2% o ol o 9}k @ v} w9 o)
EEEEE]

A Practical Application of Multiple Wave Modelsto the
Small Fishery Harbor Entrance

B = E W

2008% 2H
WP AR B RS KB B
T RRE TR
IS &



A Practical Application of Multiple Wave
Models to the Small Fishery Harbor Entrance

Jae—Hyvun Jung

Department of Civil and Environmental Engineering

Graduate School of Korea Maritime University

Abstract

Samchunpo(Sinhyang) Harbor is located at the Sachun bay, on the
central south coast of Korean peninsula. The harbor and coastal boundaries
are being protected by natural coastal islands and shoals. Currently, The
Shinhyang harbor needs maintenance and renovation to the weather
deterioration and typhoon damages on the sheltered structures.
Consequently, the calculation of accurate design wave through the typhoon
wave attack i1s necessary. In this study, calculation of incident wave
condition simulated by steady state spectrum energy wave model (wide
area wave model) from 50 years return wave condition. And this
simulation results in wide offshore area were used for the input of the
extended mild-slope wave model at the narrow coastal area. Finally, the
calculation of design wave at Sinhyang harbor entrance was induced by
Boussinesq wave model (detail area wave model) simulation. The numerical
model system was able to simulate wave transformations from
generation-scale to shoreline or harbor impact. We hope to contribute from
this study that coastal engineers are able to assist in the placement,

design, orientation, and evaluation of a wide range of potential solutions.
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NOMENCLATURE

G, Mean wave celerity
Eg Average group celerity of the spectrum
D Derivative
FE Wave energy density divided by (p ), where p is
density of water
£, Total energy in the spectrum divided by (p o)
g Gravitational acceleration
h Water depth
H, Zero-monent wave height
Wave number
I, Energy flux
k, Wave number associated with the peak of the spectrum
n Coordinate normal to the wave orthogona
Coordinate in the direction of the wave ray
S Energy source and sink terms
At Equivalent travel time
Us Friction velocity
v v Depth-averaged velocities in the x, y directions
o Wave orthogonal direction(normal to the wave crest)
o, Mean wave direction, relative to the grid
o Factor equal to 0.9 for wind seas
) Direction of the current relative to a reference frame (the x-axis)
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Pa

p w

(z,y)
C, (x,y)

k(z,y)

Coefficient equal to 30
Partitioning coefficient
Direction of wave ray
Density of air

Density of water
Angular frequency
Phase velocity = o0/ 4

Group velocity = 30/94= »C With n= %(1+

2kd )
sinh2kd

Wave number (= 9/ z), related to the local depth A «, »)
through the linear dispersion relation: gktanh (kd)

Reflection coefficient

Friction factor

Wave breaking parameter

Complex surface elevation function, from which the wave
height can be estimated

Hankel functions of the first kind
Dispersive Boussinesq type terms
Dispersive terms due to bottom friction
Wave/roller celerities

Surf similarity parameter
Wave height at the break point

Deepwater wavelength
Friction factor

Roller thickness
Breaker angle
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Table 2.1 Breaker type

Surf similarity parameter Breaker type
4<( Little or no breaking (Reflection)
2< (<4 Collapsing or surging breaker
04< (<2 Plunging Breaker
(<04 Spilling Breaker
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Table 3.2 Characteristic of winds at Tongyoung

- - -
?/%123%9101112
2o =2 183]21

2071 30| 20 | 19 | 267 |23.7] 183 [22.3] 192 |22
(m/sec) |sw|s| s |sswlsselsswissw| s [wsw|ssE|wnw|sw
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ZRRSY (e

262727 28 [ 25|22 | 28 |25] 22 |21 23 24125
(m/sec)

(1979 ~ 20004) : T%F (714 R]

_29_



7] B el e gA

upel gsto] AT A A JFS AT A odA el A8

(i
jubad
:oé
5
o
s
o3
2
ki
o
X
ki
>
>,
°
il
Y
aba
2
bl
-
ki
il

#2902 Bl AL Table 3290 2ol $2ue AddnE 423
stol W& FAsR o, B AT ATk At AAsE 438 A A

