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ABSTRACT

Thisreportsummarizesthe

TeledyneMaterialsResearchunder

activitiesundertakenby

ShipStructureCommittee

ProjectSR-153duringa threeandone-halfyearperiod

investigatecertainaspectsofthe structuralresponse

to

of

threedry-cargoshipstowaveloads. Thisworkcontinues

earlierstudiessponsoredbythe ShipStructureCommittee.

WorkisconcludingonMORMACSCANand CALIPORIIABEARand

willcontinueonWOLVERINESTATEwhichisalsoinstrumented

togatherdataforprojectSR-172,“SlammingStudies”tobe

reportedunderseparatecover.
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T. INTRODUCTION

Theseinvestigationsareprovidingstatisticaldatafromwhichmaximumex-
pectedvaluesofverticallongitudinalbendingmomentmaybepredicted.Ulti-
mately,throughcorrelationwithmodeltestsattheDavidsonLaboratoryofStevens
InstituteofTechnology,andanalysisbyWebbInstituteofNavalArchitecture,
thesedatawillcontributetothedesignofmoreefficientships.

DataacquiredbytheinvestigatorsthroughApril1965coveringabout18,500
hoursatseawereanalyzedandpresentedingraphicalforminShipStructureCom-
mitteeR@portsSSC-164andSSC-181(References1 and2). Thedesignandinstal-
lationofthestress-measuringandrecordingsystem,andpreliminarypresentation
ofsomedatahavebeenreportedinShipStructureCommitteeReportsSSC-150,153,
and159(References3,4,and5). ThispresentreportIncludesdatafromthirteen
voyagesoftheCALIFORNIABEAR,twelvevoyagesofMOF31ACSCAN,andnineteenvoyages
ofWOLVERINESTATE.Thesedatarepresenta totalof16,000hoursatseaforthe
threeshipsduringtheperiodMay1965toNovember1968.TableI isa chronol–
ogicalrecordofshipvisitsnecessarytoacquirethesedataandmaintainthe
equipment.Table11liststhespecificationsofthethreeships.Theresultsof
thecalibrationofCALIFORNIABEARarereportedinAppendixA-1andtheresults
ofthecalibrationofMORMACSCANarereportedinAppendixA-2.

ThedatainthisreportwereobtainedundercontractsNObs-94252,NOO024-67-
C-5312,andNOO024-68-C-5231.

11. PRESENTATIONOFDATA

Thedatashownasdot-plotswereacquiredbythefollowingprocedures,which
aresimilarforstressandwaveheightdata.

1. Theshipboardmagnetictapesystemrecordsthesignalsgeneratedbythe
stresstransducersforatleastone-halfhourout ofeveryfourhoursatsea.At
thebeginningofeachfour-hourintervala calibrationsignal(obtainingbyshunt-
ingonearmofthebridgewitha knownresistance)issuperimposed.Whenthetape
isplayedbackintheinvestigators’laboratory,theSierraProbabilityAnalyzeris
triggeredbyeachcalibrationsignalandprovidesa histogramandstatisticaldata
representingthefirsttwentyminutesofeachrecordinterval(seeFigure15,
SSC-169,Reference1). Attheplaybackspeedof60inchespersecond,ahalfhour
ofshipdatarequires9 secondstobeanalyzedbythemachine.

2. Theofficeronwatchmaintainsa logbook.Everyfourhoursanentryis
madeandgivena sequentialindexnumber.Atthetimeofthelogbookentrythe
elapsedtimemeterreadingisnoted,fromwhichtheindexnumbermaybematched
to theappropriateintervalcalibrationsignal.ReportSSC-153(Reference4)
containsreproductionsoftypicallogbookpages.

3. Theoscillographicoutputfromtheprobabilityanalyzeristranscribed
manuallyintermsofa scaleofcountsfromthedigitalregisters.Onlythebars
representingthegreatestpeak-to-troughstress,thetotalnumberofstress
variationsanalyzed,aridthemeansquarevalueofthedatasamplearetranscribed.

4.Twopunchedcardsarepreparedforeachdatainterval.Thefirstcon-
tainsallthelogbookdataandthesecondcontainstheabovequantitiesfromthe
probabilityanalyzer.



TableI
ShipVisitstoMaintainEquipment

Date

5/12/65
6/4/65
6!16/65

7/28/65
$3/31/65
9/1/65

11/4/65
12/16/65
3/7/66
3/9/66
3/22/66
4/25/66
4/27/66
6/13/66
6/16/66
6/16/66
7/25/66
?/30/66
9/3/66
9/19/66
10/7/66

lo/n/66
11/2/66
n/28/66
12/12/66
12/20/66
1]12/67
2/16j67
2/20/67
3/2/67

Instrumented
VO1me

37

38

39

40

41

42

43

44

45

46

47

48

49

geNu
Mm+

7

8

9
10
11

12
13

14

15

16

17

18

)er
C13

1

2

3

4

5

Voy
m

243

245

247

249

259

261

263

265

267

269

271

273

275

Ship‘
jeNul
MMs

27

28

29
30
31

32
33

34

35

36

37

38

er
CB

25

26

27

28

29

EquipmentOperation- Remarks

Abbreviations:WS= SSNOLVERINESTATE
MMS= SSMOFUtACSCAN
CB= SSCALIFORNIABEAR

StbdAmplifierFailed,M-Gproblems,nodata
FuseBlew,43goodintervals
FuseBlewinrecordelectronics,M-Gproblems
32goodintervals

OK,204goodtntervals,calibrationmade8/1/65
OK,121goodintervals
M-Gproblemsandrecorderpowersupplyproblem
removedpowersupply,102goodintervals

OK,72goodintervals
OK,88goodintervals
OK,72goodint~rvals
OK,48goodintervals,expandedsystemonboard
OK,79goodintervals
OK,90goodintervals
OK,120goodintervals
Rewindproblem,onepassonly,65goodinterva
OK,119goodintervals
OK,98goodintervals
FiratrollNG,2ndrollOK,36goodintervals
OK,131goodintervala
OK,55goodintervala
Noiseindata,severalof100intervalsunusbl
Portamplifierfailed,nodata:59goodinterv
fromstarboardgage

Onepassonly,recordertrouble;28goodinter
OK,88goodintervals
onepassonly,recordertrouble;66goodinterv
Zerotimerfailure,22goodintervals
OK,93goodintervals
OK,118goodintervals
OK,115goodintervals
Nodata,newcrew
OK,135goodintervala
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Table11
ShipSpecifications

Type:

Builder:

Date:
HullNumber:
LengthOverall:
LengthBtwnPerp.:
Beam,Molded:
Depth,Molded:
LoadDraft$Molded,Design
LoadDraft,Keel
GrossTonnage:
NetTonnage:
MidshipSectionModulus

LightShipWeight:
DeadWeightatLoadDraft:
Propeller,NormalOper-
atingRPM:

ShaftHorsepower,Normal
ShaftHorsepower,Maximum

WOLVERTNESTATE
C-4-S-B5Machinery-Aft
DryCargoVessel

SunShipbuildingand
DrydockCompanyChester,
Pennsylvania
September1945
359
520’ – o“
496’ - 0“
~~, _ ~!!

54’ - o“
301- ()”

32‘- 9-7/8”
10,747L.T.
6,657L.T.
45,631in2ft(totop
ofupperdeck)
6,746L.T.
15,348L.T.

80
9,000
9,900

MORMACSCAN
1624Machinery
AmidshipsDryCargo
Vessel
Same

October1960
622
483’- 3“
458’- O“
68’- 0“
41’- 6“
28’- 6“
31’- 5“
9,315L,T.
5,609L,T,
30,464in2(totop
ofupperdeck)
5,882L,T,
12,483L.T,

93
11,000
12,100

CALIFORNIABEAR
C4-S-lAStandardMariner
DryCargoVessel

BethlehemPacificCoastSteel
co. ShipbuildingDiv.San
Francisco,California
February1954
5463
563’- 7-3/4”
528T- 6“
J6t- o~~

447- 61,

27‘_ 0!!

29’- 10-1/16”
9,216L.T.
5,366L.T.
43,900in2ft(totopof
upperdeck)
7,675L.T.
13,418L,T.

85
i7,500
19,250



5
5. Inputcardsandprogramcardsa~ethenprocessedbya digitalcomputer.

Thecomputercalculatesrelativewavedirectionandtransformstheprobabilityana-
lyzeroutputintomaximumpeak-to-troughstressinkpsi,meansquarestressin
kpsi2,androot-mean-squarestressinkpsi.

6. Thecomputeroutputforeachvoyageconsistsofa tabulationbyinterval
numberandalso,optionally,a setofoutputpunchedcards.Thedatafromone
passofthemagnetictapeaboardshiphavebeengivena double-lettercodeforiden-
tification.Thiscodingappearsontheprintoutandoneachoutputcard.A com-
pilationofthecodelettersfoxthedataofthisreportandsampleprintoutsare
showninAppendixB.

111.DISCUSSIONOFDATA

A. General

Whenconsideringtheabsolutevaluesofthestressdata,itmustbekept
inmindthatthesedataarepresentedaspeak-to-troughstressvariations,andnot
assinglepositiveornegativeamplitudesaboutanaveragelevel.Absoluteaverage
valuesaredifficulttodetermineandarevarfablewithloadingandthermalcondi-
tions.Statisticalproceduresforanalyzingpeak-to-troughvaluesofrandomvari-
ables,moreover,arewellestablished.

Thecollec~ionofstatisticalshipstressdatacanbeofrealsignifi-
cancetotheshipdesignerand/orclassificationauthority.Wheninterpretedin
termsofapplied’wavebendingmoment,suchdatacanbeusedtodeterminea suitable
designvalueofbendingmomentbytwoapproaches
ProjectSR-171.

