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ABSTRACT

Mainly, Floating Breakwaters(FBs) have been constructed in many coastal
regions due to the advantages of the coastal environment and construction
cost. In general, the FB becomes fixed or its width broadened because the
movement of the FB comes to be large and its the wave control function
lower for the long period incident waves.

In this study, efficiency of the FB is evaluated for various mooring systems
using Eigenfunction Expansion Method(EEM) in two-dimensional wave field.
And, the wave control function of two-rowed Fixed Floating
Breakwaters(FFBs) that have narrower width than that of the one-rowed
FFB is discussed by using Boundary Element Method(BEM) based on the
Green formula and EEM. The validity of the present study is confirmed by
comparing it with the results of Ijima et al.(1974) and Yosida et al.(1992) for
the one-rowed Fixed Floating Structure. Of mooring forms, Open Catenary
Mooring is the best one about the transmission ratio, sway, heave, roll
motion, and mooring line force. It is revealed that the wave control function

of two-rowed FFBs is more effective than that of the one-rowed FFB.
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. © 3 cosh;z,(z_+h)
416‘% 2 uh o sinhy,qh
(A+B+EZk)+ 3 (B,+E)Z k)
! — hiz{—qh
= ZbZCscos s(z+gh)
(A+B—E) Z(kh)+ ﬁl(Bn—En)Z(knh)
= SiZDscosg(z—F qh) — hiz{— qh

b\ & @l*  coshp(z+h)
—|—4m( l) rZ'o (i, k)  sinhp,qh

(2-22)

(2-23)

(2-24)

(2-25)

(2-26)

—n<z<0° ®WHAME coshk(z+ )%t cosk,(z+h), —hiz{—qh*]

Aol A= 19 cos s(z+gh) 7t A7 AR AnGFE o] FuR o9 HA
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g olgael Aen-@20de A4 [ () coshMet s,
0 —aqh
[ Oeoshztmaz s, A2 eowds 44 [ N )a

—qh _
[ 7 Yoos S(ataidz o AE A el AEe dAud

{A—B+E)f,= 2ioc(af,+of)+2 ibps_m coth s/ (2-27)

— Z(B —E ) f1,= 2io(afy,+wfs,)+2 Z‘bD sf4ncoth sl (2-28)

(A= B-Bf=23]C,sfitanh si—4iF 31— Sinhi =5 @

_ni‘. (B, + E)fin= ZZGC sfy,tanh s/

(2-30)
r B
4 [ rZ‘o ﬂr?’ sinhyu,qh Ton

(A+B+E)f;+ il(BﬁEn)fGn:o (2-31)
(A+B+E)f,+ i‘,l(BnJrEn)fM: ibcs?m (2-32)
_ _h_ _QLL_L 2-33
(A+B— E)f,+ 2(3 —E)fs,= 415( ) )i, (2-33)

(A+B—E) f,+ i‘,(Bn—En)fM
(2-34)

2
- ZOD qh+4m(‘h‘) lj"lh)g 2+ =
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o171 A,

_ 1 (kh , sinh2kh _ 1 ( ke, Sin2knh)
h= coshkh( o Ty ) = oskn\ 2 T 4
 sinhkh—sinhZgh sink,h—sink, qh
f2 k f2n kn
p h hikgh _(ah+ z,)sinhkqh— z,sinhkh
3 kZ k
s cosk,qh—coskh  (qh+ z,)sink,qh— z,sink,h
e K, Ry
/. — sinhkgh o tusink,gh
4 kz 2 4n kg . 32
kcosh i, ghsinhk gh— ., sinhy, ghcosh k gh
f5 = kZ 2
I
P kncoshp,zhsinkn?]h—I—p,sinhp,zhcosknzh
o At u)}
/. — _sinhkah f:ZJﬁﬁéi
6™ kcosh kh 627" k,cosk,h
T coshkh " cosk,h

[e]

3/ e A 8709

3 AYPA 4 o
E,L%ﬂﬂﬁ S v BUFEE 4(2-16)~(2-18)3 4227~

(2-30)% FA EW SEEAHY VAL RASL BF HrAES
& 4 ok

&= acos(kx+ot) = TH(g= AA

H
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o sl SEXUA vAAS: A= U AT B
A= zﬂf e*! (2-35)

Qapstol i wAThel Fashel Mg 247t MAR(KH FAE(KE
423608 Fol

_|.B
Ke=|7|
I (2-36)
Kr=| 4]
a8, YA Fluxe EE028EH 59 A4 o] A yuojof s},
K2+ Kpi=1 37

