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ABSTRACT

Prediction of Blasting Vibration by Superposition

Modeling Data of Single Hole Waveform

Kim Jong—in
Advisor : Prof. Kang Choo—won
Department of Resource Engineering,

Graduate School of Chosun University

The blasting vibration prediction in the country is mainly carried out
by the scaled distance method. But, this method needs a real—scale
blasting. Recently, the blasting vibration prediction is performed by
charging a borehole for a geological investigation and by measuring a
blasting vibration as a trial predicting the influence range of a blasting
vibration at a stage of pre—investigation before beginning a construction
of a tunnel etc.. However, this prediction method is difficult of reflection
with the characteristics of real blasting vibration propagation.

An additional method for prediction of blasting vibration is the
‘numerical analysis’ as a prior prediction method. It must be verified for
a result of numerical analysis.

In order to overcome these defects occurring between the ‘scaled
distance method and ‘numerical analysis’, we have adopted the following

methods: initially, we developed a new method for the prediction of



blasting vibration by means of a superposition modeling data using a
single hole blasting waveform. Then, the delay interval theory had been
verified with a compatible superposition model. Next, the relationship
between the size of blasting vibration and frequency was defined using
the superposition modeling data obtained from a single borehole
waveform. Finally, the change in magnitude of blasting vibrations was
clarified by increasing the number of holes and delay intervals.

Langefors' 2.5T criterion is discussed instead of 8ms, 17ms, 2bms
suggested by scholars as intervals which a vibration does not affect an
adjacent hole. In case of less than 8ms, the frequency range of 1~200Hz
was contained under the section between 0.5 and 1T. Furthermore, the
lowest vibration velocity was observed by a destructive interference each
other at 60Hz and the higher vibration velocity than 60Hz was also
observed in other frequency range. In case of 17ms, both the
constructive and destructive interferences were appeared in the
frequency range of 1~ 150Hz and the interference of an adjacent
blasting was disappeared at approximately over 150Hz.

On the other hand, both the constructive and destructive interferences
in case of 2bms were appeared the frequency range of 1~100Hz, and
the interference was disappeared over 100Hz.

In order to verify the reliability of the superposition modeling, the
delay interval induced from 29m on the same blasting is applied to one
of 69m. The result was showed a similar waveform. It means that the
compatibility of the superposition modeling through single hole waveform

was verified.



Moreover, the variation of a vibration velocity with increasing the
number of holes 1s investigated through the superposition modeling.
Then, the dominant frequency of a single hole waveform and the
variation of vibration in accordance with delay intervals was compared
and analyzed with Langefors' delay interval definition.

Modeling i1s performed that the delay intervals were increasing from
Ims to 80ms with 1ms interval and the number of holes from 2 to 15.
The analyzed result was good agreement with Langefors' delay interval
definition. In addition, a vibration velocity increases with increasing the
number of holes, and then converges at constant the number of holes.

The analyzed result on data, which shows the scaled distance equation
using the measured data from the field and the highest or the lowest
vibration velocity of the peak vibration velocities produced by a
superposition modeling of a single hole waveform, was compared and
analyzed. By the results, the measured data in 95% reliance almost
corresponds with the superposition modeling data of 1ms; moreover, the
measured data in 50% reliance nearly corresponds with one of 2T. The
superposition modeling data of 1T also shows an appearance being
across between 50% and 95% reliance. It suggests that the measured
data occurs in the delay interval range of 1ms, 1T, 1.5T and 2T,
appearing at the superposition modeling. However, the superposition
modeling data of 0.5T is different one from the measured data. The fact,
which the analyzed result by superposition modeling data of 0.5T 1s not
accordance with the measured data means that the delay interval of a

real blasting in the field does not occur in the range of 0.5T.

- Xii =



It is identified that the prediction equation of a blasting vibration by
means of the superposition modeling done by a single hole waveform is
almost similar with the scaled distance equation by means of data
obtained from a real blasting. Therefore, it is estimated that after
obtaining a single hole waveform by a single hole blasting in a blasting
area planned, and superposition modeling this waveform, the suitability
on the method predicting the blasting vibration propagation equation for a

site blasting is verified.
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Figure 2.1 Harmonic oscillation.

Figure 2.2 The size of sine wave vibration.
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(a)

(b)

(c)

Figure 2.4 Constructive interference.
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Figure 2.5 Destructive interference.
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2.1.3 A5F9 ¥3

e AT NEd viel o] WY, EE, EER

=
I 992 W= om, £5E cm/sec, 7FEEE cm/sec?(gal) 5 0]

Table 2.1 Vibration unit.

Classification Basic unit The others

1=10 *mm=10 "‘cm

Displacement cm mm=10 ~lem
m=10%cm
mm/sec =10 ~lem/sec
Velocity cm/sec Kine = lem/ sec
m/sec =10 %cm/ sec
gal=1cm/ sec ?
Acceleration cm/sec”(gal)

g=980cm/sec ?=1,000gal

m/sec 2=102cm/sec °

AN E A A(2.1), (2.6), (2.7)A & 5 = vie} Zo] MY, &

=, 7FEE A7) W& AF el AloldlE 41(2.9), (2.10)3 e A
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crater® A3t} (Chiappetta et al., 1983; Pit Slope Manual, 1977).
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(bending)©] YEFFT}H(Persson, et al., 1970; Ash, 1973; Johansson, et al.,

1970).
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o Qg ftmz s go] A%t B4 w7k A Brh 48]
!

AGE 10914 10040 9] gk =

slabbing) & 1 ETHA] A 2L 2}-GHo] g 5= A o] HiHEle] dojdr}
7 34 7175 ) h(Obert, et al., 1949, 1950; Hino, 1956; Duvall, et
al., 1957).

2.2.4 T3 7tk o]E

Kutter and Fairhurst(1971)< 43¢} 7F2=¢8 5 stUE 47179 F
| oy do® diste 719 ol&d disf sle F A AL
il Brglch. o] o]&el oJstd &
Azt gdigh 2712 AddE F3ue 3 EdE dgEy, 3 AE Al
kol MlmwA 71 7kxgtol FAAAT HHE A olf] INE 78S

g4, A v Aoln
o]@lo| = Torque theory(Atlas Powder Company, 1987), Nuclei
theory(Barker, et al., 1978; Winzer, et al., 1983; Fourney, et al., 1979;
Adams, et al., 1983; McHugh, 1983)%¢] 3}2|7]F Aw o]&o] 9lon}; ¢
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L A2 UEE, o 15% Yololt), 3k 7hagte] 20~40%0] P
2 olele] oA E HdHA Az Ead dyHolt.

Table 2.2 The shock wave value of total energy.

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

10—18%(granite)
2—4% (sandstone)
Konya & Walter 15%

Kutter & Fairhurst

2.3 959 Ay o]

Fe AEANS 2E FAMNI By Frhel BR ol Aol A LAY

39
K=
ne)
filo
I
AU
ne)
>,
[
o
i,
nl
o
N
A
o

A A= Figure 2.59F o] wvkdd

® g
Egstal, thgol |3, Rayleighvte] &AM Z 29shA HH, o]Rs 7o
=2 ¥ A3 Figure 2.63 Zt}

ol #g EAE AvS Avste s Alol AZEH Ao
we AA 2 ol thald] ARG 4B GEpRAT WeE S5
}omeE BH0 Waugd HaME BaAe 482 et ads

L
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Figure 2.6 Body wave and Rayleigh wave.

Rayleigh wave
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Figure 2.7 Vertical displacement component of P wave,

S wave and Rayleigh wave in a short duration period.
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2.3.1 3¢ Fuo Ay

F, ol TWARZKE Z+ "] thsle] oSy o]l 21(2.11), (2.12),

(213)= 747 9= 5 AUtk

S
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Tuzt 3 Az

 meale -
Ty op : AZ
e ot 1"' :[ v

@
>
.
Ral b AX

\ O0Tx
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Figure 2.8 Stress on a small element of an infinite

elastic medium.
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ﬂz ‘|‘£ﬂ _I_ﬂzzz _ ﬁ_zﬂ (2‘11)

o, XN o 2 (
PO, Ny Ky % 2.12)
aw tTar T ez TP,
O, XN | K. 3w (2.13)
0z + ox + oy =P o '
AN e A x v 2 BB MA O, o, o, 0, R 1,
Cot ot E AT x v, 2 B3 538 3 AUsHoln o vjAl
HEolt

TS 21(2.14), (2.15), (2.16), (2.17), (2.18), (2.19)2 x, vy, z 2 9

ko] thet =ASY 2 HH-3EHS e E(James and William, 1991)o] &

0, =M 4 2u9¥ (2.14)
0, =M+ u-e (2.15)
V
0, =M 4 u¥ (2.16)
v | du
T,=T, =1 o+ 8y> (2.17)
w | A
T =T, =N Py + az) (2.18)
1 9% 4 dw (2.19)
Ta=Te =i 0z + ax)
= A AE, \E LamedFEA 2(2.20)3 (2.21)E YERE 5 ot
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- 2(1+V)

I )N
(1+v)(1—2v)

v = Poisson’s ratio

n = Shear modulus(G)

E = Young's modulus

o714,
_ du b dw
or oy az
&0 AAA

07NN 1
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B oA
IOW*()\JFM)(3
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21(2.23), (2.24), (2.25) 77z, y, zo| W3] v|E3tal o] & Al 79 4
S b 2(2.27)3 2(2.28)3 2t}

pf’atf = (\+2u)V%A (2.27)
v, = A—J;Q’i (2.28)

