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Oear Sir:

To supplement existing service data, a joint cooperative
i ndustry-government effort has been completed.
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Herewith is a final report containing the data and anal-
ysis of two-seasons of instrumentation.
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~ y/f-’c-&\
W. F. Rea, III
Rear Admiral , U.S. Coast Guard
Chairman, Ship Structure Committee
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ABSTUCT

This
collected
container

summaryreportcontainsshipresponsedata,withassociateddiscussions,
durtngtwoNorthAtlanticWinteroperatingseasonsontheSea-Land
vesselS.S.BOSTON.Sevenvoyagesarecoveredwtthseastatesranging

toforce12.

Maximumverticalbendingpeak-to-troughstressrecordedintheprogramwas
13,400 psi in a sea state of 10. Maximumhulltorsionalshearstresswas1,800psi
peak-to-trough,alsooccurringinforce10seas.Bowverticalaccelerationranged
ashighas1.5gandhorizontalaccelerationashighas.96g.

Resultsofanextensivestaticloadingexperimentarealsopresentedandcompare
wellwithanalyticalcalculationsbasedonappliedloads.

VerticalbendingdatacollectedontheS.S.BOSTONarecomparedwiththat
collectedona similarunconvertedC4, ‘the S.S. WOLVERINESTATE.
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Fig.1, ContainerVesselS,S.Boston

Thistechntcalreportsummarizestheresultsofa two-yearshipresponsedata
acquisitionprogramonthecontainervesselS.S.BOSTON.(SeeFigure1.) The
vessel,ownedandoperatedbySea-LandService,Inc.,isa c4-x2conversionofthe
GENEIULM.M.PATRICK,a c4-S-A1personnelcarrier.SeeTableI forthephysical
characteristicsoftheS.S.BOSTON.TheBOSTONnormallyoperatesona North
AtlanticroutebetweenPortNewark,NewJersey,USAandEuropeanports.

DuringtheSummerof1968,TeledyneMaterialsResearchdesignedandassembled
theshipresponseinstrumentationsystemthatwasinstalledonthevess’elduringthe
finalconversiondaysintheFallof1968.A Teledyneengineerwasaboardthe
vesselduringoperationof the vessel fromNovember1968toApril1969.Data
collectionstartedinDecember1968withtheon-boardengineeroperatingthesystem
andperforminginitialdatareductionenroute.

Duringthefirstseason(1968-1969),a totalof235dataintervalswere
collectedduringthemannedvoyagesandanalyzed.Theshipresponsesystemwas
operatedprimarilyinanautomaticmodewitha 15-minutedataintervaleveryfour
hours,althoughthesystemcanbeoperatedcontinuouslyinthemanualmode.In -
additiontotheshipresponsesystemdata,threewavebuoyswerelaunchedduring
thisseasontoobtainsimultaneousseastateinformation.

Duringthe1969-1970season,thevesselwasmannedforfivevoyagesfrom
OctoberthroughMarch.A totalof648dataintervalswereacquiredfora project
totalof883forthetwoseasons.Table11summarizesthemannedvoyagesforboth
seasonsandFigure2 presentsa profileofthedataintervalscollectedateachsea
stateconditionfortheentireprogram.Inadditiontooperatingtheoriginalship
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OriginalName:

Wilder:

TableI

CharacteristicsofS.s.Boston

Converter:

Type:

Official Number:

LengthOverall:

LengthBetweenperpendiculars:

Breadth,Molded:

Depth,MoldedtoUpperDeckSide:

Depth,MnldedtoSecondDeck:

DoubleBottomDepth:

Tonnage(U.S.)Gross:

Net:

LoadDraft,Scantling:

FullLoadDisplacement:

LightShipDraft:

DeadWeight:

CenterofGraviry(FullLoad):

LightShip:

BlockCoefficient:

PrismaticCoefficient:

WaterplaneCoefficient:

MidshipSectionModulus:

Machinery:

ShaftHorsepower– Max.Cent.:

Propeller(1):

ContainerCapacity(No.)

ContainerGeometry:

GEN.M.M.PATRICK

KaiserRichmond(Hull#16)

ToddShipyardsCorporation
GalvestonDivision(Hull//87)

C4-S-A1convercedtoC4-X2
ContairierShip

511585

522’- 10-1/2”

496’- O“

7,607.00

30,_ 61,

20,250TonsS.Water

171_ 811

9,317

l.c.g.1.35’aftofmidshipsBP.
v.c.g.27.04’abovebaseline

l.c.g.1.13’fwdofmidshipsBP.

v.c.g.18.2’abovebaseline

0.654(301MoldedDesignDraft)

0.61 (18’TypicalPresentOperation)

0.664(30’MoldedDesignDraft)

0.628(18’TypicalPresentOperation)
0.752(30’MoldedDesignDraft)
0.685(18’TypicalPresentOp@latiOn)

39,391in2fttoTopofUpperdeck

Steam-GearedTurbine

9,900 S.H.P.

