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ABSTRACT

With the expanding utilization of marine resources and the growing volume of maritime
transportation, floating breakwaters have gained significant attention as efficient
alternatives to conventional fixed structures, due to advantages such as mobility,
reduced construction and installation costs, and minimized environmental impacts.
Hydrodynamic modeling of these structures is typically conducted in both two-
dimensional and three-dimensional frameworks. While two-dimensional models offer
faster computations but are limited in applicability, three-dimensional models-despite
their higher computational demand-enable a more comprehensive and accurate
assessment of complex wave—structure interactions. In this study, a three-dimensional
hydrodynamic model was developed to compare the performance of floating
breakwaters with F-shaped and rectangular cross-sections under a range of geometric
and hydrodynamic conditions. Simulations were performed in both frequency and time
domains, focusing on key parameters including draft depth, structure length, and wave
frequency. Fundamental hydrodynamic coefficients, namely added mass and radiation
damping, were computed, and their influence on the response amplitude operator
(RAQO) was examined. The findings reveal that the F-shaped configuration, within
specific frequency ranges—particularly for heave and pitch motions—demonstrates
superior capability in reducing motion amplitudes and dissipating wave energy,
whereas the rectangular configuration delivers more stable and uniform performance
over a broader spectrum of wave conditions. Parametric analyses further highlight that
cross-sectional geometry not only governs hydrodynamic efficiency but also shapes
environmental impacts related to flow patterns and sediment transport. These results
provide actionable insights for the design and optimization of high-performance,
environmentally sustainable floating breakwaters.

DOI: http://dx.doi.org/10.66224/marineenq.21.48.1

Copyright: © 2026 by the authors. Submitted for possible open access publication under
the terms and conditions of the Creative Commons Attribution (CC BY) license
[https://creativecommons.org/licenses/by/4.0/]


https://marine-eng.ir/
mailto:Taghizadeh@Mazust.ac.ir
mailto:M.Qorbani@Mazust.ac.ir
mailto:emami@hormozgan.ac.ir
https://orcid.org/0009-0003-3732-9977
https://orcid.org/0000-0002-3394-5428
https://orcid.org/0000-0002-2803-2595
http://dx.doi.org/10.66224/marineeng.21.48.1
https://marine-eng.ir/

(‘—T’) JF<F FA O)Louii AR 0-1? 6‘-".)0 ‘SMJAJ.Q.O Ag).&i

)9 (wigo 4 gid

Marine-engLir :a, ;&5 Lol axaw

9 S Bl gblie L jolws (sl Sizge (Suoludg an 3 Slos (glaumn lio axlllas

(s

T gs LgrdD T oolol adjle (07T 6o¥58 (S8 e [ V005 B o yo

Taghizadeh@Mazust.ac.ir : Ko xS Coams wyd ¢ ol i ()55l (659U8 5 ple olKiild )l o cwwdines 09,5kl
M.Qorbani@Mazust.ac.ir : g S cu oyl ¢ oyl Graiee (olybsle 559l3 g ple ol (o yos wiige 05,5, bstiwl ¥
emami@hormozgan.ac.ir : S xSl cuw wpdl ¢ oyl e (e (o5 50, oKl o awdizs 09,5y bsbiul ™
poya.khoshnazari@mazust.ac.ir : ;! e )55k ()sld o ple olEiils )l pos wtige (wlis)S comiily ¥

RV

a5kl slacSigse (ol Jsdem slacdld Ll s obys @be 5l )lope e (37S L
colo anie alraly Coll Gymen ola Sy S 4 il ladised sl wallS oSl (i
Sealizdgyin (5lo e Ala8 5 13 ofg a5 0 90 F3game (Jarmelom; SISl g a8 aai
Sl Jos 5 0900t Lol Jia p (gamgs slo Jow 1958 so ploxil gomans g (samg0 Djsods ojle ()]
Ol 5o S oo ool B 1 o3l - zge (Sl S35 (25l Ol iy (Saema 9s7g b o
5 IS8l abolie U it sloSiso 8 Shas dunlin (sl (Soolivsgyied anpior Jas 2 by
Sroje> jo bagiluad ol ools arwgl Seolndg a5 cwain Gl Loyl b cov et
235 bl zae (uilS 3 5 03l Job ¢ K39,8 Gec duile olayial )l 3563 byle g uilS )8
Sl a3l 5 ool il g aslne (rdnds aliee 503538 02 ol (Sesliudg s (60l ol
5 @B S > 50 ohgas (iS5 B slaosl B yo KB alads aS ols lis bl ol o assls
el ghaie a5 Jl> 0w ls Zlgel (65, camad § SIS > atels JralS jo (6 0 Ses LS >
Slal Syl (g w20 o0 ] (oo Ll Sl (6 a0 S oSS 5 k),
b b Jasecan) glodely p ((Soliusgyone ohlS 5 odle alaie awasn a5 slo olas 5
29SSz iludinte 5 (b )3 Wlgi e @l Gl el e (5l g 5 (b2 slasSl

Asl asly 0 )5 asecan ) 6,850 g YL 205l L

DOI: http://dx.doi.org/10.66224/marineenq.21.48.1

sl 05 JLu(CC BY)

Ao SleMb!

tllio azsiy b
VEFIVY i Sl s g b
VEFN N8 allie ool 5l
VECEN NV allie i pdy gl
VECEN NV allis Lesil g

lio g9
gy i

L;J:.b/u[o.ﬁ
29U S zge
Seelas Jolos

o3 eilS 5 sl
glsel 5351 J

ISSN: 2645-8136


https://marine-eng.ir/
mailto:M.Qorbani@Mazust.ac.ir
https://orcid.org/0009-0003-3732-9977
https://orcid.org/0000-0002-3394-5428
https://orcid.org/0000-0002-2803-2595
http://dx.doi.org/10.66224/marineeng.21.48.1
https://marine-eng.ir/

Q=) OF-F (FA) Vol o cwaige 45,85 1)) Kad 5 00l (85 00 0

501y Ll Cgllae bos o Shas o Lol o slo S_izge (s00e
oo O x GBI L sz e ol pldi e )0 b palS
oo sasl i goy JlE ke 5 Slwg oS >
e So3d (gilwJae jo 55 (VAAY) o] Kea sYamamoto
sblyy v 1) (delatne (S bz g0 5l zge s9e Oliae 9 S)l0b
Sl 0929 ol b V] 60,5 (s el 095 5 ilisea
Iy oldoes coslus ablio ;o sog0e Hlugi g 0,0 SIS > a4 YL
doasy ;3 ol alom 51wl ool Gomw (350l SISO oy 4
g olml bas 0,5 o)Ll IS8 o b e b ablie 4 (g oo
SlB WS (oo SS (5399 glsel (551 Sl s zoe 3l
5o ablis g5 oplas wdsls L5 (V-YY) o[ Sen 5 (g0V¥gd
ooles abolie b acylie ;o catly b Laugio 595 b zlgal b grlga
a3 gy 3T 3610 oo chns 50 (55000 8 ,Shos ¢ Liatus
Cenglio ialS Gacn Uy (gloyals Uy gloalopms adolia
SR 429 3 50 agz oz glosl 0 Gl Sgne 5 (Seelindg e
a (Vo7 Lo 5 go¥ed SLy3 soue asllae ilass 5
Shebiaws 5 slopls ablie b )bt slapSizse o Shoe avlie
2o Ll 5 45145 ols gt ol [F] sl
aiels g iy 5 0)l5 slacss e Lol el oo (Ral38l o5 Sl (55500
slaglow )3 aboe 2ol (g JB ok 4 Glwy DI >
39 60N Olyeds s b oS e gblie (b
18,5 1,8 az g o)90 LS dzse (Seoliangyaun 3 Slos dgupe
aiile cilizee mwain S5l oS 5 5 Ysame ablio oyl ol
5 &lo b eogas il lmi o Lol e glailyi ol clodiog
iy 4 s oo S5 e 0 Sy iz laosl (riznon
Sllllas 0S8 oo Wyl ae CanSl 5 candl (0 att i (U
ol 48 adlosls Lt (VYT o Y-¥1) o San 5 so¥ss L3
Sl i Sllye plojed ©j5—o ar il 0 b b g5
Y-JoisS ool 3 1) (615 o e 5 o 50 Sllanil g g0 j5ue 2alS
358 el 4o 5l g Gl slaSanzmn s ool L [f
S Ay s ;0 S8 LAl pligres (cwsis ol
sl ke aojls !
Slosan S » s slogiagy jl (895wl slalw o
L ok alex 5l aailos,S 55 a3 55kt slagSigge il 5y
Sl O30t 1) z9e (555145 Blae Sl 5 (5)95 anid
ol awo e ot (S slagialesl @ls [8] WS oo i
il Cagl 5 @b Gl Jlanil o o a5 L beaslel
Sl oo iz 2 adyle o> g8 il o Sles o5l OS>
Gloazm—ui o)l Geizmes by Gl oS (B pleailr
45 Sl oolo (L zga pgld ;0 lapSdzge oot >kl

doddo -

S s yodai b o (6550 mlis 516500 n0 e 938139, 8 eS
Sy g y0ly (R Gl Bl rimren 9 pdinans slagss il g
g sleiny 58 Ml ) St o
odal 3gg au Aluol B g Al g 0 ol slacslo,;
ey 5 00,8 Caglie armme psiie Ll il 5o il
39 il 4ot g e (Jamelenn 5 2 (goladdl Ll
el slean S5l (G plse 4 kil slaSizge (e ()
Oszed 2o Sy 3 )l Jeds 4 (i oS i e
5 S Slilas & 55 S 5 i 5 O 1 s b agalse
sl aS Guos bpy pn b GD.EL.A 5o LQ:L’)T)" oalai_wl Sl
Aol aniey b jlads gow o b (S o Sizge
by o J b 09,00 Jlads a5 laojls £65 cpl (G0l Lo
59 yobed sl Sizae (Seoluog e o Slos a5 wilosls oylis
50 4S5 ebas sl aig zlasl slosgs 5l et i slosl
Loyl oLl «olisS ot Jl slodg syl glsel L agzlse
5o ol ol 48, 380 Jdow g, cpmlil ol pals col S
2 2N Gy s bl b 5l slos S el L aglge
05850 pgmms o] giloatg 5 (b aul b

Lg A_u.ul.n.c o )BLL_J) LsLmu.LwCB.c s@‘;?" 9 ‘5.\3 dufo » csy.c
Ay 295 BB sble i daorecins ) Hlas 5lcol slaojle
Lo it 0 ki s a3l 44 (5,205 L5 Ygans baojlws o]
5 6y ol o) s yhall ar porie wilgh co AT wiyls
Be—b ol (2l )3 (g JolsS (350 0 5l 6T ol
Lawolie ;0005 o0 2l slopia ST 55 Sasaal
G S iz e witnd K sl Slasl 5 00 xS
slan S olsiedy (b s jo P J8las oloul b sl
g oo LS G ) laome b 348500 9 55l

