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Analysis and Reduction of Longwave Response
in a Harbor

Jae-Woong Yoo

Department of Civil and Environmental Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

A large development at the coastal water causes serious changes to the
wave energy transmission. Especially, variation to the wave field introduced
into the inner harbor area induces strong 1impact to wave energy
transmission system. In order to reduce damages of ships and harbor
structures due to wave attack, it 1S necessary to predict the change of
wave field. However, harbor tranquility review is being conducted on the
wind wave and swell of 10~20sec periods to be an engineering problem.
The long period waves more than 20sec still show not just damages to the
vessels and harbor structure in real field, but also give difficulties on port
operation by lowering the annual berthing ratio. This study deals the
extended mild-slope equation model simulation for predicting wave
responses at Sadong port, Ulundo with a new airport plan, Korea.
Possibilities of harbor oscillation reduction introducing a resonance basin are
discussed. For the existing configuration of Sadong port, the resonance
basin and breakwater gap give larger reduction to amplification factors
appeared, such as 20% reduction for Case 1 and 40% for Case 2, at the
particular resonance modes. For the analysis of berthing capability at the

new port, a 500m extension of breakwater was added with an existing
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900m north breakwater and compared with the present planform of port.
Due to addition of the extended breakwater at north side, the unexpected
variation of harbor responses in the new port show up to a noticeable level.
In this case the variation occurred in a way of wave height reduction to
the harbor basin but induces difficulties to both the ship passage and pier
face. Thus, in this simulation, we have dealt with the response
characteristics of long period waves on the water area expansion as per the
port development plan, together with introduction of a resonance basin for
control of oscillation wave periods, using the offshore field wave data
collected. Based on those analyzed results, it is to be recommended to the

future port rearrangement or reengineering.
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Fig. 1.2 Schematic diagram of a (a) uninodal(mode 1), (b) binodal(mode 2) ,

and (c) trinodal(mode3) seiche in a rectangular basin(Farmer, 2014)

€)Collection @ kmou



Table L1 A BEHQ w3} SRel A e Ra% 7718 vhehf
Holt,

Table 1.1 Observed surface seiche periods in typical lakes and observed decay
rates

Fracional
Observed periods of oscillation, min decrease in

amplitude of free

Lake and location . .
uninodal seiche

T1 T2 T3 T4 TS T6 over each

successive period

Geneva
74.0 | 355 0.030
(Switzerland-France)
Garda(Italy) 429 | 286 | 21.8 | 15.0 | 121. 9.9 0.045

Loch Earn(Scotland) | 145 | 8.1 6.0 4.0 3.5 2.9

Erie(U.S. - Canada) | 858.0 | 542.3 | 350.9 | 250.5 0.322
Konigssee(Germany) | 11.6 0.204
Vattern(Sweden) 179.0 | 975 | 80.7 | 57.9 | 48.1 | 426 0.113
Yamanaka(Japan) 156 | 106 | 55 0.199
Baikal(Russia) 278.2
-5-
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Fig. 2.5 Climate of subject area, temperature & amount of precipitation
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BHsEHe 3Mm/s o, FFE &S NWHEo] $ASA yeva

Atk Fig 2.3 2015~2017d=71# 9] &5 % nldAFu=E AA o,

£ & I (Ulleungdo) £ E T (Ulleungdo) 2 = ¢ (Ulleungdo)

115 N 115 N 115 N

w E w @ £ w @ E
s - ST 3
(a) 2015 (b) 2016 (c) 2017

Fig. 2.6 Wind rose of Ulleungdo

Table 2.1 Maximum wind speed according to wave direction (unit : 0.1m/s)
%%‘é E Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec.
NNE |129]10.1|11.8|11.0]108| 95 | 83 | 138 |11.6|13.0|13.1|10.4
NE |129]104|119]122| 81 |11.2]105]16.1 | 12.0 | 13.8 | 10.3 | 10.5
ENE | 89 | 86 | 69 | 61 | 44 | 44 | 55|93 |49 | 68 | 77 | 54
E 55 |55 |54 |21 129 |28 | 23|36 |51 |42 |50 | 62
ESE | 50 | 47 | 48 | 22 | 23 | 21 | 21 |39 | 47 | 52 | 63 | 7.8
SE 54 148 | 45 | 26 | 29 | 27 | 25| 39 | 49 | 49 | 56 | 5.7
SSE | 56 | 64 | 46 | 35| 34 | 26 | 33 | 44 | 45 | 42 | 59 | 45
S 68 | 56 | 67 | 65| 82|50 | 58|84 |72 | 65| 88103
SSW |105| 84 | 75 | 97 |108| 76 |105|10.1|10.2| 73 | 97 | 9.0
SW | 108|199 | 96 | 125|113 93 |11.8]10.1 | 86 | 94 | 10.7 | 10.2
WSW | 79 | 92 | 79 [10.7]105] 81 | 76 | 9.0 | 7.2 | 80 | 87 | 104
W 77 176 | 88 | 84 | 80 | 54|41 | 50|49 |64 |74 |73
WNW |83 |91 | 75|79 |87 63|18 |42 |66 |69 |74 |95
NW 75 |87 |77 196|137 37 |14 |125] 94 | 93 | 109 | 10.0
NNW | 90 | 103]106| 73 [10.6| 96 | 22 | 82 | 84 | 93 | 114 | 7.2
N 82 189195190 | 78 1104 53 [146] 86 | 95 | 9.6 | 10.3
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Ao Qe FF7] 1
o2 NE~SEAIE S oiis mhefo] uFsta vk 27/ Wwde a4
GdeEow wAsta 9o Yz Al tgh A3 55S Hola ut

AL A= 71EA FarFol(& e+, 22464)(Fig. 2.4)9 HeolHiEA & +
gt S dolHa 2015d 1€ 19& 7oz 3dzte Hu)

(maximum wave height), 9|3} 3l(significant wave height), %331
(average wave height), 57| (average wave period) A& o|H, 1A7HS
Z|Eom WS olE Aoy B HF7)e i Edsow AHAG)

o] Table 2.2 o] A|A3tAt}.

Fig. 2.7 Location of Ulleung-eup buoy
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Table 2.2 Analyzed wave occurrence frequency in terms of maximum wave
height and average period (Ulleung-eup 2015.01 ~ 2018.01)

T(s) ~4 | 4~5|5~6 | 6~7 | 7T~8 | 8~9 [9~10|10~11| 11~ | Total %
H(m)
0.0~05 | 1846 | 1784 851 138 27 1 0 0 0 4647 19.07
0.6~1.0| 1349 | 4006 | 3300 | 1433 275 22 1 0 0 10391 42.64
1.1~15 ) 1530 | 2229 | 1225 583 9 6 0 0 5743 2357
1.6~2.0 1 243 A7 634 233 9 8 0 0 2160 8.86
21~25 0 10 240 305 149 63 22 0 0 789 3.24
2.6~3.0 0 0 46 127 100 33 9 0 0 315 1.29
3.1~35 0 0 8 59 5 27 4 0 0 173 0.71
3.6~4.0 0 0 1 15 52 21 3 0 0 92 0.38
4.1~45 0 0 0 6 19 9 5 0 0 39 0.16
4.6~5.0 0 0 0 0 4 3 1 0 0 8 0.03
5.1~55 0 0 0 0 2 1 3 0 0 6 0.02
5.6~6.0 0 0 0 0 0 3 1 0 0 4 0.01
6.1~6.5 0 0 0 0 0 1 0 0 0 1 0.004
6.6~7.0 0 0 0 0 ]| 1 0 0 0 2 0.008

