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This report b one of a group of Ship Structure Committee Reports

which describes the SL-7 Instrumentation Program. This program, a
jointly funded undertaking of Sea-Land Service, Inc. , the American
Bureau of Shipping and the Ship Structure Committee, represents an

excellent example of cooperation between private industry, regulatory
authority and government. The goal of the program is to advance
understanding of the performance of ships ‘ hull structures and the
effectiveness of the analytical and experimental methods used in their
design. While the experiments and analyses of the program are keyed
to the SL-7 Containership and a considerable body of the data developed
relates specifically to that ship , the conclusions of the program will
be completely general, and thus applicable to any surface ship structure.

The program includes measurement of hull stresses, accelerations
and environmental and operating data on the S.S . SEA-LAND MCLEi%V,
development and installation of a microwave radar wavemeter for measuring
the seaway encountered by the vessel, a wave tank model study and a
theoretical hydrodynamic analysis which relate to the wave induced loads,
a structural model study and a finite element structural analysis which
relate to the structural response, and installation of long term stress
recorders on each of the eight vessels of the class.

Results of each of the program elements are being made available

through the National Technical Information Service, each identified by
an SL-7 number and an AD-number. A list of all SL-7 reports available
to date is included on the back cover of this report.

This report discusses the results of the finite element structural
analysis program. Comparisons are made to the measured full-scale
strain-gauge data at sea and while undergoing dockside calibration
messuremen ts. This is part of the effort to develop correlations of the
results of the several program elements.

czi4Lj&
Henry . Bell

Rear Admiral. U. S. Coast Guard
Chairman , Ship “Structure Committee
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1s. +Jbdr+ ~ comparisonofstressescalculatedusingtheABS/DAISY

systemwiththosemeasuredonboard.theSL–~Containershipis
undertakentoverifytheanalyticalproceduresusedinas-
sessingthestrengthofshipsina seaway.Thecomparisons
andeva.luatiionsareperformedforfourdifkerentandPro-
gressivelymoreseveretechnicalconditions:docksidecali-
bration,RMEIstressesinheadseas,instantaneousstresses
inheadsezsandinstantaneousstressesinobliqueseas.

Theoverallcomparisonbetweencalculatedandmeasured
Stresse~forthedocksidecalibrationisgoodwherethermal
effectsweresmallbutinconclusiveelsewhere.Thecom-
parisonOfIU!Sstressesinheadseasisgenerallysatisfac-
tory,usingboththespectrumanalysisapproachandthe
@quivalenkregularwaveapp~oachr ~n~ ~he ~omparison ofin.
~tant”aneousstressesinheadseasandinobliqueseasis
alsogaod.forthewaveconditionsconsidered.

Theresultsshowthattheexfskinganalyticaltoolsfar
predictingwaveloadsandstructu~alresponsesaresuitable
toassesstheoverallstrengthofthehull-girder.All
themeasuredandcalculatedhull–girderstressesareoflow
magnitude,andnomodifLcakionstothepresenthull-girder
strengthstandardaredeemednecessary.
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INTRODUCTION

ThisreportsummarizestheworkperformedbytheRe–
searchandDevelopmentDepartmentoftheAmericanBureauof
ShippingunderU.S.CoastGuardContractNo.DOT-CG-63176-A.
ThisprojectisjointlysponsoredbytheShipStructureCom-
mitteeandtheAmericanBureauofShipping,andispartof
thecomprehensiveSL-7ContainershipResearchProgramofship
loads,modeltesting,structuralanalysis,responseanalysis,
full-scalemeasurementsanddatacorrelation.

Thelong-rangeobjectiveoftheSL-7ResearchProgram
istoadvancetheunderstandingoftheresponsesofhull
structuresatseaandtoverifythecurrentdesigncriteria.
Emphasisisfocusedonthecorrelationofexperimental(full-
scaleandmodel)dataandtheoreticalpredictionsatdifferent
phasesoftheprogram.Theoverallresearchplan,historical
backgroundandtheinterfaceofvariousphasesoftheprogram
werepresentedanddiscussedinReference[1]*.TheSL-7
ResearchProgramwassponsoredbytheShipStructureCommittee,
theAmericanBureauofShippingandSea-LandServices,Inc.
Themajorphaseswhichhavebeencompleted,eitherdirectly
undertheSL-7programorassociatedwithit,canbesummar-
izedasfollows:

1. Full-scaleInstrumentation

Toinvestigatethestructuralresponsesofa high-speed
open-deckcontainershipatsea,anextensivefull-scale
instrumentationsystemwasinstalledonboardtheSL-7class
containershipS.S.SEA-LANDMcLEANtomeasurewaveheights,
shipmotions,accelerationsandwave-inducedstressesinmany
criticalareas.Thedetailedinformationforthissystemis
giveninReference[2].Inaddition,amicro-waveradarwas
developedandinstalledtomeasurewaveelevations.A finite
elementanalysisoftheentireship[3],usingtheABS/DAISY
systemofcomputerprograms[4],anda steelstructuralmodel
test[5]werecarriedoutattheplanningandinstallation
stageoftheinstrumentationprogram.Theresultsofthese
tworesearchprojectswereutilizedtoidentifycritical
regionsforstrain-gagelocations.

Aftertheinstrumentationinstallationwascompleted,
a docksidecalibrationwascarriedoutbyTeledyneMaterials
ResearchCompanyandreportedinReference[61.Subsequently,
a largeamountofstressdatahasbeenacquiredforthree

*NumbersinbracketsdesignateReferenceslistedattheend
ofthereport.
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consecutivewinterseasons,betweenSeptember1972andMarch
1975.SomesampleresultsarepresentedinReference[7].
Thewave-meterdatawasanalyzedbyDalzell[8].

2. CorrelationofCalculatedStructuralResponsesandSteel‘
ModelExperimentalData

Althoughthefiniteelementmethodutilizedinpredicting
structuralresponsestoquasi-staticloadshasbeenwelltested
andverifiedwithfull-scaleandmodelexperimentalresultsin
recentyears,itisstilldesirabletovalidatetheanalysis
procedureandmodelingtechniquesindealingwitha special
structure,suchasanopen-deckcontainership.Accordingly,
theAmericanBureauofShippinghasperformeda structural
analysisoftheSL-7SteelModel,usingtheABS/DAISYsystem”.
The”calculatedresultstogetherwitha comparisonwithexperi-
mentaldatawerepresentedbyElbatouti,JanandStiansen[9].
Thepredictedhull-girdexresponsestobothbendingandtor-
sionalloadsweregenerallyfoundtobe”ingoodagreementwith
themeasureddata.Consequently,theABS/DAISYsystemandthe
curren”tmodelingpracticeemployedatABSareconsideredsatis-
factoryindealingwithcontainerships.