LEb AL 9l
A A S H2e HFE MAEMI® dso= Qg AASRZY F7HE
aEste] ST, il 9.38m, F71+ 14.43%, SSE®E, 31 1344m, 7]+
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Table 3.3 Stations for long term wave predictions(after KORDI, 2006)

HE Station# =, A H o Station# =, A
40 3038 34.3, 127.4 45 3537 34.8, 128.8
41 3138 34.3, 127.7 46 3637 34.8, 129.1
42 3238 34.4, 128.0 47 3737 34.9, 1294
43 3338 34.4, 128.3 48 3836 35.1, 129.6
44 3438 34.5, 1286 49 3935 35.4, 129.9
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Table 3.3 Appearance frequency of wave heights and periods.

H(m) \

() 4 475 |56 | 677 | 778 | 89 (9710/ 10711 | 11712 | 127 Total (%)
0.0-05 | 2869 | 96 | 285|201 | 98 | 116 | 51 11 3 1 3731 25.8
0.5-1.0 | 6038 | 282 | 242 | 325 | 149 | 220 | 77 7 1 3 7344 50.9
1.0-15 | 647 | 1291 | 95 | 141 | 143 | 155 | 134 9 5 4 2624 18.2
1.5-2.0 10 143 | 171 | 42 47 64 | 54 11 1 0 543 3.8
2.0-25 0 4 16 | 59 22 26 9 8 1 0 145 1
2.5-3.0 0 0 0 15 19 2 5 0 0 2 43 0.3
3.0-3.5 0 0 0 0 3 2 0 0 0 2 7 0
3.5-4.0 0 0 0 0 0 2 0 0 0 1 3 0
4.0-4.5 0 0 0 0 0 0 0 0 0 0 0 0
4.5-5.0 0 0 0 0 0 0 0 0 0 0 0 0

5.0- 0 0 0 0 0 0 0 0 0 0 0 0

Total | 9564 | 1816 | 809 | 783 | 481 | 587 | 330 | 46 11 13 14440

Prop.(%)| 662 | 126 | 56 | 54 | 33 | 41 | 23| 0.3 0.1 0.1

Table 3.4 Annual maximum value of significant wave height in terms
of direction

Year | N |[NNE| NE |[ENE| E |ESE| SE |SSE| S |SSW | SW |[WSW | W |[WNW|NW | NNW | Max

1979 | 1 2.3 17 | 25 | 23| 1.8 | 26 | 37 |66 32 2.6 4.7 25 1.4 14 1.2 6.6

1980 | 1.8 | 1.9 2.4 2 2| 15 | 16 | 35 | 38| 3.3 2.4 2.4 2.1 2.1 1.7 1.7 3.8

1981 | 1.2 1 16 2 1250 21 | 24 | 51 |53 6 2.4 1.9 1.7 1.9 15 13 6

1982 | 1.3 | 15 | 25 | 22 | 27| 1.7 | 29 | 37 [ 35| 29 | 22 3 2.1 1.5 1.3 1.3 3.7