2.2 BUEEN

AT FA A 707 Ql Open, Vertical, Cross Mooring # o] 2%
2FEfel Open, Cross Catenary Mooring® 5714 AF& A6 weE Fag
B, ddFa, JdEea 2 AFAY Al deiM AAe] HEIG 7}

THER 1 2| al /H; AAEL T 2| 8 /H,;

ds8 4l w| /H; AFAe 48 | F| Jogl H;?
FAENY 24 Fo] (2, TEEHES BAY] g0l D=9y, T4
h=10m, AF4%= 0y, = 45°= Fa, FlaiA e £ & 20=5m, Tm, 10m
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|F|/pglH?

(e) Mooring Line Force

Fig. 2-3 Open Mooring.

2.2.2 Vertical Mooring

Fig. 2-4+ Vertical Mooring 5% 3} % A3 2 Open Mooring 73 -39}
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gds] =ednt A4 ()9 FHES A EE, FigA e Fo] A
g v AR GFT|HoR2 olFste S sdstARY, 2//h=1.09 B+
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A5 A 9 A2XE YERY, G570 8
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(d) oko] Open Mooring¥} vl e} B -1 3=
A7 SF7 F 2 kol yElY =Y ©7] uigbo]l HIW
3l 3 A o] 7ss o T
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|F|/pglHi

(e) Mooring Line Force
Fig. 2-4 Vertical Mooring.

2.2.3 Cross Mooring

(a)2] F3&S HW Vertical Mooring?] ¥ 3}l A2 o2 w$ H|S=5}A]

9O waxE AFEde ol5d AL ¢ 4 vk = AR |
Coouolng, ErRgvont 1ed F ARIANT Ruvde 43

7;]]‘26:]/\1013}‘ sl 2= 0174114.‘

= AR AN

(b)e] FHF8+= Open Mooring®] 7 -9-¢} »Fx7HA 2 FF7] el 32X 7}k
A GFT| S0 8 AeE O gho]l AokxE s B 3

() dAFaE oo F AR Ao dAH, dFr|Fow A
£ 1 gho]l Aojx ) wig- g H gs sHATh

(de] dsoE Ado F AFIHA Ae} U}{W}X]i FEEae A4
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(b) Swaying Amplitude

—@— 2I/h=0.5
—0— 2/h=0.7
——6— 2I/h=1.0

(d) Rolling Amplitude



0.02 —

0.016 —|

|F|/pglH?

(e) Mooring Line Force

Fig. 2-5 Cross Mooring.

2.2.4 Open catenary Mooring

Catenary Mooring= €] g0l ma} g2 BeikiE £ A HAA] A2 2}
= oF 1 v WREBHKERE HEE & o %%‘Eﬁoﬂ/ﬂb oo o s
2} B 2 A gte] uhgrA et
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M= A ol EHlE FA = Catenary WAS AEste] A skAL)

(Appendix Z+#).
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Avk= 3ol 5otk ol H=d 3MY IFAFIEAESG 453 AFIEA
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(e) Mooring Line Force

Fig. 2-6 Open Catenary Mooring.

- 24 -



2.2.5 Cross Catenary Mooring

Fig. 2-72 Cross catenary Mooring &2} ¢] AlAFA o]t} Open catenary
Mooring®} vl HH RE FHEe]l A9 sYsith. 2=, Open catenary
Mooring®] A& o= Al&s|= FaAsirta dgtEh o), AlFHI oY
7FA1 9] FE = Ho} Open catenary Mooring©] HF-WrspA] o] AFwk2 oA wj$-
Aotk Aol ddET

2|o|/Hi

(a) Transmission Coefficient (b) Swaying Amplitude
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Fig. 2-7 Cross Catenary Mooring.
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L= dld @o(x, v, 2,07 AT

O(x,v,2,t) = p(x,v,2) - e @ (3-1)

i
ol
L
Y
e
©,

AZIA, =V —1, t= AL (x,v,2) © Fig. 3-11 A9
i, px,v,2) v FAEEEEL oI

B(x, v, 2) = 29l Laplace W4 4S w3t

0
9P =0 ; 2=—qh ; m= 11,111 (3-3)

0,
2 =0 s z=—h 5 m= 1 IL1II

312 ZEHEEEZHE ¢(x,y,2) 9 £
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$105,9.9 =2 () + A G NZU + 3 A D Z kD) 3

bu(x,y,2)= %L[ ¢, (x,v)+ 32 o(x,v) cos s(z+ qh)] (3-5)

