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ABSTRACT

Resultsof!theresearcheffortsof
theShipStructureCommitteefromthe
pastdecadearepresented.Particular
attentionisgiventothecontributions
madebythisresearchtoachievingthe
broadgoalsoftheShipStrucCureCom-
mittee:DesignMethods,Verifications,
LoadCriteria,MaterialsCriteria,Fab-
ricationAdvancedConcepts,Information
RetrievalandDissemination,and rhe
TeachingofNavalArchitecture.

INTRODUCTION

TheShipStructureCommitteeisan
interagencygovernmentbodywhoselong-
termobjectiveistoimprovethestruc-
turesofships.Previouspapersdeal-
ingwiththeprogressoftheShip
StructureCommittee’sresearchprogram
describetheearlygoalsoftheeffort.
(1)(2)/aInthepaperbyWright,
Jonasse~andAckerin1952(1)anex-
cellentsumaaryonthesubjectofthe
Committee’sgoalswasgiven:

“Sinceitisnotknownwhether
presentrequirementsandpractices
aresufficienttopreventcracking,
a largeportionoftheresearch
programsponsoredbytheShip
StructureCommitteewillcontinue
tobedirectedtowardsolurionof
theshipfractureproblem.Once
thisproblemisclearlysolved,
theresearchactivityoftheShip
StructureCommitteeisexpectedto
bedirectedtoward”,improvingthe
generalstructuraleffectiveness
oftheship’shullandinreducing
buildingandoperatingcosts.”

Incommentingonthatpaperregarding
anticipatedworkforthefuture,the
SecretaryofTreasury,TheHonorable
JohnW.Snyder,said:

/a Bracketednumbersindicaterefer-
— enceslis~edattheendofrhe

paper.

“Thisprogramholdsgreatpromise
whenweconsidertherecognized
valueofmaintaininganadequate
andefficientmerchantmarine.
Likewise,thedesignandconstruc-
tionofsuchvesselsmustcontrib-
utetothenever-endingeffortof
enhancingthesafetyoflivesat
sea.”

Thesestatementsin generalaccurately
representthecurrentobjectivesofthe
ShipStructureCommitteeandanactive,
comprehensiveresearchprogramcontin-
ues.

TheearlyeffortsoftheShip
StructureCommitteeconcentratedon
shipfractureandtheshipstructures
communityeventuallyhadcauseto
believethatthisproblemwassolved.
Manysubsequentresearcheffortswere
directedintootherareastotryto
keeptechnologyaheadofpractice;or,
asissooftentheactualcase,totry
tokeeptechnologyasclosebehindprac-
ticeaspossible.Thus,thecommunity
wasjustassurprisedwhenthelarge
integratedtug~bargeLY.V.MARTHAR.XNGR4M
brokeintwoin1972,asithadbeen
whentheS.S.SCHENECTADYbrokeintwo
whilelyingatthebuilder’sdockin
1943. Thiswasdramaticproofthata
definiteneedstillexistedfcrcontin-
uedshipfractureworkandthatresearch
shouldcontinueinthestructuresfield
solongasnewpracticesinshipdesign,
constructionandoperationcontinueto
manifestthemselves.Figure(1).

Continuedresearchisneededtobe
preparedforsucheventsasindicated
aboveandalsotoanticipatetheship
buildinganddesignrequirementsforthe
future.Thesignificanceofcontinued
researchinreducingshipbuildingcosts,
forexample,canbeseenifoneconsid-
ersconstructingtheverylargetankers
oftodaywiththetechnologyofas
littleasfifteenyearsago. A 390,000
dw~tankerbuiltto1957ABSruleswould
requirea deckandbottomshellplating
thicknessof3-3/4inchesofmildsteel;
today’srulesrequirea l-inchthickness
ofhigherstrengthsteel.The
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FiE.1 -WithoutWarnin~.... S.S.SCHENECTADYandBarEe10S3301oftheTnFe~raced
Tug-BargeM.V.-MARTZ4R.INGRAM.

M4WL4TTANbuiltin1957wi~hl-1/2inch
placingandl-1/2inchdoublerswould,
undertoday’sRules,requireonly1-1/4
inchplating,ontheaverage.

Today,asthisinteragencyresearch
effortcontinuesinallfacetsofship
structure,itsactivityisupdatedevery
twoyearsasrequiredbygovernment
regulations.Atthattimetheobjec-
tivesoftheCommitteearereassessed.
Thepresentspecificobjectiveofthe
Committeeinitsefforttoimprovethe
structuresofshipsis:

“TheobjectiveoftheShipStruc-
tureCommitteeresearchanddevel-
opmentpro~ramistoprovideinfor-
mationwhichwillassisttheU.S.
shipbuildingindustryindesigning
andbuildingsafer,morecost
effective,andmoreeasilymain-
tainedshipstructuresbyexploit-
ingexistingandpotentialcompet-
itiveadvantagethroughthe
advancementoftechnology.”

Inadditiontothiscontinuedgovernment
endorsementoftheCommittee’sactivi-
tiesrheagenciesinvolved‘naveconTin-
uedtoprovidef?nancialsupportde-
spiteeverincreasingpressuretocut
existingprogramsoflongstanding.
Thisfinancialsupporthascontinued
becausetheresultsofthisresearch
havebeeneffective;theyhavesaved
money;theyhavereducedlosses;and
theyhaveenhancedchesafetyoflife
andpropertyatsea. Inadditionto
beingeffective,researchcarriedout
inthismannerisveryeconomical.
Thismaywellbethebestresearch
bargainanyoneoftheparticipating
agenciessponsor.First,theygetthe
benefitofoneanother’sfinancial
contributions,a significantleverage
factorofitselfand,second,thereis
awealthoftechnologicaltalentwhich
iscontributedtotheprogramatno
directcoscwhatsoever.Thedepthand
breadthofthistalentcannotbe

matchedanywhere.
Participantsincludemanymembers

oftheHullStructureCommitteeofthe
SocietyOfNavalArchitectsandMarine
Engineers,membersoftheShipSrruc-
tureSubcommittee,rheShipResearch
Committee,theliaisonagencies,rhe
researchersthemselves,andparticu-
larlytheShipStructureCommittee.

In1967,a paperwaspresentedat
theSNAMEAnnualFallmeeting,givin~
thesalientresultsofthefirsttwo
decadesofShipStructureCommittee
research.Theresearcheffortsofthe
ShipS?ructureCommitteeinthepast
decadearepresen~edinthenext
sectionofthispaper.Whentakento-
getherwiththe“20-yearpaper”(2)rhe
full30-yearrecordoftheCommittee’s
achievementscanbereviewed.

THESHIPSTRUCTURECO~ITTEE’SRESEARCH
PROGRAM

Oneofthegoalsstatedin1967
wastodevelopthebasisfora rational
structuraldesignwhichwouldpermitthe
designoffas?er,largerandmorecom-
plexshipsthanourexperienceoriented
designbasewouldthenpermit.A
rationalapproachrequiresthecharac-
terizationoftherealloadstha~a
shipexperiencesinservicesodesign
loadscanbespecifiedthatmoretruly
reflecttherealworld. Itisrhen
necessarytoapplytheseloadsCOmath-
ematicalmodelsoftheshipthatrespond
ina fashionmoreakintotherealship
thanpresenrpracticeachieves.Finally,
thedesigndetailproblemsoffracture
avoidancs,marginsofsafety,andecon-
omicandeffectivedistributionof
structuremustbesolved.Toachiev~
thisrationalapproach,theShipStruc-
tureCommitteehasadopteda seriesof
goalstopursueinmeetingthebroad
objectivesdiscussedintheIntroduction.
Thesegoalsareflexibleandcanbemod-
ifiedtomeettheexistingneedsofthe
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mar$timeTndustry.Thepresentgoals
are:

1. DesignMethods:Todevelopim-
proveddesign~analysismethodsbothby
TMPrOvingexistingproceduresanddevel-
opingnewtechniques.

2. Verification:Toverifydesign
methodsbycoordinatedfull-scaletest-
ing,modeltesting,andtheoretical
analysis.

3. LoadCriteria:Todevelop
improvedloadcrlter~a.

4. MaterialsCriteria:Todevelop
improvedcrlterlaf-ortheapplicationof
shipbu%ldingmaterialssystemsandto
establishmethodsformaterialselection
withinthedesignprocess.

5. Fabrication:Todevelopimproved
techniquesandguidanceforshiperec-
tionandconstruction,includingim-
provedtesttechniques.

6. AdvancedConcepts:Toidentify
structuralproblemsofadvancedship
designconceptsandtoaddresssolutions
totheseproblems.

7. InformationRetrievalandDissem-
ination:Toimprovethemeansokre-
trievinginformationanddisseminating
theresultsofresearchtothosecon--
cernedwithmodernshiphullstructural
problems.

8. Education:Topromotetheteach-
ingofstructuralnavalarchitecturein
theUnitedStates.

TheShipStructureCommittee’s
researchprogramwhichisresponsiveto
thesegoalswillbepresentedinthree
majorareas:Loads,StructuralResponse,
andSpecialApplication.Anyonepro-
jectintheprogrammayeasilycontribute
tomorethanonegoal.

Thefirsttechnologicalarea,Loads,
includesdiscussionsofdatafromships
inservice,modeltesting,andt’neoret-
icalstudies;howthesemethodsof
determiningloadsarecorrelatedwith
eachotherandusedforlifetimeloading
predictionsofshipsinservice;and
considerationsofcyclicloadingonship
structureproducingfatigue.

Thesecondarea,StructuralRe-
sponse,includesdiscussionsonhull
flexibility,ultimatestrengthofthe
hullgirder,fracture,andproblemsof
fabricationandqualitycontrol.

Thefinalarea,SpecialApplica-
tions,includesdiscussionsofmaterial

applicationssuchashigh-strength
steel,aluminum,glass-reinforcedplas-
tics; specialvessels,suchascatama-
rans,liquefiednaturalgascarriers,
independenttanks;anddesigntechniques
usingspecializedFormsofconstruction.

Loads

MostNavalArchitectsarekeenly
awareoftheempiricalfoundationfor
muchofourshipstructuretechnology
throughthemiddle1950s.Pastsatis-
factoryperformanceofsimilarshipsin
similarserviceprovidedtheguidein
selectingscantlings.Thetestof
historicalacceptability,whetherby
designers’files,classificatio~society
rules,orothersources,couldonlybe
usedaslongasthegoverningpara-
metersremainedessentiallyunchanged.
Thepainstakinglyaccumulatedempirical
datawasnocsatisfactoryfordeveloping
scantlingstandardsforthelarger
vesselswhichcameonEhesceneinthe
late1950s.Thepracticalconsider-
ationsofconductinga rigorousanalysis
ofthecomplexshipstructurewerealso
limiting.However,theadventofthe
modernhigh-speedcomputerprovideda
toolthatcouldbeusedefficientlyin
theprocessingofthelargevolumesof
datarequiredfortheanalysis.The
potentialofbeingableeventocontem-
platesuchanalysispointedupthefact
thatbetter,morerigorousdefinitions
oftheloadingpatternsofshipswould
havetobedevelopedandunderstood.

