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ABSTRACT

Hydrodynamic behavior tests of | ongi mmdretramwtaves
mi ssion imeebmeeaear eas. Especwavsdow, dt tbe prneomrfeor
compl enawhe masof pmdhiceddee f i ned within the.lrmnge of

thisaseudgs obBarex peouvmideameldee gul art avaivrev agttii gatse t
hydrodynami c fper fanmokomhdnds @t ohg br eawkwhwiacleri moded s si

box, single porous box, double cylindrical ponto
and suspehide ngx barl il dhesphtayeewalVéeéstransmi ssion anc
di ssipati on hawe fnowlrt nrpahdperipsdmetmd t he natur al pel
fl oati ng nstlrouncgt uwaewsd hihgeghn mme evi de ndo & fofrT lttéeheen tr e f | €
resonant respongeshearnotdlone ahdermweod i ng tensi on
further explain the turning poidrtssplpenadmenacmeddp
The overall thees wplotasd erse \pehall melsdtscaféewi t hebaabl s mi
the turning point phenomenon due talBoddtdtei onal w
pot emdrn ad edmcti ingmd baen e gwhiocdllatsbe feasibility of

floating breakwaters.

KeywoFHeating breakwatkeopngMowdMéskxpage mantb; ball

pl ates
1. I ntroducti on

Fl oating breakwaters are frequentlymempkdyed to
vessel s, mari nas and Campared f woimh w#vi exceidtt it mrc&ls
breakwaters, floating breakwaters are | ess depen
most importantly inexpensnyebireakwaseractaonbeMo
an -ecioendly breakwater for allowing the passage
preventing seawater pollution. I n threevsee breeganmed s ,
mor e i mpordtatnrta@athedd hearsor mous attenti on.

I n the past years, sever al types of floating b
achi evements have been made in port ermigilresering,
[ 1dniic Car t nperye s[eh]treedvi ew of these types on eval uece
applicability of floating breakwaters. The most
a single pontoon type, which is generally made ¢

pontoon floating breakwater (SPFB) moored by th
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t heor[ef]i caume®,] cahd ex[p®idoneunttiaolns has been execu

with different highlights matcihomsr evapvensed | efcyydroo
wave | oads and effeAnct lwdr tdtet mootriing oytsitem.f or
reducing wave turbulence i s dual pontoon fl oat

constructed t oofi ntchree afsleo @thieng nleady aand remain t he
t he SWFBIsi. ams-Aa mil P[pArbeulli mi mwedtliygat ed twneredepende
refle¢titde DPFB on the design parameters, such a
and mooringBhserd ehitheedoundarWe negl eammedn t C hnoeut h[old3
studied the dynaniBc mMTéaepgorded cfontileest BR biyelusv aimgt
s masliclal e model s and validbhbhepgdathecaoauameyichéychioon
space between two pontoons had a obvious effect
resonance respoatseh ini hemévredygnop e oi ment al ly measu
wave attermrbatltinyg @ad hydrodynamic performance ¢
configuration. The experiment al results indicate
i ntensentmowvwehnech can i mprove wave transmission ar
In order to further enhance the powerful abili
ome investigators have proposed some new types
drodynamilo rboe hatvd @iudu dtlesd p h s itcoal memosduerle ttehset
ansmi ssion coredtfitctlieati md kar ebarkowaadt er . They di s
rnraedt fl oating breakwthedr waot boelightsedubett ransm
2D g et pefdf or[neddy naynd c anal ysis as well as

v esanogtateer ki nd of floating breakwater with dua
fish net f dwi zcuatgaen ia guamnuReatouwdraen.e fl t¥thep ek cg amguwd a
| ogtibreakwater whi ch i s moor ed by three di f f
xperimentally studied the dynamic behaviors of
ransmi ssion, motion respangesandddruamodairhteendy | i ne
peri ment al results of an investigation on the

