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Response Analysis of the Slit Type Coastal

Structures under Waves and Currents

SANG-GIL PARK

Department of Civil and Environmental Engineering
Graduate School of Korea Maritime University

Abstract

Redevelopment of the domestic small fishing ports is being started in earnest
by applyving the environmentally friendly technology in order to attract
tourists. For the purpose of improving water quality in the harbor, selection
of breakwater type might have the priority to secure calmness and stability
and to enhance circulation to the coastal and harbor areas. Therefore, from
this study, the hydraulic characteristics of reflective and transmission rates
with the installation efficiency and stability of the cylindrical slit type of
blocks were analyzed through the hydraulic model experiment. These results
were introduced to the numerical analysis for the prediction of wave
transformation and water circulation in and out of the structure planned. Two
small fishing ports in southern Korea, are affected by the waves of SE
through SSW directions and weak tidal currents. The results from the slit
type block breakwater compared with those from the rubble mound and
curtain wall breakwaters to show the effectiveness of harbor calmness and
water circulation. Considering that weak tidal current at the selected areas,
the pass rate of a long period wave seems to be still excellent. It was found
through this study that the primary objective of wave control and the
secondary objective of improving water exchange by the cylindrical slit type

coastal structure are satisfied simultaneously.
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Fig. 1.1 Rubble mound, slit type, and curtain wall breakwaters considered
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Fig. 2.2 Prototype model setup



Fig. 2.3 Alternative unit block design(1/40)

Fig. 2.4 Alternative model setup



272G} SEEYoA e F3ko] WA B Ag= 44 Tig.
259 Fig. 2601 Aglg niel vt 27| RP AP A= wAAF7E 033~
0.68, FaAF= 019~048S YERHSAL, SEEFLAPNM = WAASIT
041~0.67, F33A T+ 023~0.66S 7] =3}

- 0.7
@
E 06 § L4
g .
i .
£ 04 4
& 8 O
; 0.3 e} o P
E 0.2 8 g o OKt
3
T 01
o
0 T
0 05 1 15 2 2.5 3
Incident wave height(H;;; m)

Fig. 2.5 Comparison of reflection and transmission rates from prototype experiment

0.7
3 @) @ ®
806 (0, o $ woe °
AR T S
§ 05 DgevwenM NV,
E o o) Co” o
g 04 & 8 8 0 @)
o3 8 80 o %o QQOOO
Cf O 8 o) @ O 4G
5 02 8 e o P @ okt
=
@
= 01
* 0

0 1 2 3 4 5 6 7
Incident wave height(Hy;5 m)

Fig. 2.6 Comparison of reflection and transmission rates from alternative experiment

_10_



ojy

i

-

A =l

A A

s

S

tol Fig. 273 Fig. 2.8 A#

3ls
Y ©

= ==
= &)

23}

J

44

A e

il

b

ar
LHER ST

e,
5

3

=

A

-

}

A (Fig. 2.7)°1A

=
-

AEET

0]
H

A3} (Fig. 2.8)8 »H F7]

=
-

71l

Nlo

q0 2 WA 4 (K)= 053, A9 (K)E 0362 45t

o

)l
Tox
o
it
=
puit

ol

B

i

H

=

%

o

i

KR

el

_11_



0.7

0.6

0.5
w
ﬂl
o
c
(<]
- ® Prototype Kr
E O Prototype Kt
m
'n_a M Alternative Kr
.E 0.3 O Alternative Kt
i
Al
K]
4

0.2

0.1

0 T T T T T T
0 1 2 3 4 o 6 7

Incident wave height(H, /5, m)

Fig. 2.7 Reflection and transmission rates for incident wave height

0.7
e o O O
|
= m
-l\'_i; - n|

0.5 A i
g 0
Il
= O
S B
¥ oma &
‘E @ Prototype Kr
E O Prototype Kt
-
o3 W Alternative Kr
= 0.3 4
2 O Alternative Kt
3
]
x

0.2 4

0.1 4

0 T T T T T T T

2 4 6 8 10 12 14 16 18

Incident wave period(T 5, sec)

Fig. 2.8 Reflection and transmission rates for incident wave period

_12_




23 &
3 &9 %
3 A
S CR LT

Mo
— N
R
B g %R
Ho o) % w o - TR
o o K <
o° = o me h@ _— ) ~ B =
. X ~ < e P i =
. 5 S - S
e . e 1
,aLﬁAio%zm _,Holﬂm @1
0 Ho ol < = bl 2, . T
©2 vT WWL?W Mo
= B _ B ol F
g w B 2 3 STy 2y = s mm L )
Iy ne 1o° o] W T B s b =
W o O B B og z
1o° E mx | X MM = ) T 3 o H_Alo _ﬂe ﬂwo
e url = N TH Mo E el T o
ie 5 2 o = o ie RO = = W T Jlo
B oH = T3 rE A& o X = T
T WMmo?wmz %mo%wo >
1rU ﬂWO M«% 1o o% — = = 4 3 | MIM o
#° — o B © g o —_
) gﬂ.yle ) E. o oﬁ_ mm — % O o n N
= - T om T AN 4 ®
i mm u% ww = mur % m A X o e
: . . 0 T ) v
g = O K = 3 | g < o
< 5 o X o = X s 1
wo o 10_.B T 3 63 mo O < il 'y r ol qmﬁ”
L % 8 ) ) gy =) I r M
M ] N £} N ~ . A 2 LY
s T oy P 0 G B Y E G & Lo
L ~ o ) & 3 : - ae
% mo mwua JHW_M 0 L0 o ™ Y ‘D|J =y w \o| M_v. N
. ) X %0 g ™ B % mﬂ\ o = ,WAI WM o
) i "y = = it w o= 5z T N
%ﬂmﬂ %Hééﬂwgimwl B T
A o w = o T ! G o o Ho
I i~ olJ M _ ™ Mo o\ T =
amaﬂvugﬂmgoq .
R - N Hnr_ﬂ N X No A ° % cCY
i < & IS g
& T S % o T
o) T ﬂ M <0
o T B o
1o° ﬂ_OI ﬂﬂ 5 X )
o — it —
N (i%s)
%0