Total 3272 | 7573 | 7622 | 3947 | 1520 373 63 0 0 24370 100
% 1343 | 31.08 | 31.28 | 1320 | 6.24 1.53 0.26 0 0 100

~

Y=0.2011e%%7°™

o
\

o
I

A
|

w
|

N
|

|

Maximum Wave Height (m)

-
|

‘ I | | ‘ I | |
2 3 4 5 6 7 8 9 10
Average Wave Period (sec)

(=]

Fig. 2.8 Distribution chart of Average wave period & Maximum wave height
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Ulleung-eup Bouy
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Fig. 2.9 Maximum wave height at Ulleung-eup buoy (2015~2017)

Ulleung-eup Bouy

o
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Significant Wave Height (m)
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Fig. 2.10 Significant wave height at Ulleung-eup buoy (2015~2017)
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Ulleung-eup Bouy
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Fig. 2.11 Average wave height at Ulleung-eup buoy (2015~2017)
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Fig. 2.12 Average Wave Period at Ulleung-eup buoy (2015~2017)
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(3.1

o714, C(x,¥») = olk ; %1% % (phase velocity)

Cg(X,y) = W(:HC

0 = 2713 ; ZFE 3= (radians/sec)
w = v e
y = djatuet el

Kx,3) = 74 dx, pol A AFENBAL o0%= ghtanh(kd) & W=

st I (=2r/L)E 7H A

i

Dalrymple et al.(1984)ll ¢J3l o}ef¢} Z& & FAHAFTE

I
heh)
2170 2fr 31{2
WZ( % )ﬁ (Okd T sinh 2/d) sinh i (32)

71, a = H2; stFe] A=
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Dalrymple et al.(1984)& F=x3ste] A &3ttt dvrdox wpzAS f9 =
71+ Manning® AAHAl¢ B 2 A4S nd v HE9 e VA Y
(x»e FFEA £, AR o Fy Aol mE A8 LS 8 Fwt
doll O 2 s Folgth Hagetu el o=, thee Ae A&t
(Dally et al., 1985; Demirbilek, 1994).

g 0.1 f - ) (33)

of Fasttn Led AFS wed FFRABAS ST F 9
4

(3.2)°l = "z

0’ = gkl 1 + (ka)? Ftanh°kd|tanh { kd+ kaF,) (34)
7 — _cosh(4kd) — 2tanh *(kd)
! 8sinh *(kd)
kd 4

(01
<
&
oX,
»
i)
)
=2,
»
£
ol
rlr
ot
il
flo
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ol
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on/on=00°] Hojogtty et st oy T3 FxEol dellM = vt

e RRUAGAzAC 48 & 5 ek

% =an (36)
e B2ASR A @D o] Ag et
. 1-K
o= ikTrR, (37)

Sommerfelde] %A} Z 7 (Radiation condition):= 7] =7 Al

o Rz AgHol £¥atE oz of e 4

(3.8)

s
e
o
S
>
o

nge= Mei(1983)7F A A8 l=Hl, o =8= Abekake] ¥dld n,

Aol dolm, 4 (38)e) AR

b

A
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n.= 2OHH(1<T) (a,cosnd + B,sinn6) (3.9

o714, H (k) = #A1% Hankeldt& YERWAT A2F Hankelst= 53
= A

ol Al Sommerfeld WALZA S oA gorm=z 2 (3904 A<

o Aadt Fig 319 2& g9

M
N

l?«
ANM=, A (39l yebd Abekste]l xelde A S Bd

u}

9 A
2 Ayoll A AR gkl ks Baw gtk o] EAE S5 9
atol, Xu et al.(1996)2 /MY AAE wel TEdd2AtE 233 /I8 A=EA
& el

Kri+ k%r2 + ik + 1

_ 4
VIA, - p= 21k0r2

1

= 21k,r?

2,
I/
0
)
=2
X
_l
o,
e
o,
>~
=
oZ,
o
1>
o,
)
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Open boundary

r Incident wave direction

Exterior

Model domain

0
7

Land

B

Fig. 3.23 Definition sketch of model domain
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3.1.3 2drAg e F%

el A 7 A, Andgn Husg, dee) AE a8 fe] g4zt

nol gl A it s vja FyAbe] SEEEAe vy 2

¢(x5,2,0=[0 cosnt+® ,sinwllZ 4 @11
Z = cosilo[sﬁ((zlgz—)b)] (3.12)

A9 golel Ealde ofgel 2rh,

p=-2 5 (3.13)

A @IDeA 9 A Bes ol A Heldr).

(x5, 2 0= f K[?L(X, e 12 ]Z(Z) (3.14)

A=n,+im (3.15)
9l A& AFHet n, AT n,E TEEtl —n/2—etE oF dA S

o= Kg[n ,cosa+n ,sinal”Z (3.16)
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2(3.16)9] oo hefl WFE meka AE Wriste] sHAe] HIe] wet

He e,

| 2= () + (v,)? (3.19)
—~ \2 —~ \2 —~ \2 —~ \2
- (&) A (222 ) oo e (252 (2 ) ]
Iviz—<w>22 = Yeua % cos %a+ = T ayy sin %a
[ omy om, | om a@].
[ ~ % T . Off sin (2a)
(3.20)

wol g3E |W2e £FE 09 W Hu FRLEE v e 2
o,

[ [( + oy T 0x T oy
_ 9rL1 on, , 9, 3@] _
2[ I 8X oy oy Jcos Q2a)=0

]Sin (2a) (321)
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ol@sto]l Aelstd 4(3.22)3 2.

2 (32
2[ on, 9, oM, a@]
QZ%arctan 0x aX oy 9y (3.22)
) (e (om ) (om )
0x
AR e oA Ao 2AD atr/204 Hage AR

S 2 g QA BHAN A 2 AN A, e
g0z dojan
%q; +P + oz= constant (3.23)
£ FE(EGEC o9 )L ook ge AFAA TAAL A (14
o] @9 A2 o] AoA A HAa, AEs oAl W 4 (3242 A H
P=—pgz+pgK(ne )7+ C (3.24)
7-09 W 002 sl wel FrlelA b4 2 gtelel (Re 9ol

(3.25)
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sere] 947t pi thge] AdA Ta

8= arctan —2 (3.26)
g

o] W cosBE -l1oA] 17}x] Wslsela, IEAE TS Aoz Falr},
A=V, + 1 (3.27)

AIZE 0ol A =3F sl Eole e Ao E Fafxith

n=Kl[ne ™]=[x, cos o t+ 1, sin ot (3.28)

k= EICEESNE R ERSE I SR E R e i P
R,= Ae Tetom00= 4 Zoeni”]n(kr) cosn(6—6) (3.29)

o714, A=71E
0,= X%} o] T YA
]_

J, = Al1E nA Besseld
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2 when n+( (3.30)

o
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Hyr
lo,
o2
lo,
ol
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o
=)
Ac)
o,
offl
rlo
o
>
>
§=)
o%
1o
o)