amond shaped bl o&Kks aumd eard @i eRppledhi e ees experin
e hydrodynamic propertieealbWwataerr ewittahngsa ¢ me o
bmerged vEmado i e2OR fsptluadieesd t he per for machwael of ho
ous platesveadbraeankwafedDabygyappl aw as the boun
ids acrosadpotoos,ptaaegsdelvrerl oped amadmpiri ca
te porosittiyadn e otrloas st lpaacgraeanet er byChu@&Phg syste
el oped anal ywtiingdle g®lndtoioon § | foartciaal g plorr cauksw asti edre
tes using the matched eigenfunction expansi o
cluded that both properly selected porosity
cking per ftoyrpnea nfcleo aoefiCit ghei bs2 Bakiwraited out hydrody
lyrsetshe pontoon verywitbbaadclhagld ssuhbimdaruged (hdrFiS
Cempared with the single pontoon floating br
ponses of floating body, and the mooring fol
mer ged holXii zatfipteadl p opfl eadt etshhe cghkwdt eca( CFBbpawhn
sists of a main body of rigid cylinders and
pending balls, and studied the wave transmiss:s
uced tension of the mooring I|lines.
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The gfodrneg menti oned studies provide enlightenin
related to the hydrodynami c behavainodr roefg utlhaer wvwaarvie
with the narrow protTTt3y PelOsr-a nigeedt e oHie mveasvemep errei aol d
ne-aeedéa iartenees Sout ht Chiwmav &Semeri od can reach appr
wave shoallThegeeffectli ttle works, in particul ar
examining the behavior of tA=210 [1s0a20 ng. blrrea&dvait t
natur al visbf dtllhoeart ipnegriilter ddaelk wanteaer svioh i wavbepeangds
and rtelseomatngtoofmt ruct ure may have significant eff ec
c anmobté gnoMdlkelr eétfhoer evave di ssipating effect of the f
regime remains lda thapiig |oufmi sitaudiosds.t o the researc
performance of four types unfdefplrodteiamgebrodakwagtue ra
wawerT=64d4Z0sb5lthes configurations of these floatin
st mus@tr opostehde bsyamd lddibiRer s s a type-tppe spogbdbes po
rectangle floating breakwater, and anot her i nt e
breakwater with both . Chmp areasthi vcemgesx paeird onehne sidallc It .
among the new types of f 1l oat i ntgy pber eraekewtaatnegrise, ftlro
breakwater andypdualrpohéaoohl oating breakwater.

These floating breakwaters attapubbkl swrhgcaswaea

(1) contraction of fl ow, (2) formation of a hors
| eweake vortices behind the structure, (4) gener af
(6) occurr enceanodfefwagpvcet borfe akTilsnegou ek id ladmip Updlfy.. [ 14
reveal ed that t hwei tunt itlhiez ataild ns coafim dtshieg eciapgpec ams | yl a
the efficiency of the ¢#lemattihn g nbcri edeeknw a twearv ef, o rb ua
systemalt uctlidd yperdforwawne eant enngt wame ntlyé on. The
presentsasrtiwdp/eo f ime nadstmeon si on alarosanvdcu dtleudnei n or de
assess the structural responses ( mbit 9§ ©inp art @ snpgo n
ef f ectsiubejneecstse d tloo ntghgeu laacrk ii voanV ¢ogf , fhsi mseBnotomndi
paper arendreaawyn nered i ng application of the new ty
2. Physical mo d e | experiments

2.1 Description of the experimental floating bre
Fl oating breakwaters for use with fish cages/ po
operat e, and effective in dissipating wave ener
simple types of floating beetsdegphiiscniserRdgal physi ca
di mensions are in prototype scalfel)oatMordge Ibrle dkwdtl
and its materi alThilee nge ihn fhewii adj¢éhdh caonrdc rdetad.t of t he

ml10M40 m2andd m, r BMegdetnkPwgpgaof porous][lfil oati ng b
whiicek fabricated amwd dosémbhecdl upilmdges, three |
transverse plates and e, gand slmdns melke Eoif mrndi emégh
t he MoAl ehunmber bbbl ecoasla utchtewd | ploon @il t, udi nal an
transveabevel abhesrkegaedi ng wawererearcdqy pdiad =i, p & thie

por oissi t3y0 %, whi cbridésé ndgdetiodsedggestions in other e
floating [bfFoakrwahtcelrlsow rubber floating bodies wit
the | ower four cabins to provide buoyiahcgneThe f

of these caMdade 3 si ey ofongderdtcoacln conwhigoah atcowosi st s



two dii amei®r2 m |long cyl i ndelr2s nanldo nngi Thteg kOe.n4d ed isa I
cylinders al so ar e madetrodtarcrheiienvfeo rwaevde ceonnecrrgeyt ed.i ¢
wi der range oMowalWwasst fmescquecmagye (15. 2 m | ong, 2 m
whi chedisgned to hang bé¢hewsibinet maModellthr 3c tfdreexi bl

structure crtahedosbutbapdrteduce the cost. I n add
m di ameter are put into the mesh cage to enhance
balls is similar to water so they can freely mov

