - Emulsion
Holes - 6, 10 6, 10 6, 10

Algetat= Fig. 3.383 Zro] AL on, woikls AES ¢sto] zHzh 97]9]
AE717F AREQ1 A|gddnt ZQogBE ZF ASV|HK9 o]A

31.7mojlA Z|tf 525mo|ct.

Aloj&7hser Happlso] GFaclel ARAS eelsty] s AlgdEn d9
AREEATH UM 228 XA SHHE(Section B-B)S AIFEm A9 tir A5
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Table 3.13 Experimental Condition of Test Blast No.5

Description Unit TYPE 1 TYPE I TYPE IV
Drilling length m 1.5 2.7 3.4
Burden m 0.7 1.0 1.6
Spacing m 0.7 1.2 1.9
Drilled hole diameter mm 50 50 76
Charge per hole kg 0.25 1.00 4.00 3.00
Charge per delay kg 0.25 1.00 4.00 3.00
Explosive diameter mm 25 32 50
Explosive - Emulsion
Holes - 7 10 8 8
Test Blast{4 times)
C __1 :63 C
NBH-2
— NBH—1
By Test blast 170 Tm
# Boring hole ittt 1700
® Measuring 1 ;}g —"
o : 4 160.0
EL.155.3m =
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93] .-
2T 24
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Fig. 3.39 Geological Profile(C-C") and Composition of Test Blast No.5
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Table 3.14 Experimental Condition of Test Blast No.6

Description Unit TYPE 1 TYPE II TYPE IV
Drilling length m 1.5 2.7 3.4
Burden m 0.7 1.0 1.6
Spacing m 0.7 1.2 1.9
Drilled hole diameter mm 50 50 76
Charge per hole kg 0.25 1.00 4.50 | 4.00 | 3.00
Charge per delay kg 0.25 1.00 4.50 | 4.00 | 3.00
Explosive diameter mm 25 32 50
Explosive - Emulsion
Holes - 7 8 8 8 8
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Table 3.15 Experimental Condition of Test Blast No.7

Description Unit TYPE 1 TYPE I TYPE IV
Drilling length m 1.5 2.7 3.4
Burden m 0.7 1.0 1.6
Spacing m 0.7 1.2 1.9
Drilled hole diameter mm 50 50 76
Charge per hole kg 0.25 1.00 4.00 | 8.00 | 8.00 | 8.00
Charge per delay kg 0.25 1.00 4.00 | 8.00 | 8.00 | 8.00
Explosive diameter mm 25 32 50
Explosive - Emulsion
Holes - 8 8 8 8 8
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Fig. 3.42 Relationship between Distances and Velocities (PPV & PVS) (Test Blast No.4)

Table 3.16 Prediction Equation of Ground Vibration for Peak Particle Velocity(PPV) and Peak
Vector Sum(PVS) (Test Blast No.4)

Peak Particle Velocity(PPV, cm/s)

SD method Reliability Predictive Equation R S.E

Square root 50% V=152.09(SD)"
0.96 0.15

95% V=271.73(5D)" "

Cube root 50% V=273.52(SD) "%
0.97 0.14

95% V= 469.45(5D)” %

Peak Vector Sum(PVS, cm/s)

Square root 50% V=1220.21(SD)” ¢4
0.93 0.21

95% V'=488.23(SD)~ !

Cube root 50% V=1406.92(SD)" ™
0.93 0.21

95% V'=913.92(SD)" "™
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Table 3.17 The Influence of Charge per Delay on the PPV (Test Blast No.4)

Cg:;gye(k‘;‘;r 0.5 1.6 5.0 15.0

Dis(t;’)‘ce SRSD | CRSD (C/Réim SRSD | CRSD (C‘/‘;{R) SRSD | CRSD (C/R;ER) SRSD | CRSD ‘C*};{R’
5 12.12 | 22.12 | 82.5 | 3055 | 42.10 | 37.8 | 75.50 | 79.08 | 4.6 |181.04]145.23] -19.8
10 403 | 700 | 73.9 | 10.15 | 13.32 | 31.3 | 25.11 | 25.02 | -0.3 | 60.14 | 45.96 | -23.6
20 134 | 221 | 656 | 337 | 422 | 250 | 834 | 7.92 | -5.1 | 19.98 | 14.54 | -27.2
40 044 | 070 | 57.8 | 112 | 1.33 | 19.1 | 2.77 | 251 | -9.6 | 6.64 | 4.60 | -30.6
60 0.23 | 036 | 53.4 | 059 | 0.68 | 15.8 | 1.45 | 1.28 | -12.1 | 3.48 | 2.35 | -32.6
80 0.15 | 022 | 503 | 037 | 0.42 | 135 | 0.92 | 0.79 | -13.8 | 2.20 | 1.46 | -33.9
100 0.10 | 0.15 | 48.0 | 026 | 0.29 | 11.7 | 0.65 | 0.55 | -15.2 | 1.55 | 1.01 | -35.0
120 0.08 | 0.11 | 46.1 | 020 | 0.22 | 103 | 0.48 | 0.40 | -16.2 | 1.16 | 0.74 | -35.8
140 0.06 | 0.09 | 445 | 015 | 0.17 | 9.1 | 038 | 0.31 |-17.1| 091 | 0.58 | -36.5
160 0.05 | 007 | 432 | 012 | 0.13 | 81 | 031 | 0.25 | -17.9 | 0.73 | 0.46 | -37.1
180 0.04 | 0.06 | 42.0 | 010 | 0.11 | 7.2 | 0.25 | 0.21 | -18.6 | 0.61 | 0.38 | -37.6
200 0.03 | 0.05 | 41.0 | 0.09 | 0.09 | 6.4 | 0.21 | 0.17 | -19.2 | 0.51 | 0.32 | -38.0
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Table 3.18 The Influence of Charge per Delay on the PVS (Test Blast No.4)

Cg:‘;gy‘zkz‘;r 0.5 1.6 5.0 15.0

Dis(t;’l’)‘ce SRSD | CRSD (C/R;lim SRSD | CRSD (C%ER) SRSD | CRSD (CZER) SRSD | CRSD (CZER)
5 19.75 | 38.56 | 95.3 | 51.25 | 75.11 | 46.6 |130.46]144.35| 10.6 [321.15]271.00] -15.6
10 6.34 | 11.70 | 84.7 | 16.44 | 22.80 | 38.7 | 41.86 | 43.82 | 4.7 |103.04|82.26 | -20.2
20 2.03 | 355 | 748 | 528 | 6.92 | 31.2 | 13.43 | 13.30 | -1.0 | 33.06 | 24.97 | -24.5
40 0.65 | 1.08 | 653 | 1.69 | 2.10 | 24.1 | 431 | 404 | -6.3 | 1061 | 7.58 | -28.5
60 034 | 0.54 | 60.1 | 0.87 | 1.05 | 20.1 | 2.22 | 2.01 | -9.3 | 5.46 | 3.77 | -30.8
80 021 | 0.33 | 56.4 | 054 | 0.64 | 17.4 | 1.38 | 1.23 | -11.4 | 3.40 | 2.30 | -32.4
100 0.5 | 0.22 | 53.7 | 038 | 0.43 | 153 | 0.96 | 0.83 | -12.9 | 2.36 | 1.57 | -33.6
120 0.11 | 0.16 | 51.4 | 028 | 0.32 | 137 | 0.71 | 0.61 |-14.2 | 1.75 | 1.15 | -34.6
140 0.08 | 0.13 | 49.6 | 022 | 024 | 123 | 0.55 | 0.47 | -15.2 | 1.36 | 0.88 | -35.4
160 0.07 | 0.10 | 48.0 | 0.17 | 0.19 | 11.1 | 0.44 | 037 | -16.1| 1.09 | 0.70 | -36.0
180 0.06 | 0.08 | 46.6 | 0.14 | 0.16 | 100 | 0.37 | 0.30 | -16.9 | 0.90 | 0.57 | -36.6
200 0.05 | 007 | 45.4 | 012 | 013 | 9.1 | 031 | 0.25 | -17.6 | 0.76 | 0.48 | -37.2
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Fig. 3.46 Relationship between predicted Ground Vibration Velocity and Distance by Charge
per Delay (Test Blast No.4)
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Table 3.19 Prediction Equation of Ground Vibration for Peak Particle Velocity(PPV) and Peak
Vector Sum(PVS) (Test Blast No.5)

Peak Particle Velocity(PPV, cm/s)

SD method Reliability Predictive Equation R SE

Square root 50% V= 17.51(50)71.13
0.88 0.18

95% V=234.02(SD)” 13

Cube root 50% V=43.58(5D)" !
0.88 0.18

95% V=.84.65 (50)71.31

Peak Vector Sum(PVS, cm/s)

Square root 50% V=2.39(SD)” 0!
0.48 0.32

95% V'=28.04(SD)" "

Cube root 50% V=5.33(SD)" "™
0.53 0.31

95% V=17.25(SD)" "™
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Table 3.20 The Influence of Charge per Delay on the PPV (Test Blast No.5)

Cg:;ie(kz‘;r 0.5 1.6 5.0 15.0
Dis(tlfl’)‘ce SRSD | CRSD (C/R;ER) SRSD | CRSD (C%ER) SRSD | CRSD (CZER) SRSD | CRSD (C%}fm

5 373 | 7.60 | 103.6 | 7.20 | 12.62 | 75.4 | 13.70 | 20.76 | 51.5 | 25.49 | 33.54 | 31.6
10 170 | 3.06 | 79.7 | 329 | 5.09 | 54.8 | 6.26 | 8.37 | 33.7 | 11.65 | 13.53 | 16.1
20 0.78 | 1.24 | 58.6 | 1.50 | 2.05 | 36.6 | 2.86 | 3.38 | 18.0 | 5.32 | 5.46 | 2.5
40 0.36 | 0.50 | 40.0 | 0.69 | 0.83 | 20.6 | 1.31 | 1.36 | 4.2 | 2.43 | 2.20 | -9.5
60 023 | 029 | 30.2 | 043 | 049 | 12.1 | 0.83 | 0.80 | -3.1 | 1.54 | 1.29 | -15.9
80 0.16 | 0.20 | 23.6 | 0.31 | 033 | 65 | 060 | 0.55 | -8.0 | 1.11 | 0.89 | -20.1
100 013 | 0.15 | 18.7 | 024 | 025 | 2.3 | 0.46 | 0.41 | -11.6 | 0.86 | 0.66 | -23.3
120 0.10 | 0.12 | 149 | 020 | 0.20 | -1.0 | 0.38 | 0.32 | -14.5| 0.70 | 0.52 | -25.7
140 0.09 | 0.10 | 11.8 | 0.17 | 0.16 | -3.7 | 0.32 | 0.26 | -16.8 | 0.59 | 0.43 | -27.8
160 007 | 008 | 91 | 014 | 013 | -6.0 | 0.27 | 0.22 | -18.8 | 0.51 | 0.36 | -29.5
180 007 | 007 | 6.8 | 0.13 | 0.12 | -8.0 | 0.24 | 0.19 | -20.5| 0.44 | 0.31 | -31.0
200 0.06 | 0.06 | 48 | 0.11 | 0.10 | -9.7 | 0.21 | 0.17 | -22.0 | 0.39 | 0.27 | -32.3

Table 3.21 The Influence of Charge per Delay on the PVS (Test Blast No.5)

Cld‘:;i‘?k‘;r 0.5 1.6 5.0 15.0

Dis(t;’;‘ce SRSD | CRSD (C/R;ER) SRSD | CRSD (C%ER) SRSD | CRSD (C%ER) SRSD | CRSD (CZSR)

5 2.44 | 4.11 | 68.5 | 3.47 | 555 | 59.9 | 4.92 | 7.47 | 51.9 | 6.88 | 9.94 | 445
10 160 | 2.39 | 49.7 | 2.28 | 323 | 42.1 | 3.22 | 4.35 | 35.0 | 451 | 579 | 285
20 105 | 1.39 | 33.1 | 1.49 | 1.88 | 26.3 | 2.11 | 2.53 | 20.0 | 2.95 | 3.37 | 14.2
40 069 | 081 | 183 | 098 | 1.10 | 12.3 | 1.38 | 1.48 | 66 | 1.93 | 1.96 | 1.5
60 054 | 059 | 104 | 0.76 | 0.80 | 4.8 | 1.08 | 1.08 | -0.5 | 1.51 | 1.43 | -5.3
80 045 | 047 | 51 | 0.64 | 064 | -0.2 | 0.91 | 0.86 | -5.2 | 1.27 | 1.14 | -9.8
100 039 | 040 | 1.2 | 056 | 054 | -39 | 079 | 0.72 | -8.7 | 1.11 | 0.96 | -13.1
120 035 | 034 | -1.9 | 050 | 0.47 | -6.9 | 0.71 | 0.63 | -11.5| 0.99 | 0.83 | -15.8
140 032 | 031 | -4.4 | 046 | 041 | -9.3 | 0.64 | 0.56 | -13.8 | 0.90 | 0.74 | -18.0
160 029 | 027 | -65 | 0.42 | 037 | -11.3 | 0.59 | 0.50 | -15.7 | 0.83 | 0.67 | -19.8
180 027 | 025 | -8.4 | 039 | 0.34 | -13.1 | 0.55 | 0.46 | -17.4 | 0.77 | 0.61 | -21.4
200 0.26 | 0.23 | -10.0| 037 | 0.31 | -14.6 | 052 | 0.42 | -18.9 | 0.72 | 0.56 | -22.8
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Table 3.22 Prediction Equation of Ground Vibration for Peak Particle Velocity(PPV) and Peak
Vector Sum(PVS) (Test Blast No.6)

Peak Particle Velocity(PPV, cm/s)

SD method Reliability Predictive Equation R S.E

Square root 50% V= 17.51(SD)71'13
0.88 0.18

95% V= 34-02(SD)71'13

Cube root 50% V=43.58(SD)" 1.31
0.88 0.18

95% V= 8465(SD)7 1.31

Peak Vector Sum(PVS, cm/s)

Square root 50% V=2.39(SD) "¢
0.48 0.32
95% '=28.04(SD)~ "%
Cube root 50% V=5.33(SD)" "™
0.53 0.31
95% V=17.25(SD)" "™
10 10
e 3 H o
E N k y =306.89 x1-58 % 1 b y=335.57 x153
g 3
$ E
2 5
E 0.1 4 % 01
f‘i 184.10 5158 A - 1 Y ¥ "
A~ = 10 x5 N = 76 X153 ——— .,
"Rz 004 N i vy i ‘b?}-.&
0.01 . @ 0.01 :
10 100 1,000 10 100 1,000
Square root scaled distance(m/kg!?) Square root scaled distance(m/kg!?)
(a) PPV (b) PVS

Fig. 3.63 Prediction Equations of SRSD Vibration Velocities on PPV and PVS (Test Blast
No.6)
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Table 3.23 The Influence of Charge per Delay on the PPV (Test Blast No.6)

Cg:;gye(k‘;r 0.5 1.6 5.0 15.0

Dis(t;’l’)‘ce SRSD | CRSD (C/R;lim SRSD | CRSD (C%ER) SRSD | CRSD (CZER) SRSD | CRSD (CZER)
5 3.73 | 7.60 | 103.6 | 7.20 | 12.62 | 75.4 | 13.70 | 20.76 | 51.5 | 25.49 | 33.54 | 31.6
10 170 | 3.06 | 79.7 | 3.29 | 5.09 | 54.8 | 6.26 | 8.37 | 33.7 | 11.65 | 13.53 | 16.1
20 0.78 | 1.24 | 58.6 | 1.50 | 2.05 | 36.6 | 2.86 | 3.38 | 18.0 | 5.32 | 5.46 | 2.5
40 0.36 | 0.50 | 40.0 | 0.69 | 0.83 | 20.6 | 1.31 | 1.36 | 4.2 | 2.43 | 2.20 | -9.5
60 0.23 | 029 | 30.2 | 0.43 | 049 | 12.1 | 0.83 | 0.80 | -3.1 | 1.54 | 1.29 | -15.9
80 0.16 | 0.20 | 236 | 0.31 | 033 | 65 | 0.60 | 055 | -8.0 | 1.11 | 0.89 | -20.1
100 0.13 | 0.15 | 187 | 024 | 025 | 2.3 | 0.46 | 0.41 |-11.6| 0.86 | 0.66 | -23.3
120 0.10 | 0.12 | 149 | 020 | 020 | -1.0 | 0.38 | 0.32 | -14.5 | 0.70 | 0.52 | -25.7
140 0.09 | 0.10 | 11.8 | 017 | 0.16 | -3.7 | 0.32 | 0.26 | -16.8 | 0.59 | 0.43 | -27.8
160 0.07 | 008 | 9.1 | 0.14 | 0.13 | -6.0 | 027 | 022 | -18.8| 0.51 | 0.36 | -29.5
180 007 | 007 | 68 | 013 | 012 | -8.0 | 0.24 | 0.19 | -20.5 | 0.44 | 0.31 | -31.0
200 0.06 | 0.06 | 48 | 011 | 010 | -9.7 | 0.21 | 0.17 | -22.0 | 039 | 0.27 | -32.3
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Table 3.24 The Influence of Charge per Delay on the PVS (Test Blast No.6)

Charge per

delay(kg) 0.5 1.6 5.0 15.0

Distance (CR-SR) (CR-SR) (CR-SR) (CR-SR)
(m) SRSD | CRSD /SR SRSD | CRSD /SR SRSD | CRSD /SR SRSD | CRSD /SR
5 244 | 411 | 685 | 3.47 | 555 | 59.9 | 492 | 747 | 519 | 6.88 | 9.94 | 445
10 1.60 | 2.39 | 49.7 | 2.28 | 3.23 | 42.1 | 3.22 | 435 | 350 | 451 | 5.79 | 28.5
20 1.05 1.39 | 33.1 1.49 1.88 | 26.3 | 2.11 | 253 | 20.0 | 2.95 | 3.37 14.2
40 0.69 | 0.81 18.3 | 0.98 1.10 12.3 1.38 1.48 6.6 1.93 1.96 1.5
60 0.54 | 0.59 10.4 | 0.76 | 0.80 4.8 1.08 1.08 | -0.5 1.51 1.43 | -5.3
80 0.45 | 0.47 5.1 064 | 064 | -0.2 | 091 | 0.86 | -5.2 1.27 1.14 | -9.8
100 0.39 | 0.40 1.2 056 | 054 | -39 | 0.79 | 0.72 | -8.7 | 1.11 | 0.96 | -13.1
120 035 | 034 | -19 | 050 | 047 | -69 | 0.71 | 0.63 | -11.5| 0.99 | 0.83 | -15.8
140 0.32 | 0.31 -4.4 | 0.46 | 0.41 -9.3 | 0.64 | 0.56 | -13.8| 0.90 | 0.74 | -18.0
160 0.29 | 0.27 | -65 | 042 | 0.37 | -11.3 | 0.59 | 0.50 | -15.7 | 0.83 | 0.67 | -19.8
180 0.27 | 025 | -84 | 0.39 | 0.34 | -13.1 | 055 | 0.46 | -17.4| 0.77 | 0.61 | -21.4
200 0.26 | 0.23 | -10.0| 0.37 | 0.31 | -146 | 052 | 0.42 | -189| 0.72 | 0.56 | -22.8
1000 100
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Fig. 3.66 Relationship between predicted Ground Vibration Velocity and Distance by Charge
per Delay (Test Blast No.6)
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Table 3.25 Prediction Equation of Ground Vibration for Peak Particle Velocity(PPV) and Peak
Vector Sum(PVS) (Test Blast No.7)

Peak Particle Velocity(PPV, cm/s)

SD method Reliability Predictive Equation R SE

Square root 50% V=91.24 (SD)_ 1.27
0.89 0.24

95% V=226.79(SD)”"*"

Cube root 50% V=268.91(SD)
0.85 0.29

95% V'="792.89(SD)”

Peak Vector Sum(PVS, cm/s)

Square root 50% V=94.19(SD)” ¢
0.90 0.23

95% V'=221.00(SD)” *°

Cube root 50% V=281.07(SD) 16
0.86 0.27

95% V'="780.42(SD)”
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Table 3.26 The Influence of Charge per Delay on the PPV (Test Blast No.7)

Cg:;ie(kz‘;r 0.5 1.6 5.0 15.0
Dis(tlfl’)‘ce SRSD | CRSD (C/R;ER) SRSD | CRSD (C%ER) SRSD | CRSD (CZER) SRSD | CRSD (C%}fm

5 18.91 | 52.99 | 180.2 | 39.59 | 93.70 | 136.7 | 81.62 |163.77| 100.7 |163.96|280.55| 71.1
10 7.84 | 19.13 | 143.9 | 16.41 | 33.82 | 106.1 | 33.84 | 59.12 | 74.7 | 67.99 |101.27| 49.0
20 325 | 6.91 | 112.3 | 6.81 | 12.21 | 79.4 | 14.03 | 21.34 | 52.1 | 28.19 | 36.56 | 29.7
40 135 | 249 | 84.9 | 2.82 | 4.41 | 562 | 5.82 | 7.70 | 32.4 | 11.69 | 13.20 | 12.9
60 081 | 1.37 | 705 | 1.69 | 2.43 | 44.0 | 3.48 | 424 | 22.1 | 6.99 | 7.27 | 4.1
80 056 | 0.90 | 60.9 | 1.17 | 1.59 | 35.9 | 2.41 | 2.78 | 152 | 4.85 | 4.76 | -1.7
100 0.42 | 0.65 | 53.9 | 0.88 | 1.15 | 30.0 | 1.82 | 2.00 | 10.2 | 3.65 | 3.43 | -6.0
120 033 | 050 | 48.4 | 070 | 0.88 | 25.4 | 1.44 | 153 | 63 | 2.90 | 2.62 | -9.4
140 027 | 040 | 43.9 | 057 | 0.70 | 21.6 | 1.19 | 1.22 | 3.0 | 2.38 | 2.09 | -12.1
160 023 | 032 | 40.1 | 0.49 | 057 | 184 | 1.00 | 1.00 | 0.3 | 2.01 | 1.72 | -14.4
180 020 | 027 | 36.8 | 0.42 | 0.48 | 156 | 0.86 | 0.84 | -2.0 | 1.73 | 1.45 | -16.4
200 017 | 023 | 340 | 037 | 0.41 | 132 | 0.75 | 0.72 | -4.1 | 1.51 | 1.24 | -18.2

Table 3.27 The Influence of Charge per Delay on the PVS (Test Blast No.7)

Cld‘:;i‘?k‘;r 0.5 1.6 5.0 15.0

Dis(t;’;‘ce SRSD | CRSD (C/R;ER) SRSD | CRSD (C%ER) SRSD | CRSD (C%ER) SRSD | CRSD (CZSR)