~
N
)
(e}
e

Neg= N;T Ng (3.31)

v - (avn)+bn=0 (3.32)
o714 a =CC,

b 5%024—1'014/—1— iC 0y

Mei(1994)+= st 3 F2=ollA 4 (32)3 F3 FolAe] 4 (34)l ¢
g AAxAoR A B32)E Fu wAs vee WIS FrE 46 A

Jepd uh el

Lrz o2 2104 — [ L z72
| 3@ (v’ —mAda~ [ Jazildst
1~ Mme - 0@ +a)]
( 1’Ls+rL1) ans_rL SH L |ds

(3.33)
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Atk WAL A g Fuad 71E W Goda ool §7ee] Agrz
095, Wobdl 097, AL 0932 AgeiPor] o Ao FF
ool Hg

T = WhAbEolal VE A R 74 vkl FA R

)

o WAL HEEAL Ttk Aol7t e FE Youk, AAH APAH v

= hssne A9Ead s b Aow AmHc

Table 3.1 Numerical model conditions

Model Conditions Sadong port
Target range (m) 2500 by 2500
Average element space (m) 30m
Before : 8507
Number of elements After 7,600
After(airport) : 7,146
Shore boundary Beach, vertical wall, TTP, armor rock, natural rock
Open boundary Semicircular
Reflection coefficient According to coast line

Table 3.2 Applied wave conditions

Wave Conditions
Wave height (m) 1 (Normalized)
10795 5 (interval)
Wave period (sec) 1007300 10 (interval)
32071500 20 (interval)
Wave direction (°) 202.5 SE
- 30 -
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Fig. 3.2 Bathymetry of Sadong port

, Before & After & After(airport)
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SORERERERES

Fig. 3.3 Numerical mesh for Sadong port
; Before & After & After(airport)
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Response Curves for rectangular Harbor
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Fig. 3.8 Harbor response curves for various values

of the friction factor
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Fig. 4.1 Selected points for harbor oscillation analysis
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Fig. 4.2 Result of numerical model simulation at PT-1, Non-circulation
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Fig. 4.3 Result of Numerical model simulation at PT-2, Non-circulation
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Fig. 4.4 Result of Numerical model simulation at PT-3, Non-circulation
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Fig. 4.5 Result of Numerical model simulation at PT-4, Non-circulation
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Fig. 4.6 Result of Numerical model simulation at PT-5, Non-circulation
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Fig. 4.7 Result of Numerical model simulation at PT-6, Non-circulation
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Fig. 4.8 Result of Numerical model simulation at PT-1, Circulation
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Fig. 4.9 Result of Numerical model simulation at PT-2, Circulation
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Fig. 4.10 Result of Numerical model simulation at PT-3, Circulation
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Fig. 4.11 Result of Numerical model simulation at PT-4, Circulation
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Fig. 4.12 Result of Numerical model simulation at PT-5, Circulation
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Fig. 4.13 Result of Numerical model simulation at PT-6, Circulation
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Fig. 4.14 Result of Numerical model simulation BF-CASE at PT-1, Circulation
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Fig. 4.15 Result of Numerical model simulation BF-CASE at PT-2, Circulation
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Fig. 4.16 Result of Numerical model simulation BF-CASE at PT-3, Circulation
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Fig. 4.17 Result of Numerical model simulation BF-CASE at PT-4, Circulation
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Fig. 4.18 Result of Numerical model simulation BF-CASE at PT-5, Circulation
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Fig. 4.19 Result of Numerical model simulation BF-CASE at PT-6, Circulation

Collection @ kmou

_53_



POINT 1

8
PT-1
4 Circulation type ~
o — — — Non-Circulation type / \ -
=
g
c
]
-~
©
£
=
a
S
<
0 . — ] . . ]
10 100 1000

Wave period (sec)

Fig. 4.20 Result of Numerical model simulation AF-CASE at PT-1, Circulation
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Fig. 4.21 Result of Numerical model simulation AF-CASE at PT-2, Circulation
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Fig. 4.22 Result of Numerical model simulation AF-CASE at PT-3, Circulation
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Fig. 4.23 Result of Numerical model simulation AF-CASE at PT-4, Circulation
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Fig. 4.24 Result of Numerical model simulation AF-CASE at PT-5, Circulation

POINT 6
10
PT-6

b Circulation type
o & — — — Non-Circulation type
=
E 4
S ¢
S
o
4 i
2
£ 4
F
E g
<T 2 o

0 T T | ! ‘
10 100 1000
Wave period (sec)

Fig. 4.25 Result of Numerical model simulation AF-CASE at PT-6, Circulation
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Fig. 4.27 Result of Numerical model simulation AFA-CASE at PT-2,
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Fig. 4.28 Result of Numerical model simulation AFA-CASE at PT-3,

Circulation
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Fig. 4.29 Result of Numerical model simulation AFA-CASE at PT-4,

Circulation
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Fig. 4.30 Result of Numerical model simulation AFA-CASE at PT-5,
Circulation
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Fig. 4.31 Result of Numerical model simulation AFA-CASE at PT-6,

Circulation

- 5!) -

Collection @ kmou




Fig. 4.32 Amplification ratio of BF-CASE, H=1.0m T=480s Dir=202.5°

Fig. 4.33 Amplification ratio of BF-CASE, H=1.0m T=460s Dir=202.5°
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Fig. 4.34 Amplification ratio of BF-CASE, H=1.0m T=250s Dir=202.5°

Fig. 4.35 Amplification ratio of BF-CASE, H=1.0m T=160s Dir=202.5°
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Mesh Module Wave height of F-CASE, T=480sec:
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Fig. 4.36 Amplificati T=480s Dir=202.5°
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Fig. 4.37 Amplification ratio of AF-CASE, H=1.0m T=460s Dir=202.5°
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Mesh Madule Wiave height of AF-0ASE, T=280se¢ )
100 L

Mesh Module Wave fieight of AF-GASE, T=2705¢0 ;

Fig. 4.39 Amplification ratio of AF-CASE, H=1.0m T=270s Dir=202.5°
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Fig. 4.40 Amplification ratio of AF-CASE, H=1.0m T=95s Dir=202.5°

Fig. 4.41 Amplification ratio of AFA-CASE, H=1.0m T=460s Dir=202.5°
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Fig. 4.42 Amplification ratio of AFA-CASE, H=1.0m T=440s Dir=202.5°

Fig. 4.43 Amplification ratio of AFA-CASE, H=1.0m T=280s Dir=202.5°
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Fig. 4.44 Amplification ratio of AFA-CASE, H=1.0m T=270s Dir=202.5°

Fig. 4.45 Amplification ratio of AFA-CASE, H=1.0m T=95s Dir=202.5°
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Table 4.1 Result of Numerical model simulation at PT-1, before project