1983 | 1.7 | 16 17 | 31 |31 21 | 22 | 28 | 41| 28 25 2.1 1.8 2.1 1.4 1.2 4.1

1984 | 13| 14 | 1.8 | 23 |39 39 | 16 | 31 |39 32 | 19| 17 |16 2 14 | 13 | 39

1985 | 12| 25 | 23 | 26 |25 28 | 32 | 44 | 3| 29 | 23 1.9 1.7 1.8 15 12 4.4

1986 | 12| 13 | 14 | 15 |17] 25 | 34 | 44 | 3| 29 [ 23| 19 |[17| 18 | 15| 12 | 44
1987 | 11| 18 | 25 | 3 |36] 32|39 |27 |51 55 | 48 | 32 2 16 | 17 ] 14 | 55
1988 | 11| 15 | 23 | 28 | 3|24 |26 | 3 |35 25 [ 32| 23 [21| 18 | 15| 13 | 35
1989 | 12| 18 | 19 | 24 [39] 18 | 2 |27 |44| 32 [ 22| 23 |[16| 14 | 14| 13 | 44
1990 | 1.7 | 21 | 22 | 29 [27] 23 | 28 | 32 | 42| 34 [ 23| 27 |[21| 18 | 14| 16 | 42
1991 | 13| 1.8 | 24 | 2.7 | 26| 45 | 21 | 27 | 44| 34 | 22| 26 | 13| 17 | 16| 16 | 45
1992 | 1.7 | 22 | 21 | 27 | 26| 1.8 | 13 | 34 |56 34 | 19| 27 |21| 18 | 14| 12 | 56
1993 | 1 | 14 | 22 | 33 |23] 16 | 1.8 | 35 | 24| 35 |34 | 46 |[27| 17 | 14| 13 | 46
1994 | 14| 25 | 24 | 32 |35/ 27 |31 |42 | 4| 3 [21| 36 |[17| 16 | 15| 13 | 42
1995 | 09| 12 | 23 | 26 [23] 15|31 | 3 |38 37 | 33| 23 [22| 17 |15 1 3.8
1996 | 1 | 13 | 16 | 23 |27/ 18 | 23 | 4 |31 31 |27 | 28 [21| 18 |16 | 14 4
1997 | 16| 1.1 | 29 | 31 33| 24 | 27 | 38 |47 35 [ 26| 23 |[17| 16 | 13| 12 | 47
1998 | 15| 1.1 | 18 | 35 |37 32 | 37 | 28 | 49| 41 |26 | 23 |[16| 14 | 13| 12 | 49
Max | 18| 25 | 29 | 35 |39 45 | 39 | 51 |92 6 |48 | 47 |27| 21 | 18 | 17 | 92
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gE e
steady-state spectrum wave model
2§52 2.9
(regular wave)
A 39 1 18.8 kmx20.0 km
A4% %9 | A% 24 20m $3EA
A 2 4= 0 940%1,000 = 940,000
A AL} 33l (m)| 7] (sec) 3} gF H| 31
Casel 9.38 14.43 S -
Case2 13.44 16.79 SSE -
Case3 9.38 14.43 S wind speed=30m/sec
Case4 13.44 16.79 SSE wind speed=30m/sec
18.8km

Boussinesq wave

model area

AFE Al

Extended mild-slope
wave model area

T 02‘-' [T

0z

T
T
s

AT

Steady state spectral |-

on

T

energy wave model

area

Fig. 3.6 Location of Sinhyang Harbor, Sachun Bay,
Korea and limit of open boundaries for model input
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Fig. 3.7 Water depth of steady state spectral energy
wave model

Aol A, ~HEZ et R do] A= Hasselmann et al.(1973)o] A|¢td =

A AFES ALdT 2Aedd U iR S AR AL Ahed

o olEaE sl W A Al s FAsE AuA FHrE AN

pus

At=——""— (3.1)
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Fig. 3.10 Grid of steady state spectral energy wave

model
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Table 3.7 Incident wave condition of extended mild-slope wave model

Menu contents

extended mild-slope wave model

Calculation model )
(irregular wave)

Calculation area : 3.3 kmx2.0 km
element interval : 5m ~ 10m
node number 129,967
element number : 58,484

H=2.698m, T=14.43sec, wave direction=S12°E
H=3.898m, T=16.79sec, wave direction=S15°E

Element

Incident wave condition

HEALE o] A 82 Table 372 Aeld FvHAAZIE 3 Goda ol &0 Y 7Zst

of AYPTx= 095 Arkafet 0.20, TTPY AFAl & 0500 = A &5t 3t}

i
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Water depth
16.5

13.5

Fig. 3.11 Water depth of Extended

mild-slope wave model area

Table 3.8 Applied reflection coefficient

N’- ]/
formation %4 6/, = ('\ g Reflection coefficient

Wall(Crest on SWL) 07 ~ 1.0
Wall(Crest under SWL) 05 ~ 0.7
Rubble(1:273 slope) 03 ~ 06
heteromorphy bloke 03 ~ 05
Natural coastal 0.05 ~ 0.2
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Table 3.9 Incident wave condition of Boussinesq wave model

menu contents
Calculation steady-state spectrum wave model
model (irregular wave)