2]
2

57k Al

un

- O

i% Oﬂ o

=

A

)

H}
[e}

[}

- 13 -

i =
=

59
o} (Fig. 2.13)

5

SR
=



Fig. 2.9 Optimum slit design to real field application (Seoli harbor)

Fig. 2.10 Optimum slit design to real field application (Chojun harbor)
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Fig. 2.11 Optimum slit design to real field application (Honghyun harbor)

Fig. 2.12 Comparison of wave overtopping at the typhoon
"dianmu” for the slit type and rubble mound breakwater
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Fig. 2.13 Underwater snap shot wear the slit type breakwater
at chojun harbor(breakwater functions as a fish-breeding
ground)
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4 HA(shoaling), W&l &g AL = Aok - dkAK(blocking and
reflection), X @3 Frol| st 3 (diffraction)e] o}, Hgk Z A2 njgho] 2
st el x] A, wisho] o sk spapeu]x] gt 4 Fae] mE o
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7} 9= (intrinsic  angular frequency)©] aL,

o

o 7] 4,
(absolute angular frequency) w} t}

I 2L #AZE v

o
I

(3.2)

(3.3)

-

obef o 2t}

— -
-

(3.4)

+ U]}

Ukz:
k?

2kd
+ sinh2kd

(3.5)

(3.6)
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=T T Eladom K am (3.7)

AN, s me 77} 2F3FH (wave ray)@ T3 o

N

7}o gq_

1o

=4
(ld

o

(source and dissipation)2 Y e, o]i=
NE Az g 9%k oy x Ags FEsu)

S= Sm + Sds+ S

3.1.2 nhgol 9% oy

AR wEde 48

O

]_

2

s, Ahgkel ol she) Mg e Thew 2

S, (0,0)= A+ BE(0,0) (3.9)

A7, Az Agae] Ade onstH, BE= o] A4 Aotk
ahghell o gk sho] Ny g ALsE AE Phillips(1957)° 9 F317

1.

A0 2, Pierson-Moskowitz(PM) =3} HU} v # G230 2]

_—

7] 93te] Cavaleri and Malanotte-Rizzoli(1981)¢] 2]& Al&
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1.2 P,
210G Pu

A=

{Umax 0, cos (0—6,, }4H (3.10)

ey _013
H= e ( ) O = 28U92 (311)

wdo] ALy = vk (friction velocity):® Ue-3 Zo] Aol Ht)

(3.12)
2 A 7 (drag

A7IA, FE Ups WA 10me F5olH, Cpe vz
=

coefficient)

1.2875 < 10~ * for U,,< 7.5 m/s
Cp(Uo) = (0.840.06 U,,)x10 * for U= 7.5 m/s (3.13)

0, E3F, H= BY, opy= Pierson-Moskowitzol] whe <47

2 El (fully developed sea state)ol A2 % F35(peak frequency)®]t}.

Komen et al.(1984)¢] 218 Snyder et al.(1981)¢] 2o &+AE Fa glom
vs 2oz yebd ¢ 9l

B= 0.25p—max 0, — cos(0—0,)—1|o (3.14)

o 71A, e 4% (phase speed), p, & p, = 27 7]} FGe
th o] 28 WAM EPoA AL = 2o % Janssen(1991) A A=
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wute} sluie] xwol ofF npdy share] FEAES ielste] eyt 2ol

P U*2
B= [—max —c0s>(0— 6, o (3.15)
&

w

0,

oA71A, = Miles FFEA FA4L AALNE A3l g Hoz A
g

B= LSA ‘A forA=1 (3.16)
K

6=0 for A>1
gz € | KC

A= o— | |Uscos (0—6,,)] (3.17)

714, ki= von Karman 24 0418 FH3H, 2. & W {3 2%

o
oJtt.

z+tz,—2z,
Uz)= ln[i} (3.18)

p= (3.19)
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A7NA, T & (total stress)olH, =& Zol= thLo AAXORE F

2},

L U?

z,— «

(3.20)

3714, a = 0018, B S (wave stress)e A E 0 2 RE Aatg

.

N
—
T X —_

” pw/ /aBE(a,H)%dad@ (3.21)

SWAN R doA= 9ol A d5sh dde A3t z = 10 m FaolAe &5

ow
O .
Co= 8—23m(9) (3.23)
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Co0 =" 5 (3.24)

A7 A k= ol a n pakde] Azbel WA e o]t}

&3 Zol eikonal A 2S A&3H
K =K(1+9) (3.25)

o171 0= Yt 2ol FoH= FdAgolr

i=—— (3.96)

—C,, (3.27)

714 5= iTsolut
314 FxEo o@ e Ag 2 W

wowdo) sgoux el dgy wAE Tds] 3 WoeR i 2
of A3t TxE 9T whAbE o UHA W o R gdEY. A= A
WA} (specular reflection) & WrARZbo] QAbzbat EQdsiviar sFA g = oA

A= FAHdiffuse) ¥ EiH(scattered) VAR WRAYZRol @) Abzbyt A 2] EFX]| =
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or=th Sabd WAk Wb smAbele) Yo Wejm AR
Fo) Age TERES AR MY, AYAS K= Rud sderiy

TZ2E AR A o) tHGoda et al., 1967).