G (e ghale PS8 Sl sl sla Sizge Aok o
5 o)l 5ylanls ((Swluog e o Sles jo (sloauS s
JE—=2l 2395, 0 5 il 5l oS oo Wl 22l sleo )8
welo Solu Jdoas a5 o 5 o )Ll Llaie alaie 4 g5 0
U‘?"":A" L5’l395 C.la_w )I oolas_wl u...l.:lﬁ 9 u‘)*e‘:u )‘).9.._...:‘ u&a‘
ool Oy90 (SO0 ‘_ngo)a).w L) Sl lJ ‘;u).a_..uo ‘54_.»).(‘-
=y 4 2P Dlllas jo L3 sl Jlw o cnl a3 )18
Judos L (V-1 0) Koraim el sals aisls py ablie (pl o Slas



QS o oloyl riaid ol g Lid 5l Gloszry slogSUl ol
N33 5l 36 liae 5 03l (3,2 slagnly » Lot e &8
ar e i oo D1 al 5108 S, oz o o
lodsain 15 03194 5 o3l 3 Slas 5l (Bly e glao sl
S il molaw glyls a5 S Gl adate wiile (gloduzes
Silde sln samans Gilwde 655,84 000 5l ol
ey 0 S 4 (6550 03l el lgel S5 5 Lal 80
O 5o o3l g zge ol S il gy 2 OBl L (samans e
adlgi oo g ool ol )l paosd Coild g cds cgol3l 4z o
b slelaze o (il sla b Glr Sotehe ol
[VeY] o)sl eal)

53l 5 5l esle Wl L(YVF) o Sen 5 Cheema aiges sl
SlapSizse Sasliysg e 1, Lo 4 ANSYS AQWA
QLSS 5y A ai zloel b agalse jo it glaawaia b gl
col laallas 1o (YoV ) oS g WaNg «pumes [VF]
shosliinl b o Syuibaiz slagSizge <5 o Glaptans (9ol
et oSealins Goly 5 lsol JS 1 snas 5o s
b a3 50s, cnl 4S5 08l s g ools 8 o) 2 9550
ol mls [16] opslise palp ], ol sloan e el 5 aig
e 5 Slmlone sla oy o sle 45 oo ol Slilles
2 e S (il el )08 (Il plie &
Al )55 380 (69,505, S Olsie 4 o E5 > a3 S¥ola
s slob o g oas asla b sleojl o 4o
el 4Bl gloss ol

Sl Sz 0579 bl slaSizge oman sl as o
b sl S5, 5 L wslosl SBlas 5 Jlw Sl (18
Glwodl—w b () nl 09— oo (5,0 00 e (Seelizdg e
(Sl laaisa p Kot a5 5 Jlow o5 > Yol
w25 1) rae calisee Lyl s s o3l Soliys L3, Lulow Sl
Stz né Jhr Slmd)d n badse ol Gebwl sl o
ol s S sS 5o laaiels L ggo 5S> 5 et
bt Slogys p e a4 (sl Glag i T 0 oS (5y5bs
A V)55 (l2)L88 5 555y SWhaol (yyzen

35,08 Jlw &8 > oz EVolre (bl o 5 [VA-VF 6Y]
CE by ojlus pojly (Seelinngyann log i g ol slozly
oo 5l ooliul S Il s il sy Jed s
aiejl 00 S Sl glo Souzmn y ogdle (S pd
Ol 5l g woles oy 8 Slandal g 580 om0 sleools
Ol wwlin (Jolss ama lafulod )5 (s 5lw o o)
o5 49 93 (o0 )30 g iludnd ol Cobl g Joloo cdo

S35 JAS (g gae oS adlgi oo (wiin slodgny
[7] o5 e ol it 550l 5 5L

5 Somd (603 (Silwand 31 S0 Oldlhae dagz b opl LS o
Eloe shlo Gl Gladioy (o) 2 slr 650 Gledl 3l
ol IV] aslasd 3 o j pidois (8l wlomi o Ly Jsilsnie
Aols omile £l aile la el a5 wims e L b iy,
G Ese Job 4 Cos Dlio ok g JSIS liee el
Sk dsete 9 @se JU! GRalS 655l o (sloatsS el
AT 35)ls 5kt slapSiozse (Saalinog e

039> 0 kot g (Slende Slallhas | g LS (Asu
o0 bl (sangs slagsslwdoe aily p Hsbid slapSizse
B axma o S 0 Vaane o3l da Ll jlaiws (pl jo .ccul
=22 Slmal) 53 (wiin )8 (5L 5 (XZ axio Laes)
Jeloas gamr 55 sloJos jlesliiul 5,5 oo 515 i)l 0590
P> et S g gilwesly )3 Sgg i (Sole
adsl slooly)l 9 Sq el Slalllae s o9 4y (bl
Podg: Jlo,9% 5 long oSl 5l o)lgan wojlu o Slas
g il s slo S iz ge o,Slee Ll 4 (V-1 0) Koraim
4, (e Samgd (il oo Sl osliiwl b sl (gl
b plagasls g aitlsy o psie gilaliar (g 5 oo b
Sl 031 513 ()2 990 | 05l @SB S 1> g o e b
5 e=S 5 5 (VAAY) ol LSea 3 Yamamoto . ixen [V]
e sall Sl sam 5o (soae (s3ldan 5 (Sond slatle]
JLdy 1y ol S bl g olil el | ((Sizse 2 smen
o (Vo) oy Kan g Li [Y] wilos,S Julo ool (sla Sz g
4z« @D BEM) aniss 55,0 olodl (29, 5l 6550 L
wlosls lias g aislo  (Sdgge 9 goe (Sl 2o (g5ldae
U Lalon cnl )0 S5e Goe g zoe )33 @jgi 092 45
Songo sl sblie o ysle J 0l b [A] el iy
5 bl sl Cosgams lwlxe (gl )5 5 (Solow yo

b lelge sl dgp—ive (gaman Ol o S Ll 5l Slesl
—25e oS il iglad slaensy « ble 4l b zlgel 0,55
ssb @ ladelos £93 cnl )3 cojl (i OIS > 5 lagsle (e
byl yd a bl @l cds o) cnl 5ls o oy BB 330

Dgds oo dgaze Jloy! g ool
Sesbindg s L8, Ll i slagiagh i o
L gove angd sloJowe sy p loee Hoib GlooS—izse
ooles Glawlrs Hhai 5l o Jow cpl iz o .ol ool ploil Lo
ledsb boly 50 goo plawe (31980 (28 L Lol il
ilesail ojle 5 zoe Ol saman sla S il S olesily
sl e 5l 5,8 5 (il sl b glgal o adly Ll o



Q=) OF-F (FA) Vol o cwaige 45,85 1)) Kad 5 00l (85 00 0

— J
d2 / :4[(1 l
I a

1

[

I

L |
200m  2.00m

hl

IS8 Sl ghatko b (Sl go (g Sy -Y S

ANSYS AQWA l38ls 5 5l solai il b sl sla,Sizge
Ok Jemils i saly p lBle 5l ol sa (g5l Jae
R S RCIBEIC R A RVE P S USRI S
Sy Jomily &b SO b Jl Ol Gl 45 09800 (558
Gy oY absles 5l aS o wl i oy s D(X, Y, 2)

VD =0 Jbew slid plas ,o (V)

aisy ol g G yy—ame 4l 0 (LY Aoles o sl
Sy 5l ey 2 cmlio 550 Ll (b )s i 5 SOz ge
A ) A Lylys ol asloads Jlee! s

Lo &5 (55,0 b0

3 e S0 gy )3 (60908 Lz Sszg pas S8 L
(Ol 3B o0 i85 SA )0 Sio S s  ogee Sl
120,50 Jlogl p; by

oD _ 0 Z=-h o
oz

(SzsS glyal (sl oais s oliT mhaws (5550 b5
RO z2=0 sm
—+0—=0
ot 0z

(G hbdeas byl — S §y0) Holid 4oy (53, ()0 Lyl -V

oo _ gy g 53, (1)

on "
Sl el Jls 0 s o3l ey Jlo i adgo Vi ol o a8
()WMJPub)—?jtw‘)w)éé‘s?)gd‘ﬂA?)auu
L goae J> ANSYS AQWA ;o 5)ls (bl i S oz ge

s ANSYS AQWA s —a ass sla,ljble 5 0 00 xS

[Va] o480 a3 5 15 s WAMIT
sokaieds ;v-‘ Loy ues gomdw Joo ool aslllas o
)5.'044 aS el sl ool 4.’_...454 )51.._...4 leib ,S_..u Toe )L.B) L..L‘}u 5
alato g JSCo OB alaie b sl Siiizge o Slas aslin 5 o>
Leoly ol o0 ks 55,00 (85,8 Caliee slo o b Ldaius
5 lous iy o5 S ey 0 alolie ot ol 5 Lo J5b
Se— byl cdo b ojlw Solus mwly » golal Ol s il
g dinge lrd—waie ol b5 (Gl b Jdsw ol 5l Gus
sl plp yo ghaiie £55 59 (i O Ses kel L)
Ol Soslinogyune byl cou et g JSo Bl ablas
5 55k ol ol gl was slaosls wilgs co a5 il

Sl ool das el sl Koz ge

Siyo bulph g ol Y olae-Y
Sealiadgyoan 3 Sloe  alaie JS5 Rl = sehieds
L oSizge S Jolds (ciid (g0 5oy 59 9l sla(Sizge
@9 b (el galo b g2 0 diged S g S glade
S8 )0 (Y 5 ) ) oot (g5l Joe g30e & j9—0
3395 5 a5 losilinns 45 S izge ol i (JSil
O e i 5 Ui bl (S35 558 Gos il o)l 418 s
A e da b ply (S8, 58 e shils (zoe 4 oty Ca )
S ol Gl b ol 5l Bas e wl o b w18 S
2 Sl 039 (63959 Elgal plp 5o (liee DS o sl g 05l
boplp g o3lpsy (K35 558 Goe b (bt (Sizge (il
Aasdid 90,8 40 el 0dh (55ladae 095 aladie ;b o Or
PAHU ROl Ges s L ol Jsb B Ll o5l sbigy
O Jelos el Syl aalie ol icul oai and 5 s
ol B ol (Saliys )3, jo 1) (b je ahadie )3 Boe @je