3. CorrelationofShip-MotionCalculationsandModelExperiments

AnothersignificantphaseoftheSL-7programwastoverify
thewave-loadprediction.UnderthesponsorshipoftheShip
StructureCommittee,a ship-motioncomputerprogram,SCORES,
wasdevelopedin1972basedonthetwo-dimensionalstriptheory
[10]● Itwasgenerallyunderstoodthatthestriptheorywas
validforfull-formvessels,butitsapplicationtofine-form
shipswasquestionable.

Toassessshipmotionsandwaveloads,anSL-7modelwas
testedinobliqueseasin1974[11].Thefirstcomparisonof
themodeltestdatawiththeSCO.RESresults[12]showedsigni-
ficantdiscrepanciesbetweentheRAOS(Response&nplitude
Qperators]ofshipmotionsandwaveload=.Subsequently,Oceanics
Incorporatedintroduceda speedcorrectionfactorintheexisting
SCORESprogramandobtainedgoodagreementoftheRAObetween
themodelexperimentaldataandthetheoreticalpredictions[13].

BasedontheresultsoftheabovethreephasesoftheSL-7
researchprogram,itcanbeseenthatthefiniteelementtechni-
ques-andwave-loadpredictionshavebeengenerallyvalidated.”
Thefinalphaseintheverificationoftheanalyticalprocedure
inassessingshipstrengthisa correlationofdynamicstresses
ofshipsatsea.

2
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TheobjectiveofthisphaseoftheSL-7programisto
comparethestressescalculatedusingtheABS/DAISYsystem
tothosemeasuredontheSL-7,incorrespondingseaand
docksideconditions,andtoevaluatetheresultsthrougheach
offourdifferentandprogressivelymoreseveretechnical
conditions.Accordingly,theworkwasdividedintothe
followingfourtasks:

TASKI - ComparisonoftheresultsoftheDAISYstress
-is withtheresultsofthefull-scaledockside
calibration.

TASKII- Comparisonofthestressspectracalculated
from-theDAISYanalysisresultswiththeselectedfull-
scaleat-seastressspectra.

TASKIII- ComparisonoftheDAISYstressanalysisresults,
‘asured accelerationanda specific~selectedwave
profileestimatedfromthewaveradardatainheadseas,
withtheinstantaneousmeasuredstressestakensimultan-
eouslywhilethewaveprofilewasdeveloped.

TASKIV- InvestigationofTASKIIIforobliquesea
cond~tions.
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ANALYSISPROCEDURE

Theprocedureutilizedintheperformanceofthisstudy
reliesheavilyontheABS/DAISYsystemofcomputerprograms.
A briefdescriptionofthesystemandtheinterfaceofthe
associatedelementprogramsarepresentedinAppendixA.
Theanalysiscomprisesthefollowingfoursteps:

1. SelectionofRecordIntervalsandAcquisitionof,the
waveandFull-ScaleStressData

Tocomparethemeasuredstressdatawiththeoretical
predictionsfo~a shipatsea,itisessentialtohavereli-
ableinformationabouttheactualwaveenvironment.TWO
wave-measuringmeterswereinstalledon-boardtheSEA-LAND
McLEAN,a Tuckerwavemeterandamicro-waveradar.A cor-
relationandverificationstudy[8]ofthewave-meterdata
showsthattheTuckermeterdataisinerrorforthehigh
shipspeedsofinterest,andtheradarwavedataappearsto
bemorerealistic.Sincetherewasnomeaningfulstress
datarecordedwiththeshipina “hove-to”conditionorat
“nearzero”speed,theTuckerwavemeterdatacouldnotbe
directlyutilizedforthisstudy.Consequently,thewave
environmentwassolelydeterminedbasedonrecordedsignals
ofthewaveradar,aspresentedbyDalzell[8]. However,
itShouldbenotedthattheradarwavedatahasnotyet
beenfullyverified.Anypossibleerrorsincurredinthe
wave-measuringsystemorinthedatareductionprocedure
wouldbeessentiallycarriedthroughtheanalysisandmight
causestressdeviationsinthecalculation.

Theselectionofrecordintervalswasbasedonthe
availabilityofthemeasuredstressdata,therelativewave
angleandtherelativedirectionsofthewaveandtheswell.

Regardingthefull-scalestressdata,theRMSvalues,
stressspectraandstress-timehistoriesofthemidship
averagebendingsensor(LVB)arepresentedinReference[8]
foralltheselectedrecordintervalsatsea.Forother
straingages,therequiredstressdatawasreducedbyTele-
dyne.

ForTaskI (docksidecalibration),allthetestcondi-
tionsweretakenintoconsideration.Thedetailedinformation
‘aboutloadingconditions,gagelocationsandthemeasured
dataarepresentedinReference[6].
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2. ApproximationoftheWaveEnvironmentandPrediction
ofWaveLoads

Foreachselectedrecordinterval,thewaveenviron-”
mentwasapproximatedeitherbyanequivalentregularwave
orawave-spectrumapproachldependinguponthemethods
utilizedforeachindividualtask.Detailsarediscussed
underTasksIIandIII.

Oncethewaveenvironmentwasdetermined,theABS\
SHIPMOTIONandABS/DYNPREcomputerprogramswereusedto
predictshipmotions,waveloadsandhydrodynamicpressures
forinputtothefiniteelementstructuralmodel.TheABS/
SHIPMOTIONprogramisa revisedversionofSCORES.ABS/
DYNPREwhichisanextendedsubroutineoftheSHIPMOTION
programcalculatesthehydrodynamic.pressuredistribution
onthewetsurfaceofa ship’shull.

