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Abstract

Recently huge typhoons had attacked to the coastal waters in
Korea and caused disastrous casualties in those area. There are
some discussions on correction to the design parameters for the
coastal structures. Wave transformation computations with the
extreme waves are of value in planning and constructing engineering
works, especially in coastal regions. Prediction of typhoon surge
elevations in this study was based primarily on the numerical model,
since it is difficult to study these events in real time or with on the
physical model basic. Wave prediction with a two dimensional
nwmerical model for a site with complicated coastal lines and
structures at the period of typhoon Maemi was discussed. In order
to input parameters for the extreme wave conditions, we analyzed
the observed and predicted typhoon data. Finally we applied the

model discussed above to the storm surge and extreme wave



problem at Busan Harbor, the southeast coast of Korea. Effects of
water level variation and transformation of the extreme waves In
relation with the flooding in coastal waters interested were analyzed.
We then made an attempt to present a basic hazard map for the

corresponding site.
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NOMENCLATURE

A Amplitude of the incident wave
. cc,
5 Coastal boundaries
b %02+ Dw~+ :C 0¥
x, p) Phase velocity = 0/ 4
Cg(;f, ) Group velocity = §0/94= »C with
7= (1 i)
£ Total number of elements
ya Functional
e, Elements around node 1
/ Friction coefficient
H]?2 Wave amplitude
/, n-th order Bessel functions
A, Reflection coefficient
[ A7] Element matrix
[ A5] Diagonal matrix of dimension M by M
[ A;] Fully populated Afx J/ matrix
Ly Length of segment P
Mo Total number of segments (= total number of nodes) along

the circular boundary I'

- vii -



N Linear interpolation functions

N x,p) Linear interpolation function for node i

NAx, ) Linear interpolation function corresponding to an element e

and one of its node I

7 Manning's dissipation coefficient

VS Boundary segments to either side on node I

7 Radius of the semicircle

w Friction factor

a Complex coefficient (=a, 4+ A,)

a, B, Unknown coefficients

[§] Wave phase angle

T Open boundary

¥ Wave breaking parameter

n Wave potential

ﬁ\/ Solution 1 at node I

fL\S Scattering wave potential

;L\e Linear two-dimensional function

;L\f Wave potentials at the nodes of the element e

{rfL\F} Subset of {n} for nodes situated on boundary T’

ﬁ( X, V) Complex surface elevation function, from which the
wave height can be estimated

S) ; Incident wave angle with respect to the x-axis

0 Wave frequency under consideration (in radians/second)
K Model domain

- iii -
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Fig. 3.7 The change of wave direction and mainly damaged areas

at the time of Typhoon "Maemi” in Busan Harbor
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Fig. 3.8 Destruction of Youngdo Bridge

Fig. 3.9 Damaged harbor in Jungli, Youngdo

_24_



O (e R e AN Y ol
Fig. 3.11 Destruction of the walking way at Jeolyoung-ro
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Fig. 3.12 Destruction by overflow at Gamji beach of Dongsam-dong
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Fig. 3.13 Destruction by overtopping at Korea Maritime University and

Jodo breakw ater in Dongsam-dong
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Fig. 3.15 Destruction of Songdo Beach area
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Table. 4.2 Seabed profile over the continental shelf

distance  depth | distance depth | distance depth | distance depth
(Km) (m) (Km) (m) (Km) (m) (Km) (m)
80 78 55 77 30 78 125 63
79 76 54 77 29 78 12 63
78 73 53 76 28 80 115 61
77 72 52 70 27 79 11 61
76 72 51 70 26 79 10.5 60
75 68 50 80 25 78 10 61
74 67 49 80 24 80 9.5 58
73 66 48 76 23 70 9 57
72 67 47 74 22 65 8.5 54
71 67 46 76 21 65 8 54
70 69 45 77 20 65 75 56
69 69 44 77 195 66 7 55
68 70 43 78 19 68 6.5 53
67 65 42 79 185 70 6 52
66 65 41 81 18 72 55 51
65 62 40 83 175 72 5 50
64 60 39 82 17 72 45 47
63 65 38 33 16.5 70 4 46
62 72 37 80 16 69 3.5 45
61 73 36 30 155 66 3 44
60 74 35 83 15 65 2.5 42
59 76 34 32 14.5 64 2 40
58 77 33 82 14 63 15 29
57 77 32 80 135 63 1 27
56 76 31 79 13 63 0.5 20
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Table. 4.3 Summary of numerical storm surge sirmulation

THEsAA X HE (x, m) | HF o (X, m)
uk g (2 A)) -0.1~14 -0.2~1.4
3 oF ¥} 4] 3w -0.1~0.9 -0.1~0.8
3 ot 7} & -0.2~0.6 -0.2~0.6
AEz 01~1.4 01~14
Az (Z7189) 0.1~0.3 0.1~0.3
7143 0.3~0.4 0.3~0.4
FrAEsE 03~3.2 0.3~33
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Table. 4.4 Incident wave condition for extreme wave calculation

Wave
Direction Height Period Remark
Typh "MAEMI(2003)’ induced
s 13.0m 138 sec | | Pnoon MAEBMIEOI induce
Significant Wave

Table. 4.5 Characteristics of numerical model and simulation

Number of Nodes

Number of Elements

Calculation Time
(P4 2.6Gh 512Mb)

54,920

106,582

50 Min.

Fig. 4.14 Finite element mesh for Busan Harbor
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Fig. 4.17 Detailed Finite element mesh for Busan Harbor(Section 5,6)
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Wave Height

Section 3

Fig. 4.18 Calculated extreme wave at Yeong-do island

_49_



(a) Section 1

(b) Section 2

Fig. 4.19 Calculated extreme wave at Yeongdo Island(Section 1,2)
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(b) Section 4

Fig. 4.20 Calculated extreme wave at Yeongdo Island(Section 3,4)
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Fig. 4.23 Calculated extreme wave at Busan Harbor(Section A,B,C)
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Fig. 4.24 Calculated extreme wave at Busan Harbor(Section D,E)
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Fig. 4.26 Hazard map for Youngdo from calculation of the

storm surge and extreme wave
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Fig. 4.27 Hazard map for Busan Port(Section A, B) from calculation of
the storm surge and extreme wave
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Fig. 4.28 Hazard map for Busan Port(Section C) from calculation of
the storm surge and extreme wave
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Fig. 4.29 Hazard map for Busan Port(Section D) from calculation of
the storm surge and extreme wave
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Fig. 4.30 Hazard map for Busan Port(Section E) from calculation of
the storm surge and extreme wave
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