5 18.79 | 53.13 | 182.7 | 39.11 | 93.58 | 139.3 | 80.17 | 162.93| 103.2 | 160.18|278.10| 73.6
10 7.85 | 19.31 | 146.1 | 16.33 | 34.01 | 108.3 | 33.48 | 59.22 | 76.9 | 66.88 |101.09| 51.1
20 328 | 7.02 | 1142 | 6.82 | 12.36 | 81.3 | 13.98 | 21.53 | 54.0 | 27.93 | 36.74 | 31.6
40 137 | 2.55 | 865 | 2.85 | 4.49 | 57.9 | 5.84 | 7.83 | 34.1 | 11.66 | 13.36 | 14.5
60 0.82 | 141 | 72.0 | 1.71 | 2.49 | 456 | 3.50 | 4.33 | 236 | 7.00 | 7.39 | 5.6
80 057 | 093 | 62.4 | 1.19 | 1.63 | 37.4 | 2.44 | 2.84 | 16.7 | 4.87 | 4.85 | -0.3
100 0.43 | 0.67 | 553 | 090 | 1.18 | 31.4 | 1.84 | 2.05 | 11.6 | 3.68 | 3.51 | -4.6
120 034 | 051 | 49.7 | 071 | 0.90 | 26.7 | 1.46 | 1.57 | 7.6 | 2.92 | 2.69 | -8.1
140 028 | 0.41 | 452 | 059 | 072 | 229 | 120 | 1.26 | 4.4 | 2.41 | 2.14 | -10.8
160 024 | 034 | 41.3 | 050 | 059 | 196 | 1.02 | 1.03 | 1.6 | 2.03 | 1.76 | -13.2
180 021 | 028 | 381 | 043 | 0.50 | 16.9 | 0.88 | 0.87 | -0.8 | 1.75 | 1.49 | -15.2
200 0.18 | 0.24 | 352 | 037 | 043 | 144 | 077 | 0.75 | -2.8 | 1.53 | 1.27 | -17.0
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Table 3.28 Experimental Condition of Test Blast No.8

Description Unit TYPE I TYPE I TYPE IV
Drilling length m 2.0 2.7 3.4
Burden m 0.7 1.0 1.5
Spacing m 0.7 1.0 1.6
Drilled hole diameter mm 51 51 76
Charge per hole kg 0.375 1.0 3.0
Charge per delay ke 0.375 1.0 3.0/ 6.0] 6.0] 3.0
Explosive diameter mm 32 32 50
Explosive - Emulsion
Holes - 4, 6 10, 10 10| 10| 10| 10

Fig. 3.849} go] 4 Agduts, 2ol ASS #stol 11719 A=717t
AAIE AL Al Fh0 288 2k AFII7HR9] oA = 4 53mofA F
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Table 3.29 Experimental Condition of Test Blast No.9

Description Unit TYPE 1 TYPE I TYPE IV
Drilling length m 2.2 2.5 2.7
Burden m 0.6 1.0 1.5
Spacing m 0.7 1.0 1.6
Drilled hole diameter mm 51 51 76
Charge per hole kg 0.375 1.0 2.5
Charge per delay kg 0.375 1.0 2.5] 2.5] 5.0] 5.0
Explosive diameter mm 32 32 50
Explosive - Emulsion
Holes - 8, 8 10, 10 | 10] 10] 10] 10
Test Blast{8 times)
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Fig. 3.85 Geological Profile(G-G") and Composition of Test Blast No.9
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Table 3.30 Prediction Equation of Ground Vibration for Peak Particle Velocity(PPV) and Peak
Vector Sum(PVS) (Test Blast No.8)

Peak Particle Velocity(PPV, cm/s)

SD method Reliability Predictive Equation R SE

Square root 50% V= 27_74(50)7 1.27
0.85 0.25

95% V="72.17(SD)" ¥

Cube root 50% V=289.10(SD)" %
0.88 0.23

95% V= 209.56(SD)" '

Peak Vector Sum(PVS, cm/s)

Square root 50% V=234.74 (SD)_ 1.31
0.90 0.20

95% V="74.41(SD)" 3!

Cube root 50% V=117.59(SD)" ™
0.94 0.16

95% V=216.50(SD)”
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Table 3.31 The Influence of Charge per Delay on the PPV (Test Blast No.8)

Cg:;ie(kz‘;r 0.5 1.6 5.0 15.0
Dis(tlfl’)‘ce SRSD | CRSD (C/R;ER) SRSD | CRSD (C%ER) SRSD | CRSD (CZER) SRSD | CRSD (C%}fm

5 6.02 | 13.25 | 120.2 | 12.60 | 23.71 | 88.2 | 25.97 | 41.91 | 61.4 | 52.18 | 72.59 | 39.1
10 2.50 | 4.69 | 87.7 | 522 | 8.38 | 60.5 | 10.77 | 14.82 | 37.6 | 21.64 | 25.67 | 18.6
20 103 | 1.66 | 60.1 | 2.17 | 2.96 | 36.8 | 4.47 | 524 | 17.3 | 897 | 9.07 | 1.1
40 0.43 | 059 | 36,5 | 090 | 1.05 | 16.7 | 1.85 | 1.85 | 0.0 | 3.72 | 3.21 | -13.8
60 026 | 032 | 243 | 054 | 057 | 63 | 1.11 | 1.01 | -8.9 | 2.22 | 1.75 | -21.4
80 0.18 | 0.21 | 16.4 | 037 | 037 | -0.5 | 0.77 | 0.65 | -14.7 | 1.54 | 1.13 | -26.5
100 0.13 | 0.15 | 10.6 | 028 | 0.27 | -55 | 0.58 | 0.47 | -19.0 | 1.16 | 0.81 | -30.2
120 011 | 011 | 6.0 | 022 | 020 | -9.4 | 0.46 | 0.36 | -22.3 | 0.92 | 0.62 | -33.0
140 0.09 | 009 | 2.3 | 0.18 | 0.16 | -12.5| 0.38 | 0.28 | -25.0 | 0.76 | 0.49 | -35.4
160 0.07 | 007 | -0.8 | 0.15 | 0.13 | -15.2 | 0.32 | 0.23 | -27.3 | 0.64 | 0.40 | -37.3
180 0.06 | 006 | -3.4 | 0.13 | 0.11 | -17.5| 0.27 | 0.19 | -29.2 | 0.55 | 0.34 | -39.0
200 0.06 | 0.05 | -5.7 | 0.12 | 0.09 | -19.4 | 0.24 | 0.17 | -30.9 | 0.48 | 0.29 | -40.4

Table 3.32 The Influence of Charge per Delay on the PVS (Test Blast No.8)

Cld‘:;i‘?k‘;r 0.5 1.6 5.0 15.0

Dis(t;’;‘ce SRSD | CRSD (C/R;ER) SRSD | CRSD (C%ER) SRSD | CRSD (C%ER) SRSD | CRSD (CZSR)

5 5.74 | 12.72 | 121.7 | 12.29 | 23.11 | 88.0 | 25.93 | 41.48 | 60.0 | 53.25 | 72.91 | 36.9
10 231 | 4.37 | 89.0 | 4.96 | 7.95 | 60.3 | 10.46 | 14.26 | 36.4 | 21.48 | 25.07 | 16.7
20 093 | 1.50 | 61.2 | 2.00 | 2.73 | 36.7 | 422 | 491 | 16.3 | 8.66 | 8.62 | -0.5
40 038 | 052 | 37.4 | 0.81 | 0.94 | 165 | 1.70 | 1.69 | -0.8 | 3.49 | 2.96 | -15.1
60 022 | 028 | 252 | 047 | 050 | 62 | 1.00 | 0.90 | -9.7 | 2.05 | 1.59 | -22.7
80 0.15 | 0.18 | 17.2 | 033 | 032 | -0.6 | 0.69 | 0.58 | -155| 1.41 | 1.02 | -27.6
100 0.11 | 013 | 11.3 | 024 | 023 | -5.6 | 051 | 0.41 | -19.7 | 1.05 | 0.72 | -31.3
120 009 | 010 | 6.7 | 019 | 0.17 | -9.5 | 0.40 | 0.31 | -23.0| 0.83 | 0.55 | -34.1
140 0.07 | 008 | 3.0 | 0.16 | 0.14 | -12.6 | 0.33 | 0.25 | -25.7 | 0.68 | 0.43 | -36.4
160 0.06 | 0.06 | -0.1 | 0.13 | 0.11 | -15.3 | 0.28 | 0.20 | -27.9 | 0.57 | 0.35 | -38.3
180 0.05 | 0.05 | -2.8 | 0.11 | 0.09 | -17.5 | 0.24 | 0.17 | -29.8 | 0.49 | 0.29 | -39.9
200 0.05 | 0.04 | -5.1 | 0.10 | 0.08 | -19.5| 0.21 | 0.14 | -31.5 | 0.42 | 0.25 | -41.4
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Table 3.33 Prediction Equation of Ground Vibration for Peak Particle Velocity(PPV) and Peak
Vector Sum(PVS) (Test Blast No.9)

Peak Particle Velocity(PPV, cm/s)

SD method Reliability Predictive Equation R S.E

Square root 50% V=601.32(SD)" 1™
0.94 0.13

95% V=997.24(SD)" '™

Cube root 50% V=1174.29(SD)” 1%
0.93 0.14

95% V'=2002.34(SD)~ "%

Peak Vector Sum(PVS, cm/s)

Square root 50% V=974.02(SD)"1*
0.94 0.14

95% V=1649.73(SD) 1%

Cube root 50% V'=1968.34(SD)" 1%
0.93 0.15

95% V=13422.22(SD)" 1'%
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ALn WA o] ol AT T2n GL AT §AR 712712 Boli SRSD
walo] FHASE AMIESESL o $A d5E9r] ol Aud 58 ot

D Fig 1059 ol E4Rzms Apdetedth 7 ARw Fus wae
12.6~15.0Hzo]x1  FWIZreS  11.0~21.0Hz2 £
9~21Hzo|A ¥l1=7} O =Cf.

Table 3.34 The Influence of Charge per Delay on the PPV (Test Blast No.9)

Cg:;i‘zkg;r 0.5 1.6 5.0 15.0

Dis(tl";‘l’)‘ce SRSD | CRSD (C/Réim SRSD | CRSD (CZER) SRSD | CRSD (C%ER) SRSD | CRSD (CZER’
5 30.67 | 66.50 | 116.8 | 86.36 | 136.24| 57.8 [238.08|275.09| 155 |632.93|541.63] -14.4
10 8.93 | 18.45 | 106.5 | 25.15 | 37.79 | 50.3 | 69.32 | 76.31 | 10.1 |184.30|150.24| -18.5
20 2.60 | 5.12 | 96.8 | 7.32 | 10.48 | 432 | 20.19 | 21.17 | 4.9 |53.66 | 41.68 | -22.3
40 0.76 | 1.42 | 87.4 | 2.13 | 2.91 | 36.4 | 5.88 | 587 | -0.1 | 15.63 | 11.56 | -26.0
60 037 | 0.67 | 82.2 | 1.04 | 1.37 | 326 | 2.86 | 277 | -2.9 | 7.59 | 5.46 | -28.1
80 022 | 039 | 786 | 062 | 081 | 299 | 1.71 | 1.63 | -4.8 | 455 | 3.21 | -29.5
100 0.15 | 0.26 | 758 | 0.42 | 0.53 | 27.9 | 1.15 | 1.08 | -6.3 | 3.06 | 2.12 | -30.6
120 0.11 | 0.19 | 736 | 0.30 | 0.38 | 263 | 0.83 | 0.77 | -7.5 | 2.21 | 1.51 | -31.5
140 0.08 | 0.14 | 71.7 | 023 | 0.29 | 249 | 063 | 058 | -85 | 1.68 | 1.14 | -32.2
160 0.06 | 0.11 | 70.1 | 0.18 | 0.22 | 23.8 | 0.50 | 0.45 | -9.3 | 1.32 | 0.89 | -32.9
180 0.05 | 0.09 | 68.7 | 0.15 | 0.18 | 22.8 | 0.40 | 0.36 | -10.1 | 1.07 | 0.72 | -33.4
200 0.04 | 007 | 675 | 012 | 0.15 | 21.9 | 0.34 | 0.30 | -10.7 | 0.89 | 0.59 | -33.9
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Table 3.35 The Influence of Charge per Delay on the PVS

(Test Blast No.9)

Cg:‘;gy‘zkz‘;r 0.5 1.6 5.0 15.0

Dis(t;’l’)‘ce SRSD | CRSD (C/R;lim SRSD | CRSD (C%ER) SRSD | CRSD (CZER) SRSD | CRSD (CZER)
5 44.25 | 98.09 | 121.7 | 129.76|207.31| 59.8 [372.28|431.49| 15.9 10%8'5 874.81| -14.9
10 12.27 | 25.74 | 109.7 | 35.99 | 54.40 | 51.1 |103.27|113.23| 9.7 |285.30(229.58| -19.5
20 340 | 6.76 | 98.4 | 9.98 | 14.28 | 43.0 | 28.65 | 29.72 | 3.7 | 79.14 | 60.25 | -23.9
40 094 | 177 | 87.7 | 2.77 | 3.75 | 353 | 7.95 | 7.80 | -1.9 | 21.95 | 15.81 | -28.0
60 0.45 | 0.81 | 817 | 131 | 1.71 | 31.0 | 3.75 | 357 | -5.0 | 10.37 | 7.23 | -30.3
80 0.26 | 0.47 | 77.6 | 0.77 | 0.98 | 28.0 | 2.20 | 2.05 | -7.2 | 6.09 | 4.15 | -31.9
100 0.17 | 030 | 745 | 051 | 0.64 | 257 | 1.46 | 1.33 | -8.8 | 4.03 | 2.70 | -33.1
120 0.12 | 021 | 71.9 | 036 | 0.45 | 23.9 | 1.04 | 0.94 | -10.1 | 2.88 | 1.90 | -34.0
140 0.09 | 0.16 | 69.8 | 027 | 0.33 | 22.4 | 0.78 | 0.69 | -11.2 | 2.16 | 1.41 | -34.8
160 0.07 | 0.12 | 68.0 | 021 | 026 | 21.1 | 0.61 | 0.54 | -12.2 | 1.69 | 1.09 | -35.5
180 0.06 | 0.10 | 66.4 | 0.17 | 0.21 | 19.9 | 0.49 | 0.43 | -13.0 | 1.36 | 0.87 | -36.1
200 0.05 | 0.08 | 650 | 0.14 | 0.17 | 189 | 0.40 | 035 | -13.7 | 1.12 | 0.71 | -36.7

Predicted Velocity(cm/sec)

Fig.
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3.100 Relationship between predicted Ground Vibration Velocity and Distance by Charge
per Delay (Test Blast No.9)
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Table 3.36 Prediction Equation of Ground Vibration for Peak Particle Velocity(PPV) and Peak
Vector Sum(PVS) (Test Blast No. All)

Peak Particle Velocity(PPV, cm/s)

SD method Reliability Predictive Equation R S.E

Square root 50% V=64.65(SD)" 13
0.89 0.25

95% V'=169.43(SD)" "

Cube root 50% V=137.74(SD) ¢
0.89 0.26

95% V=364.81(SD)” "

Peak Vector Sum(PVS, cm/s)

Square root 50% V="77.45(8D)" 30
0.88 0.27
95% V=213.11(SD)" "
Cube root 50% V=153.36(SD) 2
0.88 0.27
95% V=424.69(SD)” "
10 10

y=213.11 x130

—
L

0.1 -

Peak Particle Velocity(cm/sec)
Peak Vector Sum(cm/sec)
=]

0.01 A ~ 0.01 “?\
y = 64.65 x1-33 y =66.20 x1-32
R2=10.79 R>=0.77
0.001 T 0.001 T
10 100 1,000 10 100 1,000
Square root scaled distance(m/kg'?) Square root scaled distance(m/kg'?)
(a) PPV (b) PVS

Fig. 3.107 Prediction Equations of SRSD Vibration Velocities on PPV and PVS (Test Blast
No.All)
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Table 3.37 The Influence of Charge per Delay on the PPV (Test Blast No. All)

Cg:;ie(kz‘;r 0.5 1.6 5.0 15.0
Dis(tlfl’)‘ce SRSD | CRSD (C/R;ER) SRSD | CRSD (C%ER) SRSD | CRSD (CZER) SRSD | CRSD (C%}fm

5 12.57 | 24.84 | 97.7 | 27.23 | 43.74 | 60.6 | 58.10 | 76.16 | 31.1 |120.63|130.00| 7.8
10 5.00 | 9.03 | 80.6 | 10.83 | 15.90 | 46.8 | 23.11 | 27.68 | 19.8 | 47.98 | 47.25 | -1.5
20 199 | 3.28 | 65.1 | 4.31 | 5.78 | 34.1 | 9.19 | 10.06 | 9.5 | 19.09 | 17.18 | -10.0
40 079 | 1.19 | 50.8 | 1.71 | 2.10 | 22.6 | 3.66 | 3.66 | 0.0 | 7.59 | 6.24 | -17.8
60 0.46 | 0.66 | 43.1 | 1.00 | 1.16 | 16.3 | 2.13 | 2.02 | -5.1 | 4.43 | 3.45 | -22.0
80 031 | 043 | 37.8 | 068 | 0.76 | 12.0 | 1.45 | 1.33 | -8.6 | 3.02 | 2.27 | -24.8
100 023 | 031 | 33.9 | 051 | 055 | 88 | 1.08 | 0.96 | -11.2 | 2.24 | 1.64 | -27.0
120 0.18 | 0.24 | 30.8 | 040 | 0.42 | 63 | 0.85 | 0.74 | -13.3 | 1.76 | 1.26 | -28.7
140 0.15 | 0.19 | 28.2 | 032 | 0.34 | 42 | 069 | 0.59 | -15.0 | 1.43 | 1.00 | -30.1
160 0.13 | 0.16 | 26.0 | 027 | 028 | 2.4 | 058 | 0.48 | -16.5| 1.20 | 0.82 | -31.3
180 0.11 | 0.13 | 240 | 023 | 023 | 0.8 | 049 | 0.41 | -17.7 | 1.03 | 0.69 | -32.4
200 0.09 | 0.11 | 22.4 | 020 | 0.20 | -0.6 | 0.43 | 0.35 | -18.8 | 0.89 | 0.60 | -33.3

Table 3.38 The Influence of Charge per Delay on the PVS (Test Blast No. All)

Cld‘:;i‘?k‘;r 0.5 1.6 5.0 15.0

Dis(t;’;‘ce sksp | crsD (‘I3 srsp | crsp (F50) srsp | crsp I50) srsp | crsp IS0

5 16.76 | 31.12 | 85.7 | 35.70 | 53.97 | 51.2 | 74.86 | 92.55 | 23.6 |152.90|155.68| 1.8
10 6.81 | 11.63 | 70.9 | 14.50 | 20.17 | 39.1 | 30.40 | 34.59 | 13.8 | 62.10 | 58.18 | -6.3
20 2.76 | 4.35 | 57.2 | 5.89 | 7.54 | 28.0 | 12.35 | 12.93 | 4.7 | 2522 | 21.74 | -13.8
40 112 | 162 | 447 | 2.39 | 2.82 | 17.8 | 5.01 | 4.83 | -3.7 | 10.24 | 8.13 | -20.7
60 0.66 | 091 | 37.8 | 1.41 | 158 | 12.2 | 2.96 | 2.72 | -8.2 | 6.05 | 4.57 | -24.4
80 0.46 | 0.61 | 33.1 | 097 | 1.05 | 8.4 | 2.04 | 1.81 | -11.4| 4.16 | 3.04 | -27.0
100 034 | 044 | 296 | 073 | 0.77 | 55 | 152 | 1.31 | -13.7| 3.11 | 2.21 | -28.9
120 027 | 034 | 26.8 | 057 | 059 | 3.3 | 1.20 | 1.02 | -15.6 | 2.46 | 1.71 | -30.5
140 022 | 027 | 245 | 047 | 048 | 1.4 | 098 | 0.82 | -17.1| 2.01 | 1.37 | -31.7
160 0.19 | 0.23 | 225 | 039 | 039 | -0.2 | 0.83 | 0.67 | -18.4| 1.69 | 1.13 | -32.8
180 0.16 | 0.19 | 20.8 | 034 | 033 | -1.6 | 0.71 | 0.57 | -19.6 | 1.45 | 0.96 | -33.8
200 0.14 | 017 | 19.3 | 030 | 0.29 | -2.9 | 0.62 | 0.49 | -20.6 | 1.26 | 0.83 | -34.6
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Table 3.39 The Influence of Charge per Delay on the Predicted Ground Vibration Velocity for
SRSD (Test Blast No. All)

Charge pr 05 50
Dls(tl?lr)lce v, | v | v, ( V/V;/ ;/T) ( V/L;/ ://V) ( V/L;/ ;/T) v, | v | v ( V/V;/ ;/T) ( V/L;/ ://V) ( V/L;/ l/T)
5 6.58 | 9.59 [13.57| 45.8 41.49 106.2 |27.42151.49|64.93| 87.8 26.10 136.8
10 2.78 1 3.49 | 528 | 25.2 51.64 89.8 |11.61(18.72|25.30| 61.2 35.15 117.9
20 1.18 | 1.27 | 2.06 7.5 62.53 746 |14.91]6.80|9.85| 38.4 44.85 100.5
40 0.50 | 0.46 | 0.80 | -7.7 74.19 60.7 |2.08|2.47 | 3.84 18.8 55.25 84.5
60 0.30 | 0.25|0.46 | -15.6 81.40 53.1 1.26 | 1.37 | 2.21 8.7 61.67 75.7
80 0.210.17]0.31 | -20.8 86.70 47.9 10.88]0.90 | 1.50 2.0 66.39 69.8

100 0.16 | 0.12 | 0.23 | -24.6 90.91 440 [0.67(0.65|1.10| -2.9 70.15 65.3

120 0.130.09 | 0.18 | -27.6 | 94.42 40.9 |0.53|0.50 | 0.86 | -6.7 73.28 61.7

140 0.11 1 0.07 | 0.15 | -30.0 | 97.44 38.3 10.44|0.40]0.70 | -9.8 75.97 58.8

160 0.09 | 0.06 | 0.12 | -32.0 | 100.10 36.1 037033058 | -12.4 78.34 56.2

180 0.08 | 0.05]0.10 | -33.7 | 102.47 342 (032028050 | -14.6 80.45 54.0

200 0.070.04 | 0.09| -353 | 104.61 325 10.28(0.24|043| -16.6 82.36 52.1

Table 3.40 The Influence of Charge per Delay on the Predicted Ground Vibration Velocity for
CRSD (Test Blast No. All)

cg:; gy‘zkz‘;r 0.5 5.0

e I I A P I P W
5 12.62(20.52(27.30| 62.6 | 33.05 | 116.3 |35.57|71.14|85.01| 100.0 | 19.49 | 139.0
10 495|6.67]9.79| 348 | 46.61 | 97.7 |13.95/23.14|30.47| 659 | 31.67 | 118.4
20 194 2.17|351| 11.8 | 61.55 | 80.6 |547|7.53[10.92| 37.6 | 4509 | 99.6
40 076 071 1.26 | -7.3 | 7801 | 651 |2.15|2.45[3.92| 141 | 59.87 | 82.4
60 0.44 037|069 | -16.9 | 88.41 | 56.6 |1.24|127|215| 22 | 69.21 | 73.0
80 0.30[0.23]0.45| -23.1 | 96.15 | 50.8 |0.84|0.80|1.40| -54 | 76.16 | 66.7

