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ABSTRACT

Recently, coastal disasters occur frequently by the typhoon and storm
surge which accompany the severe water waves due to the global
warming and the oceanic environment change. Coastal zone in the
southern sea of Korea, which is located on the course of the typhoon,
has been experienced a vast coastal disasters due to the typhoon
almost every year. These damages are greatly dependent on the local
peculiarities of the region which storm surge occurs. The scale and
intensity of the typhoon are becoming large, and its occurrence
frequency will increase in the future. Also, the scale of disaster due to
these typhoons will increase too. Especially, in the case of storm surge,
if the maximum storm surge height which is increased by combining

with high tide overflow the coastal structure, it could result in many



loss of life and badly property damage in the inland. In order to
prevent and reduce recurrence of the disaster due to the storm surge,
it is very important to investigate the fluctuation characteristics of the
storm surge height related to the local peculiarities at every coastal
areas which occurrence of the disaster is expected. In this study,
considering new deepwater design wave, the storm surge was
simulated to examine its fluctuation characteristics at the coast of
Busan. And typhoon of Sarah(5914), Thelma(8705) and Maemi(0314),
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 wind field, which calculated by MASCON model
considering effect of topography, was estimated. Free atmospheric wind
and sea wind were used as its initial conditions. Estimated new wind
field data was applied to SWAN model. And, by using its results,
characteristics of shallow wave were investigated. Results of shallow
waves by consideration existing deepwater design wave and new
deepwater design wave were compared about water depth 20m for the
coast of Busan. Design water level considering storm surge, which was
estimated by shallow wave, and shallow wave estimated by new
deepwater design wave were applied to computation of overtopping
rate. Also, calculation of overtopping rate was used VOF method.
Using the overtopping rate estimated by these methods, technical skill
of inundation analysis technique by combination of storm surge and
severe water waves was developed. And, by application of these

methods to actual place, validity of numerical analysis was confirmed.
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A= C,U8, (2.47)
A71M, ¢, € T Aoz =T WU (1982)2] AdA Lot

j1.2875 =< 107° for U, < 7.5m/s

Cp(Uhg) = (248)

| (0.840.065m,/5 X Uyg)x 107%  for Uy = 7.5m/5
2.3.4 TiEofL4x|e] At ¢

el gz o] a4t Al 7Hxe] dE a9, Wukwhitecgping, §, ,(0,0)), AT
(bottom friction, .5, ,(0, ©))3} 2| 2K(depthrinduced breeking, 5, , (0, ©))2] To= YEhf o

21t}
SWANS 8= Ao ABAI g2z de] flojA, Wuto] s=435h= v 2
pulse-based model (Hassel mann, 1974) 9l 71 % gket.

flo

Sds,W(o,e):_FB_éE(O,e) (2.49)

Depth-induced dissipatione 3| 41wk, ] ™-8-%5(bottom motion), 35 (percolation) =& uhet
o] B2 02 13t back-scatteringel] o3l A ghek. o) F-8-oll Al Axqke] Al w7 S
& S AuEE B dwE o 2 o2} o] A HTh

02

0 250
2sinh *(#d) £0,9) @50)

S& (099)=_Caom
as, b boltt o

_13_
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ol A 4ol sl B EE el g gl ALste] AltdlE dakbore)
o] Aato] #&HrHBatjes and Janssen, 1978). Bldeberky and Battjes(1995)= | EH o)
= Battjesand Janssen (1978) 2] bore= el o3t ~HE-S A A 8}st Tk SWANS
WS skl ot 2ol ARSIt
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V=H e | K H e = T 04 EAZ 5 Sl= A9 E w2tk SWANeA
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Aol A= quadruplet wave-wave interactionse] = E @ o] didke] zufjZlolth. o] &

gog HRdUAE Adedyacq AFsel nFsAdgen dgHT. FHa

Aol M= triad wavewave interactionsell ©J3ll ol |qA7} AFutrg Jola FF AT
Jqoog HaHn, wgepx 1xte ZIgRoE FHrh quadiuple wavewave interactions
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Y, Py oy (2.70)
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(b) Case of up-dream
Fg. 2.2 Concept of flood flow head.
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Fig 32 Route of typhoon Thelma.
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Fig 34 Route of typhoons used in numerical simulation.