S<a-p W)

13

20 | 1T for—f—a<

13

oz

AVNA, F=h—d= WAL il He YA, he 7= ¥,
d+= BiEd, a9 g TEE G

AF-& 3o (Seelig, 1979).

bo] e AFE 712402 263 0153

3.15 Aol 9@ QU 2

Ao ok oA A4ke AW whE(bottom friction), A W -E-& (bottom
motion), 3 F(percolation) B E5fF AFe] Atgh(bottom scattering) 5l
9] 3o} A3 (Shemdin et al, 1978), == T4 H K49 oyx &
2h2 FE2 wpbel] eo]she] WA gt

JONSWAP A gex ~HEQ g Bdo AN & & whz A4k o]
25 = (Hasselmann et al., 1973), o] 212 A3 g oz upzA 49
Aefo]l ARet A oy 2 53 Uy FFo di&iA F2 AHE F
Aoz <uA] gith

Hasselmann and Collins(1968)% &8 vwh#(drag friction)ol 7]&3te] AW
whzk AAke]l MlAME BEYEe A9 oW, Madsen et al.(1988)3
Weber(1991)= Bt 5348 off o] 2ol A% Y-S ekttt SWAN
o A= Weber(1991) ] 21& AR&ste] Awwvtzd A4ks Atk
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2
Syslo0)= —G T E(0,0) (3.20)

bottom” 2 . 19271 7
¢*sinh*kd

A7V, Gooe AHPEAGFTEA ThE 202 AHE= rms AW f&o

bottom “—

258 T,

2

2 o
s = E(0,0 )dodd 3.30
U'r'mb // 51nh2kd (U ) o ( )

Hol mao|= C . =0038 miec >& A}

bottom

JONSWAPo| A A-&5 A3
a59=d o e g usME ALd 2 9u) dwtA o Awul
Ads di Z7o 2E3X % Bouws and Komen(1983)e] Fifol &) A]
A3 Gy, = 0.067 m’sec & WO HO A HEI AOR Hal
UHLuo and Monbaliu, 1994). Collins(1972)2] &=v}z Z A= thg 4
A frEd

G

bottom

= wa 9 Uy (331)

o 7] A, ¢;,,= 0.0150] ™ (Collins,1972), Madsen et al.(1988)¢] <}34 =3
A= o As ARSgkT

thtonz = % f'wr urms (332)

01714, f..& Johnson(1966) &4 S 25 E F& = a9 vpzA o)),
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1

v

= my+ log,, (3.33)

a
+log,, 7\}

b
4 f’lU"' :|

o] 7] A, m; =—0.08(Johnson and Carlsen, 1976), ax= A™ F-ZFol|A FHAt
&

%52 ZZ(excursion amplitude), Ky AW el xxo|u}

a= 2// " E(c,0)dodd (3.34)
sinh“k

71X, a/Eyel 157 ¥k #FHow, 39 wAAS f,= 03002 It

(Johnson, 1980).
3.1.6 Ao og iz A4t

do)e] mEol A FAlol o)ste] WA= Mol ok i oA A4t
o] AibelE @ik(bore) E3o] A-8&2E 4 drH(Battjes and Janssen, 1978;
Thornton and Guza, 1983). 3} A4ke] A~ E=" B¥Y EA-S Battjes and
Beji(1992) ¢} Vincent et al.(1994)¢] A3 oz H¥ FHF33] 1
2 EGe] o= T FA Fe Aom Az ofd =A%

Eldeberky and Battjes (1995)= & A EZ | d]4
TE3 o, o]Ao] SWAN ReoA ALg5= a3 AAaF 2ot

ap @, o Hr?z E(0,0)
87T ‘Etot

Sds,br (0’9 ) = = (335)
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AN, api ABAFRA EA 108 LB QE GE Aoz AN
5 5gol ok
1-Q, E

no, - (3.36)

A7, o= BFuprRAl ofgf el o] Akl
o= E} / / %E(o,@)dad@ (3.37)

SWAN  ®dolA - Hudjsgal  H =~d& A, ¢  Adtels
Nelson(1987)2] 4]-& A}&3sio)

v = 0.55+0.88¢ “02*0 for 0<B<0.1 (3.38)

o171A, B siA el Aol
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o

A

A

oz

35}

re

A
vl

3l A

)

2 A POM(Princeton Ocean Model) 24 3
2% F=7F I AAFeRE AF

A

=

pais
2239 2 =(2-D Circulation)ol] <]

|2l zZ A 1

= Ak slew, SrielA

-

=]
=4

—_

4
o}

b

B =22 (Simans(1974), Madala and Piacsek(1977)2 <¢d % o] 7]

i

im N

of wE ATz AAHe] Atk

3.2.1 slfr& AmdA 4

™

0

Gl

2
SRS

oc=—10]4 o=0 7}%

#r=to] ),

z—n
H+n

oA7IA, a*=w, y*=y, 0

<
el
o

-

I o] o] ol

Ko
]

bol ot

S

B AARDE A

o
iz
N
o
<

fveel

el

(3.39)
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offl
o
oz
o
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rlo
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N
2
ML
o
v

aU 2 UV
UD+ oU D+ oUVD
at ox oy

— fVD+ gD~ DF,
ox v

oDU"*  oDU'V’
ox oy

D2 9 0 0 ,
—gp %/ fpdada
o
gD 8D/ / dada
Po

=—wu(0)+wu(—1)—

T T N2
8VD+ 8UVD+ 81; D

p” o +fVD+gDZ — DF,

oDU' V' oDV
oy

=—wv(0) +wo(—1)—
2 0 0
_9D i/ f pdo’ do
Py 0y
gD 8D/ f w4 dada

A71A, AAAE A £ L3 o] Foh
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0
(U2 UV, v'2):/ (U2, UV, V?)do (3.43)
—1

— 9 oUD. o oUD VD

D ;1;—5( MW)—Fa_y M(a—y o ) (3.44)

— 9 oVD. o aUD oVD

D 1/_a_y(2A]\1 o )‘f'% M(a—y Py ) (3.45)
322 g5 a4 B

Al Zbell LA R 2(340), (341)8) .82 38 A& 5= oo F A7 A8 5

o A3} o] A AT FEHEFES FH g FA A #BHEAA
Smagorinsky type diffusivity7} 5.t} @2 2 o]t (Smagorinsky, 1962; &k ]
A4, 1993).

oU

2 2 2
l(3—U+ﬂ) +(ﬂ) (3.46)
ox

+
2 Y

A= chAy\/ oy  ox
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2 A RdYoAE FHEs AAAATE Smagorinsky type diffusivity
of 44l AFow <3l HAF FIH(dispersion effect)ES i dle] AL&313C
o £ Wi i Al o obF FA Alee 2 ke ARSI Th

28]l AA}(staggered grid)dl €3t Arakawa C-gridE o] &

Y
>
-
o,
flo
pocs

st o, 712 WA AL flux-conservative form©o. & FA3FoIA WA S

2aeket w A oux| e HEo| {9319a, AEs WHoRE f3HA
2 (Finite Volume Method)& AM&dto=x Ay Ry nFEo] 2 H
AT £ AALE wrssHow 3 23S CS(Centered Space)H ©.

