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ABSTRACT

A natural disaster is increased by the unusual climate fluctuation due
to ecocide and global warming in not only our country but also all over
world, and the scale of damage is increased too. Coastal areas were
damaged by typhoon and storm surges accompanying severe water wave
in sea by effect of these environment, and recently, the interest about
nature disaster with social confusion increases by the typhoon Rusa and
Maemi's terrible damage. Therefore, the correct forecast of the
occurrence time of storm surge and the water level rise amount is very
important, because storm surges cause great damage to coastal area.

In this study, typhoon of Sarah, Thelma and Maemi, which caused
terrible damage to the coastal area in the coast of Busan in the past,

were taken as an object of the storm surge simulations. In addition, new



deepwater design wave conditions were applied to SWAN model, the
characteristics of shallow waves were investigated. Based on this result,
design water level considering storm surge and shallow wave estimated
by new deepwater design wave were applied to computation of
overtopping rate. Also, calculation of overtopping rate was calculated by
the VOF method.
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A7IM, ¢, T Joz FHEE Wu (1982)2] AgA 5ol

j 1.2875 % 1073 for U, < 7.5m/s
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SWANE WS aefste] tha3t o] A3ttt

o

OJESYS

Zi

Sz, 57(0,9)2%5(0,@) (2.38)

A7, £ 2 FRZAUAE, 2, < 02 Battjes and Janssen (1978)]] wh& 2
gte]] ogk FoA AMES et p | °] g ##A] K (breaking parameter)
tata) & w2 SWAN

ES
NMe 53k Hghe] ol &EHEH], 52 = (.73(Battjes and Stive, 1985)

A
p

e

o)
AR

AN V=H . JHH T TH P4 A8

225 H|IMYE A4SZEE0| 9t oX|MEE ¢

ﬁ/
A&l o A= quadruplet wave—wave interactionso] Z~#HE & o] digo]] R|ujj A o]t} o]
Aoz gFoiAe AHEHIINA AFage) 11 JJr—’F dHoz Hadg. 53

s Jol| A= triad wave—wave interactionsol] &J3] AR} AFaG=F Ho A FF 1
gegdoes daEm, wEba ko] xspdEo= #lrk quadruplet wave—wave
interactions< $+43] Alxksl7lol = 43 Alke] A %0, FD—RIAMo|2} &&= 7|9
o7 FPHth ARXNEEES FAF7] 8 slebel el (parametric method)S HIZ3F
wo 7Ho] AetElo] 9Jom Discrete Interaction Approximation(DIA)©o 2 2=t
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2.3 VOFY

231 7

HZ, AHFas zhe vgSA FA19 ai4S $18) Hirt and Nichols(1981)7F At

VORHo] A2 e HFehs Be shrRollq U3 855 Jrh 53, Qi

X ZAo 93 Hups e HH S(1994)0] Loz VOFHE AL35191, FHAA
+ Petit et al.(1994), Van Gent et al.(1994) 5ol &J&] VOFH 2] faAlo] % 1o

™, 1 o], #H(2000)= 3 FEE] 3t Aol 71A] VOFHS SgAIAT =

o Be JE ARl o3t FEdATe] A7z siE CADMAS—SURF (s FdErlitt

J8Center, 2001)& AFEAPE AH ¢ - 28S Ao 5 e a3-3<) 231 3549

AMzzafor 48 vk sdlAe 1 5(2001, 2002)0] Hx=E VOF-SOLAH

o] &3t FAR}TTFEE Atstar AT EA s Ty
CADMAS—SURFelA #-&3kal Q= Fig. 2.29] 2|95

of 3o] AWALE WAsHA] 9% MAAA G Mo R s ol oA IS

& T3, 29 Al £oAaAS A8k gl

open boundary apen boundary
fu F i
7| |T=2> wave ;
J WA AV A
v ] = s
added : added
dissipation dissipation
zone zone
I: =i= =i= =i
2 < calenlation region = 2L

Fig. 2.2 Definition sketch of numerical wave channel

232 7|=LEA
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FAE 221 HIgEAY FAFAZ 7Pgskda 7]
porous®Z 43t Navier—Stokese] =8 21(2.40), (2.