,asdealtwithindetailunder

1. A mathematicalorprobabilitymodelcanbedevisedthatwillpermit
a long-termbendingmomentprobabilitydistributiontobeextrapolatedfromtwoto
fiveyearsofdata,tothelifetimeofa shiporofseveralsimilarships.This
leadstoameansofpredictingthehighestexpectedbendingmomentin20yearsor
200ship-yearsforoneclassofvessel.

2. Statisticaldataprovidesthebasisforcheckinga predictionoflong-
termdistributionmadefrommodeltestresultsandoceanwavedata.Ifgoodresults
areobtainedinseveralcases,thenthepredictiontechniquecanbeappliedwith
confidencetonewandunusualdesfgn.

Eachdatapoinrisbasedona twenty-minuteportionofa thirty-minute
samplerecord(interval),andisassumedtoberepresentativeoffourhoursofoper-
ationoftheshipintheseaway.Inheavyweathersituationswherethetapere-
corderoperateslongerthanone–halfhouroutofeveryfour,onlythetwenty-minute
portionfollowingthecalibrationsignal(everyfourhours)isanalyzed,undercur-
rentprocedures.CoastwiseandIn-portdatahavebeeneliminated.

Thereisconsiderablescatterofthedatapointsinthedot-plots.This
scattermightbeexplainedonthebasisofthestatisticalnatureofthedata,since
theshipoperatesatvariousheadingsrelativetothesea,andatvariousspeeds
withina givenseastate.Becausethereportedsea-stateinformationisbasedon
visualobservations,-somespreadinthesevaluesasa resultofindividualinter-
pretationisalsolikely.

BasedonAppendicesA andC,theMOKMACSCANdataareprobablyaccurate
asreported;a smallcorrectionisoptionalontheCALIFORNIA13EARdata;and
allWOLVERINESTATEdataaresubjecttospecifiedcorrectionfactors.



B. DiscussionofFigures

1. CALIFORNIABEAR

Figures1 and2presentuncorrectedRMSstressanduncorrectedmaxi-
mumpeak-to-troughstressplottedversusBeaufortSeaStatefor13voyages,all
betweentheWestCoastoftheUnitedStatesandtheOrient.Thisrepresentsa
totalof1250intervalstakenfromJanuary1966whenthesystemwasfirstputinto
operationuptoOctober1968.Themaximumpeak-totroughstressrecordedwas
12,300psiata seastateof8.

A satisfactorybendingcalibrationwasmadeonthisshipinearly
August1968andisreportedinAppendixA-1.Basedonthiscalibrationandother
availableinformation,theCALIFORNIABEARdatashouldbecorrectedbya factor
Of 1.08.Therecordinginstrumentshavebeenremovedfromthisship.

2. MORMACSCAN

ThedatacollectedfromMORMACSCANforthereportingperiodarepre-
sentedinFigures3 through6,inclusive.Theyaredividedintotwogroups,voy-
agestoEurope(247intervals)andvoyagestoSouthAmerica(824intervals).The
averagevaluesoftheseplotsarecomparedinFigures33and34alongwithprevious
datareportedforthisvesselinSSC181.Itappearsthatthestressesproduced,
seastateforseastate,varybetweentheEuropeanandtheSouthAmericantrade
routes.Aboveseastate3,theSouthAmericanvoyagesproduceRiMSstresses500
psilowerthantheEuropeanvoyages.Likewise,,themaximumpeak-to-troughstresses
areabout1,000psilower.Thecurvelabeled“mean”istheoverallaveragefor
about1,600intervals,onequarterofthemproducedinNorthAtlanticcrossings
andthreequartersof-themonthetraderoutebetweentheeasternseaboardsof
NorthandSouthAmerica.

AnadequatebendingcalibrationwasmadeonthisshipinearlyOctober
1968andisreportedinAppendixA-2.Nocorrectionofthereporteddataisrecom-
mended.

Nofurtherdataarebeingtakenfromthisshipandtheequipmentwill
beremovedatthenextopportunity.

3. WOLYERINESTATE

StressdatafromtheWOLVERINESTATEaredividedintothreecategories:

NorthAtlantic,SummerSeason
NorthAtlantlc,WinterSeason
Pacific

TheseasonaldivisionwasfoundnecessaryintheNorthAtlanticbecauseofthe
greaterIilcelthoodofencounteringlargeswellsatrelativelylowBeaufortSea
Staresinthewinter.ThisseasonalvariationisnotassevereinthePacificand
thereforethesedataarepresentedasamixtureofbothsummerandwinter.

Thisshipisuniqueinthatthestressgagesmountedontheportand
starboardsidesarenotcombinedintoa singlebridge,butareconnectedtoform
twoseparatebrfdges.Thisallowsustodeterminetheeffectofunfairnessupon
individualgages(seeAppendixC). Inordertogetverticalbendingstressthe
tapesareplayedbackinthelaboratoryandtheportandstarboardchannelsare
electricallycombined.Theindividualchannelsensitivitiesareadjustedsuch
thatunfairnesscorrectionsareappliedandtheresultingcombineddatarepresents

—.



7
trueverticalbendingstress.Dataobtainedfroma singletransduceristobecon-
sideredrawdatainthattheunfairnesscorrectionhasnotbeenapplied.Allthese
curvesarelabeledwiththeappropriatecorrectionfactor.

Inaddition,dataobtainedfromonlyonesidecontainsa componentof
horizontalbendingstresswhichcancelsoutinthecombineddata.Inorderto
determinethestatisticaleffectofhorizontalbending,dot-plotshavebeenmade
showingthesamedataforcombined,portuncombined(uncorrected),andstarboardun-
combined(uncorrected).Theuncorrectedaveragesarethencorrectedforunfairness
andcomparedwiththecombinedaverages.Theresultingcorrectionforhorizontal
bendingmaythenbeappliedtodatawhichotherwisewouldbeunusablebecausegood
datawascollectedfromonlyoneside.

a. NorthAtlanticSummerData

ThesedataweregatheredfromVoyages245,247,249,261,263,265,
and267.Figures7 and8 showdatatakenfromthefirstsixofthesevoyagesasthe
electricalsumofthePortandStarboardTransducers.Thediscriminatorgainsonthe
tapeplaybackunitwereadjustedtocompensatefortheunfairnesscorrectionsfor
eachgage(seeAppendixC},and,ofcourse,horizontalbendingiseliminatedbyhav-
inggagesonbothsidesoftheship.Therefore,thestressesinFigures7 and8 are
theactualstressesintheshipandrequirenofurthercorrections.

Figures9 and10showthesamedataasseenbyPortTransducer(un-
corrected)andFigures11and12showthesamedataasseenbytheStarboardTrans-
ducer(uncorrected).ThedataplottedinthesefiguresshouldbeidenticaltoFig-
ures7 and8 afterapplyinga correctionforunfairnessandforhorizontalbending.
Sincetheeffectofhorizontalbendingisunknown,theaveragesfromFigures7-12
wereplottedinFigures35and36,unfairnesscorrectionsmade,andtheeffectof
horizontalbendingdetermined.A fairlygoodmatchwasmadebyreducingthecor-
recteduncombinedstressesby12%foreachseastate.Thehorizontalbendingwas
alsofoundtobe12%fortheWinterandPacificData.

Figures13and14representuncorrecteddatatakenonVoyage267where
bothchannelswererecordingtransducersfromthestarboardside.Inordertomake
thesedatausable,theunfairnesscorrectionwasappliedand12%wasdeductedfrom
theresulttocorrectforhorizontalbending.Thiswasthenaveragedwiththeaver-
agesfromFigures7 and8 toproducetheAtlanticSummerportionofFigures41and42.

b. NorthAtlanticWinterData

ThesedataweregatheredfromVoyages259,271,273,277and282.On
onlyoneofthesevoyages(259)weredataproducedfrombothsidessimultaneously.
ThisisrepresentedinFigures15and16ascombineddatatowhichnofurthercorrec-
tionsarerequiredandinFigures17-20asindividualuncorrectedportorstarboard
data.TheaveragesofthesefiguresarecomparedinFigures37and38. Theeffect
ofhorizontalbendingonthesedataisthesame12%asfoundinthesummerdata.

Figures21and22listtheuncorrecteddataobtainedfromthePort
TransducerduringVoyages271,273,and282.Figures23and24listtheuncor-
recteddataobtainedfromtheNewStarboardTransducerduringVoyage277.In
ordertomakeuseofthesedatatheyhavebeencorrectedforunfairness,corrected
forhorizontalbending,averagedwiththedataofFigures15and16andplottedas
theAtlanticWinterportionofFigures41and42.
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c. l?acificDa’cq

ThesedatawerecollectedfromVoyages279,280,281,283,284,285
and286.DatawereobtainedfrombothsidesduringVoyages279,280,281,285and
286andarepresentedasportandstarboardelectricallycombineddatainFigures
25and26.AswiththeAtlanticdata,thesedatarequirenofurthercorrections.
ThedatafromtheindividualPortandStarboardTransducers(uncorrected)forthese
voyagesarepresentedinFigures27-30.A comparisonismadeoftheelectrically
combinedandtheindividualtransducersinFigures39and40. Asbefore,thecor-
rectionforhorizontalbendingisdeterminedtobe-12%.

DuringVoyages283and284dataweretakenonlyfromthePortTrans-
ducer.TheuncorrectedresultsofthesevoyagesareplottedinFigures31and32.
InordertoutilizethesedatatheaveragesofFigures31and32arecorrectedfor
unfairnessandhorizontalbendingandaveragedwiththedataofFigures25and26.
ThesedataarepresentedasthePacificportionofFigures41and42.