%, v,2) = %L[ eo(x,9) + 32 o.(x,) cos s(z+ qh)] (3-6)
_ _coshk(z+ k) _ _cosk,(zt+ )

ZCkh) = == oshin 0 LR = T Ch

rr
2

ANM,  s= st/qh, s

o AL, p 9 o T Ao
khtanhkh = — k, htank,h = Jgﬁh (3-7)

2 (3-4)~3B-6)& 2(3-2)9 Laplace WAl ddstd, 7, A2 4., 4,

¢, @, Hee Helmholtz W45 RES3T

9° 9°
a;;“ + ajj” + ¢, =0 (3-8)
o] 7] A,
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PALE x5 pd=EE olFa WAy JAHE = TEAoR
¥dd
&= &, cos(k(xcosw+ ysinw) + of) (3-9)

ek, AAR AR ElE BEEERUATE £(xy) T e A9
fo(x,y) — _Z-e*z'k(xcosw+ysinw) (3-10)

3.1.3 Green 2% THAEH ¢(x,y)
Fig. 3-2¢l 3ZAlE wpe} Zo] AAN r= S A9 pol oA 2

]
AvE 7Fsd oS alx.y), bx, y) 78 AT, GreenB 2 Z5H 59
2ol A Y3t

[ [ {av*o—bv aharay = fr{a‘glj b%‘j} (3-11)
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y

WEAA ke w Hebe AoR vk Eal, g(ay), bx,y) = T

HelmholtzH 4 4

o
rﬂ
I
_0|L
rlr
1%
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rO
o,
o
Ll
=
)
r
)

via+ pla=0
(3-12)
vib+ pib= 0

webA], AG3-1D9] AeA A EFL (ppPb—bpfa) =02 Hol B 4

g Qr

fp{ Jﬂz—bm}ds: 0 (3-13)

2oy ov

A7NA, a(x.y) 7t ZRATF $(x,y), blx, )7t 2B-12)9 531 HV(ur)
ol A5 nEdth. HV(un) & 70904 logur® 5olAE 7HAY] wiE

o, Fig. 3-201 4 WehaL 9= whel o], =02 He d X, 5 FHo=
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RES A3t 99 BE 3o Green

(ot fr}{ ¢(Xb)ﬂ(oall(ﬂ _Hél)(#f)w ds=0 (3-14)

A7NM, X,v= AA ¢ R 3 de2 & x,9% X, Adelt
BA CEAM e—09 Bl Bl Aol AYTS etk

Hél)(pr) =1+ z% log nr

OHM (e P A & o
oy~ (=

@14 A7 cael Are

e—0°14 & HIAS AHEH

aH(l) (1)
lig [ ¢ au(M) ds = ¢<Xﬁ>13£51ﬂ— aHar(W) ]7—6 (3-16)
= —4ig(X)
: ¢, N0 . _ 3¢(X) 1
i [ -5 as = 25 i [T A ), -
=0
webd, ¢(X,)E the How mddrh
. aH(l) 0b( X
3x) = £ [ {ox) P o (2 g 19
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i(pr—"T)
H{P () :\/_73;@ . (3-20)

OH V(1) i — 37
] | NV ol AN (1) ~ _ 2 4 _91
0r wHY(pr) N Ty © (3-21)

BA el A e Aol Wi, yoco® A, 919 ALHES 2
(3-19)2] el A& Algsd, e AS dETh

Q i(ur—"T)
rioof V??;e o ﬁ{%‘f—wsﬁ}d@ (3-22)

mhebA, A (B3-22)9] rAdel AE@dE AA L, A dod X, ol el
o]

Mx dgee] Ags gol Aol ARwer 4(x,)7t F

= 3
. aH(l) d( X
¢(Xp):_j ff{¢>(Xb)_an(Lr)—H(()D(;zr)%li ds (3-24)

Fol X, E FHOR S M o wUe AYstel FolWe Asn
T ol e FRANE AFORA x,7b AARR FA Ao 4

A=t
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. (1)
3= [ Lox) P o, 08K g 3-25)

21(3-19)¢F 21(3-25)9] ztol= BoldE& Asty] flaiA g AAVE ¥l
7F dk117ke] Aole o8& wWAlsh= Ao, Hio #AASE H5TE dold
Boltt. Gl tgt A @-24) W= X, 7F AANGe] HA
2ol FdatA dojxt

