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ABSTRACT

Floating breakwater has been constructed in advanced countries such as Japan
because of the advantages of the coastal environment and construction cost.

In this study, several new typed-floating breakwaters were proposed according
to the geometry of the curtain barrier and the existence of horizontal barrier, and
were also compared to the steel floating breakwater adopted in Won-Jun fishing
port. Performance of wave control was numerically investigated by using
Eigenfunction Expansion Method(EEM) and Source Distribution Method(SDM). The
results of two-dimensional analysis were confirmed that new typed-floating
breakwater was more efficient for control of longer period wave than the steel
floating breakwater in Won-Jun fishing port. Moreover, it was revealed that the
three-dimensional wave control function of new-typed floating breakwater was
more effective than that of floating breakwater in Won-Jun fishing port for harbor
tranquility. In addition, this study discussed the three-dimensional wave

transformation of the two floating breakwaters moored by catenary and there



dynamic responses in three-dimensional wave field of a fixed depth without land
boundary. The validity of the this study was confirmed by comparing it with the
results of Ijima et al. for the one floating breakwater and discussed by using EEM
and Boundary Element Method(BEM). According to the numerical results, the draft
and the width of floating breakwater influence on the wave transformations
significantly, and incident wave with longer period was well transmitted to the
rear of the floating breakwater. In the case of changing incident wave direction
for two floating breakwaters, different dynamic responses in shorter wave period
were occurred by interaction between floating breakwaters. For the effects of

interaction come to be small relatively for the longer wave period.
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__ igH coshk(h+2) ithke-ot)
Dy (z,2,1) 5 coshin ¢ (2.1.39)
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Z7DI _ gon the structure ,3=1 <surface boundary condition on the fixed structure>
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(2.1.41)
0P, . 1) 8°®P. .
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5 (1+44f,) PN J

<free water surface boundary conditione>
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0z 9/) ot* "
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(2.1.45)
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(2.1.49)
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(Mﬂﬁ‘fjjf D%HOJFK)X:FE (2.1.52)
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A7, n =09 AN uy =4k n > 19 Bl u, =ik, 22 FAX L, k&
Agute] 34, AT (21552 Fo3th

2
A= “’7 (1+if.) = u,tanhu,h (2.1.55)
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Fig. 2.1.3. Comparison of numerical results with experimental ones for the pontoon

typed floating breakwater.
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unit : cm

Fig. 2.14. Standard model of floating breakwater.

Table. 2.1.1. The physical characteristics of model.
Width 24.0cm
Draft 7.50cm
Center of gravity 3.30cm
Gyration 10.23cm
Weight 19.90kg
Inertia moment 2083.0kg - cm®
Total line length 432.0cm
Unit weight of the line in water 1.90g/cm
i A
100 98
v Y
-t o4 >
- 24 > 75
s v
= 4 unit : cm
* Sinker
Anchor block

75

Fig. 2.1.5. Mooring system.
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Cr AND Ct

Fig. 2.1.6. Floating breakwater in Won-Jun fishing port, and its numerical result.

Cr AND Ct

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

REFLECTION COEFFICIENT(C)
TRANSMISSION COEFFICIENT(C)

unit :jcm

L/B

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1
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Cr AND Ct
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Fig. 2.1.10. Proposed model and numerical result ; CASE-IIl(a).
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Fig. 2.1.11. Proposed model and numerical result ; CASE-III(b).
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Fig. 2.1.12. Proposed model and numerical result ; CASE-III(c).
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/< Reflacted Wave

Reflacted Wave

Harbor Boundary C.