Fi gDhetlail s of thebadbodfellodti ndrebrseé algwat er

Top horizontal porous plate
Longitudinal porous plate

Transverse porous plate ollow rubber floating bodies

Fi ghbet2ai |l s of the Model 2: the porous floating

Diameter=0.4 K 9 Bx

4m -




Fi gDetdai l s of thekei Mddetaldh double mwobhhobothl|l tati mgshr eakw:
ball s

2.2 Exper iamedn tdaalt as eatcugpui si ti on

The experiments are conduct(&h | ong, Wiko8di aedsi c
1.2 m deep) | oicvadredi tayt alfi aScgiseue clgnla & ¢ € Te svan el 6 § w.m
was eqwippead piston type wave maker capable of
downstream end of the wanvneo vihtvieveeatvasr pwinisom| bgdt &
combines the advantages and design features of a
so thatremnant waves can be effectively suppress:

Fig. 5 shows a sketch of the exmpest mainnmsad set u
equil i br ibywmapdaidtieonmoori Egqachysthaimn mobrong i s f.
ancwbrch are not moved by the br,ea&ksvadleawn dium i Fhigg
The mooring | ine is madnegboif 1s.t6aim | wistsh sd eleil nea nde
kg/ m. Two | madk wqelelds tfoh €mselaessutrr ai niamg tbecésewhr d
mooring |lindsnomespettopel gmrioducaedk iingg @syett yetm s

captur edgtrboel reiexdom moti ons of it me of deat itmog nteraesa
accurately t hebwavvoel ugtaiuogne so f( Wiasv)e sa,r e arranged at
Note that two gauges for decompositnhge tipnasiidefnt an
5.0 m &ndm5tHhe front of br edkwgedaegess mesglercitn g/el
transmitted waved.hOeinghtls7 .a0f eno pal nadb elid7r.leda em k wat er s .

(,‘amcrY\

A WG1,  WG2
/\—P | 5.0m
1.0 m| l—
04m

. 0.5m

% i < >
L 2.8m g 3.6m

e 200m P 250m %

Fi gExperi mapt af $ébating breakwater

FigA view of the chain mooring |line and the ir
23Experi ment abnthodehdstabas
In accordance with the dimensions of experi ment



target geometry schl20.fathws, ithhd hs csalsd ufdyr i wave
scal e for wawvder .pelrhieodpriost olt:ype water depth is fix
from 4.47 s to 20.57 s, which is within the bulk

wave heights of 2.0 m and 3.0 m are selected. A
experiweaetnetraldepth is 1wlAven, pehieodXperahgedt &FQrsem t
experimental wave helghotsdageaet@. thwmeswasdeOpiLbdt mct
of the floating breakwaters in | ong wave r1egi me
geometricail malkar. mdMas n pamadek erareflanhfiepéhot msTabl
are showhlOThe&i gsal periods in sway, heave and r
determined from the decay test is summarized in

TablPerdinpal deftlaodtsi mg krheeakwat er model s

Leng Widt Hei g Drau¢ Gravity clattteam

(mm) (mm) (mm) (mm)

Mo d el 760 500 200 100 71
Mo d el 760 500 200 100 69
Mo d el 760 500 200 100 100
Mo d el 760 500 510 100 400
Taba2Neat ur al periods in sway, heave and roll direc

Sway Heave Rol |

Mo d el 3.97 s 2.26 s 3.07

Mo d2 | 3.95 s 2.26 s 3.03

Mo d el 3.18 24 G 299 s

Mo d el 371s 238 s 251 s

FigModel 1

Fi @Model 2



FigModel 3

Fi 0.Moldel 4

24Dat a analysi s
The i nk)i daenndt rdg f lwawteed mpl i t ude Goarae sd &éjtee hmidn ¢ @

based on the experimental dgaat uag erse cio.red.e dWl y1 san d a
front of the breawateere. ahmpé¢ itnarsmiarteed i f ect | vy
exepr i ment al data recorded by the wave gauge WG 3

reflected wave amplaibtsuodrebsi nfgr osny stt legn dadnseic dgdneendot e ol e |
separated from the data by the waweoedhligee nWG(4
transmi ssi &h, cartfief be&Ke}y (ofn tchbpeefdb xcdaremitng syster
AJA;, AJA a n AAA. The energy dikigsi patdehi ceef asci et rat
di ssipatddtbreeggrgy if incident waves . 9:The di mer

KZ+K2 K, E K£ (1)

Herkedenotes the contributions from the vortex
viscous dissipation by porous floatispgognkbesakiat e

floating breakwaters, wave br eakaivreg oavte rsteogwa rndy .o
The ampl it uAdeg)s, ohfAnagyvea yanl o alelsponses are defin
oscillation amplitude relative to the mean posit

di scussi on, the 9waw,e lheapwed aadesr  RAWOskpsare def
RAOA whfi, h®AaAOA{dAand RADIAIJA, respectively.
MeanwhsiainBlare defined as the peak values of the

the | eeward mooring |lines, respectivel y.

