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ABSTRACT

Coastal disasters such as typhoons, severe rail storms, storm surges and beach
erosion have been occurring continuously all over the world. Because they cause
considerable damage in property and life, budget for coastal preservation
projects have become very large. The coast near Kyungnam and Busan, in
particular, are constantly exposed to danger of inundation due to typhoons
accompanied by severe water waves and storm surges in addition to geographic
distinctiveness.

An examination on inundation trends for the coastal areas due to typhoons
and storm surges is needed because during the last few years damage to coastal
areas have occurred repeatedly and are becoming larger in scale. In general,
structures in coastal areas are designed to permit a certain amount of wave
overtopping. However, the situation in coastal area is such that we must accept
inundation damage when external forces greater than the amount that the
structures were designed for are unleashed by massive typhoons accompanied by

severe water waves and storm surges that were mentioned above.



In order to prepare quickly for inundation damage in this situation, information
on water level increase, that follows overflowing of coastal structures by
approaching storm surges and waves, is required. And discerning the inundation
trend within areas protected by embankments is an urgent problem. Therefore,
in this study, inundation caused by typhoon Maemi that occurred in September
11, 2003 in the reclaimed land in Su—yeong Bay, Haeundaegu, Busan and
hinterland in Masan will be examined numerically. Maemi, whose center pressure
reached 910hPa, was selected from typhoons that caused terrible damage in the
Kyungnam and Busan coast. For the reclaimed land in Su—yeong Bay, VOF
method was applied to the waves in the shallow sea to calculate the wave
overtopping rate caused by irregular waves. Using this result, a numerical
simulation technique to examine the inundation phenomenon in the areas
protected by embankments, due to the combined severe water waves and storm
surges, was described. And the characteristic of each result obtained by applying
this result in various inundation analysis system was compared to the results of
field survey. Next, the storm surges height caused by typhoons were estimated
again and inundation analysis results for Masan Bay, Masan were compared to
the on—site investigation results and their validity were examined.

According to the results for the inundation analysis models that were
examined in this research, the discharge that was obtained by estimating the
overflow amount due to irregular waves was more rational compared to the
result for regular waves. Overall inundation trends obtained from each
inundation analysis system agreed quite well when compared to results of field

survey, although there were some areas that yielded conflicting results.
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1.1 7ol uid A =X

SelUle} doke X2 HQ) Ego R SukElE BE(Table 11E 3%), 9555, %
FHY 2 AN Sol &3 deklsrh BEHn Qlow, ol el we A
o] 7} @AtaL Aa(el| =, Photo 1.17} 1.28 X)), ZES HEXAA AL
BRAAE] BE o4k TS Qi eItk ov)M, A L Rare] Agte %3
i vk Sl ok A Mg 5o Adysirt Wiis] 2AsaL glow, s
oA uulEks FHke BlE 2 ZFEdRE sl AR Go] P HERAFel =EH ]
Atk 53], 2] Ag2ddlel] mE skl FsdeeR FF HE TANE
oF A= SHHE Ao «SHaL ok
Table 1.1 A loss of life and property damage by typhoon.

8 A At
= o | APEAE . e
e R (29) A 28 | AtsEe (k)

1 [136.8.20~28/3693%.| 1,232 '02.8.30~9.1| Rusa 5,147,917

2 [23.8.11~14/2353%| 1,157  [03.9.12.~9.13] Maemi 4,222,486

3 [59.9.15~18 Sarah 849 '99.7.23~8.4| Olga 1,107,788

4 (72.8.19~20 Betty 550 '87.7.15~16 | Thelma 617,429

5 [25.7.15~18/2560% 516 '95.8.19~30 | Janis 567,578

6 |'14.9.7~13|1428% 432 '91.8.22~26 | Gladys 326,899

7 1 '33.8.3~5 |3383% 415 98.9.29~10.1 Yanni 284,245

8 |187.7.15—16/Thelma 343 '00.8.23~9.1 |Prapiroon 260,846

9 [134.7.20~24/3486 % 265 '84.8.31~9.4 | June 258,900

10 {102.8.30~9.1] Rusa 246 '59.9.15~17 | Sarah 254,148

FDAAISHMS 20024 71247 [FERU(TE 2003~2004H42 K<),
Z2y95:4 ERZ Janis, '994 EHE Olga, 20004 EHZ PrapiroonT|iHS &2} ENZC| F5 mlaH.
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Photo. 1.1 Damaged area by typhoon Photo. 1.2 Damaged area by typhoon
Sarah in Busan. Maemi in Masan.
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FZFALE, T2 HF SAFINN A= AUl 27 9 d<s(pressure
setup) T} ultholl A SX|=2 el R AET} suvie] ulAHe o3 42945 (wind
setup) ¥ 9}ge] Hufol &gt TP dS(wave setup)d] 3o E FAETH