Inordertoachievea betterunder-
standingofloadsastheyareapplied
totheships’structure,investigations
havebeencarriedouttoobtaindata
fromoperatingshipsandmodeltests.
Inaddition,preliminarycorrelation
studieshavebeenmadewithscale
modelsandfull-scaleresultsascom-
paredwiththeoryandcomputer
simulations.

Datafromshipsinservice.The
earliesth~pStrucCureComrmttee
effortinachievinga betterunder-
standingoftheloadsexperiencedby
shipsinservicewasthelong-termpro-
ject“ShipResponseStatistics.”
Initiatedin1959,thisprojectob-
tainedstatisticalrecordsoflongitu-
dinalbendingmomentsexperiencedby
varioustypesofshipsoperatingon
differenttraderoutes.Emphasiswas
placedonextremebendingmoment
valuea.

Althoughsubstantialresultswere
publishedbefore1967andcommentedon
inShipStructureConmitteeReportSSC-
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182,(1~a briefrecapshowsthatfour
shipswereinstrumented.Thefirst
shi~wastheHOOSIERSTATE. Later,the
WOLVEiUNESTATE,a ststership,wasin-
strumentedtoverffythatthemeasure-
mentstakenononeofa classwouldbe
similarforallshipsoftheclass.
TheMORM4CSAN,withmachtneryamidships,
wasinstrumentedinordertodetermine
theeffectofmachinerylocation.
Finally,sincethefirstthreeshipsall
pliedAtlantictraderoutes,the
CALIFOl?l?IABEAR,whichoperatedinthe
I’acificbetweenthewesternUnited
StatesandtheOrient,wasinstrumented
andreportedinSSC-181.Dataconden-
sationsfromelevenvoyagesofthe
WOLVERINESTATEandfivevoyagesofthe
MORM4CSANarefora totalof6,528hours
ofoperationforbothships.Themaxi-
mumpeak-to-troughstressesforeachsea
stateareshowninFigures(2)and(3),
whereeachdotcorrespondstothere-
duceddatafroma half-hourrepresen~-
ativerecordoffourhoursofship
operationandeachx representsthecal-
culatedaveragevaluesfora givensea
state,Anexaminationofthesefigures
showthateveninahighseasrate
correspondingtoILontheBeauforrwind
scale,relativelylowpeak-to-trough
stressesofabout7Kpsiwererecorded.
A plotofalltheaveragedmaximumpeak-
ro-troughstressesversusseastateare
showninFigure(4). Thisisanaver-
agedplotofallvoyagesandincludes
datafromdifferentroutesandseasons
foreachship. Thevariationbecause
ofrouteandseasonisindicatedby
Figure(5)fortheWOLJTRINTSTATEonly,

Theresultsoftheinstrumentation
prograr,onthefour-shipseriesledin
1968tothedesignandinstallationofa
somewhatexpandedinstrumentationpack-
ageonthecontainershipBOSTON,a con-
vertednear-sis~ershipCOtheWOLVERINE
STATE,Additionally,accelerationand
motiondatawererecorded.Aneffort
wasmadetoinstalltheinstrumentation
inlocationstoprovidesimilardatato
theWOL~RINESTATE(SSC-212,214), Fig.
ure(6)comparesthemaximumpeak-to-
trougn”srressesversusseastarebetween
theWOLVERINESTATEandBOSTONandshowsthe
effectsoflargedeckopeningsand
reducedsectionmodulus.

Onedifficultyencounteredinthis
programwasinob~ainingreliablesea
stateinformation.Atfirs~,only
humanobservationswereused. Laterin

~l)SSCReportsissuedaftersSC-172are
listedinAppendix1. A listofreports
issuedpriortoSSC-182isincludedin
thatreportandinreference2.

theprogram,anattemptwasmadeto
obrainbetterdatausinga Tuckerwave
meter.Thecomparisonwaspoor,and
theneedforanacceptablyprecise,yet
reliable,recorderoftheseasurface
profilebecamepressing.

Expendablewavebuoyswereusedin
anattenpttogatherrheseasurface
informationinamoredefini~ive
fashion.Alrhoughsomeseastatedata
werecollected,thespeedoftheship
permittedonly20minutesofrecording
beforesignalstrengthwaslostfrom
thedeployedbuoy. Thiswascostly
andonlya fewrunswereactuallymade.

Inanotherattempttoobrainre-
liableseasurfacedataa microwave
radarhasbeendevelopedandplacedin
useonthehighspeedSL-7con~ainership
SEA-LANDMcLEAN.However,sincethe
radarismounredonthemovingship,the
problemofreducingtherawda~afrom
theradarisnota trivialtask. Itis
possiblethatthesupportingdarare-
cordedtoprovidethesupplementary
informationsuchasaccelerationsto
describetheshipmotionsmaynotbethe
bestfortheintendedpurpose,buritis
apparentthata reliablerecordingde-
viceisavailableforrecordingsea
surfaceinforma~ionandlong-term
records.At‘ihesametime,records
werealsomadeusingTuckerwavemeter
andhumanobservationsothatcorrela-
tions,iftheyarepossible,canbe
obtained.Thiswouldpossiblyimprove
thequalityofthedaradevelopedin
earlierprograms.A currentprojectis
attemptingtoreducethedatafromrhe
radaranddevelopcorrelationswirh
Tuckermeterandhumanobservation.

Themostcomprehensivecoordinated
surfaceshiploadandresponseanalysis
researchprogrameverundertakenisthe
multi-elementprogramontheSL-7
containerships. Thisjointly-funded
program,sponsoredbytheShipSrructure
Committee,zheAmericanBureauofShip-
ping,andSea-LandServices,Inc.,
reallyshouldbeviewedasa natural
continuationoftheearlierShipStruc-
tureCommitteeeffortsindefiningship
loadandresponseanalysisasitcon-
tainsthefollowingelements:

1. Full-scalemeasurementsonboard
theSEA-LANDMcLE.4Nandthereductionand
analysisofthatdata. A complete
discussionoftheinstrumenta~ionpack-
agewasreporredinsSC-238.Addi-
tionalreportswillbeforthcoming.

2, Struc~uralmodeltestsofthe
SL-7sponsoredby~heAmericanBureauof
ShippingandconductedattheUniversity
ofCaliforniaatBerkeley.(Tobe
published).

3. ??inireelemenranalysisofche
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Fig.2 -MaximumPeak-to-TroughStress
vs.SeaStateS.S.WOLVERINESTATE.
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SL-7bytheAmericanBureauofShipping
usingtheDAISYprogram(ssC-243).

4. Towingtankmodelteststodeter-
minebendingandshearloads(ssc-239).

5. Theoreticalhydrodnamicanalysis
{’usingtheSSC-sponsoreds 1Presponse

programSCORES(SSC-246).

Inordertodeveloptheprogram,it
wasnecessarytoreviewpasteffortsand
toselectthemostpromisingapproaches
forbot_hcollectingthedataandrhen
developingtheplantousethatdata.
Thedevelopmentoftheoverallprogram
willsoonbepublishedasa separate
report.Individualcomponentsare
examinedingreaterdetailinthe
varioussectionsofthispaper.The
readerisaskedtokeepinmindthe
overallcoordinationoftheprogramas
hereadsa descriptionofsomesingle
project.Theoverallgoalistoeither
developorprovidesupportingevidence
forrationaldesignmethodsforships.

TheShipStructureCommitteeship
instrumentationprojectshavebeenin
theforefrontindevelopingfull-scale
shipboardinstrumentationtechnology.
Thishasbeenpurtousebyotherorga-
nizations,includingthesponsorsofthe
ShipS~ructureCommitteeinindependen~
effortsoftheirown. Thetankerloads
programoftheAmericanBureauofShip-
ping,CoastGuard-supportedstudieson
(lrea~Lakesorecarriers,anda proposed
jointU.S.A.-U.S.S.R.shiploadsre-
sponseprogramtobeadministeredbythe
MaritimeAdministrationhavebenefited
fromthetechnologydevelopedunderthe
auspicesoftheShipStructureCormnittee.

TheShipStructureCommitteerecog-
nizedtheneednotonlyfordevelopinga
betterunderstandingofthevarious
loadingphenomena,butalsoforatleast
developingsomeinsightintothetypes
ofdamagesustainedbyshipsregardless
ofloadsource.A structuraldamage
surveyofshipsinservice,conducted
in1970,describesshipstructural
failuresbytype,frequency,andloca-
tion. Thehopewastoimprovestruc-
turalreliabilitybydiscerningany
meaningful~rendandthenconcentrating
someeffortona cure. Theresultsare
publishedasSSC-220.Indeveloping
thesurvey,onlypost-1955shipswere
examinedsothattheresultswouldnot
bebiasedbyfailuresthatcouldhave
beeninfluencedbythebri~tlefractures
ofthesteelsusedpriortothattime.
CasualtydatawereobtainedfromtheU.S.
CoastGuard,MaritimeAdministration,
andMilitarySealiftCommandfiles.
OftenAmericanBureauofShipping,U.S.
SalvagzAssociation,andSalvageAssoci-
ationofLondonreportswerepartofrhe
agencyfilesandprovidedmuchofthe
detailedinformation.Thelimitations
ofeachreportingsystemwereconsidered,

anda suitableformatwasselectedfor
uniformlycollectingthedata. Inthe
end,824casesfrom146shipsoverthe
15-yearperiodwereconsidered.The
results,indicatedthatthecostof
damagewasnotavailableintherecords,
andfrequencyaloneisnota reliable
indicatorofcost. Thesurveydtd
pointouttheneedfora uniformsystem
forcollectingfailuredata. The
CoastGuardundertookthedevelopment
ofthissystemwithitsMerchantVessel
InspectionInformationSystem.

~atafromModelTesting.The
availab~l~tyotTu1l-scaleresultsfrom
theshipinstrumentationprogramshas
madeitpossibletoexploremorefully
thestrengthsandweaknessesofmodel
testingindevelopingadequatedesigns.

