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ABSTRACT

A correlation studyiscarriedout[fortheSL-Tcontainer
ship]bymeansofcomparisonofresultsforstructuralloadsand
motionsinwavesobtainedfrommodeltestsandcomputercalcula–
tions.Thedifferentaspectsthatcouldaffectcomputerpredictions
areexsminedviafurthercomputationsandanalysesinorderto
determinetheirinfluenceontheoutputdata.Similarlyan
examinationofthepossibleeffectsthatinfluencethemodeltest
dataarealsoexamined.Themainobjectiveofthisstudyisto
determinethecapabilitiesofbothtestmethodsforprediction
purposes.

Comparisonsarealsomadebetweentheoreticalpredictions
andresultsforotherrelatedshipmodelsforwhichtestdataare
available.Consistencyofvariousresultsobtainedisusedas
abasisforassessingthedegreeofvalidityofanyparticular
method7aswellasdeterminingtheexactdifferenceinresults
duetovariousmechanismsthatinfluenceboththetheoryand
experiments.Improvementsinthetheoreticalmodelleadingtoan
extendedSCOREStheoryaredescribed,togetherwiththecomparison
witharangeofavailabledatafortheSL-Tandotherships.The
particulartypeofoutputinformation,aswellastheregions
whereinsuchdataarefoundtodiffersignificantlyfromthetheory
aredescribedtogetherwithsuggestedreasonsforsuchlackof
agreement.Recommendationsforadditionaltestssndfurthercompu-
tationsforcomparisonpurposesarealsoprovided,withaninterim
conclusionthatthecomputerprogrsm(extendedSCOREStheory)is
presentlyasuitabletoolforpredictionpurposes.
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NOMENCLATURE

a = waveamplitude
a’,b,c’,d,e,g’= coefficientsinvertical(heave)equation

ofmotion

all’a12’a17’a18= coefficientsinsurgeequationofmotion

a31,a32=coefficientsinpitchequationofmotioncouplingsurge

A,B,C,D,E,G’= coefficientsinverticalplane(pitch)
equationofmotion

BMZ
c
df
s

dY
G

Frs

H

k

‘1
Kw
m

sectionalverticaladdedmass
localwaterlinebeam
verticalbendingmoment
wavespeed(celerity)

totallocalverticalloadingonship

sectionalhydrodynamicmoment,aboutx axis,onship

sectionallongitudinalhydrodynamicforceonship

sectionallateralhydrodynamicforceonship

sectionalverticalhydrodynamicandhydrostatic
forceonship
sectionallateraladdedmassduetorollmotion

accelerationofgravity
verticaldistancebetweencenterofgravityand
centerofbuoyancyofship
initialmetacentricheightofship
meansectiondraft
sectionaldraft
wavenumber
longitudinaladdedmasscoefficient
waveexcitationmoment,aboutx axis,onship
massofship
sectionallateraladdedmass
sectionaladdedmassmomentof”inertiadueto
lateralmotion
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Mw = waveexcitationmoment,abouty axis,onship
N = sectionallateraldampingforcecoefficientduers torollmotion
N~ = sectionallateraldampingforcecoefficient
N = sectionaldampingmamentcoefficientduetolaterals+ motion
N’ = sectionallongitudinaldampingforcecoefficientx
N; = sectionalverticaldampingforcecoefficient

m = verticaldistancebetweenwaterlineandcenterof
gravity,positiveup

‘T = totalresistance(drag)ofship
s = localsectionarea
t = time
vw = lateralorbitalwavevelocity
v = shipforwardspeed
x = horizontalaxisindirectionofforwardmotionof

ship(alonglengthofship); surge
x = locationalongshiplengthatwhichmomentsareo determined
Xspxb = x coordinatesatsternandbowendsofship,respectively
Xw = longitudinalwaveexcitationforceonship
Y = horizontalaxisdirectedtostarboard;sway
Yw = lateralwaveexcitationforceonship
z = verticalaxisdirecteddownwards;heave
; = sectionalcenterofbuoyancy,fromwaterline
Zw = verticalwaveexcitationforceonship

0. = linearrolldampingcoefficient
= equivalentlinearrolldampingcoefficientfor‘e quadraticnonlinearsystem

B = anglebetweenwavepropagationdirectionandship
forwardmotion;quadraticrolldampingcoefficient

A = changeoradditionaltermsinindicatedquantity
6m = localmass

h = fractionofcriticalrolldamping

,E~ = equivalentfractionofcriticalrolldampingfor
e quadraticnonlinearsystem
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n = surfaceWaveelevation,positiveupwardsfxom
undisturbedwatersurface

= pitchangle,positivebow-up
= wavelength
= densityofwater
= rollangle,positivestarboard-down
= velocitypotentialforincidentsurfacewaves

= yawangle,positivebow-starboard
= circularwavefrequency
= circularfrequencyofwaveencounter

= naturalrollfrequency

Subscripts
h = hydrodynamic
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INTRODUCTION

Inordertodeterminethecapabilitiesofmodeltesting
andcomputerresponsecalculationsforpredictingshiploads
andrnotiwsinwaves!particularlyfortheSL-7fastcontainer
ship,a correlationstudyoftheresultsobtainedbyboth
techniquesshouldbecarriedout.Theobjectivesofsucha
studyare:

1. TOdevelopa procedureforcomparingresultsof
previousinvestigationsthathaveprovidedmodel
testdataandcomputercalculations.

2. Tocarryoutthedatacomparison,usingthe
availableinformationaswellasrelateddata,
techniques,etc.

3. Toanalyzetheresultsofthecorrelation,with
theultimateaimtodeterminetherelativecap-
abilitiesofbothtestmethods(i.e.modeltests
andcomputercalculations)asa meansofship
structuralloadprediction.

Thebasicsourcesofdataforthisstudyaretworeports
([1]and[21),whichprovidetheresultsofa mod~teststudy
oftheSL-7shipresponseinregularwaves[11aswellasthe
resultsofcomputercalculationsfor(mathematicallysimulated)
similarconditions[2].Themodeltesttechniquewasessentially
anextensionofpreviousexperimentalstudies(e.g.[31, [41)
atthesamelaboratory(i.e.DavidsonLaboratory,StevensInst.
ofTech.),withanincreasein”thenumberofvariablesbeing
measured.Thiswas,duetotheimportanceoftorsionandlateral
shearfora containership,aswellasanincreaseinthenumber
ofstationsbeinginstrumentedformeasurement,therebyrequiring
moredetailedevaluationofinstrumentchannelcouplinganda
digitalcomputerfordataanalysis.Howeverthereweresome
problemsencounteredinregardto“controlling”thecraftunder
certainheadingconditions(e.g.stern-quarteringandbeamseas)
aswellaslimitations“inwavecharacteristics(wavelengthand
waveamplitude)atsuchheadings.Inadditiontherewasalsoan
indicationofa possibleerrorininstrumentationsettingsfor
onemodeofshipmotion(i.e.heavemotion)thatwasreported
in [1].

Thetechniqueusedforthecomputercalculationsin [2]
wasbasedonthetheorydescribedin [5],usingtheSCORJZSpro-
gram[:6]developedfromthattheory.Thisparticularprogram
hasbeenshown(in[5]andsubsequentapplications)toprovide
goodagreementbetweencomputedvaluesofshipmotionsandloads
andthosemeasuredinmodeltests.Mostofthecomparisonshave
beenmadeforheadseaoperation,withanextensiveamountalsoc. carriedoutforobliquewaveheadingsaswell.However,no
previousapplicationsoftheprogramweremadeforfollowing
seasorstern-quarteringseasfora fastship,whichresultsin
lowencounterfrequenciesforwhichthetheoryin [5](aswell
asothergenerallyavailableshiptheoryanalyses)wasnot
consideredtobepreciselyapplicable.Certainothertheories,



e.g. [7],arenotappliedtothisrangeofconditionssince
theseconditionsareknowntolimittheapplicabilityofsuch
theory.

Underthesecircumstances,theinvestigationreportin [2]
exhibiteda numberofconditionswheretherewasa lackof
agreementbetweenthetheoryandthemodeltestdata.Theregions
wheresuchdifferencesappearedwereassociatedwiththeheading
conditionswithlowencounterfrequencies(followingandstern-
quarteringseas),aswellassomeconditionswhererollmotion
wassignificantbutnotproperlypredictedbytheoryduetothe
influenceofpossiblenonlinearrolldampinginregionsnearthe
rollresonancefrequency.Sincemeansofovercomingthesebasic
difficultiesofthetheorywerediscussed(andillustratedtoa
smalldegree)in [2], itisrecognizedthatstillothereffects
mayhavetobeconsideredinordertoreconcilethestateof
agreementbetweenthetheoryandthemodeltestdata.There-
sultsofcomparisonbetweentheoryandexperimentshownin [2]
wereonlypartoftheoverallcomparisoneffectdevotedtothat
task,withotherremainingtestconditionsevaluatedbutnot
exhibitedinthatreport(i.e.[2]). Thiswasduetoallofthe
effortdevotedtoexplainingthecausesofthelackofagreement;
thechangesandmodificationsofpartsofthecomputerprogram
inorderto“correct”thecomputedresultsforcertainconditions
(e.g.infollowingseas);andthelimitedextentofthatinvesti-
gationwhichdidnotanticipatetheextentofdisagreementbetween
theoryandexperimentthatarosebecauseoftherangeofconditions
covered,therebynecessitatingextendedanalyticalandcomputation-
alefforts.

Asa resultoftheworkin [2],furtherinvestigations,
analysesandcomputerprogrammingeffortswereappliedbyOceanics,
Inc.inthecourseofadditionalworkonshipmotionsandloads
(primarilyforcommercialclients)inordertoovercomesomeof
thedifficultiesand/orlimitationsofthecomputeranalysisthat
wereindicatedin [2]. Particularprocedureshavebeendeveloped
whichallowforandcorrectsomeofthedeficienciesoftheory
exhibitedin [2],whileotherapproachesthatcanbeappliedfor
thatpurposehavealsobeenevolvedinotherapplications.
Howevernoneoftheserecentdevelopmentshavebeendocumented
orpublished,sincetheyhaveonlybeenappliedtoparticular
problemsofcommercialclients,wheretheresultsobtainedin
thespecificinvestigationswereofmajorinterestandtherewas
norequirementofdetaileddevelopment~reporting~documentation;
etc.Allsuchmethodscanbeconsideredasextensionsofthe
basicSCORESprogram,allowingapplicationtoa numberofproblems
beyondthelimitsoftheprogramandtheorydescribedin[5]
and[6].

It is intendedtoapplytheseextendedtechniquestodetermine
whetheritispossibletoobtainbetteragreementbetweentheory
andmodelexperiment,aswellastodeterminethe“sensitivity”of
computedresultstocertainchangesininputdata,theoretical
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modelsforhydrodynamicforcesletc.Theresultswillprovide
a measureoftherangeofmagnitudespossiblefromtheoretical
(andcomputersimulated)mathematicalmodels,therebyestablishing
a measureofdeviationorreliabilityofcomputerpredictionsof
shipmotionsandloads.Thepossibledeviationofexperimental
datawillbedeterminedviatheuseoferrorbandsindicatedby
theexperimentalreliabilitylimitsprovidedin [1],together
withestimatesofotherpossibleextraneouseffectsassociated
withthemeasuringinstruments,dataprocessingprocedures,
experimentalrestraintsimposedonthemodel,etc.A methodof
establishingthedifferencesbetweentheoryandexperimentwill
evolvefromthistypeofanalysis,togetherwithanevaluation
oftheeffectofsuchdifferencesinpredictingstatistical
measuresofshiploadsinanirregularseaway.Thedetailsand
descriptionoftheproceduresthatareemployed,aswellasthe
resultsobtained,inthiscomparisonandcorrelationeffortare
providedinthefollowingsectionsofthisreport.

GENERALOUTLINEOFTECHNIQUESUSEDINSTUDY

Theparticularitemsthatareconsideredandanalyzedfor
boththecomputerpredictionprocedureaswellastheexperimental
measurementsviamodeltestsaredescribedbelow.Thesevaried
elementsareexaminedindetailinthepresentstudy,withtheir
resultscontributingtoa morecompleteassessmentofdata
correlationforthetwomethodsofshiploadprediction.

1. ComputerPredictionAnalysis

Inevaluatingthecapabilityofcomputerpredictionsof
shipmotionsandloads,theinfluenceofa numberofphenomena
andproceduresthatcouldmodifytheresultsisdirectlydeter-
mined.It is importanttoascertainthe“sensitivity”ofcomputer
resultstodifferentcomputationaltechniques,inputdata,
theoreticalmodelsofhydrodynamicforces,effectofotherdegrees
offreedom,nonlinearities,etc.,inordertodeterminethe
influenceontheresultingoutputdata.A descriptionofsome
ofthesedifferentelementsthatcouldinfluencethecomputer
resultsisgivenbythefollowingdiscussion.

a) InputData

Onepossibleinfluenceontheresultsforthewave-induced
loadsistheeffectofthevariousmassandinertialproperties
distributedovertheshipsections.Inordertocorrelatemodel
testsandcomputerpredictions,thesemassandinertialvalues
usedinthecomputersimulationshouldcorrespondexactlytothose
usedinthemodeltests.Anoutlineoftheprocedureusedto
obtainthisequivalencewasgivenin[2],wheretheoverall

,.. characteristicsforthe3modelsegmentsweresatisfied,usinga
distributionofmass(andinertia)thatwouldyieldthedesired
equivalence.Howeverit.isknownthattheparticulardistribution
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isnotunique,andotherpossiblemassdistributionsthat
couldstillsatisfytheoverallmassandinertiaproperties
ofthemodelsegmentscanalsobeestablished.Thisis
doneforanothersimilarmassdistribution(otherthanthat
usedintheworkreportedin [2]),whichstillsatisfiesthe
overallmass-inertialpropertiesoftheshipmodel,inorder
toevaluatetheinfluenceontheresultingshiploads.This
willverifywhethertherequirementsoftheoverallmass-
inertialpropertiesissufficient,orifmoreextensive
detailedmassinputinformationmustbeusedwheneverattempting
toobtaina morepreciseestimateofwave–inducedshiploads.

b) HydrodynamicTheoryforSectionalForces

Thetechniquesusedin [5]forevaluatingthetwo-
dimensionalsectionaladdedmassanddampingisbasedonthe
useoftheLewisformmappingprocedure[8]. Whilethegeneral
shapeoftheshipsectionsfortheSL-7doesnotseemtodeviate
fromthegeneralshipformsforwhichthisprocedureisapplic-
able,itshouldbedeterminedwhethera differenthydrodynamic
representationforthesectionaladdedmassanddampingcould
influencethefinalresultsobtainedfromcomputerprediction
methods.ThepresentstudyalsomakesuseoftheFrankClose-
Fittechnique[9]as themethodforthehydrodynamiccoefficients
usedintheprogramof [6],replacingtheuseoftheLewisform
technique.Resultsareobtainedusingthebasictheoryand
program,withthisalternatemethodofrepresentingthesectional
hydrodynamicforces.Theseresultsarethencomparedfora number
ofcases,usingbothproceduresforthesehydrodynamicterms,in
ordertoevaluatepossibledifferencesinthefinaloutputvalues
formotionsandloads,therebyprovidinga measureofthe
dependenceoftheoutputfroma computerpredictiontechniqueon
thenatureofthedetailedhydrodynamics.