S
—
% /‘\\/
d2 dl
T

] | |

I | |

I | |

I | |

I | |

| | |

200m  2.00m

hl

i alaie b Sz ge (5o S - SO



pas bl glils aals @S g o5l il lo e cnl 0ays S
it Tl by gl anels Caws g0 e g T34

O gse SlaplS 8 5l losls sl uilS 3 055> 5o Ll
o o3l 55 Gl 5 0 plnil agl L obol, FYAY - F1Q
yaw g pitch @oll sway surge heave Joli soljl ax,o i
LS ols 1025kg/m3 s Lys O I 0,5 acilo
ol g0 o 4B S A s e ) (6399 gge £l 5 9.81m/s?
8,5 Sl )0 ey 3550 50 55 pete SIS 4 o5l oy (gl S
Jlosl o3l py2 @555 csn,2 Slags il Glon olsl g 00
Lol 058,85

o9l 0,90 «ull aiels b plate zloel Jolds (6999 zgo Slasin
Sz loal i85 113 15 05l p 3gee 3,95 1 dgly g it
S Last VO b S0y 5l zee VY Julod (69,95 5 zlow]
Vel a5 (83l e e o0 4385 155 5 4l o
w85 Sl 50 5k ©jg—ots Joe lag e Sl 00l plonil (s %
Gl la zg,5 sy S8l & egiae LulSl Sl B oo
5 09973y calyd el 3,85 Juo sla S g lag s Jolt
il oo 003le lagewly atels 5 sndints e

ol (Shz 9o ln Joe (T slsiel g Gguml U Y
Gy sl ulaesl slacsls 5l Jos cds S5l sl
AQWA s Slae auslas gz (Y- - 0) o,5ea o Koutandos
AU s5loans V] o ooliisl 55500 slagse (Gmiba 50
o L il slauilS )3 L plate zge (S, ail asllias 4
5 Giabejl il oo coli 093 gl o aS el jalis Sz ge
plos L5 a5 el Jsb sl o5les a5 el ous plosil 2l
Slelsel Giosz Ol s 5 wiliigy oo |y olStalojl pslé (20
b osl oo corgo ol (b o poe G 5l 1) Sbgge el 90
el plgie 4 adl B (b8 (glw e (o samge 22
2l el oot Sl o5l 31 zrge JEl g ol S50
sloools i os5 mllas (goue Jow oo oo l—as ¥ S8
polie (@b Llod pae Jdoay ax ST o jls a8 _iols;l

3 Y Jgaz 5o Xg;y ol e 555 (Sl eo i Joo iy
g oo oo lice

gl o )2 45 0,5 oo ol Pl e gt iy g 5 ool
D9 g S b jloz b ilie sladn b ofjl e 5 iy
o3l Tanly o) 5 (odlS B slagaly Jelos Sl 180 5 ol
o Sl 58 059> )0 g addllas (ol o g cullb )

el 00 plomil (35 > Gy 9 (Seeldg s ol 2o

ANSYS AQWA ,3 gous (65w o — ¥
byl slaS—izge (Seoludg,nmd gl o)) Hslaeas
ANSYS 530 5 5l aolicasl b go0e (63 luvpds cilizes abolio
ez gl 5l Aoz 511580 5 ol el 00 alovil AQWA
9 99550 e Hslid 2b0 slaojlw Sy Jolos 5o
0392 93 2 3 |y o5l 9 Zon G (WS, (65w o Ll
0397, Laddod (gl cnl jo c—ul)ls pley 5 ilS
a8 pdy gm0 o)1 Gy Ll g plate glsel (558 L Y iS5 3
5 09 (5,8 Modio e 0 j50a 05l o Joo olad jo ]
el ol a8 )5 I3 50 (e &0 4 ojle 5 mee e S,
5 FUSE0] alaie el ool alaie g5 90 ol baojlos dasaie
o el ool iy 5 Jobo o e IS 3 ) Lk
o vl e ol 8 55 e i L5 45 sty oy
V0 5 FD X ke oz 0 a5 oog ol o o3l Kib g3
55U e gtare drpge B o Cl atd S 1S ()0 550
Silm e alides sladsb b (el ghae o5 il J5bo
ooy atils a5 ol b gl )l plo a5 Jb jo ol oas
S58le 5 sl ool wl b rgh (pl 10 (gama—w goae (g3l o
Sledl g, st 13800 5 ol o plxsl ANSYS AQWA
95 z5e ol S il Judows il g ail dnsgs (aman (555
olayl ¢ Solinog e (o5l Jow ail,d o calla ], Helins o5l
N K 03l gy ol ol s by Sliaslone asals
A Y e el cnl jladie cadlae (pl 5o 0005 (s
by amliglible s (08 0 Claghas gillas aS ol azs 3
Slard S 5 9B g0 by g 8 o ol Slasl e 9 Loy
ol Sl el X=1.6Y o0 X, Y slabind) jo assls sl
Slaae p Slwlze loj e ,ili pac 3l licedsl Goa Loolal
Comlas gz 9 48,5 &)90 03l slagealy 5 0ol 3,00 oo
2 eg—etre U asels o3lail iy iolialas ols lis adl
2,8 (Sealinsg s bl
G o) o e plw iSTas ulwl poslw (g9, sla i Sl
O 05l (59, i Slasi 00l Crge AS 00l CpsS yie oY
o] i g5, gloo,F olaws 5, 8 e Feee e BYD -
2 b el plie g 039208 VPN x Vo) Bl ol ISt
st ey ol ig o o il Jin g (ol
s o Sligys slesla I b s Ol olyl gl slee 5



Q=) OF-F (FA) Vol o cwaige 45,85 1)) Kad 5 00l (85 00 0

plad jo 5 ojle Gl pirad S oy g 0l 48T
ok a1y (S8,008 Bee il ol b cenl ossle 3L ol b Jos
ez cxhaiie 53 95 cnl 5l plaS o )0 ols 18 oLl 90 S
S VO g7 FO X g a dr) Si8,9,8 Ges alie >
ol 00l g_b.l):.'idzzdlfl.5m alayl, wulﬁdzé,«c‘uJM
s a5 50 el ol &l ) on ol jo e p A o @l
@ gy Ol 5l ed)ly lag s el 3,85 alies o jolare 4
3 6p9d S 58 el ol (5135 g gl Sl Hslid culi ol
b pojle &8 > )l S you p ,bL aS (riais alivss >
9 003)'51 Sad w‘].a ] aliSre 60‘)1 ul_‘>).) T Q808 uSLAAJ
50 el ool dll g aiilone S 040y yo rdadd Sl
S @it slboge jo ojle slagul als (Ll p5
LT ey Gk 5l gl ol wileas @l gzl Sl

iloays 5 dnlone by iBup 5 90 5l ol (Seliog o
S Sl S il alss o> (gl s o)Lil s oS AeSles
A58 6T moz ol b illas ol oo oo e S b sl ol
3 ojle a5 Wl 5,8 laml 0,5 SIS i ) 90 4 |y aliue
Toe Ol Se 28 Sl Co g Sl il 5 S o (g 955 S
b oo @losl o a8 cpl 05 o0 0,1y S, K g g, oyl &
2020 ipgd o5 )3 09d oo LD Zge 585 Al > plgie
om0 cilie looge ;o ojlw g 00g Sle Jlew ol ]
ST Gt b 00,5 oo aliee sla wilS )3 40 o5l 03938l o> 4
Shgo w4 ojle &S OYolee Jo Sl w0ge g0 ol I ol
SlIF LT sl S j0 g oo gilw by o daly, @l el

Aloays 5
e . - BUsl 34 Slae! (A)
00 d -
B85 JERU S (W W)X<VJ@)X(G" 8u:)n)x(y)
05 o *)

°“\‘:"‘\"'~’L5~’)i;']:(

o W)X(VJL_“)X(G*’ &WJ)X(M sl wa3)X(g)

Ct

1.2
T e e e e s aas s bbb
I A A A x
0.8 : & A X
e
06 :
: b N P Y TY Y TN Trsell
YO g
0.4 1 H X Kriebel
g Wicgel
0.2 A .-: % Dara Koutandos
4 AQWA
0
0 20 40 60 80 100

L/D

Sy (Yoo ) o150 g Koutandos sl ol sbosls — ¥ S
H=2m ) plio zlgel AQWA 55us Joo b duunslio 45 culi ,Sivzgo
[vy-¥¥f] (, B=2m

buwgi sunlcawsas gbesls b AQWA 59,5 mbi -V Jguo
byl 3o Coli Habls Sz go S 5l (Y++0) ol ) g Koutandos
[21] (H)=2m 5L =350 M d = 0.5 M claskiue b phie glgol

T(S) Ctagwa ['] Ctexp ['] Ctexp - Ctagwa
5.50 0.87 0.81 -0.05
3.33 0.73 0.73 -0.01
2.77 0.6 0.56 -0.04

25 0.53 0.48 -0.05

2.20 0.4 0.38

RMSE

-0.02
0.04

e g mbi— ¥

Sealosgyoe o Slee bl Lol Baa wdllhe o
e Sy e 4 85 el S el b i Sigse
ol 25 b s Bl slaosl b 5 by
awdin ;o gl Gl adade glacgogase g Ll s S0 jshaie
ol s gl L gl o5 g9m o5, o JS5 3 Kogse
e plgie 4 (88,98 Gos g Jobo 5 pel) alie (pwiin Ll 5 L
ool plowil jemme 55 55 o bl ienl ool a8 LA )0 ar e
ol 03ke 2,98 ilise slages il ) e i
P 5o osle Job Slpis B Jelod pgs g (Seslsg oee
Sebasgyoen 1) 0920 )3 0l £8)9,38 e ot s
el a3 )5 15 L5505 ]

OSigee Slamalie o Slas ojle £855,8 Gos S ) -]
iJSs Glg b Jelatns sl

99 b ,oled o Sizge o e duslie 5 (ow) 2 4 (i (2l )0
(Judow Lol Gun cal ool aisls,, cOglate pwais alade
ol Sz e 895 99l G 03l 2558 os 3l L3 )|
A58 Sl O)ge 4 ojle Job waddllas 9550 sla e (oles o



A oo 7y (a8l o Lo, Y BY) ol owdlS,8 g0k 0 Boes
ohitn l5 e Sy sme il o ebitns gblia 5
b oy S jail apass goaima)lis aS ol ool 281 (69,0
Fodezm 6,18, IS Bl abolie ¢ blie ;o 08l oo 6399 o4l
Ol Sl g 0y 2585 30 yeedS a5 W,ls (mdge Dllugi L
b ablas (IS jobay 090 oo ool o o3l Bl b
Sl ablie a5 Jl> 0 )b Spdigniia 9 Sk 6,
S5 5 fl S sy omlie Jomity S
I R RWIPFNLRERES

Syse B liwly jo zoe Sl 5l ed)ly slagyd b UKL o
5 9 Sogee adlhe oS wad o (LS @S 8F I3 (o p
alblio )3 .3,03 )13 58, 9,5 Bae g ahaie JSb i 55l o
o3 55 8 dly anels 3l o e e (sl o e
ool ¥ GullS 300 dtaz yy Sy S el 0 il 3 Sl
odyay 4 Ylaixl a5 590 o canlie o T.O Goc gl agl
b USs Gl ablie S50 o 3 sl o pe ndgo i
5 S 5 NS nd ,25 | @3 el 38 Log ) ges 2
g oo odplice 9,0 yhalS ol

obas |y laosle poo)ly (chomn S 7 S Jlaged Zoles o
T ohes @l Jd 0 e AFLE &5 R
S P Gee b IS8 Bl ghado 3 )oliiS ancioy Cela Sz e
Slade cplcanl ool cud adl 5 Loly VY sgum W58 40
S g 5 o0g i Ll plo ) (pugeme jsboa
bl i 3 S 5 8 ke zlgal b ol slal oyl o
ims e ol yieS Sllug b olagol JS Gl ablis 5l
s b PSS, (s ltS 8, Lis cblis o
O3l e 45 o o i oAzl ol sl 0 o (55 0pml
RURVPIE IR0 S| av st P OSSN0l E=-| D= B LW
e 83l T Sy (sl oo 5,005 5
DS Oypo (shebatae o)lite abolis 4 S