4. WOLVERINESTATEWAVEDATA

A TuckerWaveMeterwasinstalledaboardWOLVERINESTATEinApril,1966
andconnectedsuchthatitselectricaloutputwasfedtoonechanneloftheslow-
speedmagnetictaperecorderinlieuofthepaperchartreadoutfurnishedwiththe
machine.Withtheexceptionoftwointerruptionsduetoelectricalfaultsinthe
Tucker,thisdevicehasbeenproducingdatasinceinstallation.Figures45rhrough
62,takenfromdatafromVoyages279,283and284areusedheretoillustratethe
natureofthesedata.

Figures45,51,and57areplotsofRMSStressvs.RMSWaveHeight.Fig-
ures46,52and58areplotsofMaximumPeak-to-TroughStressvs.MaximumPeak-to-
TroughwaveHeight.Eachtapepassandhence,eachsectionofthevoyagehasbeen
plottedwfthdifferentsymbols.Insomecasesgoodcorrelationisindicatedbya
fairlywelldefinedbandofincreasingstresswithincreasingwaveheightfora
particularlegofavoyage.Inothercasesthedataarescatteredandmuchpoorer
correlationisexhibited.Itshouldbeemphasizedherethatthereisno“observer”
effectinthispresentation.Bothstressandwaveheightareprimarytransducer-
generatedquantities.

Figures49,55and61aredot-plotsofEstimatedWaveHeight(fromthe
datalogbooks)vs.13eaufortSeaState.Figures48,54and60aredot-plotsofMax-
imumPeak-to-TroughWaveHeightvs.BeaufortSeaState.Figures47,53and59are
dot-plotsofRMSWaveHeightvs.BeaufortSeaState.Figures50,56and62replot
theaveragesfromthedot-plotsforeachofthethreevoyagesandincludestr’ess
plotsforcomparison.TheTucker’WaveMetertmtputsdonotfolloweithertheEsti-
matedWaveHeightsorthestresses.

5. OVERALLAVERAGES

Theoverallaverages,regardlessoftraderouteorseason,ofallthree
shipsareplottedinFigures43and44.

IV. SUMMARY

CALIFORNIABE&Rdatacollectionhasceasedafter13instrumentedvoyages.A
calibrationofthebendingtransducersindicatesa correctionfactorof1.08should
beappliedtothedata.ThedatalistedinFigures1 and2 arerawdataandshould
bemultipliedbythisfactortogetactualbendingstress.TheCALIFORNIABEARaver-
agesinFigures43and44havealreadybeencorrected.
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MORNACSCANdatacollectionhasceasedafter19instrumentedvoyages.A calibra-
tionofthebendingtransducersindicatesthatnocorrectionFactorisnecessary.
Figures33and34sumupthedatatakenfoxtheperiodofthisreportandcompareit
withthatreportedinSSC181.

WOLVERINESTATEdatacollectioncontinues.Furtherinvestigationofthecorrec-
tionsrequiredbecauseofsideshellunfairnesshaveincreasedconfidenceintheir
use.ThisinvestigationisreportedinAppendixC.

TheeffectofhorizontalbendingontheWOLVERINESTATEdatahasbeeninvesti-
gated.A reduc~ionof12%appltedtotheccirrectedaveragefroma singletransducer
willstatisticallyremovetheeffectofhorizontalbending.Electricalsummingof
theportandstarboardtransducerswilleliminatehorizontalbendingona point-to-
pointbasisiftheindividualchannelgainsareadjustedtocompensatefortheun-
fairnesscorrections.Figures41and42sumupalltheWOLVERINESTATEdatataken
fortheperiodofthisreport.Nocorrectionstothesedataarenecessary.

FromtheTuckerWaveMeterplots,whicharerepresentativeofallthewavedata
collected,verylittlecanbetirmlyconcluded.Althoughthemeterdoesnotagree
withtheestimatedwaveheights,theaccuracyoftheestimatesisprobablyverypoor
havingbeenmadebyseveraldifferentpersonswhosezbilltytojudgewaveheights
correctlyisunknown.Therelationshipbetweenmeasuredwaveheightandbending
stressisalsopoor,butsincethestressisdirectlyproportionaltobothwave
heightandwavelength,a largescatterwouldbeexpectedina samplecontaininga
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APPENDIXA-1

CalibrationoftheCALIFORNIABEAR
I. GENERAL

StressdatafromtheCALIFORNIABEARisreducedbasedona scalefactorde-
terminedbythecharacteristicsofthestressgagetransducers.Inorderto
confirmthatthesedatado,infact,correspondtothestressvariationsinthe
vessel,itisnecessarytoperformabasiccalibrationofthevesselbyapply-
ingknownloads,calculatingtheresultingbendingmomentstresses,andcomparing
thesecomputedvalueswithstressvariationsmeasuredbytheinstrumentation
systern.Sucha calibrationwasperformedontheCALIFORNIABEARinAugust,1968
atSanPedro,California.

InstrumentationaboardtheCALIFORNIABEARconsistedoftheoriginalslow-
speedtaperecorderandsignal-conditioningsystemfromtheWOLVERINESTATE,plus
newstressgagesandtransducerhousings.Installationofthisequipmentwas
madeinearlyJanuary,1966.Stressgagetransducerswereinstalledontheside
shellplates,portandstarboard,midwaybetweenframes102and103inHoldNo.4
attheSecondDecklevel.Thecenterlineofthehousingswas10inchesbelow
theoverhead.Thestressgageswereconnectedtogetherinonebridgecircuitto
measureaveragemidshipbendingmomentstress.Forfurtherdetailsonthisinstal-
lation,seeLessensandAssociates,Inc.,TechnicalReport894/i21~“Acquisi-
tionandInstallationofShipboardRecordingEquipment,”datedJanuary18,1966,
thefinalreportonContractNObs-92134.

II. PLANNING

OntherecommendationofPacificFarEastLine,Inc.,thenavalarchitecture
firmofThomasT.Lunde,Inc.,wasaskedtodeterminethemostpracticalprocedure
forinducingthegreatestpossiblebendingmomentintheCALIFORNIABEARduring
lightshipconditionbya loadingsequenceofbunkers,ballastingwithwater,and/
ortransferofwaterandfueloil.Inaddition,theywereaskedtocomputethe
bendingmomentssoachieved,andtoassistinliaisonbetweentheinvestigators,
theowner,andtheshipyard.

Theoriginalplan(toperformthecalibrationimmediatelysubsequenttoa
drydocking)wascancelledduetoshipyarddelaysandshipschedulecommitments.
Onthenextvisit,however,itappearedthatthecalibrationcouldbeperformed
whilethevesselwasinSanDiego.Accordingly,personnelfromTeledyneand
LundemetthereonAugust1,196S.

Consultationaboardthevesselrevealedthatbunkeringfacilitieswereinade-
quateatthecurrentlocationofthevessel,anditwasdecidedtopostponethe
calibrationuntilAugust3 inSanPedro.

AtameetingaboardtheshipinSanPedroa detailedpumpingplanwasestab-
lishedbyMr.R.McCardellofT.T.Lunde,Inc.,andMr.A.Cameron,ChiefEngineer
oftheCALIFORNIABEAR.Asa resultofthepostponement,however,thevesselwas
nolongerinthelightshipcondition,havingloaded2,642longtonsofcargo.
111.CALIBRATIONPROCEDURE

A changeinbendingmomentwasachievedbya sequenceofbunkeringandbal-
lastingwhichbeganat2100,August3,andendedat0700,August4,1968atthe
ConsolidatedMarine,Inc.,pierinSanPedro.Detailedmeasurementsof~ankage
conditions,draft,andfreeboardweremade,andtheamountofcargoonboardand
beingloadedduringthecalibrationwas.noted.Weatherconditionsweregood--
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mildtemperatureanda sl%ghtovercast.Thespectficgravityofthewateralong-
stdethevesselwas1.025.Thevesselwasmooredportsidetodock,withnegli-
giblelist.Computationsofbendingmomentstresswerebasedonthedatashown
inTablesI through111.

Measurementsofthechangesinbendingmomentstressweremadebynoting
datafromthreesourceslocatedprogressivelyalongtheinstrumentationsystem.
AsillustratedinFigure1,thesesourcesare:

a) thetransducersalone
b) theamplifieroutput,and
c) thereproducedanalogsignalfromthe

magnetictaperecording

Thescalefactorforconvertingstrainindicatorreadingsrostressisderivedin
Figure2. Scalefactorsforconvertingstressmeterreadingstostressarebased
onthesimulationof10,000psistressbyaddinga resistorinparallelacrossone
armofthetransducerbridgeon“CAL”command.Thechangeinamplifieroutputso
generatedhasbeensetto80divisionsonthestressmeter,thusgivinga scale
factorof125psiperd$vision.Toreducetheanalogoutputonthemagnetictape
tostress,changesinsignalhavebeenscaledagainstthissame10,000psi“CAL”
signal.RawandreducedmeasurementdataareshowninTableIV.

IV. STRESs comu~

StresscomputationsweremadebyThomasT.Lunde,Inc.basedonthe“In-
tegralFactorsMethod.”Thismethodisp-resentedina paperentitled“ASimpli-
fiedApproximateMethodtoCalculateShearForceandBendingMomentinStillWater
atanyPointoftheShip’sLength,”publishedbytheAmerYcanBureauofShipping
inApril,1965.Displacementsdeterminedfromdraftreadings(correctedforwater
density)wereusedtoentertablesoffactorsforformandbuoyancy.Thebend-
ingmomentsderive$bythisprocedureweredividedbythemidshipsectionmodulus
(top)of43,900in - ft.(providedbyBethlehemSteelCorporation).

v. RESULTSANDCONCLUSIONS

ResultsofthecalibrationareshowninTableV andplottedinFigure3.
InspectionofFigure3 showsthatthecalculationsagreeverywellwith

themeasureddata.Ifthetape-recordedresult(Initial-to-Final)of3,540psi
istakenasthecorrectvalue,theothertwomeasuredvaluesarewithin6 percent,
andthecomputedvalueis9 percenthigh.