21(2.28)& ttE W o2 FdshH 21(2.29)3 Zt}

_ l-v) FE
V=11 (2.20)

21(2.29)°] 93] 21(2.27)& A(2.30) 02 TS 4+ 9tk

92A 0 92A | 9PA | 9°A
=V + +
ot* o oxt oy 02 )

(2.30)

423002 5 $RA ) Fest Bk F AH W S5 1,2 At
= A ov @k olzo] F3he Asfolc,
21(2.23), (2.24), (2.25)°14 AL &

Y
ol
2

02w vy g dw v
ro oy~ o) =Y (G, ) (2.31)
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2 Hi, AR A 2,9, 25 T I14E 4H 6,0, 6.1 st
A elstH
_ L ow _ov
0.=5 (G, ~ %z (2.32)
— 1 ou _ow
0,= 2 ( . o7 ) (2.33)
_ 1 ov _ ou

o BAZF 9 A(2.31)e 28] 21(2.35), (2.36), (2.37)% Z+z} 4SS

o]
AA
8%, )
L AVAL N 2.35
iz =m0, (2.35)
2’0, _,
,0—‘Lat2 =uvo, (2.36)
8%, )
T _ % 2.37
i =1V, (2.37)
o714,
" (2.38)

p

21(2.38)°l 9&f|A 21(2.39), (2.40), (2.41) 2.2 JEPE 5+ At}
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at; = V2 o o 7 ) (2.39)

8%0 8%, 8%, 5%0

ot’ :V?(a"fur 8§’+ azu) (2.40)
T Y Z

0. 2%,  0%0. 0%,

prea Vi o oy a7 ) (2.41)

2(2.39), (2.40), (2.41)2 SsBg4e] Fejolr =, x, vy, z5 F99
340, 0, 0.7 = V.2 Asts AL onsie] foke] ddjolrt

2.3.2 Rayleigh¥}9] Ax}

AgAEHS 7HA L e FRACA A B ol A4 gF ol
Rayleigh@}o|t}. Figure 2.8 )
AR E z=00]g} g} o] Ao FFWAALS 2(2.23), (2.24), (2.25)8
4z} A g3

BEnvE xgFo s Ao Ae 72 o M= yF WEkdd F#s)
ohox R 28 MY u R owe 2

f 21(2.42)8 24(2.43) 2.2 YERd $ 9l

ANM x, yHF& EF3 HE AFARTHOZA O

— 92 | 90 (2.42)
ox 0z
_ 0P 99
= 0z ox (2.43)
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Plane Wave Front ———

Figure 2.9 Coordinate convention for elastic half—space.

AGWE A= 2(2.440)7 23 yEd B A7 9= 4(245)2 B

=1~
EIEa =

_ ou , dw
A_8m+82

_ 0 (0P | 99 0 (0P 9¢ N _ 2
_am(8m+8z)+8z(az c’)x)_V@ (2.44)

g =L (ou _ ow,

0z ox
_ 1,08 (9D [ 00y 0 (9D 09
2 {82 (830 * a9z ) ox ( 9z ox )} (2.45)
_ 12
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21(2.42)9F 21(2.43)9] u, we 21(2.23), (2.24), (2.25)° 93] 2](2.46)
I} A(2.47)0] At}

o 0’ o 9%
0 0
D (2D, 0 (29
dz  pt? or o2
:(A+2M)aiz(v2@)—uj—x(v2¢) (2.47)

T A4(2.46)3 4(2.47)& Zed (potential) & ¢ R ¢7} T A
of RbHeht

2
9D _ AU Gp - 2% (2.48)
ot P

2
0P _ Lg2p = p2yv2 (2.49)
at P

H(2.50)3 (251 H(2.48)3% 4(2.49)9) AZA PP A5
28549 A&HFL Agst] ehd Aol

& = F(2)exp[i (wt — Nz )] (2.50)

¢ = G(z)exp[i (wt — Nz (2.51)
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o714, F(z) 2 G(z)= do| ®ak

ol AZLEE Lhehn NS BHEe
24 Agstd 2(2.52)9F 4 (2.53)%0°] tAl & F At
N—Qfﬂ (2.52)
2 2
16(1 — Y _yq1 - W _
( e ) TN )
A+ 2u w? 2 w? e
=12- 2-— = 2.53
2= )(V;ZNQ)}( VENQ) (2.53)

2(2.53)9 98] wEol wo] BpAL L,
(2.52)2] Aol ofsirf A (2.54)=

x8g + Aok

(2.54)

(2.55)

(2.56)
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P, = 0x VOD*x pv (2.60)

714 Pie ZH(kbar)ol® y= ZFAE(g/em’), VODE ZTwEx

=
(m/sec), pvie o] AA&EZ (cm/sec) S LERTE ZoFRlm=ol Zyore

= o]
St AL Este] BAZRE AN & Atk FYEE, VODSH FoFUE

H
o] BAAANL mHEAE 2(2.61)3 ZHDu Pont Co., 1977).
= 2.50x10 ~Sxpx pop? (2.61)

T O HJozA o 4(2.62)3 o] e 4 AtH(Dick, 1996).

2 = 4.18x10 ~"SGe Ve?/(1+0.8.5Ge) (2.62)
o714 P(kbar)e FHUS UEHHHE SGet FHFA|F, Ve FFEE
(ft/sec)E om| 3ttt AultE S 24317 e by oz 2ol 2o 7 A
Brown's 2Jo] ¢l=t] th& 21(2.63)3} Zr}.
= LARDe (2.63)

= 1.0+0.00080 4
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Direction of detonation movement ——
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Detonation pressure. Pd

Explosive pressure, pe

Pressure, P

Distance along blast hole

“igure 2.10 Advancing detonation in blast hole produces
shot period detonation pressure and long period

explosion pressure(Dick, 1968).
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Figure 2.11 Near—hole blast cracking(Dupont, 1977).
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velocity), §AFe] A% 7}&% (particle acceleration) & EAS 4 2t}

direction

(c) Ravleigh wave

Figure 2.12 Elastic wave motion.
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Figure 2.13 Measuring direction of ground

vibration.

2.5 &3 JF9 A5 ¥y

0 A5 dZas EAQ T bR B #abAe wA (Duvall, et
al., 1963; Devine, 1966; Ash, 1973; Bicholls, et al., 1971; Bollinger,
1971; Archibald, 1976; Calvin, et al., 1975; Dupont, 1980)3} =<kl w}
21( Langefors, 1978)& & < Ut} gabA gl W& Ao Fokgo a5
o 52 e BAA FAAR (scaled distance) 7iEel o gk 3l 7 F 9

oS HWRoln Langefors®] ZFofeldl w2l Zpzhe] Aok da A2 oo
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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 7!
Density of rock mass I AL
Time t t
Dependent
Ground displacement u L
Ground particle velocity u 7
Ground acceleration o IF2
Frequency f 1

* F: force, L: length, t: time
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2.5.2 95% A =29 HA

SFAAE A E B Aol AFGLHE FH K, n A5G4S A
28km, K, n gol 2453, H§ AF & %

N B0 BEY Aesh Awg FFAe] BAE ehiE =

lo
P‘L
o
2L
o,
ofy

s
ARGl 2ABH S 54 AEAEE log—log scale’dol A HAaaEH
of os) 2 A2 (best fit line) T34 ©]F 50% AlF2olgtal gty
AAFF K9 50% %2 Kozt 3+a 95%, 99%9 K#t2 244 K, K.&} &t
A Ko, Ki, Ky 8 273 Z9rExe] 545 o83t 2(2.68), (2.69),
(2.70)3 Zo] 78 & Utk

Ay=exp A, (2.68)
A =exp (A,+1.6450) (2.69)
Ay=exp(A4,+2.3260) (2.70)
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3 9348 F2] 9stel 1% 23] WA 2ms oW AAH wol )
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Leg Wires
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Ignition System

Delay Powder
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Figure 3.1 The structure of electric detonator.
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Figure 3.2 Distribution of firing times for two—delay

caps(T.we=326 and 360ms; standard deviation=19ms).
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3.4 8ms 7]1&3} Langefors A|xlo] &9 3 13

3.4.1 8ms 7]9] W3 112

ATz G 4+ th(Agnerustan, 1998).
A Fokre] 7127t HE= 8ms 7]Fel digh A= 1960l Duvall,

Johnson, Meyer, 28] 11 Devine©l] ¥4 AA|E A1, 196339l RI 61512
ZFE AT} o] AT Alden, Lowa &3 9 A3)A Ao 1€ 1999

T 2 ALR 7|FA7|L O AoE ASsE YHeE FFEAY

St 2 AFAFEC o AT FF AZ=TF AT HoHoH
Langefors(1949) < &7t s L8t s F719 2.58) o]49] AA&
A3 FAlolo] o] Gle Ao =E 7FH 1S, Linehan and Wiss (1978)

I t}E AF7}F NECGB(Nobel's Explosives Co. of Great Britain)ol &3l
TlE Ao ot MY W T FFL 26ms AlAboll A o] FoA R &

A c}H(Carlos, et al., 1995).
J8d %= EF3Ia 8mse] 7ol wE kAR e dulEo o=
of Aol L =9 FExe HHTOE A& LA €8 F&FHL

Atk Y 8ms ZIEel oid ¥ TleAse] B oTAY HEC



fezf”_ﬁc;s@@ (3.1)
o] 7] A te = & AAAA
tn = & F Ato]o] A AAITH
S = B4

Figure 3.4} o] Hrlxs Zxo od & @] A¢ t.=00] @ F4
22 Aol T 22skal o] I Atolo = @E o] WAlskTh T FEo]
At == 2(3.2)02 AAT 4+ o}

ve s (3.2)

$ = arc COSTZZ
Siskind and David(2000)% "Vibrations from blasting"e] A Aol A 8ms

T4 sl 259 Aae A3 sk Aol ofyH, Xuke] F3447} 30Hz
olal F WA 17} 8ms A AR =2 SmsE A HA o] 1/4F7](T)
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A A =3 vkl AEskal 2l

Ao AT Aol o8t 8ms 7|FL A2 A Fe] FA ko] A
= 59 AghE ®A AEE F o, 2akAR el g g e A Ao
£ =39t (Reisz, et al., 2006).