(sl 5 aals AL o 5,5 ol i ol SIS s5b &
Ol b 55 Fge JSb a0l ol (S Lo o 4 Jlow 5103l
Ao S g g N0 Ol ar el ols (23S 0l e
oyl a5 eoll b ojle a5 el o1 slixe 45 zge laus 3l 00)lg
220 plaislogs 4l 6,90 zlasl (65,50 51 cidn canl aiilys
S ol 551 olS 5 03l 90 5 i alis
@55kl ojle 5l a5 (Slej 40 comizen il J93 BB a3 Ls
ol g co oolaiwl Zlsel (65, caSzl Sl sleojle leie
9L o3l (6525 )10 55 Elgel (S B aels (e (oo Lol
]

a e e J>—Y—JJ|

1.0
— —F-shape N
094 F-shape 3m
F-ghape 4.5m
0.8+ —-—-F-shape 6m
- - - - F-shape 7.5m
074 box 3m
/ TN e e box 4.5m
2 0.6 / \ ——= hox ém
ot i e box 7.5m
g 054 / L
£ / | T
& 044 / \ / N
£
a 034
024
0.1+
0.0
-0l T T T T T T
0 1 2 3 4 5 6 T

&blio b joled (Sl go g6 99 (A (59,5 Ol i -F JS&
iligo €958 Blosl jo S Il g (udaiuno

0.35
— —l-shape N
F-shape 3m
0.30 4 —— F-shape 4.5m
== F-shapc 6m
025 4 Y N -+« - F-shape 7.5m
i \ box 3m
‘ / A e box 4.5m
G 020+ / N — =~ hox 6m
; ‘ / NG R box 7.5m
2 I/ 5
% 0.15 4 / AN
éf N
= N
a 010+
0.10 | N
~
~
~
~
~
~
—0.03 T T T T T
0 9 4 5 6 7
FRQ

&blio b 5gld (Kb go £95 99 W8 (590 Ol et -0 Yo
iy 9,8 ciliso Gloe! H3 S Bl g  Aidaiumo

| — —F-shape N
030 Feshape 3m
— F-shape 4.5m
—-—-F-shape 6m
025 - ==« F-shape 7.5m
box 3m
N box 4.5m
; 0204 \ === box fm
5 N box 7.5m
0.5
o
I
2 (.10
0.05 4
0.00 H
T T : i
0 L : . - :

RFQ

L ol (fSlzgo £55 99 Too B85 HaledS Ol puis —F S
ey 9,8 o las! o JSb Gl 5 b ablic

9 B 9y (Bl (G, Dyt iy 4 P B Y Gl SO
shebits ablie b bl (Sizge £95 99 21y zoe 3,85 Holuas
ey RS o imled ) 9,8 Galise lasl Cow SO
haiie £95 99 y2 ;0 45 aas oe Las (F JS2) (8] (595 loges
o Apdinr 5 O patie galal) zoe (WP L g 5N



ADDED MASS (A33)

Q=) OF-F (FA) Vol o cwaige 45,85 1)) Kad 5 00l (85 00 0

o3be Ogelrm Jlow (ol Gl 5 Gl e cge 45 Cun
oelS ghaile 9590 (oo D9l ((SB)9,3 e il b 0gd o0
Wsdso [T en bagimie 50 V.0 9 7 slagee )3 9 Wbioe
&% 9 294k px> @b flden 0938l 0 2 (S5 )18, 45 (5 5l
50 500 olo @ ojle Sz awasa U oS o Jlew IS Las
Gl (Sanlusg,aun gl p (ouwain S5 1 i lee!
e b 5o jsabse o e JU8) 4 bagul 5 wbioe

g 5
‘593‘ 6[.,..»‘) o (Dll) ﬁ-;o.al.u.)a)m ‘5)‘)-4\.40 w)..o A )‘.)5.0.1 o
il soayay 9925 caimalis a5 W5l Jlo Sy g 5 a8
Slesl yo 094y ¢ bt ablin jo .ol ojl b oo Jolss jo
Jasl anin Slo a5 09d o0 oamlie VO U VY oal Jbo )
ol o Slee ol ol sgame T 0 ojle @ zge 5l (635,
Jhs, JISs Gl ablie (blie jo o)l lawgle w58 o3l
<8598 Il 3 ofaga ey b o)lge (B o 9 ESlESs
P8 S (05 55 Jsmnad 5 45 oy Sy Ky 120 Y0
asle b2 eduzy SISl o0 Wlgh oo a5 gl o onnlive
(IS ek a4 ail egexe slaals I LSS L rdge il
e oIS B 5o IS5 Ol cblia 45 26,5 e lgisn
(2le0) goo 555! 3 ) Lol S o oloml (6 it 009331 0 >
ablio a5 Jl> o wijls bl 6o)lge ;o g s o Sles
@l Olesily g ools plas 3 5l i )l hlates
L} Ja.».a).n GMAJ[S)S 00gde g ).».m.g dLo&‘ 5o 0)454.1 “_;).:Yl.:

RET XYL | PRVRVA}

1.0
— —F-shape N
144 T--shup: 3m
| F-shape 4.5m
| —-—-T-shape 6m
124 - - - - F-shape 7.5m
| box 3m
1.0 4 & ----- box 4.5m
| ——— box 6m
0.8 4 .. . box 7.5m
0.6 \
0.4
0.2 H
0.0 H
-02 T T T T T T
0 1 2 3 4 5 [{] 7

FRQ

Ol 58 o 3y 038 (gLl y 30 00938 5 b Wl ki - S
O oo <y ,d i Glesl o

ADDED MASS (All)

DAMPING (D11)

ol o cpiais Al Jo b ccanl onds by 3 isw j0 assli>

gl BB (riads ol g 0098l o (Salusg,nee
Silwdns o ) abaly 5l ool booads anlxe polie aiiun

wiloaya,F 5 IE (V) B (V) lo,loges ;o g 0nds

0l dpwle g po

ol day g e b 03938l p > =

1.4
— —Fshape N
124 TF-shape 3m
F-shapc 4.5m
—-—-T-shape 6m
109 ¢ - - - - F-shape 7.5m
';': box 3m
0.8 4 e e e e e e box 4.5m
1.1' ——— box 6m

0.6 1:' ------ box 7.5m

¥
0.4 \\ 4

WS

VN
0.2+ \L\ “"\r.‘

W N
N
0.04 a2 Tame
-0.2
-04 T T T T T T
0 1 2 3 4 5 6 7

FRQ

2hio 9o A8l slawly j0 (All) 00938l p 3o o juo Ol juonis -V JSi
c"’Z)S):t Gl dL&d ) J&:« S 9 ’_L,h o )Su .5 CS-“

0.7
— —F-shape N
i F-shape 3m
. F-shape 4.5m
—-—-F-shape 6m
0.5 4 - - - - F-shape 7.5m
box 3m
----- box 4.5m
044 — == box 6m
------ box 7.5m
0.3
0.2 ;
: \
|
0.1 N e -
e b S0 -
004 HEy =
-0.1 T T T T T T
0 1 2 3 4 5 6 7

FRQ

99 (A gliwly 5o (D11) (Soolivdgyiud (o3l mo o po —A S
Cd)g,y8 alido Glosl o JSUi Bl g (ludaiwn jolsdh Sz g0 ahaito

Sy 88 sl )3 (ALD) 03538l 32 i yo & bnya ¥ jloged
JSh Bl g (ebitae glabe (giay )glid (Shzge ghaie g4 9
LALL o0 ¥l ol jo sl Cdjg )8 alizee Glos! jo
odd (St B b W) (nl &5 Wl oo RalS (I Gl
SloFes Hlid slaosl (Sealndg s 6l slofelow Lawgs
5 0938l py polie (5l eS) Gl lailS B ) )l
& Gl ol el s alolio 31 iy JS5 Gl ablis
S8 Sl ghalie sz dwais g il (ilr eled whaw JJo

(@2)(¥ ) (o G5 022) (9) (250 £5)

D)



DAMPING (D35)

Sl slapuilS B 0 a5 J> 50 (Gho 4 Soa3) 3lo 18 09>
59,8 Boe Sl lal co a8l g 5 s (4l Lol Y-0)
Sy &S s eba ,ls D33 Lolis ials s b6 )_‘_’L,
GalS & e e VO 4 ¥l Gee Gl (Lt alais

Sgb o0 D33 olie j0 gao,0 00 -F dg0>

8
— —F-shapec N
74 F-shape 3m
1 F-shapc 4.5m
64 i ~ - —-TF-shape 6m
i = - = - F-shape 7.5m
= i box 3m
g 54 e e L box 4.5m
~ | ——— box m
£ 44 i s+eess box 7.5m
= !
jal Sl
:-Tj‘ 1
A 24 X
R
14
04 P
-1 T T T T T T
0 1 2 3 4 5 [¢] 7

FRQ

190 Wllwg uils 13 a4y Cannd 08938l p 3o Ol s -1 ST
Cd g, calizeo 3loct jo yabds vl

0.45
— —T-shape N
0.40 4 . F-shape 3m
I 3 T-shape 4.5m
0.35 H A —-—-F-shapc 6m
g = = = = F-shape 7.5m
Ly hox 3m
0.30 [ ' 0% 3m
i e e box 4.5m
: \ ——~ box 6m
m 1}
1% : Yo e e e e box 7.5m
0209 | f .
i \
\ ., .
0154 ]/ .
; !
l ‘\
0.10 4 L -\.
Al \
0.05 4 / S
0.00 .Av.di.;:;;‘ =
-0.05 T T T T T T
0 1 2 3 4 5 6 7

&l (D3D) Sly99 €8 2 (oxiiridd (o)l yoo o b Ol yund 1Y S

Sllogs wilS )8 4 Gl 03938l > Slynss a5 VY loged 4o
R c.laLo.a u;ol.o.i e w.mlf 6.\59) ‘.\.ﬁosa ULMO-‘ ‘) ‘5;‘)5\)
ez lade (il 3 I8l L aS (6 abay €05,5 o cdnlice oo
32l polie 4 YU o wilS,8 j0 5 a8l malS e pdy 00438
SIS H o0 gmals 5l AL bowe L) pl oS o e
Jhw &5 ol ol YU slo ils 3 )0 o5l Jlow (iiSen y
Olee 2 )Ty ojle g pe &8 > 3,5 Jlio 6l S s b
Gos 150 (K858 Gee b S5 Gl ahate il o)y ablas

DAMPING (D33)

0.45
— —T-shape N
0.40 4 F-shapc 3m
F-shape 4.5m
0354 — F-shape 6m
i - - - - F-shape 7.5m
0.30 4 box 3m
e L box 4.5m
S 110’( 6ITI
MB510k - o box 7.5m
020 ||
\
0.15 4 \
\
0104 N
i > ~
0.05 i ~ i
a_fu. <
0.00 e i
—0.05 T T T T T T
0 1 2 3 4 5 6 7