3. Results and discussions

The objective of this study is to elucidate th
wave transmission, wave energy dissipation, mot i

regi me by comparing the hydr®dgmamédc perfor mance



3.Rlefl ection coefficient

Fig.-d l1dleapi cts the vari a€tkifonmns fofurr enfolded tsi ars ¢ wafcf
perTwidt h two inci dA&nl. Oncavne aanmdp [0i.tOu7d5e m. The dat a
that thetionalcoeéfliei ent of each model decrease:
which is consi st &mtr awint ha at8h aRiengbelit e m eadl mgyst r emai
after T=hle. 2voalsue Thosgmavaeseaslk mast entirely transmi
of floatingabeeakwgt dri §f aodFlotr tad |Ib e wsou p pnrce sdseend W

the reflection coefficients all have their mini mi
minum refl ection coefficients are about O0.035 for
and 0.03 for Moedeol rde.f |[Tehcetsieonnocnoef fi ci ent in our
of the radiated waves inducwat érys.t hlet mod i ommsc lodd
porous plates of Model 3 and mesh cage with ball
motions and provide more viscous damping, which
addi tion, t hceo enfafviec ireerftl eacft iaolnl model s at each inc
similar trends throughout the range of the test ¢
reflection increases slightly with i ntce efagri ng it
Mo d e | 2. This occurs because, for a fixed wave
increases the motibhe ioft dmee sheavwcd uaerd mroldl mo
seaward area of breakwatétecwhiooh &#Hobsvsewiemrguflbs M
to porous plates of the breakwater, hi gher waves
the model. The added water weight make Model 2 s

can be transdeilt t2eed over M
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3.2 Transmission coefficient

Next, we report the wave transmission coeffici



12ch s hows t he measured transmission coefficient
amplitude. The heat ataé¢v e alasodimhesasciho nmocdoed f fiinccireenats ¢

unt il it reaches its TmaXximuand all uen ahawavem@et umo
wave Tregi me. I n theory, the breakwaters are almn
transmission coefficient Tapprsoad®dltesiadbhg, whewe waHr
transmissi abraupefl fyi dieemtease at some turning poin
this set of experiments), especially for Model 1
to turning points are closed to nhige bheakevat eobk|

respectively. Thisesanabt mepiansedf byl oaeing br
wave period is closed to the natur al period of
incident wave to mornreaneofarnd rtulte utrreamws milttied wa\
by the same condition, resulting i A= Gidd,enf drr o]
ModeKioi, three turning points decr eaksef 1t8hrdem 16
t uirmg points decrease 7. &KWf & wd%tamai hglPoimdar Ma
and 14. 4%; Kfodr oMedelur 3, ng point decrease 7.07%).
point phenomenon correspondsitn ge vtiod ehneta.v eB urte stohnea rrte
energy in long regime is not much affected by th
I't is inter esttrianngs mios sniootne ctoheaftf itchieent at these p
is largédrrt MaRtetl hiddtst ance, the Model 4 is capabl e
value by nearT=y2 .45 % ali.dOhd %madand O .TOh7i5s m,s rbeescpaeucste
the mesh cage containing suspendingrbiadl socheadr
motion response reduction of breakwater. That s
transformed into kinetic energy of the Model 3.
is also be found t hatn tohfe Mouwreni nlg ipso imotr ep heevni odneennt
2 for all incident wave amphenagyediswhpathi 6 ofwip
For all types of floating breakwaters, i ncreas
attenuation effectiveness when T&tlr bctsgr e Tihsg se x pne
that the shorter and hi ghtear avatviesn ¢ ewidt it ot thea vfel are
the same trend hTaesh aalnsd@ H bseHeanv efvoeund imyTan§ wave v

