creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804: 24011- 200000241420

2011 24

MY =i

—

Zoko] 7| E 9 A o] WE

BoAE o=

=X LT L

o 1) ) A 91 8 3} 7

2= o
Z:]! [ Ry



(Prediction of blasting vibration according to priming

location of explosion)

2011 2€¥€ 25¢

EXL R LX)

ol v A 2} 913 8 3

A=
a1 %

flo



ol mte

9]

3
=

oko] 7]

B

2

N
E
IH

r—

o

o
Mo

AR
HJ

104

2010



e
;on

NR
or
oji
ald
H

oF
;o_l
X

o
ol
{Jo

11

2010



<E 2>

LISt OF TADIES #-rrvreerrsreeresrsersemsmssnssesaesssessensssssessesses s sassssessssssssssessessssessesassnes v
LASE OF TGUIES wvsetrressssssrsssssssrismssssmsssssiinssssstrssssssssisssssbssssssssss st isssssbessssssrssnsssie v
AADSLIACL #eveeerreesresnmsemsesssessemssses e s s s e Vi

L. K] B ceeeeermeeseees sttt 1

D O] B AU 7] wererereesesrersssssesse sttt 4
21 HFTFZIIE O] E covvesemeesssomeesssenessssessissesessss s A

D11 BT O] T Q] crrvuvseeeisssmesissisreesssene s A
212 KNZEO] B Z] O] TLT] rerrrerrrrrssrrssenssesisis st 9
213 A HER T 0] B At 12
IR = ) B S 13
292 MFTho]| O BF QFATTA O] E weorrevssirensssenesseneniss s 13
D D] CLALEL weereerereerrsrsrrsresssresnssssssnssssss s assssssss s s as s s 14
009 FIFTYZF  worereessemeessssemesssssssisssinss s 14
2.2.3 HEAFT wereereeeersstiseniseisstise ittt 15
294 ZATFIE TFAQE ettt 16
23 0t} Z1IE 0] MEATF A T creerrererreeeeseniei e 17
231 BFIF FIIE Q] HEAR worerereresreirenistie s 17
232 ¥} FZE Q] QUFE B crrrri e 21
24 Fa} ZIIE 0] o 2 HEH] cerretin e 95

241 BAEA T Q] G0 cerrrrrerrrres 25



28
29

242 959% }‘\JQ&,Q /\éxé

25 71Z¢]

)

Hr

251 A7

30

31

31 AT-A T Y] B TP QL wrreerrersrersrmrssmsessemssenssesissis st

o
M

L

B

32

32

o 0 [ T P T

33

34
34

322 B A AT O] ZLTh wereerrersrersrenississis et

34

37
38

38
<41

43

50
90

50

4.1.1 Case 19
4.1.2 Case 29]
4.1.3 Case 39]
4.14 Case 4¢]

53

55

o7



39
61

4.15 Case 59
4.16 Case 69

K

=

K

71

i
eyl

oy
al7

H



<List of Tables>

Table 21 Vibration unit ........................................................................................... 13
Table 22 The ShOCk wave Value Of total EIIELQY croverrrvrreranessssureranesanaeseieens 16

Table 2.3 Variable considered in a dimensional analysis of explosion

phenomena(Ambraseys and Hendron, 1968) «wwssrrermssrrrmsssnssesssissseisanee %
Table 3.1 Restlt of T0CK DPrOPEIty LeSt « - wwssrresssrrmsmssrsmsssssrsmiesnisssiseseenenas 37
Table 3.2 EXPErimental COnitions - scrseressseeriummnsesesssessinsssessessee 28
Table 3.3 Main performance of eXplOSIVEs - wsrrserserisserisseriiseriiesiaans 40
Table 3.4 Case fOT test DIASHING - rwrrrsssrrrerssssrsermmsssssinmiiisessesiisesssessieee 40
Table 3.5 Measurement reSults of Case 1 - wrrrrimrimsersesersesserseraesesessenans A4
Table 3.6 Measurement reSults of Cae 2 rrrrrrerererinsirsesersessessesaesesessenans 45
Table 3.7 Measurement reSults of Case 3 - rrrrrerierimmirsesirsessessessesesessenans 46
Table 3.8 Measurement reSults of Case 4 - rrrrrerierimsirsesersessessesaesesessenans A7
Table 3.9 Measurement reSults of Case [ - wrrrrrerererimsrsesirsissessesaesesessenans A8
Table 3.10 Measurement 1eSUlts Of CASE 6 - rrrrrrrrserserimremsrsessesinserseriesnsassenaes 49
Table 5.1 Prediction equation of blasting vibration by explosive type - 65

Table 5.2 Predicted vibration velocity by explosive type according to

Welght per delay ......................................................................................................... 67
Table 5.3 Prediction equation of blasting vibration by priming location -+~ 73
Table 54 Predicted vibration velocity by priming location according to