In1960,theShipStructureCommit-
teeinitiateda studyusingship-model
teststoinvestigatehullbendingmo-
mentsdevelopedinregularandirregu-
larseasandwithvarizrioninloading
distributions.Theresultsofthese
earlierstudiesinvolvingaMariner
classcargoship(withvariationin
freeboard),a destroyer,anda tanker
werereportedinSSC-155,156,and157.
A principalconclusionoftheseearly
studieswasthatnodramaticupperlimit
ofwavebendingmomentsatamidships
shouldbeexpectedasratioofwave
heighttowavelengthincreasestoabout
1:9. Thisaddedcredencetodetermin-
ingdesignwavebendingmomentsonthe
basisofstatisticalanalysisofocean
waves.Theconclusionwasvalidwithin
practicaloperationalanddesignlimits
butwasapplicableonlyformidship
bendingmoments.Thenextphaseof
study(SSC-163)examinedlongitudinal
distributionofbendingmomentsin
regularwavesofextremesteepness.The
resultsforaMarinerclasscargoship
showedthatdesigners’practiceofcon-
centratingcmmidshipbendingmomentin
designstudiesisjustifiedbecausethe
maximummomentoccurredinthemidship
halflength.

TheMarinermodelwasalsotested
inhighirregularwaves.Waveand
bendingmomentenergyspectrawerecom-
puted(fromthztimehistoryofwave
bendingmomentsandwaveelevations)
andusedtoderiveequivalentregular-
wavebendingmoment“responseoperators’!
Thesewereshowntobeinreasonable
agreementwithresponseresultsobtained
frommodeltestsinregularwaves.
Thisagreementreinforcedconfidencein
theprocedureofusing“responszoper-
ators”fromregularwaveteststopre-
dictbendingmomentresponseofa ship
ina realseawayhavinga knownenergy
spectrum.

Havingachievedtheregular-to-
irregularseasmodeldatacorrelation,
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thenextphasewastodeterminesatis-
factorycorrelationofmodelandfull-
scaleshipbendingmomentresponses.
SSC-201and202reporttheresultsof
themodelwavebendingmomentforthe
WOLVERINESTATEandtheCALIFORNIABEARthat
areinthemodel-ship-correlationdis-
cussedinthesectiononCorrelation
Studies.Themodeldataindicatedthat
peakmomentstendtooccurata constant
valueofwavelengthfshiplengthand
thatpeakverticalmomentoccursinhead
seas,whilepeaklateralmomentoccurs
inboworquarteringseas.

Asthefull-scalestudiesspreadto
theconvertedcargotocontainership
BOSTON,planswerebeingmadetomodel
testtheBOSTONtonotonlydevelopmid-
shipbendingmoments,butmorespecifi-
cally,todeterminetorsionalmoments
andlateralsheerloads.However,the
adventoftheSL-7containershipprogram
prompteda dramaticchangeinmodeling
fromthe522footconvertedtransverse-
ly-framedcargoshiptothe946foot
longitudinally-framedcontainership.
Themodeltestswerecarriedoutin
advanceofthefull-scaletestprogram
(ssc-239).Thistestwasconducted
whilethefull-scaleSL-7wasstill
underconstruction,soowneranticipated
loadingconditionshadtobedeveloped.
Themagnitudesandtrendsforbothver-
ticalandlateralmomentsfallvery
muchinlinewithpriortests.The
lateralandtorsionalreactionsarere-
latedmoredirectlytorollamplitude
thantorudderdeflection.Addition?
ally,thehighesrofthosevalueswere
obtainedinawaveofaboutone-third
oftheshiplengrh.

DatafromTheoreticalStudies.In
1966a programwasbeguntoassemblethe
variousmathematicalequationsthat
wouldadeq~atelydescribethestructural
responseofa shipina seaway.Of
particularinterestwasthedevelopment
ofcomputersimulationsinordertocom-
pressthetimeelementinobtaining
statisticaldata.Theemphasiswasto
beondeterminationofhullgirderbend-
ingmomentresponseofa shipforgiven
waveconditions.Considerationwasto
begiventobothslowlyvaryingbending
momentsinducedbywavesaswellasto
theslam-inducedbendingmoments.

Thefirstphaseofthisworkwas
devotedtoa surveyofthemathematical
modelsavailablewithemphasisonthe
slowlyvaryingwave-inducedbending
moment.Thisemphasiswasplacedin
ordertocompareresultswiththe
WOLVERINESTATEdapa. InsSC-193theoret-
icalpredictionsweremade“forthewave-
inducedbendingmomentandslam-induced
moments.Shipmo~ionsweredetermined
usinga “striptheory”approach.(3)
Theequationsforthewave-inducedbend-
ingmomentandslam-inducedbending

momentweredeveloped.However,itwas
determinedthatspectralanalysiswould
berequiredforthelatterandthiswas
thenheldinabeyance.Figure(7)shows
a typicalcomparisonoftheoretical
wavebendingvaluescomputedbyhand
calculationwiththeexperimentaldata
fromthel/96-scalemodelofthe
WOLVZRINBSTATE.

15.000I VLRTICALENDINGMU-T
WLV1311NcSnrx
V-17.5XTS.,!-155.. _ nuom

& . tmmlH=m[V-16lm.}
m“c I

~–

A/L~’5Wavelengtk>ShipLength
Fig.7 - ComparisonofTheoryandExper-

iment.VerticalBendingMoment,—
B=150~.

The secondphaseofcheeffortcon-
vertedtheequationsdescribedinSSC-
193intoa suitablecomputerprogram.
TheresultsarereportedinsSC-197and
includecomparisonswith.-modeltestsof
theWOLVERINESTATEand~heUSSESSEX.
Typicalcomputerresultsforwave-
inducedbendingmomentareshownin
Figure($).Thecomputedvalueshave
goodagreementwithavailableexperi-
mentaldaraexceptfortheshorterwave
lengthswheretheratioofwavelength
toshiplengthwasequaltoorless
than.5,andstriptheoryassumptions
arenotvalid.Allowingforthepre-

15,000
vLlrllCA1.WiND1@GHO+X!.T

WOLVL”I!JEST,TL
.=16 KT$..8=150.

. — ~HE”R,

2 . E,,,R,mlwr
-.m!510,0001 7“n

~

A/L,Wavelength/ShipLength
Fig.8 - ComparisonofTheoryandExper-

iment,VerticalBendingMoment,
6=1500.

7



/=

Iiminarynatureofthework,~hecapa-
bilitiesofexistingcomputerswere
satisfactoryforthecomputation.

Thethirdphaseofthiseffortwas
thedevelopmentofa simulationprogram.
TheseeffortswerereportedinSSC-229
and230,whichdescribeboththeanal-
ysistechniquesandresults.Theanal-
yticalmethoddevelopedintoa computer
programcalledSCORESprovidesforde-
terminationofconventionalship
motionsandthewave-inducedmomentsin
a seaway.Modificationsusingspread-
ingfactorsweredevelopedtoprovide
satisfactoryresultsforshort-crested
seas. Theshipcanbemathematically
modeledonanyheadingineitherregu-
larorirregularseasforbothlong-
andshort-crestedwaves. Striptheory
isusedanda Lewis-formshapeassumed
foreachhullcross-sectioninorderto
calculatehydrodynamicaddedmassand
dampingforcesinvert%cal,lateral,
androllingoscillationmodes. The
coupledequationsofmotionarelinear
andsuperpositionisusedforthe
statisticalresponseinirregularseas.

Thethreeprimaryhullloadings,
verticalandlateralbending,andtor-
sionalmoments,fnaddition‘coshear
forces,canbedeterminedatanypoint
alongthelength.Theprogram,when
runfora shipattwospeeds,seven
headings,twenty-onewavefrequencies,
andfiveseastates,takesonly50
secondsofprocessingtimeona CDC
6600computer.

TheSCORESprogramhasreceived
wideacceptance.Ithasbeenmodified
sincetheoriginalversionwaspub-
lishedintheSSCseries.Typical
resultscomparedwithmodelresultsfor
theWOLVERINESTATEareshownini+igure
(9).

vcrtlc.1Moment,Lightbad LateralMoment,Lqht Laad
— -m
. HImmm [t-l.ITS.)

Vertical nm.c.t,t..IILO.J Lateral Moment, Fullbad

Fig.9 -MidshipWaveBendingMomentson
WOLVERINESTAYE,fl= 150°.

BOWflaresl~in~,bottomimpact
slamming,andspringin~werefurth&
examinedinSSC-231.Resultswereob-
tainedusinga largehigh-speeddigital
computeratcomputationratesfaster
~hanthereal-timerateoftheactual
shipmotion.Theanalysiswasprimar-
ilydevelopedasa demonstrationmodel;
considerationofonlyheadseasrequires
thatsomeextensionsbemadepriorto
developinga trulygeneralcomputational
procedure.

Tnconjunctionwiththemostrecent
instrumentationprogramontheSL-7
containership,ananalyticalstudy(SSC-
246)usingSCORESwasmadeforloading
conditionssimilartothosemodel
tested(SSC-239).

A studyisunderwaytouse~hedata
developedinSSC-239andSSC-246with
theultimatepurposeofdeterminingthe
capabilitiesofbothtestmethodsfor
predictionpurposes.Comparisonsare
tobemadeforallsimilaroperating
conditionsandtoincluderoll,heave,
pitch,lateralshear,andlateral,
vertical,andtorsionalbendingmoment
data. Ultimatelya comparisonwillbe
madewiththefull-scaledatacollected
fromtheSEA-LANDMCLEAN.

CorrelationandAnalysisProjects
inLiteElmeLoadfngo
testresults,both tu%%$l a~m;%?l
wereassembledandanalyzedtodevelop-
predictionmethodsfortheloadingmo-
menthistorythata shipwillexperience
initslifetime.Whiletheanalysis
ofshipstressdataandextrapolation
oflong-termstatisticaltrendsreport-
edinSSC-196showedseveraltechniques
thatcanbeappliedtotheproblem,it
alsopointedoura basicproblem,The
directapplicationoffull-scalebend-
ingmomentdatatothedesignofships
isonlyusefulforverysimilarsh~.ps.
Thecollectionoffull-scaledatawould
alsobeanexpensivetaskforsuchlim-
itedreturn.However,methodsofpre-
dictinglong-termdistributionofwave
bendingmomentfrommodeltestsand
oceanwavespectrahavebeendeveloped
andvalidatedbycollectingfull-scale
dataandperformingmodeltestsonthe
sameshipsinequivalent“sea”condi-
tion. Thecoordinationofdataalso
permittedevaluationofthetheoreti-
cal(computer-oriented)methodsand
thusprovidesatleasta fewpoints
forestablishingthevalidityofthe
technfque.Thetheoreticalcomputa-
tionsaregeneralizedwithsomelimi-
tationsoverawiderangeofpotential
shipforms.