100 0.2210.16 | 0.32 | -27.6 | 102.37 46.5 |0.62|0.56|1.01 | -10.9 81.75 61.9

120 0.1710.12 | 0.25| -31.1 | 107.61 43.1 10.49(0.41(0.77| -15.2 86.45 58.1

140 0.1410.09|0.20 | -339 | 112.13 | 403 |0.40|0.32|0.61| -18.7 | 90.52 55.0

160 0.12 | 0.07 | 0.16 | -36.2 | 116.14 | 37.8 |0.33|0.26 | 0.50 | -21.5 94.12 52.3

180 0.10 | 0.06 | 0.14 | -38.2 | 119.73 3577 |0.280.21|0.42 | -24.0 97.34 50.0

200 0.09 | 0.05|0.12 | -40.0 | 123.00 339 [0.240.18|0.36 | -26.1 | 100.28 48.0
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Table 3.41 Separation Distance for Standard Blasting Method (Test Blast No. All)

Distance(m)
1;;5: iﬁiﬁg’g G.L. PPV PVS
SRSD SRSD CRSD SRSD CRSD
I 0.125 20.6 41.4 64.9 55.2 82.8
41.2 82.9 103.0 1104 131.4
73.6 148.3 151.7 197.5 193.7
130.1 262.2 221.8 349.1 283.1
2254 454.1 319.9 604.6 408.3

Table 3.42 A Chart for Charge per Delay according to Distance (Test Blast No. All)

Maximum instantaneous charge-MIC(kg/delay)

Distance(a) G.L. PPV PVS
PPV_SRSD | PPV_SRSD | PPV_CRSD | PVS_SRSD [ PVS_CRSD
10 0.030 0.007 0.000 0.004 0.000
20 0.118 0.029 0.004 0.016 0.002
0.065 0.012 0.037 0.006
0.116 0.029 0.066 0.014

0.103

0.028
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Table 3.44 Comparison of Blasting Vibration Constant K and Attenuation Index n by

PPV_SRSD
Test Blast Reliability K n R

50% 11.70

TB. 1 -0.93 0.81
95% 29.09
50% 130.30

TB. 2 -1.55 0.96
95% 401.10
50% 83.49

TB. 3 -1.35 0.96
95% 129.34
50% 152.09

TB. 4 -1.59 0.96
95% 271.73
50% 17.51

TB. 5 -1.13 0.88
95% 34.02
50% 184.10

TB. 6 -1.58 0.97
95% 306.89
50% 91.24

TB. 7 -1.27 0.89
95% 226.79
50% 27.74

TB. 8 -1.27 0.85
95% 72.17
50% 601.32

TB. 9 -1.78 0.94
95% 997.24
50% 64.65

TB. All -1.33 0.89
95% 169.43

- 132 -



——G.L —-TB. 1 —+—TB. 2 —~TB3
—*—TB. 4 —TB.5 ——TB. 6 —TB.7

——-TB. 8 ——TB.9 -=-TB. All

PPV (cm/sec)

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

Scale Distance(m/kg”1/2)

Fig. 3.117 Comparison of Blasting Vibration Velocity according
to Distance (PPV SRSD)

100

10 -
_
)
==
=
=)
=
=
o]
=
=
5} 1
(=7
@
)
=
=
=
Q

0.1

0.01

Distance(m)

Fig. 3.118 Comparison of allowable Charge per Delay according
to Distance (PPV SRSD)

- 133 -



3.6.2 PVS_SRSDQ] Wizl EAts Ko 7HAJX| 2 n

PVS_SRSD 49| A9MIS4E 294 WSS KO U2IA|5 nos 3

2]3tH Table 3.459F 211, Fig. 3.1190|4 Al2]= 95%°] #AFA2|(SD)oj| w2

ot RS 4AE EXS AEHEH, TB. 99 AUHAIS &I} 7P =7 A
o, TmxlsAas Kot 74X 4 no] Adigte E3t 7Py Ak T2y 2
a2 AA

oF Ao R¥HE& 2 F7gX]9] Ato]7F PPV_SRSD Hr} St
L

J2]3 Fig. 3.120914+= 3] €XI=4&% 0.3 cm/sofA] Al=]|= 95%9] AH2lo] ot
2 A9 Ajoreke wl@stgrt. #HAFA2)(SD)7E G.Lit £Us SRSD Aoz 7

E5jof fpLbRldlA 349 718717F BE UG Fig. 3.119014 A
FHE7L Web} Y At TB. 571 ST Aol AuT okl Y Ate
Aoz o)

2 oh5o] TB. 7olot. 233l HHwt SAZ A ARl S 4=
H

AN WatEo] the Ahe

- 134 -



Table 3.45 Comparison of Blasting Vibration Constant K and Attenuation Index n by

PVS_SRSD
Test Blast Reliability K n R

50% 11.93

TB. 1 -0.91 0.80
95% 29.62
50% 255.00

TB. 2 -1.55 0.96
95% 444 .44
50% 114.96

TB. 3 -1.40 0.98
95% 174.56
50% 220.21

TB. 4 -1.64 0.93
95% 488.23
50% 2.39

TB. 5 -0.61 0.48
95% 8.04
50% 135.76

TB. 6 -1.53 0.91
95% 335.57
50% 94.19

TB. 7 -1.26 0.90
95% 221.00
50% 34.74

TB. 8 -1.31 0.89
95% 74.41
50% 974.02

TB. 9 -1.85 0.94
95% 1649.73
50% 77.45

TB. All -1.30 0.88
95% 213.11
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Fig. 3.119 Comparison of Blasting Vibration Velocity according
to Distance (PVS SRSD)
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Table 3.46 Comparison of Blasting Vibration Constant K and Attenuation Index n by

PPV_CRSD
Test Blast Reliability K n R

50% 32.42

TB. 1 -1.11 0.84
95% 75.70
50% 476.82

TB. 2 -1.67 0.96
95% 813.39
50% 121.23

TB. 3 -1.40 0.96
95% 209.92
50% 273.52

TB. 4 -1.66 0.97
95% 469.45
50% 43.58

TB. 5 -1.31 0.88
95% 84.65
50% 931.40

TB. 6 -1.90 0.98
95% 1434.19
50% 268.91

TB. 7 -1.47 0.85
95% 792.89
50% 89.10

TB. 8 -1.50 0.88
95% 209.56
50% 1174.29

TB. 9 -1.85 0.93
95% 2002.34
50% 137.74

TB. All -1.46 0.89
95% 364.81
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Table 3.47 Comparison of Blasting Vibration Constant K and Attenuation Index n by

PVS_CRSD
Test Blast Reliability K n R
50% 33.39
TB. 1 -1.10 0.84
95% 77.05
50% 516.79
TB. 2 -1.66 0.96
95% 897.05
50% 172.12
TB. 3 -1.45 0.97
95% 289.47
50% 406.92
TB. 4 -1.72 0.93
95% 913.92
50% 5.33
TB. 5 -0.78 0.53
95% 17.25
50% 472.68
TB. 6 -1.77 0.88
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Fig. 3.123 Comparison of Blasting Vibration Velocity according
to Distance (PVS CRSD)
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to Distance (PVS CRSD)
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Table 3.48 Comparison of Blasting Vibration Constant K and Attenuation Index n by Bedrock

Test Blast data Reliability K n R2

G.L 95% 200.0 -1.60 -
50% 79.0

Granite 437 -1.47 0.66
95% 293.0
50% 45.3

Gneiss 283 -1.39 0.50
95% 196.0
50% 90.0

Lime stone 185 -1.50 0.62
95% 294.0
50% 59.0

Shale 73 -1.43 0.89
95% 159.0
50% 33.0

Sand stone 74 -1.28 0.43
95% 251.0
50% 64.7

Basalt & Clinker 462 -1.33 0.79
95% 169.4
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Fig. 3.125 Comparison of Ground Vibration Velocity according
to scaled Distance on Ground with diverse bed rock
(PPV SRSD)
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Fig. 3.126 Comparison of allowable Charge per Delay according
to scaled Distance on Ground with diverse bed rock
(PPV SRSD)
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Table 3.49 Separation Distance according to Type of Rocks on Standard Blasting
Method (Allowable Vibration Velocity 0.3cm/s)

Scale Distance(nvkg™1/2
Blast Charge per cale Distance(mke”1/2)
T d lav(k: B . . Basalt&
ype clay(kg) GL Granite Gneiss | Lime stone Shale Sand stone )
Clinker
I 0.125 20.6 38.2 37.5 34.9 28.4 67.9 41.5
I 41.2 76.4 74.9 69.8 56.8 135.7 82.9
m 6 73.6 136.7 134.1 124.8 101.7 242.8 148.3
v 5.0 130.1 241.7 237.0 220.6 179.7 429.3 262.2
V 15.0 225.4 418.7 410.5 382.1 311.3 743.5 454.1
VI

Table 3.50 A Chart for Charge per Delay by Type of Rocks according to Distance
(Allowable Vibration Velocity 0.3cm/s)

Maximum instantaneous charge-MIC (kg/delay)

50
60
70

0.214
0.308
0.419

0.223
0.320
0.436

0.257
0.370

1 o009 |

0.133

Distance(m) G.L Granite Gneiss Lime stone Shale Sand stone Basjalt &
Clinker

10 0.030 0.009 0.009 0.010 0.015 0.003 0.007

20 0.034 0.036 0.041 0.062 0.011 0.029

30 0.077 0.080 0.092 0.139 0.024 0.065

40 0.137 0.142 0.164 0.248 0.043 0.116

0.182
0.262
(URR)
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80 0.174 0.466

90 2.391 0.220 1589

100 2.952 2 0271

110 3.572 0.328

120 4251 2.229 0.391

130 4.989 / 2.616 0.459

140 5.786 1.677 1.745 2.014 3.034

150 6.642 1.925 2.003 2311 3.483

160 7.557 2.191 2279 2.630 3.963

170 8.531 2.473 2572 2.969 4.474

180 9.564 2772 2.884 3.328 5.016

190 10.657 3.089 3213 3.709 5.589

200 11.808 3.423 3.560 4.109 6.193

210 13.018 3.774 3.925 4.530 6.828
4.142 4308 4.972 7.493 ?
4.527 4.709 5.434 8.190 5
4.929 5.127 5.917 8.918 1563 .
5.348 5.563 6.421 9.676 1.696 4.547
5.784 6.017 6.945 10.466 1.834 4918
6.238 6.489 7.489 11.286 1.978 5.304
6.709 6.979 8.054 12.138 2.127 5.704
7.196 7.486 8.640 13.020 2.282 6.119

13.934
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Table 3.51 Comparison of Blasting Vibration Constant K and Attenuation Index n by Bedrock

Test Blast data Reliability K n R2
G.L 95% 200.0 -1.60 -
50% 118
Granite 437 -1.5 0.66
95% 442
50% 163
Gneiss 283 -1.66 0.49
95% 715
50% 148
Lime stone 185 -1.6 0.72
95% 413
50% 85
Shale 73 -1.49 0.88
95% 240
50% 117
Sand stone 74 -1.52 0.51
95% 757
50% 137.74
Basalt & Clinker 462 -1.46 0.79
95% 364.81
9
--G.L —a— Granite
8 + —<—Gneiss ——Lime stone
——Shale ——Sand stone
7 —8—Basalt & Clinker

PPV(cm/sec)

10 20 30 40 50 60 70 8 9 100 110 120 130 140 150 160

Scale Distance(m/kg”1/3)

Fig. 3.127 Comparison of Ground Vibration Velocity according
to scaled Distance on Ground with diverse bed rock
(PPV CRSD)
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Fig. 3.128 Comparison of allowable Charge per Delay according
to scaled Distance on Ground with diverse bed rock
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Table 4.1 Borehole Investigation Method (Jeong et al., 2009)
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Fig. 4.5 Modified Decision Process of Travel Time (Jeong et al., 2009)
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Table 4.2 Characteristic of Ground Type (KGS, 2012)
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Table 4.3 Earthquake Factor C, Table 4.4 Earthquake Factor C,

Seismic Zone Seismic Zone

Classification Coefficient Classification Coefficient

| I I I
SA 0.09 0.05 SA 0.09 0.05
SB 0.11 0.07 SB 0.11 0.07
SC 0.13 0.08 SC 0.18 0.11
SD 0.16 0.11 SD 0.23 0.16
SE 0.22 0.17 SE 0.37 0.23

AREY] SH-HIYE WA 5 IV Tt EA ®iste BldE A

52 Wk mepy, AN AT AFAPL Soto] Alure] REHAL G4
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Fig. 4.6 Testing location map
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4.2.1 ATt 20 Ngto] Aui

508] o]l N2 Eq. 4.7% o]&3dtof, SPT Zito] wZlolet BfAH Nyte
= HAstlnt.

N =(30/D)x N Eq. 4.7

o7|4, N'= B9 Nzt D = #izlol(cm), N = E}4514

4.2.1.1 23750 it S

Fig. 4.7= AFA99 237150 thet YA Ngter Adnt £r:0f A
TAS Bzt ZYAHSY NP2 6~21424, Ahn} &5+ 225~526m/sec]
HHol 22t ot Eoh, FPATOIA NS Fexl= 3300, ATm &=
o FwtAl= 365.8m/secZ UEFHT FUTA A2 Eq. 480 Zon BRFA =
0.092 ZFASZANAMY N Aldmt &= Jhofl= A=E & Qe 89 4
AZ7F YERUA] ket

_[

&
r_l

P

.0819
Ve=279.6 X N’ Eq. 4.8
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_ &0°
E e °
z 400.0 - W N
> g
2000 A
y= 279 Gx0-0818
R*=0.09
0.0 T T T T
50 100 150 200 250

SPT N/Value

Fig. 4.7 Relationship between N value of Clinker and
Shear Wave Velocity
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Fig. 4.8 AZx|eio] B8 50] et RETYAR Ngtah Aoiah w0 Abag
A BolEth BAF Ne 8~10024, A 45t 202-421m/sece]
glof wasti QIch. Ea, EAS0IA Ngtel WA= 330ln, Mgk fro]
AL 297.0m/sec® UERITh AUTEAAS Eq. 4.99 Zo0] ARASE 0.62
2H g AlE F VS ee AFEs By

.02404
Ve=141.77 < N° Eq. 4.9
800.0
600.0 -
f) T
2 400.0 - L=
é < - -
4 ©r
4
2000 { R
y = 141.77x0-2404
R2=0.62
0.0 ‘ ‘ ‘ ‘
0 50 100 150 200 250
SPT N/Value

Fig. 4.8 Relationship between N value and Shear Wave
Velocity of Sedimentary Layer
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of x5t ot ®3F tfdFolA Nfel BdAl= 22010, Adu; £=9] 4
A= 258.2m/secE UERSTH AMBaAALL Eq. 4.101 Zon ZAAASL 0.38
oz i A58 Hdt 59 ARe g BT

Vs =186.78 x N*'*! Eq. 4.10
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Fig. 4.9 Shear Wave Velocity of burried layer according

to N value
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Fig. 4.10 Relationship between N Value and Shear Wave
Velocity of silty gravel
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Table 4.59 Fig. 4.11% x|%o] o} SPT Nzhat Aum4wo] 8784 Zuto]
of. BE A E0lA Nglo] Z7Hatol mep Achut 57t Sobshe 2o Ueto
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200m/s 7}FO2 BlAEHA UERER, SUASOIAL 370m/s2 /Mg 2 Adu}
£57F Uepgeh 22l Ngo] 7k 2 A 4= 57hee 2YA SolA

7pg W Uepkon AERRZ] Rum 4% 5718 7P 27 e,

Table 4.5 Regression Analysis Result of N value and Shear Wave Velocity

Condition Estimation Equation( I’y = m/sec) R2
Clinker Vg =279.6x N1 0.09
Sedimentary layer Vg =141.77 x N1 0.62
Landfill layer Ve =186.78 x N1* 0.38
Silty Gravel Vg =205.27 x N7 0.53
800.0
Clinker
— = Sedimentary layer
=+ = Landfill layer
600.0 - - = =Silty Grave!
g 400.0 - "’#####
»é. A K ___________________
= /_/-"'_',_"_,':;__. —————————————————
b ,;.’-—" g
200.0
l}.'} T T T T
. 50 100 150 200 250
SPT N/Value

Fig. 4.11 Relationship between N Value and Shear Wave

Velocity for Stratums in Jeju
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Table 4.63} Fig. 4.120]4 227153} 6 Ao x50 dARA Hate ula
ST BAENE Solo] AEE 2YAFY AWIAY V,=296xN"Ng
Hwang(2011), Seon et al(2007), LH(2009)9] AtdAA Y} vl of £7] A
0 &EL P S e UERXISH Nglol me Mot 4o 57)g0] 71

W erda ok,

Table 4.6 Regression Analysis Result of N value and Shear Wave Velocity of Gravel and

Clinker
Condition Proponent Estimation Equation( VS = m/sec)
Seon et al(2007) Ve ="78.63 x N1
Gravel LH(2009) Vg =175.6 x N3
Hwang(2011) Ve =111.1 x N1
Clinker This study Vg = 279.6 < N0 019
800.0
600.0 - e
S 4000 - i — =
g 5
= :
200.0 4,/ .
' — «=Seonetal
—_ - IH
= This study
0.0 . . . .
0 50 100 150 200 250

SPT N/Value

Fig. 4.12 Comparison of Shear Wave Velocity of Gravel

and Clinker according to N Value
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Table 4.7 Regression Analysis Result of N value and Shear Wave Velocity of Weathered
Rock and Clinker

Condition Proponent Estimation Equation(Vy = m/sec)
Seon et al(2007) Vs =107.94 < NO418
Weathered
eathere LH(2009) V= 182.3 X N2
rock
Hwang(2011) Ve =215.5x N1®
Clinker This study Vg = 279.6 < N0 019
800.0 .
L
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< )
600.0 | s Y
- LA
: 400.0 - Lot
g K
= (7
2000 f .
j — s lH
This study
0.0 ; . . ;
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Fig. 4.13 Comparison of Shear Wave Velocity of
Weathered Rock and Clinker according to N Value
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Fig. 4.14 Shear Wave Velocity according to Depth of Ground
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4.2.2.2 RFEA At € 7|ele] Ak Mgk} 46 )@

AZAAT WEAS Avte] B At 4Eot Az e gyn 455 7
7} Table 4.8} Fig. 4.159} 4.16014] ulwstgict. AZA} gx|clo] B
Aot 2% g Auk, MRA|G0] Muh 487 YEA ek of 16w 2
A UeRdth ot sptEEo] ofs AMYIYoR HASa ojusel AHoz
Mo Aol ¢, ARLIEE wFE Ml shH|ES0] SH02 o] 2ojx
917 GEoR W,

AFAS Phaet YA P2 SAATRYASS A5d Ane Table
499 2t AZERGe] AL & YT Adue o2

AAUSYALE vRoR TA Yepgct,

Table 4.8 Shear Wave Velocity according to Ground

. Shear wave average
Area Layer Division .
velocity(m/sec)
Pyoseon 748.9
) Gimnyeong 554.0
Jeju
Ido 2 Dong 562.9
Average 621.9
Ansan city 380.7
Jeonju Deokjin-gu 378.6
Inland ; 5 .