Calculation area : 1.0 kmx1.0 km

Grid Grid interval : 2mX2m, Grid number : 500x500 = 250,000
Wave height(m) | Wave period(sec) Wave direction
Incident
2.25 16.79 S15°E
wave
1.67 14.43 S12°E
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Table 4.10 Result of wave height calculation by spectral energy wave

model

S(m) SSE(m) windS(m) windSSE(m)
Al 7.07 6.48 8.53 8.3
A2 6.94 6.1 8.33 7.91
A3 5.72 5.54 7.34 7.39
A4 412 4.76 5.83 6.68
A5 343 4.24 512 6.15
A6 3.02 3.89 4.69 5.75
A7 2.75 3.67 4.39 5.47
A8 2.48 3.27 3.01 473
A9 2.02 2.16 2.7 3.83
A10 1.66 1.69 2.48 3.32
All 1.32 1.38 2.07 2.66
B1 1.39 1.36 2.23 2.84
B2 2.11 2.23 2.77 3.94
B3 2.43 277 2.88 4.27
B4 2.51 3.01 2.85 4.28
B5 2.44 3.05 2.76 4.16

B1~B5
2.176 2.484 2.698 3.898
Average
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Table 4.11 Result for the input of nearshore model by steady state
spectrum energy wave model

Simulation result

(Steady state spectrum energy wave model)

Wave direction
Wave period Wave direction

(sec) °)

Wave height (m)

S 2.176 14.43 SI11°E

SSE 2.484 16.79 S16°E
S+Wind(z &) 2.698 14.43 S12°E
SSE+Wind (i &) 3.898 16.79 SI15°E
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Table 4.12 The result of simulation by extended mild-slope wave
model

S15°E(m) S12°E(m)
Cl 1.36 1.04
C2 1.31 0.96
C3 1.35 0.85
C4 | B2 0.61
C5 1.45 0.64
C6 1.07 0.9
C7 0.24 0.19
C8 0.52 0.41
C9 0.77 0.53

Calculated model input for inner domain

D1 3.38 2.68
D2 2.79 1.94
D3 2.43 1.79
D4 1.97 1.54
D5 1.65 1.24
D6 1.26 0.82
D1~D6 Average 2.24 1.66

_58_



Fig. 4.29 FE mesh and comparison point of extended mild-slope wave
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Fig. 4.47 Surface elevation of model wave S12°E

Fig. 4.48 Surface elevation of model wave S15°E
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Table 4.13 Observation data for pressure and wind speed at Sorido,

Yeosu
best track of YANNI (9809)
TIME Latitude Longitude Wind
GRADE Pressure(hPa)

(UTC) (°N) ('E) (kt)
1998-09-26-12 2 204 1261 1002 0
1998-09-26-18 2 204 1260 1002 0
1998-09-27-00 2 208 1251 1002 0
1998-09-27-06 2 206 1229 1002 0
1998-09-27-12 2 216 1234 1002 0
1998-09-27-18 2 225 1222 1000 0
1998-09-28-00 3 230 1222 998 35
1998-09-28-03 3 234 1222 996 35
1998-09-28-06 3 238 1221 992 40
1998-09-28-09 3 241 1223 990 40
1998-09-28-12 3 244 1224 985 45
1998-09-28-15 3 248 1226 985 45
1998-09-28-18 4 252 1228 980 50
1998-09-28-21 4 255 1230 980 50
1998-09-29-00 4 259 1233 975 50
1998-09-29-03 4 265 1239 975 55
1998-09-29-06 4 271 1243 970 60
1998-09-29-09 4 279 1249 970 60
1998-09-29-12 5 287 1256 965 65
1998-09-29-18 4 309 1267 970 60
1998-09-30-00 4 330 1272 975 55
1998-09-30-03 4 342 1272 975 55
1998-09-30-06 4 346 1270 980 50
1998-09-30-09 6 346 1271 990 0
1998-09-30-12 6 346 1272 994 0
1998-09-30-18 6 346 1274 996 0
1998-10-01-00 6 339 1278 998 0
1998-10-01-06 6 334 1284 1000 0
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Table 4.14 Observation wave height at Sorido, Yeosu

best track of YANNI (9809)

