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Abstmct:MaritimeinfiastructuIcpl2WsafimdamentalroleintheTimisianeconomy､NightlyivepememofTunisia，ｓ

甘adeisshippedbyseaSomethirtymilliontonsofgoodsarEshippedviathesevencommemialmantimeports・

However§anddespiteitssituationintheheartoftheMediteumnean,ａｎｄｌｈｅｎｏrlhofAficaandthelengdlofitscoasts

(13001ｍ),TimisjadoesnothaveenoughmaritimeinfiastmcmIEstoplEWitsnaturallypotentialmleasanintemational

maritimecentreThelackofe'<pertiseandlmowledgeaboutnavalamhitecturcandshipdesignisoneofthemajor

impedimentstothedevelopmentofthesaidmaIitimeiIfnstmctuIB.MostoftheshipsandfbmesusedinTimisiaare

builtinolherfbreigncountries,TheircostsandmaintenancefbesrEprBsentaquitesignificantpementageofthe

opemtmgcoast・Shipsarccapitalintensivecomplexassetsofadvancedtechnology,capabilitiesandeamingpotential・

nleirvalues,ｂｏｔｈｏfnew2mdsecondPhand,criticallydependonsuchchamcteristics・AgOodunderstandingtherefbIEof

marmetechnologyandimovationisaprerequisitefbrefficientshippingopemtlonSsoundinvestmentsband

competltlveness・

mgeneIaLfbrthedesignofanewShip,itisnecessarytosatisfiﾉseveralkindsofconditionssuchastheowner，s

rcqujr巳mentぅrules,ａｎｄreg卿lations・Atlhedesignstage,sevemlf息ctorsshouldbeconsideredsuchas,hullfbrmand

strucmr巳もShip，spmpulsionandrEsistance,Ship，sseakeepingandstability,buildingcoastetc,Itisalsoimportantto

knowaship，smanoeuvringcharacteristicsfUmbolhshipperfbrmanceandnzwigationsafbtyviewpoints・Fmmthe

vlewpomtsofshipmanoeuvTability，whencheckingtheship，smanoeuvringcharacteristicsaccordingtothe

manoeuwingstandaIds,severalmethodsarebeingusedsuchasthemethodbasedonadatabasethemethodbasedon

modeltesteKperimentaldataandthemelhodbasedonnumericalsimulationsusingamathematicalmode1.Inthispap“

abetterunderstandingofshipdesiglandlhediffbrEntmethodsusedfbrprBdictingshipmanoeuvrabilitywillbe

described・Theprospectsandfi』tureimplantationopportunitiesofmaritimetechnologyandinfrastructureinTunisiawill
befi』rtherdi型19s垣d
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1.Inlmduction：

TianSportationisthemostlmportantlinkin

economicrelations,ItisiIwolvedincreatingpmducts

anddeliveringittoconsumerg，pmvidesthelink

betweenpmductionandconsumption，between

diffbrEntindustries,betweencounmesandregions､Ｉｔ

ｆ虚ectsthedevelopmentoftheeconomyasaconsumer

ofmetal，eneIgy，timbe喝rubberandotherproducts、

MorelhanlOOmiuionpeopleintheworldworkinthe

systemoftransport

MaritimetI圏nsportationisusedfbreKtemal

economice9KChange,Ｉｔｃａｍｅｓｍｏｒｃｔｈａｎ８０％ofthe

fbr巳ｉｇｌｔｍｄｅｇｏｏｄｓ、Itislhecheapestmodeof

transportalionModemshipscancanycaIgoofaIW

sizeandweight・T11emainconditionfbrs2企opemtion

ofthewodd，smercantilefleetisitsconstant唾newal，

incr巳aseoflhetonnageofvesselsincrcasetheengine

１

power§mcrEasetheship，sspeed，Eu1tomatlon，ａｎｄ

lmpmvmgemvimnmentalperfbrmance、TheAvemge

ofvesselsagedoverlOyears訂emorEthanl／３ofthe

worldfleet,Indevelopingcountries,suchasTunisia

therBisatendeｎｃｙｔｏｉｎｃｒＢａｓｅｔｈｅｕｓａｇｅｏｆｏｌｄｅｒ

vesselsbwhichconsequenUyincreasestheIiskofthe

shippingprDcedure

Recently,theusageofcargocontainershipsisina

sjglificantboom・However,thedevelopmentofthis

modeoftmnsportationisalittlebithamperediｎ

ＴｕｎｉｓｉａｄｕｅｔｏｓｏｍｅｌａｃｋｉｎｔｈｅｐｏｒｔinfiHstructuIe、

Ｎｅwf21cilitiesplannedwouldhavetobecoordinated

withlheconstructionofmadandrailnetworks，to

ensuIBimeIf宮cebetweendiHbrEntmodesof

tmnsportation．

2.ShiPhydmdynamICS：
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methods[1］［2]､Theempiricaldata房basemethodsare