Paju Unjung District 426.1
Average 395.1

Table 4.9 Dynamic Shear Elastic Modulus according to Area

Area Layer Division Dynamic Shear Shout
y Modulus(tf/m2)
Pyoseon 135,496
) Gimnyeong 69,142
Jeju Area
Ido 2 Dong 74,288
Average 92,957
Ansan city 30,287
Jeonju Deokjin-gu 29,661
Inland Area - - —

Paju Unjung District 40,717
Average 33,555

- 170 -



m B
I
s
nE
o=
" o
@ o ﬂ & & Ta| = a
iz | il W B
" = o ! 23 @m o
T R
ot : : : : :
a3z a g = s 3
= i i | TS PO L [N L S | I TR [ i | Loa
W
A
2t
0 a Ta W @& W a | E ala| £ |a
- m i W W ® | F
3 5 E (o Bl Bl m o N L H
I P .-/_1_4 ™ e Y ~.—JJ; YRR
e R R R N A N RN NN
uE & s - - -
ﬂﬂ i B Ly 5 &
e RESSNY LN I L [ (O (O (Rl (N (Rl ST Y (NS SRS U VU NS [t (OO FU L FUN S Y W (AT
H-
23
nE
Eul a
e @ = 5lg * [s5]°] 3 @ °
i 5l H oW ] 0 2 o IR
s +A.v #* o M e o .‘A«w 4 PLE s Tud e e e gk e +.ff_§|.v & +
] SRETRE SN AN SRRRE S
e & " < x s
2z w = i & =
ik 1 1 | 1

(¢) Ido 2 Dong

(b) Gimnyeong

(a) Pyoseon

Fig. 4.15 Elastic Test Result of Jeju

- 171 -



g ¢ m
W o
ai
5 e
L] &0
3 i)
K301 % +.“+”+H¢H+H*H+”+”+“+”+H+
WE s
ag @
o o
>
TPy e
X
LR
22 e ; f T T —
I | ] _
e g I
flo. 4o IIH ] ol "
M mll e o g o ol
i o i i 0
B N - n + + + + + +
i B s e e e e e e e e e % '+ Bile R R
wE - ° . < .
ag i t i i i
= P L YL A I [ T | PR T PR e T P A T A Y

H -
m“
o
224
| . ———I———
o L I a0 i
=3 xﬂ_. n_ﬁ_mﬂ ﬁ T
r RN +.++++++...++++.+...+,+a.,+++».+p+++..,+,+
_._._\.m, _.“_._.n_w_k.n____..nw_____
as 2 2 8 &
= | | | |

L 1 L 1

(¢) Paju Unjung District

(b) Jeonju Deokjin-gu
Fig. 4.16 Elastic Test Result of Other Interior Areas
- 172 -

(a) Ansan city



43 A9 AOEAE U Foi A

B Aol &Y AFACle] x5Y Mut 45t Table 4.101 2k 2t
of AZZAE0] oSt ARo] HEZo] UERIAIT, ARU} Al 4R EE
AAT HEfoIA ure w=EAA Al@Lat g

roh
o2l

Ul

Table 4.10 Shear Wave Velocities according to Ground in Jeju

Vy¢(m/s) Soft rock Moderate rock Clinker Sediment

Mean 803 1150 374 297
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Fig. 4.17 Example for Estimate of Shear Wave Velocity and Frequency of Ground

Table 4.11 Example for Estimation Result of Shear Wave Velocity and Frequency of Borehole

(a) NB-12
Layers
Result Divisi S
esults 1vision um Soft Clinker Moderate Clinker Moderate
rock rock rock
V{m/sec) 533 H/V, 0.030 0.004 0.013 0.002 0.009 0.002
T(sec) 0.120 H(m) 16.0 3 4.9 2.4 3.4 2.3
f(Hz) 8.3 V..(m/s) 803 374 1150 374 1150
(b) NB-13
Layers
Results Division | Sum Soft . Moderate
Clinker
rock rock
Vd{m/sec)| 668 H/V, | 0.021 | 0.010 | 0.008 | 0.002
T(sec) 0.083 H(m) 13.9 8.3 3.1 2.5
fdHz) 12.0 V..(m/s) 803 374 1150
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(c) NB-14

Layers
Results Division | Sum fsjli Clinker f:cflt{ Clinker Mc;doecrl‘:lte
V{m/sec)| 529 H/V, 0.028 0.006 0.011 0.001 0.008 0.002
Tsec) | 0.111 H(m) 14.7 4.7 4.3 0.7 2.9 2.1
fAHz) 9.0 v, (m/s) 803 374 803 374 1150
(d) NB-15
Layers
Results Division | Sum fii Clinker f:cflt{ Clinker rS:(flt{
V{m/sec)| 565 H/V, 0.038 0.007 0.008 0.002 0.012 0.002
Tsec) | 0.151 H(m) 21.3 6 2.9 1.3 4.5 1.5
fAHz) 6.6 v, (m/s) 803 374 803 374 803
(d) NB-15 Continues
Layers
Results Division | Sum . Soft |Moderate
Clinker
rock rock
H/V, 0.003 0.002 0.002
H(m) 1.1 1.5 2.5
V..(m/s) 374 803 1150

Table 4.12 Example for Estimation Result of Shear Wave Velocity and Frequency of measuring

instrument
Holes/ | \p 13| 1 2 3 |NB-14| 4 5 6 | NB-15
Measuring
Distance(m) 0 13 28 43 55/0 4 19 34 45/0
V{m/sec) 668 635 597 559 529 532 544 556 565
foHz) 12.0 11.3 10.5 9.7 9.0 8.8 8.0 7.2 6.6
432 A@U} AN MUTHAE U Foih 4g A
2 AFE ol AIFET AR E SpAlSE A9 RRERAFE LA OA Al FG(A7T9]
2T Wzl AFENES 2t A@ntel Edu ASYl9 £ MYl 1Y
MY ASURES Wsol AEF U 2 ASVI9 AUTEE(V) nE Fop
(H2)S APEstich. 1ejn Zedut A57]9 & Yol Holut ueh 23io] Mx|g
AZ71s Bae A estct

- 175 -



4.3.2.1 Alg¥o} No. 1, 2, 3

717k e Aol A Wt

of MUMLE(Vy)el 1§ FuA(H)E Table

H Al No. 1, 2, 39 AF7]0 A&d A

g2 A=

1133 20 A52FE N1EOR

TS E( V)t i Fubap(Hz)s to] 2 Zat= Table 4.14x Lt

Table 4.13 Estimation Result of Shear Wave Velocity and Frequency of Borehole (BT No. 1, 2, 3)

(a) BH-1
Layers
Results Division | Sum Soft . Soft |Moderate
Clinker
rock rock rock
Vd{m/sec)| 762 0V, 0.015 0.005 0.004 0.002 0.004
Tsec) | 0.059 H(m) 11.2 4.1 1.6 1.4 4.1
f(Hz) 17.0 V..(m/s) 803 374 803 1150
(b) BH-21
Layers
Result Divisi S
esutts tvision um Soft Clinker Soft Clinker
rock rock
Vd{m/sec)| 466 H/V, 0.020 0.004 0.003 0.001 0.013
TAsec) | 0.082 H(m) 9.5 3 1 0.5 5
fAHz) 12.3 V., (m/s) 803 374 803 374
(c) BH-3
Layers
Results Division | Sum |Modera| Soft |Clinke| Soft |Clinke| Soft
te rock| rock r rock r rock
Vd{m/sec)| 550 H/V, 0.017 | 0.002 | 0.001 | 0.004 | 0.001 | 0.008 | 0.001
T(sec) | 0.068 H(m) 9.4 2.4 1 1.4 1 3 0.6
fdHz) 14.6 V., (m/s) 1150 803 374 803 374 803
Table 4.14 Estimation Result of Shear Wave Velocity and Frequency of Measuring Instrument
(BT No. 1, 2, 3)
Measuring
1 2 3 4 5 6 7 8 9 10 11
Number
V{m/sec) 549 | 528 | 471 | 516 | 579 | 596 | 576 | 538 | 690 | 703 | 575
fdHz) 146|140 ] 124 | 13.1 | 14.1 | 159|154 | 143|159 | 16.1 | 14.6
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4.3.2.2 Alg¥o} No. 4

AlEent No. 49] Alx2

=2
i)
rOl‘
[-'>4
2
a=)

o T (Vg)QF 119 Fubap(Hz)= Table 4.15
W 2 AFEE 7IEoR RFE AEVIY AYuEE(Vy)et 115 Fopa(Hz)=

Table 4.161} Zct.

Table 4.15 Estimation Result of Shear Wave Velocity and Frequency of Borehole (BT No. 4)

(a) BH-15
Layers
Results Division | Sum Soft |Moderate| . Soft |Moderate
rock rock Clinker rock rock
V{m/sec)| 584 H/V, 0.028 0.002 0.005 0.001 0.004 0.001
Tsec) | 0.111 H(m) 16.2 1.6 1.9 0.6 4.1 1.6
fdHz) 9.0 V,(m/s) 803 374 803 1150 1150
(a) BH-15 Continues
Layers
Results Division | Sum . Moderat
Clinker
e rock
H/V, 0.014 | 0.001
H(m) 5.2 1.2
v, (m/s) 374 1150
(b) NBH-13
Layers
Results Division | Sum Clinker Moderate Clinker Moderate Clinker
rock rock
V{m/sec)| 536 H/V, 0.028 0.001 0.006 0.001 0.005 0.002
T.(sec) | 0.110 H(m) 14.8 0.7 2.2 1 1.7 0.7
fo(Hz) 9.1 V..(m/s) 803 374 803 374 374
(b) NBH-13 Continues
Layers
Results Division | Sum f;)jli Mc;doecr;te Clinker M?,doifte Clinker
a/V, 0.001 0.001 0.004 0.003 0.004
H(m) 1 11 15 34 15
V., (m/s) 803 1150 374 1150 374
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Table 4.16 Estimation Result of Shear Wave Velocity and Frequency of Measuring Instrument

(BT No. 4)
Measuring | 2 3 4 5 6 7 8 9
Number
v{m/sec) | 539 | 577 | 573 | 569 | 562 | 556 | 550 | 544 | 556
f(Hz) 91 | 90 | 90 | 90 | 90 | 90 | 9.0 | 91 | 9.0

4.3.2.3 Algd¥at No. 5

Aghunt No. 59 AZ80] ofet MUTHEE(V)oh 1.8 F0t(Hz) Table 4.17

=)

W E2L AR VLR §5d ASTIY AEmEE(Vy)e i Fobae(Hz)e

Table 4.181} Zct.

Table 4.17 Estimation Result of Shear Wave Velocity and Frequency of Borehole (BT No. 5)

(a) NBH-1
Layers
Results Division | Sum | o Moderate) o por | SO Clinker
rock rock
Vd{m/sec)| 580 "V, 0.020 0.004 0.004 0.005 0.003 0.005
T sec) | 0.081 H(m) 11.7 1.5 4.5 1.8 2.1 1.8
fAHz) 12.4 V,(m/s) 374 1150 374 803 374
(b) NBH-2
Layers
Results Division | Sum Soft . Moderate
rock Clinker rock
V{m/sec)| 457 H/V, 0.021 0.002 0.017 0.002
T(sec) | 0.085 H(m) 9.7 1.3 6.4 2
fdHz) 11.8 V., (m/s) 803 374 803

Table 4.18 Estimation Result of Shear Wave Velocity and Frequency of Measuring Instrument
(BT No. 5)

Measuring
Number

V{(m/sec) 587 583 579 575 571 566 562 554 545
fcHz) 12.4 12.4 12.4 12.4 12.3 12.3 12.3 12.3 12.2
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4.3.2.4 A|¥¥O} No. 6

oS (V)b 15 Fo4(Hz)= Table 4.19

A&719] Ada&=(Vg)t 15 Foba(Hz)=

=)

i)
ol
[-'>4

Al@en} No. 69] X520

321 AEEe JlEoR g5
Table 4.201} 7},

Table 4.19 Estimation Result of Shear Wave Velocity and Frequency of Borehole (BT No. 6)

(a) NBH-10
Layers
Results Division | Sum Soft . Soft |Modera| . Modera
Clinker Clinker
rock rock |te rock te rock
Vd{m/sec)| 541 H/V, 0.023 | 0.002 | 0.002 | 0.002 | 0.002 | 0.015 | 0.001
Tsec) | 0.093 H{(m) 12.6 2 0.6 1.5 1.8 5.5 1.2
fo(Hz) 10.7 V.,(m/s) 803 374 803 1150 374 1150
(b) BH-5
Layers
Results Division | Sum Soft Clinker Soft Clinker Soft
rock rock rock
V{m/sec)| 532 "V, 0.028 0.002 0.003 0.002 0.006 0.005
TAsec) | 0.114 H(m) 15.1 1.7 1.2 1.9 2.3 4.2
fAHz) 8.8 V., (m/s) 803 374 803 374 803
(b) BH-5 Continues
Layers
Results Division | Sum . Soft
Clinker
rock
H/V, 0.009 0.001
H(m) 3.2 0.6
V., (m/s) 374 803

Table 4.20 Estimation Result of Shear Wave Velocity and Frequency of Measuring Instrument

(BT No. 6)
Measuring | 2 3 4 5 6 7 8 9
Number
v{m/sec) | 540 | 540 | 539 | 539 | 539 | 539 | 538 | 538 | 537

104 | 103 | 103 | 102 | 102 | 101 | 100 | 9.9

fo(Hz) 10.4

- 179 -



4.3.2.5 A|g¥o} No.

A@L No. 79 AlEE

LS

Table 4.221} Zct.

7

Cho

=)

AE719 AETHEE(Vy)et i Foba(Hz)e=

S (V) 119 Fut(Hz)= Table 4.21

L

Table 4.21 Estimation Result of Shear Wave Velocity and Frequency of Borehole (BT No. 7)

(a) NBH-11
Layers
Results Division | Sum Mc;dof;?te rS:;c{ Clinker FSOO;‘Z Clinker
V{m/sec)| 503 H/V, 0.029 0.002 0.003 0.016 0.002 0.006
Tsec) | 0.117 H(m) 14.7 2.1 2.5 6 1.9 2.2
fo(Hz) 8.6 V.,(m/s) 1150 803 374 803 374
(b) NBH-4
Layers
Results Division | Sum Soft |Moderate| . Soft |Moderate
rock rock Clinker rock rock
Vd{m/sec)| 799 H/V, 0.018 0.004 0.002 0.001 0.004 0.002
T.(sec) | 0.073 H(m) 14.5 3.2 1.8 0.3 2.9 2.5
f(Hz) 13.8 V..(m/s) 803 1150 374 803 1150
(b) NBH-4 Continues
Layers
Results Division | Sum . Moderate
Clinker
rock
H/V, 0.004 0.002
H(m) 1.5 2.3
V,(m/s) 374 1150

Table 4.22 Estimation Result of Shear Wave Velocity and Frequency of Measuring Instrument

(BT No. 7)
Measuring
1 2 4 7 8 9
Number 3 >
V{m/sec) 608 616 624 633 641 649 657 674 690
fHz) 10.4 10.5 10.7 10.8 11.0 11.1 11.3 11.6 11.9
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4.3.2.6 A|¥¥o} No. 8

g} No. 89] A2

=2
i)
ol
[-'>4
2
a=)

ot (V)9 1 Fubp(Hz)e Table 4.23
2D AFsE VIR f3E ASVIY AEmSE(Vg)t i Fobe(Hz)=

Table 4.241} Zct.

Table 4.23 Estimation Result of Shear Wave Velocity and Frequency of Borehole (BT No. &)

(a) BH-17
Layers
Results Division | Sum Soft |Moderate
rock rock
V{m/sec)| 803 H/V, 0.005 0.002 0.003
T(sec) | 0.022 H(m) 4.4 2 2.4
fdHz) 45.6 V,(m/s) 803 803
(b) CB-2
Layers
Results Division | Sum Soft [Modera| . Modera| .. Modera
Clinker Clinker
rock |te rock te rock te rock

v{m/sec)] 789 m/v, | 0.021 |0.001 | 0.002 | 0.007 | 0.004 | 0.002 | 0.005
Ty(sec) | 0.083 | H(m) | 163 | 09 | 23 | 25 | 45 | 09 | 5.2
fdHz) | 12.1 | v,(m/s) 803 | 1150 | 374 | 1150 | 374 | 1150

(c) BH-18
Layers
Results Division | Sum Soft |Moderate . Soft
Sediment
rock rock rock
V{m/sec) 565 0V, 0.017 0.001 0.003 0.010 0.002
T sec) | 0.067 H(m) 9.5 0.8 3.7 3 2
fAHz) 14.9 V.,(m/s) 803 1150 297 803

Table 4.24 Estimation Result of Shear Wave Velocity and Frequency of Measuring Instrument
(BT No. 8)

Measuring
Number

Vd{m/sec) | 801 | 798 | 795 | 793 | 788 | 724 | 713 | 694 | 763 | 763 | 753
foHz) 39.6 | 32.6 | 25.4 | 19.6 | 12.1 | 12.9 | 13.0 | 13.3 | 20.9 | 20.9 | 20.9
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4.3.2.7 Alg¥o} No. 9

@} No. 99] A2

=
)
ol
R
2
£

o T (Vy)QF 119 Fubap(Hz)= Table 4.25
W 2 AFEE 7IEoR RFE AEVIY AYuEE(Vy)et 115 Fopa(Hz)=

Table 4.261} Zct.

Table 4.25 Estimation Result of Shear Wave Velocity and Frequency of Borehole (BT No. 9)

(a) BH-12
Layers
Results Division | Sum M(;doifte Clinker I,S:cflt( Clinker M(z.doifte
V{m/sec)| 668 H/V, 0.015 0.002 0.003 0.003 0.005 0.002
T(sec) | 0.062 H{(m) 10.3 2.4 1.1 2.3 2 2.5
fdHz) 16.2 V,(m/s) 1150 374 803 374 1150
(b) CB-13
Layers
Results Division | Sum Soft |Moderate
rock rock
V{m/sec)| 908 H/V, 0.007 0.005 0.002
T sec) | 0.029 H(m) 6.5 4 2.5
fAHz) 34.9 | V,(m/s) 803 1150
(c) SB-16
Layers
Results Division | Sum . Moderate
Clinker
rock
V{m/sec)| 1035 H/V, 0.007 0.002 0.005
Tsec) | 0.027 H(m) 7.0 1.8 5.2
fo(Hz) 37.0 V.,(m/s) 803 1150

Table 4.26 Estimation Result of Shear Wave Velocity and Frequency of Measuring Instrument
(BT No. 9)

Measuring
Number

Vd{m/sec) | 676 | 919 | 927 | 936 | 942 | 956 |1,032| 975 | 920 | 920 | 920 | 920

fHz) 16.935.1135.2|354(355|35.7|36.9|36.0|33.3]33.3]33.3|33.3
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Table 5.1 Construction of data for regression analysis

Vs f Dilling Burden | Spacing Weight | Distance PPV SRSD
Number length D.I (m/kg*1/
(m/sec) (Hz) (m) (m) (m) (kg/delay)|  (m) (cm/s) 2)

1 549 14.6 2.0 0.7 0.8 2.04 0.25 290.3 0.027 580.6
2 549 14.6 2.0 0.7 0.8 2.04 0.25 296.6 0.027 593.2
3 549 14.6 3.4 1.6 1.9 1.52 3.00 289.5 0.063 167.1
4 549 14.6 3.4 1.6 1.9 1.52 3.00 2775.6 0.063 159.1
5 549 14.6 4.5 1.8 2.1 1.52 5.00 280.2 0.066 125.3
6 549 14.6 4.5 1.8 2.1 1.52 5.00 295.7 0.093 132.2
7 528 14.0 2.0 0.7 0.8 2.04 0.25 237.1 0.100 474.2
8 528 14.0 2.0 0.7 0.8 2.04 0.25 243.7 0.066 487.4
9 528 14.0 2.7 1.0 1.2 1.59 0.96 244.4 0.029 249.4
10 528 14.0 2.7 1.0 1.2 1.59 0.96 252.9 0.039 258.1
246 587 12.4 3.4 1.6 1.9 1.52 3.00 40 0.792 23.1
247 583 12.4 3.4 1.6 1.9 1.52 3.00 60 0.243 34.6
248 579 12.4 3.4 1.6 1.9 1.52 3.00 80 0.208 46.2
249 575 12.4 3.4 1.6 1.9 1.52 3.00 100 0.132 57.7
250 571 12.3 3.4 1.6 1.9 1.52 3.00 120 0.167 69.3
251 566 12.3 3.4 1.6 1.9 1.52 3.00 140 0.179 80.8
252 562 12.3 3.4 1.6 1.9 1.52 3.00 160 0.068 92.4
253 554 12.3 3.4 1.6 1.9 1.52 3.00 200 0.089 115.5
254 545 12.2 3.4 1.6 1.9 1.52 3.00 240 0.073 138.6
462 920 33.3 2.7 1.5 1.6 1.52 5.00 744 0.0127 332.7
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Table 5.2 Prediction variables of ground vibration velocity
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Me

Table 5.3 Descriptive statistics of variables

ZYEE dHH(2a) o2 8517 {sliAfolrt.

Division N N Min Max Mean
P.P.V 0.01 2.84 0.30 0.46
Vg 516.00 1032.00 634.13 119.32
f 9.00 39.60 15.56 7.55
Dilling length 1.50 4.50 3.11 0.79
Burden 462 0.60 2.00 1.36 0.40
Spacing 0.70 2.50 1.51 0.48
D.I 1.41 2.53 1.57 0.15
Weight 0.25 8.00 3.12 2.27
Distance 31.70 997.60 197.54 162.70
SRSD 13.92 1141.00 148.31 135.06
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5&WHL S Peak Particle Velocity(cm/s)2 2] &A42 AA|SIR 7] o] P.P.V

£ 7|%£C =% Pearson AHWIAE &RIs] EH Table 5.40x2} Zo] A+
o= 0.50|sto]y, SRSD7} &9ojAtat 0.452 7}Ar =11 D.I7F 294kt 0.15=2 7H&F
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Table 5.4 Pearson correlation of variables

PPV Vs f ]1111111;1% Burden “P2“™® D] Weight Distance SRSD
PPV |1.00 -0.18 -0.21 024 033 021 -0.15 042 -0.41 -0.45
Ve 100 0.82 -0.18 -0.02 -0.16 -0.15 0.07 029 0.11
f 100 -0.13 -0.05 -0.10 -0.01 -0.03 0.30 0.16
?eirllhgrtf 100 090 091 -034 073 0.16 -0.38
Burden 100 094 -0.45 087 019 -0.42
Spacing 100 -0.39 070 020 -0.37
DI 100 -0.39 003 0.43
Weidht 1.00 012 -0.41
Distance 1.00 0.66
SRSD 1.00
5.1.3.3 2AGIY HHE AR E
BT WA MRS YEO PPVE 7]E02 Hels) B9 Fig. 510149k 2o
H2lelt SRSDoA = A HAZE 5= YAl HEEoMs A48 £ 8lAY
HAS A7) o] oj4tY &2 E Hole o=z sl
o7 2do] MYEot $AY o o5Ha Aol RYolN LREH0 o

3 AYE 2A7E WA TR0l ot weldh
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Table 5.5 First Result of Multiple Regression by Input Selection

Durbin
2 2
Model R R R, i S.E _Watson
Summary 0.664 0.440 0.429 0.346 0.855
Model | Division | S Of df Mean F P
squares square
Regression| ) 5oy 9 474 | 39.528 000
Analysis|__model
of Residual 54.198 4572 0.12
variance
Sum 96.855 461
Unstandardized |[standardized Collinearity
Model Coefficients Coefficients t P statistic
B S.E B Tol. VIF
(Constant) 0.346 0.311 1.111
Vg -0.001 0.000 -0.231 -3.124| 0.002 | 0.226 | 4.421
f 0.005 0.004 0.087 1.317 | 0.189 | 0.283 | 3.531
Dilling length| -0.098 0.055 -0.168 -1.792| 0.074 | 0.141 | 7.093
Burden 1.208 0.231 1.054 5.234 | 0.000 | 0.031 | 32.769
Spacing -0.623 0.148 -0.646 -4.218| 0.000 | 0.053 | 18.935
D.I 0.082 0.133 0.027 0.617 | 0.538 | 0.641 1.561
Weight 0.045 0.019 0.223 2.364 | 0.019 | 0.14 7.159
Distance -0.001 0.000 -0.515 -7.18 | 0.000 | 0.241 4.15
SRSD 0.000 0.000 0.125 1.635 | 0.103 | 0.213 | 4.691

FogEs UEstL AN AL fle ez A" AUn&R=(V), A5H
(Dilling length), A'E37ofd(Weight) Z22]i1 #2](Distance)s Sd#4=2 §F 3
HEAE 2= Table 5.61 Zt.