Harbor Boundary C;

C
Reflacted Wave Reflacted Wave *

Incident Wave ‘
0 X

0y (z,y;t) = Real[gexp i (kax+ky— 075)}} .2.1)
_ . gH coshk(z+h)

¢] ('f; ?J;Z) =1 20_ COShkh QS] (.I',y) (222)
_.gH coshk(z+h)

QSS (.T, y;Z) =1 29 coshkh ¢S ($7y) (223)

A7IM, k, = ksind, k, = kcosf, k& Lo s, 0= dAF, o
el Aoz v,
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¢y (. y) = bt (2.2.4)

wehA, g ool AARREA0 2 e

b= [ 160G Qs (.0 023

G+G

o37)1M, Cp& Fig 2210 Yehd b7, C}r ERYT2ERA, f& 34

T BXF, G BY GreendrE U9l 4 o& FojXlt}(Isaacson, 1978).
0
Gla.y€.¢) ==ty (kr) (2.26)
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| 16Ol y) Gl ) + 2ELEED ¢ )

G+6G

(2.2.7)
ik ) ) + 22 on G+ G
o714,
1—C.(z, id(x.y)
alz,y) = T C;«((Z y))ea(, 5 on G+ Cp (2.2.8)
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Fig. 2.2.5. Distribution of wave height(This study).
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(b) This study
Fig. 2.2.7. Distribution of wave height ; G =04,
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Table. 2.2.1. Conditions of incident waves and analysis model.

Applied
CASE ]_71/3 (S@C ) L/B C; a PP Smax
floating breakwater
1 35 38 044 | 0.18 Floating brr.eak.water in
Won-Jun fishing port
2 3.9 3.8 | 0.46 | 0.175 Proposed model
999
Floati i
3 55 7 1005 | 064 oating breakwater in
Won-Jun fishing port
4 5.5 7.7 | 0.38 | 0.36 Proposed model
5 35 38 044 | 0.18 Floating br.eak.water in
Won-Jun fishing port
6 3.5 3.8 | 0.46 | 0.175 Proposed model
7 55 770005 | 0.64 Floating brr.eak.water in 10
Won-Jun fishing port
8 5.9 7.7 | 0.38 | 0.36 Proposed model
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Fig. 2.2.9. Distribution of wave height.
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a’h
khtanhkh =— k htank h = S Oh g8 (2.3.9)
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Fig. 2.3.3. Motions of free floating breakwater.
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Fig. 2.3.5. Distributions of nondimensional wave height
according to the variations of draft.

(h = 60cm, a = 2.0k, b= 0.3a, c = 20cm, 6 = 90°, T'= 1.0sec)
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Fig. 2.3.6. Distributions of nondimensional wave height

according to the variations of wave direction.

(h = 60cm, a = 2.0h, b= 0.3a, c = 20cm, gh = 21em, T= 1.0sec)
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Fig. 2.3.7. Distributions of nondimensional wave height
according to the variations of wave period.

(h = 60cm, a = 2.0h, b= 0.3a, c = 20cm, gh = 21em, § = 90°)
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Fig. 2.3.8. Distributions of nondimensional wave height
according to the variations of the width of floating breakwater.
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Fig. 2.3.9. Motions of floating breakwater under catenary mooring system.
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Fig. 2.3.10. Motions of two floating breakwaters under catenary mooring system.
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Fig. A2. Two conditions of mooring line caused by the movement of floating body.
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Fig. A3. coordinate of mooring line.

- 115 -



A.f” 0 — QZ) 0 :En Hiyel

A7\, Zoe surging, Yo= swaying, 2= heaving, ¢+ rolling, 0+ pitching, ¢ =
yawingS Z}2F YERATH
w8, BHVHRNS ARDR (AH, AV,)se) BAE theel oz Fojzl

o}

j AH, =— (Ax,cosa, + Ay,sina,, )

(A2.2)
L A KL = A'Z’IL
S, W9 AH,, AV, &3 BF3} VEFoR AR wele 282 the)
el tehdct.

j Py = fu(AH, AV,)
(A2.3)
P

g/ fV AHUAV)

webA, Fig. Adel YERE F00ARE G — 2, y, 2 FEHES was 0-go
Aoz vepd F glth

P =— Picosa,
Py(”) =— PMsina, (A24)
P =—pp)
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G = 3P
n=1 "
B o o)
Gy - Z}lpi/
G- o P(n)
n 7:1/“1 (AZS)
_ (n) .
G,=— Z;C? i,
Gy== 3G i
n=1

o714,
~37 ¥
p) ph) pn)
z Y P
r(n) T
x 1 —vy 6 n
=l 1 el (A27)
rin) — 0 %) 1 Z’n

a8, 1,8 maeke] geuE, e Bagzao2RE AEeke No. nol B4

AFH7IA 9] A E ot
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Fig. A4. Fixed coordinate of mooring line.
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Fig. A6. Slack state of mooring line.