Welght per delay ......................................................................................................... 75

_iv_



<List of Figures>

Figure 21 Harmonic OSCiHatiOn .................................................................................. 8
Figure 22 The SiZe Of Sil’le wave Vibration ............................................................ 9
Figure 2.3 Advancing detonation in blast hole produces shot period

detonation pressure and long period explosion pressure(Dick, 1968) -------- 19

Figure 2.4 Schematic of the fracturing and deformation around an explosion

in rOCk ............................................................................................................................ 20
Figure 25 The form Of BlaSting Vibration TWAVE reereeermerresssssssssstiiii.. 22
Figure 26 ElaStiC wave mOtiOl’l ............................................................................... 23

Figure 2.7 Two representative for blasting an array of idealized waveforms

........................................................................................................................................ 24
Figure 2.8 POSION Of PIAIEE --ressssrereeesssssessessmsssnessnsssssssssssesisssesssonsssi oo 3]
Figure 3.1 Site map of SHUAy area - rweeesssereremssseremmsssssssessisessesssassssesneees 29
Figure 32 Geology genealogy of StUdy areq - rwesereemssssesomssmesioessesenenees 23
FIgure 3.3 AG Balance - -ressssereessssssssessesssssssssnssessssmssessssssssassessossassissessesssonss 25
Figure 3.4 Sonic viewer (QYQ) INE) - rwwressssrereressssersrssssnssssemssssessesissssssesiones 25
Figure 3.5 Uniaxial COMPressive Strength test - s rsserrrmmssseseeeienns 26
Figure 3.6 Strain gauge and portable strain indicator ----sssesseresssenenness 36
Figure 37 Blasting pattern; (a>~(d> ........................................................................ 39
Figure 3.8 Measurement view of Study area - sseeressssessesmssissseseenianns 49

Figure 4.1 Relationship between peak particle velocity and square root scaled
diStal’lce Of Case 1 ............................................................................................................ 52

Figure 4.2 Relationship between peak particle velocity and cube root scaled



diStal’lce Of Case 1 ............................................................................................................ 52
Figure 4.3 Relationship between peak particle velocity and square root scaled
diStal’lce Of Case 2 ............................................................................................................ 54
Figure 4.4 Relationship between peak particle velocity and cube root scaled
diStal’lce Of Case 2 ............................................................................................................ 54
Figure 4.5 Relationship between peak particle velocity and square root scaled
diStal’lce Of Case 3 ............................................................................................................ 56
Figure 4.6 Relationship between peak particle velocity and cube root scaled
diStal’lce Of Case 3 ............................................................................................................ 56
Figure 4.7 Relationship between peak particle velocity and square root scaled
diStal’lce Of Case 4 ............................................................................................................ 58
Figure 4.8 Relationship between peak particle velocity and cube root scaled
diStal’lce Of Case 4 ............................................................................................................ 58
Figure 4.9 Relationship between peak particle velocity and square root scaled
diStal’lce Of Case 5 ............................................................................................................ 60
Figure 4.10 Relationship between peak particle velocity and cube root scaled
diStal’lce Of Case 5 ............................................................................................................ 60
Figure 4.11 Relationship between peak particle velocity and square root scaled
diStal’lce Of Case 6 ............................................................................................................ 62
Figure 4.12 Relationship between peak particle velocity and cube root scaled
diStal’lce Of Case 6 ............................................................................................................ 62
Figure 5.1 Relationship between peak particle velocity and scaled distance by
eXDIOSiVG type ............................................................................................................... 66
Figure 5.2 Relationship between predicted ground vibration velocity and

diStanC@ by eXplOSiVe type ......................................................................................... 70

_Vi_



Figure 5.3 Relationship between peak particle velocity and scaled distance by
priming Iocation ............................................................................................................ 74
Figure 5.4 Relationship between predicted ground vibration velocity and

diStal’lce by prlmlng location ..................................................................................... 78

= Vil -



ABSTRACT

Prediction of blasting vibration

according to priming location of explosion

By Kim, Seung eun
Adv. Prof. : Prof. Kang, Choo won, Phd,
Dept. of Energy & Resources Engineering,

Graduate School of Chosun University

Recently civil appeals about the rock excavation work in densely
populated urban areas had been increased. So blasting engineers has been
tried to control effectively the vibration. Therefore, when the blasting
was designed they considered a top priority to safety in the efficiency,
reliability and safety of design variables.

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

This study was carried out to identify the characteristics of the rock in

laboratory experiments. For the experiment, the samples were collected

- viii -



quartz porphyry, schist, gneiss in the study area. In order to identify the
characteristics of blasting vibration of type of explosives (NewMITE,
MegaMEX) and location of priming (top priming, middle priming, bottom
priming), this study was carried out 6 cases single hole test blasting and
was derived the formula to predict blast vibration.