c) IllustrationofResultsforSimilarShips

Inordertoprovidefurthervalidityofthecomputer
predictiontechnique,resultsobtainedforothershipformsby
Oceanics,Inc.inthecourseofcertainapplicationsforcom-
mercialclientswillalsobepresented.Thecomparisonbetween
theoreticalvaluesobtainedfromthecomputerprogramin [6]with
modeltestdataforthesecasesispresentedasa meansof
providingfurthervalidationfortheprocedure.Theparticular
craftchosenforthispurposeareshipformsthataregenerally
similartothatoftheSL-7i.e.high-speedfineshapehulls.

d) EffectofNeglectedCoefficientsinEquationSystem

Themathematicaltheorypresentedin [5]differssomewhat
fromthatgivenin [7],mainlyduetocertainspeed-dependent
termsthatenterintothedefinitionofsomeofthecoefficients.
Someconsiderationoftheinfluenceofthesetermswas.givenin
[2],althoughtheresultsofthecomputationswithandwithout
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thesetermswerenotpresentedindetailinthatrePort(onlY
theconclusionsmentioned), A detailedcomparisonofthe
influenceoftheseadditionalterms?aspartofanextended
striptheorymodificationofthebasicSCORJZSanalysis[5], is
providedfora largernumberofcasesinordertojudgethe
dependenceofthecomputerresultsonsuchdifferencesin
coefficientdefinition.

e) PresentationofCompleteTestConditionResults

Whileallofthetestconditionsreportedin [1]were
evaluatedbymeansofcomputersimulationintheworkof [2],
notalloftheresultswerereportedingraphicalformin [2].
Thepresentstudywillprovidethecomputationalresultsfor
alltestconditions(togetherwithcomparisonwithmodeldata)~
therebyprovidinga largerdatabaseforuseofthecorrelation
Study.

f) InfluenceofRudderDeflection

Theeffectsofrudderdeflectiononvariouslateralloads
andshiprollmotionwereexhibitedin [1],andcomputations
toremovetheinfluenceoftherudderfromthemeasuredresults
weremadeinthecourseoftheworkreportedin [2]. Thiswould
thenallowa direct-comparisonbetweentheoryandcomputer
evaluationandthemodeltestresultssincethebasictheorydid
notincorporatetheinfluenceoftherudder.Moreextensive
informationontheexactmeasurements,phaserelationaletc.
thatwereobtainedattheDavidsonLaboratoryworkhavebeen
provided,beyondtheinformationgivenin [11, S0 that a more
preciseevaluationcanbemadeoftheinfluenceoftherudder
inthecomparisonandcorrelationwork.

9) EffectofSurge.Motion

Whilethesteadystatesurgedisplacementhasbeencon-
sideredintheevaluationoftheoutputdatareportedin [1],
itmustalsoberecognizedthatthereisanoscillatoryresponse
ofsurgethatisinducedbywaves.Inclusionofthesurgedegree
offreedominregardtoitscouplingwiththeverticalplane
motionsofheaveandpitch,aswellas..theinfluenceofthis
additionaldegreeoffreedomontheverticalplaneloads,must
alsobedetermined.Oceanicshasdevelopedanextensionofthe
SCORESprogramthatincludesthisadditionaldegreeoffreedom
insurge,andanevaluationofitsinfluenceontheresults
obtainedintheSL-7investigationismadeaspartofthepresent
Study. Thiswillservetoillustratetheinfluenceofthe
responseduetothisdegreeoffreedom,whichasbeenpreviously
neglectedinmostshipmotiontheoreticalanalyses.
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h) EffectofLowEncounterFrequency

Oneofthemajorareasofdisagreementindicatedin [2]
wasinfollowingandstern-quarteringseas,wherelowencounter
frequencyoccurred.In [2]somediscussionwaspresentedthat
indicatedanimproperinfluenceoftheverticaladdedmass
termsonthestructuralloadresponses.A moredetailedanalysis
ofthevariouscontributorytermsenteringintotheevaluation
ofverticalshearandverticalbendingmomentsisnecessary,
fora numberofcaseswherethislow-frequencyinfluenceis
manifestedbytheoriginaltheory.Thisprovidesa basisfor
judgingwherethemajortermsarise,andwhetherthereisa
consistentinfluenceexpectedinaccordancewithbasicprinciples
ofhydrodynamicsandmechanics.Theresultsdiscussedin [2]
werenotillustratedinthatreport,butareprovidedinthe
presentreport.Analysesandproposedtheoreticalapproaches
arepresented,togetherwithresultsofcomputations,inorder
toprovidea morevalidrepresentationofthelow-frequencyrange
associatedwithfollowingandstern-quarteringseas.

i) NonlinearRollEffect

Theanalysisin [2]indicatedthatthecalmwaterroll
decayoftheSL-7shipmodelwasrepresentedbya dampingthat
hadbotha linearandnonlinear(i.e.quadratic)term.However
anassumedconstantlineardampingvaluewasusedthroughout
thecomputationsin [2]forbothloadingconditions,sincethat
wasthestateoftheartfortheSCORESprogram(see[S]and[61).
TechniqueshavebeendevelopedbyOceanics,Inc.inorderto
calculatetheresponseinroll(aswellasthosecoupledwithroll)
whennonlineardampingofthistypeispresentforbothregular
waves,wheretheresponsesarethendependentontheamplitudes
oftheparticularwaves,aswellasinthecaseofirregularseas
indeterminingstatisticalresponses(rms,etc.)indifferentsea
states(see[10]-[12]).

Applicationsaremadewiththismethodinordertodetermine
therollresponse,aswellastherelatedlateralplaneloads,
fortheparticularshipdampinqcharacteristicsPresentedin [11.
Inaddition,computati&s
resultstovaluesofroll

2. ModelTestData

A nunberofpossible

t;d=terminethesensi~ivityofcomputed
dampingarealsopresented.

effectsonthemodeldatahavebeen
indicatedin [1].- Therangeofprecisionofthedatapresented
in [1]isindicatedinthatreport,sothata basisofassessing
theextentofagreementbetweentheoryandexperimentcanbe
relatedtothatinformation.Theparticularelementsaffecting
themodeltestdata,thatcanaffectthecorrelation,are
describedbelow.
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a) MeasurementPrecision

ASindicatedabove,andin [l]ftheestimatesofmeasure-
mentprecisioncanbeusedtoestablisha possible“band!’of
valuesonbothsidesofthedatapresentedin [1].This
“spread”ofvaluescanbeusedasa basisofjudgmentofthe
degreeofcorrelationbetweentheoryandexperiment,asan
initialstep.

Inadditionconsiderationoftheeffectsofcertain
measurementerrors,basedonthemagnitudeofthe“ideal”
measuredvalueoftestinputconditionsuchasthewavechar-
acteristics,isalsopresented.

b) RudderInfluence

A discussionofthelrudderinfluenceonthetestdatahas
beengivenin [1],andproceduresforextractingthatinfluence
fromtheoverallmeasuredvalueshavebeenindicatedin [11,
[21andalsointhediscussionofitem(lf)inthissectionof
thereport.Themethodofallowingfortheruddereffectsis
directlyappliedtothedata,resultingina setofresults
thatareusedfordirectcomparisonofthe“pureship”responses,
asobtainedfromtheoryandmodeltest.

c) EffectofLeewayAngle

Theinfluenceofthisangulardifferencebetweendesired
andattainedheadinganglerelativetothewaves(i.e.leeway
angle)cannotbedirectlydiscussedfromthemeasureddata.
However,anestimateoftheeffectsofsucha differenceonthe
variousmotionandloadresponsesisobtainedviatheoretical
computationsinordertoillustratethepossibleextentofthe
leewayangleinfluence.

d) EffectofRollConstraintandModelDirectionalStability

Oneoftheproblemsindicatedin [1]thataffectthe
behavioroftheSL-7modelwasthedifficultyinmaintaining
propercontroloftheshipheadingandtheresultingheel
orientation.Suchproblemswerepresentthroughoutthetest
programreportedin [11, andtheeffectsofsuchcontrolproblems
onthemeasureddataisexaminedinordertoevaluatethe
resultinginfluenceontherangeofmeasureddatapresentedthere.

3. DataCorrelationAnalysis

Thevariouspossibleinfluencesoftheelementsdescribed
above,forboththecomputerevaluationandthemodeltestmethod,
indicatetheextentofvariationpossibleineachproceduredue
toeachoftheseparateitems.Itisgenerallyexpectedthat
theaimistofindasmuchconsistentagreementbetweenboth
proceduresas possibleinordertovalidatethetheoryasa
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predictiontool.Thepossibledifferencesbetweenmodeland
full–scaleresponsesareassessedinthelightofwhatpossible
effectshouldthenbeintroducedinthecomputermodeland
theoryinordertoachievepredictionoffull-scalevaluesby
thatmethod.Thisisevolvedinthecourseoftheanalysiswhen”
determiningtheeffectsofthevariouselementsoutlinedabove.

Inregardtothecorrelationoftheresultsthemselves,the
relativeerrorbetweenvaluesobtainedbybothproceduresmust
bedeterminedandcomparedtothepossibleprecisionerrorbands.
Theimportantmea”sureofanyfrequencyresponsedata,whether
frommodeltestorcomputercalculations,istheevaluationof
responsestatistics.Thusevaluationofsuchrmsresponsesare
madefora seriesofknownwavespectra,usingshipresponse
characteristicsobtainedfromcomputerresultsandthosefrqm
modeltestdata.Theseresultsarecompared,andalsocompared
tothevaluesobtainedfromthemodeltestdatawhenconsidering
theextremesofdataindicatedbytheerrorbands.Therelative
differencesinthiscaseareusedasa meansofassessingthe
predictioncapabilitiesofeithermethodforestimationofship
loads.Theparticularlevelofdeviationthatcanbetolerated
undersuchconditionswillultimatelyhavetobeevaluatedfrom
theresultsofrelativelevelsofdeviationindicatedbyfull-
scalemeasurementsofshipsatsea,includingpossiblefull-scale
SL-7dataalso,fordifferentconditions.

Theresultsobtainedfromsuchananalysiswillindicate
thecapabilitiesofthetwomethodsaspossiblemeansofprediction
offull-scaleshiploads,withsomemeasureofa deviationallowance
thatcanbetoleratedinpracticeforsuchpredictions,withsuch
predictions,withsuchfinalconclusionsbaseduponconsideration
ofextensivefull-scaledataaswell.Inaddition,anotherresult
ofthepresentstudyisanextensionoftheSCOREScomputerprogram
thatwillallowforvariousphenomenanotconsideredpreviouslyin
itsinitialdevelopment,andwhichcanovercomethedeficiencies
ofthatprogramina numberofconditionsthathavebeenindicated
torequiresuchextensioninmodifications,asillustratedfor
exampleintheresultsof [2]. Theutilityofsucha toolwill
probablyincreaseasfasterandlongershipsevolve,whichrequire
evaluationofmoreextensiveoperatingconditions,requiredload
responsesimportantforparticulardesigns,etc.

SHIPCHARACTERISTICSUSEDINSTUDY

ThebasicSL-7shiphascertainloadingspecificationsthat
applytoitsoperation,whicharedescribedasthe“heavy”and
“light”loadingconditions.Thesebasiccharacteristicsare
describedbelowinTable1, Usingthedataprovidedin [1]the
distributionofloadingoverthe20stationsrepresentingtheship
wasestablishedinardertoapplythebasiccomputerprogramof
[6].Thesevalues~whicharethesameasthoseusedin [2]~are
givenforthetwoloadconditionsinTables2 and3. They
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correspondtothefull–scaleequivalentsofthemodeltested
in [1]1inordertorepxoducethe“achievedcharacteristics
indicatedforthemodelin [11,

TABLE1

SHIPCHARACTERISTICS

Length: Overall 946.6ft.(288.518m.)
Length: BetweenPerpendiculars880.5ft.(268.376m.)
Breadth: Maximum

LoadDesignation
(forpurpsesofthisstudy)

LoadDesignation:
S~ified

DraftatLCF
Trim~bystern
LCGAftofmidship
VCGAbovebaseline
@it

~t Corrected
liquids

Displacement

forfree

105.5ft. (32.156m.)
!!HEA~”l, “LIGHT”

NormalFullLoad InitialPartLoad
(Departure) (De@ture)

32.6ft.(9.95m.)29.1ft.(8.86m.)
0.14ft.(42mm) 1.83ft.(.56m.)
38.6ft.(11.75m.)37.5ft.(11.42m.)
41.7ft.(12.70m.)39.8ft.(12,14m.)
3.30ft.(1.00m.) 5.79ft.(1.76m.)
2.63ft.(0.80m.) 5.32ft.(1.62m.)

47686L.T. 41367L.T.
(48400M.T.) (41900M.T.)

—
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TABLE2

WeightPropertiesofthe

Station

o(l?P)
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20(AP)

SL-7(Heavy)usedintheComputerProgram

Weightrl
(longtons)

435.19
900.40
1110.55
1304.96
1625.78
1973.79
2323.47
2709.73
3024.64
3420.21
3421.71
3206.49
3776.005
3526.57
2837.96
2893.305
2491.125
2056.03
1758.175
1888.51
1075.395

1
Theshipisdividedinto

Verticalcenter2
ofgravity,ft.

- 2.0116
9.0734
9.0884

-15.5416
-10.3496
- 5.5316
- 4.5676
3.3524
4.2684
5.0194
7.4784
10.8954
7.8594

- 2.5356
- 2.0016
- 1.8436
- 5.7896
- 7.9736
- 8.8426
- 7.6116
- 6.8986

20seqmentsof44.025.

K ft.xx‘

23.8
25.3
24.9
35.5
32.9
33.7
35.0
35.4
39.0
39*9
38.7
39.7
40.7
45.6
42.5
39.3
37.2
34.3
33.5
32.5
23.61

ft.lenqths.
Theweightateachstationisassumedtobeuniformly-
distributedoverthesegmentandcenteredatthestation.

2
Theverticalcenterofgravityofeachelementismeasured,
positivedownward,withrespecttotheship’soverallVCG.
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TABLE3

WeightPropertiesofthe
-- - .- . . . . “ intheComputerProgram

Station

o
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

1

Weight,l
(longtons)

358.465
866.42
1072.305
1229.20
1273.11
1561.22
1931.51
2298.655
2613.37
2827.715
2804.37
2671.77
3479.65
3462.25
2830.20
2811.80
2117.15
1467.80
1158.815
1514.62
1072.505

VerticalCenter2
ofgravity,ft.