5 PJaded21’ - 8“ Dia.

360

L - 35’- O“
w-8’– O”
H - 81 - 6-1/2”



VoyageNo,
FIRSTSEASON

9–East
9-West
10-East
10–West

SECONDSEASON
20–East
20-West
21-Ease
21–West
22–East
22–wes’c
23-East
23-west
24-Ea$t
24-!.lest
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TableII
ProgramVoyageSummary

From

Newark2–21–69
Felixstowe3-10-6g
Baltimore3–23–69
)?ellxstowe4-10-69

Newark10-18–69
Felixstowe11-2-69
Newark11–12-69
Felixstowe12-3-69
Newark12–13-69
Felixstowe1–6-70
Newark1-17-70
Felixstowe2-6-7o
Newark2-18–70
Felixstowe3-9-7o

Rotterdam3-3-69
Newark3-18-69
Rotterdam4–1–69
Newark4–19-69

Ro’cterdam10–26–69
Newark11–11-69
Rotterdam11-27-69
Newark12–12-69
Rotterdam12-25-69
Newark1-16-70
Rotterdam1-29-70
Newark2-16-70
Rotterdam3–3-7o
Newark3–18–70

01234567 89101112
Bea”forts*astat.

No.Data
Intervals

63
58
58
56

45
97
123
54
76
64
49
49
47
44

SeaStateProfileSummary,BothSeasons
(Marc~1?66;”-April1969,andOctober1969toMarch1970)
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responseinstrumentationsystem,additionaldatawereacquiredontransversedeck
beamstressesduringthesecondseason.

AtthecompletionofVoyage20inNovember1969,anextensivestaticloading
experimentandsystemcalibrationwasperformed.Thisexerciseconsistedof
initiallyunloadingthevesselandthenaddir,gpreweighedcontainersina prescribed
placementsequencetogenerateknowntwistingandverticalbendingmoments.A
comparisonwasthenmadebetweenthemeasuredstressesandthosecalculatedfrom
appliedloads.

Twowavebuoyswerelaunchedduringtheseconddatacollectionseasonon
Voyages22and24. However,onlydatafromVoyage22havebeenanalyzedbecause
buoy’stransmitterfromVoyage24malfunctioned.

II. EQUIPMENTANDPROCEDUREMODIFICATIONS

A. ShipResponseInstrumentationSystem

the

the

Theprimedatacollectionsystemonthevesselistheshipresponsesystem.
Thisisbasicallya 14-channelmagnetictaperecordingandsignalconditioning
equipmentacquiringdatafromthevariousforceandmotiontransducerslocated
throughoutthevessel.Reference1 describesthe,systemindetailwithcomplete
functionalaswellasschematicdiagramsandspecificationsofallcomponents.A
photooftheequipmentinstallationontheS.S.BOSTONappearsasFigure3.

Fig.3. TeledyneInstrumentationConsole
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Inbrief,channels1-4ofthesystemrecordverticalandhorizontalbending

andhulltorsionalshearstressfromstraingagebridgesattachedtotheship
structure.Channels5-13monitortheoutputsoftransducerslocatedwithinthe
shiptosenseaccelerations,motionsanddisplacements.Channel14Isusedfor
errorcompensationintherecorderplaybackmode.Figure4 depicts,inschema~ic
form, thelocationsofthevarioustransducersthroughoutthevessel.

1. AddedInstrumentation

Priortothestartofthe1969-1970operationalseason,threeaddi-
tionaltransducers,intheformofstraingagebridges,werebondedtothestructure.
Thesegages,connectedashalfbridges,wereinstalledonthestarboardendofthe
transversebeambetweenholds5 and6. ,..

Thesetransducersweredesignedtorespondtodouble-cantilever
bendingstrainsonthatcross-deckbeamduetovesselcross-sectionwarping.Itwas
feltthatquarteringseas,generatinghull twist andsectionwarpingwouldbebetter
sensedonthesecross-deckbeamstha~attheoriginaltorsionalsheargagelocations.
Figure5 presentsthedetailsofthisinstallation.Signalsfromthesegageswere
directlyrecordedonanoscillographic-typechartrecorder.Thedatacollection
procedurewasmanual(versusprogrammed)inthattheon-boardTeledyneengineer
selectedrecordintervalsbywatchingthesfgnalamplitudeandrecordingonly
selectedperiods.Theintentwastoobtainhighstressrecordsatvariousseaway
conditions;therefore,norigorousdatacollectionschedulewasplanned.

Inordertoimprovetheconsistencyoftheseastatereports,awind
speedanddirectionsystemwasinstalledinthebridgeareafortheseconddata
collectionseason.Theintentwastomakethelogbookentriesmoreobjectivein
nature,sincemanydifferentpersonnelcontributetothelogs.