Animprovedanalysismethod(for
examiningtherawdataofearlierin-
strumentationprojects)wasdeveloped
andreportedinSSC-236and237. The
rapidexpansionofcomputertechnology
inthelate1960smadedigitalprocess-
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. . . . .mg usingn~gn-speeacornpurersBorn
practicalanddesirable.Earlier
analysishadbeenaccomplishedutilizing
a specializedinstrumentcalleda prob-
abilityanalyzer.Thenew~echnique
permitsconversionofanalogtodigital
tapeforinformationstorageatthe
sametimea limitedanalysisisbeing
madeofthecontentoftherecord.
Thepurposeoftheanalysisisto
examinetherecordandextractinfor-
mationneededforthelongerterm
statisticalstudies.TableI lists
thedatathathavebeendigitizedfor
each30-minuterecordedintervalas
wellasfortheentirevoyage.

Theresultsoftheanalysisof
full-scaledatafortheWOLVERINESTATE,
EOOSIERSTATE,MORM4CSAN,andCALIFORNIABEAR
arepresentedinthefo~mofhistograms
andcumulativedistributions.SSC-196
providespredictionsofextremebend-
ingmomentsovera shiplife,whichcan
beobtainedbyeitherintegrating,the
RMSstressdatafromindividualstress
recordsorusingtheextremevalues
obtainedineachrecord.Theprelim-
inaryinvestigationshowedthatal-
thougheithermethodwouldproducea
similartrend,unexplaineddifferences
existed.

AugmentingtheSL-7programisan
ongoingprojectthatrecordsextreme
stressgaugesontheSEA-.L4”?DMcLEANand
sevensisterships.Thiswillcon~in-
ueforaperiodoffiveyearz.The
recordsproducedshok-theextreme
stressvariationsovera four-hour
interval.Thedeviceshaveoperated
reliablysinceinstallation.This
adjunctprojectwasinitiatedonthe
basisofresultsobtainedthrougha
projectonShipStatisticsAnalyslsand
reportedinSSC-196,233,and234.

InsSC-233a comparisonismade
betweenmodelandfull-scalepredic-
tionsoflong-termwdve-inducedbending
momenttrendsfortheVOLVERIME2TATEand
theCALIFORNIABEAR. TwoCypesof
informationareneededtomakesuch
predictions:

1. Wavedatafordifferentsea
statesandrelationshipsbetweenwave
heightsandwindspeeds.

2. Modelresponseamplitudeopera-
torsasa functionofshiploading
condition,speed,andheading.

Inthisanalysis,goodagreement
withextrapolatedfull-scaleresults
wasob?ainedfortheLOLVZRINESTATEin
NorthAtlanticservice.Onlyfair
agreementwaspossibleforthe
CALIFORNIABEARinNorthPacificservice,
probablybecauseofthelackofocean
dataforthisregion.Ingeneral,the
resultsindicatethatpredictionsof

TABLEI - DigitizedDataIncluded
fo~EachIntervaland
EachVoyage.

INTERVALImmF1c4T10NPNDLOWCQKDATA:
F14ANALOGT##EFIFEPHIcE
LOGWH3KINDExNUl@.ER
INTERVALNU~ER
DATE
TIK (GP.EENWHw)
LATITUO+PREVIOUSNOON
LONGITUOEPREVIOUSNOM
couRsE(MGIwES)
SPEED(AVG.PAST4 HF2i.INmOTS)
ENGINERPM
BEAUFORTSEAsTATE
RELATIVEWHOOIRECTION(CEGREE5PO~ORsm.
RELATIvEMINDVELOCITY(~OTS)
TRUEHINDVELOCITY(KNOTS)
RELATIVEliAwDIREcTION(DEGWESPOWC4STBD.
HAVEHEIGNT(FEET)
UAVEPERIODSECONLti)

[WAVELEN13HFEET)
RELATIwSUELLDIREcTIOH(DEGPSESPORTORSTBO
SUELLHEIQIT(FEET
5WELLLENGTH(FEET1
BAROmERREADING(Ifl. HGORHILL18A~)
SEATEfJPERATUEf(OEG.F
AIRTENPE~TURE[OEG.F1HEATHERCoce
COFI!ENTCOLX(SLWING,HEAvv~ItiG,ETC.)

1NTERVALSUIMARV,
NUM3EROFWAVEIW41CEDPEAI-TO-TRcUWIs
NUM3EROFBURSTSOFFIRST-~Cf
WAVE-INOUCEOR16STRESS
MAXINUMWAVE-INDJCEOPEAK-TO-TROLMSTRESS
MAXIMMFIRsT-CYCLEFIRST-MICEPEAGTO.TROIJGYSTRESS
kmsiVWUESTRESS(RELATIVETOFIRSTINTERVPLINPAss)
TABULATIONOFMLWAkt-INilJCEOPEAK-TO-TRDI.!UISTRESSES

D~GITflRECORDOFINTERVAL

OIGITIZEOAM4LOGDATAFDRINTERVPluSINGSAWLIHGRATEOF
10PERSECOND(12,000MTAPOINTS)

voYAa!DENTIFICATION:

SHIPNM
O+!NER’sVOYAGZNU!QER
OATEVOYAGESTART
OATEVOYAGEEND
ROUTE(mowTo)
ROUTEOWE
FNTAPEREFERENCES
SHIPCALIBRATIONFACTOR
LOCATIONOFPCTIVE&4ws
LOCATIONOFACTIVEmm
oAAFr- Fun

&RT-lo)
PosI1“ION)

oP.AFr-MiB
ORAFT- AFl

NUF13EROFIJAVE-INDUCEO(W.1.) PEAK-To-TmuGHs
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MAXIMUMWAVE-lNCUCEDRMSSTRESS
14AXI14.iWWkJE-INLWCEOPEAK-TO-TROUMsTms
hL4XIMlmFIF6T-CYCLEFIRST-mDEPEAK-TO-TROUGISTRESS
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long-termtrendsonthebasisofmodel
testsaresatisfactorywhereadequate
oceanwavespectraldataexist.

Thedevelopmentofa rationalpro-
cedurefordeterminingtheloadswhich
a ship’shullmustwithstandisa pri-
marygoaloftheShipStructureCommit-
teesprogram.Anefforttosynthesize
theresultsofthediverseprojectsand
tocollectinonelocattonthephilos-
ophyandcriteriathatwillbeneeded
toimplementtherationaldesignproce-
duresiscontainedinSSC-240.

Conceptsofrationaldesigninvolve
thecompletedeterminationofallloads
onthebasisofscientificratherthan
empiricalprocedures.Theapproachis
perhapsbestcharacterizedasbeingthe
“capability”ofstructuretomeetthe
“demands”ofthepotentialloading.One
consequenceofsucha designapproachis
thatifthestructuralresponsecanbe
de~erminedandthatifallloadsare
considered,thenlargefactorsofsafety
orignorancecanbeavoided.Thede-
signcriteriadevelopedwasexercisedon
thebasisofanexistingvessel,the
WOLVERINZSTATE.It was foundthat
sec~ionmodulusrequirementscouldbe
reducedbyabout10%,providedthera-
tionaldesignprocedureswerefollowed,
ratherthantheexistingclassification
rules.Thisresultchangessomewhat
ifnuisancedamageisconsideredin
overalleconomiccost. Oneofthecon-
clusionsofSSC-240wasthatcyclic
loadingshouldbegivena greaterempha-
sisbecauseitdoesleadtonuisznce
cracking.Ifunchecked,thesecracks
couldcontributetocatastrophic
fracture.

CyclicLoading.Fatiguehasnot
beengivenadequateattentioninthe
fieldofsurfaceshipstructures.It
is generallyconsideredtobeaninter-
mediateproblemthatcanleadtothe
growthofa flawtothecriticalsize
neededtoInitiatefracture.Ithas
economicandenvironmentalconsequences
becauserepairsmustbemadeandspill-
agecanoccur.

SSC-188containsa“~easi-bilitystudy
ofrheinfluenceofrepeatedloadingson
thelow-temperaturefracturebehaviorof
oneshipsteel,ABS-C.Twoother
steels,HY-80anda rimmedsteel,were
introducedforcomparisonpurposes.
Thespecimensweretestedina 200,000-
Ib.lever-typefatiguemachine.In
general,theresultsshowchatthefrac-
turebehavioroftheweldmentsisinflu-
encedbytheloadinghistory.Except
foronetest,thefracturestressfor
thenotchedandweldedwide-plateswere
greaterthantheloadings~resses.

SSC-251showsthatpre-existing
flawsmaygrowbyfatigue,corrosion
fatigue,stresscorrosion,andother

potentialmechanismsexclusive?fb~it-
tlefracture.Thiscanoccur~nhxgh-
strengthshipsteelsandweldments,
whensubjectedtoloadingandenviron-
mentalconditionsofshipservice.
Theresultsindicatetha~insofaras
crackinitiationandsubcriticalcrack
propagationareconcerned,ther~isno
benefitorpenal~yassocia~edw~th
yieldstrength.However,high-strength,
low-alloysteelsmaypossessenhanced
resistancetowithstandoverloadcycles.

StructuralResponse

Thecapabilityofdetermininghow
a structurewillreacttovariousload–
ingsituationsis veryimportant.
Thisisoneofthefundamental~lements
Of theShipStrucrurecommittees Program
inordertoimprovethemethodsof
designandselec~ionofmaterialsfor
design.Shipsareextremelycomplex
structuresoperatinginanenvironment
tharisdifficulttodefine.Someof
theidealizationsthatmustbemadein
orderCOachievetractablesolutions
mightseemtobeoverlysimplisticto
theuninir~ated.Theadventofcom-
putershasmadethehandlingoflarge
amountsofnumberspossible,butfor
shipsizeproblems,evenstressanalY-
sisisa costlyprocess.Afterob-
tainingthesrress,thedesignermust
stillweighitagainstmanypotential
failuremodes.Theabsolurevalueof
stressmaynotbeascriticalasits
cyclicalnatureorthestressdistribu-
tionpresentinthestructure.The
importanceofunderstandingrheloadson
thestructureisreaffirmed.Thefully
rationaldesignproceduretha~a naval
architectcanapplytoanygeneralcon-
ceptremainsanelusivegoal. Progress
hasbeenmade,however,andtheknow~-
edgedevelopedforpartsofthepuzzle
contributesubstantiallytotheability
toproduceeffectiveshipstructure.