Table 3.1 Characteristics of typhoon Sarah.

A 7 2 = |9 = | A= B3 olFEE
(E) (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 52.0 374
5909161800 | 126.600 | 32.000 78.0 55.0 42.9
5909170000 | 128.000 | 34.000 68.0 71.0 44.1
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.
2 =9 = AKEE | BFH3 | oA5s=
A 27
(E) (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




Table 3.3 Characteristics of typhoon Maemi.

W g |2 F| 8 =] AuAs | Azers | asss

(B | (N) (hpa) (km) (kmy/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

FZAL AlEdlolde] tddS Fig. 35@1 Yel= 23 2ol BFe F4=71
ol g H U HHIS EFT FHoE AAHAYE IR e BAD
£ Eol7] flste] AL ES APl A8 H7HA] nestingte] 7|
ZAze] FAL ARG Gl 324kme] AAA7IZ A)RSE] =}
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7~8%9% %, Fig. 3.5(0b)ol Uehle 24k Ateel glolx HAaAANAL 100mE 424
313t Table 3.41= Al st FAIgE HH7F AAIES] o, Imeske} Jmesk= 1,J
weko 2 Axte] A4S el Fig. 3.62 Fig. 3.5 Uehd 2+ oA Ho} 44
S FAHS 9 T4S YER AL Tk
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Og(:,l'
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32
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1
U

[ ] nestin aRea j |:| NESTING AREA

AREA NO.4

(@) Wide area(NO.1~4) (b) ObjectafiN®.4~8)

Fig 35 Area of storm surge simulation.

Table 34 Mesh sizes applied to each simulating area.

Y WS Mesh size(m) Imesh x Jmesh
AREA NO.1 32,400 86x72
AREA NO.2 16,200 60x42
AREA NO.3 5,400 120%90
AREA NO4 1,800 180x%150
AREA NO.5 600 270%159
AREA NO.6 200 363x198
AREA NO.7 100 122x84
AREA NO.8 100 60x72




(b) AREA NO.2



(d) AREA NO.4
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(h) AREA NO. 8
Fg. 3.6 Spatial distribution of water depth.
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A9) el & GFS vl Qo weEn,

(a) AREA NO.6

(b) AREA NO.7 (c) AREA NO.8
Hg. 3.12 Spatial distribution of storm surge height forhypn Sarah.
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(a) AREA NO.6

(b) AREA NO.7 (c) AREA NO.8
Hg. 3.13 Spatial distribution of storm surge height forhigpn Thelma.
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(@) AREA NO.6

(b) AREA NO.7 (c) AREA NO.8
Fig. 3.14 Spatial distribution of storm surge height forhiypn Maemi.
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Table 3.5 Maximum storm surge height in cases of typhooalarhelma and Maemi.