@K

POINT 1, Before
Period Amplification Period Amplification Period Amplification
(s) ratio (s) ratio (s) ratio
10 0.3111 250 8.233(Mode2) 360 2.8905
15 0.1572 260 7.8565 880 2.8224
20 0.0477 270 7.3194 900 2.7607
25 0.3864 280 6.8271 920 2.7046
30 0.0839 290 6.4478 940 2.6532
35 0.2505 300 6.187 960 2.6063
40 0.0515 320 5.9703 980 2.5631
45 0.3244 340 6.071 1000 2.5233
50 0.2599 360 6.4159 1020 2.4866
55 0.8164 380 6.9574 1040 2.4525
60 3.1077 400 7.6444 1060 2.4209
65 1.5969 420 8.3728 1080 2.3917
70 0.6997 440 8.9576 1100 2.3643
16 0.8422 460 9.183(Model) 1120 2.3389
30 1.6238 480 8.9543 1140 2.3149
85 1.87 500 8.3799 1160 2.2926
90 0.3639 520 7.6582 1180 2.2717
95 1.1106 540 6.9384 1200 2.2519
100 1.6954 560 6.2913 1220 2.2333
110 1.4207 580 5.7365 1240 2.2158
120 1.0153 600 5.2691 1260 2.1994
130 0.7497 620 48774 1280 2.1838
140 1.7008 640 45478 1300 2.169
150 2.1285 660 4.2692 1320 2.1551
160 3.8662 680 4.0321 1340 2.1419
170 5.1201 700 3.8288 1360 2.1294
180 4.6697 720 3.653 1380 2.1173
190 5.3019 740 3.4998 1400 2.1061
200 6.2158 760 3.3659 1420 2.0954
210 6.2135 780 3.2477 1440 2.0851
220 5.8244 800 3.1429 1460 2.0752
230 5.6825 820 3.0494 1480 2.0658
240 7.9942 840 2.9658 1500 2.0568
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Table 4.2 Result of Numerical model simulation at PT-1, after project

POINT 1, After
Period Amplification Perio Amplification Period Amplification
(s) ratio d (s) ratio (s) ratio
10 0.4367 2950 6.2181 360 29179
15 0.6868 260 6.829 880 2.8569
20 0.3043 270 |7.0159(Mode 1) 900 2.8013
25 0.9017 280 6.8797 920 2.7502
30 0.2015 290 6.594 940 2.7032
35 1.1671 300 6.3108 960 2.6599
40 0.4603 320 5.941 980 2.6198
45 0.4845 340 5.8039 1000 2.5827
50 0.3479 360 5.8555 1020 2.5482
55 3.0098 380 6.0239 1040 2.5164
60 3.5497 400 6.2436 1060 2.4864
65 1.3672 420 6.451 1080 2.4587
70 0.5028 440 6.5837 1100 2.4327
75 0.1297 460 | 6.5973(Mode 2) 1120 2.4084
30 0.2791 480 6.4799 1140 2.3855
85 0.2389 500 6.2533 1160 2.3642
90 0.7677 520 5.9573 1180 2.344
95 1.0537 540 5.6323 1200 2.3253
100 0.857 560 5.3072 1220 2.3074
110 0.6498 580 4.9994 1240 2.2907
120 0.5614 600 47174 1260 2.2749
130 0.7404 620 4.4638 1280 2.26
140 1.1496 640 42381 1300 2.2458
150 1.5211 660 4.0379 1320 2.2326
160 1.9966 680 3.8606 1340 2.2201
170 3.0173 700 3.7034 1360 2.2082
180 4.1709 720 3.564 1380 2.1969
190 4.8256 740 3.4397 1400 2.1861
200 4.7159 760 3.3285 1420 2.176
210 40573 780 3.2289 1440 2.1663
220 3.6761 800 3.1391 1460 2.1572
230 3.8031 820 3.0581 1480 2.1486
240 5.1019 840 2.9847 1500 2.1404
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Table 4.3 Result of Numerical model simulation at PT-1, after airport project

POINT 1, After(airport)

Period Amplification Period Amplification Period Amplification
(s) ratio (s) ratio (s) ratio
10 0.0344 250 6.468 360 2.866
15 0.1219 260 7.0597 880 2.8077
20 0.1248 270 | 7.2465(Model) 900 2.7544
25 0.2589 280 7.103 920 2.7056
30 0.2623 290 6.8 940 2.6606
35 0.9457 300 6.491 960 2.6192
40 0.4299 320 6.0873 980 2.5811
45 0.4604 340 5.9491 1000 2.5455
50 0.318 360 6.0096 1020 2.5128
55 2.4746 380 6.1924 1040 2.4821
60 3.3264 400 6.4253 1060 2.4537
65 1.2225 420 6.6339 1080 24271
70 0.4516 440 6.7465 1100 2.4022
(6 0.021 460 | 6.7188(Mode?2) 1120 2.3739
30 0.1514 480 6.5484 1140 2.3573
85 0.4503 500 6.2696 1160 2.3366
90 0.872 520 5.9316 1180 2.3173
95 1.0795 540 5.5767 1200 2.2991
100 0.9487 560 5.2327 1220 2.282
110 0.8276 580 49147 1240 2.266
120 0.448 600 4.6281 1260 2.266
130 0.6305 620 4.3737 1280 2.266
140 1.146 640 4.1495 1300 2.2362
150 1.4542 660 3.9521 1320 2.2093
160 1.899 680 3.7783 1340 2.197
170 2.8519 700 3.625 1360 2.1853
180 3.8424 720 3.4893 1380 2.174
190 45306 740 3.3687 1400 2.1635
200 45724 760 3.2613 1420 2.1533
210 40772 780 3.1652 1440 2.1437
220 3.8092 300 3.0787 1460 2.1345
230 4.0508 820 3.0008 1480 2.1259
240 5.4223 340 2.9302 1500 2.1174
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Table 4.4 Result of Numerical model simulation at PT-2, before project

POINT 2, Before
Period Amplification Period Amplification Period Amplification

(s) ratio (s) ratio (s) ratio

10 0.0602 250 | 7.7788(Mode2) 360 2.8773
15 0.119 260 7.4566 880 2.8101
20 0.0606 270 6.9742 900 2.7492
25 0.2523 280 6.5279 920 2.6938
30 0.566 290 6.185 940 2.6431
35 0.2853 300 5.9513 960 2.5967
40 0.1352 320 5.7712 980 2.5541
45 1.7979 340 5.8914 1000 2.5148
50 1.2325 360 6.247 1020 2.4785
55 1.52775 380 6.7934 1040 2.4448
60 2.719 400 7.4819 1060 2.4138
65 0.6719 420 8.2118 1080 2.3847
70 0.1643 440 8.8012 1100 2.3578
75 0.2203 460 | 9.0362(Model) 1120 2.3325
30 0.5733 480 8.8232 1140 2.3089
85 0.8189 500 8.2669 1160 2.2868
90 0.1851 520 7.5623 1180 2.2662
95 0.6288 540 6.8577 1200 2.2467
100 1.0418 560 6.2236 1220 2.2283
110 0.9797 580 5.6783 1240 2.2111
120 0.7545 600 5.2197 1260 2.1948
130 0.5876 620 4.8344 1280 2.1793
140 1.3878 640 45101 1300 2.1648
150 1.7902 660 4.236 1320 2.1509
160 3.3304 680 4.0027 1340 2.1378
170 4.4947 700 3.8022 1360 2.1255
180 4.1632 720 3.6291 1380 2.1137
190 47872 740 3.4783 1400 2.1025
200 5.6742 760 3.346 1420 2.0918
210 5.7243 780 3.2296 1440 2.0816
220 5.4073 300 3.1263 1460 2.0719
230 5.3109 820 3.0341 1480 2.0628
240 7.5146 340 2.9516 1500 2.0538
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Table 4.5 Result of Numerical model simulation at PT-2, after project