2. BoxBeamGages

Therecordingtechniqueforthefourboxbeamgages,time-sharedon
onesystemchannel,wasmodifiedinlightoftheresultsofthe1968-1969season.
SeeReference1 andFigure6 ofthisreportforlocationdetailsofthesegages.
Originallyeachofthesegageswasrecordedforone~dayoutoffoursothatdata
frommoreintervalswereavailabletopermitcomparisonswiththelongitudinal
verticalbendingdata.Sincethedatafromthe1968-1969seasonindicatedthatthe
outputsfromthesideshear-plategage(SSPG)andthesideunder-deckgage(SUDG)
werenearlyidenticalwiththeverticalbendingoutput,andthattheportsideweld
gage(PSWG)wassomewhatvariable,thestarboardboxbeamgage(SBBG)wasselected
asthecontrolgagefoxthecurrentseason.

ForVoyages20-24,SBBGwasrecorded,alongwiththeprimarytrans-
ducerdataateachdatainterval.Inaddition,duringthefirsttwovoyages,the
otherthreeboxbeamgagesweresampledatleastonceperday.

B. AccelerometerWaveBuoySystem

AS describedinearlierreports(References1 and3),thissystemconsists
offreefloatingwavebuoysanda radioreceiver/taperecordertypedataacquisition
unitforreceivingandrecordingtheoutputsignalofthewavebuoytransmitter.

Theintentofthissystemistocollectaccelerationdatafromthebuoy
tobecorrelatedwithobservedseastatedataandstressrecordscollectedsimul-
taneously.
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100p,,cent.(valuenfrom1968-1969data.)

6. LocationofBoxBeamGages
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C. SystemOperation

Throughoutthetwooperatingseasons,theentiresystemprovedtobeex-
tremelyreliable.Minordowntimeona particularchannelwasusuallyremedied
eitherenrouteoratthenextturnaround.Consequently,nosignificantamountof
datawerelost.

Atthesystemcheckou~,priortotheinitiationofthe1969-1970season,
somesystemcomponentsweremarginalfroma reliabilitystandpointandwerere-
placedaspreventivemaintenance.Thiswastobeexpected,sincetheequipmenthad
beenturnedoffallsummerwhilethevesselcontinuedtheEuropeanruns.

111.VESSELCALIBRATION

A staticloadingorcalibrationonaninstrumentedvesselisperformedfortwo
reasons:Thefirstisforverificationoftheinstrumentationandrecordingsystem
toeliminatethepossibilityofinstallationerrors;i.e.,arethetransducers
respondingasdesigned?Thesecondreasonistocomparemeasuredandcalculated
stressvaluesfroma knownappliedmoment.

Duringthefinalconversiondaysin1968,anattemptwasmadetoperforma
calibrationwhilethedoublebottomspaceswerebeingfilledwithballastmud.
Thisattemptwasunsuccessfulduetotheextremetemperatureexcursionsduringthe
21-dayloadingsequence,aswellasthegrossstructuralmodificationsbeingper-
formedonthevessel.Eitherofthesesituationswassufficientreasontonegate
theresultsoftheexperiment.

Subsequently,a secondmoresuccessfulcalibrationwasaccomplishedin
November1969.Thevesselwasloadedwithpreweighedcontainersina prescribed
sequenceovera 27-hourperiodinordertogeneratethedesiredbendingand
twistingmoments.

Detailsoftheentirecalibrationhavebeenpreviouslyreported(Reference
andonlya reviewoftheprocedureandresultswillbeincludedinthisreport.

2)

A. AddedCalibrationInstrumentation

Partialjustificationforaddingthetransversebeamga~esmentioned
earlierinthisreportwastoobtainstre~sdataduringthesta~i~calibrationof
thevessel.

Inadditfontothesestraingagescomplementingthenormalshipresponse
system,severaldeviceswereinstalledjustforthecalibrationtoobtainphysical
measurementsnotobtainedduringnormaloperation.

Plumblinesandtheirnecessarysupportsformeasuringthecenterline
twistofthevesselwereattachedtotheopenhatchcoamings,as.showninFigure7.
Lineswereapproximately43-ftlongandmeasurementsto1/16inch->werepossible
withthetechniqueused.Eightplumb-linelocationswereused,oneeachatthe
forwardendofholds2 through8withonemoreattheaftendof#8.

Distortionmeasurementsofthe#6holdopeningweretakenateachloading
conditiontodeterminetherhomboidaleffectproducedi~theopeningbytheapplied
twistingmoment.Figure8 depictsthefourmeasurementsobtaimdwitha spring-
scaletensionedengineer’stape,usingcenter-punchedbenchmarksonthehatch
coaming.
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k

TapeMeseu,mne”rsTokenonTourd,agonalsA,B,C,D,.CachLoadingCondition

Fig.8. DiagonalHatchDistortionMea-Fig.7. TypicalPlumb-LineInstallation surementTechniaue
B. CalibrationProcedure

UponarrivalfromEuropeonNovember11,1969,thevesselwasemptiedof
allcontainersattheSea-LandfacilityatPortNewark,N.J.Theequipmentmentioned
abovewasinstalledandall“zero”datapointswererecorded.Thevesselwasassumed
tobeinmaximumhogconditionwithnoinitialtorsion.Thisemptyshipconditionis
thebaseconditionaboutwhichallotherdatawerenormalized.

