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ABSTRACT

The occurrence frequency of earthuiakes is rapidly increasing around the world, also the scale of earthquake is on the increase
trend. Earthquake itself makes heavy loss of human life and property; if the earthquake generates at undersea such as 2010 Chile
Earthquake and 2004 Indian Ocean Earthauake, it makes possible tsunami that is increasing the scale of damage. Tsunami
generated by near west Japan made the huge damage at coast of the East Sea in Korea at 1983 and 1993. It can be known the fact
that the fault activities are active from occurrence of tsunami and situation of damages, since it is expected the occurrence frequency
of tsunamis will increase, the necessity of the research for tsunami caused by earthquake is emphasized, the interest for its
dangerousness is increasing around the world.

And, recently coastal disasters occur frequently by the typhoon and storm surge which accompanied by severe water waves due
to the global warming and changing the oceanic environment. Especially, increasing the temperature in the sea due to global
warming makes thet scale and intensity of the typhoon are becoming large, also the scale of disaster due to these typhoons will
increase too.

In this study, detailed storm surge height was simulated for typhoon Sarah(5914), Thelma(8705), Maemi(0314) at each region
of the coast of Busan, storm surge height caused by typhoon was estimated for coastal area behind IMasan Bay simultaneousty with
inundation phenomenon at coastal area by storm surge investigated numerically. Sea wind field which calculated by existing
typhoon model and new wind field which calculated by MASCON model was applied to SWAN model and then characteristics
of shallow water wave were estimated, numerical results were compared and investigated with field data. Estimated shallow water
wave was applied for VOF method which is calculating wave overtopping rate for dike of object area and then overflow rate was
calculated, flooding was predicted by analysis of inundation phenomenon at inland.



And, tsunami generated by 1983 Central East Sea Earthquake and 1993 Southwvest off Hokkaido Earthquake which exerted
enormous influence on the coast of Korea and virtual tsunami generated by hypothetical earthquake is numerically simulated. And,
characteristics of tsunami such as variation of water level and propagation time of tsunami are compared with observed data. Also,
maximum water level and time variation of water level at each area along south eastern coast of Korea are discussed.

And, in order to handle the repeated surge damages which is in company with natural phenomenon, coastal prevention
measurres of comprehensive view which are enough considering characteristic of disaster for surge are reviewed.

The results of our study lead to the following conclusions.

(1) Storm surge

1) In this study, numerical analysis method was presented and propriety of study was verified by comparing and reviewing
analysis results and ohserved data, typhoon Maemi was indicated maximum storm surge height at the west coast of Busan and
typhoon Sarah was indicated maximum storm surge height at the east coast of Busan from numerical simulation of typhoon Sarah,
Thelma, Maemi came inthe past.

2) Storm surge didl not propagate due to narrow channel and topographical property such as long bay and shallow depths at west
coast of Busan. For this reason, storm surge height was increasing. On the other hand, storm surge is more affected by topographical
property than characteristics of typhoon(central pressure, progression speed, radial distance from the typhoon center) and route of
typhoon because east coast of Busan has smooath coastal line.

3) Results of inundation analysis are comparing and reviewing by result of base on the field survey and existing numerical
simulation for inundation analysis near Masan bay, it was confirmed that this study has verification and application. It will be
possible to use the virtual result which is obtained as important basic materials in future for coast business and coastal prevention
business at near Masan Bay and other coastal area.

(2) Tsunami

1) Through the numerical analysis method propased by this study, propagation velocity of tsunami generated by 1983 Central
East Sea Earthquake and 1993 Southwvest off Hokkaido Earthquake was compared and reviewed with observed data, it was
confirmed that this study has verification.

2) Nummerical analysis results of tsunami generated by 1983 Central East Sea Earthquake and 1993 Southwest off Hokkaido
Earthquake showed almost same propagation velocity and aspect compared with observed data. It is indicated that most of the
energy with tsunami has propagated to the Russia, a part of energy has propagated from Korea plateaui(center of the East Seq) to
south of Japan by refraction.



3) Maximum water level height of tsunami generated by 1983 Central East Sea earthquake and 1993 Hokkaido south off west
earthquake has same result from post enumeration. VWhen the results of water level variation at each region compared with observed
data, arrive time of first wave is agree with observed data, the result of maximum and minimum weter level and its variation is agree
with qualitative view but disagree with quantitative view. Present topography is different from past topography when tsunami
attacked, due to development of near the seas at each region.

4) Tsunami generated by hypothetical earthauake, its propagation velocity is same result numerical analysis result of previously

occurred tsunami, each virtual tsunami has substantial different distribution of water level according to the different of fault
parameters.
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Front of wave

(8) Submerged-overflow (b) Perfect-overflow
Fig. 2.4 Schematic sketch for the overflow
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Fig. 2.7 Route of typhoon Maemi Fig. 2.8 Routes of typhoons used in numerical simulation
Table 2.1 Characteristics of typhoon Sarah
Time Longitude L atituce Airpressure | Radiial distance fromthe| - Progression speed
(B) N) difference (WPa) | typhoon center (km) (kmh)
5909151800 125000 26000 1080 350 240
5909160000 125000 27.300 1080 330 22
5909160600 125000 28500 780 510 23
5909161200 125700 30100 780 520 374
5909161800 126,600 32000 780 550 429
5909170000 128000 34000 6380 710 41
5909170600 129900 35800 630 %60 560
5909171200 132.200 38200 480 1340 620
5909171800 135200 40600 430 1700 433
Table 2.2 Characteristics of typhoon Thelma
Time Longitude Latitude .Air pressure Radial distance fromthe |  Progression speed
(B) N) difference (hPa) | typhoon center (km) (kmh)
8707140600 124.800 26.100 630 %0 240
8707141200 124.800 27400 730 730 243
8707141800 125,000 28700 630 850 236
8707150000 125500 29900 630 790 386
8707150600 126.200 31900 580 1120 430
8707151200 127.100 34100 430 1190 474
8707151800 128200 36500 380 1580 614
8707160000 139.700 39600 330 1680 397
8707160600 131.000 41500 330 1990 278
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Table 2.3 Characteristics of typhoon Maemi