- 3.2944
6.3056
7.2256

- 9.8944
.-10.5944
- 8.2844
- 6.5944
5.3056
4.5056
5.9056
7.1056
8.6056
5.3056

- 4.5944
- 2.9944
- 1.7944
- 4.5944
- 6.7944
- 2.1544

.7944
- 9.2944

Theshipisdividedinto20secrmentsof44.025ft

K ft.xx‘

24.90
25.26
25.30
35.40
33.50
33.20
33.60
32.92
35.09
36.33
36.84
37.00
38.65
45.50
42.57
37.90
36.98
35.64
34.10
32.00
23.00

. lengths.
Thewei~htateachstationis=ssumedtobeuniformly
distributedoverthesegmentandcenteredatthestation.

2
Theverticalcenterofgravityofeachelementismeasured,
positivedownward,withrespecttotheship’soverallVCG.
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RESULTSOFCOMPUTATIONSWITHSCORESPROGRAM

A numberofcomputationswerecarriedoutusingthe
originalSCORESprogramof [6]inordertodeterminetheeffects
ofvariousphenomena,computationtechniques,etc.,thatwere
listedanddiscussedpreviously.Theresultsofthesecomputa-
tionsaredescribedinthefollowingsections.

1. Effe”CtofWe”ightDistribution

Theparticularweightdistributionsestablishedforthe
presentstudyarelistedinTables2 and3,anda numberof
smallvariationsandtheireffectswereevaluatedaswell,with
thegeneralconclusionspresentedhere.Itwasfoundthatthe
effectoftheweightdistributionused,aslongasitwasfairly
closetotheachievedconditionsinthemodeltest,produced
negligibledifferencesinthecomputedmagnitudesofshiploads
andmotions.Theonlysignificantdifferencefoundwasthat
verysmallchangesinthefinaldistributiongiveninTables2
and3,primarilyfortheverticalcenterofgravityofeach
element,resultedina moresatisfactory“closurecondition”
checkforthetorsionalbendingmoment,i.e.therequirementof
a zero(orveryclosetozero)valueoftorsionattheshipends.
Otherwisethevaluesforalloftheloads,includingtorsions,
werenegligiblyaffected.

2. EffectofSection”alForceRepresentation

Asmentionedpreviously,themethodofrepresentingthe
hydrodynamicforces,i.e.sectionaladdedmassanddamping,
usedin [6]wasbasedupontheLewisformmethod.Computations
werethencarriedoutwiththebasicprogram,bututilizingthe
hydrodynamiccoefficientsobtainedfromtheFrankClose-Fit
techniqueof [9],whichevaluatestheaddedmassanddampingof
two–dimensionalshipsectionsduetoheave,sway,androllmotions
ofthesection.Theseexpressionswereusedindeterminingthe
resultantcoefficientsoftheequationsofmotionaswellasin
thewaveexcitationterms,asrequiredbythemethodof [5]and
[61,leadingtotheresultingvaluesofshipmotionsandloads.
Comparisonoftheseresultswiththeresultsobtainedin [2],
whichmadeuseoftheLewisformsectionalforces,showed
differencesoftheorderof1-2%atmostforallcases.Thus,
theredoesnotappeartobeanysignificantdifferenceinthe
results,forthisparticularship,whenusingthealternative
methodofrepresentingsectionalhydrodynamicforcesinconjunction
withthebasicprogramof [6].

3. EffectofSurgeMotion

Theeffectofsurgem~tionhasbeenneglectedinthe
analysisof [5],andisalsonottreatedintheworkof [7].
Howeverrthemodeltestsin [1]werecarriedoutwiththemodel
freetosurge,soitisnecessarytoevaluatethepossible
influenceofthisadditionaldegreeoffreedomontheshipmotions
andtheresultingwaveloads.
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Surgemotioni=coupledtotheverticalplaneequations
ofheaveandpitch,fQllowingcloselytheapproachtakenin
[13],bytheequations

all

;+a.

12x + a17B+a 18; = ‘W
(1)

.. ,.
a’z+b~ + C’Z- de- e;- gle= Zw (2)

..

a31x-l-z32;+ (A+a~l~)d+ (B-1-a32~)&
(3)

‘b dXw
+ CB- D; I()- E;- G’z = Mw+ —dx (Z-1-=) dx

xs

wherex issurge,positiveforward,andall,a12,a17,a18/
a31ta32?Xw,etc.arenewterms(definedbelow)ascompared
totheoriginalSCOREStheoryderivedin [5].Thesurge
motiondoesnotcoupleintotheheaveequationand~by symmetrY~
doesnotcoupleintothelateralmotions.Thereisonly
couplingbetweenrollandswayinthelateralplane.Thenew
coefficientsinEquations(1)and(3)areasfollows:

where

a17 = klm~

a18 = a12m

a31 = a17

a32 = a18

‘1 = longitudinaladdedmasscoefficient

N’ = localsectionallongitudinaldampingx coefficient

(-)dRT
= totalresistancevariationatspeed

‘v V=vo V. (meanshipspeed)

(4)
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Thelongitudinalwaveexcitationisdefinedasfollows:

‘b dX
x=w I

& dx (5)
xs

where

s = localsectionalarea

4W = - ace-k~cos[k(–xCOS6+ y sinll)
1-wet]

whichleadsto

dxw -k~— = – pakgedx COSBs(x)cos(-kxcos~+ wet) (6)

Thelongitudinaladdedinertiacoefficientisestimatedfrom
hydrodynamicpotentialflowtheory(e.g.[14]intermsofthe
shipdimensions(lengthandbeam).

(–)
ThetermdRT

dv ~=vo

representsthetotalresistancevariationevaluatedattheship
speedVo,whichisthederivativewithrespecttospeedofthe
totalshipresistancecurveandthuscontributestosurgedamping.

Thesurgedampingterma12includesthesmallaxialwave
dampingcontributioninadditiontothetotalresistancevari-
ation.Itisderivedonthebasisofan“expanding”two-dimensional
section,wheretheexpansionisproportionaltodB*/dx,thelongi-
tudinalrateofchangeoftheshiplocalbeam.Thetwo-dimensional
sectiondampingformusedisthatderivedin [15],whichisbased
onthin-shiptheory.Thelocaldampingtermis

(7)
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where H = localsectionaldraft

F(g)= ~nequivalentHaskindform= 1- H

andn isdeterminedsothattheHaskindformhasthesamearea
coefficientasthelocalsection,

Thetermsintheheaveandpitchequationsofmotion,
whicharederivedin [5]1aregivenbelowas:

a’=m+
I
A~3dxrb = \

Njdx-V
J d(A:3)

c’ = pg
\
B*dx, d=D=

I

I ‘:3xdx
e = N~xdx-2VI ‘i3dx-v I xd(A:3)

9’ = ~9 I
B*XdX-m, A = I + IA:3x2dx

B =
1
Njx2dx-2V

\

\‘i3xdx-vT x2d(A33)
c = pg B*xdx-VE,E ‘

I
N~xdx-V \

xd(A~3)
P

G’ = pgJB*xdx
wherealltheindicatedintegrationsareoverthelengthofthe
ship.Thewave-excitationterms,therighthandsidesofEq.
(2)and(3),aregivenby:

I‘bdZZw = & dx
xs

I‘bdZwM=—w dx xdx
xs

(8)

(9)

wherethelocalsectionalverticalwaveforceactingontheship
sectionisrepresentedby

dZ
[ ( )

‘:3 “ 1-G2’- pgB*~+ N’-VW ““en + A;3TI (lo)

where~ = meansectiondraftandn(x,t)isthewavesurface
elevationsattheCGreferencelocation.

Thevarioushydrodynamicandrelatedtermsenteringthese
equationsaredefinedby
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P = densityofwater

‘53’=’localsectional,verticaladdedmass
N; = localsectionalverticaldamping

forcecoefficient
B* = localwaterlinebeam

Thewave-inducedverticalbendingmomentattheposition
X.alongtheship,including‘u--=gA-&-‘=-------4- -:..--
by

13Mz(xo)=
xIIo ‘b“

or
xs xo.

..

[

dXh
“am”x+ =

I(X-xo)
dXw

‘x ]1

df
—-(;+=)dxz

(11)
dx

df
intermsf thelocalverticalloading~ definedin [5].
quantityaxhisthedifferentialhydrodfn~rnicsurgeforcede&-

dx
minedfromthetermsdefinedinEq.(1)and(4).

Computationswerecarriedouttodeterminethemotions
andloadsoftheSL-7withthelinearsurgeequation(andits
contributiontoloads)includedinthemathematicalmodel.The
resultsobtainedfromthesecalculations,overa rangeof
differentoperatingconditions,showednegligibledifferences
fromtheresultsobtainedwithsurgeneglected(atmostonly
about1-2%difference). Thustheinfluenceofsurgeisnota
significantfactoronthemagnitudeoftheresultingshiploads,
reinforcingthemethodof [5]whichdoesnotincludethatdegree
offreedomwhilestillexhibitinggoodagreementwithmodeltest
data.

4. EffectofRudderDeflection

Sincethereispresentlynorepresentationofrudderforces
(andtheireffect)perseintheSCORESprogram,nodirect
evaluationoftheeffectofrudderdeflectioncanbeprovided
fromcomputercalculations.Itwouldalsobenecessarytoknow
theactualrudderdeflections(whichareprovidedinthemodel
testresultsof [1])foranyfull-scaleestimationbycomputational
means,aswellasa methodofrepresentingtheactualmodelforces
properly.Howeverthemodeltestdataindicatedin [1],aswellas
theanalysisofthespecialtestsconductedin [1]forevaluating,
rudderinfluence,indicatedaninfluenceoftheorderof20%of
thepeaklateralandtorsionalrqomentandlateralshearsthatmay
beattributedtorudderaction.Thesignificanceofthislevelof
influence,whichisalsoassociatedwiththerollingmotionofthe
ship,willbeconsideredina latersectionofthereport.
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5. Investigationof Wave-ExcitationForces

Whileithasbeenshownpreviouslythatthe~eisnoinfluence
ontheSL-7motiansandloadsduetothedifferentrepresentations
ofthesecti~nalhydrodynamicforces,whichrepresentthedynamical
coefficientsofthedifferentstatevariables(i.e.motiondis-
placementsvelocities,etc.)inthemotibnequations,thequestion
oftheadequaterepresentationofthewave-excitationforcesbythe
theoreticalmethodsin [5]and[6]wasalsoconsidered.Forthe
caseofheadseasthebasicmethodusedfordeterminingthevertical
forceandpitchmomentduetowavesfora restrainedmodelofa
Series60formhadbeenpreviouslycomparedwithmodeltestdatain
[16]. Tnthatcasegoodagreementwasshown,lendingvaliditytO
thebasicapproachusedintheSCORESprogram.Howevera numberof
otheroperatingconditionscorrespondingtodifferentheadings
relativetothewaves,andalsoconsideringotherwave-excitation
forcesbesidestheverticalforceandpitchingmoment,wereinvesti-
gatedinthepresentstudyinordertodeterminetheutilityofthe
methodsusedintheSCORESprogram[6].

Computationswerecarriedoutfora Series60,,CB= ~0.60model
atvariousheadingswithrespecttothewaves,whichconsideredthe
wave-excitationforcesinallmodesofmotion,andcnn@a~isonwas
madewithmodeltestdata.Forthecaseofzerospeed“theresults
ofthecomparisonwiththedataof [17]werequitegood,withclose
agreementforallcasesanalyzedovertherangeofheadings.
However,thereweresomedifferencesthatoccurredwhenthemodels
hadforwardspeedIwhencomparingwiththedataof [18]),evenfor
thecaseofverticalforceandpitchmomentwhichwereanalyzed
exactlyinthesamewayasthehead-seacasebutusingtheappro-
priatewavepropertiescorrespondingtotheparticularshipheading.
Theextentofthelackofagreementwasnotsignificant,andwas
primarilyforshortwavelengths,consideringthedifficulties
inherentinmakingsuchmeasurementsforrestrainedmodelswhen
runningatforwardspeedandcoveringlargerfrequenciesofencounter.
Neverthelessthiscomparisonindicateda sufficientlyconsistent
methodofcalculatingthevariouswave-excitationforcesrequired
forconventionalhydrodynamicshipmotionanalysis.Thesuccessful
correlationfora Series60model,inregardtoloads(andmotions)
in [5], coveringa rangeofheadingsandmodesofreqmmsetalso
tendstosupportthatconclusion.

EXTENDEDSCORESTHEORYAND
RESULTSOFCOMPARISONWITHMODELDATA

Asindicatedin [2],andalsoknowninvariousarticles
concernedwithshipmotiontheories,theequatcbmsin [7]differ
somewhatfromthoseusedin [5]byvirtueoficcertainspeed-
dependentcoefficienttermsthatreflectaspectsofsymmetry
betweencoefficientswhicharedictatedbythe‘theoreticalresults
of [19].Ina numberofcasesconsideredinthepast,primarily
forshipsof Series60form,theresultsofthetheoriesof [5]
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and[7]showedgoodagreementwithmodelexperimentaldata.
H’owever,duet~thehighspeedforthepresentSL-7ship,the
effectsofforwardspeedinmodifyingthecoefficientsmaybe
significantandcouldpossiblyaccountforsomeofthediffer-
encesbetweentheoryandexperiment.Inadditiontheformof
thewave-excitationforcesexpressedin [7]isalsosomewhat
differentfromthatusedin [5],reflectingtheinfluenceof
forwardspeedprimarily,sothatanextendedtheoreticalmodel
thatcouldincludesomeoftheseeffectswasconsideredneces-
saryforpurposesofcomputationandcomparisonwiththeSL-7
data.A descriptionofthisextendedtheory,aswellasthe
resultsofcomputationsandcomparisonwiththeSL-7modeldata
of [11, aregiveninthefollowingsections.

1. TheoreticalModel

Someconsiderationofanextendedtheoreticalshipmotion
modelhasbeengivenintheworkof [20],withspecific
applicationtoa largehigh–speedcontainership,aswellas
thecaseofa generalrepresentationofhydrodynamicforces
(intheverticalplane)in [21]forpurposesofcomparison
withcoefficientsintheequationsofmotionobtainedfrom
forcedoscillationtests.

Thebasicformoftheequationsin [5]wasbaseduponan
applicationofslenderbodytheorywhichwasgivenin [22],
wheremajorconsiderationwasgiventotheinertialhydrodynamic
forceona shipsection.Tothisresultwasaddedtherepre-
sentationofa dampingforce,accountingforfreesurfacewave
dissipation,intermsoftherelativevelocity.Forthecase
ofverticalplanemotion(heaveandpitch),thebasicequation
forthesectionalverticalforcewhichincludesthehydrodynamic
inertialanddampingeffects,wasgivenin [5]by

dZh D
[

. .
m “ -= ‘i3(z-xe+ve)1-N~(i–x;+VO)(12)

whereA’33 = localsectionalverticaladdedmass
N; = localsectionalverticaldampingforce

coefficient

andthehydrostaticforcerepresentationisdeleted.