Inst. poslition 90;
| /Inst. position 60°

Inst. position 1:\56'

Inst. poslition 180° Inst, position 0°

Figure 3.4 Typical recording instrument positions and firing angles
for a 3 hole blast, with a firing sequence of 1, 2, 3 from left to
right(Linehan and Wiss, 1980).
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3.4.2 Langefors®] A|z}o]&9d) g &

Langeforsoll o]8l] A AA 2] M2 T2 AR F¢, Fa57}F Wt A5

o} oA H7F Ao v&d w H&HArH(Langefors and Kihlstrom,

t=HT (3.3)

12

e s o g U= A2 thE 32 9 A7 AL & oE AL ksl (A2
A7 whgke] 71Folth ol A Ao e A HYF 1/2 o w A
a7

U Hgkol 5/28.t} B &8 gholH ®H 7o} Ay 7hAdel o& +A4H o

oz
.41

A&ste] 71EFshs T S thE Yo R IS F Utk dnkEd A
Bl Ke AFolARE, K&t n Ate]o] H[&2 AF7F ofuth. thA] Z3A
K/n = 1, 2, 3, - ojt}, 1 AL A(3.4)7 o] A T F Utk

nt = KT (3.4)

T)E HEHY nte 18] &oke] HA A7k 71
ol Aol TLF ouE zten ko] R 7HA

=
Fejel ostd Aot date FogrE AFHAR, A(3.4)0] wE g A
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E#o] veht AH(Dowding, 1984). 3 A 7} F74etd K ghol A5
o A3 He AL oA Ueh)E= HEsl Axto|t) Figure 3.5 5&
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Figure 3.5 Ground vibrations from five different charges and with
delays 0~100ms(Langefors and Kihlstrém, 1978).

_56_



3.5 Langefors Az} o] &9 2]§ 8ms 7]F9 314

Duvall(1963)%5< "Vibrations from instantaneous and millisecond
delayed quarry blasts"®] RI 615194 0, 9 17, 18] 34msS Z+Z+9] A
Zhofl tisl] & 2001b(SF 90kg) Y] T €2 AHS HAASST 244 A3
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Aol gt 23 Fo57F 30~40Hz)) A Aol A Bzl Zloln mhek

30Hz ARk 18 d A% 8mse] XA ©abs F WA drF 2asts A Ao
A WA 9] 17457190 Aol E3 sth(Siskind, 2000).
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Figure 3.6 Relationship of delay time and frequency.
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Figure 4.1 Geological map of study area.
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15

falA = FL3HA 600mse] AAHE 2 HT(LP6)S AFESHolTh &
°of FHELH AMEE A9 ARE 399 63 18] 1259 53 Aol
o},
Table 4.2 Applied design parameter for some of the shots.
No. 1121345 ]| 6 7 8 9 [ 10| 11| 12
Explosive Emulsion explosive
Explosive
) ®32mm ®50mm
diameter
Detonator MS or LP Detonator
Diameter
45
(mm)
Drilling
2.5 2.9 3.1 3.3
Length(m)
Burden(m) 0.9 1.0 1.1 1.2
Spacing(m) 1.0 1.1 1.2 1.3
Charge per
0.75 1.00 1.25 1.60
hole(kg)
Charge per
0.75 1.00 1.25 1.60
delay(kg)
Number of
9 112|15] 9 | 12|15 12 | 15| 9 | 12

hole
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Figure 4.2 Blasting pattern.
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Figure 4.3 Firing times for a pattern.
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4.3.2 dF A¥99 AF

HAA A9 A=L InstantelAFe] DS477 2t} Minimate plus 1% &
3] AS71718 AHEst] ASE AAllth A3 A5l AHEE DS477
Minimate plus< @749 &a 2 AAHH] T2 ol &3 A Al T4
= as, AF 55 ASstd 19, A, 4 2 Fo5 55 dFelA A4
gto] s ASHS 1A S99 = o, A ok (charge weight
per delay)®} A# (distance)E T3 o=z YH3H o= 1A (Scaled
distance) 2 A} o2 Aitsl= 7wt oy, IS
g 52 A3 BT IddA M 28 AR H I e WA 53
71718k & ¢

DS 4779 S Y E 0.13~254mm/sec®]™ Minimate plus®] S4B =
0.51~254mm/secoltt. F3 45 FHstux & W ZF ZC(Zero
Cross Frequency)$} 114 Fglo] ME(FFT, Fast Fourier Transform)©] 7}
53k USBM/OSMRE®} DIN4150 3 £40] 7453t} Table 4.3 Ab
|9 AS7171(DS 477)¢] E54& e

Figure 4.4 @73 43349 A5719 9AE BoFH, 249 @39 A}
2 g AZF AAL Figure 4.5~4.89] 2 Yept 9l
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Table 4.3 Instrument specifications.

Section

Specifications

Max. Range

Up to 254mm/sec

Trigger Level

0.13~253.9 mm/sec Step of 0.1

mm/sec

Seismic Peak Acceleration| 0.01~30g calculated
Peak _
Displacement 0.0025~38.1mm calculated
Frequency
Analysis USBM/OSMRE & DIN 4150
Range 88 to 142 dB(0.5~250 Pa)
Linear & C
Weight Air . 100, 102, 104 & 105~142 dB
Trigger Levels .
in Steps of 1 dB
Range 55 to 110 dB
A Weight : - :
Sound Trigger Levels 55.0~110.0 dB in Steps of 0.2 dB
P}‘{eegf)loerrllscg 0.5~8KHz, Impulse Filtering
Sampling Rate 1,024 samples/second
Frequency P
ﬁgg;fr?scey Seismic & Linear Air 1.5~250 Hz

Record Modes
Full Waveform

Manual, Single Shot, Continuous,
Auto

Recording Fixed Record

Time

1 to 10 sec, Selectable in 1 sec

Increments +0.25 Pretrigger

Record Method

Record to Memory & to Protter
Output

Strip Chart

Recording Intervals

5 sec, 15 sec, 1 min., Selectable

Analysis

Frequency of Peak & Peak Vector

Sum for each Interval
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Figure 4.4 Measurement location.

_69_



Figure 4.5 Charging view.

Figure 4.6 Case 1 of measurement instrument(DS 477).
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Figure 4.7 Case 2 of measurement instrument(DS 477).

Figure 4.8 Case 3 of measurement instrument(Minimate
Plus).
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Table 4.4 Measurement result.

Tran. Vert. Long.

No. PPV Dom. PPV Dom. PPV Dom. | Charge | Distance

(mm/s) Freq. (mm/s) Freq. (mm/s) Freq. |(kg/delay) (m)
(Hz) (Hz) (Hz)

1 3.30 191 1.02 102 2.16 123 0.75 34
2 5.21 169 1.65 88.3 5.46 77.5 0.75 29
3 5.08 187 1.65 102 4.06 117 0.75 30
4 6.98 145 3.43 143 5.97 144 1.00 37
5 11.6 133 5.33 153 8.38 94.8 1.00 40
6 6.86 106 2.79 78.0 5.59 121 1.00 33
7 5.33 134 3.17 69.5 7.75 128 1.25 35
8 8.51 122 8.13 169 10.4 109 1.6 29
9 9.27 90.5 6.10 132 12.1 89.0 1.25 35
10 9.40 173 5.97 127 11.8 127 1.25 30
11 15.7 116 9.91 118 17.9 116 1.60 28
12 13.7 158 9.14 117 16.1 78.3 1.60 29
13 0.587 27.3 1.49 26.5 1.05 25.3 0.75 83
14 1.05 46.5 2.08 28.3 | 0.953 | 49.3 0.75 80
15 0.841 51.8 | 0.794 | 26.8 | 0.603 | 26.8 0.75 81
16 0.889 78.0 1.22 24 0.873 | 50.5 1.00 87
17 1.25 86.3 1.59 24.8 1.02 28.5 1.00 89
18 1.02 27.8 1.43 27.5 1.17 28.0 1.00 88
19 0.619 31.0 1.02 23.3 | 0.778 | 24.8 1.25 86
20 0.873 41.3 1.48 23.5 1.02 23.5 1.60 87
21 0.937 39.8 1.30 37.8 | 0.921 | 37.8 1.25 86
22 0.984 86.8 1.41 27.3 | 0.841 | 23.8 1.60 91
23 0.873 91.3 1.35 29.3 | 0.778 | 23.3 1.60 94
24 0.413 25.3 | 0413 | 48.3 | 0.619 | 26.5 0.75 74
25 0.968 47.0 | 0.762 | 47.8 1.30 29.5 0.75 69
26 0.714 47.0 | 0.683 | 42.0 1.06 53.5 0.75 70
27 1.25 47.0 | 0.905 | 59.3 0.35 49.0 1.00 77
28 1.57 47.0 1.14 46.8 2.00 84.5 1.00 80
29 1.79 44.8 1.97 44.8 1.29 78.0 1.00 73
30 1.02 39.5 1.32 39.5 1.27 81 1.25 75
31 2.13 43.3 1.87 43.5 1.79 78.8 1.60 69
32 2.03 47.3 2.22 41.8 2.19 89.0 1.25 75
33 1.92 39.0 2.60 39.5 1.52 87.5 1.25 70
34 2.14 64.5 2.87 39.0 2.51 85.3 1.60 68
35 2.64 41.0 2.16 40.0 3.40 78.0 1.60 69
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Figure 5.1 Full waveform of SN. 1.
9
1 One hole waveform of SN. 1
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Figure 5.2 Waveform of sampled single hole.
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Figure 5.3 Result of FFT analysis sampled single hole.
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Figure 5.4 Full waveform of SN. 2.
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Figure 5.5 Waveform of sampled single hole.
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Figure 5.6 Result of FFT analysis sampled single hole.
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Figure 5.9 Result of FFT analysis sampled single hole.
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Figure 5.10 Full waveform of SN. 4.
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Figure 5.11 Waveform of sampled single hole.
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Figure 5.12 Result of FFT analysis sampled single hole.
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Table 5.1 Delay time of using detonator and analysis delay interval
of SN. 3.