MeasurementsofplatingunfairnessontheSSCALIFORNIABEARindicatethat
themeasuredaveragestressisprobably8%belowtheactualheartofplatestress.
Thisbringsthetaperecordedandcalculatedstressvaluestowithin1%ofeach
other.

Onthebasisoftheunfiarnessmeasurementsandthevesselcalibration,the
investigatorsrecommendthattherecordedstressdatafromtheSSCALIFORNIA
BEARbemultipliedbya factorof1.08.
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TableA-1.InitialCondition

RawDataandComputedStress,2100August3,1968

DING

ITEM

Lightship
Stores&Provisions
Pass.CrewEffects
DryCargo
ForePeak
Aft.Peak
#4DeepTankP/S
#5DeepTankP/S
Dist.Tank
#1D.B.Tank
#1-A
#5 cL&s
#7 P/s
#1D.Tank
#IA
#2.#3 l?/SSettler$
#7 P/s
#8 P/s

TONS

7,682
24
15

2,642
107.8
90.4
110.0
21.0
20.5
48.3
77.2
37.9
163.3
127.9
238.0
217a3
274.5
70.4

TOTAL 11,967

B. DMFTS

L.C.G.(FEET)

+242.9
-246.8
- 36.0
- 52.0
-t4.3
+220.1
+19501
- 17.9
-152.4
-!=219.7
+194.9
- 7.8
-170.8
-194.0

- 13.83

FwD 14’- 0 1/2” AFT 22’- 5“
F/AAVG 18’- 2 3/4” ~ 18’-3 1/4”

Displacementfromcurvescorrectedfortrim
anddensity:11,985L.T.

co BENDINGMOMENT.atFrame102-1/2= 151,140foot-tons

[OMENT(FOOT-TONS:

-135,203
644
225

- 40,870
+ 26,185
- 22,3$1
- 3,960
- 1,092
+ 88
+ 10,631
+ 15,062

678
- 24,887
-I-28,100
+ 46,386

1,688
- 46,843
- 13,658

-165,607

D. BENDINGMOMENTSTRESS= 151,140X 2240
43,900 = 7,712 psi

—. —
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l-ableA-II.IntermediateLondition
RawDataandComputedStress,2400August3,1968

ADING

ITEM

Lightship
Stores& Provisions
Pass.CrewEffects
DryCargo
!!4DeepTankP/S
#5DeepTankP/S
Dist.Tank
##lD.B.Tank
#lA
#3 P/S& CL
#4 P/s& CL
#5 s&cL
#6 P/S& CL
{/7 P/s
#1DeepTank
#1.A
#2& 3 P/SSettlerf
#6 P/s
#7 P/s
#8 P/s

TONS

7,682
24
15

2,660.0
105.4
19.4
19.0
45.3
73.4
94.3
211.1
165.0
326.2
165.9
28.2
113.6
211.9
0.5

247.6
50.0

TOTAL I 12,258

B. DRAFTS

L.C.G.(FEET)

- 17.6

- 36.0
- 52,0
1-4.3
+220.1
+195.1
+ 97.5
1-37.6
- 19.9
- 91.1
-152.4
+219.7
+194.9
- 7.8
-141.2
-170.7
-194.0

- 18.41

FWD 12’- 5“ AFT24’- 3“
F/AAVG 18’- 4“ ~ 18’-4 3/8”

Displacementfromcurvescorrectedfortrim
anddensity:12,070L.T.

c. BENDINGMOMENTatFrame102-1/2= 110,122foot-tons

fo~NT(FOOT-TONS]

-135,203
644
225

- 42,569
- 3,974
- 1,009
+ 82
+ 9,970
+ 14,320
+ 9,195
+ 7,933
- 3,278
- 29,725
- 25,283
+ 6,196
+ 22,141
- 1,649

71
- 42,265
- 9,700

- 225,758

D. BENDINGMO~NTSTRESS= lIQ.,122X 2240
43,903 = 5,620psi

— .- -—
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TableA-III.FinalCondit-inn
RawDataandComputedStress,0700Auqust4,1968

)ING

ITEM I TONS

Lightship
Stores& Provision
Pass.CrewEffects
DryCargo
{/4DeepTankP/S
#5DeepTankP/S
Dist.Tank
#IAD.BTank
#3 P/S& CL
ii4

H

P/s&’CL
#5 P/S& CL
#6 P/s& CL
ii7 P/s
#2SettlersPfS
#3SettlersPIS
#6DeepTankP/S

7,682.0
24.0
15.0

2,689.0
123.5
108.4
16.5
4.7

250.4
403.5
486.0
372.0
9.3

11706
91.4
393.6

TOTALI 12,787

L.C.G.(FEET)

-17.6

- 36.0
- 32.0
-1-4.3
+195.1
+ 95.7
-1-37.1
- 24.0
- 91.6
-152.4
- 0.8
- 17.0
-141.2

- 20.01

ViOMENT(FOOT-TONS)

-135,203
644
225

- 45,306
- 4,453
- 5,637
+ 71
+ 917
+ 23,951
-t14,961
- 11,642
- 34,069
- 1,417

94
- 1,554
- 55,576

-255,920

B. DRAFTS

FwD 11’- 11’l/2° AFT 26’- 2 1/2”
F/AAVG 19’- 1“ a 19’- 3 3/1611

Displacementfromcurvescorrectedfortrim
anddensity:12,730L.T.

c. BENDINGMOMENTatFrame102-1/2. 75,564foot-tons

D. BENDINGMOMENTSTRESS= 75,564X 2240
43,900 = 3,856pSi



RawDataand

RawData

StrainTndicator
StressMeterUnits
MagneticTapeReadout
(Oscillographpaper
divisionsfrom
nearesE zero)

RawDataReferred
toInitialCondition

StrainIndicator
StressMeterUnits
MagneticTapeReadout

StressDataReferred
toInitialCondition

(PSI)
StrainIndicator(x20.3)
StressMeterUnits(x125)
MagneticTapeReadout(~
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TableA-IV

MeasuredStress
AllConditions

Initial

o(-)1102
+6
+1.6

o
0
0

AllConditions

Conditions
Intermediate{

0(-)1189
-11
-4.3

-87
-17
-5.9

-1,766
-2,125
-2,110

Final

0(-)1273
-24
-8.3

-171
-30
-9.9

-3,47(
-3,75(
-3,541

CAL
uplitude
=10,000
psi

80
27.9

TableA-V

ComparisonofMeasuredandComputedStressVariationsBetweenConditions

A. Measured

StrainIndicator

StressMeter

TapeRecorder

B. Computed

Initial
to

Intermediate

-1,766

-2,125

-2,110

(-)2,092

Intermediate
to

Final

-1,704

-1,625

-1,430

(-)1,764

Initial
to

Final

-3,470

-3,750

-3,540

(-)3,856

.—
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CalibrationData

Fig.A-3.GraphofMeasuredand
ComputedStressVariations

Fig.A-2.DerivationofStresslStrain

whereu = bendingstress,psi

E
r

= realstrain,inches/inch

E = Young’smodulus,30x106psi

‘:- strainindicatedonstrainindicator,incheslinch

‘i= strainindicatedonstrainindicator,microinches/Cnch

GFi= GageFactorsetonstrainindicator

GFrb= EffectiveGageFactorforstress
oftwo-elementbendingstressgages

N = numberofactfvearmsinbridge

IndicatorReading

—.
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APPENDIXA2

CalibrationoftheMORMACSCAN

1. GENERAL

StressdatafromtheMORMACSCANisreducedbasedona scalefactordeter-
minedbythecharacteristicsofthestressgagetransducers.Inordertocon-
firmthatthesedatado,infact,correspondtothestressvariationsinthe
vessel,itisnecessarytoperforma basiccalibrationofthevesselbyapply-
ingknownloads,calculatingtheresultingbendingmomentstresses,andcomparing
thesecomputedvalueswithstressvariationsmeasuredbytheinstrumentation
system.Sucha calibrationwasperformedontheMORMACSC~inOctober,1968,
atMontreal,Canada,andDuluth,Minnesota.

InstrumentationaboardtheMORMACSCANconsistedoftheoriginalslow-speed
taperecorderandsignal-conditioningsystem,plusstressgagesandtransducer
housings.InstallationofthisequtpmentwasmadeinApril,1964.Stress
gagetransducerswereinstalledonthesideshellplates,portandstarboard,
midwaybetweenFrames88and89inHoldNo.4 atthe~’upper‘tweendecklevel.”
Thecenterlineof thehousingswas16inchesbelowtheoverheaddeckplate.
Thestressgageswereconnectedtogetherinonebridgecircuittomeasureaverage
midshipbendingmomentstress.

11. PLANNING

WebbInstitutewasaskedtodeterminethemostpracticalprocedureforin-
ducingthegreatestpossiblebendingmomentintheMORMACSCANbya loadingse-
quenceofbunkers,ballastwaterand/orboth.Theywereaskedtocomputethe
bendingmomentsachievedwiththerecommendedsequenceandtoassistinliaison
betweentheinvestigatorsandtheowner.

Theoriginalplan,toperformthecalibrationbeforeoraftertheannual
drydocking,wascancelledbecauseofproblemswhichwouldbecreatedbypumping
dirtyballastintotanksusedattimesforvegetableoilcargo.