Theextendedtheoryaccountsforthefluidmomentumeffects
ofbothinertialanddampingnaturebytheexpression

dZh D
[(

~1
dx‘—=-m A~3+* )(a-x;+ve)1. (13)

e
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whereitisassumedthatallmotionsareoftheformeimet
withmethefrequencyof encounter~Thisexpressionyield:
thesameresultsastheoriginalSCOREStheorydevelopmentin
[5],togetherwithadditionalterms(fordZ/dx)whichare

(14)

Thesetermscanalsobeexpressedina differentmanner,e.g.

dN‘ ~ m’ ..
~z‘~dx (15)

e

sothattheequivalencebetweentheresultingexpressionsin
thisextendedtheoryandthosein [7]canbeseen.

Ina similarmannertheverticalwave-excitationforceon
a sectionisobtained,byuseoftherelativemotionconcept
relatingwavemotionandship-motioncharacteristics,inthe
form

This

dZw
[(

_DA, N;
)]
. -ki -I&

x“ m 33+F n e - pgB*ne
e

expressionforwave–excitationforcethenbecomes

dZw
[(

dNI
)(

dA;3
—= .dx )pgB*-&-& rI+N’z-&V~i

e e

1
+ A~3~ e-kfi

(16)

[17)

whereo isthewavefrequency(rad./sec.). Thusitcanbe
seenthattherearesomemodificationstothewave-excitation
forcesalsointheextendedtheoryrepresentation,withall
results(forbothwave-excitationandhydrodynamiccoefficients)
beingthesameforzeroforwardspeed(V=O).Themajor
differencesinapproachinthevarioustheoriesaredueto
forwardspeed,withgreatereffectsanticipatedforlargerspeed
conditions,whicharepresentfortheSL-7ship.

Forthecaseoflateralplanemotionsltherearesimilar
typeadditionalterms,andfurthersimplificationshavebeen
foundduetotheequivalenceofcertaintwo-dimensional
hydrodynamiccoefficients.Thecoefficientrelations,interms
ofthenotationof [5],are
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F =rs M Ns~‘ rs ‘N s+ (18)

whichrelaterollandswayaddedmassanddampingcoupling
coefficients.Theadditionaltermsinthelateralsectional
hydrodynamicforcearegivenby

dY dN dNs
~$+vx‘~ = ‘Sv$-v dx (Y+XV+*) (19)

Forthesectionalrollmoment,theadditionaltermsare

Bythesameprocedurestherearealsochangesinthelocal
sectionalwave–excitationforces,whicharegivenby

dYw

[

Dv dF— =dx (&M~)# - T.Tvw~+~ -FrS!&L&v
w

v dN~Dv1 TB*sin(~sin~)
+ &N v + ———

e Sw Uwedx D; mB*— sin~a

forthelateralsectionalwaveforce,andby

dK

[

Dv
s= ‘&(Frsvw)+ P(~- S;)Dtw—-~ Nrsvw

‘e

1-VdNrsDvw sin(~ sin~) dY-— __mue dx Dt mB* - m=
a sin$

forthesectionalwaverollmoment,whereVwisthe
waveorbitalvelocity.

(21)

(22)

lateral

theprevious
tomotions,

Alloftheaboveexpressionsarecombinedwith
expressionsin [5],forthehydrodynamicforcesdue
inordertoestablishthenewcoefficientsintheequationsof
motionbyintegration,withsectionalpitchandyawmoments‘given
by

.2fJ-



(23)

Thenewexpressionsforsectionalwave-excitationforces,and
thepitchandyawwavemomentsobtainedbysimilarexpressions
asinEq.(23),areintegratedtoobtainthetotalwave-
excitationforcesandmomentsfortheequationsofmotion.The
newsectionalforcesareusedindeterminingtheloads(shears
andbendingmoments)inthesamemannerasin [5].

2. ResultsofComputationsandComparisonsforSL-7

Thecomparisonsbetweenthemodeltestdataof [1]and
thecalculatedresults,usingtheextendedSCOREStheorydes-
cribedabove,aremadeonthebasisofthesignconventions
usedin [11. Inthatcasethetransferfunctions,intheform
ofamplitudeandphase,aregivenwiththeamplitudeofa
particularresponsereferredtothetestedwaveamplitude(i.e.
responseperunitwaveamplitude)andthephasesareallrefer-
redtothatofthe”midshipverticalbendingmoment.Themidship
verticalbendingmomentpersehasitsphasereferredtothe
waveelevationattheshipCGlocation,sothatallrelations
betweenphaseswerereconciledinthismanner.

Thecomputationswereinitiallycarriedoutwithestimated
valuesofthecriticaldampingratioc+,wherec = 0.10for
thelightdisplacementconfigurationandC@= 0.g9fortheheavy
displacementconfiguration.These.valueswereassumedtobe
applicableovertheentirespeedrangeoftheSL-7,”andarethe
sameasthoseusedintheoriginaltheoreticalstudyof [2].
Furtherconsiderationoftheinfluenceofrolldampingonvarious
responsesisdiscussedinlatersectionsofthisreport.

Theparticularvariablesthatarecomparedandconsidered
separatelyforthevertical”planeresponsesandlateralplane
responsesarelistedbelow.Theverticalplaner~sponsesare
thepitchmotion;theverticalshearandverticalbendingmoment
atmidship;andtheverticalshearandverticalbendingmoment
atFrame258.Forthelateralplanethevariablesresponses
comparedaretherollangle;lateralshearandlateralbending
momentatmidship;lateralshearandlateralbendingmomentat
Frame258;thetorsionalmomentatmidship;andthetorsional
momentatFrame258.Thecomparisonsaregivenforallofthese
responses(ifmodeltestdataareavailable)fortheentirerange
ofheadingstestedin [1],extendingfromheadthroughfollowing
seas.Separatepresentationanddiscussionsaregivenforth”e
verticalandlateralplaneresponsesinthefollowing~inaccord–
antewiththeproceduresdescribedhere.

2.1 VerticalPlaneResponses

Thecomparisonbetweentheoryandexperimentispresented
foreachheading,withtheresponsesarrangedin”theformof
pitchmotion,verticalbendingmomentandverticalshearfor
eachheading.Dataandcomputationalresultsforboththeheavy
andlightdisplacementconditionsareshowntogetheronthesame
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graphforthesameoperatingspeedandheadingconditions.The
hdadinganglesare180°(headseas);210°and240°(bowseas);
60°and30°(quarteringseas);and0° (followingseas).NO
modeltestdatawereobtainedforbeamseas(90°heading)because
thewaveheightstobegeneratedwereconsideredtoosmallfor
reliabilityofdata,sonocomparisonispresentedforthat
heading.Thecomparisonfortheverticalplaneresponses,as
giveninFigures1-30,showsa significantimprovementrelative
tothosegivenin [2].Thepitchmotioncomparisonisquite
good,whichissimilartothecasein [2],whiletheagreement
betweentheoryandexperimentfortheverticalbendingmoment
andshearsshowsa decidedimprovementre”lativetotheresults
of [2].

Themidshipverticalbendingmomentforthehead-seacase
showsdifferencesoftheorderof10-15%intheregionofthe
largestmagnitudes,whilethemostsignificantimprovementbetween
theoryandexperimentfortheverticalbendingmoment(relative
tothatshownin [2])isshownbytheresultsforfollowingseas
(0°heading).Anysignificantdeviationforverticalbending
moment,forthecaseofheadandbowseas,seemstooccurfor
shorterwavelengths,andingeneralthedegreeofagreementbe-
tweentheoryandexperimentforthisrangeofheadingsmaybe
consideredtobealmostasgoodasthatexhibitedin [5],which
wasthebasisfordemonstrationoftheutilityoftheoriginal
SCORESprogram.

Theloadscomparisoninfollowingseasisstillnotasgood
aswhatmaybedesiredforverificationofa theory,although
theresultsforthequartering-seacasesarefairlyacceptable.
Asmentionedpreviouslyinthisreport,andalsoin [2],the
effectsoflowfrequencyofencounter,whichrepresentthecon-
ditionsforfollowingseasandalsosomeofthequartering-sea
cases,maypossiblyinfluencethedegreeofcomparisondueto
thelimitsofapplicabilityofthebasicstriptheoryusedin
thepresentcomputations.Somefurtherdiscussionoftheseeffects,
andpossiblewaysofovercomingthem,aregivenina latersection
ofthisreport.

2.2 LateralPlaneResponses

Forthelateralplaneresponses,thecomparisonbetweentheory
andexperimentisalsopresentedforeachheading,withthere-
sponsesarrangedintheformofrollangle,lateralbendingmoment,
lateralshear,andtorsionalmoment.Sincethetheoryindicates
zeroresponseforpure-headandfollowingseasandthemodeldata
areinvalidbecauseofheelandroll,restraint,noconsiderationis
giventothoseheadings,andsimilarityforthebeam-seacasesince
nomodeldatawereobtainedforthatcondition.

Forthecaseofbowseas(headingsof210°and240°)the
agreementbetweentheoryandexperimentforthevariousloads
(sincenorollresponsedatawerepresented)showninFigures31-
42isgenerallygoodforlateralbendingmomentandshear.The
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torsionalresponseissmallforthecaseofthe210°heading,
andtheagreementisalsogenerallygoodinthatcase.However
theoverallagreementisnotassatisfactoryforthecaseof
240”heading,withthegreatestdegreeofdeviationinthecase
ofthetorsionalmoment,especiallyforshortwavelengths.
However,itdoesappearthatthereisoverallsomewhatofan
improvementinthedegreeofcorrelationbetweentheoryand
experimentinthepresentcaseoftheselateralloadresponses
whenusingtheextendedtheory,ascomparedtothecomparison
presentedin [2]fortheseconditions.

Theresultsforquarteringseas(headingsof60°and30°)
areshowninFigures43-56.Theagreementbetweentheoryand
experimentisgenerallypoorforalmostallofthequantities
comparedforboththerollmotionandtheloads,withthegreatest
deviationinrollmotionandforthetorsionalmomenkresponse.
Inmostcasestheresponsesintorsiondifferverysignificantly
fromthemeasurements,whileforoneoftheconditions(25kt.,
heavydisplacement)theagreementissomewhatbetter.Inthat
casetheagreementbetweentheoryandexperimentfortheroll
motionwasalsofairlygood.Sinceitisknownthatrollmotion
hasa largeinfluenceontorsion,especiallyfortherangeof
conditionswhereinrollingislarge,thisbehaviorissimilarto
thatobtainedin [2]aswellasa numberofotherstudiesinvolving
lateralplaneloadsandmotions.Thedeviationbetweentheoryand
experimentforlateralshearwasnotverysignificantinmostcases,
butthemodelmeasurementsoflateralbendingmomentwerenot
predictedwellbythetheoryfortheseparticulartestconditions
(30°and60”headings).Thesignificantdifferenceinthetorsion
responseforthespeedchangebetween25kt.and30kt.,whichis
predictedbytheory,alsodoesnotcomparewiththemodelmeasure-
ments.Sincenorollmotionresponseswereprovidedin [1]for
the30kt.speedfortheseheadings,theseresultsfortorsion
changes(duetoforwardspeedchanges)couldnotberelatedto
anychangeinrollcharacteristicsarisingfromforwardspeed
changes.

ThecomputationalresultsexhibitedinFigures43-56for
thequartering–seaheadings(aswellasthoseinFigures31-42
forthebow-seaheadings)werecarriedoutfortheshipwiththe
correctGMvalue,oratleastsufficientlyclosetoeitherthat
desiredorobtainedinaccordancewiththeinformationgivenin
Tables5 and6 of [1](alsoTablesIVandV of [2]).Thiswould
ordinarilybeexpectedtobetheconditionunderwhichthe
computationswerecarriedout,sincethematchingofmodeland/or
full-scalecharacteristicsisnecessarywhencarryingoutmotions
andloadspredictionsforanyship.However,therewasanincon-
sistencyinregardtothelocationoftheverticalcenterof
gravity(VCG)oftheshipandthevalueofGMasgivenin [1)
(Tables5 and6)andthevaluesobtainedfromsimplestatic
computationsviacomputer.Referringtotheheavydisplacement
configuration,thedraftattheCGwas32.6ft.and,withthe
achievedVCGas40.6ft.abovethebaselinereference,thatresults
ina valueof~ (distancebetweenwaterlineandVCGposition)=8ft.
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WiththatpositionoftheVCG,andtheshiporientationwithin
thewateratthedesireddraftconditions,theresultingGM
valuewouldthenbe4.55ft. Similarlyinthecaseofthelight
displacementconfiguration,witha CGdraftof29-8ft.,the
valueof~ was9.5ft.inordertomatchtheachievedVCGposition
inthemodel.InthatcaseforthelightdisplacementtheGM
valuewouldthenbe8.9ft. Foreachoftheseconditionsthe
GMvaluewouldbesignificantlydifferentfromthatdesiredor
achievedinthemodelrepresentation,whichwas2.6ft.forthe
heavydisplacementand5.32ft.forthelightdisplacement(these
valuesweretheonesusedforthepresentcomputation).

ThevalueofGMobtainedfromthecomputerforeachcondition
dependsonthepositionofthemetacenterM,whichisdetermined
fromthegeometryofthesubmergedportionoftheship.The
displacementandrelatedhydrostaticconditionsdeterminedfrom
thecomputerappeartosatisfytherequirementsforthemodel,
sincethecalculateddisplacementsdifferbylessthan1%from
thoseindicatedin [1]andthetrimconditionsareinequilibrium,
withtheproperlongitudinalcenterofbuoyancyandlongitudinal
CGpositionswhichalsoagreewiththatforthemodel.Thusthere
isa fundamentalquestionastotherelationbetweentheGMvalues
and~ valuesdeterminedviacomputationascomparedtothose
reportedforthemodelin [1].

Thechoiceforcomputationwouldbeeithertohavethecorrect
GMvalueandanincorrect~ values,orthecorrect~ valueandan
incorrectGMvalue.Thechoicemadeforthecomputation,where
theresultsofmotionandloadresponsesareshowninFigures43-
56 (andalsoFigures31–42)wasthatofa correctGMvalue,which
wasthoughttobea moreimportantparameter.Sincethereisa
significantcontributiontothetorsionalmomentduetorolling
motion,withanimportantcontributionarisingfromthevalueof
~ (see[51and[61),thereiscertainlytheprospectoferror
ifallofthesequantitiesarenotconsistentlyrelatedtoeach
other,especiallyforthequartering-seaheadingswhererollwas
large.Computationswerealsomadefortheconditionswithcorrect
~ valuebutincorrectGM (resultsofcalculationsnotshown),with
noimprovementinthecorrelationwithexperimentandnodiscern-
iblepatternintheresultseither.Thusthequestionoftheroll
characteristicsoftheSL-7model,evenforthestaticconsider-
ations,appearstointroducesomeexternalinfluenceonthe
computationresultsandtheresultingcomparisonbetweentheory
andmodelexperiment.Inadditiontothestaticconsiderations
thereareotheraspectsofrollingmotionanditsinfluenceonthe
lateralplaneloadswhichmustalsobeconsidered,andsome
discussionoftheseeffectsisgiveninthefollowingsection.