Time Longitude Latitude _Air pressure Radial distance fromthe | Progression speed

(B) (N) difference (hPa) | typhoon center (km) (kmh)
0309111500 125300 25900 00 380 100
(0309111800 125400 26.300 465 380 150
0309112100 125600 27.000 830 380 200
(0309120300 125800 28400 730 400 250
(0309120600 126.100 29500 680 400 300
(0309120900 126500 30500 680 380 350
0309121200 126.900 31700 680 380 350
0309121500 127,000 32700 680 500 400
0309121700 127.300 33500 680 550 400
0309122100 128.300 34.800 630 500 450
(0309130300 129.700 36900 430 900 450
(0309131500 134.800 40500 330 1100 450
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Table 24 Mesh sizes applied to each simulating area

of| Sl HarARREAL 100mE A=) Table 241
K= AAER, Imesh e} Jmeshi= |, JHEEC 7 Zx}0] 7Aa=5 LERdIt). Fig. 210%= Fig. 29¢]]
SIS VER L Qi

AREA Mesh size(m) Imesh x Jmesh
AREANO.1 32400 86x72
AREANO2 16,200 60x42
AREANO3 5400 120x90
AREANO4 1,800 180x150
AREANO5 600 270x159
AREANOSG 200 363x198
AREANO7 100 122x84
AREANOS 100 60x72
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(b) Object area(NO.4~8)

(8) Wide area(NO.1~4)

Fig. 2.9 Areas of storm surge simulation
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Fig. 2.10 Spatial distributions of weter depth
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Fig. 2.11 Comparison of atmospheric pressure between measured and calculated results for typhoon Maemi
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Fig. 2.16 Spatial distributions of maximum storm surge heights for typhoon Sarah
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(8) AREANOS

(b)) AREANO7 ()AREANOS
Fig. 2.17 Spatial distributions of maximum storm surge heights for typhoon Thelma
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Fig. 2.18 Spatial distributions of maximum storm surge heights for typhoon Maemi
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Table 25 Maximum storm surge heights in cases of typhoons Sarah, Thelmaand Maemi

Point Calculating position Sarah(m) Thelma(m) Maemi(m)
No.l Gadeokdo cheonseoung port 110 063 136
No.2 Busan New Port 106 0.75 171
No3 Noksan Industrial Complex 141 080 169
No4 Goejeong stream 117 088 190
No5 Dadaepo(a) 116 056 109
No6 Dadaepo(b) 117 056 108
No.7 Songdo beach 119 04 103
No8 Yeongdo namhang-dong 118 055 105
No9 Busan port tidal station 126 054 102
No.10 Busan port 135 04 101
No.11 Gamman container storage yard 114 050 091
No.12 Samik beach 110 046 083
No.13 Gwangalli beach 112 048 086
No.14 Playground 109 047 085
No.15 waterfront park 107 047 084
No.16 Suyeong river 1.10 048 086
No.17 Hanhwa condo 105 046 082
No.18 Seaworid hotel 103 046 083
No.19 Dongbeekisland 102 046 081
No20 Haeundae beach 104 046 081
No21 Haeundae mipo port 101 046 081
No22 Songjeong beach 102 043 0.77
No.23 Daebyun port 100 043 0.75
No.24 Duho port 097 042 0.72
No.25 ligwang beach 103 041 0.72
No.26 Chilam port 098 041 071
No.27 Imrang beach 100 045 0.75
No.28 Kori nuclear power plant 091 042 0.70
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Table 2.6 Mesh sizes applied to each simulation area

Area Meshsize(m) Imesh x Jmesh
AREANO1 32805 80x 90
AREANO2 10935 84x 60
AREANO3 3645 180x 138
AREANOA4 1215 264 % 222
AREANOS 405 402x 240
AREANOS6 135 306x 294
AREANO7 45 456 x 456
AREANOS 15 738% 792
AREANO9 5 780 1026

Fig. 2.21 Elevation in area No.9 including sea.and land Fig. 2.22 3D-map for numerical simulation around Masan bay
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Fig. 2.23 Comparison between obsenved and calculated storm surge heights in Masan bay
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Fig. 2.24 Spatial distributions of maximum storm surge heightts and inundation areas around IMasan bay for typhoon Maemi
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Table 2.7 Comparison of inundation depths between field survey and computation
Paint Field survey (m) Computation (m)