HullFlexibility.Theapplication
ofanimpulsiveloadtotheshippro-
ducesa dynamicresponsefromthehull
~irder.Theeffectsofvaryingstiff-.nessofthatgirderwereexaminedin
ssc-186. Thehullwasmodeledasa
Timoshenkobeamandtheequationsof
motionweresolvedusingthefinite
differencemethod.Twocompu’cerpro-
gramsweredeveloped.Onesolvesthe
equationsusinganexplicitanalogfor
thedynamicequations.Thismethodis
moreefficientforshortdurationim-
pulses. Thesecondprogramusesan
implicitanalogforthedynamicequa-
tions.Thistechniqueissuperiorfor
“longerimpulseduration.Inthisstudy,
therequiredinformationincludedhull
geometry,materialcharacteri$~ics??nd
descriptionofthehydrodynamicload~ng.
Theresultsincluderesponseofthe
srructureintheelaaticmodesandche
maximumbendingmomentamidships.
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Comparisonsweremadebetweena standard
cargoship,WOLVERIl?ESTATE,andequivalent
shipsofreducedstfffness.Thelim-
itedanalysesindicatedthatfora unit
impulse,greaterflexibilityreducedthe
responsefromslamloads.

Thefull-scaledatacollectionpro-
gramorItheVOLVERXNESTATEincludedinfor-
mationwhichcouldbeusedinstudying
theslammingproblem.Inordertoaid
inutilizingthatdata,a stateofthe
artreviewonslammingwasundertaken
andreportedin1970asSSC-208.The
reportsummarizedtheavailabletheory
andpriortestresultsandconcluded
that:

1. Slampulsewidthvariesfrom.05
millisecondsto20or30milliseconds.

2. Peakpressuresrangefrom300to
1000psi.

3. Pressurerisetimes‘chathadbeen
measuredvariedfrom50COseveralhun-
dredmilliseconds.Thisvaluewas
influencedbytheresponseofthe
instrumentationsystem.

Theinstrumentationonthe
WOLVERINESTATEwas capableofmeasuring
slammingpressuresontheforwardbottom,
ver~icalaccelerations,andmidGhip
stresses.Theprojectwasdirected
moretowardmidshipbendingresponseand
predictingincidenceofslammfng.It
didnotprovideforalltheinformation
neededtodescribefullythephenomena.

SSC-210reportsthattheinstrumen-
tationon‘&eWOLVE81NESTATEwasexpanded
toincludethepressuretransducersand
accelerometers,Experienceindicated
thatslammingoccurredonlyatsea
statescorrespondingtoa Beaufort5 or
higherandon&ywhenrelativeheadings
arewithin30 ofheadseas. However,
sincenoslammingdamageoccurredd~ring
thisperiod,thenatureofplatedeform-
ingpressuresisstillunknown.

Althoughslarmningisanimportant
considerationinevaluatinghullflexi-
bility,vibratoryresponsemustalsobe
considered.Theeffectsofgirder
stiffnessonvibratoryres”ponsewere
examinedinSSC-249.Anevaluationwas
madeofvariouscommerciallyavailable
computerprogramsforobtaininghull
vibratoryanalyses.Thehydrodynamic
factorswereconsideredandanidealiza-
tionwasdevelopedtopermittheuseof
oneoftheavailableanalysisprograms.

A parametricanalysiswasmadeby
varyinghullstiffnessandobservfrigthe
trendsindynamicresponsesduetopro-
peller,slam,andwaveexcitations.
Thevesselsanalyzedwerethe712foot
GreatLakesorecarrierSTR.EDWARDL.
RXERSON,a 1085footrankship,anda 544
TootgeneralcargoshipSSMICHIGAN.

Thetrendsindicareingeneral
thathullstiffnessdoesnotaffect
responsecausedbypropeller-induced
vibrations. Theslam-inducedvibra-
tionsincreasewithincreasesinsriff-
ness. OnlytherankerandGreatLakes
orecarrierwerepronetothewave-
inducedvibration,andinthiscase,
increasingstiffnesslimitedthere-
sponse.Thisstudywaslimitedto
verticalvibrationofthemainhull.
Lateralvibrationshouldalsobecon-
sidered.Anextensiveliterature
searchwasmadeonvibrationingeneral,
however,verylittleonwave-induced
vibrationwasfound.Theresultsof
thissearcharepublishedasa bibliog-
raphyinSSC-250.

UltimateStrengthoftheHull
Girder.lrle prlnclpalloadsofthe
manvCOwhichtheshiuissubiected
inc~udelongitudinal‘compress~oncaused
byprimaryverticalbending,athwart-
shipcompressioncausedbypressureon
thesideshell,andthenormalpressure
fromthesea. Therehasbeenaneed
fordatatoprovidethebasisforde-
signoftheprimarystructureofthe
hullgirder,especiallysincenewerde-
signshavedepartedsubstantiallyat
leastinsizefrompastpractice.The
thinnersectionsanduseofhigh-
strengthsteelsinsupertankersisbut
oneexample.Betterunderstandingof
themechanismofultimatecollapse
mightalsoreducetheneedforlarge
factorsofsaferyimposedbecauseofa
lackofknowledge.

Thecomplexityofshipstructures,
theinvolvednatureoftheshiploads,
and~hedifficultiesandcostsin
obtainingfull-scaleshipultimate
strengthdatapromptedthedevelopment
ofa large-scaleorcomponenttestplan.
SSC-194presentedanevaluationof‘the
srateofknowledgeasof1969anddevel-
opedanexperimentalmodelwhichcould
obtainsignificantdataata lowcost.
Themodel‘cobetestedincompression
wouldbesteelboxeslessthana foot
long.

Usingpressureorvacuumsources,
a normalpressurecouldbeinducedon
themodel.Theboxeswerestrain
gaugedanda testseriesforbothuni-
axialandbiaxialcompressionwaspre-
paredandcarriedout. Theresults
indicated:

1. A largereductioninlongitudi-
nalstrengthwithrheapplicationof
transverseloadingfora ratioofplate
width(b)toplatethickness(t)of
b/t=50orless. Thefailuremode
appearedtobeplas~icbiaxialbuckling.
Forlargerb/tratiosof70and90,
thereappearedtobeanincreaseinlon-
gitudinalstrengthwirhtransverse
loading,
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2. Theeffectofresidualstresson
longitudinalstrengthforvariousgeo-
metrieswasdeterminedforthevarious
loadingconfigurations.

3. Theeffectsofnormalpressure
werenegligibleforuniaxiallongitudi-
nalcompressivestrengthforb/t=50or
less. Forgreaterbftratios,the
biaxialstrengthdecreasedrapidlyand
non-linearlytoashighas40%forbit=
90.

4. Thesmall-scaletestsagreedwith
previouslyreportedlarge-scaletests.

Theresultsofthepolyaxialtests
ontubesdiscussedinSSC-217andonthe
singlepanels,grillages,and~hree
grillagegirderreportedinSSC-223when
correcredfortheeffectsofresidual
stressesandstressescausedbynormal
pressureloadingyieldthesamevalues
ofplatestrengthwithin7%.

Itisrecognizedthatthesestudies
arequiteidealizedandchatthedesign
featuresofshipsservetocomplicate
theapplicationoftheresults.In
spiteofthehighcostofdirecrlypur-
suinglarge-scaletests(especiallythe
full-scaletestssuggestedin1946)the
ShfpStructureCommitteewillcontinue
topursuethisgoalbydevelopingim-
provementsinbasictheorysupportedby
suitablemodelexperimentsuntilthebase
ofknowledgejustifiesverificationby
large-scaletests.

Fracture.Theproblemsoffracture
havebeenquantitativelyexaminedby
variousresearchers.Fortrulybrittle
andamorphousmaterialssuchasglass,
thebehavioralexplanationsarerela-
tivelysimpleandanalyticalresultscon-
formwithexperimentalfindings.The
abilityofmetalstodeformplastically
complicatestheanalysis.Theinter-
relatingfacrorsofplasticzonesize,
shape,andrateofgrowtharedependent
onmater;.alpropertiesbothchemicaland
environmentalsuchasstressstareor
designdetail.

A long-term(1954-1966)continuous-
ly-supportedprojectwascarriedoutby
theS’nipStructureCommitteetodevelop
anunderstandingofthefactorsthar
governthebrittlebehaviorofmild
steelsandtherelevantmicro-mechanisms
offracture.A discussionofthepro-
gramcanbefoundinSSC-182witha
summaryinSSC-183.ThisresearchPro-
graminitiatedtheInternationalConfer-
enceonFcactureinSwampscott,Massa–
chuset~sin1959withsubsequentconfer-
encestofollowandultimatelygiving
impetustotheInternationalJournalof
Fracturein1965.

Usingsurfacereplicationandthree-

dimensionmetallography,itbecame
possibletostudytheprocessesof
twinning,slip,carbidecracking,void
formation,andmicrocleavageofboth
ironandmildsteelsintensiletesting.
Thesestud<esofchemicrofracturing
processhaveledcoabetterunder-
standingofthemetallurgicalphenomena
offracturebutalsopointeduptheneed
tomakea connectionwirhthemacro-
fracturingprocess,thecrackpropaga-
tioninplates.

Plasticzoneformtionisanimpor-
tantparameterofthefractureproblem.
SSC-191consideredthedevelopmentof
plasticzonesgeneratedbybothsharp
throughcracksandblunternotches.
ByusingFe-3Sisteel,whichpermits
sensitiveetching,thegrowthandfrac-
turesoftheplasticzonecouldbe
studied.Bothsurfaceconditionsand
throughthicknessdetailswereobserved
(bymeansofsectioning).Addition-
ally,through-thicknessdeformations
werefollowedbymonitoringthenormal
displacementsatthesurface.

SSC-219describesaninvestigation
intothemajorstagesoffracture
initiation,propagation,andarrest.
Theexperimentalseriesmadeuseofthe
doublecantileverbezmtestandFe-3Si
steelbecauseofitsetchingproperties
alreadydiscussedwithSSC-191.A
numberoftestswereconductedonengi-
neeringsteelssuchasA517inorderto
studyarrestproperties.Asshownin
Figure(10),thefastmovingcrackby-
passessomegrainsasitgrows,leaving
ligamentswhichconsumelargeamounts
ofenergyinrupruring.Thisaccounts
forthecrackpropagationresistance
valuesestimatesintheseexperiments.
Asrepor~edthemostimportantresul?
wasthatthestudyofplasticzones
aheadoftheadvancingbrittlecrack
indicatedthatlinearelasricfracture
mechanicscanbeappliedtotheproblem
ofcrackpropagationandarrest.