The ground vibration of the type of rocks and priming location was
analyzed by nomogram analysis and estimated value of vibration were
compared weight per delay’s were 05, 1.6, 5.0, 15kg.

The result of this study can be summarized as follows

(1) According to data which is measured and collected by the type of
explosives through field experiments by regression analysis, the vibration
of NewMITE was larger than MegaMEX under the same blast conditions.
However, the decrease was many and the vibration was not far
propagated.

(2) According to data which is measured and collected by priming
location through field experiments by regression analysis, the vibration of
middle priming was larger than the other priming location under the same
blast conditions and the decrease was many and the vibration was not far
propagated. The vibration of bottom priming was not larger than the
middle priming under the same blasting conditions, however, the vibration

was propagated far and the decrease was little.
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peak value(0 to peak) = A
virtual value(r.m.s) = 0.707A
P—P value(peak to peak) = 2A

Figure 2.2 The size of sine wave vibration
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Table 2.2 The shock wave value of total energy

Researcher Percentage of shock wave
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_16_



T

A %L uA)

T

R

ol A1

-
st

ol

T

R

2 AvEdA gy

2.3 Wy AFe d A A
2.3.1 W AFo =A

9l Figure

s

A

=
=

3} o=

el

B
ol

B

N A A&

= (Figure 2.4) ¥

=1 O

o 7 3=z

ur
T

8) s} 5} o7}

3

]

e}
il

=

ur
=

ol

ﬂo
B

N

<)
gl

3=

107140kbar(145,00072,000,000 pshell st £ 270078400m/sec®] #34

s A

il

A
o)

ﬂo
B

ol
ol

N

o
s

]
=

vk (VOD, velocity of detonation)$} 3 <Fe]

Sz 421403 2o

B

E
— 17 —

)
st
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Figure 2.3 Advancing detonation in blast hole produces shot period

detonation pressure and long period explosion pressure(Dick, 1968)
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Figure 2.5 The form of Blasting Vibration wave

_22_



o]
B0

o

)

o] Eal

=
=

of A she] P

ol

of weh EebA=

Figure 2.6¢f H]xls}

=

gpell weh 27

~

B8R

2.
=

ERCE:

]

o glolA W= Hde

[0}
37

oA Bl ZAAH

g 29

T
R

2 %40l

(a) P wave

Propagation

direction

(b) S wave

/.
i
/
/

(¢) Rayleigh wave

Figure 2.6 Elastic wave motion

_23_



oiite] A Sel A Figure 2.7(2)2) B Ao djdah= 2ol #3717
g ol FAs 1 Ak gAR ARy BE "k 24w 3
2o AX o] A4 Aol ditel mEF IE AE THETL Z oA
| Bl A4 dgs, wabs, 245 S 2ol o
S e Figure 2.7(h)ell Bl o|A3ld 3}
S s 100072000ps F 172ms A S-S GAHQ $3hEe wET

g, vy W Aol ARITE 107100mse] X[FAIZbe b=t o] 3}

d

T
o

i=)
r o]
o
it
flo
=
=]
)
re
i=)
it
>

fn} A

E

w I ey B

= |+ -

g & >~

- I'd N\

= Lo RN . f P g e
= il R 8 10

22 2 4 .

C NS & // Time(ms)
pe l, o a

:.s%

(b) Idealized wave

Figure 2.7 Two representative for blasting an array of idealized waveforms

_24_



24 W3t A% A5 W

}14

ot xS oS
al., 1963; Devine, 1966; Ash, 1973; Bicholls, et al., 1971; Bollinger, 1971,
Archibald, 1976; Calvin, et al., 1975, Dupont, 1980)3} ZFekgl w2 (
Langefors, 1978)& S 4 lth 32bAE] WA A9} Fokdel 25 &
& A BA AP (scaled distance) el 93 @yl WEo] o=
v ol Langeforse] #Fofeld W22 Zbzhe] Ahefella} 72 eke] wAQl

oF 2 M (charge levels) 7/ddl 98] IEEHEE oS3} A= ol &
W S Ak el o Ent x1E 0 o So] duks)l Ho] glow 2 4

i hEAQ F b PEe BA= % Duvall, et

o

24.1 3+ AE 9 {F =

AL e AR FEFWIT A7 AFe @ Fo) 9L o
Zoted Law Aot /Mg BAAR F A e Ase 8]
FO/WAeh s A D/W) eIt Hendron(1969)€ #3t 212

ZAsked Table 239 Mg a3 v & 2t Zlow A4t
wotel] &gk xlsd o] Aol FxEd A= @32 2E Buckingham Pi
F-21¢1 84 o] &(Langhaar, 1951)e] &J8hd, u/D, u/e, uD/c*, ft, te/D =
W/pc’ D5 a1 7] Wg7t glgel delA 9leh,
a4 o] dm(pu s (o)s dFol ek 2 M3t sl Alo] ofy
7] el A FoFgFEW)elv FdozREel (D)o Mis Tast