TIME
Hs Hmax H1/10 H1/3 Hmean

(UTC)
1998093000 1.53 1.87 1.69 1.36 0.88
1998093003 2.16 3.09 2.38 1.88 1.26
1998093006 2 3.17 2.23 1.73 1.13
1998093009 2.1 2.66 2.3 1.94 1.27
1998093012 6.82 8.05 6.47 5.59 4.02
1998093015 5.37 7.46 5.63 4.58 3.16
1998093018 3.99 5.94 3.95 3.09 2.05
1998093021 2.81 3.74 3.02 2.33 1.61
1998100100 1.47 1.88 1.42 1.17 0.81
1998100103 1.36 1.54 1.34 1.11 0.76
1998100106 1.16 1.35 1.2 1 0.64
1998100109 1.05 1.19 1.01 0.86 0.6
1998100112 0.96 1.13 1 0.65 0.56
1998100115 0.79 1.04 0.84 0.51 0.45
1998100118 0.6 0.75 0.62 0.3 0.33
1998100121 0.36 0.67 0.38 0.3 0.2

_77_



;AT!
&
o
=

, 3467 12800 #1#1] 2002'd o F2td

<

067126 A A+¥

A9 A =R P I Boussinesq

ek e o

=3
1=

=& vharghol

I dof] A

1

ol

oo

el
<

veel

jontd

=y

L
;00

<

—

9]

4] Boussinesq 3}

H]

0.5m~0.9me°] ¥

v =
“

0.5m~1.5m7H4 & et YANNI

A Fo3a 6.7m 9 <

zl

=y

2 vj 5}

-
L

-
L

Boussinesq 3

stk

2} 5 ¢
Boussinesq 3}

=
=

16.8me} ¥
o} =i} &

o
.

A2 o2 2m W2 9

9%

A FE Aol A

Im~15m W&o 3

(o)
T

ol

e
o)
o
=

a%)
i
3

Th
o

)
=
pul
o)

—

T

iy

ol
L

)

_78_



Significant wave height(m)
I

T T T T T
0 2000 4000 6000 8000
Time step

Fig. 458 Observation data (2002, 1 year)

5
J Significant wave heihgt(C1
Boussinesq S15E
4— Boussinesq S12E
- - - - Mild-slope S15E
T - -~ - Mild-slope S12E
3 N TR L N — - -Spectral energy SSE -

— -~ Spectral energy S

Wave height (m)

Time step
Fig. 459 Compare Boussinesq, mild-slope, spectral energy equation

model for significant wave height Plot at C1

_79_



Wave height (m)

Fig. 4.60 Compare Boussinesq, mild-slope, spectral energy equation model

Wave height (m)

Fig. 4.61 Compare Boussinesq, mild-slope, spectral energy equation model

Significant wave heihgt(C2
Boussinesq S15E
Boussinesq S12E

- - - - Mild-slope S15E

- - - - Mild-slope S12E

- Spectral energy SSE
Spectral energy S

Time step

for significant wave height Plot at C2

5
i Significant wave heihgt(C3
Boussinesq S15E
4— Boussinesq S12E
- - - - Mild-slope S15E
7 - - - - Mild-slope S12E
T — - -Spectral energy SSE
Spectral energy S
2 —
0 T T I . I
400 800 1200 1600

Time step

for significant wave height Plot at C3

_80_




i Significant wave heihgt(C4
Boussinesq S15E B
4— Boussinesq S12E

— - - - - Mild-slope S15E

E -~~~ Mild-slope S12E

N—r

= 3 — - -Spectral energy SSE -

2 34

=) L e e e e e e e e e e e e Spectral energy S -

q_) -

<

()