N l-«Nr
ol

o

1>

flo

re

b

N o
N

1>

©

wW

N

Yo

oY .« oY
L = 2.39
or + Py Sp (2.39)
ON wu  ON wu X, 9s 9 ou
A u x —
TorT T axr T oz 0, oz {Wf(z ax)}

+ —89;{ v 2%+ —%ff)} — Dt S~ R, (2.40)

N dw 87\xmy+ o\ _ww X, 9s 9

v + ox

ry dx 3z 0, 0z {W e _(M)}

ox 0z

+ —aa;{ szé( 2—%2“)} — D+ S~ R._ %8 (2.41)

A=Y, +(1-Y)Cy (2.42)
A=Y, +(1-Y)Cy (2.43)
A =X_+1-Y)Cy (2.44)

aRlm, p, pE FESE A(253), 2506 dehle AFelH, 5, 5, S,

E 2Raago R ge) A go] FojHr.
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=z, 2

(2.45)
S, = w2, 2 (2.46)
S.= wiz, )+ L -2l (2.47)
3 0z
AN, fz, DT x=2 HAXAA ARNAE A 2 FH hF 2(2.48)7%
o] Fojzitk.
oA D
Az D=2 o (2.48)
NN, A, pE ZFE2S otk B3R, FHF p, 2.5 FEAF (O,
A4k ohgat go] At 5 ek
R,= JZ‘—QA A=¥)N o+ o’ (2.49)
r-= %—QA (1—¥)uN o+ o (2.50)

= 98 = FAY AFEEA (< p<19 HEE 7RIT A7)A,
%iﬂ/%]i’ F:()O] = Ke L\_—_ ];(ﬂ}vﬂi O<F<1O

FEUE FAIA v, thg o] ol FHAA (2510 <5 VORI

_19_



_ 951
¥z ox 9 " °oF (2.51)

2.3.4 FHIAIRE

|

[

el SEAe @7 FaAE AAzke slalel BashAl Hw, of Wl |9
HFE WAE AAS7] Aste] FRbipEdo] HgH ook ditt wEhA, B
Ao e T 71&3ste Sommerfelde]

AAI AT ANUARANE 27e T
WALZ712](2.52) 8 A&-3Ht)
0% + c—& =0 (2.52)
Vs ox
A71A, o= 7% Y EUF = F&Eolth

(2) OlliAX|Z2(cH
YR dl= /Kl(z 40)-14— /\1(2 41)9/] S=uE Ao o]5}e] /\](2 53) m /;]'(254)9/] P
o Hlgshs 748e Bolsit)

FRE] BT = — D,

. N
D,= 9,(\/%(/\/14-1)( A ) (2.53)
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Fig. 3.1~3.3& ® Ao e g sl= Bl Sarah(5914)9} Thelma(8705) 2
Maemi(0314)9] FPAZE Vepln, 202 RE 379 HEFEL FHANS EFsie
WA B E R AS & 5 Atk BF Sarah(5914)= IR A 453}
ke FASEGA oY, BiFo] daftel A5 FAl A =(H st
(1013hPa)3} efZEZE47I193e] 71941 7F 68hPaz X Bl Maemi(7]H41 % 63hPa)it
Thelma(7]¢4 %= 43hPa)7} Fafietel] A58 DA Bot & =35 Yehia Yo A

J53ke] St o] TS B53 BlF Thelmas Rusa(0215)

A oAl -t
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Fig. 3.1 Route of typhoon Sarah
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Fig. 3.2 Route of typhoon Thelma
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Fig. 3.3 Route of typhoon Maemi
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Fig. 3.4 Route of typhoons used in numerical simulation
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Table 3.1 Characteristics of typhoon Sarah

A 24 =2 9 = g AE B 37 )T&HEE
B (B) | (N) (hpa) (km) (km/h)
5909151800 | 125.000| 26.000 108.0 35.0 24.0
5909160000 | 125.000 | 27.300 108.0 33.0 22.2
5909160600 | 125.000 | 28.500 78.0 51.0 32.3
5909161200 | 125.700 | 30.100 78.0 52.0 37.4
5909161800 | 126.600| 32.000 78.0 55.0 42.9
5909170000 | 128.000 | 34.000 68.0 71.0 441
5909170600 | 129.900 | 35.800 63.0 96.0 56.0
5909171200 | 132.200| 38.200 48.0 134.0 62.0
5909171800 | 135.200| 40.600 43.0 170.0 43.3
Table 3.2 Characteristics of typhoon Thelma
¥ =N ) =1 719 = 12 R o)lFTEE
A (CE) ('N) (hpa) (km) (km/h)
8707140600 | 124.800| 26.100 68.0 96.0 24.0
8707141200 | 124.800| 27.400 73.0 73.0 24.3
8707141800 | 125.000| 28.700 68.0 85.0 23.6
8707150000 | 125.500 | 29.900 63.0 79.0 38.6
8707150600 | 126.200| 31.900 58.0 112.0 43.0
8707151200 | 127.100| 34.100 43.0 119.0 47.4
8707151800 | 128.200| 36.500 38.0 158.0 61.4
8707160000 | 139.700 | 39.600 33.0 168.0 39.7
8707160600 | 131.000| 41.500 33.0 199.0 27.8
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Table 3.3 Characteristics of typhoon Maemi