Asmentionedintheintroduction,therevisedversion
ofSCORES,modifiedwitha speedcorrectionfactor,has
beenvalidatedwitha modeltest.Thismodifiedversion
isnotavailabletothepublic.Inthepresentstudy,the
ABSversionoftheSCORESprogram(designatedABS/SHIPMOTION)
wasutilizedforwave-loadpredictions.A speedcorrection
factorsimilarto’thatintroducedbyOceanicshasbeenin-
corporatedintotheABSversion.A samplecomparisonofthe
RAOwiththemodeltestdataisshowninFiguresA-2andA-3
ofAppendixA,whichshowsthatthecomparisonoftheRAO
fortheverticalbendingmomentsatmidshipisverygood.
However,thecalculatedRAOforthelateralbendingmoment
atmidshiparegenerallylessthanthosereducedfrommodel
experiments.

3. GenerationofFiniteElementStructuralModelsand
CalculationofStructuralResponses

Incalculatingthehull-girderresponses?theentireship
wasfirstrepresentedbya three-dimensionalcoarse-mesh
finiteelementmodel.Subsequently,fine-meshthree-dimen-
sionalmodelswereutilizedtodeterminethestressdistributidfi
atselectedstrain-gagelocations.TheABS/DAISYcomputer
programwasusedforthisstepoftheanalysis.Thestruc-
turalmodelsand,theboundaryconditionsusedintheanalysis
arediscussedinthefollowingsection.



4. Analysisof CalculatedResultsandComparisonwith
MeasuredData

Afterthecompletionofthefine-meshDAISYrunsfor
eachtask,a selectiveoutputcontainingstrainsandstresses
fortheselectedstraingagelocationswasprintedout.
Theanalysisofthecalculatedresultsvariestaskbytask.
Thedetailedanalysismethodsandthecomparisonwiththe
measureddataarediscussedseparatelyundereachindividual
task.
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FINITEELEMENTSTRUCTU~LMODELS

TheSL-7isan880’-6”x 105’-6”x 68’-6”twin-screw
containershipwitha displacementof50,315longtonsat
34’-0”draft.A generalarrangementisshowninFigure1.

ThestructuralanalysisfortheSL-7Containershipwas
performedusingtheAES/DAISYsystemoffiniteelementcom-
puterprograms(seeAppendixA)foronecoarse-meshmodel
comprisingtheentireshipandsixfine-meshmodelsrepre-
sentingdetailedstructuresofselectedstraingageregions.

FRAME

HATCHNO.

FIGURX1 - SL-7GENERALARwNGEMENT(FROMR23FERENCE[31)

Three-dimensional”Coarse–MeshModel

Thecoarse–meshmodelconsistsof2602nodalpointsand
9866degreesoffreedom.Themajorstructuralmembersare
representedbyrods,beams,membraneplatesandbendingplates~



witha totalof7122elements.Themodelcomprisedonlythe
portsideofthevesselbecauseofstructuralsymmetryabout
thecenterlineplane.A three-dimensionalisometricplotof
thismodelisshowninFigure2. Computerplotsofthedecks,
bottom,sideshellandthecenterlineprofileareshownin
Figure3. Typicaltransversebulkheadsandwebframesinthe
modelareshowninFigure4. Forasymmetricloadings,the
loadsaredividedintosymmetricandanti-symmetricloading
conditionalasshowninFigure5,withappropriateboundary
restraintsatthecenterlineplane,asshowninFigure6.
Inordertopreventrigidbodymovementsduetothepossible
unbalancedforcesonthemodel,certainadditionalboundary
restraintsmustbeimposedonthemodel,asshowninFigure6.
LOADER,oneofthe“DAISY”preprocessorprograms,automati-
callyredistributestheunbalancedforcesinthemodel,
thereforeminimizingtheeffectoftheselocalboundary
restraintsontheaccuracyoftheresults.

Three-dimensionalFine-MeshModels

Sixfine-meshmodelsinthevicinityofselectedsensor
locations,asshowninFigure7, areutilizedtodetermine
stressdistributionsandtofacilitatecomparisonsbetweenthe
calculatedresultsandthoseobtainedfrommeasurements.
ComputerplotsforthesesixmodelsareshowninFigures8
through13,togetherwithsensorlocationsanddesignationsas
specifiedinReference[6]. Detailedinformationaboutallthe
sensorsinstalledonboardtheS.S.SEA-LANDMcLEANisgivenin
AppendixB. Eachfine-meshmodelconsistsofrods,beamsand
bendingplates,andhasthecharacteristicsdescribedinTable1.
Displacementsobtainedfromthecoarse-meshanalysisareused
asboundaryconditionsintheanalysisofthefine-meshmodels.
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TABLE1 CHARACTERISTICSOFFINEMESHFINITEELEMENTMODELS

Model
Designation

FM1

FM2

FM3

FM4

FM5

I?M6

—— —
Model

Location
.-—

FR.I.82-190
(abovestr.no.1)

FR.190-198

FR.182-190
(belowstx.no.1)

FR.218-238

FR.140-150

I’R.282-298

—-.
Numberof
Nodes

314

432

391

318

326

393

Number c3f
Elements

602

802

536

680

522

541

NumberofDegree:
ofFreed&m

1507

2030

1565

1764

1350

1405..—
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TASKI - DOCKSIDECALIBRATION

1. LoadingConditions

Thefollowingsixcalibrationloadingconditionshave
beenanalyzed:

Condition1

Docksideinitialloadingcondition,withallcargohold
anddeckcontainers,exceptholdsbeneathHatches3~10and14.

Condition3

DeckcontainersremovedfromHatches1 through4 and
12through15.

Condition4

RemainingdeckcontainersonHatches5 through11removed.

Condition5

Approximatelyone-halfofcontainersremovedfromstarboard
sideofHatches1 through7andfromtheportsideofHatches8
through15,generatinga torsionalmoment.Hatchcoversplaced
asymmetricallytocontributetothetorsionalmoment.

Condition6

CompletionofunloadingdescribedinCondition5. This
representsthemaximumtorsionalload.

Condition7

Nominallyemptyshipexceptforonepropeller(47long
tons)loadedintoHatch3 andonepropellerinHatch4,all
hatchcoverson.

Loadingconditions1,3,4 and7 are symmetricaboutthe
centerlineplane;loadingconditions5 and6 areasymmetric
andincludetorsionalloadings.