Theeightcalibrationconditionsachievedduringtheexperimentareshown
inFigure9. Numbersineachholdopeningrepresenttransversemomentatthat
locationwithrespecttothevessellongitudinalcenterline.Theincremental
loadingtechniquedepictedshowsthattorsionalloadingofthevesselwasofprime
inrerest,withverticalbendingloadingofsomewhatlessimportance.

Gooddatacollectionweatherconditionsprevailedthroughoutthe27-hour
period,withovercastskiesandtemperatureinthe40°to50°range.

Twoshore-sfdecraneswereusedtoloadthevesselforeachcalibration
conditioninordertoachievea fairlysymmetricalloadingprocedurebothinport-
to-starboardandfore-to-aftdirections.Forexample,toestablishcondition2,
onecraneworked#5portholdwhilea secondcraneloaded#7starboard.Thecranes
thenmovedforeandaft,respectively,inpreparationofsimultaneousloadineof
holds4 and8 toestablishcondition-3.Aseachconditionwas
magnetictape,strainindicatorandphysicalmeasurementswere
vesselwasessentiallyquietandfreeofthedockwithmooring
containersusedinthecalibrationwereactualdepartureboxes
graduallyfilledthevesseltonormaldepartureconditions.

c. CalibrationResults

established,ill
obtainedwhilethe
linesslack.All
sotheprocedure

ASpreviouslymentioned,Reference2 containscompletedetailsofthe
entirecalibration,includingallstraingagedataandphysicalmeasurementsac-
quired.Onlysummarydataarepresentedherein.

Therearetwoveryimportantpointsthatmustberememberedwhen
studyingtheresultsofthisexperiment:
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Thedata,bothanalyticalandexperimental,haveall
beennormalizedaboutCondition1. Asmentioned
earlier,thevaluesobtainedforthisconditionwere
setequaltozeroandthedifferencesfromthese
“zeroes”arepresentedinthereport.

Manyofthestressesreportedhereinarelessthan
500-psi,andseveralar~inthe100-200psirange.
Whencomparinga 200psimeasuredstresswitha
300or400psicalculatedvalue,onemustremember
thatthemeasuredvaluerepresentsa strainofabout6 to
8microinchesperinch,whichisatthelimitofresolution
o~ftheequipment.Furthermore,a changeintemperatureof
lFbetweenoneportionofthehullandanothercanresult
instressesofabout100psi.Oneshouldthereforeconsider“
twostressvaluesthatarewithin200to400psiofeach
otherasbeinginacceptableagreement.

1. TorsionResults

Resultsofthe
Figure10. Magnetictapeand
stressesarepresented.

torsionalportionoftheexperimentarepresentedin
strain.indicatorreadingsaswellascalculated

Co~ditionk4 an~5 areidenticallymaximumintwistingmomentbut
ofoppositesense;i.e.,allcontainersfromcondition4wereshifted,cellfor
cell,totheopposi’tesideofthevesselcoestablishcondition5. Resultsfrom
thefourdifferentdatasources,twoexperimentalandtwoanalytical,aregenerally
ingoodagreement.

‘ Maximumtwistingmomentappliedtothevesselinthesemaximumcon-
ditions~atiapproximately12,700ft+tonsproducingsingleamplitudecalibration
stressesof’about900psi.Themaximumseawayacquiredtorsionstresswasinthe
rangeof“1,500to1,800psipeak-to-troughorapproximatelythesamesingle
amplitudestressasproducedinthecalibration.Logically,onecanthendeduce
thatseawaytwistingmomentamplitudesareontheorderof12,000to15,000ft-tons.
Thiscompareswitha maximumdesigntorsionalmomentof17,500ft-tonscomputed
usingdeWilde’smethod(seeReference4),whichisbasedona vesselheadingof
60°(bowseas),wavelengthof250ftandwaveheightof35ft.

Dataacquiredfromthetransversebeamgagesarepresentedin
Figure11withthecalculatedstressforcondition5 superposed.Theagreement
betweenthecalculatedandexperimentalresultsis quiteacceptable.Transducer1
appearsthroughouttohavea slightlyhigheroutputthanGage2 installeddirectly
belowitonthesamestructure(seeFigure5). Gage3wasexpectedtohaveslightly
loweroutputthanGage1 fora giventwistingmomentandwasconsistentwiththe
anticipatedresult.