Y 2H2 R ad] =0.3970]4L P-value?} 0.0000.2 zHle Qojst 71o=z SRQIE 1
0

7} P-value®t VIFE uhEshx|ub, Aotalsco] ofst s A 27t
o2 AYFE4e vheielr] Foln Rao] HYelE 0.5972 AL g T ock

o
rin
i
EE
—l>
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Table 5.6 Second Result of Multiple Regression by Input Selection

Durbin
Model 2 2 E
ode 7 R Fogy S -Watson
Summary 0.634 0.402 0.397 0.356 0.848
Model | Division | o™ Of df Mean F P
squares square
Regression | g goq 4 9.738 76.861 000
Analysis model
of Residual 57.902 457 0.127
variance
Sum 96.855 461
Unstandardized | standardized Collinearity
Model Coefficients Coefficients t P statistic
B S.E B Tol. VIF
(Constant) 0.697 0.144 4.851
Vs 0.000 0.000 -0.118 -2.88 0.004 0.783 1.278
Dilling length | -0.075 | 0.033 -0.128 -2.237 | 0.026 0.397 2.519
Weight 0.116 0.011 0.573 10.318 | 0.000 0.425 2.354
Distance -0.001 0.000 -0.423 -10.854 | 0.000 0.861 1.161
5.2.2 XA AH(Backward Elimination) 3]H&A
SR Al olst FAZAIK(Table 5.7), 53¥ 4 DI f7F AR o= AA &
A1 F&HH4 PPV ofst EwLol 3y mEle R.=0.4290]1 P-value’}

Q. SHAIRE ®ipgRte] Uz Qe bF 344 2AE S RIe(VIF)=
gfelet 23t £ AAFd(Burden)t &{14(Spacing)o] VIF 3l 105 'Eof WH&5HA]
xohs Ao =HldH
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Table 5.7 First Result of Multiple Regression by Backward Elimination

Durbin
2 2
Model R R Radj S.E _Watson
Summary 0.661 0.437 0.429 0.346 0.855
Model | Division | S Of df Mean F P
squares square
Regression| ) 400 7 6.051 | 50.404 | .000
Analysis | __model
of Residual 54.500 454 0.120
variance
Sum 96.855 461
Unstandardized |standardized Collinearity
Model Coefficients Coefficients t p statistic
B S.E B Tol. VIF
(Constant) 0.373 0.172 2.166
Vg -0.001 0.000 -0.156 -3.582 | 0.000 | 0.649 | 1.540
Dilling length | -0.091 0.054 -0.157 -1.683 | 0.093 | 0.143 | 6.983
Burden 1.148 0.227 1.002 5.052 | 0.000 | 0.032 | 31.739
Spacing -0.583 0.145 -0.605 -4.018 | 0.000 | 0.055 | 18.271
Weight 0.044 0.019 0.220 2.357 | 0.019 | 0.142 | 7.045
Distance -0.001 0.000 -0.521 -7.365 | 0.000 | 0.247 | 4.042
SRSD 0.000 0.000 0.142 1.964 | 0.050 | 0.236 | 4.246

90158 WESTL BN BAV} gk som A AULEE(v), B3R
(Dilling length), A|¥tdAterer(Weight), #2|(Distance) 12]i1 SRSDES EHdH4L=E
st 3 EAEHe Table 5.81f At}

3l =de Rr?=0.3980]1 P-value’} 0.00002 m@o golst 7jozg
7 A2 (Diling length)o] P=0.19322 UER} MALQ} Uox] Sguss
P-value®} VIFE THESHA|RE, AHmHEE(vg)of theh @] {Ale7F 0.00022 A¥HE

92 UHshAl 2oln Ry YRR 03982 A2 IS 71A T 9Uck.

X%
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Table 5.8 Second Result of Multiple Regression by Backward Elimination

Durbin
2 2
Model R R R, dj S.E “Watson
Summary| 0.635 0.403 0.398 0.356 0.822
Model | Division | >U™ Of df Mean F P
squares square
Regression| .4 0y 4 9.769 77271 1000
Analysis | __model
of Residual | 57.778 457 0.126
variance
Sum 96.855 461
Unstandardized | standardized Collinearity
Model Coefficients Coefficients t P statistic
B S.E B Tol. VIF
(Constant) 0.361 0.098 3.677
Vg 0.000 0.000 -0.073 -1.915 | 0.056 0.906 1.104
Weight 0.112 0.010 0.557 11.522 | 0.000 0.559 1.789
Distance -0.002 | 0.000 -0.559 -9.208 | 0.000 0.355 2.819
SRSD 0.001 0.000 0.157 2.448 0.015 0.318 3.149

Koz, Ao SHHSo Oieh ol 22 AUTEE(TV), A357(Dilling
2 2

length), Al'EF7gteH(Weight) 1 (Distance)s =3Hsrz L8 Ry,

a

=0.3979 &7 o] Axoz BAEICH

SHAIRE, B4 FatollA] WotsoiRle ARAS R’ H2 A4 070142 a76] o

2o »AEl AFg 2 71Z(Data Mining)slo] #A4F o]Ato] 39 ndle grol &F
1]
=
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ofeb B APAE F4WA PPV I SERASH 0l4Y AARHES AA
sfo] Sxac] o) olelS F4Wad] Md Je|2 WY Table 592
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Table 5.9 Non-linear functions

Name Non-linear function
Logarithmic y=p, + Blogx) + ¢
Inverse y=p, + ﬁl(l/:v) + €
Quadratic y=p0, + Bz + 62962 + €
Cubic y=0, + Bz + Bya’ + By2° +e¢
Power y:ﬁo+qf61+6
Exponent y=23 + T 4 e

H] A

| I

ook

(Logarithmic), <(Inverse),
Al4~(Exponent) 3t

el ofold sheict.

2AXF 2 & (Quadratic),

gk= SPSS 18.001A4  A|¥sta Qe == dY(Linear), i
)

3XF2. Y (Cubic), H5Al5(Power),

=° disl dEsto] 2847t 7ME & E45 283t gol
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5.3.1 AUmAL(1,)

SPSS9] 54 74752 ol&3to] Table 5.103 o] By 31 B4 RS SHYlot
Y &4 382 A4 (Exponent)@ 4ol BFAISIE 7P 23 AT Jlom

S doly x5 vl

Table 5.10 Model and Parameter Estimation of Shear Wave Velocity on PPV

Model Parameter estimation
Function
R? P-value | Constant B4 B, B3
Linear 0.031 0.000 0.729 -0.001
Logarithmic 0.027 0.000 3.131 -0.439
Inverse 0.023 0.001 -0.142 274.075
Quadratic 0.039 0.000 -0.524 0.003 -2.55E-06
Cubic 0.037 0.000 -0.016 0.001 0.000 -1.04E-09
Power 0.072 0.000 48919.392 -1.992
Exponent 0.080 0.000 0.904 -0.003
301 e 3000
e :;:125 ? °
5 —w :
2.0 g q 2,000 &L g
> 00008 > g Do° %
<3 - e
101 03-5 o o83 : o0 o oFe e %;0
ol g °

0.200

(a) Before

(b) After

Fig. 5.2 Data Mining of Vg
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5.3.2 Fta(f)

SPSS| TM 77152 ol 8sto] Table 5113 Zo| 23 % 24 242 stack.
HAE &5 9721, 2XF2 3 (Quadratic)d2] AAIS7 717 20 AAEsE 710
2 WStk Fig. 5.3v Fm(f)e] dlolg ool &, & fojy Fi g vt
o]t}

Table 5.11 Model and Parameter Estimation of Frequency on PPV

Model Parameter estimation
Function
R? P-value | Constant B3 B, B3
Linear 0.043 0.000 0.499 -0.013
Logarithmic 0.071 0.000 1.163 -0.323
Inverse 0.099 0.000 -0.168 6.348
Quadratic 0.136 0.000 1.545 -0.128 0.003
Cubic 0.136 0.000 1.684 -0.152 0.004 -1.95E-05
Power 0.098 0.000 2.186 -1.055
Exponent 0.068 0.000 0.262 -0.044
3.000 ‘ l. %E%ig 3.000 4
o = T e
=
Il 2, —=—q% - C
z.nnn—:! 11 245 2.000 o
> l 1' °§ ’ T ) 8‘? ‘
o U‘ ) % o i
\‘3;\‘_.‘\\ of c . 2 ; g o .,
1.000 \‘\A‘\\ E%ZOB . 1.000- . D: % g i
N, Ng® o8, o 9
\ ~\_§3 Sp ;a:/ ;gi 8

1.200

f 1
(a) Before (b) After

Fig. 5.3 Data Mining of f
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Dilling length
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Fig. 5.4 Data Mining

o

1.000-

5.3.3 AZFAHDilling length)
SPSS| TA #7715 0| §3tof Table 5123 2ol 2y U 24 9L shUct
Y ot A, 3R Y(Cubic)et4o] AARAIS7E 7P 2L AASH Josw
sttt Fig. 5.4= A37(Dilling length)?] HoJg] otold A, & Hlo]H #2
£ ulg Zolct,
Table 5.12 Model and Parameter Estimation of Drilling Length on PPV
Model Parameter estimation
Function
R? P-value | Constant B, B, By
Linear 0.057 0.000 -0.131 0.140
Logarithmic 0.064 0.000 -0.165 0.426
Inverse 0.064 0.000 0.683 -1.097
Quadratic 0.078 0.000 -0.870 0.646 -0.081
Cubic 0.123 0.000 3.150 -3.789 1.438 -0.163
Power 0.112 0.000 0.024 1.564
Exponent 0.103 0.000 0.026 0.522
3.0007) i ? gid 3.0007|
~ o E:ﬁ*a [} ”
2.000- 2.000

o

CIOERCCDO (XDO @D 000 0 O

0 0 00

el
o
o
1 [ aeaa)

0.000
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SPSS9] A1 247152 o] §3to] Table 5137 o] By I 24 FHL Yt
A 4 2823 Al4(Exponent)@4o] AA|+7F 7P 31 AAgE log
HHSHITH Fig. 5.5 A& (Burden)?] Ho]H ufold 4, & tolg FXE H|
& Zolct.
Table 5.13 Model and Parameter Estimation of Burden on PPV
Model Parameter estimation
Function
R? P-value | Constant B, B, By
Linear 0.111 0.000 -0.216 0.382
Logarithmic 0.101 0.000 0.193 0.432
Inverse 0.090 0.000 0.671 -0.446
Quadratic 0.126 0.000 0.437 -0.767 0.453
Cubic 0.131 0.000 -0.712 2.209 -1.935 0.606
Power 0.141 0.000 0.092 1.421
Exponent 0.150 0.000 0.025 1.234
3.000- iigié‘ 3.000
s @ 53: o o
2000 8 o 2,000 g .
> 8 ° e > [ ° e
a 8 o a 8
o g : o E 8
.8 88 : 5 2 .
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(a) Before (b) After
Fig. 5.5 Data Mining of Burden
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Table 5.14 Model and Parameter Estimation of Spacing on PPV

Model Parameter estimation
Function
R? P-value | Constant B, B, s
Linear 0.045 0.000 -0.006 0.204
Logarithmic 0.050 0.000 0.201 0.286
Inverse 0.053 0.000 0.566 -0.351
Quadratic 0.052 0.000 -0.338 0.716 -0.176
Cubic 0.057 0.000 -1.153 2.604 -1.506 0.292
Power 0.096 0.000 0.089 1.105
Exponent 0.089 0.000 0.039 0.800
3.000 2 aine 3.000-|
2.0001 o o g 2.0004 o o 2
> fol De @ & > o o8 o &
"t gz, e
1.000- g Q g 1.000 E gg g
, s 8 B3 o ,osq ¢ bE s
0.000-7=> w-9-i o 0.000 5 . »D - 1 i T g
0.5 10 15 0.550 0.500 0.750 1.000 1.250
Spacing Spacing_1
(a) Before (b) After

Fig. 5.6 Data Mining of Spacing
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5.3.6 Decoupling Index(D.I)

r
#

, 1sAl5(Power)gh4

A715& olgatol Table 5153 20| 23
2o AART} VY

< Decoupling Index(D.I)9] Hjo]§ ofo|yd #

al

o v

Table 5.15 Model and Parameter Estimation of Decoupling Index on PPV

Model Parameter estimation
Function
R? P-value | Constant B, B, s
Linear 0.023 0.001 1.020 -0.455
Logarithmic 0.023 0.001 0.670 -0.816
Inverse 0.023 0.001 -0.607 1.423
Quadratic 0.023 0.004 2.027 -1.596 0.315
Cubic 0.023 0.004 1.724 -1.057 0.000 0.060
Power 0.038 0.000 0.492 -2.923
Exponent 0.038 0.000 1.748 -1.641
3.0007 iig:g 3.0007)
] 55" ) 8
2.000- § 2.000- §
> g > g
1.000+ 1.000-| 2
0.000 “I_ - T - T T Tn 0.000 T T - T i T
1.50 1.75 2.00 2.25 2.50 0.000 0.050 0.100 0.150 0.200
DI D.I1
(a) Before (b) After

Fig. 5.7 Data Mining of Decoupling Index
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Fig. 5.8 Data Mining of Charge per delay
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Table 5.16 Model and Parameter Estimation of Charge per Delay on PPV
Model Parameter estimation
Function
R? P-value | Constant B, B, By
Linear 0.175 0.000 0.039 0.085
Logarithmic 0.117 0.000 0.200 0.145
Inverse 0.064 0.000 0.391 -0.093
Quadratic 0.211 0.000 0.162 -0.035 0.017
Cubic 0.236 0.000 0.019 0.227 -0.067 0.007
Power 0.147 0.000 0.096 0.450
Exponent 0.179 0.000 0.063 0.238
3.000 iigza 3.000)
5 Eé” 8
2.000+ o @ 8 2,000 o ® )
5 o o o g 5 ga o 8
E o e 8 a y 8
g g o 0 8 co')', gcg
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P 0.000-1
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5.3.8 7 &](Distance)

SPSS| TA #7715 0| §5tof Table 5173 o] 2y U 24 29 StC,
HAY e | AEAB(Power)B4 AL A A AR,

U2 34 s§ArE 7psAo] 9lo] d(Inverse)dtaz Glo]E

ot Fig. 5.92 7{2(Distance)?] Hlolf oto]d A, & Holf x5

Table 5.17 Model and Parameter Estimation of Distance on PPV

Model Parameter estimation

Function R? P-value | Constant B B, By
Linear 0.166 0.000 0.530 -0.001
Logarithmic 0.334 0.000 2.085 -0.356

[nverse 0.436 0.000 -0.100 46.302

Quadratic 0.279 0.000 0.799 -0.004 | 3.49E-06

Cubic 0.349 0.000 1.087 -0.008 | 1.61E-05 | -9.76E-09
Power 0.546 0.000 75.733 -1.268

Exponent 0.417 0.000 0.359 -0.005
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Fig. 5.9 Data Mining of Distance
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g 2HoA FFHAZ HF 27 A Ths/dol ol H(lnverse)Fd4=2 HlolH

Table 5.18 Model and Parameter Estimation of SRSD on PPV

Model Parameter estimation
Function
R? P-value | Constant B B, By
Linear 0.200 0.000 0.528 -0.002

Logarithmic 0.522 0.000 2.110 -0.388

Inverse 0.741 0.000 -0.112 30.324

Quadratic 0.328 0.000 0.717 -0.004 | 3.27E-06

Cubic 0.475 0.000 1.030 -0.009 | 2.16E-05 | -1.27E-08
Power 0.790 0.000 64.651 -1.331

Exponent 0.516 0.000 0.361 -0.007

—ECE 3.0007

P T T
800 1000 1200

(a) Before (b) After
Fig. 5.10 Data Mining of SRSD
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5.4 Hloje] ofolyd & 5l HRA

54.1 4329 7l SAY

= 462719 do]H= Peak Particle Velocity(cm/s)S 7|&02 JEASHF o0,
Table 5192 Jei¥isd 7]$E7%S Uehd Zloltt olxg 7 W4y 7257
2 AVgSHE olgt WASO] EAM 542 melstn ARold RdolA 2} &

B QAP0 B HshHolct.

ogk

Table 5.19 Descriptive Statistics Quantity of Variables

Division N Min Max Mean S.D
PPV 0.01 2.84 0.30 0.46
Ve 1 0.04 0.19 0.14 0.04
f-1 0.18 1.18 0.45 0.18

Dilling length_1 0.02 0.48 0.32 0.17
Burden_1 0.05 0.29 0.15 0.06
Spacing_1 462 0.33 1.35 0.78 0.27

D.I_1 0.03 0.18 0.14 0.02
Weight_1 0.07 1.13 0.31 0.23
Distance_1 -0.05 1.36 0.30 0.30
SRSD_1 -0.09 2.07 0.30 0.39

dlole] mold & RA(Y)MA5] WS Zoj ofgt HMAT dloje] ofold A

Raw Hlolele] WE Zult Alolg molx| ghert. o HojEe] A Yol Fof £
Aoz shelsct

5&5WHL S Peak Particle Velocity(cm/s)2 3] H&AS AAISIR 7] o] P.P.V
2 7|50 72 Pearson AUIAE 0I5 HW Table 5.200042F Zt}. do]g u}o]
d A 5o ATUAES Hold V,, f, DI Distance, SRSD7} o] A&aA 2 vy

931 SRSDO] ArtatA|7F R=-0.4504 R=0.8602 7§AME9li, 7 tFS Distance,
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1, oXs] A-F4(Dilling length)d} 57F4(Spacing) Atolol+= AoAIP7t =
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Table 5.20 Pearson Correlation of Each Variables after Data Mining

PPV V1 f1 ]l)elrlll%rtli Bui(;en Spaicling DI1 We_ifht Dist_alnce SIT?D

PPV 1.00 0.15 0.19 035 0.35 0.21 0.15 0.49 0.66 0.86
V-l 1.00 -0.28 0.13 0.08 0.18 -0.13 -0.10 0.20 0.14
f-1 1.00 -0.02 -0.01 -0.04 0.19 0.11 0.21 0.22
lfrj;tiﬁi 100 078 078 051 058  0.03 045
Burden_1 1.00 091 042 0.68 -0.10  0.38
Spacing_1 1.00  0.39 0.39 -0.11  0.31
D.I_1 1.00 0.29 0.03 0.21
Weight_1 1.00 0.02 0.45
Distance_1 1.00 0.78
SRSD_1 1.00
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Table 5.21 Multiple Regression Analysis Result of All Possible Selection after Data Mining

Durbin
2 2
Model R R R%, SE Wateon
Summary 0.889 0.790 0.786 0.212 1.179
Model | Division | %™ Of df Mean F p
squares square
Regression | ;0 r)¢ 9 8502 | 188.922 | .000
Analysis model
of Residual 20.340 452 0.045
variance
Sum 96.855 461
Unstandardized | standardized Collinearity
Model Coefficients Coefficients t p statistic
B SE B Tol. | VIF
(Constant) | 0.088 | 0.087 1.009 | 0.034
Vel 1.236 | 0.282 0.110 4389 | 0.000 | 0.744 | 1.344
Fo1 0.100 | 0.061 0.040 1.640 | 0.102 | 0.779 | 1.283
Dilli
Hing ~0.043 | 0.128 ~0.016  |-0.334| 0.739 | 0.214 | 4.664
length_1
Burden_ 1 4.609 | 0.744 0.647 6.191 | 0.000 | 0.043 | 23.505
Spacing_1 | -1.067 | 0.167 ~0.624 | -6.401| 0.000 | 0.049 | 20.437
DI_1 ~0.541 | 0.497 ~0.029  |-1.089| 0.277 | 0.636 | 1.573
Weight_1 -0.167 | 0.108 ~0.085 | -1.539| 0.124 | 0.151 | 6.619
Distance_1 | -0.104 | 0.083 ~0.068 | -1.254| 0.210 | 0.156 | 6.403
SRSD_1 1.032 | 0.071 0.888 14.563| 0.000 | 0.125| 8.004
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[] Variable

Removal 1st (Spacing 1)

Durbin
2 2
Model R R R%, SE Wateon
Summary 0.878 0.771 0.767 0.221 1.103
Model | Division | W™ Of df Mean F p
squares square
Regression | /) o9 8 9.334 | 190.598 | .000
Analysis model
of Residual 22.184 453 0.049
variance
Sum 96.855 461
Unstandardized | standardized Collinearity
Model Coefficients Coefficients t P statistic
B SE B Tol. | VIF
(Constant) | -0.133 | 0.083 ~1.599 | 0.111
Ve 1 0.917 | 0.289 0.081 3.172 | 0.002 | 0.768 | 1.302
Fo1 0.024 | 0.063 0.010 0.390 | 0.696 |0.810 | 1.235
Dilling -0.478 | 0.113 -0.174 | -4.216 | 0.000 | 0.298 | 3.352
length_1
Burden_ 1 0.237 | 0.309 0.033 0.766 | 0.444 |0.269 | 3.715
D.I_1 ~0.012 | 0511 -0.001 ~0.023 | 0.981 |0.654 | 1.529
Weight_1 0.392 | 0.067 0.200 5.828 | 0.000 | 0.428 | 2.335
Distance_1 | 0.006 | 0.084 0.004 0.075 | 0.940 |0.163 | 6.126
SRSD_1 0.952 | 0.073 0.820 13.088 | 0.000 | 0.129 | 7.759
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[] Variable Removal 2st (D.I_1)

Durbin
2 2
Model R R R, S.E A
Summary 0.878 0.771 0.767 0.221 1.103
Model | Division | U™ ©f df Mean F P
squares square
Regression | = ) o7 7 10.667 | 218.307 000
Analysis model
of Residual 22.184 454 0.049
variance
Sum 96.855 461
Unstandardized |standardized Collinearity
Model Coefficients Coefficients t P statistic
B S.E B Tol. VIF
(Constant) -0.135 0.064 -2.102 | 0.036
Vg 1 0.919 0.283 0.082 3.248 | 0.001 0.801 1.248
f-1 0.024 0.061 0.010 0.394 | 0.694 0.840 1.191
Dilling -0.479 |0.105| -0.174 |-4.578| 0.000 | 0.349 | 2.862
length_1
Burden_1 0.236 0.306 0.033 0.770 | 0.442 0.273 3.659
Weight_1 0.392 0.067 0.200 5.845 | 0.000 0.430 2.327
Distance_1 0.006 0.083 0.004 0.072 | 0.942 0.167 6.001
SRSD_1 0.952 0.072 0.820 13.245| 0.000 0.132 7.597
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[] Variable Removal 3st (Distance 1)

Durbin
2 2
Model R R R, S.E Wateer
Summary 0.878 0.771 0.768 0.221 1.103
Model | Division | U™ ©f df Mean F p
squares square
Regressio| /o9 6 12.445 | 255.249 000
Analysis [ model
of Residual 22.184 455 0.049
variance
Sum 96.855 461
Unstandardized | standardized Collinearity
Model Coefficients Coefficients t P statistic
B S.E B Tol. VIF
(Constant) -0.133 | 0.059 -2.251 0.025
Vg 1 0.922 0.278 0.082 3.319 0.001 0.828 1.207
f-o1 0.024 0.061 0.010 0.399 0.690 0.842 1.187
Dilling ~0.480 | 0.103 ~0.174 4658 | 0.000 | 0.359 | 2.784
length_1
Burden_1 0.228 0.285 0.032 0.800 0.424 0.315 3.173
Weight_1 0.390 0.064 0.200 6.075 0.000 0.466 2.144
SRSD_1 0.957 0.032 0.824 29.928 0.000 0.064 1.506
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[] Variable Removal 4st (f 1)

Durbin
Model 2 2 .
ode R R R SEE “Watson
Summary .878 0.771 0.768 0.221 1.103
Model | Division | S ©Of df Mean F P
squares square
R -
CEIesSIon| 4/ 663 5 14.933 | 306.833 000
Analysis | __model
of Residual 22.192 456 0.049
variance
Sum 96.855 461
Unstandardized | standardized Collinearity
Model Coefficients Coefficients t P statistic
B S.E B Tol. VIF
(Constant) | -0.117 | 0.044 -2.679 | 0.008
Vg 1 0.889 0.265 0.079 3.357 0.001 0.910 1.099
Dilling -0.483 | 0.103 -0.175 -4.702 | 0.000 0.361 2.770
length_1
Burden_1 0.225 0.284 0.032 0.791 0.429 0.315 3.171
Weight_1 0.391 0.064 0.200 6.090 0.000 0.467 2.143
SRSD_1 0.961 0.031 0.827 31.268 | 0.000 0.718 1.392
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[] Variable Removal 5st (Burden 1)