(o]

_25_



olvulg 77t

e Wdel 2 GFE AL 298 AR We, FE U EE

B
N
)
BN
ol
do,
=
=
do,
ofN
4B
g
i
fou
N
o
D)
M
0
V)
=)
A
y,
_&L_II
=
do,
_O|L
g
™
offt

Table 2.3 Variable considered in a dimensional analysis of explosion

phenomena(Ambraseys and Hendron, 1968)

Variable Symbol Dimension”
Independent
Energy (per delay) W FL
Distance D L
Seismic velocity c LT !
Density of rock mass p F?L
Time t t
Dependent
Ground displacement u L
Ground particle u Lt !
velocity
Ground acceleration U Lt ?
Frequency f ¢!

* F: force, L length, t: time

of Wk Hstal, 13 W3} 7 FAl kst Aokikol] Ml ¥ stE E (Devine,
Distance)® %7|3s}H,

)RS AMGFFYI Aels} WHT o AN ESEES IS d 48

—
o]
()]
S}
N,
ik
10
o,
12
ot
o,
ol
¥
r )
X
il
rieh
IR
N,
CH
w
(@]
8,
0]
[N

_26_



(2.18)

A=

T

R

4% 0] SD

kel Ael(D)eh A b (W)L 4(2.19), (22002 2

V= K(SD)"

¢+

(2.19)
(2.20)

oA

A
2]

A=t

<)
gl

(site constants)2}al

BN
T

o]

oH

(2.21)°]

]

<

=)

=

—r

(2.21)
Fahd A
=]

o ol

R

)=

34

ok webs 2o A

3

tal AAe] ofel s )
2134 22D = +

V= KW(LDI)

)

A
2]

25

MR

BN
T

1

o%1\

3

&

]

o]
= ©

o 54

X

).

_27_



05% W3} AE o=A2 Ll FAolAe U= 3L JESFoZHE F
& S AdEe 9n
242 95% N Ao A4

oA A S YEAE g A Qe AEesE B9 K n A5 e A
oa}= Aol 2aslm K n o]l AAE L 34 W% 1wy} oAy wy)
AEAo|N oz Rrje] A Aud Forue] BAE e
vaRE g 5 gl

P A4WE e 54 ARA P log-log scale’doll Al HaAsH

o o8] H# M@ (best fit line) & Fahd o] & 50% A1 A olghm i,
AR5 KO 50%3H2 Kol 31l 95%, 99%9] Kake 7H7F K, Kot &3
Ko, Ky, Ko #t& 21 AjpR¥ o] EAS o] &dlo] 2(222), (2.23), (2.24)3}

ol P& 5 gtk

K,=expA, (2.22)
K, =exp(4,+ 1.6450) (2.23)
K, =exp(A4,+2.3260) (2.24)

o714, o= FEE HAFO|UR

ek AF Y

do,
~
o
~
o

flo

_28_



2.5 71 %9 A

MAHA(The Mine Safety Health Administration of US.A)+= 7|15 <F
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Figure 3.3 AG Balance
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Figure 3.4 Sonic viewer (OYO Inc)
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Figure 3.5 Uniaxial compressive strength test
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Table 3.1 Result of rock property test
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A% AL Table 329 231, 17123 d4AE 9 ¢ NewMite(®50mm,
800g/ea) ZFoF2 AMEEH I, 137243 &= MegaMEX(DP50mm, 1000g/ea) & oF

2 Abgekai o e sl H 2 Figure 3.7%% Zth

Table 3.2 Experimental conditions

No. 1~6 7~12 13~18 19~24

Explosive New MITE Mega MEX

‘ Explosive 50
diameter(mm)

Detonator MS Detonator

Diameter

(mm) 76

Drilling

Length(m) 6.0 9.0 6.0 9.0

Spacing

2.0 3.0 2.0 3.0
(m)

Burden

1.8 2.7 1.8 2.7
(m)

Charge per

hole (kg) 6.4 14 6.5 14

Charge per

6.4 14 6.5 14
delay(kg)

Number of
hole(ea)
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Table 3.3 Main performance of explosives

bl o], Table 34+

Average
] Bulk Heat Gas
detonation RWS ]
Products Velocit (%) Density Energy Volume
elocity o
(g/cc) (kcal/kg) (¢/kg)
(m/sec)
NewMite 1.1
5,700 120 880 950
Plus I ~1.2
1.2
MegaMEX 6,000 160 13 1,300 865
Table 3.4 Case for test blasting
Case | Priming method | Drilling Length(m) | Explosive | Rock type
1 Top priming 6, 9 NewMITE
2 Middle priming 6, 9 NewMITE
3 Bottom priming 6, 9 NewMITE
Gneiss
4 Top priming 6, 9 MegaMEX
5 Middle priming 6, 9 MegaMEX
6 Bottom priming 6, 9 MegaMEX
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4 Agel ASL InstantelAl] Blastmate I, I 14WeF PMTAR]
eXAD-8 6], wave science corporation’t®] wave on 3t & 232 A=V
71& Abgsle] AlSE AASEEE. Ad AlSel| AH8¥ Blastmate II, I,