2. VerticalBendingResults

Althoughtheverticalbendingportionoftheexperimentwassecondary
inimportancetothetorsion,a similaranalysisoftheloadingwasperformed.A
shipstatuswasassumedatcondition1 (emptyship)andchangesindeckstress
approximatedateachotherconditionbyknowingthechangeinvesselloadingand
hencethechangeinverticalbendingmoment.

Theresultsofthesecalculations
dataarepresentedinFigure12ofthfsreport.

andtheexperimentally
Agreementiscertainly

acquired
quite
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S.SBOSTON

Fig.10. MidshipTorsionalStress-Cali-
brationData

C,llbrSCIO,Ctimll,iom

55F45TON

3
1969C4L1BRATION

~
Fig. 11. TransverseBeamStress-Cali-

brationData

- -I I I I 1~ I

Fig.12, VerticalBendingStress-Cali-
brationData

satisfactoryconsideringtherelativelylowstressvaluesinvolved.Theexperi-
mentaldatapresentedwerecollectedonthemagnetictapesystemactuallyinstalled
ontheBOSTON.Agreementwiththeanalyticalresultsissufficientconfirmationof
propersystemoperation.

Itshouldbebroughtoutthattheverticalbendingcalibration
stresses,ontheorderof3,000psiatdeparture,arestaticinnatureand
cannotbecomparedwithseaway.stressesrecordedwhileunderway.Instead,these
departureconditionstressesarethe“zero”levelaboutwhichtheseawaystresses
vary,bothplusandminus.

IV. PROGRAMRESULTS

A. StressData

SummaryplotsofthedataofprincipalinterestarepresentedinFigures
13-15.Theseplotscontainallrecordeddatafrombothoperatingseasons.The
lengthofeachstresslevellineisproportionaltothenumberofmaximum
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occurrencesatthatlevelofstress.A slightchangeinpresenta~ionformatwas
requiredthisyearinthatseastatescoforce12wereencounteredduringthe
eastboundportionofVoyage23.

Maximumpeak-to-troughverticalbendingstressrecordedwas13,400psiin
seastate10. A rev%ewofFigure13showsthatthemajorityofdatapointsfallin
the3,000to8,OOOpsirange.

HorizontalbendingsummarydataarepresentedinFigure14. Themaximum
recordedvalueobtainedwas2,800psi.Thisstressisrelativelyinvariantwith
increaseinseastate.

Peak-to-troughtorsionalshearstressesarepresentedinFigure15. The
higheststressrecordedwasjustunder1,800psiina force10sea.

Asmentionedearlier,thestarboardboxbeamgage(SBBG)wasselectedfrom
thefourbeamgagesandrecordedthisseason.Thedatafromthisgagearepresented
inFigure16ofthisreport.AneventbyeventcomparativereviewofSBBGand
verticalbendingdatahasshownthatingeneralSBBGrangesfrom85%to95%ofthe
verticalbendingstressatanyparticularinstantintime.Themaximumstress
recordedfromSBBGwas13,000psioccurringinforce10seas.

B. AccelerationData

VerticalandhorizontalaccelerometersareinstalledontheS.S.BOSTON
inbow,midshipandsternlocations.Thedeviceswerelocatedatapproximately
thesamepositionsasthoseontheS.S.WOLVERINESTATEtopermitcomparisonwith
dataacquiredfromthatvessel.References5,6,and7 shouldbereviewedfor
detailsoftheS.S.WOLVERINEinstallationanditsresults.

Outputsfromthesternunits,locatedonframe195onthevesselcenterline
oftheS.S.BOSTON,undertheupperdeckarepresentedinFigures17and18.

TheresultsofthemidshipunitsarepresentedinFigures19and20.
Thesetransducersarelocatedasnearthevesselloadedcenterofgravityas
possible,onframe112undertheseconddeck,onthecenterline.

Datafromthebowaccelerometers,locatedonframe13undertheupper
deckonthecenterline,arepresentedinFigures21and22.

Themaximumpeak-to-troughaccelerationsobservedduringtheprojectspan
areasfollows:

Unit Acceleration(g)
SternVertical 1.0
SternHorizontal .96
MidshipVertical .37
MidshipHorizontal .28
BowVertical 1.5
BowHorizontal .92

c. VesselMotionData

SeaState
10
9

8and9
10
8
4

FourtransducersareinstalledtodescribethemotionoftheS.S.BOSTON
whileunderway.Thetwomidshipaccelerometersprovideheave(vertical)andsway
(horizontal)signals(seeFigures19and20)whiletwoseparatependulum-type
potentiometrictransducers,mountedatthesamelocation,providepitchandroll
data.Figures23and24presentthedatafromthepitchandrolldevices.
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Maximumpeak-to-peakrollencounteredduringtheprogramwas45°and

maximumpitchanglewas10.6°.Theseare22.5°and5.3°,respectively,fromthe
verticalreference.