1 080

2 174 20

3 087

4 200 21

5 208 20

6 050

7 144 15

8 213

9 164 205

10 080 13

1 0.00 15

12 0.75

13 043 13

14 050
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Fig. 3.1 Flow chart for shallow water design waves and inundation simulation by using severe waves and storm surge
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£ E(0,0) B AR o = e et e
SWANeIA FidAsE- e st 71202 Tthaa) o] FojxIt(Hasselmannetal, 1973).
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SISt WSkE 747} LRt ZI21aL Gy, Oy = AP X, YV Ee] AOSEE)E, €, 9} Gy o 2k o3Il

o AIEEE, PHLS = S(0,0) = IFAIAEHS Iehs ATk oA 4 - FHE wddE Zlow
TR 217} 2lo] mj2ge] Vg, At 9l 2gRaigte] Bl sl gol <3k ofuix| ke ekt

S=§, +S,+S, (32

o7|A, S, & el oJgt Teto ] ouiAfisls: VR, S, = AiTte} Awnkal gl Wik} S| o]%k
NMARAARES, S, & IR S ARgo]] ofst 2~ HER] AgRrEe] euidgs: 27t v Qlck

Fdel] viglo] B sl iAslal o] Zlo] A - g7 0 Wiy, o]g} e Fufo] ik - ity
L nlta gHule) AFokgo) o8t Aul nlgho R E g0 R o7} o5E]7] uiie] whEin), o]
Zha e Zlo] nigtel] 2ot SO ol ieiRolH, Bl R E] vl 00| oA S Phillips(1957)
2] 357 (resonance mechanism) 2} Miles(1957)2] E2Fg7 | (feedback) = A28 %]m, tF831= source @ 524 41
o} A5akAQl 2710 ko g 71tk SWANeIX = ol o = theo] 218 vehic

S,,(0,6)= A+BE(c,0) (33)
o7, At AEuie] e BE & vie) X154 A4s Rl A9} B & ket w5

o] Sleaic), ol ARGERS F42 A 1omelAe] Eolm, ARlel A mREE U, = Tk
7} 7}

U2 =CoU} &
o714, Cp & Thae] 2o 3= Wu(1982) 2] A&7tk

1.2875x10°° for U,, <7.5m/s

C = 3
o(Us) {(o.8+0.065m/5xu10)x103 for U,, >7.5m/s @)

sgefiAe] A Al 7Be) vk 22, Wisi(whiecapping, S, ., (0,6) ), SHAIPFotom friction,
Sgs (,60)) 7 27ldepthincuced breaking, S, (0,0))2] Fro2 AT
SWAN= 391t o] ABAIT) sfgatiele] Qlopd wiafe] =41sh= vs} 22 pulsebased
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model(Hasselmann, 1974)°]] 7] %3+,

oI, I = 3NN B4 k= 59, 6 9 K = 242} Brtlsidee) Wit ehdick Komen
etal. (1984)> Z-3] g ZglelA] 1to] ofupadde] ka1 0= 3 gk APgstar Sl

Depth-induced dissipation=> sl 417 2}, A mm motion), Z’—r(percolal]on) e pjcko] 1
beckscatteringl 218 A3FIE THEEO 4
7} o] AR

.l
rO
%

2

O
Sds,b (O-' 9) - _Cbottom gZSTZ(kd) E (O-’ 9) (37)
AWM, Cppy < ARIPEATE ], Hasselmann et al JONSWAP, 1973)2- 743472 o8-S Alets}sd
) sfAmlel] ot sigelR] 2] Aol mixk= el Pk AHzedo] AAIYe] st Abdo] et

2] R} euRakgel £ YRS A 97] whiel] =] ok

el el sl s Hjufel]l SJgk sigteiA|aite] ARtell= Halbore)o] axtlo] #-8tt
(Battjes and Janssen, 1978). Eldeberky and Battjes(1995)3= A~ FIE ] 30| 1HE%]1= Battjes and Janssen (1978)4 e oianiel]
o] o5t ~HES: AASRIITE SWANS HEFdS Tefste] thsat o] ARgSIgIck

Sy (0,0) = 22 E(0,0) 39
o714, E, £ F9HUAIE, D, <0 -2 Batfies and Janssen (1978) of] w2 o] o)k Folg#|2] Aake
S Uehich D, 9] 3k kx| (breaking parameten)2! Y =H__ /h(H,__ = 53 holld EA1E 4= 9= F
Tafan) = otk SWANeI= “d=ratat wisgto] o 85, <rgke Y = 0.73 (Batiesand Stive, 1985)° |t
AlaliollAi= quadruplet wave-wave interactions©] A2 E7] ] Whde]] 2Juj|Q1l @ 4ol o] o miRteluA]
= AEHT] ol AFere) il o AAdHn): SFslelM= triad wave-wave interactionsel] 213
AAF AFslrdelel $F uTargos A, webd 1xte] zsPdiow ©vk: quadiuplet
wave-wave interactions& $HA5] ARISE el A det AlRlo] 4@, FDRIAMC |2} B2 7 0= 3t
ARSI 216l setelparametic method)S HIESE T 7o) AIRIEo] $10M, Discrete
Interaction Approximation(DIA) 2. 38Tt DIATARS gadel] Q= adAgER] o] 24211 S48 AT
3] 2 LERHAL QIEhs 7o) 81814 Qlar 73-of] wle} DIAZIHS S48 Aehes Uehix) 98 5 glo
DIA2] 7%= quadiuplet configurations®] =71 57 18tel] wie} g <= QJct:
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BFES] FA el wlal 7slo] w7 Wil 1 719K w97 Slele] vlsto] A w57} <
S Q7] wiEo] kel 985 wto R FCoisE)o] <87k ol Slsl] BiEe] Fasow
HPAAPIEO T B o] MR SRe] Gl PRRY] SRS A o el AEES] 4 U,