Point A A A Sarah(m) | Thelma(m) | Maemi(m)
No.1 rAR= R 1.10 0.63 1.36
No.2 FAHAE AH 1.06 0.75 1.71
No.3 R i | 1.41 0.80 1.69
No.4 e Rl 1.17 0.88 1.90
No.5 el E () 1.16 0.56 1.09
No.6 o) 22 (F) 1.17 0.56 1.08
No.7 e R 1.19 0.54 1.03
No.8 =G IF 1.18 0.55 1.05
No.9 R e 1.26 0.54 1.02
No.10 FAHE 1.35 0.54 1.01
No.11 | #etAg ey oA % 1.14 0.50 0.91
No.12 Aol x] AdH st 1.10 0.46 0.83
No.13 R R s s 1 0.48 0.86
No.14 3] % 1.09 0.47 0.85
No.15 FHEFd 1.07 0.47 0.84
No.16 T4 1.10 0.48 0.86
No.17 I EE 1.05 0.46 0.82
No.18 A S | 1.03 0.46 0.83
No.19 A 1.02 0.46 0.81
No.20 3l &l 3l = &7 1.04 0.46 0.81
No.21 3 -t W Z g 1.01 0.46 0.81
No.22 FANFEH 1.02 0.43 0.77
No.23 o A 3 1.00 0.43 0.75
No.24 F353 0.97 0.42 0.72
No.25 A Fa) 487 1.03 0.41 0.72
No.26 2t} 0.98 0.41 0.71
No.27 AFa 8 1.00 0.45 0.75
No.28 YA EH A 0.91 0.42 0.70

_27_
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A Table 3.3 A€ g AR

Fig. 316 Simulation area for MASCON model.
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Table 3.6 Mesh sizes applied to each simulating area.

T = Mesh size(m) ImeshxJmesh | H] 3I<AREA>
AREA NO.1-1 200 385x300 Wide
AREA NO.1-2 200 410%220 Wide
AREA NO.1-3 200 300%228 Wide
AREA NO.2-1 50 314x260 Middle
AREA NO.2-2 50 420%290 Middle
AREA NO.2-3 50 200x216 Middle
AREA NO.2-4 80 325%275 Middle
AREA NO.3-1 20 320x185 Object
AREA NO.3-2 20 160x268 Object

Lot
= L/v’"\./
AR f\f AREA NO.2-4
nl. N, REA MO,3-2
SAEE | JLZ :
| a::,:i‘rj % AREA NO.2-3
Ly
AREA NO.p~1 : :
 AREANO.2-2

AREA NO.2-1

INO.1-1

[__]NESTING AREA

(@) Wide area NO.1-1
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v = i
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rzr’\/f
AREA NO.2-4
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(¢) Wide area NO.1-3

Fg 321 Computation area of SWAN simulation.
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Table 3.7 Water level for each simulating area.

Design level :
Approx. | Storm surge
Approx HHW H 1

T & HHW height

() () +Storm surge <Nesting area>

m m
height(m)

1.906 1.69 359 NO.2-1
AREA 1476 135 2.826 NO.2-2
NO.1-1 1137 112 2057 NO.2-3

1.009 0.77 1.779 NO.2-4

1.906 1.69 359 NO.2-1
AREA 1476 135 2.826 NO.2-2
NO.1-2 1137 112 2257 NO.2-3

1.009 0.77 1.779 NO.2-4
AREA 1137 112 2057 NO.2-3
NO.1-3 1.009 077 1.779 NO.2-4
AREA

1.906 1.69 359 NO.3-1
NO.2-1
AREA

1137 112 2057 NO.3-2
NO.2-3
AREA

1.906 1.69 359
NO.3-1
AREA

1137 112 2057
NO.3-2
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Table 3.8 Deepwater design wave for Busan coast.

SEE IR Hs(m) Ts(s) 5 F(dir)| ¥l X
12.02 14.69 SE Case 1
12.47 15.54 SSE Case 2
072125
9.63 14.18 S Case 3
(N34.80°, E128.83°)
6.12 11.91 SSW Case 4
3.99 10.25 SW Case 5
11.91 14.49 SE Case 6
073125 12.39 15.50 SSE Case 7
(N34.80°, E129.00°) 11.37 15.41 S Case 8
7.52 12.98 SSW Case 9
10.56 13.15 ESE Case 10
11.21 13.85 SE Case 11
074124
12.25 15.16 SSE Case 12
(N34.94°, E129.17°)
9.91 14.33 S Case 13
7.02 12.72 SSW Case 14
9.86 12.49 ESE Case 15
075124 10.37 12.83 SE Case 16
(N34.94°, E129.33°) 9.99 12.91 SSE Case 17
8.06 12.43 S Case 18
8.04 11.54 E Case 19
076123 10.18 12.67 ESE Case 20
(N35.08°, E129.50°) 10.21 10.68 SE Case 21
10.76 13.30 SSE Case 22
6.60 10.83 ENE Case 23
077122
7.73 11.25 E Case 24
(N35.21°, E129.67°)
10.10 12.63 ESE Case 25
077121 6.61 11.67 ENE Case 26
(N35.35°, E129.67°) 7.94 11.45 E Case 27
077120 6.79 11.83 NE Case 28
(N35.49°, E129.67°) 6.56 11.02 ENE Case 29
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(b) Wide area NO.1-2
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(c) Wide area NO.1-3