relativelysimpleandqUicktouse,howeve喝typically

lhesesmethodsareonlyeffectivewhenmam

dimensionsofthesubjectshiparewithintherangeof

thedatabaseandtheaccuracyofpIedictionsisoften

limitedbythesensitivi句oftheparametersusedinthe

regressions・Theexperimentalmodeltestmethodis

consideredtherefbretobeapowelfhltoolfbr

estimatingtheship，smanoeuvnngcharacteIistics・

EXperimentalmodeltestinCludesfiFeeandcaptive
modeltests．

・Freemodeltest:Alsoknownasfteerunnmgtest

isusingascaledmodelthatisselfLpropelledand

-steered・ForthetesLthemodelpelfbIms

definitivemanoeuvressuchasSpiral,zigzag，or

tumingmanoeuwes,FrBemodeltestisusually

conceivedastheclosesttoreality（exceptfbr

scaleeffec0asnomathematicalmodelor

assumptionismadaHowever，usually丘ee

modeltestyieldsonlythefinal

results/infbrmationつthusthetestresultsm2Wbe

lessinsigjllfhltotheindividualmanoeuvnng
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FigurelShipmotio剛degreesofmotion
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Seakeepingissuesarediverse，includingthe

motions,accelerations,andstmcturalloadscausedby

wayes・Ｓｏｍｅａｒｅｒｅｌａｔｅｄｔｏｔｈｅｃｏｍｆｂｒｔｏｆｐａssengers

andcrew>ｓｏmetotheoperationofShipsystems,and

oiherstoshipandpersonnelsafi3iy・

Manoeuvring(moregenerally,shipcomrollability）

includesconsiderationof，tumingcourse-keeping，

acceleration，deceleration，andbackingperfbImance，

Thefieldofmanoeuvringhasalsocometoinclude

morespecializedproblemsofshiphandlingfbr

example，theproductionofsidewaysmotionfbr

dockingorundocking，tuminginplace，ａｎｄ

positionkeepingusingauxilialythmstersorsteerable

propulsionunits、Predictionsofship-manoeuvrmg

perfbrmancehavebeenoneofthemostchallenging

topicsinshiphydrodbmamicsresearchbecauseofits

highlycomplexunsteadyandnon-linearnature．

ThelhreecentIalareasofshiphydrodynamicsare

ship，ｓｐｏｗｅｒｍｇ，seakeepingandmanoeuvring・The

fieldofpoweringisdividedintotworelatedissues：

resistance,thestudyoffbrcesopposedtotheshipIs

fbrwaIdspee4andpropulsion，thestudyofthe

generationoffbrcestoovercomeresistance

Themodemterm“seakeeping，，isusedtodescribe

allaspectsofashipIspeIfbrmancemwaves,afIもcted

primalilybyitsmotionsinsixdegreesoffteedom(as

showninfigl)．

ー

ー

－－

歯ctor、

Figure2FR･ｅｅｍｏｄｅｌｔｅｓｔｍｔｈｅｍａ皿0e皿ｗｍｇ
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3．PredictiO皿ｔｏｏＩｓｏｆＳｈｉｐ－ｍａｎ０ｅｕｗｍｇ
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pe1Ifbrmance：
Duetothelackofanalyticalmethodsfbrship

manoeuvrabilily，manoeuvrmgpredictionshave

traditionallyreliedoneitherempiricaldatabaseor

eKperimentalmodeltests・Theempiricaldatabase

methodsusuallyusemathematicalmodeland

manoeuvrmgcoeHIcientsbasedoneitherempiricism

ormixedsemiごtheoreticalandsemi-empirical

Captivemodeltests[3]:Captivemodeltestsin

tanksarenowcaIriedoutusingstraigjlt-linetests

inatowingtanlgaplanarmotlonmechanism

⑪ＭＭ)orarotatmgarm，whichisalsoknown

ascircularmotlontest(ＣＭr)[4][５１Ineither

casethemodelistestedoverasuitablerangeof

importantvariablessuchasdriftangle,yawrate，

swayacceleration，yawacceleration，propeller

rpsandrudderangle，andtheresultsare

analyzedtoobtainthehydrodynamic

coefficientsrequiredintheship，sequationof

motionTheexperimentalteChniquesnecessaIy

tomeasurethesignificantfbrcesfbrcesand
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momentsgeneratedbyaship，shullarevery