>

z

Time step
Fig. 4.62 Compare Boussinesq, mild-slope, spectral energy equation model

for significant wave height Plot at C4

i Significant wave heihgt(C5

Boussinesq S15E

Boussinesq S12E

- - - - Mild-slope S15E

7 - - - - Mild-slope S12E

— - -Spectral energy SSE -
Spectral energy S

Wave height (m)

Time step
Fig. 4.63 Compare Boussinesq, mild-slope, spectral energy equation model

for significant wave height Plot at C5

_81_



Wave height (m)

i Significant wave heihgt(C6
Boussinesq S15E
Boussinesq S12E

- - - - Mild-slope S15E

7 - - - - Mild-slope S12E

— - -Spectral energy SSE
Spectral energy S

Time step

Fig. 4.64 Compare Boussinesq, mild-slope, spectral energy equation model

for significant wave height Plot at C6

Wave height (m)

i Significant wave heihgt(C7

Boussinesq S15E

Boussinesq S12E

- - - - Mild-slope S15E

7 - - - - Mild-slope S12E

— - -Spectral energy SSE
Spectral energy S

Time step

Fig. 4.65 Compare Boussinesq, mild—-slope, spectral energy equation model

for significant wave height Plot at C7

_82_



5
i Significant wave heihgt(C8
Boussinesq S15E B
4 Boussinesq S12E
— - - - - Mild-slope S15E
£ 1 - - -~ Mild-slope S12E
= o3 — - -Spectral energy SSE -
2 34
=2 Spectral energy S
q_) -
e
3 S
> 2 .
=
1 —ffdﬁ/\d
0 T I T I T I
400 800 1200 1600

Time step
Fig. 4.66 Compare Boussinesq, mild-slope, spectral energy equation model

for significant wave height Plot at C8

i Significant wave heihgt(C9

Boussinesq S15E

Boussinesq S12E

- - - - Mild-slope S15E

7 - - - - Mild-slope S12E

— - -Spectral energy SSE -
Spectral energy S

Wave height (m)

Time step

Fig. 4.67 Compare Boussinesq, mild-slope, spectral energy equation model

for significant wave height Plot at C9

_83_



A5 A&

Y v
B :
B = o wl k2 i
i T ° B uw .
— X : ‘..ﬂ ]
2 ) B m # WM s
c < s o = o] E w Ao = W
5 wL = i mw X 7 Mo (=) g2
= i A — e NG . :
s %o w2 K o ne z % = 3
M = o9 = w = = 5 o - B R
o " ™ ~ T o .
Lt 1n_r1m < = ° NS in < . <
2 M W = & XN ™ i = X g 7
GO Lo T A @wrﬂné . A ﬂr%%
; : zf e 0 e = B m * M i
1_/A_| ,rlIl ﬂﬁ L.O AT W M »Aﬂ Z‘t Jh._v! O?._ 4 Z.L \WO” ,m_wo OH
O _ _
N o » i o 0 M_ P ok
o - - ’ % %o iy o I <0 o
;oo O Mu_._v : 5 ) ,UF O_ _ﬂ_ G ,UI e wo ,AL
— ~o Z.E —_ ﬂ.OI ‘m.,A ﬂo ﬂL ’ X
X X ﬂn_ﬂ : : X - X ° o#a < ~
— R E X wn OxR OE g =
o on 5o o o : ,A
- i Tor ~ - ) g < =
=K X0 N = oy = M X a pK S o P :
: c s ® o - do wn Mo el S oo B < g
T X o Br X X 3 = 8 ) o ;
T :
=~ ﬂo -— X T R o) Ky % m_ﬂ E
0 e N b3 o° OE 7 Wk 3 - S :
it = hjo, +=u kg
o s o <0 ) ~ L @ Lo Tr
= . of ﬂr = h ) BTN o Wo M o i zo o
o? T < T o T Gt _nw i) moE Y g
T g - = ™ ) : . .
M;MOILE&Q&Q%m;Twa%mrtwr
r % © = < W = ) = @ P . 5 .
P Ty D + B K| ; ¥ .  :
3 : 2 5 ? = e o B @ Y 5 w o
== - o ,A,._ A o) — - 1um.o = ‘_IrH i .
r T Lo o T Ko 5 & T <
: MM On_ bL - o J U —_ ﬂa XE NE
o = w T ) T o T W o o o
, : ; ik T ¥ o O Gk n a3 o P
s K o T ) W_l — # o & <! i 7 ;
R0 e w TN ® o v % g : : :
G oy O do T b 4w s .
z L T o W o T
T e X T o = T R o
7o ) oo X = B v = i 5 -
S oo W S i :
: 2350 s § 2 g
7o we T = = 3
TE & ~
) ¢
Nlo

of u

2|

o:
o

[e]