A, Vi, ap (= Ti/) Z25H o9 #A)7F Folzith

- 119 -



Jsz’: Vo (Vo + 2a,

. (A2.8)
[xi = aosinh_1 (—7)
Qy

A7VM, x; > Hyol™d Fig. A5¢] AAelo|2g t=-o] dA4s & 4 ok

s5— Vi = 4ajsinh?® (ij
0~ Vo 0 24,
(2ot B (B
Vo= 2a051nh( 2y )smh ( 2%) (A2.9)
ly= aosmh[x3+ E))
G

o
fr
&
Lo
Tt
—
]
W
%9,
o
&
8
[IA

H;ol¥ Fig. A62] ez 5)7] wEo]

J | (A2.10)
L /»

o] W, ARNN 274 AAWREY Ty & Ty = wly 2 AR,

0=, AHo) AH AVEE $535t] Ao o5 AujolA ARl 2
He AP o] AYANE 57k Bxiol7] WEe] WA V=V, + AVE 55
N OBER CHol EANA ®e AE wath o wel Axe fus
H = Hy+ AH=Z Jeig theel #7200 dola % glek

Jaj: (3(2)_ I/E?)/QV
(A211)
[ H, = ajcosh*1 (Q—V + 1)

J
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ol Hl= BH(= CH)IA rtZ Hotar = o, &3 HE I A8t
WA AHe AH = AH—AHRZ 13A7W Ao 7] wjid] wef

AH > 0018 AFe1e 213 Fig A5 Az HE& thgo] 2lo] Jydch

— V? = 4a’sinh?® (ij
2a

V= 2asinh (%Bzi)sinh (ﬂ) (A2.12)

a 2a

{ = 2asinh ( xB;— H)

9] 2/(A212)¢] Al HA Ao 2RE g9 [S T
Fig. A62] “Jei7} S22 2] BAe] =014

i,
-\> ru
L

J V:a(cosh s+ \/aViV—i_ 20, —1)

(A2.13)

=TT

919 2(A213)°) T WA Ao RRE ¢} & F& ATk o|2RE A olA AF

(A2.14)
wheba, W9lo] tg wele] 2Re 27184 e W] A8 AFoTHN 47 T
o] 43} gol T 4 Utk

Py=—w(a—a,)
A2.15
| Pr=w(—1,) (A215)
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(A2.16)
Ko — sinh D
HH Q
Ko —uw {bcosh?(cosh (X+D)— Sinhl_)} (A217)
v Q

J A — {cosh)_((coshl_? —é)) = sinh)_(sinhl_?}

71A,

Q= DsinhD —2(coshD —1)

D = H,/a, (A2.18)

X =wp/a

T3, zpe 271V3H A A 159 3RS uletH, ek 271 E7E Fig. A6 &

olg} o] AAZAE AT sl Aol AFE vl 2)(A25)F &-ol&tA A
g3 g glon, AReS M52 o2 X5k Aeolle thee] Ao= 33
2=
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G, = K, xq+ K

G, = Kyye+ Ko

G.=K.zg

G, = Ko+ Koy

Gy = By + Kyx

G, = K,

A7V, K;(i, 5= x,y, 2, ¢, 0,¢) € AFEA] P22

_ 2
K, = Kyycos o

_K;,g - (K va + K HHZU COS Oéo)COS ao

K, = Kyysin’a

K == (_ KHV? - KHVZO Sin O{O\JSin Q)

g

K;z: KVV

2
K,, = va(g) + 2KHngosin o+ Kypasin®ay

Py

K, = (— Kypzysino, — KHVg)sin o

2
Kyy= va(é) + 2KHV§ZOSin oy + KHHZ(Q]COS 2040

Ky, = (Kffvg + Kz cos 040)005 Qg

2
Ky = KHH(ésinao — gcos 040)
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