)

2 84 8tsaL, Aol th3lel= leapfrog schemes ARE3FSITh 5 WA

g9 ol

ri
o%
flo

o] olRFgL CSHom FHMaga, =A 1
BS(Backward Space)® 2.2 &4 3} 31t}

A7 m) e x}E3FEk=1] three-time level scheme$l leapfrog scheme
& o] 83 Coriolisge A=t 72 3x% 2} time stepvFt} physical
mode®} computational modeE XS T time-step splittinge] A7k
(Roache, 1972). Time-step splitting ©. & 213+ E<FA A (instability)S A 7 3}
7] #18l Euler- backward scheme(Blumberg, 1977, Wang and Kravitz,
1980)°] Y} weak time filter(Asselin, 1972; Blumberg and Mellor, 1987)& 4|
£3tH(Park and Kuo, 1993). ¥ ZElgo| Ao 4% &= 2z} time step(n)v}

o} o}l 2(Asselin, 1972)& o]&3e] 28l (smooth) Lt}

S

"= Tﬂz+%(Tﬂz+1_2Tﬂl+ I’S‘"*l) (347)
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o 7] A,
T : unsmoothed numerical solution
T.: smoothed solution

a=0.05

A AER A8 g

o

BN
'T

£
Z271e e ZvH(Blumberg and Mellor, 1987).

Ay?

o 7] A,
C= 2VgH+ U,
U+ A0l SR S5

(i) D' '>D, and D'""'>D

c

or (i) D"\'< D and D"*'> D, and /"

or (iii) D"'>D,and D" < D, and 5"} —

_32_

2ol A Courant-Friedrichs-Lewy(CFL) 4% <4

(3.48)

A8 E 98 Flather and Heaps(1975)7} A|¢tgk =k
Aste] A48 rHPark and Oh, 1998). F

=EHATIL FEe fEHe o

O I~ O

(3.49)

n+1
771 1 > €

n+1
1;



! time step

n+1

ol
e

o

: Y Al(critical) 74 Zle] (0.1 m)

179 71&7] (0.05 m/cell)

Al{critical) 3

]
=

€

peae.

A 3]

Alcold start)o.= A

2~ o
T freol g

o

o}
B

Nd

—
o

H

Gy
o}

oF

o $4 AAWE A 2=

=
=

3
T

F Al4E o] &3k quadratic stress law

=1

i, AW v Manningd ©h

shach

AL

(3.50)

U+ ViU

T—= CD

—

Quadraticstress law:

BN
T

|

F A
: bottom layer thickness (

=1

: Manning 9] =}

n

Az

ek AA A M2, S2, K1, O1 #x9°] ¢

=
=

3

—
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(normalst &% AE2 Tl g9 i 5 AHAES Hdew

o

b o

™
ot

(advective term)3 =% <9} H(horizontal eddy viscosity term)S +A]3}aL
& WAAS Fof Ik MY AAe H3Htangential) = AR T
o] Rd 99 FEFYH WEE g s R g 2e o2 AHest
R, o] EEl g HRERY FE FE ues ofdff Al o -5t
ATt

A B R (3.51)

ot "oz,

ol 7] A,

U, - 7k AAe A 3Htangential) &% 4+

U, : 7 A l(normal) 3k &% /4

z, : W AAl 44 (hormal) @ # % (coordinate)
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}1tF. RNDLEE

& A3

[}

+ RNDLEEE?

R4

3} ),

o]%?'s

3.3.1 sl ag AugA 4

of =y A7} passive contaminant$l A Al 7F t+ At A AR}

it
;O#

(3.52)

X({t+At)=X({t)+ UAt +u-At

(3.52)01 A

Al
A

uw' At = Ro

(3.53)

o= /20, W (X(t),t) | -At

KT, =
=2 T

5}

o1 %

24 2(353)

PR

g

s
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Eiasg

HAQ A= AN Ao H 3ol

ok A

o

7t

LY

dlo

i} 78 Fokker-Plank A 2]

Lo, ulx=
o T = T 1

o
e

aC (9( UC) 3( VC) 9 Q(szaz C) aQ(DJ,’uC) 0 2(D1/1/C)
at T oy oz ox 0y oy
oD__ oD D_ sh D._. sh
o T Ty zz ON zy O
Usut st b s (3.55)
oD oD D, oh D, oh
_ vy Ty y O zy 0N
V=ut oy L oy T e (3.56)
D, =D, cos 26 + DTSin20 (3.57)
D, =D, sin’0+ D, cos’6 (3.58)
D,, = (D, — Dy) sinf <cosf (3.59)

71X, §=atan (v/u) , D, R Dy & 247t E58F] TEAH

)

T o=
o] FAFAAFEA 2(3.60)3 2T
D, =a; | u(z (@t),t) | (3.60)

1714, apL ¢ E eI
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o}

bz

pelut.

G

(3.60)2 o] +

Fiol A A

2219 A

Ao 2 X Eldere=

i3

e

(3.61)

5.93h Ui

D, =

AT

BN
T

fsiz
=

SR A 2(3.62)8 #o] F

z

(3.62)

(3.63)

—18.0log (k / 12h )

C=

, kT 2EFolo|t),

i+

ZA

A7l C chezy9 A

Nlo
A}

o

2](3.52) 2l A]

(3.64)

R, (2D, | At)"?

’

Uy,

(3.65)

R,(2D,./ At)'?