Using detonator | Delay time(ms) Ai?l?‘lj;iz(ii?y (kg/lcell«;gaey)
MS 0 0 0 1.6
MS 1 20 13 1.6
MS 2 40 34 1.6
Ms 3 60 60 1.6
Ms 4 80 77 1.6
Ms 5 100 101 1.6
Ms 7 140 159 1.6
Ms 8 160 174 1.6
Ms 9 180 209 1.6
Ms 10 200 236 1.6
Ms 11 220 237 1.6
Ms 12 240 248 1.6
Ms 13 260 266 1.6
Ms 14 280 288 1.6
LP 6 600 - 1.6

Velocity (mm/sec)
h o o
(] (] (]

" PR | .% PR Y "

= 20 L ' L ' L ' v ' v ' v ' v ' v
50 100 150 200 250 300 350 400

Time(ms)

Figure 5.13 Measured waveform of 29m.
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—— Measured waveform

1~ Single hole waveform
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Figure 5.14 Superposition time and position of single hole.

Measured waveform
Superposition result
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Figure 5.15 Result of superposition modeling.
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Figure 5.16 Measured waveform of 69m.
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Figure 5.17 Result of superposition modeling.
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Table 5.2 Modelling results on SN. 1. (unit mm/sec)
delay | 2 3 4 5 6 7 8 9 10 11 12 13 14 15
time | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole
Ims | 9.27 |11.6811.8110.79| 8.25 | 6.73 | 8.25 | 8.13 | 7.49 | 6.35 | 6.60 | 6.86 | 7.49 | 8.51
2ms | 6.60 | 4.19 | 4.45 | 3.81 | 3.81 | 4.06 | 4.70 | 3.94 | 3.94 | 3.94 | 3.94 | 3.94 | 3.94 | 3.94
3ms | 3.18 | 3.81 | 2.79 | 3.68 | 2.92 | 2.92 | 2.92 | 2.92 | 2.92 | 2.92 | 2.92 | 2.92 | 2.92 | 2.92
Ams | 3.68 | 3.43 | 3.81 | 3.43 | 3.43 | 3.43 | 3.43 | 3.43 | 3.43 | 3.43 | 3.43 | 3.43 | 3.43 | 3.43
5ms | 5.71| 6.22 | 5.46 | 5.33 | 5.33 | 5.59 | 5.46 | 5.33 | 5.33 | 5.33 | 5.33 | 5.21 | 5.21 | 5.21
6ms | 6.60 | 8.89 | 9.78 |10.03|10.16[10.16|10.16|10.16|10.16|10.16|10.16 [10.16 |10.16 |10.16
Tms | 7.49 | 7.87 | 7.87 | 7.87 | 7.87 | 7.87 | 7.87 | 7.87 | 7.87 | 7.87 | 7.87 | 7.87 | 7.87 | 7.87
8ms | 6.22 | 6.22 | 6.22 | 6.22 | 6.22 | 6.22 | 6.22 | 6.22 | 6.22 | 6.22 | 6.22 | 6.22 | 6.22 | 6.22
9ms | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 6.21 | 5.21 | 5.21 | 5.21 | 6.21 | 5.21 | 5.21
10ms| 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33
11ms| 6.60 | 7.11 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37
12ms | 7.49 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75
13ms | 6.98 | 6.86 | 6.98 | 6.98 | 7.11 | 7.11 | 7.11 | 7.11 | 7.11 | 7.11 | 7.11 | 7.11 | 7.11 | 7.11
14ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 [ 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
15ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
16ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
17ms | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 [ 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
18ms | 5.97 | 5.97 | 5.97 | 5.97 | 5.97 | 5.97 | 5.97 | 5.97 | 5.97 | 5.97 | 5.97 | 5.97 | 5.97 | 5.97
19ms| 5.71 | 6.10 | 6.10 | 6.10 | 6.10 | 6.10 | 6.10 | 6.10 | 6.10 | 6.10 | 6.10 | 6.10 | 6.10 | 6.10
20ms| 5.08 | 5.21 | 5.21 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33
21ms|5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
22ms| 5.33 | 5.33 | 5.46 | 5.46 | 5.46 | 5.46 | 5.46 | 5.46 | 5.46 | 5.46 | 5.46 | 5.46 | 5.46 | 5.46
23ms| 5.59 | 5.71 | 5.71 | 5.71 | 5,71 | 5,71 | 5.71 | 5,71 | 5.71 | 5.71 | 5,71 | 65,71 | 5.71 | 5.71
24ms|5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33
25ms|5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
26ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 [ 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
27ms|5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
28ms | 5.46 | 5.46 | 5.46 | 5.46 | 5.46 | 5.46 | 5.46 | 5.46 | 5.46 | 5.46 | 5.46 | 5.46 | 5.46 | 5.46
29ms| 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33
30ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
31lms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
32ms| 5.08 [ 5.08 | 5.08 | 5.08 | 5.08 [ 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
33ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
34ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
35ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 [ 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
36ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
37ms|5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 65.21 | 5.21 | 5.21 | 5.21 | 65.21 | 5.21 | 5.21
38ms| 5.46 | 5.46 | 5.46 | 5.46 | 5.46 | 5.46 | 5.46 | 5.46 | 5.46 | 5.46 | 5.46 | 5.46 | 5.46 | 5.46
39ms| 5.33| 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33
40ms|5.21 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33 | 5.33
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Table 5.2 Continued. (unit mm/sec)

delay| 2 3 4 5 6 7 8 9 10 11 12 13 14 15

time | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole
41ms| 5.08| 5.08 | 5.08 | 5.08| 5.08| 5.08| 5.08| 5.08| 5.08| 5.08| 5.08| 5.08| 5.08| 5.08
42ms | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
43ms|5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
44ms|5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
45ms|5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21
46ms| 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21
47ms|5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
48ms | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
49ms | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
50ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
51ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
52ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
53ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
54ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
55ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
56ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
57ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
58ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
59ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
60ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
61ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
62ms| 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21
63ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
64ms| 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21
65ms|5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21
66ms| 5.21| 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21
67ms|5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21
68ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
69ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
70ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
71lms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
72ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
73ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
74ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
75ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
76ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
77ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
78ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
79ms| 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08 | 5.08
80ms|5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21 | 5.21
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Table 5.3 Modelling results on SN. 2. (unit mm/sec)
Delay 2 3 4 5 6 7 8 9 10 11 12 13 14 15
time | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole
Ims [12.3216.64(17.53(17.02[13.46( 9.91 | 9.27 | 9.14 | 9.27 | 9.40 | 9.52 |11.05[12.45[12.57
2ms | 9.78 | 7.24 | 5.21 | 5.33 | 5.46 | 6.60 | 6.73 | 5.46 | 5.46 | 5.71 | 5.97 | 5.46 | 5.46 | 5.46
3ms | 5.21 | 3.68 | 3.81 | 4.95 | 3.81 | 3.81 | 4.06 | 3.81 | 3.81 | 3.81 | 3.81 | 3.81 | 3.81 | 3.81
4ms | 4.06 | 3.81 | 4.19 | 3.81 | 3.81 | 3.81 | 3.81 | 4.06 | 3.94 | 3.94 | 3.81 | 3.81 | 3.81 | 3.94
5ms | 5.08 | 6.86 | 5.46 | 5.71 | 5.21 | 5.33 | 4.95 | 5.08 | 4.83 | 4.70 | 4.70 | 4.70 | 4.70 | 4.70
6ms | 8.00 | 7.87 | 9.52 | 9.27 | 9.52 | 9.65 | 9.40 | 9.65 | 9.78 | 9.78 | 9.78 | 9.78 | 9.78 | 9.78
Tms | 9.40 | 9.52 | 9.40 | 9.40 | 9.40 | 9.40 | 9.40 | 9.40 | 9.40 | 9.40 | 9.40 | 9.40 | 9.40 | 9.40
8ms [10.16[10.29(10.2910.29]10.29(10.29(10.29(10.29]10.29]10.29[10.29(10.29]10.29]10.29
9ms | 8.25 | 9.78 [10.2910.41]10.54]10.54(10.54(10.54]10.54]10.54[10.54(10.54]10.54]10.54
10ms| 8.00 | 8.89 | 9.27 | 9.40 | 9.52 | 9.52 | 9.52 | 9.52 | 9.52 | 9.52 | 9.52 | 9.52 | 9.52 | 9.52
1lms| 8.64 | 851 | 851 | 8.51 | 8.51 | 851 | 851 | 851 | 8.51 | 851 | 851 | 851 | 8.51 | 8.51
12ms| 8.25 | 8.13 | 8.13 | 8.13 | 8.13 | 8.13 | 8.13 | 8.13 | 8.13 | 8.13 | 8.13 | 8.13 | 8.13 | 8.13
13ms| 6.98 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
14ms| 6.73 | 6.73 | 6.73 | 6.73 | 6.73 | 6.73 | 6.73 | 6.73 | 6.73 | 6.73 | 6.73 | 6.73 | 6.73 | 6.73
15ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
16ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
17ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
18ms| 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75
19ms| 8.13 | 8.25 | 8.25 | 8.25 | 8.25 | 8.25 | 8.25 | 8.25 | 8.25 | 8.25 | 8.25 | 8.25 | 8.25 | 8.25
20ms| 7.75 | 7.87 | 7.87 | 7.87 | 7.87 | 7.87 | 7.87 | 7.87 | 7.87 | 7.87 | 7.87 | 7.87 | 7.87 | 7.87
21lms| 6.86 | 6.98 | 7.11 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24
22ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
23ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
24ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
25ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
26ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
27ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
28ms| 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98
29ms | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | T7.24 | 7.24 | 7.24 | 7.24 | 7.24
30ms| 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24
3lms| 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98
32ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
33ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
34ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
35ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
36ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
37ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
38ms| 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98
39ms| 7.11 ( 7.11 | 711 | 711 | 7.11 ( 7.11 | 711 ) 711 | 711 | 711 | 711 | 711 | 711 | 7.11
40ms| 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98
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Table 5.3 Continued.