D. WaveBuoyData

A successfulwavebuoylaunchingwasaccomplishedonwestboundVoyage22
astheseawasdroppingfromforce8 to6. Detailsofthelaunchperiodexcerpted
fromtheengineer’slogbookarepresentedinTableIIIandFigures25and26present
thepowerspectraldensityanalysisresulttngfromthecomputeranalysisofthe
launchtape.

v. DISCUSSIONOFRESULTS

A. StressData

Asexpected,thehigheststressesrecordedontheS.S.BOSTONwereinthe
verticallongitudinalbendingdirecrion.Figure13presentsthesummaryofthe
verticalbendingdatafortheentireprogram.The“@“ ateachseastateisthe
averagestressvalueatthatseastateforalldatacollectedfrombothoperating
seasons.

Figure27isa comparisonoftheS.S.BOSTONaverageverticalbending
stresswiththatoftheS.S.WOLVERINESTATE.TheS.S.WOLVERINESTATEisanun-
convertedC4,normallycarryingbreak-bulkcargoontheNorthAtlanticrun.Table
IVliststheprincipalphysicalcharacteristicsofthisvessel.Thecomparisonis
validinthatonlywinterseasondatafromtheS.S.WOLVERINESTATEareincluded.

Someofthedisparityinthecomparisonisundoubtedlyduetothe16%
greatersectionmodulusontheS.S.WOLVERINESTATE,effectivelyloweringthedeck
stressforthesamebendingmomentthattheS.S.BOSTONexperiences.

Horizontalbendingstressis quitelow.A datasummaryofresultsis
presentedinFigure14.

Seaway-inducedtorsionalshearstressdataaresummarizedinFigure15.
Thesepeak-to-troughstressesareapproximatelyequaltothecalibrationtorsion
stresses,sincethelatteraresingleamplitudemeasurementsfroma normalized
“zero”condition.

Resultsofthetransversebeamgagesarenotpresentedasplots,since
thetwofoldintentoftheirtemporaryinstallationdidnot includestatistical
acquisitionofdatathroughouttheseastatespectrum.Instead,thesegageswere
primarilyinstalledformeasurementsduringthecalibration(Figure11)andwere
alsomoni~oredforthreeEuropeanvoyagesduringhighseastateconditions.

Theadditionofthesetransversebeamgagesrequireda separatedata
recordingsystem.Therewasno“real-time”correlationconnectionbetweenthis
directrecordsystemandthenormalshipresponsemagnetictapesystem.Conse-
quently,aneventbyeventcomparisonofthesegageswiththehulltorsiongages,
forexample,isnotpossibleexceptstaticallyinthecalibra~iondata.

TableV summarizesdatafromthesegagesforthetworoughestVoyages,
20and21. A ‘reviewofthefncludedlfstofapproximatecourseandwinddirections
confirmstheexpectedhightransversebeamstressesassociatedwiththeencountering
ofquarteringseas.
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TableIII
LogbookData,Voyages22WaveBuoyLaunch

BUOYSerialNo.49008 VoyageNo.22
IndexNumber 23
DateandTime 1230GMT 1-11-70
TimeMeterReading 60.4
Latitude 48.7N
Longitude 39.3w
Course
Speed

270°
7Knots

Engine 17RPM
WindSpeed 25Knots
RelativeWindDirection N toNE
BeaufortSeaStateNo. 8-6
RelativeWaveDirection NE
AverageWaveHeight 6 l?T
AverageWavePeriod 5 SEC
AverageWaveLength 70FT
AverageSwellHeight 20FT
AverageSwellLength 250FT
RelativeSwellDirection Nw
BarometerReading 29.32
SeaTemperature 52aF
AirTemperature 50°F
Weather CloudyandOvercast

\
<. I /

Fig.25. WaveBuoyPowerSpectralDensityFig.26. WaveBuoyPowerSpectralDensityAnalysisS.S.BostonBUOhVNo.49008
Launched1/11/70 AnalysisS.S.BostonBuoyNo.49008

Launchedl/11/70



14
@– S.S.BOSTON(7WinterVoyages)
---- S,S.BOSTONDataMuIt.By.84
❑—, S.S,WOLVEiINESTATE(14WinterVoyages)

12 , ! 1

2

S.S.BOSTONSAMPLES

28 70 137 112 138 84 97 68 44

S.S.WOLVERINESAMPLES

o 1 I I I , , 1

1 2 3 4 5 6 7 8 9
BeaufortSeaState

Fig.27. VerticalLongitudinalBendingStressComparison
S.S.BostonandS.S.WolveyineSkate



-23-

TalbeIV
CharacteristicsoftheS.S.WolvmingState

OriginalName MARINERtYNNsR

Builder SunShipbuildingandDrydock
Company

Type C4-S-B5Machinery–AftDry
CargoVessel

OfficialNumber 248740

LengthOverall 520~- O“,

LengthBetweenPerpendiculars 496’- O“

Breadth,Molded 71!- 6“

Depth,Molded 54,- 13,,

Depth,MoldedtoPoopDeck 43,- 6VS

Depth,MoldedCOSecondDeck 35,– o,,

Depth,Moldedto ThirdDeck 26’~ O“

Tonnage(U.S.)GTOSS 10>747

Net 6,657

LoadDraft,Molded(Design) 30,- 0,,

LoadDraft,Keel(FullScantling) ~2,- +,jasq

LightShipDrafts 3’- 7“Fwd

19’- 9-1/2”Aft

111- 8-1/4°Mean

15,348L.T.