& 7193, 2l W Coiolis2le] BRozE] thee] ) o] Foid 4 itk

o

2

U
i% =—9 4 fu 39
p, or ¥

of7IA, T & T FERVE, p, & W19 HY, p, & BIEC] THO0=NE T Rk "oizl FelAe] 7|
<t f = Coriolis 7= o]t}

Myers and Malkin(1961)2] -£2)3.10)01] 2J8t 719RtEE: 7Fgst the 2)(39)S &4 tha2] 2)(311)°] o]
=y

P =P, +Ap exp(—r—") (310)
r

2
u, -, J(E) +£r_oexp(_r_oj G1)
2 2 p, r r

71, Ap =719, p, = B S7ISE 1= BRERPdoItk

sl B4 Uy = thy AE12)= 38k = Qlrk

(312

P, C 2 Ao, uiste] ¥R vl zRe] APgEA] odar FFele] FAPt v5A19 AAlet
=5 APERE TAR 0607 EER 20049 ke 7Y, 1 el 067 A-83iglet Bet $59)
U TR 20042 7=, T12]ar e ofgel Sl isl= 45 U, = Uk 2313 et

Yalr)y, 61

7P, Vi S e] RS0, U, o] 88 B2 ZIe&ee) FUshct.
MASCONY.E0] 7|5 782412 HIHE/d2] thi7]ol] ohell ARREAS ehlie thad] 2 0% Sl
=F

Ny | Ny Wy _ (314)
ox oy oz
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MASCON Feke: Blg5elol] ofaf dofxl uigbd(up v, W, ) & 271X 3jo] thgell Foliz it
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A
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(o /@, = 2799 B450) 5343} o] AiER) 718 AR Akoltt
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1 o4
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2@ Ox 610
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2a; 0y
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2a, 01
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ox oy oz
Sk o] WAES vl AR TS wiseloiof gt
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Fig. 3.2 Sketch of numerical wave channel
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ot OX 8y oX Pw

oN _ 9(uN) o(WN) _ nH T

ot ox oy N Py

A7, M=thN ah | p =3 Uy, ¢, 9 7, = 3o x,y o= Z2e] dd=ol, H
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Fig. 3.3 Concept of flood flow head
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ofl gJall g FEAL7F TS 2712 Bl 218t sfdaitt fds] 2R gha HERIS | wiiieel] 2 e
A= BRE Sargh @} Maemiol] thaf e =S

MASCONE 2] ARtollA] tidedole el 425 235t Fg. 349} 22 ol o= Axdsision, Axt
=171k= 600m, ImeshxJmeshi= 247x166° |t} ARtel B a5 QISR 19, B, o184 B Sarehel
sl Table22, BFE Meemicll tall] Table2:301] ANE ghS 717 A1431930k

() B3y HS

B Maemi &} Bl Sarahell thellA] 719, BRSPS, oFs5i oo atefslo] Bl Maemi] visAlell Zeh
Saldare] HARIRY 20031 09E 129 22419 alVdE-S AFde A3kt Fig. 3501 FoIA Sl 22 ARl
MASCONXELE St 2|3 9] oJgo] wefel slbdgo] Fig. 3601 70141 QIrk Fig 358} Fig. 36-5 Hlwskd Ef
9] o] el TAE | wieell 1 IR} rdetebA] ARt TAle] IAlE 2 AfdskaL Qs Ao R At
S, A 0 7 A=) 9) H|Ss3h gk sl QoM R Xge] Jako] uew e F1ek 4= QI Fig. 37
2 EIE Sareh UisA] FUiEEsdare] AR 19591 092 17 03419] dlvda-& LR, Fig 382 54
toll MASCONE.Hlof] ofsf) #|d2] J&to] arefel alVdd-s BolEth Fig. 37+ Fig. 382 Rlwshd alfd-solA]
] Z4lo] MASCONEEle|| ofs)] A|&o] ref=ia] S1x)7F ot Wah= 21e &
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o
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Fig. 34 Simulation area for MASCON model
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— : 30m/s

for typhoon Maemi for typhoon Maemi

Busan
-

Fig. 3.7 Seawind field calculated by Eq.(3.12 Fig. 38 Seawind field caloulated by MASCON
fortyphoon Sarzh model for typhoon Sarah
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y

61



sk ulde] HiolelE 23190t ARkl A1e AVdalPa A} Al (S=ralleidT2, 2005)S- Table 3201 LER]]
et Sl L] Adelel ket 285k BIAHGoda, 1985)2] kS Table 3301 AN, HAREU] 2o ()Qk] #he]
AR AR RS, A 27l Ak FEEl U 1ol ZQ)EIUTART, 2000) - Table 349 UERASIT

IR
R4
Jinhae Guangalli_| ,Ej
Busan port ‘%_ ™ TREA NO.2-4 uﬁ/J
& AREA %O 3.2 -
L (
I\ p S \\ AREA NO.2-3
gt Y ;f
AREANO.2-2 ;\J{
AREA NO.2-1 /\>
jg :uangumﬁulj
);'Jg/-f y /% AREA NO.2-4
C’\-‘ Jd“ a\\ . REA NO.3-2
»%R@}A NO.1-1 [ INESTING AREA AREA NO.1-3 AREANO.23 [ NESTING AREA
(@WideareaNO.1-1 () WideareaNO.1-3
[. S
)
_‘;
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ré’
I
\u
Gwangalli ‘\ [-r"{
Jinhae o P
Busan port 5 AREA NO.24
:,)"’)l}‘ A N0l
. ] Iuh ;r\«‘“‘ =
q%’ M Yo AREA NO.2-3
> BN ‘\,\K
= 541 NS e
/ & .
:"1 ] AREA NO.2:2
v AREA NO.2-1 -
AREA NO.1-2 I NESTING AREA
(b) WideareaNO.1-2