Durbin
2 2
Model R R Radj S.E _Watson
Summary .878 0.771 0.769 0.220 1.100
Model | Division | U™ Of df Mean F P
squares square
Regression| ) ¢4, 4 18.658 | 383.698 .000
Analysis | __model
of Residual 22.223 457 0.049
variance
Sum 96.855 461
Unstandardized | standardized Collinearity
Model Coefficients Coefficients t P statistic
B S.E B Tol. VIF
(Constant) | -0.109 | 0.042 -2.564 | 0.011
Vg 1 0.905 0.264 0.080 3.431 0.001 0.916 1.092
Dilling -0.432 | 0.080 -0.157 -5.404 | 0.000 0.596 1.679
length_1
Weight_1 0.413 0.058 0.211 7.174 0.000 0.579 1.728
SRSD_1 0.959 0.031 0.825 31.315 | 0.000 0.723 1.384
08 2
y = —0.109 + 0.905z; — 0432z, + 0.413x; + 0.959z, Eq. 5.1

AZIAM, z, ¢+ Vi1, x, @ Dilling length_1, x; : Weight_1, z, : SRSD_1

e A ZHEo nEIS puleR HAEY HVEEAIE & & 4 ok
Ha SRSD_19] £7447HsA171 0.825= sl RHoA FFo] 7 F Zer o4
W, Aol 27Fsst ARIEES tds) £ Zog 7|ggid AYun&e(V_ 1) &
M71ER7F 0.082 % At1 A-ZXKDilling length_1)2& 29] Ztoz 3|1 oA

e 51 9k,

ol
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Table 5.22~5.25014¢} Zo| u| 7jo] Wzo| tistel MPE AMS AlPstgont
Crystal Ballo]A] |9sh 19749 gL mgefol A S5t 94 SRSD_19F A-D

A% 045300 2 HER A HUL, UojAl Wk oNFREY A4

Table 5.22 Probability Distribution of Square Root Scale Distance (SRSD 1)

HlRAE OEA) 2%
BEFOST NEAA BE
HHFOE ASHT 42
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<Histogram comparison chart> <Probability distribution type>

Table 5.23 Probability Distribution of Charge per Delay (Weidht 1)
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1st : Extreme value distribution

- A-D test statistic : 14.73 Ly
- Incongruity '
<Histogram comparison chart> <Probability distribution type>
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Table 5.24 Probability Distribution of Dilling length (Dilling length 1)
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- Ist : Extreme value distribution
- A-D test statistic : 31.56
- Incongruity
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<Histogram comparison chart>

<Probability distribution type>

Table 5.25 Probability Distribution

of Shear Wave Velocity( Vg 1)
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- 1st : Triangle distribution
- A-D test statistic : 11.74
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6.1 E.E‘i:._] 76117—(;-% _clqé} Aléétg__ﬂ
6.1.1 AlO]E. 4

B8 7452 93 A|FUMAAL Fig. 6.10]42} 2o] Al|E 4oz Fahgirt.
ol £ ATOIA AFAII} o] RolFl Ao AT L AN B AW 4= 5

=2

wef2] ddoln, 18] 6¥9] AlFemrt o] Fojon HoEf 4= 537Ho|tt.

of At2E SUA A DBERAI7IY] Yol YRE AXSHAAE AFA ARG

Site 1: Test blast 3 times
Site 2 : Test blast 4 times
Site 3 - Test blast 2 times
Site 4 - Test blast 1 tme(For verification)

Fig. 6.1 Test Blasting Location for Model Verification
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6.1.2 A|ZL} (Site. 4)
6.1.2.1 XA A xj¥} EA

U0z sutere] £4g wersty] Yal FHAAL
AA 7 xl@ﬁwi@oﬂﬁ ABste AES #olst 4 Fig. 6.2 2ol 371

o] glon] B)A Al ejae] Qalo] 7]3

o}, o] YHS 1~20mm 2719 £HI APFA #A Aol

)
3
o
rgk
o
a2
Q
=
[05]
=
rlo
OFO

i)
du
Hu
4

2789 Z7]+= bmmof| o]2+&H|, ol& B =
5] E=0] Im9 WA 3 ~ 107} A= 2xsict s&std 242 Si0,7F 49.84 ~
50.84wt%, Na,O= 3.43 ~ 3.78wt%, KO= 1.30 ~ 1.70wt%e ol
Na,O+ K,0= 4.73 ~ 5.48wt%2] Yo sigstcH(Park et al.,, 1998). SiO,%t
Na, O+ K,0°] Z/Ju]5 o]&3t gHds H358Q TASE(Total Alkali-Silica
diagram; Le Maitre, 1984)of] T A]st A1t Fig. 6.3} 7Fo] ALY A] xHIALT
doz FREHIU

quto] A&xUHF = 255~145.8MPaztA] thoFstn] Aohe MW 50.13Mpa, H%
A2 Hat 122.5Mpaz FEct 22 Avtut wkatolo] ERjE|o} e 2HAS

9] 1033] AAl"l mHFIHAA]F(Standard Penetration Test, SPT)o] 2]st NX|] ZH&
43]/30cm~502]/13cm HHYE YEHLL glon dyz s 7H2 AJdo] AA|E]
A gkt
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_| Site 4: Testblast 1 time

. N

- .

Fig. 6.2 Geologic Map of Site. 4
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z
Cl, ________________________
Tl O e . ;- B [
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z 3 y
I 1| Basaltic
Picro- Basajt | | Andesite
1T | basalt P
wr il . . ; ;
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$i0, wt.%

Fig. 6.3 Classification of the Basalt according to TAS

Diagram (Site. 4)
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6.1.2.2 A&

Agente Ateo] HuEt 29 9Alo] AZZAES BAste] HEA 2.7mo)

= =
BEUNFY V(EARASAo L) Hgstelon), g £ Table 6.13
2ok 283 APUT 29 2AE FFRAEALLE 53108581085
21089 #0= A3 oct
Table 6.1 Experimental Conditions
Description Unit TYPE IV Specification
Drilling length m 2.7
Burden m 1.2
Spacing m 1.2
Drilled hole diameter | mm 76
Charge per hole kg 2.0
Charge per delay kg 2.0
Explosive diameter mm 50
Explosive - Emulsion
Holes - 5,10

AlgEms &A= Table 6.29F Zon, ¥milE AlE5S #sto] 9719 A&77tF A
AHAL AldEn ZHo= B8 ZF AFZ|I7HA Y o737 AE7].1 15moA 7

£71.6 0m7HAl= 1bm SHA0lA A= 37+ HEekaio]l ZZf 92m, 145m,

170m=z A2X|&]Jct.

Aloj27bs 3t Wb Eo] dgadlel AMAL 450 Ay AUmEL U Fopp
Aol Aol A 283 Fig. 4.179 2T 40~50mAtole] A% Aolol4 A3 ThE A

T2 Holi Qo SAFLez mie ARt 22 5445 Holal ot
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Table 6.2 Order of Test Blasting

1) Drilling 2) Preparing Charge and Detonator

7) Verification of Crack on Rock 8) Broken Rock
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6.1.2.3 A|lgd¥a} A

7} Al

PPVe} PVSo| tfst #zjete] IAS Fig. 6.404 HojZx1 9lon}, Table 6.3
Fig. 6.59} 6.60|A1Qt o] A&} tjoElE oarg Lo 3 HEASH Alg]
T 50%, 95%0| A PPV}t PVSQ| A|§HXlE4&: of A o|ch

Table 6.3 Prediction Equation of Ground Vibration for Peak Particle Velocity(PPV) and Peak
Vector Sum(PVS) (For verification)

Peak Particle Velocity(PPV, cm/s)

SD method Reliability Predictive Equation R S.E

Square root 50% V=28.00(SD)” "4
0.93 0.19

95% V'="56.64(SD)” "

Cube root 50% V=31.95(SD)” 4
0.93 0.19

95% V=64.43(SD)" "

Peak Vector Sum(PVS, cm/s)

Square root 50% V=29.36(SD)” '3
0.92 0.19

95% V=159.39(SD)” 11

Cube root 50% V=234.46(SD)” '
0.92 0.19

95% V=67.69(SD)” "1
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Fig.
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Peak Particle Velocity(cm/sec)
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Fig. 6.5
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Fig. 6.6

Peak Vector Sum(cm/sec)
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6.4 Relationship between Distance and Velocities (PPV & PVS) (For verification)

y=56.64 x114

y =28.00 x"1-14
R2=0.86

Peak Vector Sum(cm/sec)

1 10 100

Square root scaled distance(m/kg'’?)

(a) PPV

1,000

10
y=59.39 x5
1 4
0.1
y=29.36x"13
R2=0.85
0.01 T T
1 10 100 1,000

Square root scaled distance(m/kg'’?)

(b) PVS

Prediction Equations of SRSD Vibration Velocities on PPV and PVS (For verification)

y=3195x"114
R*=0.86

Peak Vector Sum(cm/sec)

1 10 100

Cube root scaled distance(m/kg'?)

(a) PPV

1,000

10
y=67.686x"13
1 4
0.1
y=3346x"113
R2=0.85
0.01 T r
1 10 100 1,000

Cube root scaled distance(m/kg'?)

(b) PVS

Prediction Equations of CRSD Vibration Velocities on PPV and PVS (For verification)
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Fig. 6.7 Prediction Equation of Ground Vibration for Component Velocity (For verification)
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Table 6.4 The Influence of Charge per Delay on the PPV (For verification)

Cz;‘;g;‘zk‘sr 0.5 1.6 5.0 15.0
Dis(t;’)lce SRSD | CRSD (CZ:R) SRSD | CRSD (CZRSR) SRSD | CRSD (C%ER) SRSD | CRSD (CZIS{R)
5 6.09 | 7.93 | 30.2 | 11.82 | 12.34 | 4.4 |22.63|19.02 | -16.0 | 42.33 | 28.88 | -31.8
10 2.76 | 3.60 | 30.2 | 5.36 | 5.60 | 4.4 |10.27| 8.63 |-16.0|19.21 | 13.10 | -31.8
20 125 | 1.63 | 302 | 2.43 | 2.54 | 4.4 | 466 | 3.92 | -16.0 | 8.72 | 5.95 | -31.8
40 057 | 0.74 | 302 | 1.10 | 1.15 | 44 | 2.11 | 1.78 | -16.0| 3.96 | 2.70 | -31.8
60 036 | 0.47 | 302 | 070 | 073 | 44 | 133 | 1.12 | -16.0| 2.49 | 1.70 | -31.8
80 026 | 0.34 | 302 | 050 | 052 | 44 | 096 | 0.81 |-16.0| 1.79 | 1.22 | -31.8
100 020 | 0.26 | 30.2 | 039 | 041 | 44 | 0.74 | 0.63 |-16.0| 1.39 | 0.95 | -31.8
120 0.16 | 0.21 | 30.2 | 032 | 033 | 44 | 0.60 | 0.51 |-16.0| 1.13 | 0.77 | -31.8
140 0.14 | 0.18 | 30.2 | 0.26 | 028 | 4.4 | 051 | 0.43 |-16.0| 0.95 | 0.65 | -31.8
160 0.12 | 0.15 | 30.2 | 0.23 | 024 | 44 | 0.44 | 037 |-16.0| 0.81 | 0.56 | -31.8
180 0.10 | 0.13 | 30.2 | 020 | 021 | 44 | 038 | 0.32 | -16.0| 0.71 | 0.49 | -31.8
200 009 | 0.12 | 302 | 0.18 | 0.18 | 4.4 | 0.34 | 0.28 | -16.0| 0.63 | 0.43 | -31.8
Table 6.5 The Influence of Charge per Delay on the PVS (For verification)
Cg;’g‘zk‘g";r 0.5 1.6 5.0 15.0
Dis(t;’)‘ce SRSD | CRSD (C/RS_ER) SRSD | CRSD (CZRSR) SRSD | CRSD (C/RS'RSR) SRSD | CRSD (C/RéRSR)
5 6.51 | 8.46 | 29.9 | 12.57 | 13.11 | 4.3 |[23.92 | 20.13 | -15.8 | 44.50 | 30.45 | -31.6
10 2.98 | 3.86 | 29.9 | 5.74 | 599 | 4.3 |10.93| 9.20 | -15.8 | 20.33 | 13.92 | -31.6
20 136 | 177 | 29.9 | 2.62 | 2.74 | 4.3 | 499 | 420 | -15.8 | 9.29 | 6.36 | -31.6
40 062 | 0.81 | 29.9 | 1.20 | 1.25 | 43 | 228 | 1.92 | -15.8 | 4.25 | 2.91 | -31.6
60 039 | 051 | 29.9 | 076 | 079 | 43 | 1.44 | 121 |-15.8| 2.68 | 1.84 | -31.6
80 028 | 0.37 | 29.9 | 055 | 057 | 43 | 1.04 | 0.88 |-158| 1.94 | 1.33 | -31.6
100 022 | 029 | 29.9 | 043 | 044 | 43 | 0.81 | 0.68 |-158| 1.51 | 1.03 | -31.6
120 0.18 | 0.23 | 29.9 | 0.35 | 036 | 43 | 0.66 | 0.56 | -15.8| 1.23 | 0.84 | -31.6
140 0.15 | 0.20 | 29.9 | 029 | 030 | 43 | 055 | 0.47 | -15.8| 1.03 | 0.71 | -31.6
160 0.13 | 0.17 | 29.9 | 0.25 | 026 | 43 | 0.48 | 0.40 | -15.8| 0.89 | 0.61 | -31.6
180 0.11 | 0.15 | 29.9 | 022 | 023 | 43 | 0.42 | 0.35 | -158| 0.78 | 0.53 | -31.6
200 0.10 | 0.13 | 29.9 | 0.19 | 020 | 43 | 037 | 0.31 |-15.8| 0.69 | 0.47 | -31.6
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Fig. 6.8 Relationship between predicted Ground Vibration Velocity and Distance by Charge per

Delay (For verification)
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Fig. 6.9 Relationship between Ratio of Increase and Distance by Charge per Delay (For
verification)
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Table 6.6 Variables of Regression Model

Vs(m/s) Drilling length(m) | Weight(kg/delay) | SRSD(m/kg*1/2)
5, 10, 50,
565 2.7 2.0 100, 200. 500

StAIRF, Table 6.62 HJoJE] Dfold A WH4ol7] migo] o] 2 A¥RlE&HE
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24 Eq. 5.19] WAA71E WEsr] 95t dlojg wWato] Wesit Table 6.72
Faob B4 J2]n WakE glolch

oo

dlole] ool'd g i3t 7t W] ulAY

Table 6.7 Transformation Value after Data Mining

T f ti
Variable Non-linear function ranstormation
Value
Gz
y= ﬁo +e
Vs-1 Exponent 0.166

y=0.904 + ¢ "0

y=0, + Bz + B,2° + Bya°
Cubic 0.194
y=3.15—23.789 2 + 1.4382> —0.1632°

Drilling
length_1

y=p, + Bz + ﬁQ:pQ + ﬁ3x3 +e€
Weight_1 Cubic 0.261
y=0.019+0.227 2 —0.067z* +0.007 2

y=0 + ﬁ1(1/x) + € 5.593, 2.920,
SRSD_1 Inverse 0.494, 0.191,
y= —0.112+30.324(1/z) 0.040. -0.051

N
~
x|t Aforek(Weight _1)of tst #igh ghe Ql2ista, W4 SRSDE: 5, 10, 50, 100,

200, 5000] djsff ®etA]Zl SRSD_14} 5.593, 2.920, 0.494, 0.191, 0.040, -0.051
o

o
=
%544 Peak Particle Velocity(PPV, cm/s)ol| tist Aiuts 242

o 1w

1 o5 Log-Log#l9] x&0f SRSD 12]il y&o] PPVl RT3 A ksto] o7
Lol oigh A= 50%9] ARIIESE FPMS A, 99 B2 BEFQAL A
U2 o8l A= 95%] ARMlEEE FHAS G Fig. 6.14= ¢ S
A g oA B9 ARl Es&E F7gA0lal Table 6.80] 1 Zxtg 72 st

ot

K
2 <

1p

- 230 -



100
g
< 10 ~
E (RS =1 1x-1.19
S Yos0, = 106.51x7
'S
=
S B
D
=
=
s - -1.19
: o1 - Ysgo, = 46.29 x°1-
g : R2=0.99
A~ 3=

m]
0.01 T T
1 10 100 500 1,000

Square root scaled distance(m/kg'/?)

Fig. 6.14 Prediction Equation of Ground Vibration Velocity by

Regression Model

Table 6.8 Prediction Equation of Ground Vibration for Peak Particle Velocity(PPV) by
Regression Model

Model Reliability Prediction Equation S.E
50% V=146.29(SD)" "

Regression 0.22
95% V'=106.51(SD)" "

6.2.2 Al@uute} 87 nelo] AYHRIEAE A v
6.2.2.1 AlERIE&E H| 1
Table 6.9 7] 2elo] og AWEIS&E AT Al@wnto] o AuES

= A 2 BAEAAN AEEs SESHFR(2006)] 7ol =2tRl(G.L)d

¢ ARl EEE FgAolH, o] FFASe EtA(SD)Al High ARl E4& =

o b

uju

VT 95%9] AVAEAE FPASL 8w W GLY A9 SD7} Loju4s

AN E A 20 227t AU}, Aldwuto] ojst MzEAlole] ANAEAEE WA 7
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Table 6.9 Prediction Equation of Guide Line, Test Blasting, and Ground Vibration by
Regression Model

Division Reliability Prediction Equation S.E
G.L 95% V'=200.0(SD)~ "%
50% V=28.00(SD)” !
Test Blast 0.19
95% V=756.64(SD)” 11
50% V=146.29(SD)” "
Regression Model 0.22
95% V'=106.51(SD)" "

10 ¢
= Prediction_95%
Test blast_95%
= = Prediction_50%
A - - -~ Test blast_50%
/g 1 i \\\ .........
<
£
<
<
x
=W
0.1 4
"N
0.01 ey : e
10 100 1000

Scale Distance(m/kg”1/2)

Fig. 6.15 Comparing Prediction Equations on Ground Vibration
Velocities of Regression Model, Guide Line, and Test Blasting
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Table 6.10 The Influence of Charge per Delay (Regression Model)

C::; g;ﬁ;?r 0.5 5.0
Dis(t;r)lce T_0.5 | P_0.5 | G_0.5 (P/_f) (T/_C?) (P/';') T_5.0 | P_5.0 | G_5.0 (P/'TT) (T/_GG) (P/'(f)

5 6.09 | 1039 | 8.75 | 70.5 | -30.4 | 18.8 | 22.63 | 40.88 | 55.19 | 80.6 | -59.0 | -25.9
10 2.76 | 4.55 | 2.89 | 64.7 | -42 | 57.8 | 1027 | 17.92 | 18.21 | 74.5 | -43.6 | -1.6
20 125 | 2.00 | 0.95 | 59.1 | 31.8 | 109.6 | 4.66 | 7.85 | 6.01 | 68.5 | -22.4 | 30.8
40 057 | 0.87 | 0.31 | 53.7 | 81.3 | 1786 | 2.11 | 3.44 | 1.98 | 62.8 | 6.7 | 73.7
60 0.36 | 0.54 | 0.16 | 50.6 | 118.4 [ 228.9 | 1.33 | 2.12 | 1.04 | 59.5 | 28.6 | 105.2
80 0.26 | 0.38 | 0.10 | 48.4 | 149.3 [ 270.1 | 0.96 | 1.51 | 0.65 | 57.2 | 46.8 | 130.9
100 0.20 | 029 | 0.07 | 46.8 | 176.3 | 305.6 | 0.74 | 1.16 | 0.46 | 55.5 | 62.7 | 153.0
120 0.16 | 0.24 | 0.05 | 455 | 200.4 [ 337.1| 0.60 | 0.93 | 0.34 | 54.1 | 76.9 | 172.6
140 0.14 | 020 | 0.04 | 44.4 | 2225 | 365.6 | 0.51 | 0.78 | 0.27 | 52.9 | 89.9 | 190.4
160 0.12 | 0.17 | 0.03 | 43.4 | 242.9 [ 391.8 | 0.44 | 0.66 | 0.22 | 51.9 | 101.9 | 206.7
180 0.10 | 0.15 | 0.03 | 42.6 | 262.0 | 416.1 | 0.38 | 0.57 | 0.18 | 51.0 | 113.2 | 221.9
200 0.09 | 0.13 | 0.02 | 41.8 | 280.0 | 438.9 | 0.34 | 0.51 | 0.15 | 50.2 | 123.8 | 236.1

o714, T+ Alg¥mboln P ALY 12|11 Ge 7tol=afglo|rt,
R S— Test blast_0.5 —— Predition_0.5 - - G.L._0.5 30 —— PTYT05 ---- (T-G)G_0S — — (P-G)G_0.5

N . ==—-Test blast_5.0 Predition_5.0 — - =G.L._5.0 400 ]

Predicted Velocity(cm/sec)

Distance(m)

Fig. 6.16 Relationship between predicted

Ground Vibration Velocity and Distance by

Charge per Delay

Ratio of increase(%)
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-200
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-
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Fig. 6.17 Relationship between Ratio of

Increase and Distance by Charge per Delay
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Rolgl Algeold el Fig. 6.182 SRSD 5(%, SRSD_1Zt 5.593)] Aol
X Azpolrt.
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Fig. 6.18 Example for Simulation Result of SRSD (5.593, Value
of SRSD 1)

J2]37 Table 6.112 SRSD 5(%, SRSD_13} 5.593)9] A|&2o]Md EAlo] wixo]
2 B golth &8 10%0]A 5.65, &8 100%0A 6.208 o&sty Jrh ¥s
o] oF 10%U<e 4Zoltt. o]xy wWEZZo] A2 o0]8E= SRSD_1(Log normal

i

distribution)& A3t UHA] HLES #4522 (Uniform distribution)2 7175t

7] thgo] SERRO WE Zo| Uh e Zloz mubwct
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Table 6.11 Analysis of Percentiles of PPV

Percentiles(%) values(cm/s)
10 5.65
20 5.71
30 5.76
40 5.81
50 5.85
60 5.89
70 5.93
80 5.98
90 6.04
100 6.20

L. AbgAbge] Bxo] ogh Algeold BA A}

Fig. 6.20& SRSD_I1(Log normal distribution)S A|2]st UMHA] HA(MTTRE T

A AIEE e Re22nE ol&sl AFEAMEY 222 JMde Aled

Ageol Auhe FHEEE JPYSln T2 HBEES Hololslt WASY BE
Jel2 Qo= ALgAge RE2 sgetely] Wl Zu ol did FELE} 9
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Z}(Dilling length_1)o] 3(-)9] oz oF 8¥He JTFS &=
9tk 121 SRSD SolAl: Al AoRp(Weight_1)o] T WM 2 ¥Fe F
O} SRSD 500A4= A-zAHDilling length_1)o] 2(-)9] oz = B2 & o
2 71 9t
Table 6.12 Analyzed Simulation Result by User-defined Distribution
SRSD 5 10 50 100 200 500
SRSD_1 5.593 2.920 0.494 0.191 0.040 -0.051
50% 5.75 2.85 0.52 0.23 0.08 0.003
Reliability
95% 5.99 3.08 0.75 0.45 0.32 0.24
Distribution Fit | Extreme | Extreme | Lognormal | Lognormal | Extreme | Extreme
A-D Statistic 5.23 5.83 5.88 5.57 5.56 5.34
W ppv = e
0.0% B0.0%

SRSD_1
Weidht_1

Dilling length_1

Vs 1

20.0%
|

40.0%

60.0%
| —
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0.0% 200%
| R

JEFos

40.0%
|

W EHAT &

60.0%
1

1=

80.0%

SRSD 5

SRSD 50

Fig. 6.19 Sensitivity Analysis by User-defined Distribution
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Fig. 6.20 Simulation Result by User-defined Distribution
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Table 6.13 Simulation Result by Uniform Distribution

SRSD 5 10 50 100 200 500
SRSD_1 5.593 2.920 0.494 0.191 0.040 -0.051
50% 5.85 2.93 0.61 0.32 0.18 0.08
Reliability
95% 6.08 3.17 0.84 0.55 0.41 0.32
Distribution Fit beta beta beta beta beta beta
A-D Statistic 0.50 1.18 0.68 0.65 0.67 0.70
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Fig. 6.21 Simulation Result by Uniform Distribution
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Fig. 6.22 Sensitivity Analysis by Uniform Distribution
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Fig. 6.23 Prediction Equation of Ground Vibration by Simulation
Model

Table 6.14 Prediction Equation of Ground Vibration for Peak Particle Velocity (PPV) by

Simulation Model

Model Reliability Prediction Equation Remark
50% V=25.13(SD) %
Simulation
95% V'=14.40(SD)~ "%

6.3.3 Al@untel 2528 welo] xuHE

1P

= 344 b

6.3.3.1 A¥IX1 &4 % H|w

Table 6.152 Algefo]lAd =] o3t A|RHil-&

1P

= A A@eate] o3t A
WAEAE A I3 AAUAA HEHE ZESIUR(2006)9] o] =atol
(G.L) O3 A WA ESE A5o] ghaAe)(SD)o] thE ARl
452 Fig. 6.24004 vlasict.