6,746L.T.

DeadWeight(at32’- 9-7/8”)

LightShipWeight

CenterofGravity

BlockCoefficient

PrismaticCoefficient

WaterplaneCoefficient

MidshipSectionModulus

Machinery

SteamTurbineWithDoubleReductionGear

H-p.Turbine,DesignR.P.M.
L.p.Turbine,DesignR.P.M.
Propeller,DesignR.P.M.
Propeller,NormalDesignR.P.M.
ShaftHorsepower,H.P.Ttirbine
ShaftHorsepower,L.P.T~rbine
ShaftHorsepower,Total
FirstReductionGear,H.P.Turbine
FirstReductionGear,L.P.Turbine
SecondReductionGear

30.4FtAboveKeel

24.2FtAftOfMidships.B.P.

0.654(30’MOldedDeslgmDraft)

0.61(18’TypicalPresentOperatiOn)

0.664(30’MoldedDesignDraft)

0.628(18”Typicalpresen~Qeration)

0.752(30’MoldedDesignDraft)

0.685(18’TypicalPresentOPeratiOn)

45,631In2i?c(ToTOPofUpperDeck
AndwithDeckStraPk)

Normal
5,358
4,422

85
80

4,500
4,500
9,000
9,096
7,508
6,93o

Maximum

88

9,900
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TableV
TransverseBeamStresses

VOYAGE20
Peak–To–Trough
GageStress(psi) Vessel Wind

Date GMT SeaState 1 2 3 course IIirccrion

LO-18-692300 4 2044 1679 1606 088 West
10-19-691540 5 1825 1679 1460 084 290
10-20-691200 4 2409 2044 1898 071 WNw
10-21-691200 7 3139 2628 2555 071 095
.10-21-69 1660 8 6351 5329 5256 064 180
10-23-691200 3 2409 2007 1898 075 310

VOYAGE21
11-15-691530 7 2930 2266 1824 077 26o
11-16-691300 4 2488 2045 2156 077 270
11-17-691200 10 2930 2211 2488 070 030
11-18-691200 10 2266 1769 1935 070 045
11-19-691120 10 2874 2211 2211 056 045
11-20-691200 8 4478 3483 3372 056 090
11-21-691200 7 2764 2156 2266 056 135
11-22-691200 5 1382 1106 1106 061 080
11-23-691030 6 2764 21.002488 080 030
11-24-691000 6 2543 2045 2100 080 040
11-25-690900 3 1271 884 940 090 000

3< 1‘w—=
i2

.-J’-
;TF!DS$dp.Iletween5 And6

Themaximumstressconditiononthesegagesoccurred
andisassociatedwiththefollowingconditionsexcerptedfrom
Teledyneengineer’slogbooks:

Course.......................064°
WindSpeed..................60kts
WindDirection................180°
tiaveHeight.................8-12ft
SeaState......................8
SwellLength................700ft

Thisdatawasaccompaniedbythecomment
“Rollingheavilyina quarteringseaand
longheavyswell..........spraybreaking
oversidesofship.”

Thesearetheexactconditionsthatonemightexpect

onOctober21,1969,
thematesand

wouldproducehigh
stressona cross-deckbeamduetoimposedhulltwist.Maximummeasuredstress
valueswereGage1-6351psi,Gage2-5329andGage3-5256psi.

A reviewofbothFigure11andTableV indicatesthatthereislittle
decayinbendingstressfromtheoutboardtoinboardgagepositions.

Appendedtothisreportisa calculationofthetwistingmoment
requiredtogenerate6350psiofbendingstressinthetransversebeamstructure.
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13.AccelerationData

Figures17through22presentthesummarydatafromthesixacceleration
channels.Figure28comparestheS.S.BOSTON’Sbowverticalaccelerationdatawith
thatcollectedontheS.S.WOLVERINESTATE.Agreementbetweenthetwosetsofdata
isacceptable.