ot 0x oy

1)
_aM+_8_<_M_2)+_8_(_MAZ)
ot ox\ D ov\ D
o op O D 0bg | T Ty °M , 0°’M o
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A7IN, x, y= TEEEFSRE 7zt A HAREEA0)AL,  f= CoriolisAl, ne 9
W, e A, De 71 pok F3ELel Q% suEe] nE 93 A,
M=UD, N=VD, U Ve x y33 F&4%, o= 59 9%, 5 59
oMol 71, A% A= T8 R QAT g TEHEEECIN a8,
T o Ty, Bt o= Y B SANN i

y

theo) Ao Fojit),
Ty=P aCDUxV sz—l_ Uzy (24)
T,=0,CUNU L+ U 2.5)

Y
T =t M N 26)
2
P .gn,
T by DB M*+N* 27)

A7IM, p, = w71e] B U.st U i 10mol 24 g
n, < Manning®| Z=AF, Cp e WHAZAFHIEAPE, AT LT
U dAR#HSel VEg W A@@e] ARMEe] JARL B AFAE Y
Mitsuyasu and Kusaba(1984)°ll 93t #|3H2)S ARS-SIAT

(1.290—0.024U,,)/10 % (Uyy < 8m/s)
(0.58140.063U,)/10°* (U, =8m/s)

A7M, U2 38 10mell A F<elct.
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SWAN(Simulation WAve Nearshore)ollA 18T = = Aoy 224 373
Fgoll M o), Al 3o sl g 24, 4T 350 sl 23t
A, ARl 23 v v B A, FEE(CTRE) o3 S whAL X
9, Phase-decoupled approachE ©|-83t 3|4, ugfol|l o3t a9 WHs(wave
induced setup)°] At} 12jar, widol] &3 vpgolyx]e] A4, WuKwhitecapping), 4}
3K (depth-induced wave breaking), #1™7}2H(bottom friction)ol] o]t 2ol =|o] A4
HI ARG A8 o3 ogzte] ouAIdE 59 gdelyz|e] A4, 44 55 11y

& = 3ok

2.2.2 7|=HE4A]

SWAN Egoll X vl sfjuiehollr el o] vl g do] 2 oAM= vte] AdE
H X5 IHEZ ST F = 24 wave action density spectrum©. = T HET
SWAN©JA 118 E]= action density spectrum N(0,0)( 09} 6+ ZH2}t ZdiFa4<}
73} sFo] EAY W Fs(action density)S> HEEH= ¥HAo| o UA|(energy
density)= HEEA] %7] Wl energy density spectrum E(0, ©)XEt+ duisidE =
Zgolth. N(0,0)E E(0,0)F AiFaE o= e 3t TYsih

SWANOIA st ede] A3 7128442 ta3} o] FoJxItiHasselmann et
al, 1973).
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231 72

HZ, AHTFas zte HASERAY 9T A dAe 98 Hirt and
Nichols(1981)7F A< VOFHo| MRS Hwdhe B2 Shdokls s &8
3 ek 53], dRox= Al gk Agtsi el i (1994 ] A5-22 VOFH
S A8, FolME= Petit et al.(1994), Van Gent et al.(19%4) 5ol 23] VOFH<]
FEAo] HuEa g9lom, I o]Fd] 0000 3AATFERE e HFHs|271A)
VOFHS FAATE Egh B2 dE d7Ae o3t Fed+e Zdyz s
CADMAS-SURF (¥ +Bl#sHeffiitffs¢Center, 2001)= AR 21 4 - 28-S Aolg
Je FHRARI 2295 siMzEafos duA vk Fulelde A (2001,
2002)°] HE=E VOF-SOLAHS o83t FX|9s+2E Akt FAFHe oH-s7ds)
A& FaEtsrh

CADMASSURFelA g3l Q& Fig 212] $2)3552% 23199] #9552
Well ko] ARREE s 913 AR E 7o R s g o] Sl oA

UL T3 Qu, 231 P EAE A8HT ok

orthogonal grid system

4|open boundary ¢ open boundary |7

’—iadded dissipation zone A—TZ added dissipation zone }—‘
I

—>IAX l—

Wave«= I =>Wave

| wave source

i

TLa>2L% calculation zone : La=2L"

Fig. 2.1 Schematic sketch of the numerical wave tank.
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CADMASSURF= 739} 35t ope} Bpzivle] tisir= HETL 7hedh w22
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=PAEE(TE B QAR E ARAE SAHoR dedolHE A4 dart ok
UubH 0 CADMASSURFOIAE dFolg oz R E dojxl Heats H3FHs &
TS 2ukelA HA o w) ZuAHAAN BAEE sjellA] sjqATte] STl o
2k FREFA7} dsshe A AAEAL QK B Rl e 2 > %, 2001). whebA,
AL SATEo] Qs ol Hitaele] s os EtHuEA s4str] 2]
31009} A= vE TP tha 27 sbE o AL, e R she =9t
stoll tiF AES] dis ARrtd = A& AoE A,