AAjolo, o] F7A

|

}?lﬂE. 50%94 7\]‘{1_{]_%_4'\_5 —ir‘%]é}

o
=
Kl
ol
=t
ke
rg
>
o2
uk
=)
=
1
<
o)
T
T
)
offt
1P
H

- 243 -



Hol A Ego]d wdlo] oJ3t AUtRIE4 o] 7Fa7t AL EAES HojZzq Qlo], ¥
ez A5 ARl Es5 =9 Afol7h AX FgAlor &8 Al e/

gelsht AAHQ SRdAL Belst duatg xesic.

Jej ARl @OIA AR EE ANMIS A AAALS AT 95%9] ZAlolct,
G

Algdo]ld mEo) ARIAlE

1
K1

Ir
>
od
uk
=)
=2
1o
roh
Do)
[-'II.
22
off
1P
H1
t
in)
ry
M
o
O

SD 10014 °F 20%& A7l FEIdou 2 gHEo] AKX, dAE A5
2|7} Aof A¥HlE&E Apol7b o AAZH. ol TA|A]4 nol Alduto] RAGAL]
o3t 1.14Ec} Aoz e A2 0.66% 7IX|1 Q7] mjRo|ct. ®3 AEw
50%2F 95%0A 2R 5 GollofstA|et 52l AlEefo]ld RHofA
Hg Ho] 1 Qo] AL E FHA 0RO o] AYsHA] g2 oz wmht

W]
=

il

Table 6.15 Prediction Equation of Guide Line, Test Blasting, and Simulation

Division Reliability Prediction Equation Remark
GL 95% V'=200.0(SD)" %
50% V=128.00(SD)” '
Test Blast
95% V=>56.64(SD)” "
50% =25.13(SD)" "%
Simulation Model Prediction_S
95% V=14.40(SD)” %
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Fig. 6.24 Comparison of Prediction Equation of Guide Line, Test

Blasting, and Simulation
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Table 6.16 The Influence of Charge per Delay (Simulation Model)

C:;ﬁk‘gr 0.5 5.0

Dis(t;’)lce T_0.5 |PS_0.5| G_0.5 (P;T) (G/'TT) ® %G) T_5.0 |PS_5.0| G_5.0 (Pj;T) (G/'TT) ® %G)
5 6.09 | 3.96 | 8.75 | -35.0 | 43.6 | -54.7 | 22.63 | 8.47 | 55.19 | -62.6 | 143.9 | -84.7
10 2.76 | 2.51 | 2.89 | -9.3 | 4.4 |-13.1] 1027 | 5.36 | 18.21 | -47.8 | 77.3 | -70.6
20 125 | 159 | 0.95 | 26.5 | -24.1| 66.6 | 4.66 | 3.39 | 6.01 | -27.2 | 28.9 | -43.5
40 057 | 1.00 | 0.31 | 76.4 | -44.8 | 219.7 | 2.11 | 2.15 | 1.98 | 1.5 | -6.3 | 8.3
60 0.36 | 0.77 | 0.16 | 114.3 | -54.2 | 368.0 | 1.33 | 1.64 | 1.04 | 23.3 | -22.2 | 58.6
80 0.26 | 0.64 | 0.10 | 146.0 | -59.9 | 513.4 | 0.96 | 1.36 | 0.65 | 41.6 | -31.9 | 107.8
100 0.20 | 055 | 0.07 | 173.8 | -63.8 | 656.5 | 0.74 | 1.17 | 0.46 | 57.6 | -38.5 | 156.3
120 0.16 | 0.49 | 0.05 | 198.9 | -66.7 | 797.9 | 0.60 | 1.04 | 0.34 | 72.0 | -43.5 | 204.3
140 0.14 | 0.44 | 0.04 | 221.8 | -69.0 [ 938.0 | 0.51 | 0.94 | 0.27 | 85.2 | -47.3 | 251.7
160 0.12 | 0.40 | 0.03 | 243.1 | -70.8 [1076.8| 0.44 | 0.86 | 0.22 | 97.5 | -50.5 | 298.7
180 0.10 | 0.37 | 0.03 | 263.1 | -72.4 [1214.5| 0.38 | 0.80 | 0.18 | 108.9 | -53.1 | 345.4
200 0.09 | 0.35 | 0.02 | 281.9 | -73.7 [1351.4| 0.34 | 0.74 | 0.15 | 119.8 | -55.3 | 391.8

o714, T Alg@molil PSE Algefo]d ' 123 G 7tol=gteloltt.

- 246 -



1000 500 %
P TO05 ——PS05 ---GL.05 ——(PS-TYT 0.5 ---- (G-TYT_0.5 — — (PS-G)/G_0.5
-==-T 50 ——PS50 —--GL.50 400 4

——(PS-TYT 50 = = (G-TYT_50 =— - (PS-G)/G_5.
: -~

Predicted Velocity(cm/sec)
Ratio of increase(%)

0.1 ; RSN 200 . ; ,
1 10 100 200 0 50 100 150 200

Distance(m) Distance(m)

Fig. 6.25 Relationship between predicted Fig. 6.26 Relationship between Ratio of
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Table 6.17 Comparing Prediction Equations of Ground Vibration Velocity (Reliability 50%)

Division Reliability Predictive Equation Remark
Test Blast V=128.00(SD) TB
Regression Model V=146.29(SD)” 1 PR
50%
Simulation Model =25.13(SD) % PS
Case based Model V=64.65(SD)” 13 TB. All
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Fig. 6.27 Ground Vibration Velocity according to SRSD (Reliability
50%)
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Table 6.18 Ground Vibration Velocity and Change

Rate of Prediction Equations (Reliability

50%)
SRSD(m/kg"?) | 10 50 100 200 | 300 500
TB_50% 203 | 032 | 015 | 007 | 004 | 0.02
PPV PR_50% 299 | 044 | 019 | 008 | 005 | 0.03
(cm/s) PS_50% 3.05 0.68 0.36 | 0.19 0.13 | 0.08
TB.AIL50% | 3.02 | 036 | 0.14 | 006 | 003 | 0.02
- 53 64 69 73 76 79
R(i/zi)o 12205 50 47 41 35 33 29
- IEA sy 90 9 84 78 71

Azxole] chiy EATA ANEAS vrdstn Qe Aldwnto] o3t AU E4
=(TB_50%)= oF SD 707}x] TB.All_50% =t} AlE&cr} &otoL} i7je]la 2k
2 AE4wo] 27} mopd ANAEEEs} 2 x

TB_50% Bt 2 AWISAES Bolw k.

3 2o ot X|EHRI= TB_50%2 SD 1004 53%9] AIES
Holt] &2 =2 299cm/sS YO}, 7F K4 no| Atfdogz =2 #H SD 200
4702 welth o TBY |
FEoIL,
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oA 73%=2 X1 SD 5000] A= 79%7}x] A&

!

TRlE&E 7]&0=2 SD S5007HA] nfsiis of A &0l oF 75%

9 Y 59 st BR x7ioz

= =
Aol AR E&EES ofdstAl st s 2740A 75% 4

AlEeold wHlo] 9st X|¥Hil &4 % (PS_50%)= TB_50%2 SD 1004 50%<2] A
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(Reliability 50%)
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Table 6.19 Separation Distance on Standard Blasting Method of Prediction Equations
(Reliability 50%)

Blast Charge per Distance(m)
Type delay(kg) TB_50% PR_50% PS_50% TB.AIL 50%
I 0.125 18.9 244 42.7 20.1
I 37.8 48.8 85.5 40.2
m /////// ////// 67.6 873 152.9 71.9
I\ 5.0 119.6 154.3 270.4 127.0
V 15.0 207.1 267.3 468.3 220.0
VI
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Table 6.20 Relevance ratio of Separation Distance for the Standard Blasting Pattern
(Reliability 50%)

Blast Charge per Relevance ratio(%)
Type delay(kg) - TB— PR | - TB—PS | - TB— TB.A |
B 1B TB
I 0.125
I 0.5
I 1.6 71 44 94
v 5.0
Vv 15.0

Table 6.21 A Chart for Charge per Delay by Prediction Equations according to Distance
(Reliability 50%)

Maximum instantaneous charge-MIC(kg/delay)
Distance(m) TB 50% PR _50% PS_50% TB.AIl 50%
10 0.035 0.021 0.007 0.031
30 0.315 0.189 0.062 0.279
90 2.833 . -
110 4232 . .
130 5911 . f//////,;éégj{://////%
150 7.870 . .
170 10.109 6.067 1.977 8.953
190 12.627 7578 2.469 11.183
210
230
250
270
290
310
330
350
370
390
410
430
450
470
490
510
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Table 6.22 Comparing Prediction Equations of Ground Vibration Velocity (Reliability 95%)

Division Reliability Predictive Equation Remark
G.L 7'=200.0(SD)~ "% G.L
Test Blast V'=56.64(SD)" " TB
Regression Model 95% V=106.51(SD)” 1 PR
Simulation Model V=14.40(SD)~ "6 PS
Case based Model V'=169.43(SD)" "% TB. All

S5 AP ST AR Al
$4% v 5, 2d5 N Yug

wsHICt.
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Fig. 6.29 Ground Vibration Velocity according to SRSD (Reliability
95%)

Table 6.23 Change Rate and Ground Vibration Velocity of Prediction Equation (Reliability 95%)

SRSD(m/kg/?) 10 50 100 200 300 500

TB_95% 4.10 0.66 0.30 0.13 0.08 0.05
PPV PR_95% 6.88 1.01 0.44 0.19 0.12 0.07
(cm/s) PS_95% 3.15 1.09 0.69 0.44 0.33 0.24
TB. All_95% 7.92 0.93 0.37 0.15 0.09 0.04

TB— PR
SV 32 45 51 56 59 62
Ratio |, | 7B—Ps, 77 60 43 31 25 20
(%) B
TB— TB.A

VB 7 58 75 91 99 92

A@eato] gt AJY S 4 E(TB_95%)s of SD 157k GLuTH AS4Est Aot
o AR A4S NEAEC] A7} Aotd AMAFAESL 2 0w Uehd
cf. J2j3 TB95%0] ulah, PR_95%L & SDolA AF&wst 2 HOo2 o5en
TB. All_95%+= AR 7 23 A 2 SD 20004 X545 =7t Atotxlct, PS_95%+=
oF SD 207HA] AIE&HEE AGrOU AR 27} Aot WA R A4S AFHEI} 3

v O 1

I, 2 Aol o AR et

- 254 -



sy mdlo] 9t AEHAlE 4w (PR_50%)= TB_50%S SD 50014 45%°] Ag5S
Holn] 22 =2 10lem/s2 HAOL} ZFK|A nol AR oz x=2 7 SD 200
ol 56%=2 71X SD 5000)AL 62%7}X] Aatst Az o0& wolrh ol TBO] A|
URlE 4T 7|ZE 02 SD 5007HA] naidie o AgEo| oF 60% L&o|rt.

Algdo]Ad mdlof 9t A|EHAl =4 E(PS_95%)= TB_95%2 SD 5004 34%9] A
I8 Holn] 22 =2 1.09cm/sS B oL}, Al EAFS KQF ZH2A|A|4 no]
S

thR o @ Arop SD 20004 31%=2 Aropx]1 SD 5000A= 20%71x] Aropx]= Ak

0%

4

279 wWolth o]k TBO XRHIAIE4E 7]5202 SD 50071 w=igls o At
o] oF 28% »%g ®olu 9lo] AlBH oA Wl ofFt AUl EEE FPAG Al
sb7] oyt

J2]3 98]0 AlFYnt HlolEl S S AV 2 AWl E4 T (TB. All_95%)
+ TB_95%= SD 5004 58%2] A& oL SD 200014 91%= FHX|iL SD
500014E 92%7HA A sEo® WLk ol TBY AHIELEZ J|EoR
AR AYErt A3 LESAY AR 22E FYEst 7AA SD 5007HA]

1285t o Aghso] oF 90% aFoltt.

A TA oA 851 9= sto]=a}ol(G.L) £AAI0] K : 2009 n : 1.60] A& Al

of o5t Aug} 1S Zotst o, TB. AllL95%0] 9J5F R|yHRl 54 & FA A0l Aute

6.4.2.2. =% wolo] x|dit} Xlokek H|

72| (Distance)l] T AU 51§ AT (kg/delay)S Fig. 6.3001A4 H]wstoict.

- 255 -



AUHES SRS drele 2422 34 oj53 ABHold wd PS_95%7t £UAe
ol AT 5 AForro] b Aln 1 4ol 8] Wl PS_95%, TB. All_95%,
TB_95% 0|t} 12]% oF SD 15014 G.LO] AW E4ES cAla] Uzl &

A = = (o]
2 AS4ES B9l TB95%IF GLUCH AWd 58 Aofpe k.
100 +
F——TB 95% — —PR 95% g
[ - - -PS_95% — -+ TB.AIl_95% < ,'///
Ve GL L
@ 10 ¢ soe
?__ E ' s 7
ks L S
o] L -
% v #
o 1 i // -
3 P - s
X o -
e 2 P
Z s s
o i ¢ e
0.1 + / 5 P N
E ; /// -7
/// e o
s -
0.01 i P Ly . . PR R W
10 100 1000
Distance(m)

Fig. 6.30 Comparing Delay per Charge of Prediction Models
(Reliability 95%)
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Table 6.24 Separation Distance on Standard Blasting Method of Prediction Equations
(Reliability 95%)

Blast Charge per Distance(m)

Type | delay(ke) GL TB95% | PRO9% | PS 95% | TBAI95%
I 0.125 20.6 35.1 49.2 1247 415
il 05 412 70.1 983 249.4 82.9
i 1255 175.8 446.1 1483
v 50 130.1 2218 3109 788.5 262.2
v 150 2254 384.2 5384 1365.8 454.1
VI

Table 6.25 Relevance ratio of Separation Distance for the Standard Blasting Pattern
(Reliability 95%)

Blast Charge per Relevance ratio(%)
Type delaykg) | | TB_PR| | | IB_PS) 1B T84
[ 0.125
I 0.5
I\y 5.0
\ 15.0
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Table 6.26 A Chart for Charge per Delay by Prediction Equations according to Distance
(Reliability 95%)

Maximum instantaneous charge-MIC(kg/delay)

Distance(m) GL TB 95% PR 95% PS 95% TB.All 95%
10 0.030 0.010 0.005 0.001 0.007
30 0.266 0.091 0.047 0.007 0.065
50 0.254 0.129 0.020 0.18
70 0.498 0.254 0.039 0.356
90 2.391 0.419 0.065
110 3.572 0.097
130 4.989 1.717 0.136
150 6.642 2.287 0.18 1.637
170 8.531 2.937 0 2.103
190 10.657 3.669 1.868 0.290 2.626
210 13.018 4.482 2.282 0 3.208
230 5.376 2.737 0.4 3.849
250 6.352 3.234 4.547
270 7.409 3.772 5.304
290 8.547 4.351 6.119
310 9.766 4972 6.992
330 11.067 5.635 7.923
350 12.449 6.338 8.912
370 13.913 7.083 9.960
390 7.870 11.066
410 8.698 12.230
430 9.567 13.452
450 10.478 1.628 14.732
470 11.430 1.776
490 12.423 1.931
510 13.458 2.092
600 2.895
700 3.940
800 5.146
900 6.514
1000 8.041
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Table 6.27 The Input Variables Setting of the Prediction Model (TB. 1)

Blast Type
Variable Unit Mean | Transformation
I m \% \Y%

Drilling length m 2.0 2.7 3.4 4.5 3.15 0.388
Weight kg/delay | 0.25 | 0.96 3.0 5.0 2.30 0.272
Vs m/sec 471 ~ 703 575 0.161

7F Reah AldEm No.19 A|¥Hls&e AR Table 6.289F 2t} A1 ot
|wslf 8 PRQ K7} 73.95, 170.152 714 331 1 tf-g TB. Allo]
o, AR % 50%0A= PS7F 21 Alf® 95%0A= TB. 10] 3t} th2 ZHAR| 4
no Aoigre PRo] 7 = TB. Allo|H, AIZ]® 50%0|A+= PS7F il AlZ]®

offt
>
>
>
|
[u 9]

95%0| A= TB. 10] 3},

ap

2] Fig. 6.31014 £AFA2|(SRSD)ol T A|¥IEF&EES vlus) BH TB. 12
AN ASEHEE JURoz AA oS5t loy gt Ao dA oAM=

PS C}go2 2 ANMISAEES Holn ).

Table 6.28 Prediction Equation of Ground Vibration for Sensitivity Analysis (TB. 1)

Division Reliability Predictive Equation Remark
50% V=11.70(sD)” "9
Test Blast No.1 ° (SD) ‘ TB. 1
95% V=29.09(5D) "%
50% V="13.95(5D)" "*
Regression Model ° (8D) - PR
95% V=170.15(8D) 14
50% V=2513(SD)" "
Simulation Model ° (D) PS
95% V=14.40(5D)" 66
50% V=64.65(SD)" "%
Case based Model ° (D) TB. All
95% V'=169.43(SD)” 1
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Fig. 6.31 Comparison of Ground Vibration Velocities for Sensitivity Analysis (TB. 1)
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Fig. 6.32 Comparison of Charge per Delay for Sensitivity Analysis (TB. 1)
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Table 6.29 Separation Distance on Standard Blasting Method of Prediction Equations (TB. 1)

Blast Charge per Distance(m)

Type delay(kg) TB.1 50% PR 50% PS 50% TB.All 50%
I 0.125 18.2 16.6 41.3 20.1
I 0.5 36.3 333 82.7 40.2
il 1.6 65.0 59.5 147.9 71.9
Iv 5.0 114.9 105.2 261.4 127.0
V 15.0 199.0 182.2 452.8 220.0
VI 15 Above

(a) Reliability 50%

Blast Charge per Distance(m)

Type delay(kg) GL TB.1 95% PR 95% PS 95% TB.All 95%
I 0.125 20.6 48.4 29.8 124.7 41.5
I 0.5 412 96.7 59.6 249.4 82.9
il 1.6 73.6 173.1 106.6 446.1 148.3
vV 5.0 130.1 305.9 188.4 788.5 262.2
vV 15.0 225.4 529.9 326.4 1365.8 454.1
VI 15 Above

(b) Reliability 95%

Table 6.30 Relevance ratio of Separation Distance for the Standard Blasting Pattern (TB. 1)

Relevance ratio(%)
Blast Charge per - TBfPR‘ - TB—PS| 1—| TB— TB.A‘
Type delay(kg) 7B B TB
50% 95% 50% 95% 50% 95%
I 0.125
II 0.5
I 1.6 92 62 44 39 89 86
I\Y 5.0
Vv 15.0
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Table 6.31 The Input Variables Setting of the Prediction Model (TB. 2)

Blast Type
Variable Unit Mean | Transformation
I m v \Y%
Drilling length m 2.0 2.7 3.4 4.5 3.15 0.388
Weight kg/delay | 0.25 | 0.96 3.0 5.0 2.30 0.272
Vs m/sec 471 ~ 703 575 0.161
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Table 6.32 Prediction Equation of Ground Vibration for Sensitivity Analysis (TB. 2)

Division Reliability Predictive Equation Remark
50% V=130.30(SD)” '
Test Blast No.2 TB. 2
95% V'=401.10(8D)" 1
) 50% V="173.95(5D)" !4
Regression Model - PR
95% V=170.15(8D)" "4
50% V=125.13(5D)” "9
Simulation Model PS
95% V=14.40(8D) "6
50% V=164.65(SD)" 1
Case based Model TB. All
95% V'=169.43(SD)” 1
10 100
——TB.2_50% — —PR_50% ——TB.2_95% — —PR_95%
-=-=-PS_50% — -+ TB.AIl_50% ---PS_95% — - TB.AIl_95%
10
g 14 3
: 0.1 :
.. 0.1 -
0.01 0.01
1000
Scale Distance(m/kg”1/2) Scale Distance(m/kg”1/2)
(a) Reliability 50% (b) Reliability 95%

Fig. 6.33 Comparison of Ground Vibration Velocities for Sensitivity Analysis (TB. 2)
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Fig. 6.34 Comparison of Charge per Delay for Sensitivity Analysis (TB. 2)

Table 6.33 Separation Distance on Standard Blasting Method of Prediction Equations (TB. 2)
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Blast Charge per Distance(m)

Type delay(kg) TB.2 50% PR 50% PS 50% TB.AIl 50%
I 0.125 17.8 16.6 41.3 20.1
I 0.5 35.6 333 82.7 40.2
I 1.6 63.7 59.5 147.9 71.9
Y% 5.0 112.5 105.2 261.4 127.0
% 15.0 194.9 182.2 452.8 220.0
VI 15 Above