Note:Thedesignatedloadingcasesareidenticalwiththose
usedinReference[6]. Loadingcondition2wasnot
usedduringthecalibrationtest.
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The“SHIPMOM”programwasusedtocalculatestaticbending
momentsandtogeneratehydrostaticpressuresfortheDAISY
model.TheseSHIPMOMresultswerecomparedwiththeresultsof
a PreviouslessrefinedSHIpMOMcomputerrunwithfewerstations,
describedinReference[6].Thecomparisonindicatedverylittle
differencebetweenthetworuns.

2. ComparisonofCalculatedStressesandMeasuredData-
LongitudinalStresses

Thecomparisonofstressesmeasuredbystraingagesand
thosecalculatedatcorrespondinggagelocationsispresentedin
Tables2 and3. InTable2 thecomparisonwasmadebysubtrac-.
tingloadingcondition1 fromeachloadingcondition,taking
loadingcondition1 asa datumloading.Similarly,Table3
takesloadingcondition4 asthedatumloading.

A preliminaryinvestigationoftheexperimentaland
analyticalstressresultsindicatessomeinstancesofagreement,
andsomeinstancesofdisagreement.Thecorrelationoffull-
scalemeasurementsandcomputedresultscanonlybeestablished
aftercarefullyverifyingthedataandtheenvironmentalcondi-
tions.

Theexperimentaldataformidshipsensors1 (LVB),15(LSTS)
and18(LSTP),whereLVBmeasurestheaveragelongitudinalverti-
calbendingstressofportandstarboard,LSTPandLSTSmeasure
thelongitudinalstressattop,portandstarboardrespectively,
showsomediscrepancies.

Sensornumber1 shouldaveragethevaluesofthelongitu-
dinalstresscomponentsoftheLSTSandLSTPsensors.However,
differencesinthecomparativestressvaluesappearwiththe
changeinthereferenceofdatumloadingcondition,orthe
so-calledzero-stressreferencecase.Table4 illustrates
thesedifferenceswhenreferringloadingcondition7 to
loadingconditions1,3 or4.

Loadingcondition1 representsnochangeinmechanical
loadingoftheshipfromtheinitialcalibrationcondition(zero
readingforthestraingages)thattookplacewhentheshipwas
navigatingthroughtheMaasriver,butthemeasuredstresses
rangebetween-2677and1654psi(Reference[6]). ..

Loadingcondition7 ispredominantlya symmetricloading
case,butthemeasuredstressesfromthesymmetricallylocated,
sensors15and18indicateasymmetricresponse,especiallyin
loadingcondition7-4.



TABLE2 COMPARISONOFCALCULATEDANDMEASUFUZDSTRESSES(PSI)
USINGLOADINGCONDITION1ASDATUMLOA131NG

\

Loading
Cond.

Sensor

{
?Ml15(LSTS)

118(LSTP)r94(TGMSI)I95(TGMS2)
96(TGMS3)197(TGMs4)‘M2
98(TGMs1x)

\99(TGMS2X)

“11OO(TG?4S3X)
lfll(TGNS4X)

{

17(LSBS)
*pl,3

20(I,SBP)

r73(R11A)
\

76(R12A)
~M4

79(R13A)

l_82(R14A)
PO(ARIA)

\

33(AR2A)
‘M5

36(AR3A)

~3(RIA)

I46(R2A)
M6

1

49(R3A)
52(R4A)

(3-1)
Calc.

-1058
-1058
-1058
75
142
119

-107

237

43

170

-123

531

531

-85

-133

-525

-454

-719

-719

-1362

-1212

851

85’

A

98

111,

!?eas.

-1148

-1756

-1369

467

993

228

396

1322

1225

376

-1882

1785

589

-115

142

-10!36

-1864

-593

152

-1084
-1964

-937

-725

-513

-163

(4-1)

:alc.

104

104

104

437

-112

471

-9

125

13.5

109

246

16

16

102

78

341

301

-277

-277

.471

.459

170

170
20Z

230

~eas.

-133
-1486
-88
2451
386
-684
1016
68(I
-429
-365
248
1648
453
-343
-77
76

-1032
-209
1592

1882
-982
-334
-1562
-1825
-382

(5-1)

2alc.
890
791
988
-940
-1399
1569
1803
-1191
88

1189
621
-236
-453
59
402
1872
1061
1033
-975
-1425
171
-568
1150
835
-57

Mess.
574

-495

782

409

-3033

-342

4230

-1421

-621

-822

1037
962

272

-115

687

2653

-307

1217

-592

-513

1363

-1870

390

0

-1145

(6-1)

:alc.

1352

1103

1600

-1622

-1988

2191

2795

.1833

148

1803

863

-267

-8o2

-lo

515

2420

1300

1476

.1297

,1884

266
.1136

1974

1386

-246

teas.

883

-180

1286

-583

-2041

114

5245

-1888

-1532

-365

1150

1099

589

399

687

3257

-195

1491

1125

1939

1145

2418

948

343

1254

,.

(7-1)

:alc.

2746
2746
2746
435
71
561
753
-291
601
-24
984
1146
1146
486
671
2865
2391
507

507
1003

892

710

710

814~

902

Mess.

2119
2252
1789
2568
-1600
-1483
1974
38

-404
-993
lo~g

183
226
798
796
3141
864
-758
-334
912
600

-1102
335
199
-436
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TAME3 COMPARISONOl?CALCULATEDANDMEASUREDSTRESSES(PSI)
USINGLOADINGCONDITION4ASDATUMLOADING “ -

[

(~VB)

~Ml 15(LSTS)

18(LSTP)

[

94(!CGMS1)

95(TGMs2)

1

96(TGMS3)
97(TGMS4)

I?M2
98(TGMslx)

99(TGMS2X)

loo(TGMs3x)

101(TGMs4x)

{

17(LSBS)
FM3

20(LSBP)

[

73(RllA)

76(R12A)
?M4

79(R13A)
82(R14A)

[

30(ARIA)

33(AR2A)
?M5

36(AR3A)
39(AR4A)

,{

43(RIA)

46(R2A)
FM6

49(R3A)

52(R4A)

(5-4)

Calc.
786
687
885

-1377
-1287
1098
1812
+1316
-27
1079
375
-251
-469
-43
324
1531
760
1310
-698
-953
623
-738
980
633
-270

Meas.