ThevesselwasboardedatMontreal,Canada,onOctober4,1968for,thecali-
bration;but,afterdiscussingthecalibrationprocedurewiththecrew,thede-
cisionwasmadetotrya calibrationdurfngthetimethevesselwasunderwayfrom
MontrealtoDuluth.Thedecisiontotrythisapproachwasduetothelongtime
involvedindischargingballastandreballastingfortheSeaway(approximately32
hours)andthereluctanceoftheCaptaintodelaytheshipforthatperiodof
time.

Therewereobviousdifficultiesinattemptinga calibrationonthisbasis,
nottheleastofwhichwerethelargethermalstressexcursionsanticipated.
Itwasthereforedecidedtorecordstressandshipoperatingdataeveryfour
hours(orless,ifaneventofinterestwasoccurring)aroundtheclockforthe
fivedaysofthejourney,inthehopethatweatherconditionscouldbematched
fairlywellfortheextremeloadconditions.

111.CALIBRATIONPROCFWRF,

A changeinbendingmomentwasachievedbydischargingfreshwaterballast
usedtotrimshipfortheSeawayandbybunkeringchange.Detailedmeasurements
oftankageconditions,draft,andtheamountofcargoandfuelwerenored.AS
mentionedabove,stressdatawererecordedatleasteveryfourhoursduringthe

.—
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voyage.Attheterminationof thevoyage,measuredstresseswerereducedand
calculationsmadeforfourconditionswhenextremesinbendingmomentwere
achievedand(withoneexception)theenvironmentalconditionswereroughly
similar.

Measurementsofthechangesinbendingmomentstressweremadebynoting
datafromthreesourceslocatedprogressivelyalongtheinstrumentationsystem.
AsillustratedinFigure1,thesesourcesare:

a) thetransducersalone
b) theamplifieroutput,and
c) thereproducedanalogsignalfromthemagnetictape

Thescalefactorforconvertingstrainindicatorreadingstostressisderived
inFigure2. Scalefactorsforconverting.stressmeterreadingstostressare
basedonthesimulationof10,000psistressbyaddinga resistorinparallel
acrossonearmofthetransducerbridgeon“CAL”command.Thechangeinampli-
fieroutputsogeneratedhasbeensetto80dlvis<onsonthestressmeter,thus
givinga scalefactorof125psiperdivision.Toreducetheanalogoutputon
themagnetictapetostress,changesinsignalhavebeenscaledagainstthis
same10,000psi“CAL”signal.RawandreducedmeasurementdataareshowninTable
..

IV. STRESSCOMPUTATI~

StresscomputationsweremadebyLogikonCorporationonthebasisofthe
datainTablesI through111andareshowninTablesIVthroughIX.

v. RESULTSANDCONCLUSIONS

ResultsofthecalibrationareshowninTableXIandplottedinFigure3.
InspectionofFigure3 showsthatthecalculationsagreesurprisinglywellwfth
themeasureddatawhenweatherconditionsandtimeofdaywhenmeasurementswere
madearesimilar.Thisisreassuringinviewoftherelativelysmalltotalstress
changeachieved,andthepowerfuleffectthermalchangeswouldhaveonthereading.

ProbablytheenvironmentalconditionsatI and111aremostsimilar,=d in
thiscasethestresschangefromthetaperecordisonly0.8%differentfromthe
calculatedchange;whereas,atIVthedifferencebetweenthetwoisnearer15%.
Thestressmeterandstrainindicatordatacorrelatewellwiththecalculated
valueatbothConditions1~1andIV. Theaccuracyofthecalculationwasstated
tobe3%andthetapedataarenobetterthan80psi,or5%at1600psi.Thermal
effectswouldbeontheorderof50to100psiperdegreeofgrosstemperature
differencefromonepartofthevesseltoanother.

MeasurementsofunfairnessinthesheerstrakeplatingoftheMORMACSCAN
indicateprobablevaluesofunfairnessatthegagesoflessthan0.010inch
inthe.875-inchthickplate.Thiswouldsuggesta correctionofabout3.5%in
themeasureddatatogiveheartofplatestress.Sincethisiswellwithinthe
toleranceofthemeasuredandcalculateddata,andsimcethedeviationsof
measureddatafromcalculatedarenotconsistentindirection,thereisnobasis
forusfnga factoronthemeasureddatatocorrectfttotrueheart-ofplate
bendingmomentstress.

——
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TableA2-I.TankagePerSounding(Tons)

TANKDESIGNATION

FOREPEAK

AFTPEAK

NO.IF CENDEEP

NO.1A CENDEEP

NO.4FP PORTDEEP

NO.4FS STARDEEP

NO.4AP PORTDEEP

NO.4AS ST~ DEEP

FRESHWATER

NO.I D.B:PORT

NO.1 D.73.STAR

NO.2 D.13.PORT

NO.2 D.B.CENT

NO.2 D.B.STAll

NO.3 D.B.PORT

NO.3 D.B,CENT

NO.3 D.B.STAR

NO.4 D.B.PORT

NO.4 D.B.CENT

NO.4 D.B.STAR
No.5 D.B.PORT

No.5 D.B.CENT

No.5 D.BiSTAR

No.7 D.BmCENT

No.5 DEEPPORT

SETT.TANKPORT

SETT.TANKSTAR

CONTENT

F.w.

F.W.

J?.w.

F.W.

F.w.

F.w.

F.W.

F.W.

F.w.

F.O.

F.O.

F.O.

F.o.

F.O.

F.O.

I?.o.

F.O.

F.o.

F.O.

F.O.
I?.’o.

F.oi

l?.o.

F.O.

F.O.

F.O.

l?.p.

I
40.1

63.8

226.3

500.6

325.0

292.0

206.0

181.5

115.9

1.5

2.3

32.5

166.0

1.5

150.8

185.2

154.1

108.3

22.6

51.2
8.3

73.9

9.8

106.2

41.5

34.8

72.3

CONDITION
11

VET
63.8

226.3

500.6

325.0

292.0

206.0

181.5

115.9

1.5

2.3

32.5

51.0

1.5

150.8

185.2

154.1

108.3

22.6

51.2
8.3

73.9

9.8

106.2

41.5

54.8

72.3

111
40.1

63.8

226.3

115.9

1.5

144.7

185.2

154.1

105.6

39.2
8.3

73.9

9.8

106.2

41.5

49.0

47.0

40.1

63.8

226.3

115.9

34.7

144.7

185.2

154.1

105.6

39.2
113.8

73.9

113.8

106.2

41.5

49.0

47.0

—
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TableA2-11
Dunnage& StoresonBoardDuringCalibration(tons)

LOCATION WT

FORE 44.6

NO.1 HATCH 4.5

NO.2 HATCH 16.0

NO.3 HATCH 8.0

NO.4 HATCH 9.0

NO.5 HATCH 5.3

AFT 17.8

AMIDSHIPS 118.0

TOTAL 223.2

DraftReadings& CorrespondingDisplacements

CONDITION FWD AFT MIDMEAN

I 1.5’-04” 191-02” 17’-03!’

11 15’-00”19~-Qo” 171-(313!I

111 12’-09”16J~03° ~41-061!

IV 13~-oo”16’-06” 14’-09”

DisplacementFromAboveDrafts(tons)

CONDITION EVEN’KEEL TRIM(FT)TRIMC@RR. DISPLACEMENT
.

I 9040 3.83 12 9052

11 8900 4&oo 12 8912

111 7450 3.50 5 7455

Iv 7580 3.50 5 7585

.
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TableA2-IV
LoadingInformation- ConditionI (10/4/6812Midnight?

MOMENT

LIGHTSHIP
DUNNAGE& STORES
PAss.CREW& EFFECTS
FOREPEAK
AFTPEAK
lFGEDEEPP&S
1ACEDEEPP&S
4FCEDEEPP&S
4ACEDEEPP&S
NO.1 D.B.P&S
NO.2D.B.P,C&S
No.3 D.B.P,C&S
NO.4 D.B.P,C&S
NO.5 D.B.P,C&S
NO.6 D.B.P,C&S
NO.7 D.B.
NO.5 D.T.l?&~
SETT.TANKl&S
FRESHWATER

5882.0
224.6
15.0
43.4
63.7
226.3
500.6
617.0
385.1
3.8

200.0
490.1
182.1
92.0

106.2
41.5
127.5
115.9

9313.4

L.C.G.(FEET)
8.o

i-29.1

+ 209.6
- 204.7
+ 184.5
+ 155.9
- 73.6
- 111.7
+ 164.3
+ 103.7
+ 38.0
- 25.0
- 72.9

- 152.0
- 145.7
- 43.7

5.5

1.221

TableA2-V
LoadingInformation- ConditionII (10/7

LIGHTSHIP
DUNNAGE& STORES
PASS.CREW&EFFECTS
FOREPEAK
AFTPEAK
lFCEDEEPP&S
1ACEDEEPP&S
4FCEDEEPE’&S
4ACEDEEPP&S
NO.1D.B.P&S
NO,2 D.B.P,C&S
NO.3“D.B.P,C&S
NO.4 D;B.l?,C&S
NO.5 D.B.P,C&S
NO.6 D.B.P,C&S
NO.7DPB. C
NO.5 D.’r.P&S
SETT.TANKF&S“
FRESHWATER

WE.