g on A E[A E[AME [ Azeg [ s
B (‘E) ('N) (hpa) (km) (km/h)
0309111500 |125.300| 25.900 0.0 38.0 10.0
0309111800 |125.400| 26.300 46.5 38.0 15.0
0309112100 |125.600| 27.000 83.0 38.0 20.0
0309120300 | 125.800| 28.400 73.0 40.0 25.0
0309120600 | 126.100| 29.500 68.0 40.0 30.0
0309120900 | 126.500| 30.500 68.0 38.0 35.0
0309121200 |126.900| 31.700 68.0 38.0 35.0
0309121500 | 127.000| 32.700 68.0 50.0 40.0
0309121700 |127.300| 33.500 68.0 55.0 40.0
0309122100 | 128.300| 34.800 63.0 50.0 45.0
0309130300 |129.700| 36.900 43.0 90.0 45.0
0309131500 | 134.800| 40.500 33.0 110.0 45.0

4,
F 2 3 AU o g s B
Aol AR EE Fol7] fI8te] AFAES AT Aol A ATEG7HA nestingste] 7
e FHET AdARY] FAAE AlGde & AAel Z717F 32.4kmeol L, G
3 (IMESH) 2.2 867) 2 AH(IMESH) 2.2 72711 A2 R&E ek ooz, A2
AL A1G Gl A5, AA=Z7]= 16.2kmo] 1L, Axle] 4= FH(IMESH) 2.2 607}
5 AHUMESH o2 4272 BTk oo} o] sapaor 959 v e Wie]
2Q9er B, HFHRE ATYHL AA 27)7F 100me]aL, Az F= +3
(IMESH)2.2 1607 2 A2(JMESH) 2.2 1207]0]9, 2 o] A A|F Atsf
AR 2IEEE Fo 9t

Table 3.401% Az}ell that AAZH AR} AA = o] o, Imeshol Jmeshe [JHek
o2 AR AFE veRAT) Fig. 3.6 Fig. 3.5 Uehd 2 oA Bt 4Ag
Aot TS YEaL Sl
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AREANO.3 ,
4

AREA NO.2

° 0
o0

AREA NO.1

I:, NESTING AREA

Fig. 3.5 Area of storm surge simulation

Table 3.4 Mesh sizes applied to each simulating area

Y9 Uz Mesh size(m) Imesh X Jmesh
AREA NO.1 32,400 86X72
AREA NO.2 16,200 60x42
AREA NO.3 5,400 12090
AREA NO.4 1,800 180x150
AREA NO.5 600 270X159
AREA NO.6 200 363>X198
AREA NO.7 100 160X120
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(b) AREA NO.2
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(d) AREA NO.4
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(b) AREA NO.2
.11 Atmospheric pressure and wind field for typhoon Maemi
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(b) Opening floodgate
Fig. 3.12 Spatial distribution of storm surge height for typhoon Sarah
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(b) Opening floodgate
Fig. 3.13 Spatial distribution of storm surge height for typhoon Thelma
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(b) Opening floodgate
Fig. 3.14 Spatial distribution of storm surge height for typhoon Maemi
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o]4¢] 370ElZ(Sarah, Thelma, Maemi)Ale] thadR|oA] H)Z3

3 ZEHAnE FPsh]
Jehiw Thee) Table 359 2Tk HA4E 2 87 S8 ARGRI WAAT A
Walole] HiEFAATA 0.1m Ao JF2 Ve AL FAF 5 Jov], HAyE

Sl Y= Maemi WissAloll 2.2m=2 Fo]A= A

o
o
\
9,
o

Table 3.5 Maximum storm surge height in cases of typhoon Sarah, Thelma and Maemi

Maximum storm surge height(m)
Storm

Closing floodgate Opening floodgate
Sarah 1.43 1.32
Thelma 1.0 1.0
Maemi 22 2.1
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Table 3.6 Mesh sizes applied to each simulating area

T e Mesh size(m) | ImeshXJmesh |#®] 31<AREA>
AREA NO.1-1 200 385>300 Wide
AREA NO.1-2 200 410%<220 Wide

AREA NO.2 50 220%214 Middle
AREA NO.3 20 250450 Small

NO.1

AREA NO.2

<

[ INESTING AREA

Fig. 3.15 Computation area of SWAN simulation
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Table 3.7 Design water levels(For typhoon Maemi)