muchelaborateandsophisticated．． gure3’rNmisia,ｓｍａｉｎｐｏｒｔｓ

・Bizertre-Manzelbourguibaport：Theportof

Bizerte/MenzelBoulguibaisamultipurpose

ｐｏｒｔｗｉｔｈｄｉｒｅｃｔａｃｃｅｓｓｔｏｔｈｅｓｅａａｎdmaIine

depthsthrou2jlanaccesschannelwithadepthof

uptol7meters・Theaveragetrafficofgoods

genemtｅｄｂｙｆｈｅｐｏｒｔｏｆＢｉｚｅｒｔｅａｍｏｕｎｔｓｔｏ５

milliontonsperyear,nadditiontothe5201inear

metersofordinaIydocks，theportof

Bizerte-MenzelBoulguibacomprises5docks

thatarespecializedinthehandlingof

hydrocarbons,cereals,Steel,cementandclinker

andmetallurgicproducts…Moreover，the

proximityoflherailroadnetworL1heeasyand

rapidaccesstolhehighwayTimisBizerteand

theexpresswayMenzelBourguibaBizeIte,and

theproximiwoftheaiIportTunis-Carthage(aｔ

６０ｋm)confbruponlhesiteofBizerte-Menzel

Bourguibaalltheassetsofamodemport．

、LaGouletteport：During2010,theportofLa

Gouletterecorded708.443passengersand

895.403cruisetourlsts，reductionｏｆ１％in

passengerandanincrease１９％incruise

passengerscomparedtothｅｓａｍｅｐｅｒｉｏｄｉｎ

２００９．TheportofLaGouletteisoneofthemost

populardestinationsimhewestembasinofthe

Mediterranean，ＴｈｅｐｏｒｔｏｆＬａＧｏｕｌｅｔｔｅｉｓｔｈｅ

ｃｏｎｖｅＩgingpointofthemainTunisianroadand

railroadnetworks､Itistheoutletfbraregionthat

istherichesthistorically，themostdiversifIed

culturally，ａｎdthemostpopulated，sinceit

comprisesthecityandlhesuburbsof'Iimis．

・TheportofRades:TheportofRadesoccupies

animportantplaceinthenationaltransportchain

byvirtueofitsspecializationincontamertraf五c

androllingunits(mainlytrailertraffic).Thus，

theportofRadesensures26％oftheoverall

lraffiC，８７％ofthetonnageofcontainerized

goods,８０％ofthetonnageofgoodsloadedin

rollingunits,７９％ofEVPcontamertraffic,８１％

ofthetrajfficofrollingunitsand２１％ofthe

trafficofshipsregisteredmlhewholeofthe

Tunisiancommercialports．

・TheportofSousse:Locatedatthevelycemreof

Tunisia，theportofSousseoccupiesastrategic

positionallowingittodiSposeofawide

hinterlandTheportofSousse,at35o49，latitude

northandlOo39，longitudeeasLisspecializedin

thehandlingofvariousgoods・Ｔｈｅｍａｘｌｍｕｍ
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2.Maritimeinfh･aStr皿ｃｍｒｅ血TmmiSia：

］Enancienttimes，’Iimisia，smaritime廿adewas

intenseCarthage,withitsnavalandmemhantfleet，

wasaboveallamaritimepower・Theremainsofthe

portsofCarthage,Kelibia(ancientClUpea),Hadrumete，

Thapsus，Mahdia，Gyghtis…，stillShowthe

importanceofpastmaritimeactivily，whichceased

withtheVandalinvasions・

Nowadaysandduetoitsstrategicpositioninthe

Mediterraneanregion，betweenaEuropeanmarket

malkedbyarapideconomicdevelopmentandan

Afiicancontmentboostedbyitsemergenteconomy

anditsmarketofhundredsofmillionsofinhabitants，

theTunisianportsareonethemostrecommendedsites

fbracompetitive,reliableandsecuredtransitofgoods

andships､TheTunisianportchainiscomposedof7

portsopentointemationaltrade､ItSpreadsoveracoast

ofl300km,Thediversityofactivitiesoftheseports，

theircomplementaIitiesandtheirexceptionalsituation

allowthemtoreceiveallwpesofshipsandtohandle

allsortsofgoods．
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authorizedshiplengthintheportisl65meters・