FRQ

Sy (D33) 6l o8 po (rilaidd (2l wo g pd O i Ve S0
Cd g8 alio Glos! jo Holid slaojlw

slawly j0) B sliwly 1o 00938l oy oo Olas A logal
alse Glosl o (il B s (o3l ol g YU &S >
2 A33 decdle eled o s e lis ojle cd g8
IS8 2l 5 s s B olie el (slo lS 3
@il oboly Vosgas (53 5l ey g 4l alS Zae pay
I VW SCPEIRIEH [T < NP CE SN Ry WP g,
588 S 5l AU aS col Gl oS8 s Jlw
JSi Bl ablie ail oo Wojl cpl jo Jlew laws g ojle ol
ol D9l o0 oudlin b sl Wils 3 4l o cml.: Aiin
092 5 i £55 ol Lol S5 51 B Wlgiion wpad l3H
o oS ail ol 25 0 Ol ooy b e 5 (b Uiy
gblin o Jlie 55 50 Y (S5t s5bes Iy sogas 03533
Ol G oml 00938l oy polie 5 JeSleSs (L8, Ll
aS Gyeb a4 gl 0 SHOG pad by s g a8l L,';;.a:lSA33
me.wbsw)uu)lb).m dwain o OS2 VO Gos jo
aS ol QT 3 S wig, cplailes S o 42 BB Sligen
8IS alaie i IS5 6 e (spebst bl 5o
v g A5 ol L3U cow s ojle (Swelus Fuwly 5 axdly

258 oo )8 b Lo b T oles

sl (O33) @b o5 ntnts alps cuyd ooyn @S
il ,8 00ga0me ;0 a5 wes co lad Ve S (o el slee sl
telie JU3, (el 5 IS0 Sl alatie 95 52 bl Lsl, Y B
eatie 61 D33 jolis a5 Ggles opl b cias o olis 045
Y1) ol slapnilip 50 e ol 5 55k 4 52
Sde o yo alaiie 95 0 sl (teldd ol ((a5BI LY,



Q=) OF-F (FA) Vol o cwaige 45,85 1)) Kad 5 00l (85 00 0

] — —T-shape N
| F-shape 3m
‘ T-shape 4.5m
b | —-—-F-shape 6m
'l - = =« T-shape 7.5m
box 3m
104 . box 4.5m
1 ——— box 6m
:x: gl b e box 7.5m
S \\ [
<
. 64 \jl‘
1 |
24
04
T T T : :
0 I 2 3 - :
FRQ
9 b Bl ablio b )glud gloojlw (Sl d Gl -1V S
1 e 9 1yl el 6 £ et
] — —F-shape N
K-shape 3m
] ; F-shape 4.5m
L —-— - k-shape 6m
} - - - - F-ghape 7.5m
ol ; box 3m
Pl e box 4.5m
' - —— box 6m
L
g : ------ box 7.5m
) §
Wil
e %
44 M
24
ol i
=5 T T T ! :
0 1 2 3 > :
FRQ
9 J5b Bl ablio b gluds gloojlw (Saolud gl —1F S5
W8 53 1y pliio glsol s o lebatono
900
‘ — —[-shape N
800 | F-shape 3m
| F-shape 4.5m
700 | — = F-shape 6m
I| +----- [-shape 7.5m
600 ” o 45
. hox 4.5m
- | ——— box 6m
; H -~ hox 7.5m
o 400 1 I
< I
2 300 | |
200 /I
I
100 ;o\
N el
0 el
-100 - T : : ;
0 1 2 2 : :
FRQ

Bl bl syl oo jhus (53590 &y (SKpoliyd asly -0 S

phide Zlgol Jil cod  Judaimo 9 Kb

sl 1) 03538l o2 lime (VL comly slaguilS e O
ol Spd b Ol (i camplis gedge (nl WS (o
Ol FYL s b ams 10 5 o8 LuilS 8 b by 5l san,S
o0gazme ;3 ohg & Zewl o3l (pl o Jlew b (g5, Jols o
iz lodg 8l gy alatie cpl il 5 0Lol) Y 5l eSS
Gos Gl L izren 038 oo 0y ablie plu l i
Ol Lol il oo (Sb ailine lajloges (S 0y, 4z 5 285,
bt ablie 51 5YL o)lgan JS& Sl ablie ;5 03938l 0,
oolad el igldl 4 S Ol i Comsbs il 45 o

el W g ol (5958 G5l s Sl L

g &8 o (omdaidd Slpe o po 4 bgyye a5 VY logal o
oy alides gblie )3 (6 Josun 9 (b e 1) el (oo
P e b US4 Sl gae 4y by yo 2l jlaie 0 i 090 o0
s Sy by oy V.0 eilS 3 350 0 4 el e
Ol o waid ge8y Jizl onuay cpl oo oo lis 595 51 YL
e Sl o0 JyUS poe Sjgo 0 a5 S e ke | S 2
ablie (blas ;o 005 obye Lld o ojle slubl &
il slagiie Glo ad o) p Blosl (ooled jo ilatu
Sry ol e wad by gen 5 SeSlESy
Ar Lol Somgn By Sks aal genmsgles
as AR o0 ul**“ L“‘”'B) Q}f IR TR Ll C‘B“" ‘i‘f’”
ghie g5 99 ;0 Sy Flee Slogwly «28)5,8 Gos (I3 L
U Wy oo a5l fliny SSIESH g S el 4 bl
Jhmmosls 55 Gl Ghals g (55 e byl Gl

Db i Glesl yo

105w Fewly asels —Y-Cal

g Ol 5l o0)ly sl Ty a) V-l slapls BT maz
ojle (Seslinag,ue colys ol jo as) Y-l 5 (ool aulows
@y 1y ojle Jolas S¥oles g oo (Gl 0 Jlaseiwl gl
@lise looge ;o ojle &S > anals WVolee (pl J> b oS
solie ol sl &8 > glaassls &l) gl sl oals 5l
RAO ol 1o b silouds s (S5 ,000 ainls) (639, g ainals 5

g lE VO BV Gl Ko sllae 5 alxe



OB 5ol polie o a4 by, (il 8 Jlal ool
Seoludgyone sl 655 boduay (pl a5l (89,8 3ec
Olye 4 Ol Fas 1P+ (K898 Gee b JS8 Sl ghaie (b
L;leﬁ Lo » 05)LC as |):> 409.«;‘5& aslls Loy alass

Lol g8 BB 55 Glbes 5 golatdl [l ) Sealinsg e

2 s sleosle Glhes S > (Sl Fuly Jelow s
Srgos ads o S Ul ahde a5 was o lis VO S
éla.a.a Ls MLM o s().o.A Yo U V) 08 e r ksid)j)ﬁ
al)l (Solns ol rals jo sioslas o Sles o Ll
5eSls sk 4 ghiie (ul 13 RAD jolis a5 (5)5bay v e
Bgd o oddlive ldatis alaie 5l XeS woys Fo B Y. o
Eoly el 5o laliode BB Sl S8y Gae 2l
(hiinse alado ;0 a5 (55505 A3 0,lo alate £43 90 o Sl
Feo e goga juall 4 e o VO 4 Y 5l Gee il
Gl 5] ko el ol 545 0 RAD Sy polie 10 (gouo,0
s b e O (Ki8)9,8 Ges b S Gl adade Ol a5
5 Sealing;aem 0, Slae (55loatgy (le ol Jolas il o
Sz Pee AT Glaie 4 g 005 obnl Slles Glla>de
ool b_>|)b Je 4.'1....»‘5:515 @‘)5‘3 ses > als g s

9 ke Hold

s (Sdzge Glanlio o ,Slee pojle Jobo Jl (om0

| i o ond ail) Olalllas eSS jshite 4 (idu ol 5
S0 Seelusgyiee slo)ls, » (K4 zee ojle Jsb 55U
O ol calie (sloJob psbite (o il 4585 15 e,
5 o0 48,5 L5 4 ojls £5 99 o gl yie FO 5 YO T+ 0
i ol s a5 el o plmil (g5le Je a5
lpo dslio bl p la oo g 009 s (A0 b Billas o
Gz glaob )0 ol (ool Fuly 5 (Seoluds,aue

JOMPEER

PG oddy oy p Ve

Ty 55 0 3l B0 sl Sle ol o)ly sla, Kl g by s

el 00 )] (VA)

3 JS8 Ol ablia b gl (slaojle Salizs Guly VY S
Sl adade iy 0 Sloe 5l S mls aas o i Hlbds o5l
RAO ,olis a5 (5 9ba towl 28] sboes > uals o S
Slogos plad ;0 94l p Lo, Y B cwilS 8 05L caled jo
QSLJO""M C'Ja.mo A S (f..a YO U \N) omw)).' Q;J)BJS
Sesladgyden (b Jds a0 Slee 35 Gl 2Bl o0 Sl
ol s ol (Rl carge a5 Cunl S8 Sl phate Saig
00gdote 4O QSL‘JQ""“"Q C'Ja.mo g).ilo S )l \)5....4‘59 o)'L..u CL...JL'
L_SLQL&Q.C L) 0)45 o9 (c\.ul.u » ubol) Nl Y) @L..A L_SLQQ“"ISJS
350> b RAO Jlade o g BB Sl (i .0 5 ¥) o5
AL a5 wed oo olis 4l bol T gy 53 0 VY
FB 5L (85,8 Bes Sl el ilg)) eday g58s
ahio yo Sl oplas w)ls ahis g0 2 RAO als o 429
Fo VO Ges jo (Jlis lgie 4y ojle g pin ol et
3 blie Jlade Ghas 4 Lo i Slyme (53,0 RAOD laie
by sbBes 0 £ wezg I bl oo oSy ¥ Gas
s cpl e e plis 0e5 1) g ol S Gl alads
b U OBl adate Gl ¢ las sloo )5 0 a5 el ] Silo
3 8kee (sl Jolas Wil oo yo 7 5l (58598 (Bee

2551 @l p Slles Sl 5 (Sealiysgyuee

5 ojle 39 038 S8 > (Soaliys Gl (g gl VF S
30 sty JB slagly asl Lol VB Y owsls 3050 5o
oled o wes e LS glate 95 (pl (Seeludgyaee LS,
ghie 5| Sl pupne ssbes JSi Sl claia sl RAO
Jusl guals o b ol 5L SIS Sls a5 el (Ldatass
‘5>L.o Sl yuilS )3 0050w 10 0% A .\.wl.:u;o ojlw & C‘}A‘ &5
535 1y 03b sl mu Yaess a5 (4l bol, F L Y.0)
V(K595 Goe b (bt ghafe wod o0 O (uilly))
&S J> 0 w0 VY sgo> RAO iSlas laie 4 yio
oeolS o e BB Ll (3,98 ee li8l ol oul
‘QSLALAAA“ é.‘a_bo 6‘)" as ‘5)510 LE) ‘Q)L) é.‘a_u 50 I RAO
3O G0, P o yd gals cel S V.0 4 Y 5l Ges ]38l
Sl ahado gl g malS plas Jl jo 0ed 0 RAO Sy jlake
Ceol cploagay ol Jdo caslonds 5135 as o Fe ngas IS
L 256 Cn it o3l S 0 0)lg lgsl (6955 il DS ;> y0 &S
SR @iy DYolre K0 (saw 310,105 o ojle S > aials
Sl aSs o,l 09zs Jhw o] mlaw 4 Suo5 g o5 Gles!