s , the transmissiwomn hcoafcfrieaisémtg i mci el@&ned wave a
andarmBd thehemomemagn pof Modewh?2 wiOA Onodti mogu ttsot atnhdei n
permeability of this porous floating breakwater.
sensitive to the change of incidensewafWet hemptage
and the balls catnhesiklydrodcywodmiyh ebndlr dwieomg br eak
(a) 10+ A - ) 104 P VA o i o
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Fig2variations of t rKevresrnsiusss iwodi¥v ecro epfeficiii coi @enmntihi Ow.aOvse aanmp | i t ud e
0.075 m. (a) Model 1, (b) Model 2, (c) Model ¢
3.3 Energy dissipation coefficient
Fig.-d 18Bmesents the relationship betwien the w
calcul ated by Eq. Tfb)y darmde tfhobarwanmaepeasr iwhden i nci
A=0. 05 m and 0.075 m. The figure shows that the f
to motlengté indildelnts)wavaend the Model 2 and Mode
ener gy ads wiotnhp aMoed e | 1 and 3. Folhme aé¢heid quyci diesnnd i pve
coefficient in | ong wave regime oscillates betwe

period changtehsea x Aseune rrgeg/s wlits,si pati ohngoebfitdbiremt
turning points for Moded&d®&A=0.a0%rmbpattiOovdlry; Ot Bt e
point values for Model &A=0Oc.alkcbhtmbowdar 9i 24, pO@i 18
Model 3 reach als0b QMm.o3n9,y aomde O.ux5ni ng point wvalu
aboutate=@.1076omparing the four pmatteyopme ftlheoea ttirnagd
breakwaters are more efficient arkKgofviMdbddel elneatgy

three turning points increases 55. 3A0.5(665 0 and
Kiof Model 3 at first turning poinA=0n@s edanes 46.
addition, the maxi mum lkeehgaveisaipaali opepoicodr W
very |l ong waves, installing the porous plates ar
di ssipative performance of the floating breakwat
For the Model 1, 2 amd g3e,netrhad [ eyn esrtgyo ndgiesrs ifpoart ihc
wave rkdi.mes() and vice verlsd is .| dmg swawe drueg it me
floating breakwaters move in phase with waves i
easily tttrealnsomer the breakwhéeddbngnbdoseduWkrem heh
attack the floating breakwaters, there are some
and propagation of waves, thus wdvetenbuggdofaroh
the structure, is efficiently dissipated by the
structlutr ei s al seon enrogtyi cdeids stihpaatt itohne of Model 4 i s |
wave amplitudetheée.iencidemtawawe amplitude wil/| n
energy dissipation of Model 4. This means that t
motion performance of floating breakwater for wa
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Fig3variations of enerkgyendsussi wafeomnpewoiedd&ntAOxaltde ampl i tu
and 0.075 m. (a) Model 1, (b) Model 2, (c) Mod:
34Moti on responses

I n order to illustrate the mechanism of above t
of floating breakwaters are also measured. For t
RAO and roll RA @ earni doldi 0 bied evmtva wa vl ampda,t udeFi gs
respectivel y. |t is seen that the total sway mot

period and vice overMoadeflorl,r oMold enho t3i oannsd Mo d e | 4 .

fact that t hedy emdtriadmti sofprtchwi cdbed by the moorin
The roll motion of ModeT=12 3r esac hmensd itthse nmadxeicmuem sael
period. The heave motion of each model oftays nea
Mo d e | 2 increase rapidly with increasing wave pe€e
porous platsmateoaefsectucvarastiwith high dissipatd.i
wave actinoashdei tmodn ,ons noafl [ Mod @lhazn itshat of Model 1

of wéMhemt wave period is smaller thantl. hsg,cht he
i s becaaeaslk ithdtggeecease t he seaward area of the whol e
wave period continues to increase, the sway mot
i mproved as compared wiFtuhr tthlpatmbefe hetatvero &tnldr e e | tho
Mo d eils edd uTcheed .f avor abl e motion performance for Mod:¢
effects of melsth icagal wo tibmwthee a\vsd. | aargdsorivaldiet rhaet i on
1 and 3, t he hsedv Moamrtilh @2 oH daanvilo t mMolnave af p&MakeValdu
within the tavkeederégidon Tokesew peak responses it
corresponding periods are the damped fd@heur al pe
resonant r ampenseensergayusea ansfer from the wave en.
floating str wsotmer eextTheexréesfvoarlieme sl onMfgr wdadvee r egi me



transmindls senlptati ®nal so s eenthfarsoem otfh epsoer ofuisg umaetse rti

weakethurnmieng poi fefgheabmenoni dent wave amplitud
rol | moti on RAOs at turning periods of Model 2 d:
that of Model 1g, proda :ipg e anoit v elny ;R AtOwlr oifn Model 3 are
and 41.6 % when installing mesh ¢ageviwmigt H obalilss ol
damping effects and permeability.

For the two incident wave amgliidtende svaivire aunp | é X
have a significant effect on the tT enldhse ohfi gthheer m
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