5882.0
224.6

15.0
43.4
63.7

226.3
500.6
617.0
385.1

3.8
85.0

490.1
182.1
92.0

106.2
41.5

127.1
115.9

9198.4

L.C.G.(FEET)

- $.0
+ 29.1

+209.6
-204.7
-I-184.5
+155.9
- 73.6
-111.7
+164.3
+103.7
-t38.0
- 25.0
- 72.9

-152.0
-145.7
- 43.7
- 5.5

2.75

(FOOT-TONS)
- 47056
+ 6536

+ 8468
- 13039
+ 41752
+ 78044
- 45411
- 43016
+ 626
+ 20740
+ 18624
- 4553
- 6707

- 16142
- 6046
- 5554

637

- 11371

i8 13:00)
MOMENT

(FOOT-TONs)

-47056
+ 6536

+ 8468
-13039
+41a752
+7804h
-45411
-43016
-1- 626
+, 8814
+18624
- 4553
- 6707

-16142
- 6046
- 555h
- 637

-25297

— —
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TableA2-VI
LoadingInformation- ConditionIII(10/9/680017)

LIGHTSHIP
DUNNAGE& STORES
PASS.CREW& EFFECTS
FOREPEAK
AFTPEAK
~FCEDEEPP&S
1ACEDEEPP&S
4FCEDEEPP&S
4ACEDEEPP&S
NO.1 D.B.P&S
NO.2 D.B.P,C&S
NO.3 D.B.P,C&S
No.4D.B.P,C&S
NO.5 D.B.P,C&S
NO.6 D.B.P,C&S
NO.7 1).B.C
NO.5 D.T.P&S
SETT.TANKP&S
FRESHWATER

Wt L.C.G.(FEET.)

5882.0
224.6

15,0
43.4
63.7’

226.3

,-

1.5
484,0
144.8
92.0

106.2
41.5
96.0

115.9

- 8.o
+ 29.1

+209 .6
-204.7
+184.5
+155.9
- 73.6
-111.7
+164.3
+103.7
-I- 38.0
- 25.0
- 72.9

-152.0
-145.7
- 43.7
- 5.5

7533.9
I

2.98

MoMENT
(FOOT-TONS)

-47056
+ 6536

+ 8468
-13039
+41752

+ 156
+18392
- 3620
- 6707

-16142
- 6046
- 4195
- 637

b

TableA2-VII
LoadingInformation- ConditionIV (10/9/681430)

LIGHTSHIP
DUNNAGE& STORES
PASS,CREW& EFFECTS
FOREPEAJI
AFTPEAK
lFCEDEEPP&S
1ACEDEEPP&S
4FCEDEEPP&S
4ACEDEEPl?&S
NO.1 D.B.P&S
NO.2D.B.P,C&S
NO.3 D.B.P,C&S
NO.4 D.B.P,C&S
NO.5 D.B.P,C&S
NO.6 D.B.P,C&S
NO.7 D.B. C
NO.5 D.T,P&S
SETT.TANKP&S
FRESHWATER

WT
5882.0

224.6
15.0
43.4
63.7

226.3

34.7
484.0
14L.8
301.5

106.2
41.5
96.0

115.9

7776.6

L.C.G.(FEET)
- 8.0
I- 29.1

+209.6
-204.7
+184 .5
+155.9
- 73.6
-111.7
+164.3
+103.7
+ 38.0
- 25.0
- 72.9

-152.0
-145.7
- 43.7
- 5.5

4.34

-22138

CMENT(FOOT-TONS).
-47056
+ 6536

+ 8468
-13039
+41752

+ 3598
-!-18392
- 3620
-21979

-16142
- 6046
- 4195
- 637

-33786

—. -
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TableA2-VIII
StressVariationsCalculations

CONDITIONI + II

w/2 s–.
- 57.5 103.7

CONDITIOh

-250.3
-308.5
-192.55
- 1.9
- 41.75
- 3.0
- 18.6
- 15.5

. . - . . .L1 ~ 111

155.9
73.6

111.7
164,3
103.7

38.0
25.0
43.7

K
.299

.326

.381

.404

.329

.299

.267
,351
.363

(KL/2] I (X-KL/2) &s(B.M.)
I

A45(KPSI)
68.5 35.2 - 2024 .149

74.6
87.2
92.5
75.5
68.5
61.2
80.4
83.1

81.3
-13.6
19.2
88.8
35.2
-23.2
-55.4
-39.4

-20349
+ 4196
- 3697
- 169
- 1470
+ 70
-1-1030
+ 611

1.454
1.4.54
1.454
1.454
1.454
1.454
1.454
1.454

1
CONDITIONIII+IV

+ 11,6 103.7 .249 68.5 35.2 + 408 .100
I-113.8 72.9 .282 64.6 8.3 -1-945 .10CI

(B.M.)= W/2(X- KL/2) ~= distanceofWttomidships

dKPSI= (B.M.)X 2.240 L T shiplength
IIY

K = formfactor
Negative~(B.M.)indicatedecreaseinhoggingmoment

+W = changeinweightVe ADDEDVe” REMOVED

TableA2-IX
StressVariationsForConditionsIThroughIV

4

CONDITION STRESSCHANGE(KPSI)

I+11 .149

I~111 1.603

I-IV 1.503

11+111 1.454

II~IV 1.354

III~IV .10Q

— —
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TableA2-X
RawDataandMeasuredStressAllConditions

10/4/68 10/7/68 10/9/68 10/9/6[
DATE 2400 1300 0017 1430
TIME DenseO’CastWEATHER Broken Rain Rain
CONDITION I II 111 Iv

L. RawData

StrainIndicator(microinches)O(-)525 o(-)510 o(-)450 o(-)455
StressMeterUnits -2 +3 +10 +11
StressMeterCal.= 10,000PSI 80 80 80 80
MagneticTapeReadout -.25 +1.75 +5.0 +5.5
MagneticTapeCal.= 10,000PSI 32.25 32.0 3215 32.5
(Oscillographpaperdivisions
fromnearestzero& Ref.)

). RawDataReferredtoInitial
Condition

StrainIndicator(microinches)o +15 -1-75 +70
SCressMeterUnits o I-5 +12 -I-13
MagneticTapeReadout(divisions)O +2 +5.25 +5.75

,. StressDataReferredto
initialcondi~;on(PSI)

StrainIndicator(x20.3) o +305 +1523 +1421
StrainMeterUnits(x125) o +625 -!-1500+1625
MagneticTapeReadout o +625 +1616 +1770

TableA2-X1
ComparisonofMeasuredandComputedStressVariationsBetweenConditions

CONDITIONS I to11 I tO111 I toIv

A. Measured

StrainIndicator +305 +1523 +1421

StressMeter +625 +1500 +1625

TapeRecorder +625 +1616 +1770

B. Computed 149 1603 1503
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StrainIndicator(1) StressMeter(2)

I I TN F71

‘ransducer-l1-1m.bStbd
——

Signal
v%MagneticTape

Recorder

Amplifier
BOX Conditioning

ABOARDSSMORMACSCAIJ

— — — ——
INTELEDYNEMATERIALSRESEARCHDATA

REDUCTIONLABORATORY

MagneticTape
Playback 1

Oscillograph(3)

Fig.A2-1.InstrumentationSystemShowingThreeSourcesofCalibrationData

O=EE ]whereo= bendingstress,psir
, GFi ~ ~ = young’smodulus,SOX106p5~

E ._
‘i IX? “ N vr rb E.- strainmiicateflon strain1

[1iGF. ,‘i = strainindicatedonstrain
LE~.~—

i GF~b“N micrOinches/inch

,GFi- GageFactorsetonstrain
I 2.00 4. 6

D=E— i 1.4802 39 x 10
!GFrb= ZffectiveGageFactorforstressof two-demerit

bendingstressgages
cf=~ .20.3psii“

Fig.A2-2.Dwivaliofiof

%ndicator,inches/inch

indicator,

indicator

— — — —
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I II 111

-i, ‘-7A StrainIndicator~
——— —❑ TapeRecorder

{ Measured
—--cl StressMeter ~
—. Computed

Fig.A2-3.GraphofMeasuredandComputedStressVariations

I. 10/4/682400- Temp43 DenseOvercast- UnderwaySeaway-

II. 10/7/681300- Temp57 Broken

III.lo/~/680017- Temp52 Rain-

IV. 10/9/681439-Temp53 Rain-

- UnderwayLake

DockedDuluth

DockedDuluth

Huron- FullSpeed

.



APPENDIXB

A GuidetoTabulatedData

A two-letteralphabeticcodeisassignedeachpassofvaliddata.These
codelettersarelistedinTables1,11,and111ofthisAppendix.SampIe
computerprintoutsfromthe30thvoyageofCALIFORNIABEARandthe30thvoy-
ageofMORMACSCANareshownasAppendixB,FiguresI andII. Anexplanation
oftheabbreviationsusedintheheadingsofthesesheetsarelistedinAp-
pendixB,TableIV.

Copiesofanyoftheothercomputerprintoutsmaybeobtainedthroughthe
Secretary,ShipStructureCommitteeorbycontactingtheinvestigator.