Design level :
Approx. Storm surge height Approx. HHW
(m) +Storm surge
)=
T HHW height(m)
(m) Closing Opening Closing Opening
floodgate floodgate floodgate floodgate
AREA NO.1-1
AREA NO.1-2
1.774 2.2 2.1 3.974 3.874
AREA NO.2
AREA NO.3
Table 3.8 Deepwater design waves
Al a2 - Hs(m) Ts(s) u gk(dir.)| #® i
12.47 15.54 SSE Case 1
072125
9.63 14.18 S Case 2
(N34.80°, E128.83°)
6.12 11.91 SSW Case 3
11.91 14.49 SE Case 4
073125
12.39 15.50 SSE Case 5
(N34.80°, E129.00°)
11.37 15.41 S Case 6
074124
10.56 13.15 ESE Case 7
(N34.94°, E129.17°)
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(c) Object area NO.3
Fig. 3.16 Spatial distribution of water depth

Table 3.9 Reflection coefficient

T % Wk AL &
Al 0.1~0.2
o|lFEZ AT EEZAIH 0.2~0.4
ApAIAE 0.3~0.5
SAAPEA 0.4~0.8
A8, FA 0.8~1.0
ol rulEE 0.3~0.5

_52_
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(1) A2 2 5eis20| S gl 79l

I
Fig. 3.17 (a) ~ (d)= Table 3.7} 3.8 AA|H ZHOZHE] €lF Maemir| o] vpg4
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g1 o 3ok 283, wave—setupe] A5 Ag-Eo} FAE Apo]o] ARl FHa
12eme] g 31 4 slem, dldscltdle 9emAEe] gho] Uehsith

_53_



ht in wide area

1

f wave he

10n O

(a) Spatial distribut

(b) Spatial distribution of wave height in middle area

54 -



e >
~
@ <«
,,,,,, L H Y
= e <
-
Sz > ™ ©
-
S L © © PR
......... L g d =} © °
ERe S @@ o o
,,,,,,,,,,,,,, R k=1 P - ©
= o9y ~ o
- 2 ° o T _ o
=" o i « N °
-5 © -
Bl = ER A
e R S o © o o
—_— - <4 [=] < o
P w© T~
| ° - 9 A
= ~ JSN v
I o ™
© - [
o ¥ - °
<<<< o~ 2
e e e o °

bject area

m o

(d) Spatial distribution of wave setup

distribution of wave height
—_ 55 —

bject area

in o

(c) Spati
Fig. 3.17 Spatial distribution of wave height and setup in case of closing floodgate
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(a) Spatial distribution of wave height in wide area

(b) Spatial distribution of wave height in middle area
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Fig. 3.18 Spatial distribution of wave height and setup in case of opening floodgate



3.2.3 MA=QZEN

dupge] A 3 FYPAFel 7 2 Wt He 295 9802 Table 3.7
o] AAIZY e B AFoA] AojR wave—setupdl &3 FHAEHS 183 297}
ZAAZNZ Hojof gt} wleba], Table 3.10& Bubeke] FHA HgEo]o} dh=
A 2= Hs=11.37m, Ts=15.41s, Dir=S)e] Ao HEHAZYE Jepdith

Table 3.10 The design water level considered the wave—setup

SEER AeRgzd BVELTLET
. A Az (m) wave—setup %
14 Hs(m)| Ts(s) | Dir (em) (m)
073125 |D.L.(+)3.974| 11.37 | 15.41 S 9 D.L.(+)4.064
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(1) 2ot
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Design water level D.L.(+)4.064

APP.H.HW D.L.(+)1.774

D.L.(-)0.3 Unit = m
77
(a) Section 1
Design water level D.L.(+)4.064
APP.H.HWD.L.(+)1.774
D.L.(-)0.3 Unit = m
777

(b) Section 2
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Design water level D.L.(+)4.064

APP.H.HW D.L.(+)1.774

D.L.(-)0.3

(c) Section 3

Fig. 3.19 Section for original plan in numerical analysis

A de) s ere] g dAAN(Fig. 3.19)d st daid3ts AES] 93 143
QA g sz AL Table 3.119) Vbt Table 3.119) 74L& 32Fo] wkALE 118 3}X]

Table 3.11 Incident wave condition

il Z4%(m) Hs(m) Ts(s)

Fig. 3.19(a) D.L.(+)4.064 1.2 15.41

Table 3.110 AAJR FF=Fz7A00] lojA] Fig. 3.19(a)ol] #AAIE Hte] stetdd o
o
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(a) t = T/4

(b) t = 2T/4

(c)t = 3T/4

(c)t=T
Fig. 3.20 Snapshot of overtopping
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Table 3.12 Overtopping rate in numerical analysis
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Fig. 3.19(a) 0.0119
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t=T
Fig. 3.22 Snapshot of overtopping
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Table 3.13 Overtopping rate in numerical analysis
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Fig. 3.21 0.0055
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