Q=) OF-F (FA) Vol o cwaige 45,85 1)) Kad 5 00l (85 00 0

(s 5 ) it il S5 o 8] il 4 45 15 Jigei s
OShgae Job Gl L a5 99,5 e cvaline web oo Loy
rhie sl abige (Rl 4z BB sk 4 5,85 5950 jlake
Sgu S8 50 9 e Fe Jobo 10 3,85 (590 aiiion (helatns
Soged cpl jo el cud ke (YL aS el osle #3210
Vo) dsb e 5o IS8 Bl ghaie cannlie o 05,00 slad @
obew 53 (elains ghaie jlade 5l faS FO T 9> 0295 (e
Ny dasb (ooled 50 Grizmen el 005 g (oS 05l
W 5 039 SSleSs JSo Bl ahade 6l 5,85 9w s
ahile a5 Sl o] Sl 3, ol ool (SLSL 5 ot slasy
Spp 605 gloal 5l (26 Job lag s plp ye 52 I
)18 (Sl la S 8 )0 955 55 e fall ClliB L 5k

Dl oo bogye yolid o5l &S 1> (S8 ddlie 4y a5 AV Hlogaes jo
oonlic aliie £ g0 Saalus L3, o 6,87 glacglis
9 i e Fo ol 3 0hg 9 JSO Sl dhafie )3.09)5
S o)lie wasoe ) b e 0 B dgam W E 0 5,8
2 b bt glaio o blite jade 5l 58,5 pln 75l e
b mliyy) oy (S Bl gblie )5 (rizren el Job (lea
ol o adle 13 Fauad Sl e Simlb (U5 L glsel
95 «Jsb il b (debats gbolie 1o iz 5o Jlie 5o Cunl
Og% 9 Fep Sl by, opl bl aboe GlBl 68
1545 ams e lii @l ol el olen SLSL gla ez
3513585 2l 50 (55 )lk o Sloe (bt alalio (038 25 >
b o S a4 S Gl plaie 4 b 40 00,0 ol 3l e
S o0 )18 A el i 5l (BU (Seslusg e I

22 s Jy> moe )l (SBU HglesS a5 VA Jloges ulul
walis slo sl ;5 3,85 Slog e Dl esd s oo lis ) o5l
5> Sl azgs BB o o0 S 5l oo g 58 515 5] em
IS8 5 e Sy S e e s b U8 i elake
S 2 98 5 e ] e 4 39 _o osalie 5,0 Y.V g0
e a e gl 3 ool Job ol b bt goie 5 i
585 (552 T B ¥) o S 3 5l o S 1 ghee
S o was oo plis g 3l iy Glleg b ool e o 5 lasLL
Gl pesleS 5 5)lsen Gl gomin boes Llatus ghato a5
i s gl e T Jsb s Jl ol b s
5972 OBl ke a5 s oo i 1) il ) omasy Sl pleales
20 S5 OBl ghae ¢ IS sl ey sl (T (b 5o (Sl Lyl
Sl pls 8 a4 Cond 65Vl (Salus Comlus (jgliaS adlss

Diffraction (Z)

Diffraction (RY)

Diffraction {X)
f=]
+
1

<
o
I

0.9
— — F-shape 10m
0.8 F-shape 15m
------ F-shape 20m
0.7 F-shape 25m
- -+ - F-shape 40m
box 10m
S et box 15m
=== box 20m
QS e SR R box 25m
box 40m

0.2
0.1 L
0.0
T T T T T T
0 1 2 3 4 3 6 7
FRQ

ablio b 55l (Sizge £ 99 )3 (bl (590 S paadd -7 S
Mdud,b)amdlgéw

0.9
— — F-shape 10m
0.8 F-shape 15m
l L +-+ -+ T-shape 20m
0.7 4 .‘: — - —-F-shapc 25m
. - - - - F=shape 40m
0.6 4 L box 10m
!\' ==-== box 15m
0.5 ]E . - - - box 20m
e =e=xx= hox 25m
(1 5
0.4 ; box 40m
0.3 1
0.2 4
0.1
0.0 H T
~0.1 T T T T T T T
-1 0 1 2 3 4 5 G 7

&blio b j9lub Sz ge £ 99 53 1 (958 Ol i IV S
iliso glasb yo JSib Sl g bt

5
025 — — F-shape 10m
F-shape 15m
«-++ F-shape 20m
— - —- F-shape 25m
.20 ;
0.20 - - - - F-shape 40m
box 10m
»»»»» box 15m
. ——— box 20m
el e L i e R box 25m
— hox 40m
0.10 4
0.05 4
0.00
T T ! ) : I
0 1 2 3 4 > ° 7
FRQ

&blio b 55lsls xSz go £95 95 oo G805 Hgbedd Ol puds —VA S
Glido b Job jo 0 Gl g Ldainw



e ST I I EAKV-P L I SRR R R PR TV C Ut
S ol (Saliysg e Lt 2ty b 5 s el oo
355 3l (6 podzmy L8, S Gl abblie ¢ blie ;o ail o 05l
g Wb Sllag e YO Jsb )0 (ol jsbar aams oo (lis
oy wilgs o a5 04 o cdmlice ALL jo die polie o>
SLbl 0byz s 0 GUSL ets b (il oogume 5l H5ee
1o b a2 s ¥ 51 ) 53 il a5l el
hels alugy jebay ALl laie (gleel plos )0 5 alaiio g5 9o
ol S el Sile oS sy w9l o0 a3 o 4 g aidly

e Wl S 3 S Ll o3l o

ojbe (Bl slwl) 15 (2lme copd bl 4 &S T Jlages o
90 (Saolios 0,Slee o 5, T lacsglas o ls olais! jgls
o s 5 o325 ¢ IS G abolie unol osalive L5 alaio g4
W@l g Lol Y BY il 305l jo e Ve 910 aisle Sl
31 il oS aims e ol | Vb e azels b ol o
3l i s odazmn LS o 5 bl s (53,
il a2l 3 anlgd] L Sl ol 5 bl
Sosnl Gl L 58 slaarls 5 JSis i aleonssy 58
ablic hlie )3 098 ooyt (Sove slaad (e )3 (b
@)l oz Lo ,&5 5 eSSy Fewls ¢ poslu awaia b Ll
o yd Gl 5 e ¥ asile YL slasb o wiz pe e 0
Ol Bl Dol e oo cdmlive ldatie ablie o Siwes
1o l5 5 it el S ol ) eSS
4 ghis g9 95 10 Sl Sipes cupe I loges alie Vb
Ak &5 (65, WIS o0 o yho Ceaws 4y g Al GialS gy
Jamdioy GSpan Sl 2als alanlgas 6551 Sl g5 als
abolie a5 ams o i gl ) el YU LullS 3 b IS, o5 0
5 Bl 6y ol Seoliys BlSy 25l o IS

2l s yd 5 aad ( Sily (uilS 4 o a8,

10
59\
— 0] e —
) TNt
e Ij L
< e
= by
[ i B — — F-shape 10m
= | F-shape 15m
= I -+ Feshape 20m
i p
UQ_, -104 : — - —-T-shape 25m
o =+ = = F-shape 40m
9: . box [0m
R box 15m
: ——— box 20m
'''''' box 25m
—20 1 hox 40m
-23 T T T T T T
0 1 2 3 4 5 6 7

&hio 95 W31 gbiwly y0 039380 oy pb Ol et VY S
Glizo s Job 5o Kb Bl g ubiiwnn 3l xSz g0

5 podd S (60,Slas Llatun ahaio a5 Jl> o o)l ol

U iR

S S LONU S

Sy Jols Jpamd S > 050 4w PR altis Judo o
2oolal 85U sy jekaie 4 it slaob b slaosle sy
SLIYE B slayloge jo 5 conl a8 5 bl  Soliss muly

Ll 00

2.0
1.5
1.0 H
= 054
<<
-
2 004 ——
<
= — — F-shape 10m
A 054 1 T-shape 15m
g i - F-shape 20m
A -1.04 ‘! —-—-F-shapc 25m
< I - - - - F-shape 40m
' box 10m
—1.54 D box 15m
| ==~ hox 20m
—2.0 ! ++++++ box 25m
box 40m
-2.3 T T T T T T
0 1 2 3 4 5 6 7
FRQ

99 sl gliwly 55 (A11) 039351 o )2 sy ol puds —14 JSLS
hliso 5l Job 50 JSib Bl g a9l Kbz go alake

0.7
— — F-shapc 10m
s F-shape 15m
0.6 1 ----- li.shape 20m
| — -« —-T-shape 25m
0.5+ . l - - - - F-shapc 40m
P hox 10m
~ “ B ----- hox 15m
= 044 r‘i : ——— box 20m
e W el o e box 25m
% 034 LLP box 40m
& i
= i,
< (.24 J‘\
o) IS
"
0.14
0.0+ —
—0.1 T T T T T T
0 1 2 3 4 5 6 7

FRQ

by 50 (D11) (Swludgyomd (ol pwo o po Ol s —Ve IS
sledsb 5o JSb Sl g abitus ol (g go ghailo 93 (Al

B sliwly )3 o398l py L8, (pwyp 4 &5 AR loges
203k Jsb g awain az g BB b ojlon o gl (Sigse
58 el ST Sl (gm0 3l ooz (Sealinogyaem o> lade
4 3 os omlive e Fro Job b ongd ekt ablie
Oboly V5l eS) Gl slauls 8 50 AL osg3dl 0,2 o



Q=) OF-F (FA) Vol o cwaige 45,85 1)) Kad 5 00l (85 00 0

14
H — —F-shapc 10m
1.24 ' F-shape 15m
1 —-— - li-shape 25m
1.04 1‘ - - - - [-shape 40m
3 box 10m
\E‘ (.8 f. ----- :nx })3m
b 1 ~—~ box 20m
< 0.6+ : ------ box 25m
[75) B
2 04 \_i._\ box 40m
s LRER
2024 AN
= |;‘~\\M\
3 0.0+ i : G R
Sgades od
§
-04 §
§
—0.6 4 t
0.8 T T T T T T
0 1 2 3 4 5 & 7
FRQ
5195 ©lugi (il 8 41 Cond 039381 p 2 il pus ~VF LS
Glizo s Job jo 5ol rojlw
033
— —F-shape 10m
< I'=shape 15m
0.30 -~~~ T-shape 20m
: —-—-F-shapc 25m
0.25 - - - - F=shapc 40m
K box 10m
S e box 15m
2 0204 % -~ - box 20m
e ------ box 25m
i a ~ box 40m
=
5 0.10
50
0.05
0.00 EhdEtants ORI An Nl
—0.05 T T T T T T
0 | 2 3 4 5 6 7

(D55) )90 e o ririd (3 yo s Ol s —YF S
Gz s Job j0 59l slaojlw iy

Js> )90 (st B yae a5 (VY ,10505) ADD (gadlin (cu)p 5o
chils £55 55 Oloe (st FRB Glaglss il ol (o550 55
abolie 1o 598 o odabive Gilies Glosl o Libituwe o IS5 3
Lo 3505 ey YO 5 ¥+ aiile oo slosb ;5 o4 « S 3
oty 5 3 oot 551, s Sl 5 U slacd
392 3 (A6 Wlgs oo JB8, (nlaias oo LS (55,210 5l eS)
Ol 59 (PSSP e e g S S e wile lmosusy
o)l 5l o ojle Slygo b Giuliél 4y oeie a5 ail awain
sk by S G e sile 3 (5 53 99 g0 Sl
a5 oduw, 429 BB e polie 4y > ADD i (e YO
0 S 3l el ol (rdge wgllasl L8, L (5 laubl L
Sy G T B 1o 3 s el o e ol
s oo lid 0> 5l SLSU slacdl oy g atwgn (eSS