eXAD-8 12|31 wave on< 9 w3l B AAGH] 58 o] &3 2 A

=

A= e, AE T8 A5t &, J41, 4 94 F35 52 4
A gldfste] s ASghe S9A A F don, A Aok (charge
weight per delay)@ A& (distance)E FEo =2 YHEsH o= FAAAY
(Scaled distance) & A& o= Absh= 715l ol e} sS4 o Fob
L A kel E T& A HAFE oA P de] AR e E

SA71718 & 5 qdth
Blastmate I, ¢ S3HH< 0.0137254cm/sec, eXAD-8¢] SA W=
0.051725.4cm/sec®] ™, wave one 0725cm/seco|th. Fob¢ A8 F3sta

A 8k W] 2% ZC(Zero Cross Frequency)®t a1ss 3+l W3HEFT, Fast
Fourier Transform)©] 7}& 38l USBM/OSMRE$H DIN4150 F3b= F-2 o]
7} st

Figure 382 2% @49 Al 4 AS otk
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Figure 3.8 Measurement view of study area
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Table 3.5 Measurement results of Case 1

Distance PPV max Distance PPV max
No. No.
(m) (cm/sec) (m) (cm/sec)
1 16 4.080 40 33 0.444
2 13 4.720 41 37 0.330
3 9 19.200 42 40 0.289
4 7 19.800 43 43 0.229
5 13 8.310 44 48 0.221
6 16 5.190 45 51 0.330
7 22 5.970 46 54 0.224
8 25 1.490 47 57 0.165
9 29 0.787 48 59 0.216
10 33 0.940 49 62 0.190
11 36 0.864 50 65 0.141
12 40 0.695 51 69 0.210
13 45 0.541 52 72 0.188
14 49 0.534 53 78 0.266
15 53 0.532 54 83 0.073
16 62 1.030 55 88 0.056
17 67 0.242 56 89 0.065
18 72 0.210 57 93 0.042
19 16 4.600 58 28 1.680
20 13 5.610 59 32 1.600
21 10 11.400 60 38 1.300
22 10 14.400 61 39 1.130
23 13 3.130 62 43 0.843
24 16 3.870 63 46 0.787
25 19 2.350 64 50 0.508
26 24 3.280 65 52 0.838
27 27 0.864 66 56 0.397
28 31 0.673 67 58 0.419
29 35 0.610 68 60 0.406
30 38 0.851 69 62 0.406
31 42 0.581 70 66 0.286
32 46 0.497 71 69 0.307
33 51 0.412 72 72 0.222
34 55 0.398 73 78 0.605
35 64 0.795 74 82 0.144
36 69 0.200 75 86 0.144
37 73 0.149 76 90 0.226
38 25 0.559 77 94 0.125
39 27 0.552
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Table 3.6 Measurement results of Case 2

Distance PPV max Distance PPV max
No. No.
(m) (cm/sec) (m) (cm/sec)
1 16 4.910 39 29 1.510
2 14 4.930 40 32 1.560
3 13 9.320 41 38 1.370
4 14 7.650 42 42 1.100
5 17 2.080 43 45 0.870
6 20 1.880 44 48 0.864
7 23 1.280 45 53 0.662
8 28 1.690 46 55 0.775
9 31 0.554 47 59 0.400
10 35 0.660 48 62 0.419
11 38 0.432 49 63 0.318
12 41 0.571 50 66 0.495
13 44 0.449 51 73 0.298
14 48 0.324 52 76 0.244
15 53 0.266 53 82 0.571
16 57 0.239 54 86 0.142
17 64 0.578 55 90 0.124
18 69 0.144 56 93 0.246
19 73 0.100 57 97 0.137
20 16 4.530 58 31 1.130
21 15 4.910 59 35 1.400
22 16 7.200 60 41 1.210
23 16 5.930 61 45 0.902
24 19 1.570 62 47 0.813
25 22 1.330 63 52 0.571
26 25 0.775 64 57 0.464
27 30 1.320 65 59 0.724
28 33 0.638 66 63 0.332
29 37 0.698 67 66 0.394
30 40 0.318 68 68 0.203
31 42 0.381 69 70 0.292
32 46 0.370 70 77 0.188
33 50 0.302 71 80 0.210
34 54 0.193 72 86 0.517
35 58 0.220 73 91 0.127
36 65 0.578 74 94 0.095
37 70 0.154 75 97 0.193
38 74 0.112 76 101 0.106
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Table 3.7 Measurement results of Case 3