Fig. 39 Computation area of SWAN simulation

Table 3.1 Mesh sizes applied to each simulating area

Areanumber Meshsize(m) ImeshxJmesh Remark<AREA>
AREANO.1-1 200 385x300 Wide
AREANO.1-2 200 410x220 Wide
AREANO.1-3 200 300x228 Wide
AREANO.2-1 50 314x260 Middle
AREANO2-2 50 420%x290 Middle
AREANO.2-3 50 200x216 Middle
AREANO.24 80 325x275 Middle
AREANO.3-1 20 320x185 Object
AREANO.32 20 160%x268 Object
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Table 3.2 Deepwater design waves for Busan coast

Points of deepwater design waves Hs(m) Ts(S) Wave direction Remark
1202 1469 SE Cael

1247 1554 SSE Cae2

(N34.$12E1528.83‘j 063 1418 S Case3
612 1191 SSwW Cae4

39 1025 SW Cae5

1191 1449 SE Cax6

073125 12.39 1550 SSE Cae7
(N34.80° E129.009) 1137 1541 S Cae8
752 1298 Ssw Cae9

1056 1315 ESE Caxe10

-_— 1121 1385 SE Cae11
(NB494° E129179 1225 1516 SSE Cae12
991 1433 S Cae13

702 1272 SSW Cae 14

986 1249 ESE Caxe15

075124 1037 1283 SE Cae 16
(N34.94° E129.339) 999 1291 SSE Case 17
806 1243 S Caxe18

804 1154 E Cae19

076123 1018 1267 ESE Caxe20
(N35.08° E129509) 1021 1068 SE Case21
1076 1330 SSE Cae 22

660 1083 ENE Cae 23

(N35.2017°71I£21229.67‘) 773 1125 E Case 24
1010 1263 ESE Caxe25

077121 661 1167 ENE Cae 26
(N35.35° E129679 79 1145 E Case 27
077120 6.79 11.83 NE Cae28
(N3549° E129679 656 1102 ENE Cae29

Table 3.3 Approximate values of reflection coefficient

Structural types Reflection coefficient
Vertical wall with crown above still wave level 07~10
Vertical wall with submerged croan 05~07
Rubble stones(slope of 1on 2to 3) 03~06
Energy dissipating concrete blocks 03~05
Vertical structure of energy dissipating type 03~08
Natural beach 005~02
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() WideareaNO.1-3 (d) Middle area NO.2-1

(e) Middle areaNO.2-2 (f) Middle areaNO.2-3
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(h) ObjectareaNO3-1

Fig. 3.10 Spatial distributions of water depth
Table 34 Water levels for each simulating area
Areanumber | Approx HHW (m) | Storm surge height (m) AppromeTS\Agfn E\J/rzémi gitm) <N;1%

1906 169 35% NO2-1
AREA 1476 135 2826 NO.22
NO1-1 1137 112 2257 NO.2-3
1009 077 1779 NO.24
1906 1.69 359% NO.2-1
AREA 1476 135 2826 NO.2-2
NO.1-2 1137 112 2.257 NO.2-3
1009 0.77 1779 NO.24
AREA 1137 112 2.257 NO.2-3
NO.1-3 1009 0.77 1779 NO.24
AREANO2-1 1906 169 35% NO.3-1
AREANO.2-3 1137 112 2.257 NO.3-2

AREANO.31 1906 169 35%

AREANO.32 1137 112 2257
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Fig. 3.11 Comparison of wave height distributions between seawind model and MASCON wind model for typhoon Maemi
around Noksan (case 2)
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Fig. 3.14 Spatial distribution of significant wave periods around front seawall of SamHk APT
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Table 35 Distribution of significant wave height and period around front seawall of SamHk APT

Deepwater design waves Hys(cm) Tys(s)
Case 12(Hs=12.25m, Ts=15.165¢c, Dir=SSE) 353-357 13251370
Case 13(Hs=9.91m, Ts=14.33sec, Dir=S) 328~34 1157~12.09
Case 16(Hs=10.37m, Ts=12.83sec, Dir=SE) 356~390 1223~12.719
Case 17(Hs=9.99m, Ts=12.91sec, Dir=SSE) 349~372 1212~1253
Case 19(Hs=8.04m, Ts=11.54sec, Dir=F) 355-403 11041163
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(0 Case3
Fig. 3.15 Snapshot of overtopping
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Fig. 3.17 Inundation map around Gwangalli for typhoon Maemi
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Fig. 3.18 Spatial distributions of wave heights and wave-setups before construction of Busan new port
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Fig. 3.19 Spatial distributions of wave height and wave-setuips affer construction of Busan new port

Table 36 Design water levels for typhoon Maemi

. . Approx. HHW

ADDIOX. Maximum storm surge height (m) + Maximum storm surge height (m)
Areanumbers

HHW (M) | Before construction of | After construction of | Before construction of | After construction of
Busan new port Busan new port Busan new port Busan new port