12
— —F-shape 10m
T-shape 15m
10 H -+ F-shape 20m
—-—-F-shape 25m
- - - - F-shape 40m
85 box 10m
L e B S i box I5m
o ——— hox 20m
e 64 . . box 25m
% box 40m
g
<<
a
2 -
04 ok
-2 T T T T T T
0 1 2 3 4 5 [ 7

33 (D33) 6 &8 1o oadond ol n ot b Syl VY JSC
Aliko sla Jgb yo JSb Bl 5 (Slebiiuns 59l (Sbge alako

Sl ;8 o ISl abolias aS 098 o camlin VY loges jo
Vb sl polie glils il loly V51 2eS s (ol
s o3l sl Gl L lakie (ol ks (AB3) a5l o7 5
Pz s i Tr diged 10 a5 GlaigTa iigd oo (5 St Sllugs
S Gl ey o0 0dd (k2P BB i polie 4 (> 03938
b S e 4 U5 Gl alolie (gWL ol saiasylis
bt glaio b slacSilzae (hlie o ol (35 305 sl
L oS ook 4 ims o (LS 095 5 55lwk s Sl 5)L8,
polie Ceaws 4y g sl als A33 uis wojle Jsb il

ASGA J.s.d LS“’MM

2lr 5o Sazge oI ES > oo B8, by 55 VY jloges
S50 abolis laga ol o el cilihe (gl uilS )5 L 2lsal
e polie aninn (e YO B VO) She ook jo 059 4
ool Lol iS5 4l s o, V51 2aS (sla S 3 0 1,
St iyl e o Gl b e 4 ol
g el zo US>l 10 oile g5 el 6V Ayl Canglio
oS glal 50 g e ladsb o lagl (lwLL (Jl> e o
5 ke axlge il Ly ol Jlagl o ,Sles wilgs co ¢ yuilS,8
by sla s 55 s 4 sl e olatge i
S Sy b 45 wiles S aloml 5 5 lenSy olis —(Gie Fr)
o lapT FUuS L6 5 5l s, eaiasslis 5 cuul ol e

2l o glysl (Solins SIG 20 2l



40
— —V-shape 10m
354 L F-shape 15m
Iy R T e e F-shape 20m
3.0 ;.1 —-—-F-shape 25m
| bl - - - - F-shapc 40m
i3 box 10m
259 WA e box 15m
¢ ——— box 20m
S 2.0 LA box 25m
2 — box 40m
< 15
=4
1.0
0.5
0.0 4 —
-0.5 T T T , : :
(] 1 2 3 4 5 6 7

9 IS G gl s y3lis (sloojlas (sKpoliys grasly ~¥5 S
B Cys jo 1) pliow zlgel jil cxd ;L..Ia.......o %

120
— —T-shape 10m
F-shapc 15m
100 4 ------ F-shapc 20m
—-—=l'-shape 25m
[ - - - - T-shape 40m
80 i hox [0m
e box 15m
o~ . ——— box 20m
@ 60 SR e e e box 25m
5: box 40m
< 404
. !
o
-20 T T T T T T
0 1 2 3 4 3 6 7
FRQ

Sl ablio b jbul sbvojlu (ily90 < 5> (Sl Gwly TV S
8l bl (o zlgel SGow a ojle wly ko a5 (YO jloges
laigas soled ;5 S 3 il 1L 1, 028lS 5 g3 g, s
o3 ;0 RAD jluie aiciy ( ot alain ;o 020 o0 oylis
Vb g oad cdalice (i, + O L Y dg0m) by oilS)8
OV RAOD o5 cuwl yio YO Jsb b Ldatie Jow a5 bogs o Gy
sl alado a5 a0 o Ll fadge (pl a0 F.0 D90 4
S s5sm (8 it JE SIS o s ol o lS 5 50
oyble a1 ol (5 Il Wilgs g 5 ol 2byo lalpd po
5 oue b Jdo 4 S Ol ablie ((blie jo Lojladl
) ke gl o ol (Sealusgnn Sliogas
Sop i hlo ablic pl a4 b sbloges ailosls
Seelas L8, 9 5 g0 ol 5l (S aS diis g CSles,

ol 88l Ll jo sl oo J S

(B Bl g gy gblis g4 (nl 4 by e sla o
ool 6 )lubl W5de b ool Slilugs a8l g ol oo ials
5 22 M 2le e olle ol glul Sl b S
Slply ol a8 ol (Lbitie gdwain 1o B Jolate a6
Siloes Fomlio gl sS (Slhgs S > 4 ulus slas )5

S5 bl ke, S Gl ablie Tsass wanl ojle 2 e 97
s pl j0 e e lid sg 3l et ablie 4 Cois
S iz sl jlogai (e YO g Ve N0 slo Job 10 05094
aS e (5o VU 2 0) b eilS,s ol jo wal
ool gy (g0nay 9 (sreb SLooge Wi jg (geaiaoLis
38 bl g i by Soazy 5l (LSU Sl jL8, 0l
B g dz ol (ial38l caw a5 wil alade g95 )y 0>
(Jlie )0 05800 P G B (S e LB 65
5 SLSL slacsy Bl Lt ablie 4 bgsye D55 loges
Ol 1y aels 5 CSleSy gaig) g eom wad slapleg
(o ¥e g VO aisle) YL sl Job ;o ofugas )Lid, oyl asos oo
g wlsy93 0 (Vb (GBS, Sl oS 45 55k 4 el 55k
ol b e (SL gl 51 Jed BB (glosgass jo Loes
5 el slead 5l (Lhins avais g8 550 Sk b S

ol (Sealizs baylyd 50 Slilogs ol 5l g S ol a0

tsSaolu Fewly sraisle-Y-o

TVETO slo s o e sloJsb L loojlo fusly (slaaielo

o1 bSizge (Seelys L8, Layloged ol londs )|
Jsb il 3a35 (gamnlin oSl 5 ool lis calizeo (slauils )3

Silwse p2l 3 1) 05le SIS > saials yy alads g4 g

7
B — —F-shapc 10m
il F-shape 15m
: : - F-shape 20m
i — - —-T-shupe 25m
54 i -« = = P-shape 40m
H box 10m
T R L e box 15m
A ~ == box 20m
I b eeees box 25m
S 5] % box 40m
<
o4

9 IS Bl abolin b 5l gloojls (Sopoliyd sty ~Y8 S
B gz jo 1y plido Zlgol il co  Judatino



Q=) OF-F (FA) Vol o cwaige 45,85 1)) Kad 5 00l (85 00 0

LSz ge o ylos anxo s j Julxi-0

as ol plas  Swlipog,ae sl s ) od.n]xiwus)kg =
soge 5l (gl o JSb Sl alade L gl slaSizse
©I2 50 S e 9o (832 9 @SB by y0 oRod (S5 >
boe aie) o Wlgiee Sy onl 1 6995 Eleel (55!
PP i & Iz 0eh B mee Suje Soabye Se
OKhpse Culy (g )0 Wb g (ks als 4 zae 55
SoFedn s Gl Ghled Gon ls Ssbee e

S oo $ S sl (5S slaoliin;

ONbzge o il 8 e slaojl jo a5 0l sdwlin yiores
@bl o @ eSlES g olwl (8, S Sl ahate b
el ools ylid 995 3l riaid ol pee 909953l 0> (RAO wiils
3 9 9 ok SWIL Sllug el slas 4 ggdse (5l
SLbl oles slaolKins; faile ol axcs jo 5 05le Sl,bI
($y9abbge Al Glosl jo o (Seluo Gl 1 .cwl ol
b (Sizge 4 Connd (6505 Slilwgs JS GBI Sz ge
oelS a4y L8, plols GLlas YU GuilS 3 L GlSS im0 bl o
S a9z b ogdoe Slbl aihie 5 b lagl >
sloslaiwl b avase opl ST S Bl aade cole jo Jlas
S35 a5 55 35 b (0,565 b L S s
5 hebrine slaojlu a4y S (5768 armretans; Sl Wlgi oo
51 odnlcasoas anles bl g ooplpl aslb axsls P
s &5 S5 Gl it 457 285 4z gl oo ecoos gla luloxs
Gl Bass I ash (Selnogae o Slee
slapSizse (b lr Groghe 4uiS 58 (Sl

Al sledas sl

S5 axai-F

99 b Holds (sla iz se (Seelnog,aup o,Sdas (gl (pl 5o
5 o §ilwJow jlosluul b S Gl g Ldatus alads 4
olis g slwas 3 Jol> C.tl.u A gty u_i..al._,o Sl
5 03938 o> Jowle mje Jdo a4 IS Ol ablas a5 ols
O Cod ojle (Solins lagul jials jo (riais glw
Gos Gl b yomen 5ls (g0 0, Slee ldatuss ablas
Ol s Zgo Gl g 05l 28 ! (5680 cojls Jobo 5 289,
S5l odz ol p st WSEaS oS 4] =y BB

ols ojle 4 zae log i Jlal alS

4 Cand Solite LS 13, RAO (slalages (oils sliwl, o
Sy jpax diul) (nl jo s e plis vg5 5l (88l g
oy E589 oaad las 58 VBT (w8 505l )0 atine
ghie & gy o Lly cul )0 wly jlade o i 2l il
FAVY 4 Sep (W8 )0 a5 e0g e Ve Job b (bt
dlie (o jlade pl o o YO 050> RAOD (6 iSTas e 4
ST 4 e Wlgiee g 039 4295 hB s ladiges plo L
Lalyd b po GSigse ol Rl amis o 5 o6 S5 >
wile) bae oy am 51 Ko Ol ablia o 553 Sl
el s Lol e Sy )1 55 (oo VO b Y+ olaaiges
Ygars 5039 Joleo (Lelatns slo oo I yiaS ilye oy lnSiy
YU sl il 3 0 wopmizman ailo oo 3L VO 51 S by T luie
Jeo yho jho 4 muaia bgxie (sl (5,0 ¥ 1 5V
s3g9ms (il 45 ze D2 S i ) Sl a5 anS
USO8 ahaie >,k 4 ws oo i s ol el odlS 3
Wl S anls JiuS 5 i) g589 Jlexl 2alS L
595 5l pbMin 2b)d il b agzlye jo il o See

a2 oo lid

g5 4 layomme plo 5l (L85 2 sl 50 b Sz ge )13,
s Gl 59 RAD (lajlogel ol atnls o5l Jsb g alaite
00t L 45 S (53, ¢ A5 Sy 5 g Sl (gl
ol 3 il o 5 o 330 0l 53 Syl il £33 Loz
G ¥ g S8 5 e Ve Jobo L S O el ol
W oo Lid VYO sga> VL jlews Jlade b ) wly (gaiiio
A3 oo Ol (L2352 B8, jo |) st skl zads 4 &S
iz 35l (alo el canliol oS 5 5l (AU Wil e U3, )
P Gos il o (Seelusgyaee o Sy 9 JEB S e Jore
ablis 5l S Sllog gaisls ax 31 Ll ablie ;o .ol
Joe aiile 8lse S 50 Lol eunsl (uilS 3 e o JS5
Yo UV sga> 0RAO | g JB polie e VO  Llaius
Wl Saliys sl (Sl lizman a5 395 o oonline
SACSI5Sy 55, e 5559 53 i P+ b ojl Job L
Slass @l Rals bl Guld 5 wad e GLis 95
ghie 50 2 ;3 RAO polie 5,0 ¥ 51 5YL o uils 2 0 a5
Ol A aes s lis Wigy cpl 0gd co Sgae B 3l S 4
G2l 50 g A Wlgioe (e Bl i) ol Jsbo
bl lapSiagee (IS (Sslus )lul 9 5 (252 OB >