’

Up =

o}
T}

(3.66)

0

’

0—wu, sin

’

’

u =1uy; cos

(3.67)

' 9+uT' cosf
- 37 -

’

UV =U; sin



3.3.2 Lagrange ) A5+2H

-

A FAFARFANA AR G JAA R e 2(368)%

Lagrange? 3l <

7ol upEh o) At}

(3.63)

A Fol FRE PREAE Agkol ARl wer el oI5kl AA

wepd, olE £

(3.69)

™, CODU BODZ& 24 Azl wel 1 wajwch
o FE Col BE Ae AXY AREL S Al eJste] 2(3,69)%
7ol upEh o) At}

9 49 s vent 2 Aed g2 ehlel A
Cct)= Q)exp(—At) = Q)exp(—t /to )

o174, G t=00119 Z7|sEola, ti= 1/AZA

o e R gashizE Aus A5 st

_38_
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21702 MAGAS] F me] A EA e 4 9tk
m(t+ At) = myexp(—\-At) = myexp(—t /t,) (3.71)

el AR whE FmaE AETD ke AR 3 A
mE Fake] 2369 2RE v C)E T 5

g, sEHAE TEhe E uUE A stues AG69E & C il
YAk T Noz A @B.72)8 Zol yetdar o] & AHE-gkste] e 4
(3.73)3% 2.

= AN (3.72)

NP =N" (1—)\At) (3.73)

A7NA, At AZERS QAAAAL N NE (1-xAL)7E 5 A(372)
3 ovlske] R B 2,

exp(—XAt) = (1—XAt) (3.74)

9] Ao XNAte] gteo]l 10 *AER Fow Ao dAgtt wEkA, HHFA

05, E2HA 1/V129 dAREE Z+= 14 [RN]S N7l S A [RNIF



E3e Aol dolAl AAA (i,5)0AY FE C .9 Axdge v
2l AN FA oz Nole QA wEes Aoz Y o 1771

1%
ARF Q= (3759 2ol Huk.

»

1000Q, At

Q,= 243,600 N, (9/ea) (3.75)

of® AR (i, el nylel §A7E FAA Fol Arka shrhd o A

o Ae) FECE A(3.76)3% 2ol Hr),

@

C,= mnn (mg/1) (3.76)
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ow FAAYS FAC.(As S A AN A WA (2005)) Table 4.2
= 713 AR 1976dFE 20059 7HX)(30d 3 #A=E o HUFTEHEARE

SAGELGQ Gumbel FELEGE o &3 A Y o mH Y

dslael e Hofat Ao TR Bode A aAd FRY
A AR 23 THHA AARG o Ade dUFNE FAHOR £
2ol & & AA TSI Fig. 489 2ol #9 HAHWYPEYS FIL

13kmx8kmz AA3P o, oo 3k AxAE 20m=E FASAY. AY
g rge] e 14kmxl.lkmz AR 0w, oo i AxAe

2m= A th.(Fig. 4.9)

Table 4.1 Incident wave condition for design wave

Direction Height(m) Period(sec) | Return Period | Grid Point
SE 11.39 15.43 50 vear
068126
SSE 12.40 16.35 50 vear
S 6.16 11.87 50 vear 067126

Table 4.2 Characteristics of wind

Direc 5 10 20 30 40 50 100 | Probability
tion | years | vears | vears | years | years | years | years model

SE | 1294 | 1634 | 1764 | 1896 | 1989 | 2062 | 2284 | Gumbel

SSE | 1439 | 1782 | 2111 | 2300 | 2433 | 2537 | 2855 | (Gumbel

S 1731 | 20056 | 2369 | 2548 | 26.74 | 2773 | 30.76 Gumbel
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Table 4.3 Cases of the numerical simulation for wave transformation

Case &

Case 1 Ae - WA AW AA a2
Case 2 N2 A AMA FE s FA
Case 3 o grul A AMA FH oI A

Fig. 4.8 Grid of wide area
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Fig. 4.10 Depth of study area
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Table 4.4 Specifications of wave gauge

Pressure Range 0 7 50m
Accuracy 0.01% FS
Repeatability 0.005% FS
Hysteresis 0.005% FS
Tide Resolution 0.05mm

Pressure Output

Every 0.5sec, continuous

Wave Resolution

0.1lcm

Table 4.5 Specifications of water velocity

Pressure Range

+0.01, 0.1, 0.3, 1, 2, 4m/s

Accuracy

+0.5 of measured value tlmm/s

Accustic frequency

10Mhz

Resolution

0.45dB

Dynamic range

60dB

Fig. 4.11 Observations of point
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Fig. 4.13 Observation of water velocity
- 50 -

200

(s/ww) Aypojaniaie

-150
-200




Table 4.6 Field observations of wave height & velocity

Himax T max Hl/ 10 Tl/ 10 Hl/ 3 Tl/ 3 Hmean | Tmean Depth

POt (m) | (see) | (m) | (seo) | (m) | (seo) | (m) | (sec) | (m)

1 036 | 720 | 030 | 711 | 024 | 712 | 016 | 7.22 | 946

2 027 | 712 | 023 | 714 | 019 | 704 | 012 | 713 | 872

3 014 | 750 | 012 | 762 | 0.09 | 759 | 006 | 675 | 347

velocity

(cn/s) Vx 4.5 Vy 6.83 v 9.95

°
N
)
X
o
0
iy
S
o
{14
&
32
\
5
o
o
o~
3

Table 4.7 Analysis of field observation and numerical simulation

Numerical simulation | Numerical simulation
Field Observation (Upright share (Slit type share
Point protection) protection)
Hys T H T H T

(m) (sec) (m) (sec) (m) (sec)

1 0.24 712 0.246 7.109 0.245 7112
2 0.19 7.04 0.190 6.858 0.190 6.857
3 0.09 7.59 0.098 7.786 0.096 7.7167
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Table 4.8 Incident wave condition for design wave

Direction Height(m) Period(sec) | Return Period | Grid Point
SE 10.83 13.99 50 year
072126
SSE 13.66 16.43 50 year
S 10.46 15.06 50 year 071126