A follow-upprojectwasreportedin
SSC-242whichcombinedtheresultsofan
ArmyResearchOffice-sponsoredstudy
concernedwiththeresponseofhigh-
strengthsteelstofast-runningcracks
withtheShipStructureCommitteeeffort
involvingunstablefracturesinship
plates. Thewedge-loadedDCBtestdis-
cussedinSSC-219wasusedwitha starter
sectionof4340steelelectron-beam
weldedtotheASTMA517Ftestsection,
asshowninFigure(11). ICisthus
possibletoconfrontthetestmaterial
witha fast-movingcrackundercontrolled
conditionsclosecothetransitiontem-
perature.A theoreticalanalysisbased
ona Timoshenkobeamonelasticfounda-
tionwasextendedtotheduplextest
pieces.Itisnowpossibletoderive
dynamicfractureenergyorfracture
toughnessvalueseitherfromthe
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Fig.10- InterconnectionsBetweenMicrocracksRevealedbyProgressiveSectioning.
TheDepthofEachSectionBelowtheStartingSectionisIndicated.
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Fig.11- DimensionsofDuplexWedge-

Loaded,Double-Cantilevered-
BeamTestSpecimen.

velocityofthecrackinthetestsec-
tionorthelengthofthecrackat
arrest.Oneimportantconclusionis
thatthefrac~urearrestiscontrolled
bythehistoryofenergydissipation
throughoutthepropagationphase
ratherthanthetraditionalconceptof
arresttoughnessatthepointof
arrest, Asoneexampleoftheimpor-
tanceofthisconclusion,theprior
arresttoughnessapproachimpliedthat
arrestisinstantaneouswhenthestrain
en~rgyreleaserateislessthanthe
energyrequ%redatthecracktipto
producecrackex~ension.Thus,astripoftoughmaterialjustwideenough
tocontaintheheavilystrainedregion
adjacenttothecracktipwouldbean
adequatecrackarrestor.Thenewcon-ceptadvancedinSSC–242wouldrequire
thatthearrestorbewideenoughto
absorbthekineticenergystoredinthe
Structure.Subsequentresearchis
neededtoverifythisconceptandto
derivea suitabledesigncriterion.
TheresultsofthisShipStructure
Committeeeffortwillbepublishedsoon.
Thedevelopmentofnewapproachesto
modellingthefracturearrestphenollle–
nonandrevisionsintheorytoexplain
theresultshaveledtofollowon
studiestobepursuedbytheNuclear
RegulatoryCommission.ThesewillbefollowedbytheShipStructureCormnittee
andadditionalprojectstoapplyfuture
findingsCOtheshipfieldmaybe
undertaken.
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Fig.12- ImpactTestResultsonl-l/4-
InchBasePlate.

Becauseofthecomplexity,early
studiesweredirectedatmetallurgical
propertiesandvariousmaterialtests
suchastheNavyDropWeightTest,
explosionbulge,andCharpy-Veeimpact
rests.Thesewereallsmall-specimen
tests,anda correlationwasneeded
betweenthesetestsandthefull-scale
behaviorofa strucrure.SSC-204
reportsresultsofa programwhichhad
asicsmainobjectivethedevelopmentof
a structuraltesttosimulateservice
behavior.

TesringwasconductedonanASTM
A212GradeBpressurevesselsteelwith
knownfracturesenslrivitytocompare
withABSClassC shipsteel.Unfortu-
nately,thescatterthatwaspresentin
thetestseriesandthelimitednumber
oftestspreventsrhedrawingof
concreteconclusions.Infact,the
ShipResearchCommitteenotedinthis
instancethatwide-platetestsdidnot
provideanymoreinformationthanthat
whichcouldbeobtainedfromsmall-scale
tests.

SSC-199and232containa compari-
sonofthestructuralbehaviorofship
structuresbuiltofHSLA-Q&Tsteelwith
thoseofsimilarstructuresmadeof
carbonsteel.Thesurveypor~ionof
thestudyreportedinSSC-199concluded
thatfastfracturewaspossible;nHSLA-
Q&Tsteelsatstresslevelsbelowyield;
~heactualstresscould’bea functionof
flawsize;andfracturemechanics
methodscouldbeu~ilizedifquantita-
tivedatawereavailable.SSC-232
furtherreportedadditionalresting
(usingA514and51i’materials)showing
thatfractureresistanceisincreased
byusingstiffenersandthatwelds
usingheatinputsof25to50KJ/in.can
havea fractureresis~anceequaltothe
baseplate.Perhaps,mostimportantly,
theresultsofCharpy-Veeasanindexof
transitionbehaviorwerequestionedas
shownbyFigure(12)and(13)wherethe
fractureappearancetransitiontempera-
ture(FATT)isconsiderablydifferent

.100 .50 0 50 100 150 200
T.rn~.al.r.‘F

Fig.13- ImpactTestResultson2-Inch
BasePlace..

forCharpy-Vee(Cv)andtheI l/4-inch
and2-inchimpacttests.

TheShipStruccureCommitreehas
undertakena programtodevelopand
validaterationaltoughnesscriteria
forshipsteels.Thefirstreportof
thiseffortisSSC-244whichdescribes
thetheoreticaldevelopmentofsuch
criteria.Essentially,itwoud&requirea toughnesslevel(atO C)of
0.9,theratioofcriticalmaterial
toughness.underdynamicloadingto
yieldstrengthunderthesameloading.
Sincethiscannerbemeasureddirectly,
therequirementsareestablishedin
termsofnilductilitytransitiontem-
p~raturewhichshouldbeamaximumof
O F anddynamictearotesrenergy
valuesmeasuredat75F forthebase
metal,weld,metalandheat-affected-
zonematerialsintheprimaryload-
carryingmembersvaryingwithyield
strength.Fail-safedesignemploying
crackarrestorsisalsoconsidered.

Anexploratoryprogramwasunder-
takenandreportedinSSC-248tochar-
acterizeona semi-statisticalbasis
thedynamicfracturetoughnessof
ordinary-strengthshipbuildingsteels.
ThesreelsinvestigatedwereABSGrades
A,B,C,D,E,andCS. Thesesteels
wereobtainedatrandomfromseveral
shipyardsandsteelmillsinanattempt
tocharacterizecurrenrsteel-making
practice.Thefracturetoughness
trendsweredefinedbymeansofdrop
weightnilductility~emperature,one
inchdynamictear,andstandardCharpy-
Veenotchtests.Thestudyshowedall
theABSGradesAbB,andC platestested
wouldfailtheOF maximumNDTcriteria
proposedbySSC-244.

Overallthenon-heat-treatedABS
GradesA,B,andC steelstha~were
restedwerefoundtohaveinsufficient
toughnesstomeettheproposedfracture
toughnesscriteria.Thenormalized
platesofC,D,E,andCSwerefoundto
haveimprovedtoughnesstrendsthat
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couldmeeEtheproposedcriteria,inmost
cases.

Newstudiesarebeinginitiatedto
firstbroadenthescopeofsteelstested
intheoriginalsteelcharacterization
pilotstudy,andsecondtoattemptto
determinerealisticloadingrates.It
isthoughtthattheproposedfracture
controlguidelines(ssc-244)beingbased
ondynamicloadingmaybetoosevere
foractualserviceconditions.

FabricationandQualityControl.
Inthisresearchattentionisdirected
towardthemanufacturingprocessand
itseffectontheadequacyoftheships’
structure.

Distortioninstructureisoften
correctedbymeansofflame-straight-
eningtechniques.Althoughthisis
generallyacceptableformildsteels,
itwasfearedthatforquenchedand
temperedhigh-strength,low-alloysteels
sucha procedurewouldalterthemate-
rialcharacteristics.Thebenefitof
thosepropertieswouldthenbelostco
thestructure.

Theleadreportinthisprogramwas
SSC-198whichexaminedfirsttheproblem
ofdistortionandtheavailableknowl-
edge(1969)ontheeffectsofflame
straighteningandcombinationtermaland
plasticstraincycles.

Distortionisprimarilycausedby
locally-appliedheadinrheweldzone
andtherestraintprovidedbythecooler
metaltoeithersideandbystructural
supports.Typically,thedistortion
occursbecauseofthree-dimensional
changesshowninFigure(14).Theliter-
aturesearchrevealedgapsinknowledge
concerningflamestraighteningofthe
HSLA-Q&Tsteelsandrecommendedthat
thesegapsbefilledbysubsequent
research.A testschedulewasdevel-
opedtopxovidetheneededdata.

TheShipStructureCommitteepursued
thisproblemandin1970issuedSSC-207
whichdeterminedtheeffectsofboth
mechanicalstraighteningandflame
straighteningor.thepropertiesofship
typesteels.Thetest,seriesincluded
mechanicalstraighteni~gatroomtemper-
ature,1000°Fand1300F; flame
straighteningintherangeofllOO°F-
12000Fand1300°F-1400F. A con-
trolleddistortionwasintroducedinto
thespecimensanddropweightteartests
wereconductedtoassesstheeffectof
straighteningonthenotchtoughnessof
steels.Thesetestswereconductedon
ABS-B,A-441,A-537,andA-517GradeA
steels.

As showninTable11a significant
decreaseinnotchtoughnessoccurredin
A-51JAund~rflamestraighteningat
1300 -1400l?. A somewh~tlesgereffec?
wasobserveda’iche1100-1200F range.

Theeffectsoftestingonthe..other
steelgradeswasnotsignificant..
Mechanicalstraighteningdidnotdegrade
thematerialpropertiesofanyofthe
steels.

InSSC-235thestudieswereextend-
edforflamestraighteningonseveral
steels,includingA-537I3,NAXTRA-100,
andT-1,whicharequenchedandtem-
peredsteels.Thenormalizedsteel
wasA-537Aandtheas-rolledsteels
wereABS-B,ABS-C,andASTMA441. The
timeattemperaturewasevaluatedfor
effectonbothimpactandtensile
properties.Patternsofheatapplica-
tionwereconsidered.SSC-235showed
thatwithpropersafeguardsflame
straighteningwaspossibleforthe
gradesofsteelconsideredandSSC-247,
developedwiththecoopera~ionofa
majorshipyard,demonstratesa technique
thatprovidesaneffective,practical,
yetcontrolledmethodofflamestraight-
eningofthequenched-and-tempered
steelsinlieuoftheprevailing
methodofcuttingandreplacingthe
distorredplate.