POINT 2, After
Period Amplification | Perio Amplification Period Amplification

(s) ratio d (s) ratio (s) ratio

10 0.2699 2950 47902 360 2.9043
15 0.1328 260 5.8686 880 2.8441
20 0.4894 270 6.4748 900 2.7893
25 0.517 280 | 6.6777(Mode 1) 920 2.739
30 0.786 290 6.5719 940 2.6926
35 0.9563 300 6.3196 960 2.6501
40 0.9045 320 6.0651 980 2.6105
45 1.9719 340 5.7382 1000 2.5739
50 1.7042 360 5.6287 1020 2.5399
55 5.843 380 5.698 1040 2.5084
60 3.1538 400 5.8734 1060 2.4789
65 0.5778 420 6.1078 1080 2.4515
70 0.1178 440 6.3238 1100 2.426
75 0.0337 460 6.4658 1120 2.402
30 0.0973 480 | 6.4891(Mode 2) 1140 2.3794
85 0.1034 500 6.3821 1160 2.3583
90 0.3859 520 6.1663 1180 2.3385
95 0.5916 540 5.8812 1200 2.32

100 0.5223 560 5.5651 1220 2.3023
110 0.4453 580 5.2483 1240 2.2857
120 0.4152 600 4.9476 1260 2.2701
130 0.5781 620 46719 1280 2.25564
140 0.9344 640 4.4236 1300 2.2415
150 1.2748 660 4.202 1320 2.2284
160 1.7145 680 4.0056 1340 2.2159
170 2.6423 700 3.8317 1360 2.204
180 3.7101 720 3.6772 1380 2.1929
190 4.3492 740 3.54 1400 2.1824
200 4.2964 760 3.4178 1420 2.1725
210 3.7307 780 3.3085 1440 2.1629
220 3.4072 800 3.2104 1460 2.1541
230 3.5495 820 3.1221 1480 2.1455
240 4.7902 840 3.0423 1500 2.1372

- 72 -




Table 4.6 Result of Numerical model simulation at PT-2, after airport project

POINT 2, After(airport)

Period Amplification Period Amplification Period Amplification
(s) ratio (s) ratio (s) ratio
10 0.1226 250 6.0848 360 2.8521
15 0.1511 260 6.6721 880 2.7947
20 0.2432 270 | 6.8776(Model) 900 2.7422
25 0.1517 280 6.7678 920 2.694
30 0.6934 290 6.5015 940 2.6499
35 0.7167 300 6.224 960 2.6089
40 0.8179 320 5.8674 980 2.5714
45 1.9607 340 5.7586 1000 2.5365
50 1.5063 360 5.8381 1020 2.5041
55 45304 380 6.0341 1040 2.4739
60 2.8507 400 6.2772 1060 2.4459
65 0.5059 420 6.4952 1080 2.4199
70 0.1017 440 | 6.6184(Mode2) 1100 2.3953
(6 0.0045 460 6.6019 1120 2.3724
30 0.0502 480 6.4437 1140 2.3509
85 0.1867 500 6.1774 1160 2.3308
90 0.4238 520 5.8509 1180 2.3117
95 0.5885 540 5.5062 1200 2.2938
100 0.5637 560 5.1714 1220 2.2769
110 0.5556 580 4.8609 1240 2.2609
120 0.3257 600 4.5808 1260 2.2609
130 0.4857 620 4.3319 1280 2.2609
140 0.9214 640 41123 1300 2.2315
150 1.207 660 3.9187 1320 2.205
160 1.6173 680 3.7484 1340 2.1928
170 2.4789 700 3.5979 1360 2.1813
180 3.3953 720 3.4648 1380 2.1704
190 4.0596 740 3.3464 1400 2.1599
200 4.145 760 3.2406 1420 2.15
210 3.7323 780 3.1462 1440 2.1405
220 3.5153 300 3.0613 1460 2.1313
230 3.7655 820 2.9845 1480 2.1228
240 5.0728 340 2.9152 1500 2.1146

- 73 -



Table 4.7 Result of Numerical model simulation at PT-3, before project

1@K

POINT 3, Before
Period Amplification | Period Amplification Period Amplification
(s) ratio (s) ratio (s) ratio
10 0.5415 250 | 5.5959(Mode2) 360 2.8074
15 0.1559 260 5.5192 880 2.745
20 0.0747 270 5.2898 900 2.6884
25 0.1981 280 5.0589 920 2.6367
30 0.4318 290 4.8859 940 2.5896
35 0.2912 300 4.782 960 2.5463
40 0.0285 320 4.7734 980 2.5065
45 0.8984 340 4,9857 1000 2.4697
50 0.6707 360 5.3901 1020 2.436
55 0.6406 380 5.9568 1040 2.4045
60 1.4991 400 6.6502 1060 2.3755
65 1.0126 420 7.384 1080 2.3483
70 0.5118 440 7.9931 1100 2.323
75 0.6357 460 | 8.2774(Model) 1120 2.2994
30 1.1874 480 8.1422 1140 2.2773
85 1.2712 500 7.6783 1160 2.2566
90 0.2227 520 7.0638 1180 2.2372
95 0.6027 540 6.4378 1200 2.2189
100 0.7915 560 5.8688 1220 2.2016
110 0.4584 580 5.3766 1240 2.1855
120 0.2107 600 4.9599 1260 2.1701
130 0.1099 620 4.6088 1280 2.1556
140 0.2874 640 4.3125 1300 2.142
150 0.4946 660 4.0616 1320 2.1291
160 1.1639 680 3.8471 1340 2.1168
170 1.868 700 3.6628 1360 2.1051
180 1.9727 720 3.5032 1380 2.094
190 2.508 740 3.3642 1400 2.0834
200 3.2283 760 3.2421 1420 2.0735
210 3.4762 780 3.1341 1440 2.0638
220 3.4638 300 3.0385 1460 2.0547
230 3.5582 820 2.9531 1480 2.0461
240 5.2309 340 2.8765 1500 2.0377
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Table 4.8 Result of Numerical model simulation at PT-3, after project

POINT 3, After
Period Amplification | Perio Amplification Period Amplification

(s) ratio d (s) ratio (s) ratio

10 0.3994 2950 3.6948 360 2.8091
15 0.4268 260 4.2479 880 2.71553
20 0.1883 270 45386 900 2.7062
25 0.3178 280 | 4.6117(Mode 2) 920 2.661