_52_



Table 4.9 Characteristics of wind

Direc 5 10 20 30 40 50 100 Probability
tion | years | years | years | years | years | years | years model

SE | 10.43 | 12.18 | 13.86 | 14.83 | 15.51 | 16.04 | 17.66 | Gumbel

SSE | 9.46 | 10.88 | 12.25| 13.03 | 13.58 | 14.01 | 15.33 | Gumbel

S 9.16 | 10.58 | 11.94 | 12.72 | 13.27 | 13.70 | 15.01 |  Gumbel

Table 4.10 Cases of the numerical simulation for wave transformation

Case Contents

Case A o AAMNEGE T 20m, EHIA 70m %)

Case B o H-HlulA)

Case C | o Huial(£39) 2 AF3% 2

th A SgdE e e 20kmx1.8kmE AA3G om, ol sk A

A4 2 5m=E 89tk (Fig. 4.15)
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Table 4.11 Summary of numerical experiment for waves

8 el A9
Aagd o SWAN model
waye | © TEHT AuEe o FxeY AW
o 16km x 16km o 2km x 1.8km
AL A A o 640 x 640 o 400 x 360
B o AS=25m o AS=5m
Az o A A A, FE
o A
AU & o daAd 0 A2 (EH A
AFTY 24)
R :

Fig. 4.14 Grid of wide area for wave model
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(2,000m x 1,800m) .= AASTE ANAAT L x, vy AZ4FFANA F
< xUFo R 1607, yHFor 230719 ARdeR FEEke] 100m 4 9]
AR A on, Ade xEgo R 1007, yETFoR 110719 AR
O

2 FEete] 10~40m PAARE T4

3151 Tt (Table 4.12)

Table 4.12 Summary of numerical experiment for current
7o 39 Ao
Aerd o POM(Princeton Ocean Model)
vaug | © TR o FxeY Aus
0 16.0km x 23.0km 0 2,000m x 1,800m
. o 160 x 230 (3630071 o 100 = 110 (11,00071)
AAAA
0 AS=100m 0 AS=10, 20, 40m
AEzA o ofHU £ (M2+S2+K1+01)
5 1
2g0s | o 9% AY canEH
o AZHEW A, AFFEA)
o Case A : &AA] )
. o Case B : HHaAl (WA o A3t Sx
A gtk ) _
o Case C: EHAA(LNTEY) 9 A5 FHx
o Case D : 5¥A(AEA) 9 Aeat 52
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Fig. 416 Grid of wide area for current model

Fig. 4.17 Grid of narrow area for current model
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Table 4.14 Summary of numerical experiment
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Fig. 4.24, 4.29, 4.34+= SE, SSE, S#}gFol| st 3o HAad 4ol #o 2
da5s vadaie] Aoe M@ FALFARE LA AT (Fig. 425~
4.27, Fig. 4.30~4.32, Fig. 4.35~4.37) wWdA F-Ho ek gatwldd-g A Als)
Al E2Astr] fsle] MEY9E Fiste] HE¥E = Fig. 4.28, Fig. 4.33, Fig.
4385} o] JEUIAY. HaAadn AF de) Ave] 498 duAe} &
9 WAl WE Aol 2A UELbA b Ao® wad 4 g

H{m)

06

a4

02

0o

1 2 3 4 o 6 7 8 9 10 11 12 13

~#-NoConstruct| 1.316 | 1.230 | 1.240 | 1.246 | 1.151 | 1076 | 0.840 | 0.816 | 0.091 | 0.867 | 0.857 | 0.774 | 0.342
~i-Upright B/W | 1.463 | 1.513 | 1.556 | 0.053 | 0.039 | 0.038 | 0.071 | 0.085 | 0.029 | 0.382 | 0.554 | 0.757 | 0.348
—&—Slittype B/W| 1401 | 1.392 | 1.412 | 0.225 | 0.206 | 0.137 | 0.148 | 0.163 | 0.030 | 0.418 | 0.592 | 0.769 | 0.343

Fig. 4.21 Wave height of port(SE wave direction)
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. 4.22 Wave height of port(SEE wave direction)
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Case3

Fig. 4.28 Wave height of detail (Dir:SE)
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Case3

Fig. 4.33 Wave height of detail (Dir:SSE)
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Fig. 4.34 Wave height vector of wide area(Dir:S)

Fig. 4.35 Wave height vector of narrow area(Case 1, Dir:S)
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Fig. 4.41 Wave height of port(SSE wave direction)
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Fig. 4.42 Wave height of port(S wave direction)
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Fig. 4.43 Wave height vector of wide area(Dir:SE)

_77_



Fig. 4.45 Wave height of narrow area(Dir:SE, Case B)
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Fig. 4.47 Wave height of north breakwater area(Dir:SE, Case A)
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Fig. 4.49 Wave height of north breakwater area(Dir:SE, Case C)
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Fig. 4.50 Wave height vector of wide area(Dir:SSE)
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Fig. 4.52 Wave height of narrow area(Dir:SSE, Case B)
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Fig. 4.54 Wave height of north breakwater area(Dir:SSE, Case A)

_83_



Fig. 4.56 Wave height of north breakwater area(Dir:SSE, Case C)
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Fig. 4.57 Wave height vector of wide area(Dir:S)
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Fig. 4.59 Wave height of narrow area(Dir:S, Case B)
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Fig. 4.61 Wave height of north breakwater area(Dir:S, Case A)
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Fig. 4.63 Wave height of north breakwater area(Dir:S, Case C)
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Fig. 4.66 Max. flood current vector of narrow area(Case A)
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0.68 065  0.65 0.66 0.67 0.68 0.66 0.62 0.55 0.46 0.34 0.20
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0.05 0.12 0.19 0.19 0.09/ 0.45 0.88 1.13 1.16 1.12 1.05 0.96 0.85 0.74 0.61 0.46 0.28 0.08

0.60 0.94 122 1.25 1.23 1.16 1.06 0.93 0.78 0.63 0.47 0.32 0.23 0.18 0.0t

0.75 1.05 1.32 1.35 1.33 1.26 1.15 1.01 0.84 0.67 0.51 0.38 0.30 0.22 0.14

0.91 1.20 1.45 1.49 1.46 1.38 1.25 1.10 0.92 0.73 0.56 0.43 0.34 0.27 0.20 O.