AREANo0.1 1906 169 168 35% 3586
AREANo02 1906 169 168 3596 3586
AREANo.3 1906 169 168 3596 3586

Table 3.7 Resultant design water level considered wave-setup

Pointof deepnvater | Designlevel | Condition O Ceepwaterwave |\ gayimymwavesetup | Total design level
nave m) Hsm) = Ts9 | Di. ) m)
073125 DL.(+)35% 11.37 1541 S 30 DL.(+)38%

76



2) A

Fig 3202 9u}e] 2141818 Fajo] Lupdals: AEsly] el AklE SAEr ek o) tlsEsqichae)
FdS VR QIHEAEZA, 2004). T2k IIeA] tleke] v d(Fig. 320300 st Ludst
= HEsP] Sl 21858 sl Table 381 LERATE: Table 382 22712 Fig. 318(0)¢lx1 2 #2o] ©21e]
NS 1EfElA] gkt Gotl Tkl alulEEoL)

Table 38014 A 2} afz=xde]] QlofA tisEs]te] wha ol whs R iiis TH % veRd 2
o] Fig. 321~323°]t}: Fig. 321~323& 2 1772 |92 ARtslo] Holxl dujsle] s vk,
TEPgel] a1efalA] ok TIPS WAL Akbdelr] T5E= tislol ARESISITE (@) 2-3w2] w7}
FoF 5 112 ARl tigh t = TAER] AelE VR, ()=t = 2148 ARRlel| 37} i SRks: Aulsh= 2
BE LR AL QitE: 1] 31 (0= t = 3TAS] ARl w7} afstal W $- w=io] VR Rs T130] 1, (@)= t=T2
ARt gt AdEE vehdlis Z23dot) Aujel] ofsha EuiAla o 2R wid ) TypeA, TypeB, TypeC

w o Yk 54ks 2 % 4

Table 3.8 Incident wave conditions

. Storm surge height

Cross section Depth (m) (Ppressure setup + eré]e semg+wave setup) Hs(m) TS
Type-A BelowE.L.(-)0.3m 146 150
Type-B EL()03m~EL(-)09m D.L(+)38% 158 150
Type-C EL()09m~EL(-}43m 149 150

Representation section of original seawall Representation section of original seawall

TYPE-A TYPE - B

Depth: EL(-) 0.3 m

Representation section of original seawall
TYPE-C

QUARRY-RUN ROCK
Varelevievee ' (B 00M3)
X

&

©TypeC
Fig. 320 Representation sections of original seawall used in numerical simulation
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Fig. 3.21 Snapshots of wave overtopping simulation for Type-A - Fig. 3.23 Snapshots of wave overtopping simulation for Type-C
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Fig. 322 Snapshots of wave overtopping simulation for Type-B
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Table 382] 10 = A@sh HupsiolM 2Pdsh Aulke] A= Table 390 HERAtE AR AR
Type-A, Type-B, TypeC2] T} AREEAEL Xjo )7} A9, D}:2-0.0173m* /m-s ~ 0.0181m°m - s
E A9 APt gle Ze ZRIE 4 lom, o] ke 3Rk migATE FARNR] Beo] se-dulek
0.01m* / m- s (BN, 2006)-S 2331} 78] 31 Table 310 BIFE Maemi URsA)12] A7 AISIekA] Laf
g el Fsh BaX(EEAAL 2005)0] SJ5F TR AR Cm N APYE R TypeA TypeB,
Type-Co] Akz1} Lufsgolct:

Table 399} 3105 HlwePd x| R A} 2| alade] Aulgre] o7t AA vepds & = 3oL

ARPAART R cmiE] dojxl Puke- 5184 (o 01’ /m-s) & B 2IR= 2E & 5
Ak

Table 39 Overtopping rates calculated by numeric analysis

Cross section Overtopping rates (m/m:-s)
Type-A 00178
TypeB 00173
Type-C 00181

Table 3.10 Overtopping rates by hydraulic model test

Experimental Storm surge height Crownheight Wave height | Period | Overtopping rates
cross section (ppressure setup +wind setup+wave setup) | (E.L.(+), m) (m) © (m¥m-s)
NO.2 (Type-A) 3646 337 141 150 0059
NO.11 (Type-B) 3646 331 147 150 0063
NO.20 (Type-C) 3646 343 155 150 0113
3) oS

- Maemi U5A] =29} 7150] uiRlel] s s2l=7 RISl uligelx o] 9] 9 s o5a)
7] Slato] W Ee] AR FolX= 7t SRbdHelM 9] dulks 2SIty o] wl, 7} SQte] whH el
ke gulsdel] ojsh TR (S EAISAL 2005) A Helx] et 7F 5ok dwsfelela|] Hufe]
a1 9 HoRFT 15 210 = 5o AP, 71 RS Table 31101 ARSI, Sxk=7 Pigiekuiel 5
TR W A8 55 AUs] vEsl] Yol ARE xE0E bm, yE:O® smE 22} Aslo] AXleigict W
Teo] =3oli] 0t 9J2Ix|] ARk land deskiopd T2 13O R tPJedolo] ok A8 1 Eeyh«] 23
¥ 7} mesh2] ARErE JHEIICE B8) ARIARES A Bl uisARRIel w2 ggke: A1) $1810] 34]
RO Bglom, A 2wt tEa, AR RiERe] el ¥EE vHER AR R
004G, 1996), 712~ =] o] whe} 0,03~08(Miuraand Shimizu, 1993) 2] H912] kS 21851510k
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=R A7 RISTAAUS] 5= B8 ool sl 2 & o oL A 3w E82- 07m-12m 78