30 0.3099 290 45564 940 2.6194
35 1.1095 300 44771 960 2.5809
40 0.3614 320 44137 980 2.5452
45 0.4483 340 4.4749 1000 2.5123
50 0.7157 360 4.6537 1020 2.4817
55 2.4451 380 4.9091 1040 2.4532
60 1.5288 400 5.1971 1060 2.4265
65 0.7978 420 5.4678 1080 2.4018
70 0.3699 440 5.6674 1100 2.3785
16 0.1024 460 | 5.7552(Mode 1) 1120 2.3567
30 0.244 480 5.7185 1140 2.3364
85 0.2055 500 55748 1160 2.3172
90 0.63 520 5.3587 1180 2.2991
95 0.8036 540 5.1062 1200 2.282
100 0.596 560 4.8454 1220 2.2662
110 0.3589 580 45933 1240 2.251

120 0.2325 600 4.3589 1260 2.2369
130 0.2167 620 4.1458 1280 2.2234
140 0.2319 640 3.9542 1300 2.2106
150 0.2458 660 3.7833 1320 2.1987
160 0.3606 680 3.6312 1340 2.1873
170 0.7063 700 3.4957 1360 2.1766
180 1.2161 720 3.3748 1380 2.1664
190 1.68 740 3.2666 1400 2.1567
200 1.8855 760 3.1697 1420 2.1476
210 1.8144 780 3.0824 1440 2.1388
220 1.7995 800 3.0037 1460 2.1306
230 2.0101 820 2.9326 1480 2.1226
240 2.8725 840 2.8681 1500 2.1153
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Table 4.9 Result of Numerical model simulation at PT-3, after airport project

POINT 3, After(airport)

Period Amplification Period Amplification Period Amplification
(s) ratio (s) ratio (s) ratio
10 0.0982 250 4.6667 360 2.7956
15 0.5987 260 5.2289 880 2.7419
20 0.35 270 5.4954 900 2.6928
25 0.1695 280 | 5.5044(Mode2) 920 2.6476
30 0.7204 290 5.3691 940 2.6061
35 0.5452 300 5.2087 960 2.568
40 0.3158 320 5.024 980 2.5325
45 1.1826 340 5.024 1000 2.4997
50 0.8193 360 5.173 1020 2.4695
55 1.6914 380 5.4165 1040 2.4411
60 1.5822 400 5.6971 1060 2.4148
65 0.7345 420 5.9506 1080 2.3901
70 0.2959 440 6.1126 1100 2.3671
(6 0.0136 460 | 6.1405(Model) 1120 2.3455
30 0.0922 480 6.0301 1140 2.3253
85 0.2462 500 5.8117 1160 2.3062
90 0.4154 520 5.5306 1180 2.2884
95 0.4327 540 5.2266 1200 2.2715
100 0.3111 560 4,927 1220 2.2556
110 0.1664 580 4.6467 1240 2.2405
120 0.0594 600 4.3924 1260 2.2405
130 0.102 620 4.1652 1280 2.2405
140 0.2708 640 3.9638 1300 2.2129
150 0.4514 660 3.7858 1320 2.1879
160 0.719 680 3.6286 1340 2.1764
170 1.2529 700 3.4895 1360 2.1656
180 1.8886 720 3.3661 1380 2.1551
190 24378 740 3.2562 1400 2.1453

200 2.6486 760 3.1581 1420 2.1358

210 2.5067 780 3.0701 1440 2.127

220 2.4583 300 2.9909 1460 2.1184

230 2.7287 820 2.9193 1480 2.1101

240 3.7913 340 2.8546 1500 2.1025
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Table 4.10 Result of Numerical model simulation at PT-4, before project

POINT 4, Before
Period Amplification Period Amplification Period Amplification
(s) ratio (s) ratio (s) ratio
10 0.4408 250 3.0808 360 2.71295
15 0.1891 260 3.218 880 2.6725
20 0.3269 270 3.2556 900 2.6206
25 1.0611 280 3.2692 920 2.5733
30 0.1092 290 3.2971 940 2.5301
35 0.7489 300 3.3515 960 2.4903
40 0.2772 320 3.5576 980 2.4539
45 0.8474 340 3.8908 1000 2.4202
50 0.4943 360 4.3621 1020 2.389
55 1.3198 380 4.9604 1040 2.3601
60 1.6883 400 5.6664 1060 2.3331
65 1.2927 420 6.411 1080 2.3082
70 0.3436 440 7.0488 1100 2.285
(6 0.7807 460 | 7.3947(Model) 1120 2.2631
30 1.9145 480 7.3526 1140 2.2428
85 2.9432 500 6.9971 1160 2.2237
90 2.2796 520 6.438 1180 2.2057
95 4.3854 540 5.9541 1200 2.1888
100 2.8287 560 5.4609 1220 2.173
110 0.843 580 5.0302 1240 2.158
120 2.1387 600 4.6627 1260 2.1437
130 2.4475 620 4.3514 1280 2.1304
140 3.7645 640 4.0874 1300 2.1178
150 3.4328 660 3.863 1320 2.1058
160 | 4.4855(Mode2) 680 3.6706 1340 2.0942
170 44736 700 3.5048 1360 2.0835
180 3.1656 720 3.361 1380 2.0731
190 2.8116 740 3.2352 1400 2.0635
200 2.6401 760 3.1247 1420 2.054
210 2.2039 780 3.027 1440 2.0451
220 1.8694 300 2.94 1460 2.0367
230 1.8289 820 2.8623 1480 2.0287
240 2.7408 340 2.7925 1500 2.0209
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Table 4.11 Result of Numerical model simulation at PT-4, after project

POINT 4, After
Perio Amplification Perio Amplification Period Amplification
d (s) ratio d (s) ratio (s) ratio
10 0.2696 2950 21778 360 2.71366
15 0.7164 260 2.6291 880 2.6877
20 2.1516 270 2.941 900 2.6429
25 1.8823 280 3.1212 920 2.6015
30 0.5499 290 3.2023 940 2.5635
35 2.8039 300 3.2475 960 2.5284
40 1.9608 320 3.3787 980 2.4957
45 3.3021 340 3.5719 1000 2.4655
50 1.3796 360 3.8356 1020 2.4375
55 4.1047 380 4.1501 1040 24113
60 3.6562 400 44854 1060 2.3869
65 2.4599 420 47999 1080 2.3642
70 1.9548 440 5.046 1100 2.3427
(6 1.6027 460 5.1852 1120 2.3228
30 1.8271 480 | 5.2037(Mode 1) 1140 2.3038
85 1.2614 500 5.1163 1160 2.2861
90 3.8085 520 4.9545 1180 2.2692
95 |4.5891(Mode 2) | 540 47516 1200 2.2536
100 3.2848 560 4.5346 1220 2.2386
110 1.9528 580 432 1240 2.2247
120 1.3348 600 41178 1260 2.2116
130 1.3894 620 3.9321 1280 2.1992
140 1.7075 640 3.7641 1300 2.1874
150 1.8036 660 3.613 1320 2.1762
160 1.8729 680 34777 1340 2.1656
170 2.24 700 3.3566 1360 2.1565
180 2.4453 720 3.2481 1380 2.146
190 2.2438 740 3.1509 1400 2.1372
200 1.7763 760 3.0636 1420 2.1287
210 1.3052 780 2.9847 1440 2.1205
220 1.0913 800 2.9134 1460 2.1129
230 1.1319 820 2.8487 1480 2.1056
240 1.6274 840 2.7901 1500 2.0986
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Table 4.12 Result of Numerical model simulation at PT-4, after airport project