(unit mm/sec)

Delay| 2 3 4 5 6 7 3 9 10 11 12 13 14 15

time | Hole | Hole | Hole | Hole | Hole | Hole | Hole| Hole| Hole | Hole | Hole | Hole | Hole | Hole
41ms| 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98
42ms| 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98
43ms| 7.11 | 7.11 | 7.11 (711 | 7.11 | 7.11 | 7.11 | 711 | 7.11 | 7.11 | 7.11 | 7.11 | 7.11 | 7.11
44ms| 6.86 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98
45ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
46ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
47ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
48ms| 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98
49ms| 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98
50ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
51lms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
52ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
53ms| 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98
54ms| 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98
55ms| 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98
56ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
57ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
58ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
59ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
60ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
61lms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
62ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
63ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
64ms| 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98
65ms| 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98
66ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
67ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
68ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
69ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
70ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
7lms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
72ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
73ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
74ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
75ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
76ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
77ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
78ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
79ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
80ms| 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
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Table 5.4 Modelling results on SN. 3. (unit mm/sec)
Delay 2 3 4 5 6 7 8 9 10 11 12 13 14 15
time | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole
Ims [13.3318.9222.73]25.65(25.02(24.3820.07|15.11|13.33| 13.97 | 14.22 | 13.97 | 13.72 | 13.97
2ms | 12.06[13.59(10.79| 7.37 | 7.62 | 7.24 | 7.49 | 7.49 | 7.49 | 7.87 7.49 7.49 7.87 | 8.51
3ms | 9.40 | 5.59 | 5.33 | 5.21 | 5.21 | 5,59 [ 5.21 | 5.33 | 5.97 | 5.21 5.59 6.10 5.33 | 6.22
4ms | 6.73 | 4.44 | 4.57 | 4.57 | 4.57 | 4.70 | 4.57 | 4.57 | 4.70 | 4.70 | 4.57 | 4.83 | 4.70 | 5.08
5ms | 5.33 | 6.22 | 5.84 | 5.21 | 5.46 | 5,59 | 5.72 | 4.95 | 4.95 | 5.33 5.59 5.72 5.97 | 5.97
6ms | 6.73 | 5.46 | 5.33 | 5.97 | 5.97 | 5.33 | 5.33 | 5.33 | 5.33 | 5.46 5.46 5.46 5.46 | 5.46
7ms | 8.38 | 8.64 | 8.89 | 7.87 | 6.86 | 6.73 | 6.73 | 6.73 | 6.73 | 6.73 6.73 6.73 6.73 | 6.73
8ms | 9.78 [11.05(12.32|13.84|14.73[15.24 [15.37|15.49|15.49| 15.49 | 15.49 | 15.49 | 15.49 [15.49
9ms | 11.30[12.57 |13.59]13.59(13.59[13.59[13.59(13.59|13.59| 13.59 | 13.59 [ 13.59 | 13.59 [13.59
10ms|13.0813.0813.08]13.08]13.08[13.08[13.08|13.08|13.08| 13.08 | 13.08 | 13.08 | 13.08 | 13.08
11ms|12.06]12.06[12.0612.19(12.19(12.19(12.19(12.19(12.19| 12,19 | 12.19 | 12.19 | 12.19 | 12.19
12ms|10.67]10.67]10.67 |10.67|10.67]10.67]10.67 [10.67 |10.67| 10.67 | 10.67 | 10.67 | 10.67 | 10.67
13ms| 7.62 | 8.00 | 8.00 | 8.00 | 8.00 [ 8.00 | 8.00 | 8.00 | 8.00 [ 8.00 8.00 8.00 8.00 | 8.00
14ms| 7.11 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86 | 6.86
15ms| 8.13 | 7.62 | 7.49 | 7.62 | 7.62 | 7.62 | 7.62 | 7.62 | 7.62 7.62 7.62 7.62 7.62 | 7.62
16ms| 8.38 | 9.40 | 9.78 | 9.91 | 9.91 | 9.91 | 9.91 | 9.91 | 9.91 9.91 9.91 9.91 9.91 9.91
17ms| 8.13 | 9.40 | 9.40 | 9.40 | 9.40 | 9.40 | 9.40 | 9.40 | 9.40 | 9.40 9.40 9.40 9.40 | 9.40
18ms| 7.87 | 7.87 | 7.87 | 7.87 | 7.87 | 7.87 | 7.87 | 7.87 | 7.87 | 7.87 7.87 7.87 7.87 | 7.87
19ms| 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 6.98 6.98 6.98 | 6.98
20ms| 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98
21lms| 6.86 | 7.62 | 7.62 | 7.62 | 7.62 | 7.62 | 7.62 | 7.62 | 7.62 7.62 7.62 7.62 7.62 | 7.62
22ms| 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37
23ms| 8.13 | 8.25 [ 8.25 | 8.25 | 8.25 | 8.25 | 8.25 | 8.25 | 8.25 | 8.25 8.25 8.25 8.25 | 8.25
24ms| 8.38 | 8.89 | 8.89 | 8.89 | 8.89 | 8.89 | 8.89 | 8.89 | 8.89 | 889 | 8.89 | 8.89 | 8.89 | 8.89
25ms| 8.13 | 8.25 | 8.25 | 8.25 | 8.25 | 8.25 | 8.25 | 8.25 | 8.25 | 8.25 8.25 8.25 8.25 | 8.25
26ms| 7.49 | 7.49 | 7.49 | 7.49 | 7.49 | 7.49 | 7.49 | 7.49 | 7.49 | 7.49 7.49 7.49 7.49 | 7.49
27ms| 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98
28ms| 6.98 | 6.98 [ 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 6.98 6.98 6.98 | 6.98
29ms| 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98
30ms| 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98
3lms| 7.49 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75
32ms| 8.00 | 8.13 | 8.13 | 8.13 | 8.13 | 8.13 | 8.13 | 8.13 | 8.13 | 813 | 8.13 | 8.13 | 8.13 | 8.13
33ms| 8.38 | 8.64 | 8.64 | 8.64 | 8.64 | 8.64 | 8.64 | 8.64 | 8.64 | 8.64 | 8.64 | 8.64 | 8.64 | 8.64
34ms| 8.13 | 8.13 | 8.13 | 8.13 | 8.13 | 8.13 | 8.13 | 813 | 8.13 | 8.13 8.13 8.13 8.13 | 8.13
35ms| 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 7.37 7.37 7.37 | 7.37
36ms| 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98
37ms| 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 6.98 6.98 6.98 | 6.98
38ms| 7.11 | 7.11 [ 7.11 | 7.11 | 7.11 | 7.11 | 7.11 ) 7.11 | 7.11 7.11 7.11 7.11 7.11 7.11
39ms | 7.49 | 7.49 | 7.49 | 7.49 | 7.49 | 7.49 | 7.49 | 7.49 | 7.49 | 7.49 7.49 7.49 7.49 | 7.49
A0ms| 7.49 | 7.49 | 7.49 | 7.49 | 7.49 | 7.49 | 7.49 | 7.49 | 7.49 | 7.49 7.49 7.49 7.49 | 7.49