— —
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TableB-1
S,S, CaZifom<aBem IndextoTabulatedData

APPENDIXB

Identification

GA
GE
GC
GD
GF
GG
GH
GI
GJ
GK
CL
GM
GN
GO
GP
GQ
GR
GS
cc
GU
GV
cm
GX
GY
GZ
IA
IB
IC
ID
IE
IF
IG

IH
11

IJ

IK

IL

IM

IN

IO

1P

IQ

IR

IS

—

TABLEI

s.s.CALIFOFNTABEAR
INDEXTOTABULATEDDATA

25CB1 3AVG
4AVG
7AVG
8AVG

26CB1 3AVG
4AVG
7AVG
8AVG
11AVG

27CB1 3AVG
4AVG

28CB,l 3AVG
29CB1 3AVG

4AVG
7AVG

30CB1 3AVG
4AVG
7AVG

31CB1 3AVG
“4VG

32CB1 1.4AVG
12AVG
11AVG
3AVG
4AVG
7AVG

33CEI

34CB1

35CBl

7AVG
8AVG
3AVG
4AVG
7AVG

8AVG
14AVG
3AT

4.AVG

7AVG

8AVG

11AVG

12AVG

14AVG

36cB1 3AVG

4AVG

NumberOf Intervals

25

14
29

I

48

13
9
12
17
70
39
22
44
12
59
3s
59
57
57
41
42
16
9
12
18
18
66
39

6
59
10

16

26

13

9

20

69

55

62

54
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TableB-II
S.S.Momaescan IndextoTabulatedData

—

IdentificationShfpCode TapeChannels NumberofIntervals

FA 27MMS1 1AVG 43
FB 28ml 1AVG 67
FC 3AVG 54
Fl)* 29MMSI 1AVG 37
FE* 3AVG 15
FF* 5 AVG 20
FG* 30ml 1AVG 53
~* 3AVG 23
F~* 5 AVG 12
j7J* 31MMsl 1AVG 30
~* 3AVG 20
~* 5 AVG 21—
m 32!4!4S1 1AVG 69
FN 3AVG 51
FO 33MMsl 3 AVG 65
FP 34MMsl 3 AVG 71
FQ 4AVG 60
FR 35 MMsl 3 AVG 28
FS 36Wl 3AVG 66
FT 37MMsl 3 AVG 74
FU 4 AVG 44
FV 38MMsl 3 AVG 77
Fw 4AVG 59

—

*EuropeaVoyages;AllotherstoSouthAmerica

— — —
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TableB-III
S.S.Wolverine State

TableB-III.(cont.)

APPEWJIXB

TABLE111

SSWOLVERINESTATE

Identification ShipCode TapeChannels Numberof InCervals

EA 245WI 1Starboard 25
EA 245wl 2Port 27
EL 245wI 1+2P+s 25

EB 247Wl 1Starboard 44
EB 247WI 2Port 44
EB 247W1 1+2P+s 4.4
EC 247Wl 4Starboard 43
EC 247wl 5Port 43
Ec 247Fll4+5I%s 43

ED 249W1 1Starboard 50
ED 249W1 2Port 50
ED 249W1 1+2P+s 50

El 259w2 11Port 40
EE 259W2 12Starboard 40

Em 259W2 11+12P+s 40
EF 259W3 11Port 8
EF 259W3 12Starboard 8

EF 259W3 11+12P+s 8

EG 261W1 11Port 35

EG 261W1 12 Starboard 35
EG 261w1 11+12P+s 35

EH 261W2 11Port 34

EN 261W2 12 Starboard 34

EH 261W2 11+12P+s 34

APPENOIXB

TABLEIII(Continued)

Identificat ion ShipCode TapeChannels Numberof Intervals

EI 263W1 11Port 74

EI 263W1 12 Starboard 74

EI 263W1 11+12P+s 74

EJ 263W2 11Port 31

EJ 263W2 12 Starboard 31

EJ 263W2 11+12P+s 31

EK 263W3 11Port 13

F,K 263w3 12Starboard 13

EK 263W3 11+’12P+s 13

EL 265W2 11Port 29

EL 265W2 12 Starboard 29

EL 265W2 11+12P+s 29

EN 267W1 11NewStarboard 52
EN 267W1 12Starboard 52

EQ 271w1 11Port 58

ES 271W2 11Port 30

EU 273W1 11Port 65

EW 273v2 11Port 38

ET 277WI 11NewStarboard 74

EZ 277WI 12 Starboard 47

HA 277W2 11NewStarboard 30

KB* 27%41 11Port 55
HC* 279Wl 12 Starboard 55
HB* 279WI 11+12P+s 55
~* 279W2 11Port 53
HE* 279W2 12 Starboard 53
HD* 279W2 11+12P+s 53
W* 279W4 12 Starboard 42

m
V-I



TableB-III.(cont.)
S.S.Wolver<neState

TableB-III,(cont.)
S,S.WO_LveTineState

Identification ShipCode TapeChannels Numberof Intervals

HG* 280W1 11Port 68
sfH* 280W1 12 Starboard 68
HG* 280w1 11+12P+s 68
HI* 280W2 11Port 53
HJ* 2SOW2 12 Starboard 53
~~* 280W2 11+12P+s 53
~~* 280w3 11Port 15
HL* 280W3 12 Starboard 15
KK* 280w3 11+12P+s 15
~* 280w4 12 Stzrboard 24

HN* 281w1 11 SparePort 64
Ho* 281w1 12NewStarboard 64
W* 281W1 11+12F+s 64
~p* 281W3 11 SparePort 48
HQ* 281w3 12NewStarboard 48
Hp* 281W3 11+12P+s 48
HR* 281W4 11 SparePort 54
Hs* 281W4 12NewStarboard 54
HR* 281W4 11+12P+s 54
HT& 281W5 11 SparePort, 14
HLW 281W5 12NewStarboard 14
HT* 281W5 11+12P+s 14

HV 282wl 11Port 46
nw 282W1 12Temp.Port 46
RX 282112 11Port 48
HY 282w2 12Temp.Port 48
HZ* 283W1 11Port 64
TA* 283iJl12Temp.Port 64
TB* 283W2 11Port 65

IdentIfication ShipCode TapeChannels Numberof Intervals

TC* 283W2 12Temp.Port 65
~~* 283W3 11Port 65
TE* 283w3 12Temp.Port 65
TF* 283w4 11Port 64
TG* 283W4 12Temp.Port 64

TH* 284wl 11Port 73
T$* 2841il 12Temp.Port 73
TJ* 284W2 11Port 76
TK+ 284w2 12Temp.Port 76
TL* 285W1 11 Starboard 74
TM* 285W1 12 Port 74
TL* 285W1 11+12P+s 74
TN* 285h’2 11 Starboard 70
To* 285W2 12Port 70
TN* 285w2 11+12P+s 70
TP* 285w3 12 Port 64
TQ* 285W4 12Port 50
TR* 286W1 11Starboard 65
TS* 286W1 12Port 65
TR* 286wl 11+12P+s 65
TT* 286w2 11Starboard 70
W* 286w2 12Port 70
TT* 2+6V72 11+12P+s 70
Tv* 286w3 11Starboard 48
Tw* 286w3 12Port 48
Tv* 286w3 11+12P+s 48

*Pacific Voyages,all others NorthAtlantic.

o-l
al
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TableB-IV
DefinitionsforAbbreviationsforTablesinAppendixB

ComputerPrint-Out
Symbol

IR

IN

LATIT

LONGT

cow

Ss

WISP

WID

BSS

WVD

WVH

WVP

WVL

HED

IH

NS

K

m

E

SRTE

Meaning

Intervalofdataononechannelof
themagnetictape

Indexnumber,fromlogbook

Latitude

LongTtude

Course

ShipSpeed

WindSpeed

WindDirection

BeaufortSeaState

WaveDirection

WaveHeight

Wave Period

Wave Length

Heading(WVD-COU)

Outputofprobabilityanalyzer
proportionaltogreatestpeak-
to-troughvaluein datasample

Totalnumberofpeak-to-trough
andtrough-to-peakstressvaria-
tions(halfcycles)=Zni

Outputofprobabilityanalyzer
representativeofmeansquare2valueofdatasample= Inili

Maximumpeak-to-troughstress=
max kpiix .
Meansquarestress,kpsi2

RMSstress= ~, kpsi.

——



TELEDYNEMATERIALS.RESEARCH
.—-.. ..—-— . ..-.-.

MORMACSCANvOYAGE30NMS1-3 Fli.—

.—. —.-– ND* OF RECOROJtiTERvAL5- 23 .

.-.

NOTE +* A -0, AN2 A 999,9 lNDICATENO LOG OATA,
..—— .-— -k 999 ANO A q9,99 lNO1CATENo STRESSDATA, .-

—. .—
lR- lN LATI{ LONGT Cou Ss WISP WID 65s WVD Wvti !4VP WVL tiED III NS K ~)J. E SRTE

--––-–----4---–--4--–4 7-.-5N -31.5W---265,O 19.0 5*O 270.0 2.0 999,9 0.0
2 2 47’*5N 3198$4

0.0 0,0-999+9102 463
265,0

~0---4746,91,912g6? -
1900 5,0270,0 2*O999.9 O*O 0,0 0,0999,9 65

-–----–-3----3--47s4M- 32.i’#---265.0-19.0 --5,0110,0 2,0999.9 0,0
.427 33 5*4O 4*94 2,22

0,0
4

080999,9
4 47*2N 34.8W 250.0

63--464-––38--5,23-5..24-2,26
1900 35,024590 6*O245e0 4,0 440 6*O -5.0117 434 tT29,7212.09 3,47K K *??! ah., ? >&c *n . ,,

66
+++–s-+2% %-H& —3?%--+--9Teie7-*-* 5&-2<tifl—

46,2M 35*3W 212*O 5,0 30,0215.0 8*C21O*O 6.0 5.0
7-

10*O -2*O104 322 60 8,64 15,903,99
7 -46,0!..35.5ti214*O 5*C 45.0200.0 10.0200,0 20,0 1090 60,0-14.0137 319

8 8 ‘45*9N 36,2W 260,0 1000
1,2211.3824,67 4.94

2040220.0 5.0220,0 5*O 10+0 10,0
---9--11

-40,0101 350 b3 a*3911,52 3*39
A5.6N--3fl.2\,l260.0 IQ*C 30*C270*0 7.0270,0 ,6*C 6*O