¥ S15°E

x =] T
J o= T

=13

A5 Ao

S12°E ¢}
o}
1 3.898m, 7] 16
79sec, 3}
- 84 -

oF

bt

°©

2 A g

2.698m,
, 771 14.43
43sec, I}
of A A

==
fLN



=K

-

_ﬂo

~
o

H

o

o

ol

tel A

G

% g
b,

=

=

[¢]

Q.

[¢]

A
ARl GF A 1998) ol A

o 4 o] ]

=

F Al 9=+ Chezy number

=

A
JONSWAP Spectrum

A4 uh

S

ol

=z

=K

_5 r
%
Tio
w
=0
o

=

=

YANNIS

3T
o

n

N
o
\.:_Vd
=y

<

, 34.67 128.00 # =19 20021 d o F4ke

}] Boussinesq ¥}% &
o}

9

Q

[¢}

52H, 067126 A A
o]

1.5m7} A4t 5]

=

=

e

1
i

o] Al <ol A

P A= A s

°

Al
oA A Hth

L
o~

=

=

A WA

=

A~HEH
H E

AREAI L A Y o

chenga

s

et

Ftol A shake] 3 do] vy A
[e3]

2 5]

1

=]
=

3 A =}

A RE

ol
5

)

)

hSS

i~

el
;OO

T
OO

o

oL A skA

ox
~
R
—
o

[anre

!

el
Y

_85_



—_—

)
=

iy
BT

ﬂo

ol

Tio
ey

Br

~
Nfo
)

do

oy

o

B

Tio
ey

<

vzel

=0

T
F
11_.0
o

T

il ekl ol st

7!
=

el
~X
Y

o
o

~a

T

¢
i

el
o

I

)

—~
o

o

K

J)

o

el
o
=

p—

o
N

—i

_Zﬁ

T
B

N

jase]

B

ﬂ

el
TR
oo
N
el
o
)

N

]
ol

jate]

B
o
.
|

i
o

3. Boussinesq " #%

3)

H]

B} wdloj
LFER Y] o] 5 7]

% §-o]

9]
e 7z

IAv 2 5

K

o

B
=)
A

:AL

al

A =4, 34,

of H]

3

e

=]
uf] &

=
=

Al 7ol

=K

o2 717 9]

4.

|

i
o

o

e

el
o
<
<

¢+
o}

0

_86_



Z 31

&

rlg

FAE, A7 (2005), “ElFEA] Aokaiol Aol MA T HYAA" T
A Fastrl =gl w5 sEdlI], phlrv.

AE, olEA (2007), “Pite] @ FEWAIES i ulolAel e
s do] ek A7 gt - eI A, Al 1979 A535, pp. 502~510.

FIAFATY (2000), ‘B HF BEAE G,
S (2007), “H b F B BA,
PSR (2007), “HT AAAE",

S PR (1998), “o) 4o FBS W AL
SFFALR (2002, “SAFTFRE D 2V

Battjes, J. A. (1982), "A case study of wave height variations due to

currents in a tidal entrance,” Coast. Engrg. 6, 47-57.

Battjes, J. A. and Janssen, J. P. F. M. (1978), "Energy loss and set-up due
to breaking of random waves.” Proc. 16th Coast. Engrg. Conf., ASCE,
569-587.

Berkhoff, J. C. W. (1972), “Computation of Combined Refraction -
Diffraction,” Proc. 13th International Coastal Engineering Conference,

741-790.

_87_



Chen, H. S. (1986), “Effects of Bottom Friction & Boundary Absorption on
Water Wave Scattering, Applied” Ocean Research, 8, 99-104.