POINT 4, After(airport)

Period Amplification Period Amplification Period Amplification
(s) ratio (s) ratio (s) ratio
10 0.1695 250 2.2653 360 2.6904
15 0.2008 260 2.7093 880 2.6436
20 0.4268 270 3.0309 900 2.6008
25 0.4804 280 3.2174 920 2.5612
30 0.4989 290 3.3005 940 2.525
35 1.8441 300 3.341 960 2.4915
40 1.737 320 3.4575 980 2.4605
45 3.0295 340 3.654 1000 2.4316
50 1.1424 360 3.9306 1020 2.4049
55 3.1856 380 4.2616 1040 2.38
60 3.2551 400 46119 1060 2.3567
65 2.2117 420 49317 1080 2.3351
70 1.7668 440 5.1666 1100 2.3146
(6 0.6645 460 5.277(Model) 1120 2.2956
30 1.0178 480 5.2561 1140 2.2777
85 2.4316 500 5.1278 1160 2.2608
90 42372 520 4.9316 1180 2.245
95 4.6311(Mode2) 540 4.7039 1200 2.2301
100 3.5817 560 4.4707 1220 2.216
110 2.449 580 4.2472 1240 2.2026
120 1.0628 600 4.0406 1260 2.2026
130 1.1674 620 3.8539 1280 2.2026
140 1.6754 640 3.6868 1300 2.1779
150 1.6942 660 3.5378 1320 2.1559
160 1.7545 680 3.4053 1340 2.1457
170 2.0869 700 3.2874 1360 2.136
180 2.2197 720 3.1823 1380 2.1267
190 2.0715 740 3.0884 1400 2.118
200 1.6793 760 3.0041 1420 2.1097
210 1.2672 780 2.9282 1440 2.1016
220 1.1028 300 2.8599 1460 2.094
230 1.2005 820 2.71979 1480 2.0866
240 1.7267 340 2.7418 1500 2.0797
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Table 4.13 Result of Numerical model simulation at PT-5, before project

POINT 5, Before
Period Amplification Period Amplification Period Amplification
(s) ratio (s) ratio (s) ratio
10 0.3735 250 1.8994 360 2.07
15 0.3095 260 1.7355 880 2.5232
20 0.5027 270 1.6347 900 2.4808
25 0.3309 280 1.6148 920 2.4418
30 0.7353 290 1.6601 940 2.4063
35 1.5004 300 1.7503 960 2.3734
40 0.4907 320 2.0222 980 2.3432
45 0.5483 340 2.3884 1000 2.3153
50 0.5466 360 2.8601 1020 2.2895
55 1.6018 380 3.4309 1040 2.2654
60 2.4039 400 4.094 1060 2.243
65 0.752 420 4.8022 1080 2.2223
70 0.2833 440 5.4419 1100 2.2027
(6 0.3303 460 5.857 1120 2.1845
30 0.5534 480 | 5.9528(Model) 1140 2.1674
85 0.1889 500 5.7726 1160 2.1514
90 0.5665 520 5.4408 1180 2.1364
95 0.8213 540 5.0648 1200 2.1223
100 0.6401 560 4.7036 1220 2.109
110 0.8558 580 4.3308 1240 2.0963
120 | 2.104(Mode 2) 600 4.1009 1260 2.0845
130 1.0693 620 3.8608 1280 2.0732
140 0.7926 640 3.6555 1300 2.0624
150 0.4124 660 3.4794 1320 2.0524
160 0.8281 680 3.3276 1340 2.0429
170 1.4449 700 3.1959 1360 2.0337
180 1.5977 720 3.081 1380 2.025
190 1.9491 740 2.9802 1400 2.0169
200 2.2529 760 2.8911 1420 2.0089
210 2.1079 780 2.8121 1440 2.0015
220 1.7957 300 2.7416 1460 1.9943
230 1.5696 820 2.6785 1480 1.9875
240 2.0098 340 2.6214 1500 1.981
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Table 4.14 Result of Numerical model simulation at PT-5, after project

POINT 5, After
Perio Amplification Perio L . Period Amplification
d (s) ratio d (s) Amplification ratio (s) ratio
10 0.4723 290 1.5937 360 2.60501
15 0.2597 260 1.8623 880 26111
20 0.7434 270 2.0704 900 2.571
25 0.6439 280 2.2221 920 2.5338
30 0.4164 290 2.3222 940 2.4997
35 1.1915 300 2.4009 960 2.4682
40 0.3847 320 2.599 980 2.439
45 0.6774 340 2.8442 1000 2.4117
50 0.2702 360 3.1426 1020 2.3864
55 |2.3993(Mode 2) | 380 3.4808 1040 2.3628
60 2.0132 400 3.8362 1060 2.3408
65 1.4977 420 41734 1080 2.3201
70 0.8621 440 44487 1100 2.3007
(6 0.6852 460 4.6259 1120 2.2825
30 0.9803 480 | 4.6902(Mode 1) 1140 2.2656
85 0.5109 500 4.6524 1160 2.2494
90 0.9728 520 45404 1180 2.2345
95 0.7432 540 43844 1200 2.2201
100 0.3852 560 4.2094 1220 2.2067
110 0.4089 580 4.0319 1240 2.1941
120 0.4641 600 3.8616 1260 2.182
130 0.6424 620 3.7033 1280 2.1706
140 0.9539 640 3.5586 1300 2.1601
150 1.1803 660 3.4278 1320 2.1498
160 1.3997 680 3.3099 1340 2.1403
170 1.8736 700 3.2041 1360 2.1313
180 2.263 720 3.1088 1380 2.1225
190 2.2609 740 3.0229 1400 2.1143
200 1.8912 760 2.9457 1420 2.1065
210 1.3934 780 2.8758 1440 2.0992
220 1.0941 800 2.8127 1460 2.0923
230 1.0087 820 2.79552 1480 2.0855
240 1.2898 840 2.7028 1500 2.0791
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Table 4.15 Result of Numerical model simulation at PT-5, after airport project

POINT 5, After(airport)

Period Amplification Period Amplification Period Amplification
(s) ratio (s) ratio (s) ratio
10 0.1025 250 1.6448 360 2.6102
15 0.1194 260 1.9011 880 2.5683
20 0.4099 270 2.1159 900 2.5301
25 0.2252 280 2.2739 920 2.4949
30 0.3815 290 2.3794 940 2.4622
35 0.9149 300 2.4583 960 2.4322
40 0.3341 320 2.6489 980 2.4043
45 0.8207 340 2.9002 1000 2.3786
50 0.2508 360 3.2118 1020 2.3546
55 1.937(Mode 2) 380 3.5667 1040 2.332
60 1.9109 400 3.9376 1060 2.3112
65 1.4545 420 4.2814 1080 2.2918
70 0.8371 440 45491 1100 2.2734
(6 0.3322 460 47025 1120 2.2562
30 0.5379 480 | 4.7325(Model) 1140 2.2401
85 0.9822 500 4.659 1160 2.2248
90 1.1351 520 4.516 1180 2.2106
95 0.7862 540 4.3373 1200 2.197
100 0.4359 560 4.1476 1220 2.1844
110 0.5008 580 3.9618 1240 2.1722
120 0.3785 600 3.7877 1260 2.1722
130 0.5379 620 3.6283 1280 2.1722
140 0.9298 640 3.4846 1300 2.15
150 1.1077 660 3.3557 1320 2.13
160 1.3126 680 3.2404 1340 2.1206
170 1.7483 700 3.1374 1360 2.112
180 2.0623 720 3.0454 1380 2.1036
190 2.1042 740 2.9628 1400 2.0956
200 1.8104 760 2.8884 1420 2.088
210 1.3732 780 2.8214 1440 2.0807
220 1.1142 300 2.7608 1460 2.0737
230 1.0702 820 2.7059 1480 2.0671
240 1.3579 340 2.6558 1500 2.0608
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Table 4.16 Result of Numerical model simulation at PT-6, before project