(a) Reliability 50%

Blast Charge per Distance(m)

Type delay(kg) GL TB.2 95% PR 95% PS 95% TB.AIl 95%
I 0.125 20.6 36.8 29.8 124.7 415
I 0.5 41.2 73.5 59.6 249.4 82.9
i 1.6 73.6 131.5 106.6 446.1 148.3
1\ 5.0 130.1 232.5 188.4 788.5 262.2
Vv 15.0 254 402.6 326.4 1365.8 454.1
VI 15 Above

(b) Reliability 95%



Table 6.34 Relevance ratio of Separation Distance for the Standard Blasting Pattern (TB. 2)

Relevance ratio(%)
Blast Charge per - TBfPR‘ - TBfPS| - TB— TB.A‘
Type delay(kg) B 1B B
50% 95% 50% 95% 50% 95%
I 0.125
I 0.5
I 1.6 93 81 43 29 87 87
IV 5.0
V 15.0
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Table 6.35 The Input Variables Setting of the Prediction Model (TB. 3)

Blast Type
Variable Unit Mean | Transformation
I m v \Y%

Drilling length m 2.0 2.7 3.4 4.5 3.15 0.388
Weight kg/delay | 0.25 | 0.96 | 3.0 5.0 2.30 0.272
Vs m/sec 471 ~ 703 575 0.161
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Table 6.36 Prediction Equation of Ground Vibration for Sensitivity Analysis (TB. 3)

Division Reliability Predictive Equation Remark
Test Blast No.3 °0% v=8349(sD)" "® TB. 3
95% V=129.34(8D)" %
. 50% V=13.95(5D)" "
Regression Model PR
95% V=170.15(SD)~ '3
, . 50% V=25.13(8D)” "9
Simulation Model PS
95% V=14.40(8D) -6
50% V=64.65(5D)"
Case based Model TB. All
95% V=169.43(SD)” 1
10 10
——TB3 50% — —PR_50% R-. ——TB3_95% — —PR_95%
-=--PS_50% — -+ TB.AI_50% _ '4\ --=-PS_95% — - TB.AI_95%

-
—

P.P.V.(cm/sec)
P.P.V.(cm/sec)

0.1 +

S

0.01

Scale Distance(m/kg”1/2) Scale Distance(m/kg”1/2)

(a) Reliability 50% (b) Reliability 95%
Fig. 6.35 Comparison of Ground Vibration Velocities for Sensitivity Analysis (TB. 3)
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Fig. 6.36 Comparison of Charge per Delay for Sensitivity Analysis (TB. 3)
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Table 6.37 Separation Distance on Standard Blasting Method of Prediction Equations (TB. 3)

Blast Charge per Distance(m)

Type delay(kg) TB.3_50% PR_50% PS 50% TB.AIl 50%
I 0.125 22.9 16.6 413 20.1
I 0.5 457 333 82.7 40.2
m 1.6 81.8 59.5 147.9 71.9
1\Y% 5.0 144.6 105.2 261.4 127.0
% 15.0 250.5 182.2 452.8 220.0
VI 15 Above

(a) Reliability 50%

Blast Charge per Distance(m)

Type delay(kg) GL TB.3 95% PR _95% PS 95% TB.AIl 95%
I 0.125 20.6 316 29.8 124.7 415
i} 0.5 412 63.2 59.6 249.4 82.9
il 1.6 73.6 113.1 106.6 446.1 148.3
1\ 5.0 130.1 200.0 188.4 788.5 262.2
Vv 15.0 254 346.4 326.4 1365.8 454.1
VI 15 Above

(b) Reliability 95%

Table 6.38 Relevance ratio of Separation Distance for the Standard Blasting Pattern (TB. 3)

Relevance ratio(%)
Blast Charge per - TBfPR‘ - TB—PS| - TB— TB.A‘
Type delay(kg) B 7B B
50% 95% 50% 95% 50% 95%
| 0.125
I 0.5
I 1.6 73 94 55 25 88 69
I\Y% 5.0
\Y 15.0
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Table 6.39 The Input Variables Setting of the Prediction Model (TB. 4)

Blast Type
Variable Unit Mean Transformation
m v \Y
Drilling length m 2.7 3.4 3.4 3.17 0.397
Weight kg/delay 1.0 3.0 6.0 3.33 0.290
Vs m/sec 539 ~ 577 558 0.169

1%
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Table 6.40 Prediction Equation of Ground Vibration for Sensitivity Analysis (TB. 4)

Division Reliability Predictive Equation Remark
50% V=152.09(sD) '
Test Blast No.4 ° (D) - TB. 4
95% V=271.73(8D)" '*
50% V=60.68(5D)" 3
Regression Model - PR
95% V=139.62(5D) *
50% V=125.13(5D)” "9
Simulation Model PS
95% V=14.40(8D) "6
50% V=164.65(SD)" 1
Case based Model TB. All
95% V'=169.43(SD)” 1
10 10
——TB4_50% — —PR_50% .. ——TB4 95% — —PR_95%

-=--PS_50% — -+ TB.AIl_50% _ - ===PS_95% — -+ TB.AIl_95%

P.P.V.(cm/sec)
P.P.V.(cm/sec)

°
—
=)
=

0.01
1000 10

Scale Distance(m/kg”1/2) Scale Distance(m/kg”1/2)

0.01

(a) Reliability 50% (b) Reliability 95%
Fig. 6.37 Comparison of Ground Vibration Velocities for Sensitivity Analysis (TB. 4)
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Fig. 6.38 Comparison of Charge per Delay for Sensitivity Analysis (TB. 4)

Table 6.41 Separation Distance on Standard Blasting Method of Prediction Equations (TB. 4)

Blast Charge per Distance(m)
Type delay(kg) TB.4 50% PR_50% PS 50% TB.All 50%
I 0.125 17.8 18.6 413 20.1
I 0.5 35.5 37.2 82.7 402
Im 1.6 63.6 66.5 147.9 71.9
1\Y% 5.0 112.4 117.6 261.4 127.0
% 15.0 194.7 203.7 452.8 220.0
VI 15 Above

(a) Reliability 50%

Blast Charge per Distance(m)

Type delay(kg) GL TB.4 95% PR _95% PS_95% TB.AIl 95%
I 0.125 20.6 25.6 34.6 124.7 41.5
I 0.5 412 51.2 69.2 249.4 82.9
i} 1.6 73.6 91.6 123.9 446.1 148.3
v 5.0 130.1 161.9 219.0 788.5 262.2
\% 15.0 225.4 280.4 379.3 1365.8 454.1
VI 15 Above

(b) Reliability 95%
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Table 6.42 Relevance ratio of Separation Distance for the Standard Blasting Pattern (TB. 4)

Relevance ratio(%)
Blast Charge per - TBfPR‘ - TBfPS| - TB— TB.A‘
Type delay(kg) B 1B B
50% 95% 50% 95% 50% 95%
I 0.125
I 0.5
I 1.6 95 65 43 21 87 38
IV 5.0
V 15.0
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Table 6.43 The Input Variables Setting of the Prediction Model (TB. 5)

Blast Type
Variable Unit Mean | Transformation
I m v v

Drilling length m 1.5 2.7 3.4 3.4 2.75 0.215
Weight kg/delay | 0.25 1.0 4.0 3.0 2.06 0.263
Vs m/sec 545 ~ 587 569 0.164
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Table 6.44 Prediction Equation of Ground Vibration for Sensitivity Analysis (TB. 5)

Division Reliability Predictive Equation Remark
50% V=17.51(8D)" 113
Test Blast No.b TB. b
95% V=34.02(sD)" "?
50% V=61.89(SD)" 13
Regression Model PR
95% V=142.40(SD)~ 1"
50% V=25.13(8D)” "
Simulation Model - PS
95% V=14.40(SD)" "%
50% V=64.65(5D)" 13
Case based Model TB. All
95% V'=169.43(SD)” '
10 10
——TBS5 50% — —PR 50% ——TB.5_95% — —PR _95%

-=-=-PS_95% — -+ TB.AIl_95%

- - -PS_50% — - TB.AI_50%

P.P.V.(cm/sec)
P.P.V.(cm/sec)

0.1 4

10 100 1000
Scale Distance(m/kg"1/2) Scale Distance(m/kg”1/2)

(a) Reliability 50% (b) Reliability 95%
Fig. 6.39 Comparison of Ground Vibration Velocities for Sensitivity Analysis (TB. 5)
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(b) Reliability 95%

Fig. 6.40 Comparison of Charge per Delay for Sensitivity Analysis (TB. 5)



Table 6.45 Separation Distance on Standard Blasting Method of Prediction Equations (TB. 5)

(b) Reliability 95%

Blast Charge per Distance(m)

Type delay(kg) TB.5_50% PR_50% PS 50% TB.AIl 50%
I 0.125 12.9 213 413 20.1
I 0.5 25.9 4.6 82.7 40.2
m 1.6 46.2 76.3 147.9 71.9
v 5.0 81.7 134.9 261.4 127.0
% 15.0 141.6 233.6 452.8 220.0
VI 15 Above

(a) Reliability 50%

Blast Charge per Distance(m)

Type delay(kg) GL TB.5 95% PR_95% PS 95% TB.AIl 95%
I 0.125 20.6 233 40.5 124.7 415
I 0.5 41.2 46.5 81.0 249.4 82.9
il 1.6 73.6 83.2 144.8 446.1 148.3
1\ 5.0 130.1 147.1 256.0 788.5 262.2
Vv 15.0 225.4 254.9 443 4 1365.8 454.1
VI 15 Above

Table 6.46 Relevance ratio of Separation Distance for the Standard Blasting Pattern (TB. 5)

Relevance ratio(%)
Blast Charge per - TBfPR‘ - TB—PS| - TB— TB.A‘
Type delay(kg) TB B TB
50% 95% 50% 95% 50% 95%
| 0.125
I 0.5
I 1.6 35 26 31 19 45 22
I\Y% 5.0
\Y 15.0
6.5.6 A|Z& o}t No. 6
6.5.6.1 27 wHo] W4 MA
37 2E Algdold o] ¥nelFe SUs] Weo] 2 wase] YR
o sUsith R YHar U AR AN AEmEE(V), A (Drilling
length), A% geraF(Weight). SRSDE cloleluold HYL AX SyW4=
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Table 6.47 The Input Variables Setting of the Prediction Model (TB. 6)

Blast Type
Variable Unit Mean | Transformation
I m v v v

Drilling length m 15127134 ]34| 34| 2.88 0.271
Weight kg/delay | 0.25| 1.0 | 4.5 | 40 | 3.0 | 2.55 0.278
Vs m/sec 537 ~ 540 539 0.179

}
= TB. All, PR, PS &ojt}. 211 A= 95%0Al= TB. 629 K7} 306.890=2 =
1 TB. All, PR, PS &o]C}.

J8]3 Fig. 641014 &4712](SRSD)] mE AMAEAES ulus] BY Aze
50%9|A] TB.6, TB. All, PR, PS 02 Xz&£E5 IA oot 24 TB.6
of AE&Est 7P Aup W el Aopsct. AlZlE 95%0]AL TB. 6, TB. All
PR, PS 02 XE4&c2 37 o&sl1 TB. 60] H|5] TB. Allg} PRS ¥rje]z
452 747t AHoR Au, PSE UA2]oA 0je 2 AVESEES Boi 9l
o},

- 277 -



Table 6.48 Prediction Equation of Ground Vibration for Sensitivity Analysis (TB. 6)

Division Reliability Predictive Equation Remark
50% V=184.10(SD)” 8
Test Blast No.6 - TB. 6
95% V=1306.89(SD) '
. 50% V="50.76(SD)” %
Regression Model PR
95% V=116.79(SD)” %3
50% V=25.13(5D)” "9
Simulation Model PS
95% V=14.40(SD) "%
50% V=064.65(5D)" %
Case based Model ‘ TB. All
95% V'=169.43(SD)" 133
10 10
——TB.6_50% — —PR_50% ——TB.6_95% — —PR 95%
---PS_50%  —-- TB.AI_50% ---PS 95% —- TB.AI 95%
7 1] 3 17
& By
A~ A
0.1 0.1
0.01 0.01
10
Scale Distance(m/kg”1/2) Scale Distance(m/kg”1/2)
(a) Reliability 50% (b) Reliability 95%

Fig. 6.41 Comparison of Ground Vibration Velocities for Sensitivity Analysis (TB. 6)
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Fig. 6.42 Comparison of Charge per Delay for Sensitivity Analysis (TB. 6)

Table 6.49 Separation Distance on Standard Blasting Method of Prediction Equations (TB. 6)

Blast Charge per Distance(m)

Type delay(kg) TB.6 50% PR_50% PS 50% TB.AIl 50%
I 0.125 20.6 229 413 20.1
I 0.5 41.1 45.8 82.7 40.2
m 1.6 73.5 82.0 147.9 71.9
v 5.0 130.0 144.9 261.4 127.0
Vv 15.0 225.2 251.0 452.8 220.0
VI 15 Above

(a) Reliability 50%

Blast Charge per Distance(m)

Type delay(kg) GL TB.6 95% PR 95% PS 95% TB.All 95%
I 0.125 20.6 284 45.1 124.7 41.5
I 0.5 41.2 56.8 90.2 249.4 82.9
i} 1.6 73.6 101.6 161.4 446.1 148.3
v 5.0 130.1 179.7 285.4 788.5 262.2
\% 15.0 225.4 311.2 494.3 1365.8 454.1
VI 15 Above

(b) Reliability 95%
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Table 6.50 Relevance ratio of Separation Distance for the Standard Blasting Pattern (TB. 6)

Relevance ratio(%)
Blast Charge per - TBfPR‘ - TBfPS| - TB— TB.A‘
Type delay(kg) B 1B B
50% 95% 50% 95% 50% 95%
I 0.125
II 0.5
I 1.6 89 41 50 23 98 54
I\Y 5.0
\Y% 15.0
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Table 6.51 The Input Variables Setting of the Prediction Model (TB. 7)

Blast Type
Variable Unit Mean | Transformation
I m|v|v | V|V

Drilling length m 1.512.7|3.4|3.413.4|3.4| 2.97 0.309
Weight kg/delay [0.25/1.0[4.0|8.0|8.0|8.0| 4.88 0.344
Vg m/sec 608 ~ 690 644 0.131
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Table 6.52 Prediction Equation of Ground Vibration for Sensitivity Analysis (TB. 7)

Division Reliability Predictive Equation Remark
50% V=91.24(5D)" "
Test Blast No.7 TB. 7
95% V=1226.79(5D)" "*"
50% V=16.35(5D)" "
Regression Model PR
95% V=175.67(SD)""*
50% V=25.13(sD)" "%
Simulation Model PS
95% V'=14.40(SD) -6
50% V=164.65(SD)" 1
Case based Model ) TB. All
95% V=169.43(SD)” 133
10 100
——TB.7_50% — —PR_50% ——TB.7.95% — —PR_95%
-==PS_50% — -+ TB.AI_50% -=--PS_95% — -+ TB.AIl_95%
10 -
T 14 3z
= = 1
I Ay
Y [-%
0.1
0.1 4
0.01 ' K 0.01
10 100 1000
Scale Distance(m/kg”1/2) Scale Distance(m/kg”1/2)
(a) Reliability 50% (b) Reliability 95%

Fig. 6.43 Comparison of Ground Vibration Velocities for Sensitivity Analysis (TB. 7)
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Fig. 6.44 Comparison of Charge per Delay for Sensitivity Analysis (TB. 7)
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Table 6.53 Separation Distance on Standard Blasting Method of Prediction Equations (TB. 7)

Blast Charge per Distance(m)

Type delay(kg) TB.7_50% PR_50% PS 50% TB.AIl 50%
I 0.125 31.9 18.0 413 20.1
I 0.5 63.8 359 82.7 40.2
Im 1.6 114.1 64.3 147.9 71.9
1\Y% 5.0 201.7 113.7 261.4 127.0
% 15.0 349.3 196.9 452.8 220.0
VI 15 Above

(a) Reliability 50%

Blast Charge per Distance(m)

Type delay(kg) GL TB.7 95% PR _95% PS 95% TB.AIl 95%
I 0.125 20.6 65.3 325 124.7 41.5
i} 0.5 412 130.6 64.9 249.4 82.9

il 1.6 73.6 233.7 116.1 446.1 148.3
1\ 5.0 130.1 413.1 205.3 788.5 262.2
Vv 15.0 254 715.5 355.5 1365.8 454.1
VI 15 Above

(b) Reliability 95%

Table 6.54 Relevance ratio of Separation Distance for the Standard Blasting Pattern (TB. 7)

Relevance ratio(%)
Blast Charge per - TB—PR‘ - TB—PS| 1—| TB— TB.A‘
Type delay(kg) TB TB TB
50% 95% 50% 95% 50% 95%
[ 0.125
I 0.5
I 1.6 56 50 77 52 63 63
vV 5.0
\Y 15.0
6.5.8 A|F¥o} No. 8
6.5.8.1 24 wWHo] W MA
)9 medal Agold Rule] gnelEe FYsh] Hed 24 WS YHEA
o Bsith wHlel Ywat U JKR A9 Aoms (V) 834 (Drilling
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Table 6.55 The Input Variables Setting of the Prediction Model (TB. 8)

Blast Type
Variable Unit Mean | Transformation
I m, v|v |V | I

Drilling length m 2.0 12.7134(34(3.4]13.4] 3.05 0.346
Weight kg/delay|0.375| 1.0 3.0 (6.0|6.0[3.0| 3.23 0.323
Vs m/sec 694 ~ 801 762 0.092

6.5.8.2 AFWLL} No 8ol chat 579 2lo) A £
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+ 970 2 AP EE =S Bolil .
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Table 6.56 Prediction Equation of Ground Vibration for Sensitivity Analysis (TB. 8)

Division Reliability Predictive Equation Remark
50% V=27.74(8D)" "7
Test Blast No.8 TB. 8
95% V="72.17(8D)" "7
50% V=170.91(5D)" "
Regression Model PR
95% V=163.16(SD)” 143
50% V=25.13(SD)” "
Simulation Model PS
95% V=14.40(5D)" 66
50% V=164.65(SD)" 13
Case based Model - TB. All
95% V=169.43(SsD)" '3
10 10
——TB8 50% — —PR_50% R-. ——TB8 95% — —PR_95%
---PS_50%  — - TB.ANI_50% \\\ ---PS_95%  — - TB.AI_95%
2 1+ 2 1+
& &
A~ o
0.1 0.1
0.01 > 0.01
1000
Scale Distance(m/kg”"1/2) Scale Distance(m/kg”1/2)
(a) Reliability 50% (b) Reliability 95%

Fig. 6.45 Comparison of Ground Vibration Velocities for Sensitivity Analysis (TB. 8)
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Fig. 6.46 Comparison of Charge per Delay for Sensitivity Analysis (TB. 8)
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Table 6.57 Separation Distance on Standard Blasting Method of Prediction Equations (TB. 8)

Blast Charge per Distance(m)

Type delay(kg) TB.8_50% PR_50% PS 50% TB.AIl 50%
I 0.125 12.5 16.2 41.3 20.1
I 0.5 25.0 32.3 82.7 40.2
m 1.6 44.7 57.8 147.9 71.9
I\ 5.0 79.0 102.2 261.4 127.0
V 15.0 136.8 177.0 452.8 220.0
VI 15 Above

(a) Reliability 50%

Blast Charge per Distance(m)

Type delay(kg) GL TB.8 95% PR_95% PS 95% TB.All 95%
I 0.125 20.6 26.5 28.9 124.7 41.5
I 0.5 41.2 53.0 579 249.4 82.9
il 1.6 73.6 94.9 103.5 446.1 148.3
I\ 5.0 130.1 167.7 183.0 788.5 262.2
V 15.0 225.4 290.4 316.9 1365.8 454.1
VI 15 Above

(b) Reliability 95%
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Table 6.58 Relevance ratio of Separation Distance for the Standard Blasting Pattern (TB. 8)

Relevance ratio(%)
Blast Charge per - TBfPR‘ - TBfPS| - TB— TB.A |
Type delay(kg) B 1B B
50% 95% 50% 95% 50% 95%
I 0.125
I 0.5
I 1.6 71 91 30 21 39 44
IV 5.0
V 15.0
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Table 6.59 The Input Variables Setting of the Prediction Model (TB. 9)

Blast Type
Variable Unit Mean | Transformation
I m|nv | Iv| VvV |V

Drilling length m 22 12512.712.7|2.7|2.7| 2.58 0.148
Weight kg/delay [0.375|1.0[25|2.5]5.0|5.0| 2.73 0.282
Vs m/sec 676 ~ 1032 920 0.057
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SEEO AT 71 AR A4E U o ANHIELETT ARl Pt

Holil, PS= dAoM mje 2 ARl E4&=S Boli qlot

Table 6.60 Prediction Equation of Ground Vibration for Sensitivity Analysis (TB. 9)

Division Reliability Predictive Equation Remark
50% V=601.32(SD)" "™
Test Blast No.9 TB. 9

95% V=1997.24(8D)" "™
50% V=:60.82(5D)" '

Regression Model PR
95% V=139.94(5D)
50% V=25.13(5D)~ %9

Simulation Model PS
95% V=14.40(5D)" "¢
50% V=64.65(5D)" '3

Case based Model TB. All
95% V'=169.43(SD)” 1?3
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Fig. 6.48 Comparison of Charge per Delay for Sensitivity Analysis (TB. 9)

Table 6.61 Separation Distance on Standard Blasting Method of Prediction Equations (TB. 9)

Blast Charge per Distance(m)
Type delay(kg) TB.9 50% PR_50% PS 50% TB.All 50%
I 0.125 253 18.6 413 20.1
I 0.5 50.6 37.2 82.7 402
m 1.6 90.6 66.6 147.9 71.9
1\Y% 5.0 160.2 117.8 261.4 127.0
% 15.0 277.4 204.0 452.8 220.0
VI 15 Above
(a) Reliability 50%
Blast Charge per Distance(m)
Type delay(kg) GL TB.9 95% PR _95% PS_95% TB.AIl 95%
I 0.125 20.6 33.6 34.7 124.7 415
o 0.5 412 67.3 69.4 249.4 82.9
i 1.6 73.6 120.4 124.1 446.1 148.3
IV 5.0 130.1 212.8 219.4 788.5 262.2
vV 15.0 254 368.6 379.9 1365.8 454.1
VI 15 Above

(b) Reliability 95%

Table 6.62 Relevance ratio of Separation Distance for the Standard Blasting Pattern (TB. 9)

Relevance ratio(%)
Blast Charge per - TBfPR‘ - TBfPS| - TB— TB.A‘
Type delay(kg) B 1B B
50% 95% 50% 95% 50% 95%
I 0.125
I 0.5
I 1.6 74 97 61 27 79 77
v 5.0
\Y% 15.0
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