Nondestructivetestingwasthe
subjectofa seriesofSSCreports.
Intermsofdemand,SSC-177wasoneof
themostpopularandacceptedreports
oftheseries.Publishedin1969,it
representedtheviewsoftheWeldFlaw
EvaluationCommitteewhichwasformed
undertheauspicesoftheNational
AcademyofSciences.Themembersof
theCommitteehadbroadeqeriencein
nondestructivetesting.Thedocument
isintendedtobea “guide,”nota
technicalreportandassuch,presents
theessentialinformationforacceP-
tance/rejectionradiographicstandards.
A shortdiscussionofvisualinspection
s~andards,inspectionprocedures,
andinterpretationstandardsforship
weldswereincluded.Althoughultra-
sonicinspectionwasmentioned,there
wasinsufficientexperienceatthetime
togobeyondacknowledgementofthe
methodandfurthervalidation.

Followingthestudyintoradio-
graphyinspectionSSC-213examined~he
questionofultrasonicinspection.
Theradiographicacceptancelimits
establishedforweldsinSSC-177were
retainedforSSC-213.Thusthestam-
dardsarecompatible,althoughinsome
casesoneinspectiontechniquewouldbe
preferredoveranother.Theprocedures
andacceptancelimitswouldbesuitable
forcontactultrasonicinspectionof
steelbuttweldsinthicknessrangeof
1/4to2 inches.

SpecializedApplications

Thesignificantandrapidchanges
inshipparametersandmissionshas
promptedtheShipStructureCommitteto
undertakea varietyoffeasibility
15
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Fig.14- TypicalWeldingDistortions.

TABLEII- IncreaseinTransitionTemperature
Due‘coStraightening.

ChangeinTransition
S’craightenlngTernpernrure,F
Temperature,Unwelded welded

Alloy F Plate Flate

A517,GradeA;1/2”
A517,GradeA;3/8”
A533;112”
AMI;112”
ABS-B;l/2°

A511,GradeA;lf2°
A517,GradeA;l]2°
A517,GradeA;318”
A537;l/2°
A441;112”
ABS-B;112°

A517,Grad@A;1/2”
A517,GradeA;112”
A517,GradeA;3/8”
A517,GradeA;3/8”
A537;1/2”
A537;l/2°
A4Q;l/2°
A441;1/2”
AWi-B;l/2°
ABS-B;l/2q’

COldStraightene~
RT -6
RT +4
RT +25
RT +16
RT +33

MechanicallyStraightened
1300 -44
1000 -15
1200 0
1200 0
1200 +22
1200 +11
FlameStraightened
1300-1400
1100-1200
1300–1400
1100-1200
1300-1400
1100-1200
1300-1400
1100-1200
1300-1400
1100-1200

+108
+75
+205
+113
+28
+25
+12
+16
+18*

-8
-u
+30
-2
+20

-5
0
+9
+2
o
0

+86
+25
+114
+84
+15
+12
-3
*
+5
-20

* NOtdetermined.

16



f--

studiesinrecentyears. Theconcepts
pursuedwerespecializedeitherbecause
ofthevesseltype,methodofconstruc-
tion,ormaterialsemployed.Onecon-
nectingthreadinthe“developmentof
theseprojectswasa levelofinterest
amongtheindividualsponsorsofthe
ShipStructureCommitteetorecognize
andanticipatenewproblemareas.
Althoughtheimpetusandfundingatany
oneagencywasinsufficienttocarryout
thetask,itwaspossibletoundertake
a varietyofprojectsbecauseofgeneral
supportbythesponsoringagenciesof
theShipStructureCommittee.

SpecialMaterials. The increased
usageofhigh-strengthlow-alloy(lISLA)
steelsprompteda studyintodetermining
ifanemergencyweldingprocedurecould
bedevelopedforthoseareasoftheship
usinghigh-s~rengthsteelsuntilperma--
nentrepairs.werepossible.SSC-195
recommendsinpart-thata manualshield-
edmetalarcprocessbeusedwftha ASTM
A298-62Ttvpe310-16stainlesssteel
electrode.”- Prehea~ingisonlyrequired
wh~ntheambienttemperatureisbelow.0mJL,r.

Therehavealsobeentwonoteworthy
projectsconcerningmaterialsotherthan
steelformarineuse. Thefirstwas
publishedasSSC-218andexaminedtheuse
ofaluminuminlargevesselsinparticu-
lara bulkcarrier.Theresulting
studynotonlydemonstratesthatthe
existingaluminumtechnologywassuffi-
cientlyadvancedtoconsidersuchuses
butthatoveralleconomicconsiderations
migh~justifysuchuseaswell. This
reportisa valuablereferenceforany
designerconsideringaluminumfora
largevessel.Thedesignproblemis
examinednoronlyfor~hephysicalcon-
straintsimposedbecausealuminumis
usedbutalsobecauseofregulatorycon-
straintsimposedbecausesteelisnor
used.

Thirty-sixconclusionsweredrawn
fromthisstudythatcovera reviewof
aluminumalloys,Operationalexperience
ofexistingships,designcriteriafor
hullstructures,fabricationoflarge
aluminumhulls,fireprotection,instal-
lationofequipment,operationandcost
studies,

A similarstudywasconductedfor
glassreinforcedplasticsandreported
inSSC-224.Theconclusions,both
physicalandfinancial,donotsupport
theuseofglassreinforcedplasticsas
a Primehullstructuralmaterialatthis
timebasedoncostsandthecombustibil-
ityofthematerial.However,major
componentssuchasdeckhouses,hatch-
covers,kingpostsandbowmodulesare
showntobeeconomicallyjustifiedin
somecases.

SpecialVessels. Catamaransare

anancientvesselform. Recently,the
advantagesoflarge-deckarea,high
transversestability,andexcellentlow-
speedmaneuverabilitysparkeda serious
interestinthisconfiguration.A
principaldetractingfactorinthe
designoflargecatamaransisthelack
ofstructuralloaddefinition.ssc-
222containsa surveyandanalysisof
thepresentstateofknowledgetogether
withrecommendationsofareasfor
futureresearch.Oneconclusionwas
thatthereareno unknowntechnological
barriersthatwouldforcecancellation
oftheconceptforpresentapplication
inlargeshipsizes.Thisdoesnot
implytha~problemsdonotexistthat
wouldrequiresomeattention.The
principalproblemincatamarandesignis
thestrengthofthecrossstructure.
Presentdesignmethodswillprovidean
overallconservativedesign.Economics,
individualshipyardconstructi~ncapa-
bilities,drydockandpierfacilities
aPpearEObechemajorconstraintsto
catamaransize.

Thetransportofliquifiednatural
gasisa topicofmuchcurrentinterest.
Onesubject~fparticularconcernin-
volvestheeffectofarupturingcargo
tankspillingthecryogeniccargoon
theprimaryhullstructure.A study
wasundertakenthatincludedsomeexper-
imentalstudiestovalidatetheoretical
predictions(SSC-241).Temperatures
andstressesassociatedwithruptures
reachedpeakvaluesandmaintainedpeaks
forseveralminutesina quasistatic
behaviorpattern.Alsoofinterestwas
thefactthatconvectiondominatesthe
heattransferprocesswi~hradiation
beinganorderofmagnitudelessand
conductionbeingtwoordersofmagnitude
less. Animportantresultof?he
projectwasthegoodagreementofthe
maximumexperimentalstrainswiththeo-
reticalpredictionsmadefromsimple
calculations.

Thetransport~tionofcargoesin
independentpressuretanksonbargeshas
beenincreasingbothonriversystems
andontheopenseas. Thepocenrialof
largersizeshasledtotheresearch
reportedinSSC-205.Thestructural
problemcreatedbytheinteractionof
thebargehullthroughthesaddle
supportstothetankitselfisbotha
significantfactorandamatterfor
reliableanalysisprocedures.The
existingaccepteddesignprocedurecal-
culatedz stressdistributionbasedon
amomentofinertiaratiobetweenthe
tznksandthebargehull, Inreviewing
thisanalysismethoditwasconcluded
thatitwasadequateforriverbarges,
butthatpriortoextendingittolarger
tanksgoingtoseafurtherworkmightbe
neededtodevelopexperimentalandana-
lyticalanalysesofanasbuilttanker,
fatigueanalysis,bucklinganalysis,
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slanminginvestigations,andtank-barge
saddleinteractionanalysis.

SpecializedFormsofConstruction.
Theproblemotstructuralanalyslsot
the~woprincipaltypesofframing
systems,transverseandlongitudinal,
canbesomewhatsimplifiedifadvantage
ismadeofidealizedassumptionsbased
onthephysicalattributesofthefram-
ingsystems.A greatdealofattention
hasbeenpaidinrecentyearstogener-
alizedstructuralanalysistechniques
suchasthefiniteelementmethod.A
favorableattribureofthesetechniques
isthatTtisnowpossibletoobtain
structuralanalysesresultsforlarge
complexstructures.Theyhavein
generalprovenCObetoocostlytobe
usedasdesigntools.Intheendthey
areused‘covalidatedesignconfigura-
tionsdevelopedbyothermeans.

TheShipStructureCommitteepursued
twoprogramsaimedatprovidingdesign
toolsthatwouldnotbeascostlyasthe
moregeneralizedmethods.Bothprograms
takeadvantageoftheattributesofthe
twoprincipalframingsystemsinorder
tosimplifytheanalysis.SSC-215and
216presentthetheoreticalassumptions
andthecomputercodingfora design
procedurefortransverselyframedships.
Themethoddependsheavilyonthegril-
lagebeamonanelasticfoundation
analysistechniques.Theadvantageof
thistechniqueisrealizedbecauseshfps
framestendtoberegularwtthfewexcep-
tions.Thissimplifiestheanalysis.
Ifitwerenotforthisfactthemore
costlyfiniteelementmethodforobtain-
ingthegrillagesolutionwouldhaveto
beused. SSC-215wasonlya firststep
indevelopinga rationaldesignproce-
dure. However,thecodingdidnot
incorporateallthespecialloadingcon-
ditionsthatshouldbeconsideredinan
overallanalysis.

A secondprojectwasinitiatedfor
longitudinallyframedshipsandresulted
inSSCReports225-228. However,the
resultisnottrulya designprogrambut
ratherananalysisprogramwhereadvan-
tagewastakenofregulargeometric
properties.Inthiseffortthreeprin-
cipalformsofanalysis:,wereused:line-
solutionmethods,finite-elementmethods,
andthegrillagebeam-on-anelastic-
foundationapproach,Comparisonruns
madebetweentheSSCprogramanda com-
mercialfiniteelementroutineona
simpleboxgirderproblemconfirmedthe
accuracyofthemethod.Ananalysis
basedona calibrationexperimentfor
theinstrumentationofthetankerJOHNA.
MCCONEalsorevealedgoodagreement,
althougha finermeshcouldhaveimproved
theresults,Figure(15).