Distance PPV max Distance PPV inax
No. No.
(m) (cm/sec) (m) (cm/sec)
1 16 2.360 37 78 0.122
2 16 2.500 38 34 0.965
3 16 3.430 39 38 0.773
4 18 3.070 40 45 0.787
5 21 1.250 41 49 0.635
6 24 1.240 42 52 0.594
7 27 0.560 43 56 0.457
8 32 1.890 44 63 0.660
9 35 0.579 45 70 0.317
10 38 0.635 46 71 0.216
11 42 0.305 47 74 0.241
12 44 0.406 48 81 0.190
13 48 0.332 49 84 0.190
14 52 0.340 50 90 0.456
15 56 0.215 51 94 0.095
16 59 0.222 52 98 0.078
17 67 0.578 53 100 0.164
18 72 0.183 54 104 0.077
19 77 0.110 55 36 0.584
20 16 1.880 56 41 0.773
21 18 2.730 57 48 0.546
22 19 3.860 58 52 0.508
23 21 2.770 59 56 0.403
24 28 1.020 60 59 0.305
25 31 0.519 61 66 0.368
26 36 1.980 62 73 0.216
27 38 0.579 63 75 0.191
28 42 0.686 64 77 0.165
29 45 0.267 65 84 0.164
30 48 0.483 66 87 0.178
31 51 0.340 67 93 0.325
32 54 0.418 68 97 0.088
33 59 0.281 69 101 0.085
34 62 0.312 70 103 0.099
35 69 0.617 71 107 0.039
36 74 0.237
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Table 3.8 Measurement results of Case 4

Distance PPV max Distance PPV max
No. No.
(m) (cm/sec) (m) (cm/sec)
1 26 0.432 41 24 1.510
2 27 0.492 42 29 1.420
3 30 0.381 43 35 1.130
4 33 0.330 44 39 0.978
5 36 0.297 45 43 0.883
6 38 0.216 46 46 0.673
7 43 0.187 47 51 0.425
8 45 0.394 48 54 1.120
9 48 0.256 49 58 0.522
10 50 0.190 50 61 0.584
11 52 0.267 51 63 0.343
12 54 0.229 52 66 0.368
13 58 0.100 53 70 0.367
14 61 0.251 54 73 0.249
15 64 0.168 55 77 0.283
16 70 0.288 56 83 0.734
17 75 0.095 57 88 0.168
18 79 0.068 58 92 0.124
19 80 0.129 59 94 0.253
20 86 0.062 60 98 0.142
21 29 0.495 61 25 1.230
22 30 0.411 62 29 0.953
23 33 0.406 63 34 0.914
24 36 0.317 64 38 0.711
25 39 0.348 65 42 0.711
26 41 0.279 66 45 0.597
27 45 0.257 67 50 0.403
28 47 0.597 68 52 0.876
29 50 0.305 69 56 0.473
30 53 0.241 70 59 0.444
31 54 0.241 71 61 0.330
32 56 0.229 72 63 0.356
33 59 0.179 73 67 0.321
34 63 0.242 74 71 0.278
35 66 0.210 75 74 0.286
36 72 0.344 76 80 0.691
37 76 0.105 77 84 0.151
38 80 0.076 78 88 0.137
39 83 0.135 79 91 0.242
40 87 0.062 80 95 0.118
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Table 3.9 Measurement results of Case 5

Distance PPV max Distance PPV max
No. No.
(m) (cm/sec) (m) (cm/sec)
1 27 0.495 40 88 0.031
2 30 0.505 41 31 1.490
3 34 0.571 42 35 1.500
4 37 0.508 43 41 1.180
5 40 0.381 44 45 0.991
6 43 0.229 45 48 0.972
7 47 0.184 46 52 0.775
8 49 0.394 47 57 0.508
9 53 0.268 48 59 1.320
10 55 0.203 49 63 0.606
11 56 0.254 50 66 0.660
12 59 0.190 51 68 0.406
13 62 0.132 52 70 0.457
14 66 0.220 53 74 0.487
15 69 0.178 54 77 0.303
16 74 0.237 55 80 0.349
17 78 0.122 56 86 0.803
18 83 0.083 57 91 0.220
19 85 0.122 58 94 0.181
20 89 0.065 59 98 0.280
21 25 0.571 60 102 0.125
22 27 0.460 61 22 2.320
23 31 0.444 62 26 2.160
24 34 0.330 63 33 1.890
25 37 0.235 64 37 1.330
26 40 0.216 65 41 0.994
27 44 0.179 66 44 1.000
28 46 0.229 67 52 0.991
29 50 0.173 68 59 0.508
30 52 0.190 69 61 0.445
31 54 0.178 70 64 0.483
32 56 0.127 71 72 0.322
33 60 0.113 72 75 0.234
34 63 0.124 73 83 0.652
35 65 0.132 74 86 0.168
36 72 0.227 75 90 0.154
37 76 0.073 76 94 0.239
38 81 0.056 77 98 0.105
39 84 0.071