ASmentionedpreviouslythesmooth-waterroll-decaycharacter-
isticsoftheSL-7model,asshowninFigure4 of [1],indicated
thattherolldampingwasnonlinearfortheforward-speedconditions
exhibitedthere.Assumingthattherollmotionhada combined
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linearandquadraticdamping,asrepresentedbythefreeoscil-
lationequation

therolldecayfromaninitialvaluewasanalyzed
oscillationtheory[23]inordertodeterminethe
and13(sincew4 isknownforthetwodisplacement

Theresultsofthemathematicalsolutionfit

(24)

vianonlinear
valuesofa
conditions).

withthe
parametervaluesareshownrelativetothemeasureddecaydata
inFigures57and58,wheretheparametervaluesforthelight
displacementconfigurationarea = 0.06sec.-land6 = 1.787/
andthevaluesfortheheavydisplacementconfigurationare
a = 0.0108sec.-landB = 12.665(usingradianmeasureforthe
angles). Thematchoftheamplitudesofoscillatorydecayis
quitegood,indicatingpropervaluesfortheparametersinthis
model.

Accordingtothemethodofequivalentlinearizationused
forfrequencyresponseanalysisin [12],theeffectivevalueof
lineardampingisrepresentedby

(25)

where[$1representedtheamplitudeofrollinanoscillatory
forcedresponse.TheequivalentrolldampingratioC$ =2UU
isthen e oe

(26)

andthisvalueisthenusedinaniterativemannerinconnection
withtheextendedSCOREStheorytodeterminea finalvalueof
c~ethatagreeswiththeresultantvalueofrollangleatthe
rollresonantfrequency.Thismethodwasusedin [12]withsuccess
intreatingthenonlineardampedroll responsesinmodeltests.

InthepresentcaseoftheSL-7thismethodwasapplied,
consideringresonantrollresponses,anditwasfoundthatthe
resultingeffectivedampingratioL$ethatconvergedwiththe
calculatedresonantrollanglewasmuchlargerthanwouldbe
logicallyexpected,i.e.aneffectivedampingratioc~e= 0.162
forthelightdisplacementconfigurationandL$e= 0.3forthe
heavydisplacementconfiguration.Theagreementbetweentheory
andmodelexperimentforthetorsionresponsewasalsonot
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satisfactorywhenusingtheselargevaluesofeffectiveroll
damping,therebyprovidinganotherreasonfortheirlackof
cred~bility.

Somefurtherillustrationsoftheinfluenceofthemagni-
tudeoftherolldampingcoefficientcoareshownby the
resultsinFigure59and60. Bothofthesefiguresshowroll
responseandtorsionresponsefordifferentvaluesofc~~
approximatelyfO.02abouttheaveragevaluesassumedin [2]
andalsothecalculationsusedinthepresentstudy(?.=0.1

tforthelightdisplacementconfigurationandg~=O.09orthe
heavydisplacementconfiguration).Theeffectofsuchsmall
changesincoisseentoberelativelylargeinsomecasesl
especiallyfortorsionforthelightdisplacementconfiguration
(Figure59),whilefairlysatisfactoryagreementisobtained
fortherollmotioninthatcase.Thelackofagreementwith
torsionmodeldatausinganyoftherolldampingvalueswas
discussedintheprecedingsectionofthereport.

Anotherfeatureofthecomparisonbetweentheoryandmodel
experimentwasaninconsistentagreementregardingtheroll
resonancecondition.Whiletherewassomeindicationofa reso-
nantresponsefortheheavydisplacementconfiguration,at25kt.
speedand30°heading,whichagreedwithexperiment,thesame
wasnottrueforthelightdisplacementconfiguration(25kt.,
60°heading).Theexperimentalrollresponseforbothconfigur-
ationsovertherangeofwavelengths,forthe25kt.speedand
thetwoheadings(asshowninFigures43and50)thusindicates
a lackofagreementrelativetoresonanceforthevariouscondi-
tionstested.Similareffectsinregardtotherollresponses
inquarteringseasforanotherlargecontainershipwerereported
in [20].

4. EffectofLeewayAngle— —
Asreportedin [1],theheadinganglesweremeasuredwith

a variationuptoY4°duetotheobservedleewayangle.In
ordertodeterminethesensitivityofthecomputed(andmeasured)
resultstothispossiblemagnitudeofangularheadingdeviation,
somecomputationswerecarriedoutwithheadinganglevariation
of*4°aboutthenominalvalue.Theresultsareshownin
Figures61-65.

Itcanbeseenthatthereisonlya smalleffectonlateral
bendingmoment,witha muchsmaller,effectontheverticalbending
momentduetothesmallheadingchange.Howeverthereisa much
largerrelativeeffectontherollangleandtorsionresponsesin
quarteringseas,asshowninFigures62and63~withtheeffect
beingsomewhatlargerthanthechangesinrolldampingforthe
sameconditionsindicatedinFigures59and60. Thusitappears
thatsomeoftheresultsinthelateralplaneresponsesarequite
sensitivetoheadinganglederivatives,atleastfortheorderof
+4°changes(whichmaynotbetheaverageleewaydeviationin
eachcase).
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5. ResultsofComputationsforDutchContainerShip

A similartypeQflargefastcontainershipmodelwas
testedinHollandatNSMBinobliqueregularwaves[23],with
measurementsofthesamebasicmotionsandwaveloads.The
modelwasa 1:55scaleofa full-scaleshipof270m.length
(LBP)witha displacementof56,097m.tons,sothatthemodel
sizewassignificantlylargerthanthatoftheSL-7modelin
[1]. Inadditionthemodelwaveheightinthetestswaskept
constantregardlessofthewavelength,andcorrespondedto
4.4m.fullscale.A fulldescriptionofthemodelcharacter-
istics,testconditions,proceduresandresultsispresented
in [23].

SincethisshipissimilartotheSL-7,andthetest
measurementswereofthesamegeneraltypeasin [11,a com-
parisonoftheexperimentaldatain [23]withthecalculated
resultsfromthepresentextendedSCOREStheorywouldbea
furthertestofthevalidityofthecomputermethodforwave-
loadprediction.Somepreviouscomputationsoftheseship
responseshadbeencarriedout([24])usingtheoriginal
SCORESprogramof [6],andtheresultsforwaveloadswere
sufficientlyclosetothemodeldata,orfollowedtheproper
patternofthemodel-loaddata,torepresenta usefultool
althoughthedegreeofagreementwasnotasgoodasthevarious
casesillustratedin [5].RepresentativeresultsofComputa-
tionswiththeextendedSCORESprogramareshownhere,compared
tothemodel-testdataof [23],anddiscussedinthefollowing.

Theresultsforheaveandpitchmotions,midshipVBMand
verticalshearfortheshipinheadseas(180°heading)are
showninFigures66-69fortheforwardspeedcorrespondingto
a FroudenumberF = 0.245.Theagreementbetweentheoryand
experimentinthi~case,forbothamplitudeandphase(relative
tothewaveelevationattheshipC!G),isverygood.Similar
resultswerefoundforthecaseofbowseas(referredtoas
225°heading),andanindicationoftheresultsfora lateral-
planeresponseforthisconditionisthemidship-torsionresponse
showninFigure70. Inthatcasetheresultsoftheoriginal
SCOREStheoryisalsoshown,withgenerallygoodagreement
betweentheoryandexperimentfromboththeoriesforthis
particularresponseandcondition.

Thecomparisonforthecaseofquarteringseasat65°
headingshowedgoodagreementforheaveandpitchmotionand
themidshipverticalbendingmomentandverticalshear(repre-
sentativeresultsforVBMareshowninFigure71). Theroll-
motioncomparisonwasfair(Figure72),withgoodagreementfor
midshiplateralbendingmomentandlateralshearforthiscondi-
tion(seeFigures73and74).Themidshiptorsionresponsein
Figure75showeda muchlesserdegreeofagreement.

Forthecaseof45°headingthecomparisonforthevertical-
planeresponseswasgood,andthemidshiplateralbending
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comparisoninFigure76wasalsoquitegood.Howeverthe
torsion-responsecomparisonwasnotsatisfactory,asshown
inFigure77,althoughtherewasanimprovementofthetheory
resultrelativetotheoriginalSCOREScomputations.This
couldpossiblyberelatedtotheroll-motionresultsforthis
case,whichareshowntogetherwiththeresultsforthe25°
headingcaseinFigure78. Thelackofadequaterollpre-
dictionforthe25°headingneverthelessdidnotleadtopoor
torsionresponseforthisheading,asshowninFigure79.
Goodagreementforthe25°headingwasalsofoundforboth
midshiplateralbendingmomentandlateralshear,andsimilarly
forthevertical-planeresponsesatthisheading.

Thecomparisonsbetweenthemodelexperimentsof [23]and
thepresentextendedSCOREStheoryforthislargefastcontainer
shipshowgenerallygoodagreementbetweentheoryandexperiment,
withsignificantdifferences,foundintherollmotionandtorsion
responsesforonlya partoftheconditionscompared.Itthus
appearsthatthetheorypresentedherein(i.e.theextendedSCORES
theory)hasreceivedfurtherverificationofitsutilityasa
wave-loadpredictiontoolasa resultofthesecomparisonswith
datafora similartypeshipundersimilaroperationalconditions.

6. ResultsofComputationsforSeries60Ship

SincetheextendedSCOREStheorycomputedresultshave
shownimprovedcorrelationwithmodelexperimentsfortheSL-7
(exceptforconditionswhererollbehaviorandcharacteristics
wereanomalous),andhavealsoimprovedthecorrelationforthe
Dutchcontainershiptestedin [231,thequestionOfitsutilitY
forothershipsarises.Thisisduetothefactthatmany
conventionalshipshaveshownagreementofmodel-testdatawith
theoriginalSCOREStheorycomputations(e.g.see[51), andit
ispossiblethattheextendedSCOREStheoryresultscouldalter
thedegreeof,ag~eementbetweentheoryandexperiment.Forthe
largefastcontainershipstheinfluenceofforwardspeedis
expectedtobesigni-fi.cant,especiallyinviewofthefactthat
thetheorymodifications(i.e.additionalterms)requiredto
producetheextendedSCOREStheoryareproportionaltothefor-
wardspeed.

InordertodeterminetheeffectoftheextendedSCORES
theorymodificationsonthecorrelationofcomputerresults
withmodel-testdata,somecomputationswerecarriedoutfor
thesameSeries60shipthatwasstudiedin [51,viz.themodel
withCB= 0.80thatwastes-tedin [25].Representativeresults
forthewaveloadings,i.e.verticalandlateralbendingmoments
andthetorsionalmoment(allatmidship),akdifferentheadings
forthespeedFn= 0.15areshowninFigures80-84.These
figuresshowthemodel-testdata,thecomputedresultsusingthe
originalSCOREStheory(old)andthoseusingthepresentextended
SCOREStheory(new). Itcanbeseenfromthesefiguresthatthe
differencesbetweenthetwotheoreticalresultsarenotvery
large,witha generallybetteragreementwiththeexperimental
datainmostcases(butnotinall)fortheextendedSCOREStheory.
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Thedifficultyinadequatepredictionoftorsionisstill
presentusingeithertheoreticalapproachforsomeofthe
conditions,whichmayprobablybeduetothesamereasons
asdiscussedin [51. Thusitcanbeseenthattheextended
SCOREStheoryisvalidforconventionalshipsandisthusa
usefulpredictiontoolforshipwaveloads.

ANALYSISANDCOMPUTATIONSFORLOWENCOUNTERFREQUENCY

Infollowingandquartering-seaheadingconditionsfor
theSL-7model,theencounterfrequencieswerefoundtobe
relativelylow.Inviewofthelogarithmicbehavioratlow
frequencyoftheverticalsectionaladdedmass(A33),itwas
thoughtduringtheworkreportedin [2]thatthisbehavior
couldpossiblyhaveanundulylargeeffectthatcouldinfluence
thecomputedresultsforthisshipinthatrangeofoperation.
Somecomputationswerecarriedoutin [2]withthisadded-mass
termsetequaltozerothroughouttheentirewavelengthrange
infollowingandquarteringseas~withresultsthatshowed
significantlyimprovedagreementofthisparticularmodified
theorywiththemodel-testdata,primarilyforthevertical
bendingmomentandverticalshearatmidships.Whilesuchan
improvementdidoccurforthesecases,asshownin [21~the
useofthisprocedurewouldnotbegenerallyapplicabletoall
headings;wouldnotnecessarilybeappropriateforshipsother
thantheSL-7(baseduponthissinglesetofresults);andthe
selectionofparticularconditionsfortheencounterfrequency
whereinthecomputationaltechniquewould“shift”toinclude
theconstraintwithA~3=0 couldnotbeeasilyestablishedfor
generaluse.

WhiletheresultsofthepresentextendedSCOREStheory
fortheSL-7haveproducedsignificantimprovementinthe
correlationofthecalculatedresultsforthevertical-plane
waveloadswiththoseobtainedfrommodeltests,thereare
stillbasicquestionsastothegeneralvalidityofanytype
ofstriptheoryforconditionswithlowencounterfrequency.
Thisisduetothebasicrequirementofstriptheorybeingvalid
forhighfrequencies(orshortwavelengths),butwhichhasbeen
successfullyappliedtolongerwaveconditions(see[26]fora
generaldiscussionofassumptionsusedinvariousship-motion
theories). Sincethevariousvertical-planehydrodynamicterms
derivedfromstriptheorymaynothavevalidityforsomeofthe
low-frequencyconditionsoftheSL-7infollowingandquartering
seas,a theoreticalapproachwasconsideredwhereintheseterms
wouldbeneglected,i.e.,A3J=N43=0. Theresultingtheorywouldthenincludehydrostaticforces,aswellaswave-excitation
forcesduetotheFroude–Kryloveffectandthepressuregradient
variationwithdepth,togetherwiththeshipinertiaforces.For
theverticalplanethiswouldinvolvesolutionofa second-order
differentialequationforbothheaveandpitch,whicharecoupled
onlyhydrostatically,inordertoobtainthosemotionresponses.
Thelocalloadingwouldthenbefoundintermsoftheship
inertialloadsandthedistributedhydrostaticandwave-force
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terms,inthesamemannerasindicatedin [5]butwitihoutany
hydrodynamictermsduetotheaddedmassanddamping,i.e.
A33=Nj3=O throughoutthecomputations.Sincetheencounter-
frequencyconditionsfortheuseofthismethoddonotinclude
theresonantheaveandpitchnaturalfrequencies,nodifficulty
shouldariseduetothelackofa dampingmechanismforthese
conditions.