1.11 1.36 1.59 1.63 1.60 1.51 1.36 1.17 0.97 0.78 0.60 0.46 0.37 0.32 0.24
035082 1.35 1.56 1.76 1.80 1.77 1.66 1.48 1.25 1.00 0.79 0.60 0.46 0.38 0.36 0.34 0.22
0.41 1.01 1.55 1.74 1.93 1.95 1.91 1.78 1.57 1.28 0.98 0.74 0.55 0.42 0.36 0.34 0.26 0.13

174 1.94 211213 2,06 1.91 1.63 1.25 0.85 0.57 0.39 0.30 0.27 0.21 0.09

1.92 213 228 2.27 2.19 2.00 1.66 1.12 0.53 0.23 0.14 0.09 0.04 0.06

2.04 229 240 2.38 2.28 2.06 1.66 0.90

Fig. 4.67 Max. flood current post of narrow area(Case A)
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Fig. 4.68 Max. ebb current vector of narrow area(Case A)
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Fig. 4.69 Max. ebb current post of narrow area(Case A)
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Fig. 4.70 Max. flood current vector of narrow area(Case B)
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Fig. 4.71 Max. flood current post of narrow area(Case B)
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Fig. 4.72 Max. ebb current vector of narrow area(Case B)
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Fig. 4.73 Max. ebb current post of narrow area(Case B)
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Fig. 4.74 Comparison of flood current(Case B-Case A)

Fig. 4.75 Comparison of ebb current(Case B-Case A)
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Fig. 4.76 Max. flood current vector of narrow area(Case C)

.07 0.45 0.49 0.37 0.33 0

0.11 0.49 0.61 0.59 0.48 0.

0.18 0.20 0.34 0.52 0.61 0.61 0.51 0.27'

0.26 0.35 0.31 0.31 0.40 0.52 0.59 0.59 0.51 0.31 0!

0.46 0.47  0.47 0.49 0.53 0.58 0.60 0.57 0.49 0.37 0.22 0.
0.60 0.59  0.62 0.64 0.66 0.67 0.65 0.61 0.54 0.45 0.33 0.20
703 0.17 0.38 0.60 0.72  0.69 0.70  0.77 0.79 0.78 0.75 0.71 0.66 0.59 0.52 0.42 0.22

0.11 0.25 0.42 0.58 0.64  0.66 0.78 0.92 0.93 0.90 0.85 0.79 0.71 0.62 0.54 0.45 0.27

10.12 0.22 0.34 0.41 0.37 ,0.44 0.84 1.05 1.06 1.02 0.95 0.86 0.76 0.66 0.55 0.43 0.24 0.

0.05 0.12 0.20 0.21 0.11/ 0.47 0.91 1.17 1.19 1.14 1.06 0.95 0.83 0.70 0.57 0.42 0.26 0.09
0.65 1.01 1.28 1.30 1.26 1.17 1.05 0.91 0.75 0.59 0.44 0.31 0.24 0.18 0.0
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046 1.14 1.75196 213 2.11 1.99 1.77 1.46 1.12 0.82 0.63 0.50 0.40 0.36 0.34 0.26 0.13
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Fig. 4.77 Max. flood current post of narrow area(Case C)
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Fig. 4.78 Max. ebb current vector of narrow area(Case C)
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0.05 0.12 0.20 0.22 0.11/ 0.42 0.84 1.10 1.12 1,09 1.02 0.93 0.83 0.72 0.60 0.45 0.28 0.08
0.58 0.92 1.20 1.23 1.20 1.13 1.02 0.90 0.76 0.61 0.45 0.31 0.22 0.17 0.0i
0.74 1.06 1.32 1.35 1.31 1.23 1.12 0.98 0.81 0.65 0.49 0.36 0.28 0.21 0.13
0.94 1.23 1.48 1.51 1.46 1.35 1.21 1.06 0.88 0.71 0.55 0.42 0.33 0.26 0.20 O.
.07 0.61 1.18 1.44 1.66 1.67 1.62 1.50 1.33 1.13 0.94 0.76 0.59 0.46 0.36 0.31 0.23
0.40 0.91 1.47 1.69 1.87 1.87 1.80 1.65 1.45 1.21 0.97 0.78 0.61 0.47 0.39 0.36 0.32 0.21
048 1.15 1.74 193 207 2.05 1.96 1.78 1.53 1.23 0.94 0.74 0.57 0.45 0.38 0.33 0.26 0.13
2.03 221 230 2.25 2.11 1.87 1.53 1.13 0.77 0.57 0.42 0.33 0.29 0.21 0.09
233250 252 241220 1.86 1.36 0.76 0.34 0.23 0.16 0.10 0.04 0.06

2.60 277 269 2.51 221 1.72 0.92

Fig. 4.79 Max. ebb current post of narrow area(Case C)
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Fig. 4.80 Comparison of flood current(Case C-Case A)

Fig. 4.81 Comparison of ebb current(Case C-Case A)
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Fig. 4.82 Max. flood current vector of narrow area(Case D)
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0.21 0.32  0.40 0.45 0.52 0.57 0.60 0.57 0.49 0.38 0.22 0.
0.41 046  0.55 0.60 0.63 0.65 0.65 0.61 0.54 0.46 0.34 0.20
702 0.13 0.27 0.47 0.80  0.77 0.67  0.71 0.74 0.75 0.74 0.71 0.66 0.60 0.53 0.43 0.22

0.10 0.22 0.40 0.64 0.90  0.87 0.81 0.87 0.88 0.87 0.83 0.78 0.72 0.64 0.56 0.46 0.28

10.12 0.22 0.35 0.48 0.53 ,0.50 0.83 1.00 1.01 0.98 0.93 0.85 0.77 0.68 0.57 0.46 0.26 0.