707

-991

870

-2042

-3419

342

3214

-2101

-192

-457

78s

-687

-181

228

764

2577

-1339

1426

-2184

-2395

2345

-1536

1952

1825

-763

(6-4)

Calc.
1249

1000

1497

-2059

-1876

1720

2803

–1958

33

1694

617

-283

-818

-112

437

2079

999

1753

-1020

-1412

718

-1306

1803

1184

-462

Mess.

1016
1306
1374
-3034
-2427
798
4229
-2568
-1103

0
902
-549
136
742
764
3181
837
1700
-2717
-3821
2127
-2084
2510
2168
-872

(7-4)

Calc.
2643
2643
2643
-3
183
89
761
-416
486
-133
738

-1162
-1162
384
593
2524
2089
784
784
1475
1350
540
540
612
672

Meas.
2252
3738
1877
117

-1986
-799
958
-642
-55
-628
846

-1465
-227
1141
873
3071
1896
-549
-1926
-970
1582
-768
1898
2024
-54
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Itcanbeseenthatthedegreeofagreementbetweenthe
measuredandcalculatedresultsvariessignificantlyfrom
Table2 toTable3. Thisindicatessomeinconsistencies’of
themeasureddatabetweendifferentloadingconditions,probably
duetochangesinambienttemperatures.

AccordingtoTableIVofReference[6],a temperature
differenceof15°F betweenportandstarboardsideswasrecor-
dedduringthecalibrationtest.A temperaturedifferenceof
21°F betweenthedeckandseawaterwasalsorecotded.With
thesemagnitudesoftemperaturegradient,thethermalstress
couldbeashighas1500psi.However,duetothelackof
sufficientinformationaboutthetemperaturedistribution
duringthecalibrationtest,itisimpossibletoincorporate
thermalstressesintotheanalysis.

Toevaluatetheeffectsofthesetemperaturechanges,
longitudinalstressesmeasuredat17selectedsensorsare
showninFigures14through16. Thesensorsaredescribedin
Table5.

Figure14showsthelongitudinalstressesforcalibration
loadingconditions3 through7,utilizingloadingcondition1
asthedatumloading.Thedeviationsofthemeasuredstresses
fromthecalculatedvaluesaregenerallywithin“abandwidthof
+ 1,500psi.Basedonthetemperaturedifferentialrecorded
~uringthecalibrationtest,showninTable6,themaximum
thermalstressmaybeashighas1,500psi.Withthisthermal
stressmargininmind,theoverallcomparisonofthemeasured
andcomputedstressesshowninFigure14isreasonablygood.

Inanattempttominimizethepossiblethermal“effects,
changesinstressesbetweentwoloadingconditionswiththe
leasttemperaturedifferentialwerealsoexamined.Theresults
ofloadingcase4-3,whichrepresentspureverticalbending,
areshowninFigure15, Witha fewexceptions,thestress
deviationsfallwithina bandwidthof+ 400psi.Thismagni-
tudeofdeviationisregardedasaccep~able,consideringthe
sensibilityandreliabilityofstrain-gagereadings.The
resultsofloadingcase7-6,whichreflectsbothvertical
bendingandtorsion,areshowninFigure16. Withtheexception
ofSensors30and39,thestresscomparisonisgenerallygood.

Tominimizethepossiblethermaleffects,itisadvisable,
forthefuturecalibrationtests,thatothermeansofloading
beusedtocreateappreciablemechanicalstrainsandthat
completesteeltemperaturedataofthedeckandsideshell
(portandstarboard)berecorded.
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TABLE4 MEASUREMENTSOFLONGITUDINALSTRESSES(PSI)IN
MIDSHIPSENSORS

SensorNo. (7-1) (7-3) (7-4)

15(LSTSI 2252 4008 3738
18(LSTP) 1789 3158 1877

Averageof15and18 2020.5 3583 2807.5
l(LVB) 2119 3267 2252

TABLE5 SELECTEDSENSORLIST

SENSORSENSOR
NUMBERNOMEN. SIGNALNOMENCLATURE

1 LVB Long?tudlnalVerticalBending
15 LSTS LongitudinalStressTopStarboard

18 LSTP LongitudinalStressTopPort

17 LS13S LongitudinalStressBottomStarboard

20 LSBP LongitudinalStressBottomPort

73 RIIA
76 R12A

1

R=lj’orewardRosetteSonthe

79 R13A MainDeck,SeeFigure11

82 Rl!lA
30 AEIA
53 AR2A

1

AR=Ai’tRosettesorJtheMain

36 AR3A Deck,SeeFigure12
39 AR4A
43 RIA
46 R2A

~ I

R=ForwardRosettesonthe
ti$l R3A Main.Deek,SeeFigure13

52 R4A
.—..
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TABLE.6 ENVIRONMENTALCONDITIONSAT CALIBRATION
(FROMP~FEMNCE[6])
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Anotheruncertaintyincomparingthemeasuredandcalcu-
latedstressesistheinfluenceofplateunfairnessandlocal
platebendings.Sofarasthelongitudinalstressesinthe
hullstructuresareconcerned,thiskindofinfluenceis
consideredinsignificant.A1lthelongitudinalstraingages
wereinstalledonverythickplateswheretheeffectofunfair-
ness,ifany,wouldnotbegenerallynoticeable.Wherelocal
platebendingwasapparent,suchasthebottomhullplating,
thestraingageswerelocatedatthequarterspanbetween
frames(floors)tominimizelocalplatebending.Inaddition,
alltheprimaryplatingwasrepresentedbybendingplate
elementsinthefine-meshmodels.Panelbendingsarealso
includedinthecalculation.Consequently,theplateunfairness
andlocalplatebendingshouldnotberegardedasaninfluential
parametertothestressdiscrepanciesinthiscase.
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3. ComparisonofCalculatedStressesandMeasuredData-
TransverseStresses

Thecalculatedandmeasuredtransversestressesinthe
transverseboxgirdexatFr.194-,196areplotted,inFigure17
forloadingcases3-1,4-1,5-1,6-1and7-1.Regardingthedifferencebetweenthemeasuredandcalculatedstressesat
eachgagelocation,thesefiguresshowapproximatelythesame
resultsasthoseshowninTable2. However,bycomparingthe
stress-distributionpatterns,itcanbeseenthatthemeasured
datareflectsgenerallya higherdegreeofbendingandtorsion
loads,probablycausedbythermalexpansions.