- 100 -



Table 5.4 Continued. (unit mm/sec)
Delay 2 3 4 5 6 7 8 9 10 11 12 13 14 15
time | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole Hole Hole Hole
Alms | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 | 7.75 7.75 7.75 7.75
42ms | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 7.37 7.37 7.37
43ms | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 6.98 6.98 6.98
44ms | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 6.98 6.98 6.98
45ms | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 6.98 6.98 6.98
46ms | 7.11 | 7.11 | 711 (711 | 7.11 | 711 | 711 | 7.11 | 7.11 | 7.11 | 7.11 7.11 7.11 7.11
A7ms | 7.11 | 711 | 7.11 | 711 | 711 | 711 | 711 | 7.11 | 7.11 | 7.11 | 7.11 7.11 7.11 7.11
A8ms | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 7.37 7.37 7.37
A9ms | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 | 7.37 7.37 7.37 7.37
50ms | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 6.98 6.98 6.98
5lms | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 6.98 6.98 6.98
52ms | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 6.98 6.98 6.98
53ms | 7.11 | 7.11 | 7.11 | 711 | 711 | 711 | 711 | 7.11 | 7.11 | 7.11 | 7.11 7.11 7.11 7.11
S54ms | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 7.24 7.24 7.24
55ms | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 7.24 7.24 7.24
56ms | 7.11 | 7.11 | 7.11 | 711 | 711 | 711 | 7.11 | 7.11 | 7.11 | 7.11 | 7.11 7.11 7.11 7.11
57ms | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 6.98 6.98 6.98
58ms | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 6.98 6.98 6.98
59ms | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 6.98 6.98 6.98
60ms | 7.11 | 7.11 | 7.11 (711 | 7.11 | 711 | 7.11 | 7.11 | 7.11 | 7.11 | 7.11 7.11 7.11 7.11
6lms | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 7.24 7.24 7.24
62ms | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 | 7.24 7.24 7.24 7.24
63ms | 7.11 | 7.11 | 711 (711 | 7.11 | 711 | 711 | 7.11 | 7.11 | 7.11 | 7.11 7.11 7.11 7.11
64ms | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 6.98 6.98 6.98
65ms | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 6.98 6.98 6.98
66ms | 7.11 | 7.11 | 7.11 (711 | 7.11 | 711 | 711 | 7.11 | 7.11 | 7.11 | 7.11 7.11 7.11 7.11
67ms | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 6.98 6.98 6.98
68ms | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 6.98 6.98 6.98
69ms | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 6.98 6.98 6.98
70ms | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 6.98 6.98 6.98
7lms | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 6.98 6.98 6.98
72ms | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 6.98 6.98 6.98
73ms | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 6.98 6.98 6.98
74ms | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 6.98 6.98 6.98
75ms | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 6.98 6.98 6.98
76ms | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 6.98 6.98 6.98
77ms | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 6.98 6.98 6.98
78ms | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 6.98 6.98 6.98
79ms | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 6.98 6.98 6.98
80ms | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 | 6.98 6.98 6.98 6.98
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Table 5.5 Modelling results on SN. 4.

(unit mm/sec)

Delay| 2 3 4 5 6 7 3 9 10 11 12 13 14 15
time | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole
Ims | 2.78 | 3.84 | 4.81 | 5.25 | 5.62 | 5.49 | 5.21 | 4.71 | 4.06 | 4.03 4.22 4.35 | 4.46 | 4.56
2ms | 2.43 | 2.83 | 2.67 | 2.05 | 2.16 | 2.27 | 2.37 | 2.40 | 2.32 | 2.13 1.84 1.79 | 2.00 | 2.24
3ms | 2.03 | 1.65 | 1.46 | 1.57 | 1.65 | 1.54 | 1.25 | 1.29 | 1.52 | 1.71 1.71 1.65 1.48 | 1.30
4ms | 1.43 | 1.16 | 1.25 | 1.25 | 1.00 | 1.06 | 1.32 | 1.33 | 1.27 | 1.06 0.97 | 0.87 0.86 | 0.84
5ms | 0.87 | 0.98 | 1.03 | 0.78 | 0.94 | 1.14 | 1.08 | 0.92 | 0.87 | 0.75 0.79 | 0.84 1.05 | 1.11
6ms | 0.92 | 1.02 | 0.76 | 0.97 | 1.08 | 1.00 | 0.87 | 0.76 | 0.75 | 0.92 1.10 1.13 1.11 | 1.05
7ms | 0.95 | 1.02 | 0.84 | 1.06 | 0.98 | 0.89 | 0.76 | 0.84 | 1.06 | 1.10 1.08 1.02 0.98 | 0.89
8ms | 1.08 [ 1.08 | 1.22 | 1.14 | 1.19 | 1.14 | 1.25 | 1.11 | 1.16 | 1.21 1.19 1.13 1.16 | 1.11
9ms | 1.35 | 1.56 | 1.44 | 1.67 | 1.60 | 1.56 | 1.54 | 1.75 | 1.78 | 1.75 1.70 1.60 1.65 | 1.73
10ms| 1.64 | 1.73 | 1.67 | 1.70 | 1.64 | 1.49 | 1.51 | 1.54 | 1.51 | 1.46 1.43 1.43 1.54 | 1.59
1lms| 1.81 | 1.81 | 1.84 | 1.76 | 1.76 | 1.83 | 1.83 | 1.84 | 1.83 | 1.83 1.83 1.83 1.84 | 1.83
12ms| 1.86 | 2.02 | 2.03 | 2.13 | 2.06 | 2.11 | 2.14 | 2.06 | 2.06 | 2.06 2.08 | 2.06 | 2.06 | 2.06
13ms| 1.87 | 2.10 | 2.08 | 2.19 | 2.16 | 2.22 | 2.21 | 2.21 | 2.24 | 2.24 2.24 | 2.24 2.25 | 2.25
14ms| 1.78 | 1.94 | 1.89 | 1.87 | 1.87 | 1.87 | 1.89 | 1.89 | 1.92 | 1.87 1.87 1.89 1.91 | 1.92
15ms| 1.64 | 1.70 | 1.62 | 1.65 | 1.65 | 1.65 | 1.65 | 1.65 | 1.65 | 1.65 1.65 1.65 1.65 | 1.65
16ms| 1.48 | 1.52 | 1.46 | 1.54 | 1.54 | 1.54 | 1.54 | 1.54 | 1.54 | 1.54 1.54 1.54 1.54 | 1.54
17ms| 1.33 | 1.37 | 1.32 | 1.40 | 1.40 | 1.40 | 1.40 | 1.40 | 1.40 | 1.43 1.44 1.46 1.48 | 1.49
18ms| 1.32 | 1.46 | 1.40 | 1.54 | 1.51 | 1.48 | 1.48 | 1.46 | 1.46 | 1.46 1.46 1.51 1.48 | 1.49
19ms| 1.33 | 1.52 | 1.44 | 1.64 | 1.57 | 1.57 | 1.68 | 1.68 | 1.67 | 1.67 1.73 1.70 1.73 | 1.78
20ms| 1.38 | 1.51 | 1.38 | 1.44 | 1.46 | 1.44 | 1.49 | 1.52 | 1.49 | 1.51 1.54 1.54 1.57 | 1.56
2lms| 1.46 | 1.41 | 1.49 | 1.68 | 1.49 | 1.49 | 1.57 | 1.49 | 1.49 | 1.49 1.49 1.49 1.49 | 1.49
22ms| 1.52 | 1.73 | 1.60 | 1.60 | 1.62 | 1.62 | 1.62 | 1.62 | 1.62 | 1.62 1.62 1.62 1.62 | 1.62
23ms| 1.60 | 1.78 | 1.79 | 1.73 | 1.73 | 1.73 | 1.73 | 1.73 | 1.73 | 1.73 1.73 1.73 1.73 | 1.73
24ms| 1.67 | 1.78 | 1.87 | 1.81 | 1.81 | 1.81 | 1.81 | 1.81 | 1.81 | 1.81 1.81 1.81 1.81 | 1.81
25ms| 1.70 | 1.89 [ 1.95 | 1.91 | 2.00 | 1.94 | 1.94 | 1.94 | 1.94 | 1.94 1.94 1.94 1.94 | 1.94
26ms| 1.67 | 1.89 | 2.02 | 2.00 | 2.10 | 2.05 | 2.05 | 2.05 | 2.05 | 2.05 2.05 | 2.05 | 2.05 | 2.05
27ms| 1.62 | 1.78 | 1.94 | 1.92 | 1.95 | 1.92 | 1.92 | 1.92 | 1.92 | 1.92 1.92 1.92 1.92 | 1.92
28ms| 1.57 | 1.67 | 1.76 | 1.78 | 1.78 | 1.79 | 1.81 | 1.81 | 1.81 | 1.81 1.81 1.81 1.81 | 1.81
29ms| 1.51 | 1.51 | 1.51 | 1.52 | 1.54 | 1.54 | 1.54 | 1.54 | 1.54 | 1.54 1.54 1.54 1.54 | 1.54
30ms| 1.48 | 1.51 [ 1.51 | 1.51 | 1.561 | 1.51 | 1.51 | 1.51 | 1.51 | 1.51 1.51 1.51 1.51 | 1.51
3lms| 1.48 | 1.54 | 1.54 | 1.54 | 1.54 | 1.54 | 1.54 | 1.54 | 1.54 | 1.54 1.54 1.54 1.54 | 1.54
32ms| 1.46 | 1.54 | 1.54 | 1.54 | 1.54 | 1.54 | 1.54 | 1.54 | 1.54 | 1.54 1.54 1.54 1.54 | 1.54
33ms| 1.44 | 1.52 | 1.52 | 1.52 | 1.562 | 1.52 | 1.52 | 1.52 | 1.52 | 1.52 1.52 1.52 1.52 | 1.52
34ms| 1.44 | 1.52 | 1.52 | 1.52 | 1.52 | 1.52 | 1.52 | 1.52 | 1.52 | 1.52 1.52 1.52 1.562 | 1.52
35ms| 1.44 | 1.44 | 1.44 | 1.44 | 1.44 | 1.44 | 1.44 | 1.44 | 1.44 | 1.44 1.44 1.44 1.44 | 1.44
36ms| 1.43 | 1.43 | 1.43 | 1.43 | 1.43 | 1.43 | 1.43 | 1.43 | 1.43 | 1.43 1.43 1.43 1.43 | 1.43
37ms| 1.43 | 1.43 | 1.44 | 1.44 | 1.44 | 1.44 | 1.44 | 1.44 | 1.44 | 1.44 1.44 1.44 1.44 | 1.44
38ms| 1.46 | 1.46 | 1.48 | 1.48 | 1.48 | 1.48 | 1.48 | 1.49 | 1.52 | 1.52 1.52 1.52 1.52 | 1.52
39ms| 1.48 | 1.46 | 1.46 | 1.46 | 1.51 | 1.51 | 1.51 | 1.51 | 1.54 | 1.57 1.57 1.57 1.57 | 1.57
40ms| 1.48 | 1.46 | 1.46 | 1.46 | 1.46 | 1.46 | 1.46 | 1.46 | 1.46 | 1.46 1.46 1.46 1.46 | 1.46
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Table 5.5 Continued.