10
10,0

12 45m?N 3993W
10,0113

260.C 13+5
367 7B 9.3913,60 3.6E

15,C280,C 6*O270,0 6s0 8*O IO*O
N—

10,0102 408 84
1-445-.1N 4fkYw—~Q~

8*4713e17 3,62
~-we-+—~

12 15 4489N
~w—30-c+9B—**e*Tti-+h~fl—*—

41*4M 255,C 19.0 25.0160.0 6w0lEQ*O 5,0 1000 1590-75.0
----13 -16-.44t5N---46h6h255,0 18.0

58 425 30 4*B2 4,51 2*12
35*O280wrl 8.0270.0 1.2,01080 -15*O i5,0 73 420--43

14 18 44*2N
6,-48-6,55

{,1+,~,,~255.0 14*C 40+0280,0
2,55

8*O292,5 1290 10.0
15-

15.0 37.”5129 439
19-44*OM 4600VI- -255,015.0 35.0.280.0

14210,7220.70 4854
-- 7*O270,0
16 20

Smo--lcOo-1240-15,0-100’--4-24---95
43*8N 46*B’d 250.5 14*5 35*O250.5

B}31-1444’3
7.0270,0 690 10+0 12,0 2000

3,85--
96”430 74

——---1–7-4—l-4~4-Lv4a 2?5.5
7,9e11,01 3.31,c,.~-c

lR ?2
Q-.3l3%+-7~r9-+fi

43,?.U 4R.2W
~w–—5h%~’r~+F3+ltw.–--3y~ *-——

260,0 13*O 45,029060 900292.5
19

6*O 10*O 1200 32,5106 467
23-42,9k?-49.5X-265.3 1280

80 649111,45 3*33
35s0290*9 5*O292,5 6*O--10.0 12,0-27~5108-381--94- 0~9i’15s-{9

20 ?6 42*5N 50,5% ?65.0
3,97

12*O35.0 29CIOC 8*O292*5 6.0 10*O
-.-–21

12*O
79-42.~N -51*OW--265.0

27.510b
12,0

374 74 8*b412cb6 3,55
30.0290.0 -8.0292.5 -5*O.10*O

72 q~ 42,9’{
12,0 .27,5124 34b-

51*wJ 300*C 8*C
S9 10,3016,-134.01

45*C290,0 990292,5 10,0 1040 15*O -7,5149
——?~w.db~:+h~ 31(?.2

292 .1G512.30,24.23 4~8?,..’-3Qc+-29~ 2 I-663+* -*+-I 2+-–3V?-——WA.g*3i-*5-*+4—5-.++——

Fig.B-1
SampleComputerReadoutSheet-Mormaescan



CAL1fOQiIABEAR vOYAGE30CRI-3 Go
-——.. ...---—— ...--— —— _—— ———. —-—-—-—————.

NO, OF QCCOkD INTERvALS E ’317
— —— —— .=. ..— -— —.—— —— ———. .—.

NOTE ** A -0. AhD A Q99.9 INDICATENO LOG DATAB
-—-----A 999 ANDA 99-99 INDICATENO5TFtE55DATA,

—
Iti ~N LATIT LONGT Cou Ss wIsP wIO HSS WVD !4VH WVP !4VL HEO JH tis K XM E SRTE

-—---l---—-@-——–— _.-–..-_—99q,9 -–0,+-- 0,0 0*0-- 0,0 -I*O 0,0 0.0 --0,0 -999,9 4 0- 0 ‘0,16--DoO0 0,00
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APPENDIXC

WOLVERINESTATEGages

Priortothisreportitwasnoticedinthedatathattheportgage
consistentlyreadhigherthanthestarboardgage.TheappendixtoSSC181
(refe$$nce~)theorizesthatthisanomalyiscausedbyanunfairnessintheships
sideshellplatingatthegagelocationwhichinduceslocalizedstressesand
whtchcanbeexpressedmathematically:

o indicated= o actual(1- 3z)where& istheunfairnessand
F t istheplatethickness

Inordertoconftrmthisexperimentally,unfairnessmeasurementswere
takenandstressgageswereinstalledoneframeaftofthepermanentlyinstalled
gages.Ata drydockinginFebruary1967simultaneousreadingsweretakenfrom
boththepermenentandthetemporarygageswhiletheshipexperiencedlarge
changesofverticalbendingstress.Theresultsaresummarizedbelow.

I. UNFAIRNESSMEASUREMENTS

OldFort

OldStarboard

New Port

NewTemporaryPort*

NewStarboard

I Correction[w
Unfairness & 1 3E-— -)

t t t

1

0.050” .165 .835 1.20

0.100” .330 .670 1.49

0.025” .083 Q~7 1.09

0.025” .083 .917 1.09

0.003” .010 ,990 1.01.

*ThenewtemporaryPortgagewasaddedlaterafterthenewPortgagewasdetermined
tobedefective.

11. STRAINMEASUREMENTS- DRYDOCKFEBRUARY1967

.- ChanEe#1 Change#2 Change#3

OldPor 129u in./in. 154 194

OldStarboard102 “ 126 153

NewPort 97 “ 118 147

NewStarboard150 “ 184 222
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III. cALCULATIONS

ThechangesmeasuredinSection11(above)bythefourstraingagesare
thenorganizedintosixdifferentratiosandanaveragevaluetaken.Ifthe
average%smultipliedbythecorrespondingcorrectionfactorsinSectionI
(above)theresultshouldbeunity.

Average Correction
Ratto Chan~e1 Chan~e2 Change3 x z Product

llati~ Factor

OP 129 = 1.33~ =1.31 #= 1.32 1.32
1.2P

F ~ 5 1.51

129 194 1.20 1.02
OP = 0.86~ = 0.84m“ 0“87 0.86 —
= x

1.01

OP 129 ~ -1.22 @ = 1.27 1.25 —
1.20 1.01

G — = 1.26102 126 1.49

NP 97 = 0.95g 147—= 0,96 1.09
G Z2 = “94 153 0.95 —1.49 0.91

NP ~ = 0.65 ~ 147
E 150

—= 0.66= 0“64 222 0.65 1.09 0.70
m

0s 102 = 0.68 ~ = o.69 ~= 0.69 1.49
m- m

0.69 —1.01 1.G2

OLDPORT

r=r-o’

OLDSTARBOARD

m
4 0
w
d“

0.70NEWPORTK

13yusingLatinsquare
theotherthreegages

snalysisabove
agreewithone

theNPgage
another.

isdeterminedtobefaultywhile

—..—
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IV. CURVECORRECTIONFACTORS

lnordertosparethereaderanyuncertaintyastowhichcorrectionshave
beenmadetowhichcurvesthefollowinglistsallWOLVERINESTATEdatapublished
togetherwiththecorrectionswhichhavebeenmadeandthosewhichshouldbemade.

A. SSC164

Figure

Figure

Figure

Figure

Figure

Figure

Figure

B. SSC181

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

c. THISREPORT

Figures
Figures
Figures

2

3

5

6

7

8

13

1

3

4

5

6

8

9

10

12

uncorrected,multiplyby1.35togetactualRMS
Stress
uncorrected,multiplyWOLVERINESTATEpointsby
1.35togetactualRIMStress.Combinedpoints
willalsohavetoberecomputed.
uncorrected,multiplyby1.35togetactualmaxi-
mumPeak-to-Peak(Peak-to-Trough)Stress
uncorrected,multiplyWOLVERINESTATEpointsby1.35
togetactualmaximumPeak-to-Peak(PeaktoTrough)
Stress.Combinedpointswillalsohavetobere
computed.
uncorrected,multiplyby1.35togetactualRMS
Stress
uncorrected,multiplyby1.35togetactualmaxi-
mumPeak-to-Peak(Peak-to-Trough)Stress
uncorrected~multiplyWOLVERINESTATEpointsby
1.35togetactualRMSStress.Combinedpointswill
alsohaveto

uncorrected,
Stress
uncorrected,
Stress
uncorrected,
Stress
uncorrected,
Stress
uncorrected,

berecomputed.

multiplyby1.35togetactualHMS

multiplyby1.49togetactualRMS

multiplyby1.20togetactualRMS

multiplyby1.35togetactualRMS

multiplyby1.35togetactualmaxi-
mum Peak-to-Peak(Peak-to-Trough)Stress
uncorrected,multiplyWOLVERINESTATE pointsby1.35
togetactualRMSStress
uncorrected?multiplyportdataby1.20,starboard
databy1.49,electricalaverageby1.35toget
actualRMSStress.
uncorrected,multiplyWOLVERINESTATEdataby
1.35togetactualmaximumPeak-to-Peak(Peak-to-
TroughStress
uncorrected,multiplyby1.35togetactualRMS
Stress

1 & 2 - multiplyby1.08togetactualstresses
3-8- nocorrectionsneeded
9 & 10- uncorrected,multiplyby1.20togetactualPort

TransducerStress
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Figures11- 12- uncorrected,multiplyby1.49toget
TransducerStress

Figures13- 14- uncorrected,multiplyby1.01toget
boardTransducerStress

Figures15L 16- nocorrectionsneeded
Figures17& 18- uncorrected,multiplyby1.20toget

TransducerStress
Figures19& 20- uncorrected,multiplyby1.49toget

boardTransducerStress
Figures21& 22- uncorrected,multiplyby1.20toget

TransducerStress
Figures23& 24- uncorrected,multiplyby1.01toget

boardTransducerStress
Figures25& 26- nocorrectionsneeded
Figures27& 28- uncorrected,multiplyby1.20toget

TransducerStress
Figures29- 32- uncorrected,multiplyby1.49toget

boardTransducerStress
Figures33- 62- nocorrectionsneeded

actualStarboard

actualnewStar-

actualPort

actualStar-

actualPort

actualNewStar-

actualPort

actualStar-
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