Tominimizethethermaleffect,loadingcases4-3and7-6
wereagainselectedforcomparison.Theresultsareshownin
Figure18. Noimprovementinstressagreementcanbegained
forloadingcase4-3~whichrepresentsa purelongitudinal
bendingload.
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Sincetheprimaryloadsofthetransverseboxgirderare
inducedbyhull-girderbendingandtwisting,inadditionto
thermalloads,manufacturingimperfectionscouldalsocontri-
butetothedeviationsofthemeasureddata.Furthermore,
thestraingageshavea singleelementwhichmeasuresthe
straininthetransversedirectiononly.Themeasuredstress
datadoesnotaccountforthePoisson’seffectwhichmaycause
significantstressvariations.However,a reasonablygood
agreement,particularlyofthestressdistributionpatterns,
canbeseenforloadingcase7-6,withtheonlyexceptionof
Sensor95.

Inconclusion,a reasonablygoodagreementofthemeasured
stressesandthecalculatedvalueshasbeenobtainedforseveral
selectedcalibrationconditionsbyminimizingthepossible
thermaleffects.
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TASKII- COMPARISONOFRMSSTRESSESINHEADSEAS

ForTask11,a stresscomparisonbetweenthecalculated
andmeasuredRMSvaluesinheadseaswascarriedoutbyan
equivalentregularwaveapproachandbya spectrumanalysis,
basedona studyoftherelationshipbetweencomputedwave-
inducedstressesandwaveheights.

Inordertoexaminethisrelationship,a regularwave
witha lengthof808.5feetandwithitscrestatthemidship
wasselectedforshipmotionandstresscalculations.Three
differentwaveheightsas”shown.inTable7weretakeninto
consideration,witha shipspeedof10.9knotsinheadseas.

TABLE7

[

Wave
Cond.

1
2

3

WAVECHA~CTERISTICSANDSHIPMOTIONDATA-LINEARITYSTUDY

ship
Speed
knots)

10.9
10.9
10.9

WaveLength
(ft.)

808.5
808.5
808.5

WaveIIeight
(Peak&4jro@)

.

3.28
9.84
20.92

(b) (c) Locationof
travecrest

EeavePitchForward~omA.Pm
(ft.j(deg.) (ft.)

0.62 0.32 440.0
1.85 0.97 440.0

3-93 2.06 440.0

Notes:

aAllco~ditionsconsistoffullcaraoloadsamdheadwaves
b Heaveispositivedown .
c Pitchis.positivebowup

Theship’smotionsandaccelerationswhicharerequiredas
partofthefiniteelementmodelinputwerecalculatedusingthe
SHIPMOTIONcomputerprogram.A setofquasi-staticpressures
(still-waterpluswaveprofile)andinertiaforcescorresponding
tothecalculatedaccelerationswereappliedonthefiniteele-
mentmodel”anda correctionwasmadetoensurethattheapplied
verticalshearingforcesandbendingmomentsweregenerally
identicaltothoseobtaineddirectlyfromtheSHIPMOTIONprogram.
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ThecalculatedresultsareshowninFigures19,20,and21
atthreeselectedlocationsalongthelengthoftheship.As
showninFigure19,thewave-inducedlongitudinalandtransverse
stressesinthemaindeckplatingatthemidshipsectionare
approximatelyindirectproportiontothewaveheight.Theydepartfromlinearityatstationsremotefromthemidshipsection
(Figures20and21),eventhoughthehull-girdershearingforces
andbendingmomentsvarylinearlywithwaveheights,aspredic-
tedbya shipmotioncalculation.

Thenon-linearityisduetothecombinationofthelocal
bendinginthetransverse‘directionandthewave-inducedforces
inthelongitudinaldirection.

Recentmodelexperimentsintowingtanksindicatethatthe
motionsandwaveloadsdonotvarylinearlywithwaveheights.
A realistictrendcannotyetbedefinedduetothelackof
sufficientexperimentaldata.Basedontheresultsshownin
Figures20and21,itcanbeseenthatthehull-girderresponses
(wave-inducedstresses)exhibita non-linearpatternevenwith
linearshearandbendingloads.
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Intheequivalentregularwavemethod,a givenwavespec-
trumcanbeapproximatedbya regularwavewithequivalent
energy.Withthisapproach,noassumptionconcerningthe
relationbetweenstressesandwaveheightsisnecessary.On
theotherhand,thisequivalentregularwaveapproachwillnot
accountforthevariationinresponsestodifferentwavefre-
quencies.

A spectrumanalysis,whichdependscompletelyuponan
assumptionoflinearitybetweenstressesandwaveheights,
isvalidforperformingstresscomparisonsonlyinthemidship
region.

Aftera thoroughreviewofthesetwomethods,itwas
decidedtoperformtheRMSstresscomparisonusingboth
approachesselectively.Threerecordedintervalswereselec-
tedfortheequivalentregularwaveapproach.Forcomparison,
thesameintervalswerealsousedforthespectrumanalysis.
Becauseofthenon-lineareffects,thespectrumanalysiswas
carriedoutforthelongitudinalstressesatmidshiponly.
ThestressRAO(ResponseAmplitudeOperator)generatedfor
thesethreeintervalswasthenutilizedtocalculatethe
stressspectrumforotherselectedintervals.

Thedetailedproceduresofthesetwoapproachesandthe
computedresultsarediscussedinthefollowingsections.

1. Method1 - EquivalentRegularWaveApproach

A. DescriptionofMethod

a. CalculationofEquivalentRegularWaves

Theequivalentwaveencounterfrequency,waveheight
andwavelengthoftheregularwaveswerecalculatedbasedon
theradarwavespectrumshowninReference[8],usingthe
followingformulas

%2
\‘el~es~(~e)dueEquivalentwaveencounterfrequency= (1)

Equivalentwaveheight= 2.5

1/2

J‘e2SC(Ue)due
‘el 1

(2)
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21TgEquivalentwavelength= —
~2

u isderivedfromtheequation

w w u cos~= -—
e

~2
9

(3)

(4)

whereg = gravityconstant

w = Wavefrequency

we= encounterfrequency,measureddirectly
fromthetimehistory

B = headingangle

u= ship’sspeed

S#e) = wavespectruminthefrequencydomain

w ,LL) = lowerandupperboundsoffrequencyel e2 withinthedomainunderconsideration

Threewaveconditionswereselectedforthistask.The
detailedinformationandtheequivalentwavesforthesethree
waveconditionsareshowninTable8.