= 7L S A EEel A 0= 07m ofde] a7 A Sqbelld Hobds=S 03m ofs)

A1 H]ans= o HARE e chaiARt vlwahd THE Y Type-A, TypeB, Typecoﬂ el SRke R E] Ui
2] 30m #JHe] 1= 077m-091m, 80m A5€] il 0.74m~0.89m, 130m A7 020m~0.23mE 2 A
2] Aol o] vk DATE & = Tk o1 F Table3120] LERARITE

Table 3.11 Overtopping rates obtained by numerical and experimental results

. Wave overtopping rates by numerical analysis | Wave wertoppingrai&sby@q)erirmntal analysis
Cross section 3
(m7m.s) (m¥m.s)
Type-A 00178 0059
TypeB 00173 0063
TypeC 00181 0113
Table 3.12 Comparison of inundation depths
Crosssection Distancefrom | Inundation depth by the experimental result | Inundation depth by the numerical result
seawall (m) (m) (m)
K 091 09
NO2
80 089 07
(Type-A)
130 023 02
NOLL 30 077 08
' 80 0.74 07
B
(Type5) 130 021 02
0 0.79 09
('F\'O'ZO:) 80 079 08
130 020 02
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Fig. 3.24 Spatial distributions of inundation depth in Noksan industrial complex
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Fig. 3.25 Results of a field survey for inundation areas and depths in Noksan industrial complex
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Fig. 4.3 Changes of wave height caused by variation of depth and width
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alvdeli= #ar 35~4kme] Rt uieR, sifAjel] EjalEdo] Flzue] FAE 2 5] tiSFEICRRE)
o] F4lo] oF 200~500m7g 0] AThA O R o] g ke Fate EAllehH, o= QIst o] e, 31 Ul @i
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Table 4.1 Computation condition
AX At Nurmber of mesh Compuationtime () Boundary | Boundary condition
(km) (se0) Imesh Jmesh conditionofland | of outside sea
18 4 900 1,100 6 Perfectreflection | Free fransmission
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Table 4.2 Fault parameters for 1983 Central East Sea uake <Aida(1984)>

Aida Latitude Longitude H' 0 o A L w u’
(N) (B) km) | (eg) | (eg) | (deg)  (m) | (m) | (km)
Fault1 4021 13884 2 2 40 %0 40 30 760
Fault2 4054 13902 3 355 25 80 60 0 305

Table 4.3 Fault parameters for 1983 Central East Sea uake <Tada(1984)>

Tada Latitude Longitude H' 0 o A L w u’
(N) (B) (km) | (ceg) | (ceg) | (ceg) | m) | (m) | (km)
Fault1 4020 13880 0 13 20 0 60 40 350
Fault2 4073 13896 0 335 20 0 60 0 350

Table 4.4 Fault parameters for 1983 Central East Sea earthquake <Tanaka(1984)>

Tardt Latitude Longitude H' 0 1) A L W u’
N (B) (km) | (deg) | (deg) | (deg) (m) | (m) | (km)
Fault1 4037 13887 0 15 20 120 30 3b 6.00
Fault2 4061 13906 0 350 20 0 60 40 400

Table 45 Fault parameters for 1983 Central East Sea earthquake <Satake(1935)>

Sl Latitude Longitude H' 0 o A L W u’
N (B) km) | (ceg) | (deg) | (kg = (m) | (m) | (km)
Fault1 4021 13880 1 20 30 0 60 40 500
Fault2 4067 13918 1 340 30 0 60 40 400
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Fig. 4.9 Propagation of tsunami occurred by 1983 Central East Sea earthquake
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Fig. 4.11 Comparison of time history of water level occurred by 1983 Central East Sea earthquake at Sokcho
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Fig. 4.12 Comparison of time history of water level occurred by 1983 Central East Sea earthquake at Mukho
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Fig. 4.13 Comparison of time history of water level oocurred by 1983 Central East Sea earthquake at Pohang
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Table 4.6 Fault parameters of 1993 Hokkaido southwwest off earthuake<Takahashi et al.(1994)>
. Latitude Longitude | H’ 0 o A L w u’
Takahashietal.

N (B) (km) | (deg) | (deg) | (deg) | (m) | (m) | (km)
fault 1 4210 13930 5 163 60 105 245 25 12
fault2 4234 13925 5 175 60 105 0 25 25
fault3 4313 13940 10 188 35 a0 0 25 571

Unit : min

Fig. 4.16 Propaggation of tsunami occurred by Fig. 4.17 Maximum water level height of tsunami occurred
1993 Hokkaido southwvest off earthquake by 1993 Hokkaido southwvest off earthouake

Unit : m
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Table 4.7 Fault parameters of hypothetical earthquiake <Ichikawa(1994); Tohoku university(1995)>

Hypothetical | Latitude | Longixde | H 0 S A L W u

earthquake (N (B (km) | (ceg) | (Geg) | (deg) | km) | (km) | (km)
1 47 1392 3 10 | 45 100 @ 45 %5 | 23
2 33 1385 1 23 35 0 | 40 | 50 | 50
3 304 1392 1 105 | 45 0 | 100 | 50 | 41
4 303 1399 1 15 | 45 0 | 100 | 50 | 41
5 379 1379 1 15 20 o0 0 | 4 | 32
6 378 1338 1 10 | 5 0 60 20 | 19
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Table 4.8 Maximum and minimum water levels due to hypothetical earthquake