AspartoftheSL-7classcontainer-
shipprogram,theAmericanBureauof

Shippingundertookananalysisofthe
shipusingtheDisplacementAutomated
IntegratedSystem(DAISY)finiteelement
programtoprovidestressinformation
fortheplacingofstraingaugesaboard
theSL-7. Theresul~softhatanalysis
arereportedinSSC-243,Theshipis
mathematicallyloadedwithcontainers
andusingobliquequasi-staticregular
waves,issubjectedtocombinedvertical,
lateralandtorsionalloads.Stress
distributions,especiallyinchedeck
regionarepresentedandinvestigated
Figures(16--19).Earlyresultsof
thisprojecthelpedinthedetermination
ofthefinallocationofsomes~rain
gauges.

Thedevelopmentofrationalcriteria
forthedesignofhullstructuresisone
oftheprimarygoalsoftheShipStruc-
tureCommittee.Insupportofthatgoal
theCommitteeprovidedpartialsupport
fora groupofnotedinvestigatorsto
examinethepresentleveloftechnology
inhullstructuraldesign.Theeffort
isessentiallya condensationofprior
workoftheseveralauthorsandwas
technicallyreviewedbytheDesignPro-
cedureandPhilosophy(HS-4)Panelof
theSocietyofNavalArchitectsand
MarineEngineers.Thediscussionsare
containedina report“ShipStructural
DesignConcepts”(Ref.4).

SUMMARY

Itisinterestingtonotethatthe
BoardofInvestigationconvenedbythe
SecretaryoftheNavycoinquireinto
thedesignandmethodsofconstruction
ofweldedsteelmerchantvessels,issued
theirfinalreportin1946withthe
followinggoalsrecommended:

a. Tofurtherstudiesintoship-
buildingmaterialsbystudying
theeffectsofweldingonthe
structuralperformanceofship
steel,thefundamentalfactors
affectingflowandfractureof
metals,andtodeveloppracti-
caltestsforevaluatingmate-
rialstobeusedinfabrication.

b. Tofurtherthestudyofthe
ship’sstruc~urebydetermining
theloadstowhichtheshipis
subjectedbywaves,byexamin-
ingdesignandfabricationde-
tails,bystudyingthestruc-
turalperformanceofshiphull
girdertoincludetestingto
failure,bystudyingeffectsof
rivetedlongitudinaljoints,
anddeterminingthemeritsof
variousstructuraldesign
de~ails,

Thisisa fairlycomprehensivesetof
objectives,whichledtotheformation
oftheShipStructureCommittee.



Ifshipdesignhadremainedstatic
followingWorldWar11theproblemsthat
existeda~ thattimecouldhavebeensuf-
ficientlydefinedwithina fewyearsand
Ehusrestrictedtheneedforfurther
research.Butshipbuildingis dynamic
andas new demandshavebeenplacedon
designers,a need hasbeencreatedfor
betterunderstandingofthestructural
behaviorofships.Theneededresearch
paralleledearlierresearch,withthe
introductionofdifferentmaterials.
Thisrequiredcharacterizationsthat
weresimilartodatacatalogingefforts
fortheprevalentmaterialsofanearlier
time. Similarly,internalorexCermal
environmentalcondition,dimensfon,hull
form,etc.fornewshipsrequirednew
studiesdirectedtogivethedesignerand
operatortheconfidencetoproceed.

Theresearchprogramwasdeveloped
toanticipatechangesinsh%phullre-
quirements,materialsandfabricationas
a resultofglobalcompetition,new
markets,evolvingtechniques,andmodi-
fiedclassificationrules.Concernis
constantlybeingexpressedregardingthe
capabilityoftheprogramcorespondin
aneffectiveandtimelymanner.How-
ever,progressisonlyachievedata pace
compatiblewithavailableresources.
Withinthisframework,itbehoovesall
partiesinvolvedfnthedesignoroper-
ationofshipstoplacesufficientre-
straintsuponnewdesignsuntilsuffi-
cientinformationisavailabletojustify
changesthatassureamplesafetyforthe
shipanditscrew.

Toovercomecostlydesigncon-
straints,theresearchprogrammustbe
continuedinsuchareasasextending
theshipresponseprogram,including
associatedmodeltestinganddataanaly-
sestoothershiptypessuchasthehull
andtanksforcryogenicproducts,some
componen~sofmobiledrillingunits,
catamarans,tankers,bargesandhigh
performancecraft.

Additionally,a comparisonoffull-
scaleandmodeidataonslammingphenom-
enahasnotbeenpossibleoncommercial
shipsinthepastprimarilybecausethe
f,~ll-scaleslammingdatahavebeenin-
sufficientinquantityorscope.This
isinpartduetothelackoftheproper
instrumenta~ionpackageandthedesire
ofmostshipmastersCOavoidslams
wheneverpossible,

Thereductioninscantlingsizes
andshellplatingsowingtotheuseof
higherstrengthsfeelsandcorrosion
protectiondeviceshasraisedmany
questionsconcerningthecriteriaon
acceptablevibrationlimits,thesotirce
ofvibrationofdifferentmodes,andthe
methodsofminimizingordampingout
th%sadversephenomena.Inthiscon-
nection,studiesofmodeltestmethods

andproceduresforobtainingi~putdata
toperformvibrationandstructural
analysesareneeded.

Studiesneedtobeundertakento
improvemotionpredictiontechniques
inthetransverseplane.WithoutSUCh
assurances,a limitationisimposedon
therattonaldesignofshipsincases
wherea lowratiooflengthtobreadth
anda highratioofbreadthtodepth
existandtransverseandtorsional
loadsareexpectedtobesignificant.
Theseproportionsarebeingusedfor
largedryandliquidbulkcarriers.

Uncertaintiesinfuelcostsin
recentyearshaveacceleratedinterest
intheuseofnuclearpropulsion.
Therehasalsoexistedtheconcernfor
pollutionresultingfromthecollision
orgroundingofa bulkcarrier.In
bothcasesthereisa constantneedto
exploreandimprovethedesignofpro-
tectivesystems.Itisrecognized
thatstrandingsandcollisionsdooccur.
Recordsoftheirdamagedoexistand
couldbeofgreatvaluewhenapplying
reliabilitytheorytoshipstructural
design.Itfsfirstnecessaryto
formatthedatafromthoserecordsinto
a systemcompatiblewiththeanalysis
technique.Sourcesmustbeobtained
foranymissingdata.

Theadventofnewfabrication
techniquesanddifferentmaterials
requiresa continuousappraisalofthe
variousfactorsthataffecttheir
acceptabilityandperformanceinship
hullstructures.Theremustbeade-
quateknowledgedevelopednotonlyof
thematerials’inherentcharacteristics,
butalsooftheeffecrsthatmaybe
inducedbythefabricatingandoperating
environmentsduringconstructionand
service.Goodprogresshasbeenmade
insomeaspectsofthisproblem,butit
isessentialthatitbecontinued.The
determinationoftheultimatestrength
oftheshiphullgirderhasbeenelusive
becauseofthevariousmodesoffailure
anddifferentcombinationsofloading.
Approachestoprovidesolutionstosome
oftheproblemsencounteredindevelop-
ing~heultimatestrengthhavebeen
pursuedina piecemealfashioii.Each
facerisbeingconsideredseparately
withthehopethattheinformationso
gatheredcanbecondensedintoonepure
hypothesis.

Effortsmustbeconti.~uedtoassure
theattainmentofthatgoal. The
researchprogramshouldprogressively
developa computercapabilityforthe
design(notanalysis)oftheprimary
hullstructureofcargovessels,with
adaptabilityformodificationforthe
nextgenerationofshj.ps.Sucha pro-
gramshouldultimatelybeabletoaccept
theloadingsuppliedbya computer

20



responseprogramthat,throughseveral
iterations,shouldproduceanoptimum
design.

Insummary,theoryande~erimen-
rationhasmadeitpossiblecogenerate
a moredirectapproachforinvestigating
manyvariablesandtodiscernrheappro-
priatedirectionforcopingwithantici-
patedproblems.OpinLonsareoften
advancedonthecompositionofa re-
searchprogram.Proponentsofbasic
researcharguethatitmustbecontinu-
ouslysupportedinordercoprovidea
constantstreamofnewinformationin
ordertoavoidcrashprogramsandcostly
delays.Othersarguethatbasicre-
searchshouldbesporadicallysupported
toinsurethata periodoftimeis
availabletodigestthedataandisolate
themostfruitfuleffortsforfuture
support.InpracticetheShipStruc-
tureCommitteehaspursueda combination
ofthetwo. Atanygiventimethere
hasusuallybeena portionwhichcanbe
identifiedassupportingbasicresearch.
Thoseprojectshavebeencarriedtothe
pointwherefollowonstudiescouldbe
initiatedbytheShipStructureCommit-
teeorotheror.ganizacions.Atthe
sametimeprojectshavebeensupported
whichleddirectlytoa commercial
application.Therearenoindications
thatthispracticewillnotcontinue.
Themixbetweenbasicandappliedre-
searchmayvary,buttheorganization
oftheShipStructureCommitteeinclud-

ingthetechnicalsupportitreceives
fromtheShipResearchCommitteeandthe
advicesthroughtheliaisonwiththe
HullStructureCommitteeofSNAMEand
otherliaisonorganizationsprovidesa
balancedprogram.

TheprovencapabilityoftheShip
StructureCommitteetomeetthedynamic
andchangingneedsofthemaritime
industryshouldandwillconrinuewith
thesupportofthemaritimecommunity
andspecificallythesponsoringagencies.
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APPENDIXI

SHIPSTRUCTURECOMMITTEEREPORTS
Thesedocumentsai.+distributedby
theNationalTechnicalInformation
Service,Springfield,VA.22151
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March1966.AD480619
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st~a{n{ngbyC.Mylonas,
S.KobayashiandA.Armenakas.
August1966.AD637143

SSC-174,InvestigationofResidualStressesin
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andD.C.Martin.September
1966.AD639619

SSC-17s,MechanicalPropertiesofaHigh-
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R,D.S~OUt andC.R.Roper,Jr.
Augusr1966.AD637211

SSC-176,B<enn{a2ReportoftheSh{pStmehme
Committee.June1966.AD64133

SSC-1773Gu{deforXnterp~etationofNon-
DestructiveTestso?WeldsinShip
HullStructuresbyTheWeldFlaw
EvaluationCommittee.September
1966.AD639053

SSC-178,ASurveyofSomeRecentBritishwo~k
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