TABLE8 WAVECONDITIONSSELECTEDFROMREFERENCE[s]FOR
COMPARISONOFRMSSTRESSESINHEADSEAS

r

EquivalentEquivalent
Nave ShipSpeedWaveLengthWaveHeight
ConditionTapeIYKlexIntervalRunNo. (knots).(ft.] (ft.]

4 145 18 5 405 10.9 808.5 20.92

5 145 24 29 429 18.7 808.5” 21.97
6 145 29 50 450 28.1 561.5 16.47
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b. CalculationofWave-InducedLoads

A computersubroutinewasdevelopedbyABSforthecalcu-
lationofhydrodynamicpressures(ABS\DYNPRE)actingonthe
shipina seaway.However,itwasfoundthatthewave-induced
verticalbendingmomentsobtainedfromanintegrationofthe
hydrodynamicpressureswerenotinfullagreementwiththose
obtainedfromtheABS\SHIPMOTIONprogram.Inordertoelim–
inatesuchdifferences,thefollowingtwomodificationswere
utilizedtocorrecttheverticalbendingmomentsobtainedby
integrationoftheimposedpressuresandinertialforces.

Method1A- Quasi-staticPressures

A quasi-staticpressureapproachwasusedtocalculate
theinputloadfortheABS\DAISYruns.Inthisapproach,the
quasi-staticpressuresandtheinertiaforcesattheinstan-
taneousshippositionasdeterminedbytheshipmotion
calculationwerefirstappliedtothestructuralmodel.Then,
thebottompressuresweremodifiedtomaketheverticalwave
bendingmomentscomparablewiththoseobtainedfromtheship
motionprogram.Thiswastheprocedureusedinthedetermin-
ationoftherelationshipbetweencomputedwave-inducedstresses
andwaveheightsdescribedatthebeginningofTaskII.

MethodlB- HydrodynamicPressures

Thehydrodynamicpressurecoefficientsobtainedfromthe
ABSExternalPressuresubroutine(DYNPRE)weremodifiedat
eachshipstationtomaketheverticalwavebendingmoments
comparablewiththoseobtainedfromtheshipmotioncalculation.

Inboththeshipmotionandtheexternalpressurecalcu-
lations,informationisobtainedonlyforregionsoftheship
underthestill-waterline.Toaccountfortheactualwave
profile,theexternalpressureswerelinearlyextendedupor
deleteddowntothewavesurface,dependingonwhetherthe
wavesurfacewasaboveorbelowthestill-waterline.BySO
doing,thetotalexternalpressure,whichincludesboththe
hydrodynamicandthestaticcomponents,becomeszeroatthe
wavesurface.Thetypicalpressuredistributionsforwave
surfacesaboveandbelowthestill-waterlineareshownin
Figures22and23respectively..Thewavecharacteristicsand
shipmotiondatausedforMethods1AandlBareshowninTable9.

c. StructuralAnalysis

Afterthecalculationofdynamicandstaticloads,the
stressanalysesforcoarse-meshandsubsequentlyforfine-
meshmodelswereperformedbyusingtheABS\DAISYfinite
elementprogram.Forthecomparisonofwave-inducedstresses,
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TA13L%9 WAV&CHAWiCTERISTICSANDSHIPMOTIONDATA- METHO131 - TASK 11

(a) (b) (c) L3caMonof
L5ad-Ship Wave.Height WaveLYe5L

Wave @ sped WaveLength(PeaJ+tO-T&ugh)HeavePitchFor?w~~ A-P
MethodCond.Cond.(knots”)(fti.) (ft.) (ft.).(deg.)(*t.)

11 10.9 8Q8.5 20.92 -0.69-2.30 220.Q
M 4 32 10.9 808.5 20.92 3.932.06 440.0

13 10.9 808.5 20.52 -0,411.73 660.0-.

11 10.9 808.5 20.92 -069–2.30 220.0
lB 4 12 10.9 808.5 20.92 3.932D6 440.0

13 10.9 808.5 20.92 -0.411.73 660.0

14 18.7 808.5 21.97 1112-1.93 220.9
5 15 18.7 808.5 2L97 7.303.27 440.0

lB
16 18.7 808.5 21.97 -2,65L2 660.0

17 28.1 561.5 16.47 -0.63 0.13 220.0

lB 6 18 28.1 561.5 16.47 0.84 0.01 440.0

19 28.1 561.5 16.47 -a68_o.~~ 660.0

Notes:
a,b,andc seesignconventionunderTable7

thenetdynamicresponsescanbeobtainedsimplybydeductingthe
still-waterresponsefromtheoverallresultsforeachwave
loadingcondition.

d. GenerationofStress-timeHistoryCurve
Inordertodeterminetheamplitudeofthewave-induced

stressesforeachwavecondition,a stress-timehistoryofone
completestresscycle,asshowninFigure24,wasplottedbased
onthreedifferentwave-crestpositionsatthemidshipandthe
quarterpoints,andeachwave-crestpositionwastreatedasa
separateloadingcondition.
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Twoassumptionsweremadeingeneratingthestress-time
history.First,thetimevariationofstresswasassumedto
besinusoidal.Second,thecalculatedlongitudinalwave-
inducedstresswasassumedtobeinphasewiththewave-induced
verticalbendingmomentattheshipstationunderconsideration.
Inthec,omparison”ofthecalculatedandthemeasuredRMSstres-
ses,thedoublestressamplitude(peak-to-trough)wasutilized.