TheresultsofthecomputationsfortheSL-7heaveand
pitchmotions,usingthisapproachthatneglectshydrodynamic
forcesduetomotions,showsgenerallysmalldifferencesfrom
themotionresponsesobtainedfromtheextendedSCOREStheory.
A typicalillustrationofthecomparisonofthetheoretical
predictionsofheaveandpitchmotions,forthecaseoffollowing
seas(0°heading),isgiveninFigure85. Sincethem’otions”are
generallywellpredictedbyeithertheoriginalorextended
SCOREStheories,themodeldataisessentiallybracketedbythe
curvesshowninFigure85andthismethodjneglectinghydrodynamic
forcesjisalsoanadequateprocedurefordeterminingshipmotions.

CalculationsofthemidshipbendingmomentfortheSL-7at
headingsof0°,30°,and60°werealsomadeusingthismethod,
andthecomparisonbetweentheoryandexperimentisshownin
Figures86-88.Thereisgenerallyanimprovementinthecorre–
lationoftheVBMamplitudesrelativetothatobtainedfromthe
extendedSCOREStheory,exceptfortheshorterwavelengths.
Howeverthephaseanglesshowlargeerrors,oftheorderof45°
-150°,whichtendstocastsomedoubtonthebasicutilityof
thismethodforwave-loadpredictionatlowencounterfrequencies.
Somewhatsimilartyperesultswerefoundwhenapplyingthis
theoreticalmodeltotheDutchcontainershiptestedin [23],
withfairlycloseagreementbetweentheamplitudesfromthis
specialtheoryandtheresultsoftheextendedSCOREStheory.
Thecloseagreementwithexperimentalamplitudesformotionand
loadsintheverticalplaneisuseful,butthesameistruefor :
theresultsoftheextendedSCOREStheory.‘Thelackofphase
agreementprovidesfurtherbasisforuseoftheextendedSCORES
theoryasa predictiontoolratherthantheapplicationof
specialmethods(i.e.involvingneglectofhydrodynamicadded
massanddampingintheverticalplane)forthecaseoflow
encounterfrequencies.

DISCUSSIONOFSL-7MODELTESTDATA

Inordertojudgethegeneralvalidityofthemodel-test
dataresultsfortheSL-7thatwereobtainedin [1],a comparison
ofsomenondimensionalwaveloadsfromthatinvestigationwas
madewiththoseobtainedfroma similarship,viz.theDutch
containershiptestedin [23]. Themainitemofinterestwas
themidshipverticalbendingmoment,whichisthelargestmoment
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response.ThemagnitudesforthecaseoftheSL-7(innon-
dimensionalform)wereslightlysmallerthanthoseobtained
fortheDutchcontainership.Thegeneralvariationwith
headingangle,wavelengthandspeedwassimilar,forthis
particularresponse,forbothships.Thelackofagreement
betweentheoryandexperimentfortheroll-motionresponse,
aswellastheresultinglackofagreementfortorsionarising
fromthesignificantdependenceoftorsionmomentontheship
rollresponse,wereindicatedforbothoftheseshipsalthough
theparticulardegreeofnon-agreementineachcasewassome-
whatdifferent.Onthebasisofsucha limitedcomparison,
themodel-testdatafortheSL-7,inparticularforthevertical
bendingmoment,wasconsideredtobevalidandprobably
representativeoflarge,fastcontainerships.

Asfarastheoveralltestprocedures,theSL-7investigation
reportedin [1]consideredpossibleextraneousinfluencesthat
wouldaffectmeasuredresponsedata.Inparticulartheanalysis
oftheeffectsoftherudderoscillation;theobservationof
leewayanglesanddeterminationoftheirrange;andtheevaluation
offreerolldecaycharacteristics.Theseareimportantfeatures
ofmodelteststhatarenotcarriedoutofteninsuchstudiesof
waveloads.Thetotalnumberofmeasurementsin [1]wasquite
largeandhencea verycomplexsystemofmeasurementandsubsequent
dataanalysis,includingdeterminationofinteractionbetween
variousmeasurementchannels,wascarriedoutina clearand
competentmanner.Howeverthereweresomeparticularaspectsof
thetestprocedures,aswellascertaininherentaspectsofthe
particularmodelbehavior,thatcouldproduceanimportantinfluence
onthemeasureddataandtheacceptanceoftheresultsin [1]as
representativedataforthemotionsandloadsoftheSL-7ship.A
moredetaileddiscussionoftheseparticularaspectswithinthe
testprogramisgiveninthefollowingsections.

1. WaveMeasurements

Oneparticularpointinregardtothemodel-testprocedures
fortheSL-7thatcouldpossiblyintroducesomeerrorsinthe
response-amplituderatiospresentedin [1], i.e.responseamplitudes
relativetothewaveamplitude,couldbetheaccuracyinmeasuring
thewaveamplitudes.Inmanyofthetests,especiallyatoblique
headingssuchasbowseasandquarteringseas,thewaveamplitudes
wereapproximately0.3in. Thisisbaseduponwaveheightgiven
asL/120fortheseconditions.Theproblemsofaccuratemeasurement
ofsuchsmallwaveamplitudes,especiallywitha probemoving
throughthewateratforwardspeed,couldcertainlycreatesigni-
ficanterrorsinthewavereferencemeasurement.

ThismagnitudeofwaveamplitudefortheSL-7testscanbe
contrastedwiththewaveamplitudeusedinthemodeltestsofthe
Dutchcontainershipreportedin [23],wherethewaveamplitudes
inallthetestswereuniformlyabout1.6in. Thisparticular
amplitudevaluewouldbelesspronetomeasurementerrors,thereby
providinga betterbasisforuseofsuchdataintheDutch
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investigation.Sincenodetailedindicationoferrorlevel
magnitudesinwaveamplitudepersewereprovidedintheSL-7
report(i.e.[11),theonlyjudgmentastotheaccuracyofthe
wave-amplitudemeasurementsinthatcaseisbaseduponthe
generallysmallmagnitudeusedandtheprospectofpossible
largererrorsinthatcase.

2. Roll-DecayCharacteristics

Asindicatedpreviously,thespecialsmooth-waterroll-
extinctionteststhatprovidedtheroll-decaytimehistories
werea usefuladditiontothedirectmodel-testmeasurements
oftheSL-7motionsandloadsinwaves.Thisinformationcould
thenbeusedtoobtainpropernumericalvaluesofthecoefficients
intheroll-dampingrepresentation,aswellasindicatethe
natureoftheroll-dampingcharacteristics.Forzerospeedthe
roll-decaycurvewasobtainedafterreleasingthemodelfroman
initialroll-angledisplacement,andtheresultingdecaycurve
indicatedlinearrolldamping.Fortheconditionswhenthe
modelwasrunningata speedequivalentto28kt.(fullscale)~
thedecaycurvesrepresentedtheresponseobtainedaftera steady
resonantrollwasintroducedviatherudderoscillation,withthe
decayrecordobtainedaftertherudderoscillationwasstopped.

Themethodofanalysisusedtodeterminethelinearand
nonlinearcoefficientsthatarepresentintherepresentationof
rollmotiongiveninEq.(24)isbaseduponthedecayfroman
initialdisplacement,andassumesthattherollangularvelocity
isinitiallyzeroatthatinstantaswell.Itispossiblethat
thetestmethodusedwiththemodelrunningatspeeddidnot
satisfythatparticularrequirement,butthereisnodetailed
discussionoftheproceduresusedgivenin [1].Iftherewas
a non-zerorollangularvelocitypresent,thenthesolution
methodusedtoobtainthevaluesoftheparametersP and6 in
Eq.(24)wouldnotbeapplicable,sothatanyvaluesfoundwould
notbetheproperparametervalues.Perhapsthatisthereason
whytheparticularvaluesfoundfora and13fromtheserunsat
speedprovidedtoolargea valueofeffectiverolldamping,which
wastheresultindicatedina precedingsectionthatconsidered
thequestionoftheinfluenceofnonlinearrolldamping.

3* RollStaticandInertialCharacteristics

A discussionwasgivenpreviously,whenconsideringlateral-
planemotionandloadresponses,ofaninconsistencybetweenthe
valuesofthetransversemetacentricheightGMandthelocation
oftheVCGrelativetothewaterlineattheLCGposition,i.e.
thedistanceknownas = in [51. Thehydrostaticcharacteristics
ofthewaterplane,aswellasthelocationoftheVCB,determine
thelocationofthemetacentreM. Sincetheshipmodelwasoriented
inaccordancewiththedatapresentedin [1],allofthesehydro-
staticpropertiesobtainedfromcalculationshouldbepropervalues
fortheship.ThevalueofVCGgivenin [1]wouldthennotbe
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consistentwiththeGMvalueinaccordancewiththecomputations.
Sincethecomputationsproducedproperdisplacement,LCBandLCG
location,etc.thequestionarisesastowhethersomeerrorwas
presentinthemodelorthemodel-testprocedures.Thepossible
magnitudeofdifferenceinGMobtainedfromthecomputedvalues
(usingtheindicatedVCGin [1])wouldexceedsignificantlyany
changeinGMduetofree-sur’faceeffects,sothatthereappears
tobesomefundamentalprobleminreconcilingtherelationsbetween
GMandtheVCGlocationgivenin [1].Theextentofthispossible
errorinthequantitiescouldthencontributesignificantlytothe
lackofcorrelationbetweentheoryandexperimentinlateral-plane
responsesforquarteringseas,sincetheinfluenceofrollmotion
onlateral-planeloadsissignificantinthatregion.

4. DirectionalControlandInfluenceonLateral-Plane
Responses

Oneoftheproblemsinconductingthemodeltests,whichwas
reportedin [1],wasduetocertaindifficulties“inmaintaining
controloftheshipheading.Insomecasesthemodeldeveloped
largeheelandyawangles,andonlytherunswhereinsucheffects
didnotoccurwerereportedasthesourceofdatapresentedin [1].
Duetotheinfluenceofdifferentstarting–uptransientsinthe
carriagesystem,itispossiblethata particularrunwouldnot
necessarilyberepresentativeoftheactualconditionswhichwould
beexperiencedwhenrunningata particularheadingandspeedina
wavesystem.Theonlywaytoreallydeterminethevalidityofsuch
dataobtainedfromanyrunwouldbetohavecheckrunsforthesame
basiccondition,andasa resultofthevariouscontroldifficulties
suchrepeat.runsmaynothavebeenmadeorinsomeinstancescould
notbeobtained.Thisbehaviorcouldpossiblyberesponsiblefor
someerrorintheobtainedshipmotionsandloads,andtheeffect
ofthisaspecthasnotbeenpresentedinanyspecificquantitative
formin [1].

Thesensitivityofsomeofthelateral-planeresponsesto
changesinheading,asmanifestedbytheleewayangle,wereshown
tobepossiblysignificantinmagnitudeaccordingtocomputations
exhibitedinFigures61-64.Thecontroldifficultyexperienced
in [1]couldhaveresultedina variationofheadingmanifested
bya leewayangleofsucha magnitude(W40)thatdifferencesin
theresponsescouldarise.duetothateffect,aswellasthe
problemofrepeatabilitydiscussedabove.Alloftheseeffects
arespecificproblemsthatwereexperiencedwiththisparticular
model,atthescaleitwastested,whenusingtheapparatusand
techniquesavailableatthetestingorganization.Possiblemodi-
ficationsintheequipmentandtesttechniqueforsuchtender
high-speedshipsmighthaveresultedindifferentresponsemag-
nitudesin”thelateralplane,buttheextentofsuchdifferences
cannotbepreciselyestablishedasa meansofassessingthe
utilityofthepresenttestdata.
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5. EffectofRudderandData-MeasurementPrecision

Asindicatedin [1]theeffectofrudderoscillationon
lateral-planeresponsesismostsignificantforthosecases
whererollmotionwaslargestlviz.inquarteringseas.The
magnitudeofthiseffectonthelateralresponsesisindicated
tobeabout20%in [1],butaccordingtosomemoredetailed
assessmentsbasedontheinformationin [1]theeffectcould
besomewhatlargerforcertaincases.Onthatbasisitappears
thatthereisa fairlysubstantialallowable“band”aboutthe
model-testdatawhichcouldallowanimproveddegreeofcorre-
lationwithanytheoreticalresultssufficientlyclosetolie
inthatband.Howeverthecomparisonbetweentheoryandexperi-
mentforquartering-sealateral-planeresponsesshowslarger
differencesthanthat,especiallyforthetorsionresponses.
Thelackofgoodcorrelationwithrollmotion,anditsinfluence
onsuchresults,hasbeendiscussedpreviouslyandthatis
probablythemajorfactorratherthanconsiderationofrudder
effects.

Thegenerallevelofmeasurementaccuracyforallofthe
model-dataresponsesgivenin [1]hasbeenstatedas5-10%
(inthatreport)orasa fixedthreshold,whicheverisgreater.
Theselevelsallowa widerbandaroundthemodeldatagenerally,
forbothverticalandlateral-planeresponses,therebyallowing
foranimprovementinthecorrelationbetweentheoryand
experimentwhenviewedinthismanner.Howeverthisgeneral
statementastomeasurementaccuracyboundsdoesnotrelieve
theprospectofothererrorsthatmaybepresentinthedata
duetootherdistincteffectsthathavebeenisolatedand
discussedpreviouslyinthepresentreport.

CORRELATIONBETWEENTHEORYANDEXPERIMENT

Alloftheprecedinginformationanddiscussionregarding
theoryandexperimentisaimedatevaluatingthedegreeof
correlationbetweenthesetwoapproachesforpredictingfull-
scaleshiploads,withparticularapplicationtotheSL–7ship.
Thisparticularstepisimportantsinceanentireprogramof
investigation,includingstructuralmodeling,finite-element
analyses,full–scaleloadsandmotionsmeasurement,wavemeasure–
mentsonthefull-scaleship,etc.isbeingcarriedoutunder
theShipStructureCommitteewithsupportofotherorganizations
aswell.Theentireinvestigationprovidesanexcellentopportunity
todeterminethestructuralloads(andsubsequentshipstresses)
inmanyenvironmentalsituations,sothatmethodsofanalysis
andpredictioncanbebetterassessedastotheirutilityfor
designpurposes.A completiedescriptionoftheentireSL–7
programisprovidedin [27].

Thepresentcorrelationstudyisaimedatdeterminingthe
relativecapabilitiesofmodeltests.andcomputercalculations
asa meansofpredictingshipstructuralloadsinwaves.Previous
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studies,e.g.[5],haveshowntheutilityofcomputationby
meansofcomparisonbetweenthetheoryresultsandmodel-test
data,wheregoodagreementbetweenthetwoapproachesprovided
a validationofthecomputermethod.Sincecomputationmethods
aremuchmoreefficientthenmodeltests,fromboththeeconomic
andtimeofperformancepointsofview,theuseofthismethod
wasenhancedbysucha successfulcorrelation.