Thedrop-offing levelatthehigherseastatesintheS.S.BOSTONcurve
ismostlikelyduetotheSea-Landpolicy.ofimmediate“slow-down”ifstronghead
seasareencountered.Thisistominimizewateroverthebowwithconsequenton-
deckcontainerandcargodamage.Figure27showsthattheverticalbendingstress
levelremainshighintheseseastates,althoughtheg levelhasdroppedconsidera-
bly.

c. Ship’sMotionData

Figures23and24presentthetwo-seasonsummaryofpitchandrollmeasure-
ments.Rollcontinuestobethelargestamplitudemotion.Ratherthanshipwater
overthebowanddamagecargo,themasternormallyadjuststhevessel’scourseto
lessenpitchwitha consequentincreaseinrollratherthanslowdownexcessively
andaaintafncourse.

r).WaveBUOYData

TheTeledyneMaterialsResearchPowerSpectralDensityProgramwasusedto
producethewavebuoydisplacementandaccelerationcurvespresentedasFigures25
and26.A computeranalysisoftheverticalbendingstressdataacquiredduringthe
wavebuoylaunchperiodhasbeenperformedproducinganRMSandmaximumpeak-to-
troughsignalforeachdatainterval.

Fig.28. BowVerticalAccelerationComparison
S.S.Boston~rdS.S.WoLvaineSkate

—— ---



RMSstressvaluescomputedfromthe11dataintervalofverticalbending
datarangefrom1,600to2,900psi,whilethemaximumpeak-to-troughstressvalue
was4,8oopsi.Althoughthesestressvaluesareratherlow,theyappeartobecon-
sistentwiththelogbookdatainthattheseawasrapidlysubsidingfromforce8 to
force6 level.

ThePowerSpectralDensityProgramcomputeda standarddeviationofdis-
placementofthewavebuoylaunchedduringVoyage22of4.25ftRMS.Averagewave
heightfromTableIIIislistedas6 ftwithswellheightto20ft. Ifa
“significant”waveheightisarbitrarilydefinedasfourtimesthecomputedEMS
valueor17ft,theagreementwiththesubjectivelogbookinformationisacceptable.

VI.FINDINGSANDCONCLUSIONS
Dataweresuccessfullycollectedfromthestressandmotiontransducersonthe

S.S.BOSTONonsevenNorthAtlanticvoyagesduringtwowinterseasons.Twovoyages
weremannedduringlatewinterofthefirstseason,astheweatherwasalreadysub-
sidingfromthemidwintermaximums.Seastatestoforce12wereencounteredduring
thesecond(1969-1970)fullwinterseasonprovidinga completesea/weatherspectrum
fortheprogramperiod.

Maximumverticalbendingpeak-to-troughstressrecordedintheprogramwas
13,400psiina seastate10,whilehulltorsionalshearstressatthegaged
locationwasonly1,800psi.

Thebowverticalaccelerometerrecordedg levelsashighas1.5,a level
sufficientlyhightocausedamagetocargonotproperlysecured.Horizontal
accelerationsrangedashighas.96g.

A comparisonofverticalbendingdatawiththatcollectedontheS.S.WOLVERINE
STATE,anunconvertedC4,showsthatingeneral,takinginconsiderationthesmaller
sectionmodulusoftheS.S.BOSTONbroughtaboutinherconversion,thevertical
bendingmomentresponseoftheS.S.BOSTONwasreasonablysimilartothatofthe
S.S.WOLVERINESTATE.

Experimentalresultsofthevesselstaticcalibrationcomparewellwith
analyticalcalculationsbasedontheappliedloads.
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APPENDIX

TIUMNSVERSEBEAMANALYSIS

ByusingthecalculationtechniqueofAppendixB ofReference2,wecan
approximatethedeflectionofthetransversebeamandthetwistingmoment
necessarytoproducethepeak-to-troughstressinthe“beam.

ResultsofAppendixB,Reference2,showa discrepancybetweentheoreticaland
measuredvaluesforthetransversebeamstressgeneratedbya vesseltwisting
moment.

Forexample:

TwistingMoment,T = 12,700Ft-Tons

TransverseBeamStress,Omeas= 2,500psi

TransverseBeamStress,~theor= 1,800psi

oru = 1.4mess

Themaximummeasured

‘theor

seaway-inducedstressonthetransversebeamwas6,350psi
peak-to-trough.Ifwecorrectthisforsingleamplitudeequivalenceandbythe
ratioweget:

_ 6,350u = 2,267psicorr– 2(1.4)

UC Ia
Mc=~ = 2,267(23,664)=

25c

Mc= 2.15(106)ird}

L = 740in

Ia= 23,664in4

Ib= 44,563in4

K= 995.2(Ref.2,App.B,P.14)

—
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740—-122 6(30)(106)(44,563)
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B

and
J
pods = 280,096in2

o

A
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pods= 15,600in4

o
I
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T =

.

.

T=

d
280,096- 15,600
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264,496= “77x 10

rad/in

.77(10-6)11.5(106)(5.118)(106)
.11

411(106)inn

17,125ft tonsmoment
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Thiscompareswiththemaximumdesignmomentof17,500fttonsusingdeWildefs
method.

A localstressconcentrationmaybecausingthe40%discrepancybetween
calculatedandmeasuredtransversebeamstresses.Thetheoreticalanalysisissome-
whatgeneralinnatureanddoesnotincludesuchsecondorderrefinementsascon-
centrationeffects.
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