&S



wb lp (Sosd obe alSlesl (i lel pll O
solie guonal ulpd (s 9 o0 slaatdly

wiilgie oanl slagiagh (39 Sloleiia szl 5 ule, b

Fhb dnng i) 9 03,5 &8, 1) ;o> Joo slacasgae

Iy YL 2l 5 ooy sloawaia b sl slo Sizge aige

50 ol B

OB 3lg wads -
1- multi-pontoon systems
2- inviscid
3- irrotational
4- incompressible flow
5- Boundary Element Method — BEM
6- Time Domain
7-Frequency Domain
8-Rigid Body
9- F-type floating breakwater
10-Sea Grid Size Factor
11-Flow Model
12-No- Flux
13-Radiation boundary condition
14- Response Amplitude Operator (RAQO)
15-Mooring System
16-Flange Width
17-Physical Validation Model

&Llwo -A

1- A.S. Koraim., (2015), Mathematical study for
analyzing caisson breakwater supported by two
rows of piles, Journal of Ocean Engineering. 104
89-106.
https://doi.org/10.1016/j.0ceaneng.2015.04.088.

2- T. Yamamoto., (1981), Moored floating
breakwater response to regular and irregular
waves, Journal of Applied Ocean Research. 3 27—
36. https://doi.org/10.1016/0141-1187(81)90082-
1

3- M.Qorbani Fouladi, F. Bahmanpouri, S.
Rezazadeh, F. Kollolemad, M. Mashayekhi, G.
Viccione., (2023), Investigating the sidewall’s
effects on m-shaped floating breakwaters
interacting with water waves by the scaled
boundary FEM, Journal of Ocean Engineering.
284.115200.https://doi.org/10.1016/j.0oceaneng.2
023.115200.

4- M. Qorbani Fouladi, H. Heidary-Torkamani, L.
Tao, B. Ghiasi., (2021), Solving Wave Interaction
with a Floating Breakwater in Finite Water Depth
Using Scaled Boundary FEM, Numerical
Methods in Civil
Engineering.64249.https://doi.org/10.52547/nmc
e.6.1.42.

5-  C.Y.Ji, X.Chen, J. Cui, Z.M. Yuan, A. Incecik,.

3 izl 3 st osku sy b e ablic S5 (53
Lo JB3) Somb Slapmill 2 L gloel b agzlge jo wcsle
olgsy sloodady 9 dattass g disls (Las 993 51 (55 ,lubl
ablic a5 conl Jb> jo cpl disg gleu w8 3 slaosl o
S FCSeSs by LS & et ol dawais dlauly 4 IS U
Sl Gals o asly wssls (Lad 095 5l Samg (oilS )8 05k 5o
Sl nl b 33,5 Joo 53850 5 anlsSl lilugs 9 45
S5 e bl sl slaSiese b 5 clie g
Cye ! Glacyssame 5 oo Slae Glual o lagme byl
U5 Gl ablie a5 ams o ol e ol b Lol e ppdy
3 oske @D 5 ol e sl ae lanS g
il oy (Sealtys byl | aglse
Sond oo (e (R (nl )3 caddil)] g30e (55lu o
ol (Jow cpl jo el a8 S Ojse Jlowyl Wylyl 5 e
Sl g o 48,5 a0 Vo pur & g0yt (Sigse
s Cypiziad ol 005 Bl 4y St gl S s
ojls oS Cewl 0ads (S8 5 ot jsliie Julow j0 Migaiy)lee
22 Jaeignl pepdle ol jslis Ol s (5, Sl5T j5ba
9 4 jSamy Dl 5l g Al dnwgs pXUeSTS 5z e Gl b
15 4551 b wilonti g5looe ki jabas o,z (Said]
S35 g i (IS (@il 2 Sl o0 Wrossay Gl (o8Bl Ll 25
037 5> bJelod izmen il HIS S ojle a4y ond Jiie
e 5ol OlS e als jog > (5,8 5 00l plodl WS )8
5 oslil o as é Ll by 55 anels b glasl el ol
Lol 65570 CFD L (e 059> sbaJoe
SB35 Wy, il alianwgs Jow dacusgaom (pl 9524 b
il S 283 L1, sl sl Kigpn (Seolizog,en
Slatiogs ol ey m)lS g s Lialil el ol ol b s
200,05 )18 4z g 0550 5 9)l50 cany ] Dlisiod )3 09 e
sJas 5l solatul § ol piucilanl 235 s o)
(SSelizs 5 0 5385 (g 8Ty Sl sl S
5 S byl Bld b goiplee piecs gl
S sk » ol )-‘-’L’ sor 5 ke bk ol
RS
Sal s Goyb 5SS Gl aliie dwais (giluatge Y
sl g 2lS e LoassS gl 5 o581 sl i
Sy owilS )8 sleosgaze 4o CH zse
bt DI gy 5 0o 035> A gamans Jae (35T
s wave slamming ,ls slsodssy 5 wal zlgel 5o
green water loading



Q=) OF-F (FA) Vol o cwaige 45,85 1)) Kad 5 00l (85 00 0

Fluid Mechanical Conference..

15- C.M. Wang, Z.Y. Tay, Very large floating

structures: Applications, research and
development, Journal of Procedia Engineering. 14
(2011) 62-72.
https://doi.org/10.1016/j.proeng.2011.07.007.
A.G. Abul-Azm, M.R. Gesraha, Approximation to
the hydrodynamics of floating pontoons under
oblique waves, Journal of Ocean Engineering. 27
(2000) 365-384. https://doi.org/10.1016/S0029-
8018(98)00057-2.

M.R. Gesraha, Analysis of Il shaped floating
breakwater in oblique waves: 1. Impervious rigid
wave boards, Appl. Journal of Ocean Research. 28
(2006) 327-338.
https://doi.org/10.1016/j.apor.2007.01.002.
M.Qorbani. Fouladi, P. Badiei, S. Vahdani, A
study on full interaction of water waves with
moored rectangular floating breakwater by
applying 2DV scaled boundary finite element
method, Journal of Ocean Engineering. 220
(2021) 108450.
https://doi.org/10.1016/j.0oceaneng.2020.108450.
M.Qorbani. Fouladi, P. Badiei, S. Vahdani,
Extracting the Solution of Three-Dimensional
Wave Diffraction Problem from  Two-
Dimensional Analysis by Introducing an Artificial
Neural Network for Floating Objects, Latin
American Journal of Solids and Structures. 17
(2020)  e324.  https://doi.org/10.1590/1679-
78256096.

S.Nemati, M. Bakhtiari, M. Azami. Investigation
of Wave-Structure Interaction in Floating
Breakingwaters. Journal of Hydrosciences and
Environment, 5(9), 2021,8-20.
https://doi.org/1022111/JHE.2022.42343.1079
E. Koutandos, P. Prinos, and X. Gironella,
Floating breakwaters under regular and irregular
wave forcing: reflection and transmission
characteristics. Journal of hydraulic Research,
43(2): 174-188, 2005.
https://doi.org/10.1080/00221686.2005.9641234.
D.L. Kriebel and C.A. Bollmann. Wave
transmission past vertical wave barriers. In
COASTAL ENGINEERING CONFERENCE, 2
(1996) 2470-2483.
https://doi.org/10.1061/9780784402429.1.

F. Ursell. The effect of a fixed vertical barrier on
surface waves in deep water. In Proceeding of the
Cambridge Philosophical Society, 43 (1974) 374-
382.

(2015), Experimental study of a new type of

floating breakwater, Journal of Ocean
Engineering,105295303.https://doi.org/10.1016/j.
oceaneng.2015.06.046

Z. Liu, Y. Wang, (2020), Numerical studies of
submerged moored box-type floating breakwaters
with different shapes of cross-sections using SPH,
Journal of Coastal Engineering,158103687.
https://doi.org/10.1016/j.coastaleng.2020.103687

KZ. Hu, TJ. Xu, S. Wang, (2025),
Hydrodynamic investigation of a new type of
floating breakwaters integrated with porous
baffles, Journal of Applied Ocean Research, 154
104380.
https://doi.org/10.1016/j.apor.2024.104380

Z. Deng, L. Wang, X. Zhao, Z. Huang, (2019),
Hydrodynamic performance of a T-shaped
floating breakwater, Journal of Applied Ocean
Research, 82 325-336.
https://doi.org/10.1016/j.apor.2018.11.002.

B. Li, L. Cheng, A.J. Deeks, B. Teng, (2005), A
modified scaled boundary finite-element method
for problems with parallel side-faces. Part II.
Application and evaluation, Journal of Applied
Ocean Research. 27 224-234.
https://doi.org/10.1016/j.apor.2005.11.007.

B.Z. Zhou, G.X. Wu, Q.C. (2016), Meng,
Interactions of fully nonlinear solitary wave with
a freely floating vertical cylinder, Journal of
Engineering Analysis with Boundary
Elements.69119-131.
https://doi.org/10.1016/j.enganabound.2016.05.0
04.

A. Kang, P. Lin, Y.J. Lee, B. Zhu,. (2015),
Numerical simulation of wave interaction with
vertical ~ circular  cylinders of  different
submergences using immersed boundary method,
Journal of Computers and Fluids. 106 41-53.
https://doi.org/10.1016/j.compfluid.2014.09.043.
S. Ganesan T., D. Sen, (2016), Time domain
simulation of side-by-side floating bodies using a
3D numerical wave tank approach, Journal of
Applied Ocean Research. 58 189-217.
https://doi.org/10.1016/j.apor.2016.03.014.

D. Li, V. Panchang, Z. Tang, Z. Demirbilek, J.
Ramsden,. (2005), Evaluation of an approximate
method for incorporating floating docks in harbor
wave prediction models, Candidate Journal of
Civil Engineering. 32 1082-1092.
https://doi.org/10.1139/105-059.

https://doi.org/10.1017/S0305004100023604. 14
24- R.L,Wigel, 1960, Transmission of waves Past a
Rigid Vertical Thin Barrier, Journal of the

A. Cheema, M. Zhu, S. Chai, C.K.H. Chin, Y. Jin.,
(2014), Motion response of a floating offshore
wind turbine foundation, Proc. 19th Australas.



waterways and Harbors Division, ASCE, 86
(1960), 1-12.
https://doi.org/10.1061/JWHEAU.00001.