However,inthecaseoftheSL-7,thedegreeofcorrelation
betweentheorycalculationsandmodel-testdatashownin [2]
wasrelativelypoor.Thisparticularclassofship,viz.a
large)fastcontainership,introducedspecialconditionsdueto
itshighspeedcoupledwithtestconditionsforshortwavesthat
werenotexperiencedinanypriorstudiesusingthetheoryand
computerprogramof [5]and[6]. Theadditionalanalysescarried
outinthepresentstudyshowsthatthemostsignificantaspect
ofthetheorywhichimprovedthedegreeofcorrelationbetween
theoryandexperimentwastheinclusionofadditionaltermsin
theequations,resultingintheextendedSCOREStheory.These
additionaltermsareproportionaltoforwardspeedandhave
theirlargestinfluenceathighspeed,whichisconsistentwith
theresultsforthiscase.

ComputationswiththeextendedSCOREStheorywereapplied
toanotherlarge)fastcontainershipwithgoodagreementbetween
theoryandexperiment,asshowninFigures66-79.Theconditions
therewereessentiallythesameasfortheSL-7,withsimilar
highspeed(andFroudenumber)andcoveringheadingsdownto
quarteringseas. Thesametheorywasappliedtoa conventional
Series60shipmodel,forwhichtheoriginalSCOREStheoryshowed
fairlygoodagreementwithmodel-testdatain [5],andthedegree
ofagreementwassomewhatimprovedbythisextended-theorymethod.
Thusthereisnodegradationofthegoodresultsobtainedin [5],
whileagreementforthecaseoflarge,fastcontainershipsatall
headingsisalsofoundbyuseoftheextendedSCOREStheory.The
agreementwasgenerallygoodforbothverticalplaneandlateral-
planeresponses,witha reducedagreementinthelateralplane.
Thisisprobablyduetouseofanestimatedlinearroll-damping
value,lackofinformationondetaileddistributionofroll-
inertialpropertiesalongmodelhull,andotherfactorsrelated
toroll-motioninfluencethathavebeendiscussedhereinaswell
asotherreferences(e.g.[5], [20]).

InthecaseoftheSL-7,theagreementbetweentheextended-
theorycalculationsandmodel-testdataforvertical-plane
responseswasgenerallygood,witha significantimprovement
relativetotheresultsobtainedin [2]. Thiswasfoundover
theentireheadingrange,fromheadthroughfollowingseas.The
differencesbetweentheoryandexperimerttforvertical-plane
loadswereabout10-15%,whilethegeneralprecisionofdata
measurementisgivenin [1]as5-10%.Thistypeofagreementis
certainlysatisfactory,andisconsistentwiththeresultsobtained
in [5]aswellasbeingrepresentativeofthepresentstateofthe
artincomputerpredictionofshipmotionsandloads.Application
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oftheextendedSCOREStheorydirectlygavetheseresults,and
itwasnot“necessarytouseanyalteredequationsystemfor
differentfrequencyranges,aswasdoneforsomelow-frequency
cases(onlyasanillustrationofanapproach)andshownin
Figures86-88.

Forthelateral-planeresponseofSL-7~theagreementwas
stillpoor,especiallyforquarteringseas.Animprovement
relativetotheresultsof [2]wasobtainedforbow-seaheadings,
withfairlygoodagreementforsomeresponses,buttheconditions
inquarteringseasaremoreimportantsincelargerlateral-plane
responsesareexperiencedthere,primarilyduetotheinfluence
oflargerollmotions.Thesignificanceofrollmotioninthis
regard,wherepoorroll-responsecorrelationresultsalsoinpoor
lateral-load-responsecorrelation,isanimportantfeatureof
thewholeproblem.Inbowseas,withverysmallrollmotionand
hencesmalleffectonlateral-loadresponses,thecorrelation
betweentheoryandmodelexperimentwasgenerallygood.Thus
concernisdirectedtowardtherollcharacteristicsoftheSL-7
modelinthetestsreportedin [1].

A numberofitemsrelatedtotherollmotionoftheSL–7
modelwerediscussedinprecedingsectionsofthisreport.The
sensitivityofcalculatedloadresultstotheroll-dampingvalue
andalsothegenerallevelofroll-motionresponsehasbeenamply
illustrated.A numberoffeaturesofthemodelrollcharacteristics
havebeenshowntobequestionable,suchasthestaticrolland
inertialcharacteristicsthatrelateGMand~, aswellasthe
directionalcontrolproblemoftheparticularmodelin [1]that
certainlyhadaninfluenceontherollingresponses.Questions
astorepeatabilityofcertaindataruns,wave-measurementaccuracy,
theeffectofheadingdeviations,sufficientlengthofrunatlow
frequencyofencounter,etc.areallpresentforjusttherange
ofconditionswheredifficultyincorrelationbetweentheoryand
experimentisfoundforthisSL-7model.

Anotheraspectofrolling,viz.thedeterminationofroll-
damping-decaycurveswhenrunningatforwardspeed,didnotprovide
enoughinformationastodetailsofconditionsthatwouldallow
properevaluationofthelinearandnonlineardampingparameters
ashasbeendoneforcasesatzerospeedinotherapplications.
Howeverthataspectcanbeviewedassecondaryuntilthequestions
concerningtheproperstaticandinertialrollpropertiesis
reconciled,aswellastheinfluenceofdirectionalcontrol
difficultyonrollandlateral-planeloadresponses.

Onthebasisofallofthesequestionsandunknownfeatures,
itappearsthatthemodeltests,atleastinquarteringseas,
shouldberunagainwithmoredetailedconcernastorepeatability,
etc.Necessarymodel-apparatusmodifications,oruseoffacilities
thathaveappropriatetestequipmentfortender,fastjsurfaceships,
shouldbeinsuredtoeliminatethedifficultiesexperiencedin [1].
Perhapstheuseofa largermodel,withlargerwaveheightsinthe
tests,wouldbea moresuitableprocedureforrepeattestsinthis
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area.Similarlythelargermodelwouldallowmoreaccurate
determinationofrollstaticandinertialproperties,thereby
providinginputinformati~nwithoutinconsistenciesthatcould
beappliedtocomputercalculations.

1. ComparisonofIrregular-SeaResponses

Whiletheabovediscussionisconcernedwiththerelation
betweentheorycalculationsandmodelexperimentinregular
waves,andcertaindifficultiesintheexperimentsappearto
warrantrepeattests,additionalinformationontherelations
betweentheoryandexperimentcanbeobtainedfromcomparison
ofrmsresponsesindifferentirregularseas.Someresuitsof
thisnaturewerepresentedin [2],andinformationusingthe
presenttheoryispresentedhereforthesameseaconditions.

ThewavesarerepresentedbyPierson-Moskowitzspectra
coveringsignificantwaveheightsfrom10ft.to50ft.,in
stepsof10ft.,anda cosine-squareddirectionalspreadinglaw
isusedtoallowcomputationofresultsinshort-crestedseas.
ResultsarepresentedforpredominantheadingsofO“and180°,
forspeedsof25and30kt.,applyingthepresentextendedSCORES
theoryandalsousingtheresponseoperationfrom[2]torepresent
thevaluesobtainedfrommodelexperiments.

Theresultsofthesecalculationsofrmsresponseusing
theresponseoperationsfromthepresenttheoryandthosefrom
modelexperimentaregiveninTable4. Itcanbeseenthatthe
responsesfortheheadsea(predominantwavedirections)arein
fairlygoodagreement,forboththeverticalandlateral-plane
responses.Forthefollowing-searesultstheagreementbetween
theoryandexperimentispoorforlateral-planeresponses,but
generallygoodforvertical-planeresponses.Alloftheseresults
areconsistentwiththeresultsofthecomparisonbetweentheory
calculationsandmodel-testdatainregularwaves,discussed
previously,andindicatethegeneralrelationshiptobeexpected
whencomparingresultsinirregularseas.Thepresentcomparison
ofirregularshort–crestedsearesponsesdoesexhibitbetter
correlationbetweentheoryandexperimentthenthatgivenin [2],
indicatinga morevalidcomputationtoolforthoseconditions
whicharenotaffectedbymodel-testdifficulties,

CONCLUSIONSANDRECOMMENDATIONS

Asa resultofthisinvestigationa numberofconclusions
havebeenobtained.Thedifferentelementsconsideredtomodify
thebasictheoryhavebeenshowntohavenegligibleeffect,
exceptfortheadditionofcertainspeed-dependenttermsinthe
equationsofmotionthatresultintheextendedSCOREStheory.
Thistheoreticalmodelhasshowngoodcorrelationwithmodel-test
dataforconventionalships,anotherlarge,fastcontainership
similartoSL-7,andalsofortheSL–7vertical-planeresponses.
TheextendedSCOREStheorycanbeusedovertheentirerangeof
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TABLE4

ComparisonBetweenTheoreticalandExperimental
R.M.S.ResponsesinShort-CrestedSeas

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Heading= 0°
Speed= 25kt.

SignificantWaveHeight,ft.
10 20 30 40 50

Pitch-Deg.
.117 .536 .970 1.34 1.64
.126 .557 .996 1.37 1.67
.1164 .556 .99261.284 1.464
.1254 .5594.96681.237 1.403

verticalBendingMoment(midship)-ft.tons
4.91E41.29E51.79E52.IOE52.30E5
5.21E41.31E51.79E52.09E52.27E5
4.2742E41.501E52.216E52.623E52.860E5
4.511E41.399E51.998E52.324E.52.51E5

Lateral Bending Momm~ (midship)-ft.tOIM’

2.24E44.34FJ45.42E46.06E4 6.48E4
1.98E43.!33E44.99E45.63E46.07E4
3.451E47.094E48.846E49.778E41.031E5
2.685E45.567E46.737E47.264E47.537E4

LateralShear(midship)-tons
1.31E2 2.24E22.65E22.86E2 2.99E2
1.22E22.07E22.44E22.62E22.74E2
1.312E23.057E23.945E24.398E24.650E2
7.707E1l.794E22.248E22.455E22.563E2

verticalShear(midship)-tons
4.46E27.27E28.30E2 8.78E2 9.02E2
4.97X1027.96x1029.03x1029.49E29.78E2
1.893E24.145E25.054E25.467E25.677E2
1.814E23.893E24.72%325.l131E25.243E2

Roll-Deg.
1.21 5.01 7.95 9.86 11.1
1.75 4.32 5.92 6.83 7.39
2.201 7.027 9.902 11.46812.359
2.221 5.118 6.470 7.111 7.450

Torsion(aboutC.g.,midship)-ft.tons
2.58E39.81E315.2E3 1.85E42.08E4
3.79E39.13E312.3E3 1.41E41.51E4
1.834E36.495E39.373E31.091F141.178E4
2.056E35.266E36.793E37.519E37.902E3
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TABLE4
(Continued)

ComparisonBetweenTheoreticalandExperimental
R.M.S.ResponsesinShort-CrestedSeas

Heading= 0°
Speed= 30kt.

SignificantWaveHeight,ft.
10 20 30 40 5’0

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light]

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

VerticalBendingMoment(midship)-ft.tons
4.85E41.27E51.76E52.06E5 2.26E5
5.20E4 1.31E51.79E52.08E52.27E5
4. 40~E4 1.520E5 2.240E5 2. 648E5 2.890E5
5. 094E4 l.452E5 2.045E5 2.372E5 2.557E5

LateralBendingMoment(midship)ft.tons
1.96E4 3.99E4 5.13F.45.85E4 6.35E4
2.00E4 4.06E4.5.20E45.91E4 6.393?.4
3.428E46.537E47:”767E48.372E48.71E4
2.247E45.486E46.990E47.703E48.080E4

Torsion(aboute.g.,midship)-ft.tons
2.62E35.92E38.83E3 1.11E41.28E4
6.19E31.24E41.52E4 1.65E41.73E4
2.288E36.860E39.766E31.139E41.232E4
2.7911Z36.127E37:704E38.455E38.852E3
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TABLE4

Comparison
R.M.S.

Theory(Heavy)
(Light)

Experiment(H@aVY)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(LLght)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

(Continued)

BetweenTheoreticalandExperimental
ResponsesinShort-CrestedSeas

Heading= 180°
Speed= 25kt.

SignificantWaveHeight,ft.
10 20 30 40 50

Pitch- Deg.
.199 1.09 1.85 2.39 2.79
.204 1.07 1.81 2.34 2.74
.1904 1.007 1.714 2.157 2.423
.1904 1.007 1.714 2.157 2.423

Vertical BendingMoment(midship)-ft.tons
4.llxlo41.40XI052.05x1052.43x1052.66x105
3.99x1041.27x1051.81x1052.14x1052.34x105
5.166x1041.590x1052.255x1052.613x1052.814x105
4.617x104I.416x1052.002x1052.316x1052.493x105

LateralBendingMoment(midship)-Et.tOnS
2.48x104 5.57x104 7.13x104 7.94x104 8.41x104
2.41x104 5.28x10Q 6.67x104 7.38x104 7.78x104

3.175x104 6.388x104 7.646x104 8.207x104 8.496x104
2.639x104 5.325x104 6.411x104 6.898x104 7.150x104

. 755E2

.728E2

1.075E2
1.024E2

1.63E2
1.83E2

2.055E2
2.055E2

LateralShear(midship)- tons
1.16E2 1.30E2 1.35E2 1.38E2
1.08E2 1.19E2 1.24E2 1.26E2
1.807E22.033E22.124E22.169E2
1.666E21.858E2l.935E2l.972E2

VerticalShear(midship)- tons
4.51E2 5.90E2 6.57E2 1.38E2
5.03E2 6.58E2 7.35E2 7.77E2
4.240E25.131E25.548E25.770E2
4.240E25.1311?.25.548E25.770E2

Torsion(aboute.g.,midship)- ft.tons
1.69E3 3.45E3 4.26E3 4.75E3 5.16E3
1.91E3 3.68E3 4.75E3 6.03E3 7.62E3
1.970E33.351E33.795E33.982E34.077E3
2.062E33.515E33.972E34.161E34.255E3
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TABLE 4
(Continued)

ComparisonBetweenTheoreticalandExperimental
R.M.S.ResponsesinShort-CrestedSeas

Heading= 180°
s~
SignificantWaveHeight,ft.