POINT 6, Before
Perio Amplification Period Amplification Period Amplification
d (s) ratio (s) ratio (s) ratio
10 1.0545 2950 1.3108 360 1.9556
15 0.9284 260 1.5227 880 1.9475
20 0.5547 270 1.66 900 1.9399
25 1.7069 280 1.7252 920 1.9329
30 1.5607 290 1.7443 940 1.9263
35 1.5191 300 1.7372 960 1.9201
40 2.1888 320 1.6843 980 1.9143
45 1.69 340 1.6093 1000 1.9088
50 2.1019 360 1.5236 1020 1.9037
55 1.9559 380 1.443 1040 1.8989
60 1.2866 400 1.3897 1060 1.8944
65 2.2137 420 1.4004 1080 1.8901
70 2.834 440 1.5055 1100 1.886
75 | 3.5642(Mode 2) 460 1.6852 1120 1.8822
30 2.7089 480 1.8723 1140 1.8786
85 1.1838 500 2.0127 1160 1.8751
90 0.4255 520 2.0951 1180 1.8719
95 1.1027 540 2.1333 1200 1.8688
100 1.7666 560 2.1442 1220 1.8658
110 2.9546 580 2.1399 1240 1.8631
120 3.0518 600 2.1279 1260 1.8604
130 | 3.6384(Mode 1) 620 2.1124 1280 1.8578
140 2.8372 640 2.0956 1300 1.8554
150 2.1156 660 2.0786 1320 1.8531
160 1.2429 680 2.0623 1340 1.8509
170 0.5012 700 2.047 1360 1.8488
180 0.4725 720 2.0325 1380 1.8468
190 0.4679 740 2.0189 1400 1.8449
200 0.4828 760 2.0063 1420 1.8431
210 0.5376 780 1.9946 1440 1.8413
220 0.5775 300 1.9837 1460 1.8396
230 0.7144 820 1.9737 1480 1.838
240 1.1583 840 1.9643 1500 1.8364
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Table 4.17 Result of Numerical model simulation at PT-6, after project

_ollection @ kmo

POINT 6, After

Perio Amplification Period Amplification Period Amplification

d (s) ratio (s) ratio (s) ratio
10 1.7401 2950 1.0157 360 1.9983
15 1.4306 260 1.2268 880 1.993
20 1.6792 270 1.5001 900 1.9879
25 1.3597 280 1.704 920 1.983
30 2.2028 290 1.8205 940 1.9784
35 1.9026 300 1.8739 960 1.9741
40 1.8434 320 1.88 980 1.97
45 3.0407 340 1.8393 1000 1.966
50 2.5397 360 1.7902 1020 1.9623
55 1.1809 380 1.7495 1040 1.9588
60 2.2447 400 1.7279 1060 1.9554
65 3.4516 420 1.7331 1080 1.9523
70 | 4.3306(Mode 1) 440 1.7668 1100 1.9492
(6 3.2085 460 1.8221 1120 1.9464
30 1.9925 480 1.8859 1140 1.9436
85 0.6057 500 1.9455 1160 1.941
90 0.9099 520 1.9934 1180 1.9385
95 1.7248 540 2.0276 1200 1.9362
100 2.4459 560 2.0496 1220 1.9339
110 3.2012 580 2.0621 1240 1.9318
120 3.2335 600 2.0675 1260 1.9297
130 | 3.4474(Mode 2) 620 2.0682 1280 1.9277
140 2.4508 640 2.0659 1300 1.9258
150 1.4657 660 2.0615 1320 1.9241
160 0.8804 680 2.0558 1340 1.9224
170 0.7206 700 2.0493 1360 1.9207
180 0.7715 720 2.0426 1380 1.9191
190 0.7264 740 2.0359 1400 1.9176
200 0.66 760 2.029 1420 1.9161
210 0.6112 780 2.0225 1440 1.9148
220 0.6046 300 2.0161 1460 1.9134
230 0.7381 820 2.0099 1480 1.9121
240 0.9668 840 2.004 1500 1.9109
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Table 4.18 Result of Numerical model simulation at PT-6, after airport project

POINT 6, After(airport)
Peri . e . e
. . Period Amplification Period Amplification
od Amplification ratio ) )
(s) (s) ratio (s) ratio
10 0.3437 250 0.8732 360 1.977
15 0.5937 260 1.1639 3880 1.9721
20 1.1641 270 1.4526 900 1.9675
25 1.5961 280 1.6443 920 1.963
30 2.3373 290 1.7408 940 1.9589
35 2.2634 300 1.7763 960 1.9549
40 2.888 320 1.7593 980 1.9512
45 2.2499 340 1.7079 1000 1.9477
50 | 3.7329(Mode 2) 360 1.6576 1020 1.9443
55 3.105 380 1.6235 1040 1.9411
60 2.9231 400 1.6161 1060 1.9381
65 42873 420 1.6426 1080 1.9353
70 | 4.4267(Mode 1) 440 1.7011 1100 1.9326
75 3.3048 460 1.7788 1120 1.93
30 2.3156 430 1.8585 1140 1.9276
85 1.4583 500 1.9265 1160 1.9253
90 1.2905 520 1.9772 1180 1.9231
95 1.4825 540 2.0112 1200 1.921
100 1.7248 560 2.0317 1220 1.9189
110 2.5831 580 2.0424 1240 1.917
120 2.7765 600 2.0463 1260 1.917
130 2.7125 620 2.046 1280 1.917
140 2.0855 640 2.0426 1300 1.9135
150 1.9203 660 2.0377 1320 1.9102
160 1.7703 680 2.0318 1340 1.9087
170 1.5447 700 2.0255 1360 1.9072
180 1.2739 720 2.0187 1380 1.9058
190 0.9213 740 2.0122 1400 1.9045
200 0.6644 760 2.0057 1420 1.9032
210 0.5561 780 1.9995 1440 1.902
220 0.5077 800 1.9934 1460 1.9008
230 0.5782 820 1.9877 1480 1.8996
240 0.7348 340 1.9822 1500 1.8986
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Table 4.19 Numerical model conditions

Model Conditions

Target range (m) 1500 by 1500
Average element space (m) 10~50m
Number of elements Biff(;g? g”%élgg
Shore boundary Beach, vertical wall, TTP, armor rock, natural rock
Open boundary Semicircular
Reflection coefficient According to coast line
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Fig. 4.54 Comparison of amplification factors at station 6 for Samcheok port
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