(unit mm/sec)

Delay| 2 3 4 5 6 7 3 9 10 11 12 13 14 15

time | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole | Hole
A1ms| 1.49 | 1.49 | 1.44 | 1.44 | 144 | 1.44 | 1.44 | 1.44 | 1.44 | 1.44 | 1.44 | 1.44 1.44 1.44
42ms| 1.52 | 1.56 | 1.51 | 1.51 | 1.51 | 1.51 | 1.51 | 1.51 | 1.51 | 1.51 | 1.51 | 1.51 1.51 1.51
43ms| 1.59 | 1.64 | 1.59 | 1.59 | 1.59 | 1.59 | 1.59 | 1.59 | 1.59 | 1.59 | 1.59 | 1.59 1.59 1.59
44ms| 1.62 | 1.67 | 1.60 | 1.60 | 1.60 | 1.60 | 1.60 | 1.60 | 1.60 | 1.60 | 1.60 | 1.60 1.60 1.60
45ms| 1.62 | 1.68 | 1.65 | 1.65 | 1.68 | 1.67 | 1.67 | 1.67 | 1.67 | 1.67 | 1.67 | 1.67 1.67 1.67
46ms| 1.59 | 1.65 | 1.70 | 1.70 | 1.73 | 1.75 | 1.78 | 1.78 | 1.78 | 1.78 | 1.78 | 1.78 1.78 1.78
47ms| 1.54 | 1.59 | 1.64 | 1.64 | 1.64 | 1.65 | 1.68 | 1.68 | 1.68 | 1.68 | 1.68 | 1.68 1.68 1.68
48ms| 1.51 | 1.56 | 1.57 | 1.54 | 1.52 | 1.52 | 1.54 | 1.54 | 1.54 | 1.54 | 1.54 | 1.54 1.54 1.54
49ms| 1.48 | 1.54 | 1.52 | 1.48 | 1.48 | 1.48 | 1.48 | 1.48 | 1.48 | 1.48 | 1.48 | 1.48 1.48 1.48
50ms| 1.48 | 1.57 | 1.52 | 1.61 | 1.51 | 1.51 | 1.51 | 1.51 | 1.51 | 1.51 | 1.51 | 1.51 1.51 1.51
5lms| 1.51 | 1.64 | 1.60 | 1.59 | 1.59 | 1.59 | 1.59 | 1.59 | 1.59 | 1.59 | 1.59 | 1.59 1.59 1.59
52ms| 1.54 | 1.64 | 1.62 | 1.59 | 1.59 | 1.59 | 1.59 | 1.59 | 1.59 | 1.59 | 1.59 | 1.59 1.59 1.59
53ms| 1.57 | 1.64 | 1.62 | 1.60 | 1.60 | 1.60 | 1.60 | 1.60 | 1.60 | 1.60 | 1.60 | 1.60 1.60 1.60
54ms| 1.57 | 1.57 | 1.57 | 1.57 | 1.56 | 1.57 | 1.57 | 1.57 | 1.57 | 1.57 | 1.57 | 1.57 1.57 1.57
55ms| 1.57 | 1.56 | 1.57 | 1.59 | 1.60 | 1.64 | 1.64 | 1.64 | 1.64 | 1.64 | 1.64 | 1.64 1.64 1.64
56ms| 1.52 | 1.52 | 1.52 | 1.54 | 1.56 | 1.57 | 1.57 | 1.57 | 1.57 | 1.59 | 1.59 | 1.57 1.57 1.57
57ms| 1.48 | 1.48 | 1.48 | 1.51 | 1.51 | 1.51 | 1.51 | 1.51 | 1.51 | 1.51 | 1.51 | 1.51 1.51 1.51
58ms| 1.43 | 1.44 | 1.44 | 1.44 | 1.44 | 1.44 | 1.44 | 1.44 | 1.44 | 1.44 | 1.44 | 1.44 1.44 1.44
59ms| 1.43 | 1.43 | 1.43 | 1.43 | 1.43 | 1.43 | 1.43 | 1.43 | 1.43 | 1.43 | 1.43 | 1.43 1.43 1.43
60ms| 1.44 | 1.44 | 1.44 | 1.44 | 1.44 | 1.44 | 1.44 | 1.44 | 1.44 | 1.44 | 1.44 | 1.44 1.44 1.44
6lms| 1.46 | 1.46 | 1.46 | 1.46 | 1.46 | 1.46 | 1.46 | 1.46 | 1.46 | 1.46 | 1.46 | 1.46 1.46 1.46
62ms| 1.48 | 1.48 | 1.48 | 1.48 | 1.48 | 1.48 | 1.48 | 1.48 | 1.48 | 1.48 | 1.48 | 1.48 1.48 1.48
63ms| 1.49 | 1.49 [ 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 1.49 1.49
64ms| 1.49 | 1.49 [ 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 1.49 1.49
65ms| 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 1.49 1.49
66ms| 1.49 | 1.49 [ 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 1.49 1.49
67ms| 1.49 | 1.49 [ 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 1.49 1.49
68ms| 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 | 1.49 1.49 1.49
69ms| 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 1.41 1.41
70ms| 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 1.41 1.41
7lms| 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 1.41 1.41
72ms| 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 1.41 1.41
73ms| 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 1.41 1.41
74ms| 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 1.41 1.41
75ms| 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 1.41 1.41
76ms| 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 1.41 1.41
77ms| 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 1.41 1.41
78ms| 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 1.41 1.41
79ms| 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 1.41 1.41
80ms| 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 | 1.41 1.41 1.41
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s A5 o3

6.1 B2A A @ o=

A% A8 AZ 22 AN Table 1.49] AEE FALH o3 97
2 787 95t ANAFEES BAA ] log—log 17 o
o]

AT K, n
AL o]&3sto] AALAE STt ojuf, £ AH8dE AEeEHEs FHo 4=}
&% (PPV, Peak Particle Velocity) & A3 o, £ AFo AlgH ZE

=
AEeEHE] &9 = mm/seco]th.
A2 Table 6.13 Zo] yettor K= 54, ne @4 A<, SD
= 32 A Y, & AA AT (Coefficient of Determination)©] th.

714 BARATE AL AN AR ol HAH vlE, 3
Aol og TEHWFIE A EE FEE YERATh A AF Fhe] 09 7t
=TE FAE IAAZAL Aol 2 19 TMAEFS AF Aol Erh

AR ATl WE A2 AT B e AR A JArsE
T9bo] BAE Figure 6.1 Figure 6.20] YELATE B4 A}8d & 25
T 3570019 50% B 95%°] AF A JAYT 2 Table 6.13 Zr},

Table 6.1 Results of regression analysis using real data.

Equation K n r N
Square root(50%) 5055 -1.87 0.88 35
Square root(95%) 9521 —1.87 0.88 35
Cube root(50%) 6282 —1.92 0.87 35
Cube root(95%) 12069 -1.92 0.87 35
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Table 6.2 Input value of regression analysis on 1lms peak value.

Velocity | Charge | Distance Square Cube
Pata (mm/sec)| (kg) (m) |root distance|root distance
SN. 1 11.81 0.75 30 34.64 33.02
SN. 2 17.53 1.00 33 33.00 33.00
SN. 3 25.65 1.60 29 22.93 24.79
SN. 4 5.62 1.60 69 54.55 58.99
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Table 6.3 Input value of regression analysis on 0.5T peak value.

Data Velocity | Charge | Distance Square Cube
(mm/sec)| (kg) (m) root distance | root distance
SN. 1 2.79 0.75 30 34.64 33.02
SN. 2 3.81 1.00 33 33.00 33.00
SN. 3 4.44 1.60 29 22.93 24.79
SN. 4 0.76 1.60 69 54.55 58.99

Table 6.4 Input value of regression analysis on 1T peak value.