_48_



Table 3.10 Measurement results of Case 6

Distance PPVinax Distance PPV inax
No. No.
(m) (cm/sec) (m) (cm/sec)
1 24 0.597 41 34 0.914
2 25 0.481 42 39 0.914
3 28 0.444 43 46 0.711
4 31 0.356 44 50 0.508
5 34 0.303 45 54 0.500
6 37 0.279 46 57 0.432
7 41 0.243 47 62 0.321
8 43 0.343 48 65 0.838
9 46 0.181 49 69 0.429
10 49 0.241 50 71 0.432
11 50 0.165 51 73 0.254
12 53 0.140 52 76 0.292
13 56 0.095 53 79 0.310
14 60 0.142 54 83 0.249
15 65 0.129 55 86 0.256
16 69 0.298 56 92 0.488
17 74 0.068 57 96 0.159
18 79 0.088 58 100 0.151
19 81 0.101 59 102 0.147
20 85 0.039 60 106 0.078
21 23 0.876 61 36 1.450
22 26 0.735 62 41 1.160
23 30 0.648 63 48 1.130
24 33 0.622 64 52 0.749
25 36 0.464 65 56 0.797
26 39 0.343 66 60 0.673
27 44 0.365 67 65 0.486
28 46 0.521 68 68 1.080
29 50 0.229 69 71 0.659
30 53 0.330 70 74 0.660
31 54 0.254 71 76 0.381
32 57 0.165 72 79 0.444
33 61 0.138 73 82 0.491
34 64 0.195 74 86 0.344
35 68 0.161 75 89 0.356
36 74 0.383 76 95 0.688
37 79 0.098 77 99 0.173
38 82 0.076 78 103 0.203
39 85 0.120 79 105 0.266
40 89 0.049 80 109 0.113
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Table 5.1 Prediction equation of blasting vibration by explosive type

. Square root method Cube root method
Explosive
t N | Remarks
ype Prediction equation R Prediction equation R
D \~21 D \207
50% | Ky = 151.65() 50% | K= 301.86( )
v W w
Case
NewMITE 0.89 0.91 | 224
D o\ p |20 1~3
—1.76 —1.67
w a Case
MegaMEX 0.82 0.76 | 237
~1.76 —1.67 4~6
D i D i
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gTable 5.2 Predicted vibration velocity by explosive type according to

weight per delay

Weight per 0.5kg 1.6kg
delay
PPVnew PPVmega PPVnew PPVmega
Distance (cm/sec) (cm/sec) (cm/sec) (cm/sec)

1 72.99 27.93 248.99 77.73
2 16.91 8.25 57.68 22.95
3 7.19 4.04 24.52 11.24
4 3.92 2.43 13.36 6.78
5 2.45 1.64 8.34 4.58
10 0.57 0.49 1.93 1.35
15 0.24 0.24 0.82 0.66
20 0.13 0.14 0.45 0.40
25 0.08 0.10 0.28 0.27
30 0.06 0.07 0.19 0.20
35 0.04 0.05 0.14 0.15
40 0.03 0.04 0.10 0.12
45 0.02 0.03 0.08 0.10
50 0.02 0.03 0.06 0.08
55 0.02 0.02 0.05 0.07
60 0.01 0.02 0.04 0.06
65 0.01 0.02 0.04 0.05
70 0.01 0.02 0.03 0.04
75 0.01 0.01 0.03 0.04
80 0.01 0.01 0.02 0.03
85 0.01 0.01 0.02 0.03
90 0.01 0.01 0.02 0.03
95 0.00 0.01 0.02 0.03
100 0.00 0.01 0.02 0.02
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Table 5.2 Continued

Weight per 5.0kg 15kg
delay
PPVnew PPVmega PPVnew PPVmega
Distance (cm/sec) (cm/sec) (cm/sec) (cm/sec)

1 828.43 211.86 2640.09 557.09
2 191.90 62.55 611.57 164.48
3 81.57 30.64 259.95 80.57
4 44.45 18.47 141.67 48.56
5 27.76 12.47 88.47 32.79
10 6.43 3.68 20.49 9.68
15 2.73 1.80 8.71 4.74
20 1.49 1.09 4.75 2.86
25 0.93 0.73 2.96 1.93
30 0.63 0.53 2.02 1.40
35 0.46 0.41 1.46 1.07
40 0.35 0.32 1.10 0.84
45 0.27 0.26 0.86 0.69
50 0.22 0.22 0.69 0.57
55 0.18 0.18 0.56 0.48
60 0.15 0.16 0.47 0.41
65 0.12 0.14 0.39 0.36
70 0.11 0.12 0.34 0.32
75 0.09 0.11 0.29 0.28
80 0.08 0.09 0.25 0.25
85 0.07 0.09 0.22 0.22
90 0.06 0.08 0.20 0.20
95 0.06 0.07 0.18 0.18
100 0.05 0.06 0.16 0.17
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Figure 5.2 Relationship between predicted ground vibration velocity and

distance by explosive type
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Table 5.3 Prediction equation of blasting vibration by priming location