10 20 30 40 50

Vertical BendingMoment(midship)-ft.tons
Theory(Heavy) 4.09E4 1.37E5 2.00E5 2.381Z52.61E5

(Light) 4.11E4 1.36E5 1.96E5 2.31E5 2.53E5
Experiment_(Heavy) 6.05.2E41.777E52.501E52.890E53.lo9E5

(Light) 4.882E41.572E52.242E52.595E52.791E5

LateralBendingMoment(midship)-ft.tons
Theory(Heavy) 2.69E4 5.68E4 7.15E4 7.92E4 8.37E4

(Light) 2.28E4 4.99E4 6.34E4 7.03E4 7.42E4
Experiment(Heavy) 3.043E46.196E47.507E48.108E48.421E4

(Light) 2.571E45.225E46.308E46.795E47.047E4

Torsion(aboute.g.,midship)-ft.tons
Theory(Heavy) 2.07E3 3.93E3 4.87E3 5.51E3 6.1OE3

(Light) 1.86E3 3.62E3 4.66E3 5.83E3 7.33E3
Experiment(Heavy) 2.196E33.714E34.185E34.381E34.480E3

(Light) 2.150E33.635E34.097E34.287E34.381E3

. _.._ —.
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conditions,withsufficientaccuracyatlowencounterfrequencies,
anddoesnotrequirespecialtreatmentofhydrodynamicforces
justforthatregioninordertoprovideadequatevertical-plane
loadpredictions.

ThemajorproblemforcorrelationoftheSL-7lateral-plane
responsesoccursinquartering-seaconditionswherelargeroll
motionoccurs.Whiletheproblemofproperroll-motionprediction
generallyexistsinthiscaseaswellasforotherships,there
appeartobeproblemsinthemodelexperimentsanddetermination
ofmodelcharacteristicsrelatedtorollthatraisequestionsas
tothevalidityofthepresentSL-7model-testdataforthese
operatingconditions.Thisisconsideredtobeduetoinconsistent
valuesofrollstaticandinertialproperties,lackofrepeatable
testresultsduetothemodeldirectionalcontrolbehavior,etc.

Atthistimeitappearsthattheuseofcomputercalculations
forloadpredictionofships,includingtheSL-7typeofcontainer
ship,isa suitabletoolforfurtheruseaslongasadequateinput
dataontheshipcharacteristicsareprovided.Thebenefitsof
calculationmethodsinregardtotimeand costfactorsareevident,
andtheoverallagreementbetweentheoryandexperimenthashad
sufficientverificationtoallowitsutilityforthispurpose.

Thepresentstudypointsouta numberofrecommendationsfor
furtherworkinthisareaofSL-7datacorrelation,whichare
listedbelow:

1. Furthermodeltestsshouldbecarriedoutinthe
quartering-searange,preferablywitha largermodel
and/orspecialtestapparatusthatwouldbemore
suitabletosuchtendershipmodelswithdirectional
controlproblems.

2. A moredetaileddeterminationshouldbemadeofthe
modelrollstaticandinertialpropertiespriorto
theteststoinsureconsistencyoftheresultingvalues.

3. Theroll-decaytestsshouldbemadewithmoreinformation
ontimehistoriesofmotionpresented,therebyallowing
morepreciseanalysistoevaluatedampingparameters
(linearandnonlinear),aswellasusingmorethanone
methodofinitialrolldisturbanceasa meansofchecking
repeatabilityofdecaycharacteristics.

4. Thecorrelationanalysisassociatedwiththedataobtained
,fromthetestsdescribedabovecanbecarriedoutusing
thepresentextendedSCOREStheory,withinputdata
pertinenttothemodelthatisbeingre-tested.Sucha
comparisonwillprovidea moredefinitiveanswercon-
cerningtherelationoftheoryandmodeltestsfor
predictivepurposeswhenconsideringlateral-plane
responsesinquarteringseas,
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METRICCONVERSIONFACTORS

ApprozjmntaConversionsto Metric Msasures
Approximate Conversions from MsIr~c Measures

When You Know Multiply by To FindSymbol

m
cm
m
m
hm

cd
~z

km=
ha

a
kg
t

ml
I
I

:’
m’

“c

Svrnhol .Whcn You Know Multiplyby ToFind symbol

LENGTH

miltinamers 0.04
ccntimoiers 0.4
meterz 3.3
meters 1.1
kiknwtnrs 0.6

inches
inches
iecl
yard5
m,!es

in
(1
yd
mi

inches “2.5
fool 30
yards 0,9
mi121s 1.6

camimctws
centimwtum
mews
kitanewm

cm
cm
m
km

~2
~2
J
km2
ha

9
kg
t

ml
ml
ml
I
I
I
I
m’
m’

“c

AREAAREA
squarecentimeters 0.16
squaremeters 1,2
squarehiIanelers 0,4
hectores{10,0~mz} 2.5

squareinche
squareyard
squaremiIes
acres

squareinches 6.5
3quarofae( 0.09
squawyards 0.8
3quar*miles 2.6
acres 0,4

ware centimeters
situarameters
squareinters
squarekilwnetew
hectares

MASS (weight)MASS (weight)

ourices 20
pcumds 0.46
shmttcms 0.9

i20~ lb]

VOLUME

grams 0,025
kilwams 2,2
wtnes[1000kg) 1.1

ounces
pounds
shorttons

02
lb

grams
kllograw
tonncs

teaspoms 5
tables~ns 15
fluidcunces 30
cups 0.24
pints 0.47
quarts 0.95
ga~lons 3.a
Cubtc$Ut 0,03
cubicyards 0.76

TEMPERATUFIE[exact)

mlllifiters
milliliters
milliliters
liters
liters
Iitem
!itcrs
cubicmeters
cubicmeters

millilimrs 0.03
liters 2.1
titws 1.06
liters 0.26
cubicmeters 35
cubicmeters 1,3

fluidounces
pintz
Quarrs
gallcms
cubicfee!
cubicyards

lsp
Tbsp
II 02
c
pt
qt
gal
ill
Vd’ TEMPERATURE[exect)

C*lsius 9/5 (rhelt Fahrenheit
twrpraturWnfwrature Zdd32)

Fahrenheit 5/9 (after
lempmtura subtractkg

321

Cefsiu3
temtmramo

OF 32 9W6
-40 0 40 eo

II,*J, ,:1:, ZII,l
120 I60 zm

1’( , , ,1 1 6 1 I
-40 -20 0 20 40 60 so
“c 37

I nI ,. * 2.54lCmfiCIIVLF- other.-actcorw.rs,,,,,sardwe dm!a,ledIables,seeNEWF,4Ksc.PM. 236,
U“ltSOfWo,ohls.?rdMeasufm,~,CCS2.25,SDCatnlo!No.Cl3,10U86.

,.



UNCLASSIFIED
SECURITY CLAS$IFICA~ION OF THls pAGE (~en DaI@E~f=ed)

REPORTDOCUMENTATIONPAGE READINSTRUCTIONS
BEFORE COMPLETING FORM

REPORT NUMBER 2. GOVT ACCEsSiON NO. 3, R~ClplENT’s CATALOG NuMBER

SSC-271 =
TITLE {.mISubtifle) 5. TYPEOF REPoRT& PERIODCOVEREO

~ CORRELATIONSTUDYOFSL-7LOADS
FinalTechnicalReport

ANDMOTIONS– MODELTESTSANDCOMPUTER5/19/75thru7/19/76
SIMULATION 6. pERfoRh41NG0RG.REPoRTNuMBER

76-133
AuTHOR(S) B. CONTRACTOR GRANT NUMBER(S)

Paul Kaplan,TheodoreP.Sar9ent NOO024-75-C-4285
andMa>kN;Silbert I

Performing ORGANIZATION t4AMEAND ADDRESS 10. PROGRAMELEMENT,pROJECT, TASK

oCEANICS,Inc.
AREA & WORKUNITNLJMBER5

65SouthServiceRoad,Tech.Ind.Pk. SF4342270306,
Plainview,NewYork11803 Task2022,SR-230

1.CONTROLLING OF~lCE NAME ANn ADDR=s 12. RE=nQT D.4TE

Dept.oftheNavy October1977
NavalSeaSystemsCommand 13, NUMBEROF PAGES

Washington,-DC20362 !
1 89

ILMONITORING AGENCYNAMEti ADDRESS(IIdifferentfromCOrIIrOllinEOffice) 15, SECURITY CLASS. (ofihis reporf)

ShipStructureCommittee
U.S.CoastGuardHdqtrs.
Washington,DC20590

~
158. DECLAS51FlCAT10N/DOWNGRADING

I
6. DISTRIBUTIONSTATEMENT@~hisRep4

Unlimited

17. DISTRIBUTION STATEMENT (of theabstractenteredifiBlock20, if differentfromReport)

Unlimited

18. SUPPLEMENTARY NOTES

19, KEYWORDS(Continueon reverse side ifneces**ry andJdenflfYby bJOcknumber)

COMPUTERS,MATHEMATICALMODELS,SHIPHULLS,STRUCTUWLANALySIS,

WAVES,CONTAINERSHIP

o. ABSTRACT(continuaonreversesideLfnecessavetidjdefi~i!ybyblOckfiumb=J
A correlationstudyiscarriedout(fortheSL-7containership)
bymeansofcomparisonofresultsforstructuralloadsandmotion:
inwavesobtainedfrommodeltestsandcomputercalculations.Th<
differentasPectsthatcouldaffectcomputerpredictionsare
examinedviafurthercomputationsandanalysesinordertodeter-
minetheirinfluenceontheoutputdata.Similarlyanexamination
ofthepossibleeffectsthatinfluencethemodeltestdataare

DD ,THY, 1473 EDITIONOF 1 NOV651SOBSOLETE UNCLASSIFIED
SECURITYCLASSIFICATIONOF THIs PAGE(WhHDafaEnter=’)

-.-=-.. ._ .._..___-....—-_- . ____
—/’



UNCLASSIFIED
ECURITY CLASSIFICATION OF THIS PAGE(WhonData E.te,od}

also examined.Themainobjectiveofthisstudyistodeter-
minethecapabilitiesofbothtestmethodsforprediction
purposes.

Comparisonsarealsomadebetweentheoreticalpredictionsand
resultsforotherrelatedshipmodelsforwhichtestdatais
available.Consistencyofvariousresultsobtainedisused
asa basisofassessingthedegreeofvalidityofanypartic-
ularmethod,aswellasdeterminingtheexactdifferencein
resultsduetovariousmechanismsthatinfluenceboththe
theoryandexperiments.Improvementsinthetheoretical
modelleadingtoanextendedSCOREStheoryaredescribed,
togetherwiththecomparisonwitha rangeofavaiabledata
fortheSL-7andotherships.Theparticulartypeofoutput
information,aswellastheregionswhereinsuchdataare
foundtodiffersignificantlyfromthetheoryaredescribed
togetherwithsuggestedreasonsforsuchlackofagreement_.
Recommendationsforadditionaltestsandfurthercomputations
forcomparisonpurposesarealsoprovided,withaninterim
conclusionthatthecomputerprogram(extendedSCOREStheory)
ispresentlya suitabletoolforpredictionpurposes.

UNCT,ASSTFTF.T)
SECURITYCLASSIFICATIONOF THISPAGE(WhefiDataEtit.red)

— . . .-.. -—— . —. —..
,.:,



SHIP RESEARCH COMMITTEE

I!ari time Transportation Research Board

National Academy of Sciences-National Research Council

The Ship Research Committee has technical cognizance of the
interagency Ship Structure Committee’s research program:

MR. O. H. OAKLEY, Chairman, ConsuZtant, Me.Lean,Virginia
hlR.“i!.D. FIURKHART, Head, Marine Science Affairs, Office of Oceanographer

Ofthe Navy
DR. J. N. CORDEA, Senior Staff MataZZurgist, AFMCO Steel Corporation
MR. D. P. COURTSAL, Vice President, DRAVO Corporation
MR. E. S. DILLON, Consultant, Silver Spring, krybd
DEAN D. C. ORUCKER, CoZZega of Engineering, University of 122i?zois
MR. U. J. LANE, Consultant, BaZtimora, Maryland
MR. R. W. RUFIKE, Executive Secretary, Ship Research Conunittw

The Ship Design, Response, and Load Criteria Advisory Group
prepared the project prospectus, evaluated the ProPosals for this
project, provided the 1iaison technical guidance, and reviewed the

project reports with the investigator:

MR. W. J. LANE, Chairman, Consultant, Baltimore, MaryZand
PROF. A. H.-S. ANG, Dept. of Civi Z Engineering, University of IZZinoi5
PROF. S. H. CRANDALL, Dept. of {YeehanicaL Engineering, Massachusetts

Institute of Technology
DR. M. K. OCHI , Research Scientist, NavaZ Ship R d D Center, Bethesda, MD
PROF. W. D. PILKEY , Dept. of Mechanics, University of Virgiriia
PROF. H. E. SHEETS, Chairman, Dept. of Ocean ?ikgrg., University of Rhode IsZand
MR. H. S. TOW14SEND, Consultant, Westport, Connecticut



SI{IP STRUCTURE COMMITTEE PUBLICATIONS

SL-7 PUBLICATIONS TO DATE

SL-7- 1, (SSC-238) - Design and Insta2.lationof a Ship ResponseInstrumentation
System Aboard the SL-7 Cla~s Cozta.inershipS.S. SEA-L4ND MeLEAPiby
R. A. Fain. 1974. AO 780090.

SL-7-2 , (S SC-Z39) - Wave i%ads in a Model of the SL-7 Containership ib.wningat
Oblique Readings in 2?aguZar Vaues by J. F. Dalzell and M. J. Chiocco.
1974. AD 780065.

SL-7-3, (5SC-243) - Structural AnaZysis of sL-7 ContainershipUnder Combined
Loading of VerticaZ,Lateral and Torsioruz1 Moments Using Finite Element
Te&wzigues by A. M. El batouti , D. Liu, and tj. y. Jan. 1974. AO-AO02620

SL-7-4, (SSC-246) - TheoreticalEstimates of Waue Loads on the SL-7 Containership
in Regular ad Irragw lcr Seas by P. Kaplan, T. P. Sargent, and J. Cilmi.

1974. AO-AO04554.

SL-7-5, (SSC-257) - sL-7 I.strwwntation program Backgroundand Research Plan by
W. J. Siekierka, R. A. Johnson, and COR C. S. Loosmore, USCG. 1976.
AD-A021337.

SL-7-6, (SSC-259) - Vei-ificwiimOf t}zeRigid VirzyZ ModeZing Techniques: The SL-7
Structure by J. L. Rodd 1976. AD-A025717.

SL-7-7, (SSC-263 ) - Sidic Str.,ieturalC21ibrotionof Ship Response Instwmentation
System .4boa?d the SEA.-L.WD McLE.<11by R. R. Boentgen and J. Il.Wheaton.
1976. AO-A031527.

SL-7-8, (SSC-264) - Fi?st Secsm Resu1ts from Ship Response Instrwnen tation Aboard
the 51,--7 Czass Contoi.nerzhi p S.S. SEA-LAND McLEAN in North Atlantic
Service by R, R. Boentgen , R. A. Fain, and J. W. Wheaton. 1976. AD-A039752

SL-7-11, (SSC-269) - Stmctural Tests f SL-7 ship :kvie2by W. C. Webster and

H. G. Payer. 1977.