(d) Middle area NO.2-1

_38_



(e) Middle area NO.2-2

() Middle area NO.2-3

_39_



(h) Object area NO.3-1
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(i) Object area NO.3-2

Fg. 322 Spatial distribution of water depth.

Table 3.9 Reflection coefficient.

u A&

0.05~02 (0.1)

0.2~04

03~05 (0.4)

0.4~0.8

08~1.0 (0.9)

0.3~05 (0.4)
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Fig. 323 Comparision of wave height distribution betweea we&nd model and MASCON
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(e) case 19

Fg. 3.31 Spatial distribution of significant wave heighbamd front seawall of Samik APT.
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Fg. 3.32 Spatial distribution of significant wave periocbamd front seawall of Samik APT.
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Table 310 Mesh sizes applied to each simulating area.

T L MESH SIZE(m) | IMESHXJMESH | H] 3l <AREA>
AREA NO.1-1 200 500270 Wide
AREA NO.1-2 200 410%330 Wide
AREA NO.1-3 200 400200 Wide
AREA NO.2-1 50 314x260 Middle
AREA NO.2-2 50 420x290 Middle
AREA NO.2-3 50 200x216 Middle
AREA NO.2-4 80 325x275 Middle
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Hg. 3.33 Computation area for SWAN simulation.
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(b) Wide area NO.1-2
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)

(¢) Wide area NO.1-3
Fg. 334 Spatial distribution of water depth.

Table 3.11 Water level for each simulating area.

Design level :
Approd 5 Approx HHW H 11
T B HHW height
+Storm surge <Nesting area>
(m) (m) height(m)
1.906 1.69 3.596 NO.2-1
AREA 1.476 1.35 2.826 NO.2-2
NO.1-1 1.137 1.12 2.257 NO.2-3
1.100 1.020 2.120 NO.2-4
1.906 1.69 3.596 NO.2-1
AREA 1.476 1.35 2.826 NO.2-2
NO.1-2 1.137 112 2.257 NO.2-3
1.100 1.020 2.120 NO.2-4
AREA 1.137 112 2.257 NO.2-3
NO.1-3 1.100 1.020 2.120 NO.2-4
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Table 3.12 Deepwater design wave for Busan coast.

BEEEIRE Hs(m) Ts(s) s Hdir) | Wz
10.2 14.0 SSW Case 1
5.2 9.0 SSE Case 2
1919 .
10.0 15.0 SI0W Case 3
(N34.86°, E129.38°)
40 7.7 E Case 4
48 85 ENE Case 5
1819 9.3 13.0 SSW Case 6
(N34.77°, E128.80°) 10.1 14.0 S Case 7
2018
6.8 11.0 NNE Case 8
(N35.42°, E129.85°)
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Fig 335 Maximum wave height distribution of AREA NO.2-1.
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(c) Case 7
Fig 336 Maximum wave height distribution of AREA NO.2-2.
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Fg. 3.38 Maximum wave height distribution of AREA NO.2-4.
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Fg. 343 Contour line of water depth 20m around Busan coast
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Hg. 346 Spatial distribution of inundation height (Unitm).
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