ThemaximumamholizeddIaftis8､５０meterson

thenorthbankand820metersonthesouth

bank・

ＴｈｅｐｏｒｔｏｆＳ色x：TheportofSfaxisa

multipurposeportItsmaintrafficconsistsin

solidbulk(phoSphateandby-productS,seasalt，

cereals…).Theaveragegoodstrafficgenerated

bytheSf白xharbouris5milliontons/yeaIsThe

man房madelakesoftheportofSfを1xalenaturallbノ

protectedｂｙｔｈｅｓｍａｌｌｄｅｐｔｈｓａｒｏｕｎｄｔｈｅｐｏｒｔ

ａndbythebankssituatedbetweenthe

KeIkennahlslandsandthecoast・

TheportofGabes：Thecommercialportof

Gabes,whichmainactivityischaracterizedby

anindustrialpuIpose,isessentiallyintendedfbr

thetransitofchemicalproductsonbehalfofthe

neighbouIingflctoriessetupintheindustrial

estateofGabes､Thisbulktrafficcompnses

aboveallsulphideandammoniafbrimportand

phospholicacidandphosphatefertilizerfbr

export・

TheportofZaIzis:ThePortofZarzisislocated

inthesouthemmostpartofTunisi＆wherethe

diversifiedeconomicactivityconsistsmainlyin

fhrming，fIsheryandaquaculture，arenowned

tounstcentre,anemergentindustrialnetworL

craftinduslriesandvarioussmall-scale廿ades

TheportofZalzistakeschargeofthe

commercialexchangeofthereglon，consisting

mainlyinexportingseasaltandcrudeoiland

importingpureoilproducts．

ZoProposedreSearchfaciIity：
AlthoughTunisiaisconsideredtobeoneofthemost

importantcoastlinesfbrmaritimetranSportationinthe

southempartoftheMeditelraneanseaasitwasshown

intheprevloussection，thereisstillnotenough

academicknowledgeaboutnavalarchitectureandship

desi９１.Theonlyexistinginstitutioninthisfieldisthe

maritimeandnavyschoolofBizerte・Ｔｈｅｍａｉｎ

ｐｕｒｐｏｓｅｏｆｔｈｉｓｓｃｈｏｏｌｉｓｔｏeducateandgraduate

merchantmarineofficersandleadersofhonorand

integIitywhoservethemaritimeindustIyandarmed
fbrces､Authorswouldliketherefbretoimroducethe

ideaofapossibleconstructionoｆａＳｈｉｐ，s

hydraudynamicsresearch企cility，whichwiththe

supportoftheJapaneseauthoritiesandtheirgreat

expertiseinthefieldwouldhelptosettledownanew

andvelynecessalyresearchfieldinTunisiawhichis

４

thenavalarchitectureandOceanengineeringfIeld，

Theresearch金cililyconsistsinamanoeuvringand

seakeepingbasin､Ｔｈｉｓ企ciliwisintendedfbrteststo

deteIminehydrodynamiccharacteIisticsofshipmodels，

ａｓｗｅｎａｓｆｂｒｃａｌｍｗａｔｅ喝waveanddynamic

positioningtestsofradiio-controlledselfpropelled

modelSThebasinshouldhaveappropriatedimensions，

pIBferably,７０x30x3mwhichwouldbesuitablefbr

shipmodelsupto4minlength・Ｔｈｅseakeepingand

manoeuvringtankwillbeusedfbrinvestigatingthe

seaworthinessandmanoeuvrabilityof、shipsand

wave-inducedmotiionandloadsonｏ鈴horestructures・

Thetankshouldbeequippedwithasystemfbrtowmg

themodelshipsandwavegeneratorsalongtwo

adjacentsides,Thetowingsystemshouldhaveamam

carriaget[avellinginalengihwisedi１℃ctionanda

secondalyonebreadthwiseinstanedwithatumtable・

Theshipmodelcantherefbrebetowedonanydesired

courseinthetankwiththissystem．
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Fig皿re4Crosssectionofatypicalseakeepingand

manoeuvringbasi皿

VarietyoftestscanbecarriedoutinthisbasinsuCh

as：tumingtestうSpiralandzig-zagmaneuvertests，

captivemodeltestﾌmotionresponsetestsinregularand

irregularwaves,fbrcedoscillationtest,wave-induced
fbrcetest-

4°ComCl皿Sio皿：

Ｉｔｃａｎｂｅｓａｉｄａｓａｃｏｎｃｌｕｓｉｏｎｏｆｌｈｉｓstudythat

unlikeamarketeconomyiｎｗｈｉｃｈｎｅｗｄｅｓｉｇｎｉｓａ

ｒＢｓｐｏｎｓｅｔｏａｐerceivedmalketneed，ｓｈｉｐｄｅｓｉｇｎｉｓ

卯icallyinresponsetoanexpressedneedcomingfiom

suchsourcesastheadventofnewtechnologies，

changesmworldpolitics,newsirategiesandっlessons

leamed丘ompreviousshipdevelopment・Thisneedis

identifiedbyNayalplannersinthefbrmofadesign

bIiefwhichwillbethebasisfbrsubsequent

developmentJhlthispaper，abriefintroductionto

ship，shydrodynamicsandtoship，smanoeuvrmg

Iesearchwasdiscussed，theexislingmaritiｍｅ
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infi泡stmctuIBandthefiItuIEprospectsofthen2wal

amhitectuIBreseamhEeldinTimisawerepmposed、
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