+ Aol CADMASSURFE o83t EfHuls HEshs 730l A2 45
= Hiedes dAstAM A oR EatHart 2k 5 e AlREE TlEdin
(Fujiwara, 2005; ©]%171, 2007).
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HZE QAL of7IAME 2 el e EatAuhe] oS 1kers] V)it
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oA71M, ¢ & random I, £, & FAHE, o, & AE & B S A
B, e el 5 g pAelth B, QARE L= AU AIES %)
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= V25(HAf (214
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FEHAE w(z, HE A (2167 o] THHL

coshk, (h+ z)
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ON | 9GuN) | 9(N) _ _ , OH .

ot ox oy "oy T p,

A7, M= wh, N=vh, 0, W59 8%, 1 9 1 = dlAolq x, yao

2 Ztzto] Ao, e 9 (H= h+ z, z& A¥k)o|th

agar, HEs sAske A A7 021 AdEle] ARl g dvlsle M
AGRe] Aol FAVE Erh £ AFolxe AaRE Edlsete] HirE 20|
= 73-Fell Fig 220 vhebd ARkarel 91 Al wEt deprolut dfASs 747t
A8t AtE 5, g Aol Bls) ARkt 2 A-9(Fig. 22()°l 21(2.21)9] T4
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(@) Case of down-stream
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(b) Case of up-stream
Fig. 2.2 Concept of flood flow head.
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Fig. 2.3 Definition of unknown quantity. Fig. 24 Area of continuity equation.
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Fig. 2.5 Calculation of momentum equation.
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3.1.1 EiE Maemi2| LISA| ZCHFZEHLU

& Aol BlE Maemiol o3l B& HsiE AAE A shedly g
MHAE HEOE B Maemi W54l AlZtel me B o] AA(FLE, 91%), 7194

2 oFET(RAIRGA, 2005)F YHEAoE AdETEAILE T4 o}ggo
™, Fig 3.1¢ L}E‘rLHh ule} o] thAIge] AHA ¢F 0.82me] EZa|Yrt e}

Fig 3.1 Spatial distribution of maximum storm surge height for typhoon Maemi.
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3.2 SWAN=H0j| ofst Maljmizt
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3.2.1 ChAIYY Y =

B AN dPdez she sl vk wigAeA 9] Heluli g SWANRE
I(Hasselmann et al., 1973) 258 FAF6IATE AMFE S 3 200m, 592 50m,
P 0me] AxA7|2 AGste] SAH R ALRS FaEen, 4

A|WAFEHS: Table 3100, AXFI S-S Fig. 3200 AA3tE v @ Axkd e =AdolH
o} FitHe VEAH 0T FAFEE o]8sla, AN FZF U]

e S Aard el XS Aldkel Badk npgge) HolHE &3
oh AAZxSE AHolA o HNEFZFHYL 082met TS 12m(E e,
2005)2H-E 4Hgsldon, 243 AsjdA T} AY(Hs=124m, Ts=150s, S25F) El%
Maemi WA F4Hladwe] o 2habAQl FiuiA|e] His|ela] ASw o)zl sfargk
A5k AsukEs ARESHTHPOSCOIA, 2004).

Table 3.1 Mesh sizes applied to each area.

T Mesh Size(m) | ImeshxJmesh H 3
AREA No.1 200 385x282 %<
AREA No.2 50 420x320 <9
AREA No.3 20 180x125 e
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Fig. 3.3 Spatial distribution of wave height

Fig. 3.4 Spatial distribution of wave setup

3.23 MAI=S AH

_20_



dulgre] AL 2 19 A
Table 3.29] Azl &

ATt x
Z57F HZAEAAZRSZE  HojoF Stk Table 32%
Ts=15.00s, Dir=S25'E)¢] 7390l HZAAZHS Yehich

Hold 7+
(3]

=

=

T
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Fig. 3.5 Representative cross section of seawall used in numeric simulation.
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Table 3.3 Incident wave condition.
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Fig. 3.6 Snapshot of wave overtopping simulation.
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Fig. 3.7 A survey of inundation area behind Su-Yeong bay.
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Fig. 3.9 Spatial distribution of inundation depth by
structure grid system behind Su-Yeong bay.
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Fig. 3.15 Comparison between observed and calculated time variation
of storm surge height in Masan bay.
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(a) t = 30hr 50min (b) t = 31hr 00min

Fig. 316 Spatial distribution of maximum storm surge height
and inundation area for typhoon Maemi around Masan bay.

Fig. 317 Result of a field survey for Fig. 318 Hazard map around Masan bay.
inundation areas and depth in Masan bay.
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