Priming Square root method Cube root method
. N | Remarks
location Prediction equation R Prediction equation R
D —1.98 D —2.00
50% K. —96.48() 50% | K, —212.85( - )
Top B A ” A Case
o 0.86 0.88 | 157
priming D\ 18 D ~2.00 1, 4
O D —2.16 O D —2.09
50% K, = 176.86() 50% K., = 318. 71( 3 )
Middle B A " A Case
o 0.92 0.89 | 153
priming D\ 216 D ~2.09 2,5
O D —1.89 O D —1.80
50% | K. —81.36() 50% | K, =123. 74( - )
Bottom B A " A Case
o 0.84 0.83 | 151
priming D \189 D ~1.80 3, 6
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Figure 5.3 Relationship between peak particle velocity and scaled

distance by priming location
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Table 54 Predicted vibration velocity by priming location according to

weight per delay

Weight per

0.5kg 1.6kg
delay
PPV, PPV, PPV, PPV, PPV, PPVy,
Distance (cm/sec) | (cm/sec) | (cm/sec) | (cm/sec) | (cm/sec) | (cm/sec)
1 48.58 83.66 42.26 153.64 293.82 126.85
2 12.31 18.72 11.40 38.95 65.74 34.23
3 5.52 7.80 5.30 17.45 27.38 1591
4 3.12 4.19 3.08 9.87 14.71 9.23
5 2.01 2.59 2.02 6.35 9.08 6.06
10 0.51 0.58 0.54 1.61 2.03 1.63
15 0.23 0.24 0.25 0.72 0.85 0.76
20 0.13 0.13 0.15 0.41 0.45 0.44
25 0.08 0.08 0.10 0.26 0.28 0.29
30 0.06 0.05 0.07 0.18 0.19 0.20
35 0.04 0.04 0.05 0.13 0.14 0.15
40 0.03 0.03 0.04 0.10 0.10 0.12
45 0.03 0.02 0.03 0.08 0.08 0.10
50 0.02 0.02 0.03 0.07 0.06 0.08
55 0.02 0.01 0.02 0.06 0.05 0.07
60 0.01 0.01 0.02 0.05 0.04 0.06
65 0.01 0.01 0.02 0.04 0.04 0.05
70 0.01 0.01 0.01 0.03 0.03 0.04
75 0.01 0.01 0.01 0.03 0.03 0.04
80 0.01 0.01 0.01 0.03 0.02 0.03
85 0.01 0.01 0.01 0.02 0.02 0.03
90 0.01 0.01 0.01 0.02 0.02 0.03
95 0.01 0.00 0.01 0.02 0.02 0.02
100 0.01 0.00 0.01 0.02 0.01 0.02
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Table 5.4 Continued

Weight per 5.0kg 15kg
delay
PPV, PPV, PPV, PPV, PPV, PPVy,
Distance (cm/sec) | (cm/sec) | (cm/sec) | (cm/sec) | (cm/sec) | (cm/sec)
1 474.70 1005.81 372.34 1408.53 3294.64 1051.52
2 120.33 225.06 100.46 357.05 737.20 283.71
3 53.92 93.74 46.69 159.98 307.06 131.84
4 30.50 50.36 27.10 90.51 164.95 76.55
5 19.61 31.10 17.78 58.18 101.87 50.21
10 4.97 6.96 4.80 14.75 22.79 13.55
15 2.23 2.90 2.23 6.61 9.49 6.30
20 1.26 1.56 1.29 3.74 5.10 3.65
25 0.81 0.96 0.85 2.40 3.15 2.40
30 0.56 0.65 0.60 1.68 2.12 1.70
35 0.42 0.46 0.45 1.23 1.52 1.27
40 0.32 0.35 0.35 0.95 1.14 0.99
45 0.25 0.27 0.28 0.75 0.88 0.79
50 0.21 0.22 0.23 0.61 0.70 0.65
55 0.17 0.18 0.19 0.50 0.57 0.54
60 0.14 0.15 0.16 0.42 0.48 0.46
65 0.12 0.12 0.14 0.36 0.40 0.39
70 0.11 0.10 0.12 0.31 0.34 0.34
75 0.09 0.09 0.11 0.27 0.29 0.30
80 0.08 0.08 0.09 0.24 0.26 0.27
85 0.07 0.07 0.08 0.21 0.22 0.24
90 0.06 0.06 0.08 0.19 0.20 0.21
95 0.06 0.05 0.07 0.17 0.18 0.19
100 0.05 0.05 0.06 0.15 0.16 0.17
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Figure 5.4 Relationship between predicted ground vibration velocity and

distance by priming location
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