Dally, W. R.,, Dean R. G., and Dalrymple R. A. (1985), “Wave Height
Variation across beaches of arbitrary profile”, J. Geophys. Research, 90,
1917-1927.

Dalrymple, R. A., Kirby, J. T., and Hwang, P. A. (1984), “Wave Diffraction
due to areas of high energy dissipation”, ]J. Waterway, Port, Coastal and
Ocean Eng., 110, 67-79.

Demirbilek, Z. (1994), “Comparison Between REFDIFS and CERC Shoal
Laboratory Study”, Unpublished Report, Waterways Exp. Station,
Vicksburg, MS, p.53.

Jonsson, 1. G. (1990), "Wave-current interactions.” The sea. Vol. 9, Part A,
B. LeMehaute and D. M. Hanes, ed., John Wiley & Sons, Inc.,, New York.
References 65.

Madsen, 0.S. (1976), “Wave Climate of the Continental Margin: Elements
of its Mathematical Description, Marine Sediment Transport and
Environmental Management” (eds. D. Stanley and D.J.P. Swift), John
Wiley, New York, 65-87.

Madsen, P.A. and Sgrensen, O.R., (1992), “A New Form of the Boussinesq
Equations with Improved Linear Dispersion Characteristics”, Part 2: A

Slowly-varying Bathymetry. Coastal Eng., 18. 183-204.

Mei, C. C. (1983), “The Applied Dynamics of Ocean Surface Waves”, John
Wiley, New York.

Mei, C. C. (1989), “The applied dynamics of ocean surface waves.” World
Scientific Publishing, Singapore.

_88_



Miche, M. (1951), "Le pouvoir reflechissant des ouvrages maritimes
exposes a 1’ action de la houle.” Annals des Ponts et Chaussess, 121e
Annee, 285-319 (translated by Lincoln and Chevron, University of
California, Berkeley, Wave Research Laboratory, Series 3, Issue 363, June
1954).

Resio, D. T. (1987), "Shallow-water waves. I: Theory,” J. Waterway., Port,
Coast., and Oc. Engrg., ASCE, 113(3), 264-281.

Resio, D. T. (1988a), "Shallow-water waves. II: Data comparisons,”
J Waterway., Port, Coast., and Oc. Engrg., ASCE, 114(1), 50-65.

Resio, D. T. (1988b), "A steady-state wave model for coastal applications”
Proc. 21st Coast. Engrg. Conf., ASCE, 929-940.

Resio, D. T. and Perrie, W. (1989), "Implications of an f-4 equilibrium
range for wind-generated waves,” J. Phys. Oceanography 19, 193-204.

Sgrensen, O.R., Schiffer, H.A, and Segrensen,. L.S. (2004), "Boussinesq-type

modeling using an unstructured finite element technique”, Coastal Eng., 50,
181-198.

_89_



	제1장 서론
	1.1 연구의 배경
	1.2 연구의 내용 및 범위

	제2장 파랑 해석의 기본 이론
	2.1 심해역 파랑해석
	2.1.1 기본 방정식
	2.1.2 회절
	2.1.3 쇄파 및 바람

	2.2 중간역 파랑해석
	2.2.1 기본방정식
	2.2.2 경계조건
	2.2.3 운동학적 파라메타

	2.3 해안 및 항만내 파랑해석
	2.3.1 기본방정식
	2.3.2 쇄파
	2.3.3 해저 마찰



	제3장 수치모델의 구성 및 검증
	3.1 대상영역의 특성
	3.1.1 지리적 특성
	3.1.2 기상 특성
	3.1.3 파랑 특성

	3.2 심해역 파랑해석
	3.3 중간역 파랑해석
	3.4 해안 및 항만역 파랑해석
	3.4.1 모델의 검증
	3.4.2 해안 및 항만내 모델의 구성



	제4장 실험 결과 및 분석
	4.1 심해역 파랑해석
	4.2 중간역 파랑해석
	4.3 해안 및 항만역 파랑해석

	제5장 결론
	참고문헌