_—

S,
_1
o,

Lo

3.1.4 Green ®#ol AT £, A" 9. ., 0,, 0.9 FR

ojd3t el AAd p, pEel HE (g st D, D ool9fe A
S (x,y) 2 HERE F A A e =V (x— O+ (y— iR UE
F 5 Ak 7AW logre W9 SolAdS zbil, yooo HWoli:
Sommerfeld WAtEAS Wk 2(3-8)¢] Fold|E Green = sk, £

o Bl —LH ) & g,% o WAAE —Liglye Hea,

Al dd —L g ene g5 oo Aae —Lr, (e Aam,
S99 AAF (x,5) o DAA £, AV 2 WA A (x,9) o DA g,
b @, o e A4 AAX D, DA B fg 9. AE D,
(&, (&), o&n). o(&p S D, Dol wWd WA mEA

OF(E NIy, AAE D) oy, 39,(E 0]y, dd(E )] v, do, (& 1) v,
dp (& p)/ovell dll thgat o] Foxich

b, ¥) = ‘Lf[cb (&, )41& kGﬂszJ ds (3-26)
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o 71 A,

bu=F. G=—4HD(k), I1==1, Q=D+D

b,=A".G=—L Kk, 1=—1, Q=D+D
_ IS R BN

bu=¢.. G=—LK (. 1=1, @=D

_ _ 1 1 _ -
bu=9¢,, G= ﬂlog(kr), =1, Q=D

bo=9.. G=—LEK(n, 1-1, Q=D

oA7NAM, HV K & Zt7} 02} Al1% Hankel $59 W3 Bessel §45 e

Wm, i AAA D, ool slelA Sy Aelr, ARe p p g wEt
A e AH RS Uebd

A ASAA A (x5 E DDEA A (&) Az gl
K,9 r—0A Soldezre p paelA thge 2e At

9
¢nl&", v’)zlfo[%(é, ”)ﬁaﬁy_kGW ds (3-27)

o] 7] A,
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¢m:fl ’ G:_éHél)(kR) . l:—]_’ Q:D+D'

b,=A" . G=—L KRR, I=-1, @Q=D+D

_ __ 1 1 _ _
¢m_¢oa G_ ﬂlog(kR)’ Z ]-, Q D

=9, G=—LE(R, I=1, Q=D

_ __ 1 1 _ oy
¢m_¢o’ G_ ﬂ'log(kR)’ l_]-y Q_-D
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0bAE.7.2) _ w=
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0 ) 0 (3-28)
— gh<z<
0pAE.7.2) _ [ s
0
Y 0Pul&.7.2) Ef/’ 7:2) ,—h<z< —qh
¢I(é’ 77’ Z) = ¢Il($’ 77’ Z) s hgzg - qh
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1>

{ T+ AEDZH)+ 2 77 E D ZkD)

0 ,—qgh<z<()
=1 ¢,(& 77)+S§‘?[}s("§’ 7 cos s(z+qh) ,—h<z<—qh
2, (&, 77)+S§?03(§, 7 cos s(z+qh) ,—h<z<—qh

(SAEn + A& V2 + 3 A& 2k, )

¢,(& )+ sis/fs(é, D cos s(z+qh) ,—h<z<—qh
(&, )+ 2‘ o (& ) cos s(z+qh) ,—h<z<—qh
o] 7] A,
7,8 p) = LAS)

- _ A& )
fl(é; 77)_ kaV

— (n 8 ") .
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Fig. 3-4 Nodal Points in Numerical Analysis.
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(@) A/h=3.0, A/B=0.6, d/h=1.0, 6=0"

(b) A/r=3.0, A/B=0.6, d/h=3.0, 6=0"
Fig. 3-15 Oblique View of Wave Height Distributions for One-Rowed

Rectangular FFBs( ¢’4/g=0.5 kh=0.772 ¢q=0.5 ).
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() d/h=3.0, w/h=3.0, 6=0
Fig. 3-16 Oblique View of Wave Height Distributions for Two-Rowed

Rectangular FFBs( ¢//g=0.5 kh=0.772 ¢=0.5 ).
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(®) d/h=3.0, w/h=3.0, 6=0
Fig. 3-17 Oblique View of Wave Height Distributions for Two-Rowed

Rectangular FFBs( ¢*//g=0.5 kh=0.772 ¢=0.5 ).
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(@ d/h=3.0, wh=3.0, 0=45°

(M) d/h=3.0, w/h=3.0, 6=145
Fig. 3-18 Oblique View of Wave Height Distributions for Two-Rowed

Rectangular FFBs( ¢?h/g=0.5 kh=10.772 ¢=0.25 ).
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