Data Velocity | Charge | Distance Square Cube
(mm/sec)| (kg) (m) root distance | root distance
SN. 1| 10.16 0.75 30 34.64 33.02
SN. 2| 10.54 1.00 33 33.00 33.00
SN. 3| 13.59 1.60 29 22.93 24.79
SN. 4 2.25 1.60 69 54.55 58.99

Table 6.5 Input value of regression analysis on 1.5T peak value.

Data Velocity | Charge | Distance Square Cube
(mm/sec)| (kg) (m) root distance | root distance
SN. 1 5.21 0.75 30 34.64 33.02
SN. 2 6.73 1.00 33 33.00 33.00
SN. 3 6.86 1.60 29 22.93 24.79
SN. 4 1.38 1.60 69 54.55 58.99
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Table 6.6 Input value of regression analysis on 2T peak value.

Dat Velocity | Charge | Distance Square Cube
ata
(mm/sec)| (kg) (m) root distance | root distance
SN. 1 7.75 0.75 30 34.64 33.02
SN. 2 8.25 1.00 33 33.00 33.00
SN. 3 9.91 1.60 29 22.93 24.79
SN. 4 2.05 1.60 69 54.55 58.99
Table 6.7 Summary of regression output.
Equation K n r? N
square root
. . 7300 —1.78 0.954 4
Ims modeling | scaled distance
i b t
equation cube 1oo 6178 | —1.72 | 0.934 | 4
scaled distance
square oot 4276 —-2.14 0.938 4
0.5T modeling| scaled distance ' '
i be root
equation cube oo 5057 | —2.11 | 0.869 | 4
scaled distance
square root
. . 14535 | —2.13 0.858 4
1T modeling | scaled distance
i be root
equation cube oo 19076 | —2.19 | 0.951 | 4
scaled distance
sauare Toot | o060 | —1.03 | 0.806 | 4
1.5T modeling| scaled distance ' ’
i b t
equation cube 100 5234 | —1.99 | 0.902 4
scaled distance
square root
. . 4600 —1.87 | 0.846 4
2T modeling | scaled distance
i cube root
equation _ 5926 | —1.93 | 0.940 4
scaled distance
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Figure 6.5 Result of regression analysis on 0.5T peak
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Figure 6.6 Result of regression analysis on 0.5T peak
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Figure 6.7 Result of regression analysis on 1T peak

value(Square root Scaled Distance).
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Figure 6.8 Result of regression analysis on 1T peak

value(Cube root Scaled Distance).
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Figure 6.9 Result of regression analysis on 1.5T peak

value(Square root Scaled Distance).
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Figure 6.10 Result of regression analysis on 1.5T peak

value(Cube root Scaled Distance).
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Figure 6.11 Result of regression analysis on 2T peak
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Figure 6.12 Result of regression analysis on 2T peak

value(Cube root Scaled Distance).
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Table 6.8 Summary of regression output between the real data
and the modeling data.
Equation K n r’ N
square root 5055 —1.87 0.880 35
50% Line | scaled distance ' '
: b t
equation cube roo 6282 | —1.92 | 0.870 | 35
scaled distance
square root
. . 9521 —-1.87 0.88 35
95% line scaled distance
; cube root
equation _ 12069 | —1.92 | 0.87 35
scaled distance
square root
) ) 7300 —-1.78 | 0.954 4
Ims modeling | scaled distance
; cube root
equation _ 6178 | —1.72 | 0.934 4
scaled distance
square root 1976 914 0.938 4
0.5T modeling| scaled distance ' '
; cube root
equation ] 5057 | —2.11 | 0.869 4
scaled distance
square root
) _ 14535 | —2.13 | 0.858 4
1T modeling | scaled distance
: be root
equation cube roo 19076 | —2.19 | 0.951 | 4
scaled distance
sauare Toot | 060 | Z1.93 | 0.806 4
1.5T modeling| scaled distance ' '
; be root
equation cube roo 5234 | —1.99 | 0.902 | 4
scaled distance
square root
. _ 4600 —1.87 | 0.846 4
2T modeling | scaled distance
; be root
equation cube oo 5926 | —1.93 | 0.940 4
scaled distance
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Figure 6.13 Relationship of real data and modeling

data(Square root Scaled Distance).
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Figure 6.14 Relationship of real data and modeling
data(Cube root Scaled Distance).
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3k Anderson(1989)2 8ms 7|2 UYF 1 Azt A A3 8 o
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APPENDIX

B Superposition Modeling Waveform of SN. 1
(1~30ms Delay Interval)
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10ms Delay Interval

Number of hole : 2 Number of hole : 3
51 PPV:5.334 MRS PPV:5.334
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3] 34
4 6
T T T T T T T T T T T T T T
60 8 100 120 140 160 180 200 20 40 60 8 100 120 140 160 180 200
Time(ms) Time(ms)
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51 PPV :5.334 61 PPV:5.334
34 3]
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-34 -3
64 e
T T T T T T T T T T T T
20 40 60 80 100 120 140 160 180 200 50 100 150 200 250 300
Time(ms) Time(ms)
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T T T T T T T T T T
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34 3
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5
S0 100 150 200 250 300 350 400 50 100 150 200 250 300 35 400
Time(ms) Time(ms)
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34 34
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3]
64 5
T T T T T T T T T T T T T T
50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
Time(ms) Time(ms)
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50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
Time(ms) Time(ms)
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11ms Delay Interval

Number of hole : 2 Number of hole : 3

51 PPV : 6.604 PPV 7.112
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T T

20 40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180 200
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T T T T T T T T T T T T T T
50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
Time(ms) Time(ms)
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50 100 150 200 250 300 350 400 100 200 300 400 500
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200 300 400 500 0 100 200 300 400 500
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12ms Delay Interval

Number of hole : 2 Number of hole : 3
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5 100 150 20 20 300 3% S 100 10 200 20 30 350 40
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Number of hole : 14 Number of hole: 15
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0 100 200 200 400 500
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13ms Delay Interval

Number of hole : 2
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Time(ms)
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Velocity(mm/sec)

Number of hole : 3
PPV : 6.858
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14ms Delay Interval

Number of hole : 2
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6 Number of hole : 3
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15ms Delay Interval

Number of hole: 2
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- 164 -

Number of hole : 3
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16ms Delay Interval

Number of hole: 2
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Number of hole : 3
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T T T T T T T
20 40 60 80 100 120 140 160 180 20

Time(ms)
Number of hole : 5
571 PPV : 5.080
3]
0d W
3]
5]
T T T T T
50 100 150 200 250 k'
Time(ms)
Number of hole : 7
571 PPV : 5.080
3]
04
3]
5]
S0 100 150 200 | 250
Time(ms)
6 Number of hole : 9

PPV : 5.080

T T T T T T T
50 100 150 200 250 300 350 AC

Time(ms)

Number of hole : 11
61 PPV: 5,080

Time(ms)
Number of hole : 13
51 PPV : 5080
34
0
3
K3
T T T T T
0 100 200 300 400 5C
Time(ms)
6 Number of hole : 15

PPV : 5.080

Time(ms)




17ms Delay Interval

Number of hole : 2
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200
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.
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o
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Number of hole : 3

200
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18ms Delay Interval

Number of hole: 2
PPV : 5.969

T T T
20 40 60 8 100 120

Time(ms)
Number of hole: 4
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3]
5
T T T T T T T T
20 40 6 8 100 120 140 160 180
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50 100 150 200 250 ke
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140 160 180 200

T T T T
50 100 150 200
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250 300 350 4
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50 100 150 200
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T
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100 150 200

«
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T
250 300 350 4G

Number of hole : 14
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Time(ms)
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Number of hole : 3
PPV : 5969

T
100 120

T T T
140 160 180 20
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19ms Delay Interval

Number of hole : 2

400

400
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T T T T T T T T
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Number of hole : 3

©] PPV: 6.006
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20ms Delay Interval

Number of hole : 2 Number of hole : 3
51 PPV : 5.080 MRS PPV : 5.207
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5 -]
—T T T T T T T T ——T T T TTT—
20 40 60 8 100 120 140 160 180 200 2 40 60 8 100 120 140 160 180 200
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51 PPV : 5.207 57 PPV:5.334
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3 3
o] o
3] 3]
5] ]
T T T T T T T T T T T T T T
50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
Time(ms) Time(ms)
Number of hole : 12 Number of hole : 13
51 PPV: 5334 S PPV : 5.334
3] 3]
o] o
-3 3
5 k2
S 100 150 20 250 300 350 400 o 100 20 300 400 500
Time(ms) Time(ms)
Number of hole : 14 Number of hole : 15
51 PPV: 5334 57 PPV : 5.334
3 3]
o o
3] 3]
5] ]
T T T T T T T T
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21ms Delay Interval

Number of hole : 2
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e
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T T T T T T T T
20 40 60 8 100 120 140 160 180 2
Time(ms)
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34
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3]
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20 40 60 80 100 120 140 160 180
Time(ms)
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34
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0 100 200 300 400 50
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T
0 100 200 300 400 500 600 7
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s Number of hole: 3
1 PPV : 5.080
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Velocity(mm/sec)

Velocity(mm/sec)

22ms Delay Interval

Number of hole : 2
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Time(ms)
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Velocity(mm/sec)

Velocity(mm/sec)

Number of hole : 3
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23ms Delay Interval
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24ms Delay Interval

Number of hole : 2
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