0.05 0.13 0.21 0.24 0.14/ 0.43 0.86 1.11 1.13 1.10 1.03 0.94 0.84 0.72 0.60 0.45 0.27 0.08
0.59 0.92 1.20 1.23 1.21 1.14 1.04 0.91 0.77 0.62 0.46 0.32 0.23 0.18 0.0
0.73 1.04 1.30 1.33 1.31 1.24 1.13 1.00 0.83 0.66 0.50 0.38 0.30 0.22 0.14
0.90 1.18 143 1.47 1.44 1.36 1.23 1.08 0.91 0.72 0.56 0.43 0.33 0.27 0.20 0.
.06 0.56  1.10 1.34 1.57 1.61 1.58 1.49 1.34 1.15 0.96 0.77 0.59 0.46 0.37 0.32 0.24
0.35 0.81 1.34 1.54 1.74 1.78 1.75 1.64 1.46 1.23 0.99 0.78 0.60 0.46 0.38 0.36 0.34 0.22
040099 1.53 1.72 1.90 1.93 1.89 1.76 1.55 1.27 0.97 0.73 0.55 0.42 0.36 0.34 0.26 0.13
1.72 1.91 2.09 2.10 2.04 1.89 1,62 1.24 0.85 0.57 0.39 0.30 0.27 0.21 0.09
1.90 2.11 225225217 1.98 1.64 1.11 0.53 0.23 0.14 0.09 0.04 0.06

2.02 227 238 2.36 2.26 2.04 1.64 0.89

Fig. 4.83 Max. flood current post of narrow area(Case D)
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Fig. 4.84 Max. ebb current vector of narrow area(Case D)

.06 0.44 0.48 0.36 0.32 0
0.10 0.48 0.60 0.58 0.47 0.0

0.16 0.19 0.33 0.51 0.60 0.61 0.50 0.27'

0.18 0.25 0.26 0.29 0.38 0.51 0.58 0.59 0.51 0.31 0!

0.20 0.31 0.39 0.44 0.50 0.57 0.60 0.57 0.50 0.38 0.22 0.
0.39 045  0.53 0.58 0.62 0.65 0.65 0.62 0.55 0.46 0.34 0.20
702 0.13 0.26 0.46 0.78  0.76 0.67  0.69 0.72 0.73 0.73 0.71 0.67 0.62 0.55 0.44 0.22

0.10 0.22 0.39 0.62 0.88  0.88 0.80 0.84 0.86 0.85 0.82 0.78 0.73 0.65 0.58 0.48 0.29

10.11 0.21 0.34 0.48 0.54 ,0.49 0.80 0.96 0.98 0.95 0.91 0.85 0.77 0.69 0.60 0.49 0.28 0.

0.05 0.12 0.21 0.24 0.14/ 0.38 0.80 1.06 1.08 1.06 1.01 0.93 0.84 0.74 0.62 0.48 0.30 0.08
0.53 0.85 1.13 1.18 1.16 1.10 1.02 0.91 0.78 0.64 0.48 0.33 0.22 0.17 0.0i
0.67 0.97 1.24 1.28 1.25 1.20 1.11 0.99 0.84 0.68 0.51 0.37 0.28 0.21 0.13
0.84 1.12 1.37 1.41 1.39 1.31 1.20 1.07 0.91 0.74 0.57 0.43 0.33 0.26 0.20 O.
1.05 1.30 1.52 1.56 1.53 1.45 1.32 1.16 0.98 0.80 0.62 0.47 0.37 0.31 0.23
1.31 1.52 1.70 1.73 1.69 1.60 1.45 1.26 1.05 0.85 0.65 0.49 0.39 0.36 0.32 0.21
1.54 1.72 1.87 1.89 1.84 1.73 1.56 1.33 1.06 0.83 0.63 0.47 0.38 0.34 0.26 0.13
1.79 1.96  2.08 2.07 2.00 1.86 1.63 1.32 0.98 0.69 0.48 0.35 0.29 0.21 0.09
2.05 221 227 223 212 1.92 162 1.18 0.64 0.31 0.18 0.10 0.04 0.06

227 244 243 2.34 218 1.92 1.49 0.80

Fig. 4.85 Max. ebb current post of narrow area(Case D)
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Fig. 4.86 Comparison of flood current(Case D-Case A)

Fig. 4.87 Comparison of ebb current(Case D-Case A)
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Fig. 4.88 Initial particles injected
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Fig. 4.89 Particle behavior of Case A (24hrs(1day)later)

Fig. 4.90 Particle behavior of Case A (144hrs(6day)later)
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Fig. 4.91 Particle behavior of Case A (264hrs(11day)later)

Fig. 4.92 Particle behavior of Case A (360hrs(15day)later)
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Fig. 4.93 Particle behavior of Case B (24hrs(1day)later)

Fig. 4.94 Particle behavior of Case B (144hrs(6day)later)
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Fig. 4.95 Particle behavior of Case B (264hrs(11day)later)

Fig. 4.96 Particle behavior of Case B (360hrs(15day)later)
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Fig. 4.97 Particle behavior of Case C (24hrs(1day)later)

Fig. 4.98 Particle behavior of Case C (144hrs(6day)later)
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Fig. 4.99 Particle behavior of Case C (264hrs(11day)later)

Fig. 4.100 Particle behavior of Case C (360hrs(15day)later)
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Fig. 4.101 Particle behavior of Case D (24hrs(1day)later)

Fig. 4.102 Particle behavior of Case D (144hrs(6day)later)
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Fig. 4.103 Particle behavior of Case D (264hrs(11day)later)

Fig. 4.104 Particle behavior of Case D (360hrs(15day)later)

- 112 -



95

Water exchange Rate (%)

- CASEA

-8-CASE B

-A CASEC

55

-©-CASED

50 T

0 100 200 300 400
Time(hr)

Fig. 4.105 Comparison of water exchange rates
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