Pasition Sokcho Mukho Pohang Ulsan Imwon
Waizrn')e"’e's Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
1 014 | 014 | 012 | o1 | 005 | 006 | 002 | o | 018 | 019
2 0% | 075 | 066 | 070 | 067 | 075 | 038 | 048 | 100 | 159
3 016 | 017 | 014 | 018 | 042 | 040 | 020 | 013 | 036 | 044
4 006 | 006 | 004 | 0B | 012 | omm | 005 | 005 @ 007 | 005
5 017 | 018 | 015 | 016 | 026 | 026 | 014 | 016 | 037 | 040
6 003 | 004 | 002 | o002 | 006 | 006 | 003 | o | 005 @ o
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(8) Hypothetical earthueke 1 (b) Hypothetical earthquake 2 (©) Hypothetical earthauake 3

Russia

Russia

Unit : m ] || Unit : m ol - || Unit : m 9

(d) Hypothetical earthquake 4 (e) Hypothetical earthquake 5 () Hypothetical earthquake 6
Fig. 4.20 Maximum water level height of tsunami occurred by hypothetical earthquake
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Fig. 4.21 Computation area and distribution of depth

Table 4.9 Computation conditions of each area
Number of | Meshsize Number of mesh %{m boapen

area (M | Sokcho | Mukho | Imwon | Poheng | Ulsan | Busan | Masan |~ g oondilion)
AREA Free
NO.1 1215 1333¢1629 fransmission
AREA 282%

NO2 405 687x582 687x630 21
AREA 135 405% 363x 369% 435% 174x 306x 300x Perfect

NO.3 480 444 450 753 210 198 291 reflection
AREA 5 387x 930x 450x 819x 546x 294x 444% Nesting of
NO4 711 744 450 819 393 387 444 eacharea
AREA 15 258x 5x 150x T44% 894x 564x 378x

NO5 348 8A 216 744 774 562 786
AREA 5 494x 192x 144x 1284x 879x 645x 684x RUNU

NO6 53 | 399 | 213 | 1401 @ 909 552 @ 8% P
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(dUlsan (e)Pohang

(f) Busan
Fig. 4.22 Distribution of depth at each region
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(@) Sokcho (b) Mukho

0 01 02 03 04 05 06 07 08 08 1 Unit: m™<

(d) Uksan (6)Pohang

(f) Busan (@) Masan
Fig. 4.24 Maximum water level height at each region
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Fig. 4.25 Time history of water level height at each region
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Fig. 4.27 Propagation and Maximum water level height of tsunami occurred by Hoklkaido southwest off earthquake

119



Sokcho

Unit: m

(8) Sokcho

Unit:m
2

1.9
1.8
1.7
1.6
15
1.4
1.3

Samcheok

Pohang

0 01 02 03 04 05 06 07 08 09 1 Unit:m

(ch Samcheok (e) Pohang

(©)Busan (h) Masan
Fig. 4.28 Maximum water level height at each region
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Fig. 4.29 Time history of water level height at each region
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opdelr 198312 Falig AR} 199832 Ha=A fafxxlel ot xxlafdel] thet o2 714 =2
Hea AESISI Table 4.1101] 1983'19] “sll5HA1x13} 1998112 Sl =g efalidel ofgk #[xlaidel o
gk a1 A3t Foll ARFFANETEAATL, 1998)0I Aozl =19} Aprlelpd Aofrl 2]
off theh A}E LERASI:

Table 4.11 Comparison between observed and calculated maximum water level

B 1983 Central East Sea earthauake Hokkaido southwest off earthquake
Poston Observed(m) Calculated(m) Observed(m) Calculated(m)
Sokcho 15 09 12 11
Mukho 24 22 198 20

Samcheok - - 213 28
Inwon 5 53 169 12
Pohang - 05 - 06
Ulsan - 03 - 03
Busan - 025 - 02
Masan - 01 - 015
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Table 4.12 Computation conditions

Number of mesh
Numberof| Ve Borday | Open
aea | % | Sok | Mk | Sam | Im | Po | U | Bu | Ma | condtionof | boundary
(M | cho | ho | cheok | won | hang | san | sn | san land condition
AREA Free
NO.1 1215 1333x1629 fransmission
AREA 282x
NO2 405 687x582 687x630 1
AREA 405x | 363x 43bx | 174x | 306x | 300x Perfect
No3 | 1P agy | 4 | N0 173 | o100 198 201 | reflection
AREA 15 387x | 930x | 936x | 450x 819x | BAbx | 204x | 444x Nesting of
NO4 711 | 744 750 450 819 393 | 387 444 eacharea
AREA 15 258x | 594x | 6e00x | 150x T44x | 8Mx | 564x | 378x
NO5 A8 | 8A 900 216 744 774 | 562 786
AREA 5 IAx | 192x | 198x | 144x | 1284x | 879x | 64bx | 684x RuNU
NO.6 534 | 39 405 213 1401 909 | 552 84 P
, :
o y. )
Unit : min Rissi RSk ¥ }
b orea
i

Fig. 4.31 Propagation and Maximum water level height of tsunami occurred by hypothetical earthquiake

Unit : m
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Fig. 4.32 Maximum water level height at each region
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Fig. 4.33 Time history of water level height at each region
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