B. CalculatedResults

Forcomparison,thecalculatedandmeasuredRMSstresses
forthethreeselectedwaveconditionsareshowninTables10
and11andarealsoplottedinFigures25,26and27. The
measuredvalueswerebasedondatareductionperformedby
Teledyns.TheRMSstressescalculatedbyMethods1AandlB
aregenerallyingoodagreementasshowninTable10. These
stressesaregenerallyofthesameorderofmagnitudeasthe
measuredvalues.ThecalculatedandmeasuredRMSstressesfor
sensorsARIA,AR2AandAR3AinTable11showgoodagreement;
however,sensorAR4Aconsistentlyshowsthatthemeasureddata
aremuchlowerthanthecalculatedvalues.
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TlbbE10 COMPARISONOFCALCULATEDANDMEASUREDRMSLONGITUDINAL
sTREssEs(PEAK-TO-TROTJGH,Psi)

Wave Sensor Calc.RMS
Condition

Mess.RMS
No. Location Stiress Stress

(MethodlB)
4 1 (LVB) MN.DK.MID- 9,673 6,743

SHIPSEC.”
(AvG.OF
STBD.AND
PORT)

5
6

8,469 6,344
6,887 5,368

6 15(LSTS) MN.DK.MID- 6,887 5,840
SHIPSEC.
(STBD)

4 17(LSBS) NEAR-BOTTOM 4,570 4,164
PL.(STBD)

6 3,039 3,297—
4 18(L&J?P)MN.DK.MID- 9,673 5,367

SHIPSEC.
(PORT)

6 6,887 5,529—
4 20(LSBP) NEAR-BOTTOM 4,570 2,974

PL.(PORT)
4,623 2,743

: 3,039 2,876

4 30(ARlA) MN.DK.FR. 5,285 5,027
143-144
(PORT)

5 5,850 4,769
6 3,433 4,649

4 33(AR2A) MN.DK.FR. 5,285 5,587
143-144
(STBD)

5 5,850 5,767
6 3,433 4,939

4 36(AR3A) MN.DK.FR. 10,505 7,537
143-144
(sT13D)

5 11,657 7,563
6 6,844 6,576

4 39(AR4A) MN.DK.FR. 10,499 4,333
143-144

5 (STBD)
11,450 4,017

6 6,930 3;786
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TABLE11 COMPARISONOFCALCULATEDANDNEASUREDREM
LONGITUDINALSTRESSE%(PEAK-TO-TROUGH,PSI)

WAVECONDITIONd

Sensor CalculatedIt&WStress Measured
No. MethodLA MethodlB RNSStress

1 (LVB) 9,243 9,673 6,743

lB (LSTPJ 9,243 9,673 5,367
17(LSBL5)4,320 4,570 4,164

20 (LSBP) 4,320 4,570 28974
30(ARIA) 6,121 5,285 5,027
33(A2t2A) 6,121 5,285 5,587
36(AR3A]10,566 10,505 7,537

39 (?IR4A) 9,813 10,499 “4,333

I 2 3 4 5 6 7—
CalculatedPeak-to-TroughS34SStres

CALCULATEDME
S3XMOR SYMBOL STRESS(5’S1J ST

HF3WOD1A lB
LB3S D 4320 4570
LSTP c 9243 9673
LSBP E 4320 4570
ARIA J 6121 5285
AR2A K 6121 52B5
AR3A 10,666 10,505
AR4A : 9e13 10,499

?IGURS25- DSVIATIONOFCALCULATEDPSAK-TO-TROUGRMSS
VALUES[WAVECONDITIONl,L. _ ~oB,5 ~
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2. Method2 - StressSpectrumApproach

A. DescriptionofMethod

Theproceduresusedtocalculatewave-induceddynamic
loadsandtoperformthestructuralanalysisarethesameas
thosedescribedintheprevioussections.Fortheexternal
pressures,MethodlBwasusedinconjunctionwithwavespectra
fromReference[8]fortheselectedwaveconditions.Sincethe
selectedthreebasicintervalshavethreedifferentshipspeeds,
rangingfrom10.9to28.1knots,a stressRAOcurvehastobe
generatedforeachshipspeed.Inordertohavesufficient
pointsforeachselectedwavespectruma totalof23wave
lengths,asshowninTable12,wasused.Thewavelengths
weredeterminedinsucha waythatthesethreebasicwave
spectracouldbecloselyrepresented.

Foreachwavelengththerelativewave-crestposition
wasselectedtomaximizetheverticalbendingmomentatthe
shipstationunderconsideration.Thisinformationwasreadily
availablefromtheshipmotioncalculations.Assumingthatthe
longitudinalstressesinthedeckplatingareinphasewith
theverticalbendingmoment,thestressamplitudecouldbe
directlycalculatedforeachwavefrequency.

Inanattempttominimizethepossiblestressdeviations
duetothenon-linearrelationbetweenstressesandwaveheights,
anaveragewaveheightof19.68ftwasusedforallthediffer-
entwaves.Thecomputedstresseswerethendividedbythewave
amplitudestogeneratethestressRAO.OncetheRAOcurvein
termsofa unitwaveamplitudefortheselectedstresssensor
isconstructed,a stressspectrumcanbeobtainedbymultiply-
ingtheordinateofthewavespectrumby (RAO)2.Themeasured
wavespectrumhasa low-frequencycut-offvalue,asillustrated
inFigures28through41,belowwhichthedataareunreliable.

B. CalculatedResults

Thecalculatedstressspectraforthethreeselectedbasic
waveconditionsareshowninFigures28,29and30forsensor
LVBandFigures31,32and33forsensorsLSBSandLSBP.The
measuredstressspectrareproducedfromReference[8]arealso
shownforcomparison.ThecalculatedRMSstresses,expressed
intermsof2~ (whereA istheareaunderthestressspectrum
‘curve)arelistedinTable14.

Inordertomakea furthercomparisonforsensorLVB,eight
additionalrecordedintervalswithnearlyheadseaconditions
andcomparableshipspeedswereselectedfromReference[8].
TheparticularsfortheseintervalsarelistedinTable13.
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TABLE12- WAVECHAWCTER~STICSANDSHIPMOTIONDATA-METHOD2-TASK11

—

we
md,
—

4

—

5

—

5

—

WAVEHEIGHT(PEAK-TO–TROUGHj=19.68FT.(6M)

(a)
Lcac
@Coti

20
21

22

23
21+

25
26

27
28
29
30
31
32

33

34
35
36
37
38
39
40
41
42

ship
Speed
(knots]

10.9
10.9
10.9
10.9
10.9
10.9
10.9

18.7
18.7

18.7

18.7
18.7
18.7’
18.7’

28.1
28.1
28.1
28.1
28.1
28.1
28.1
28.1
.28.1

Notes:

a,b,andc

Wave
Encounter
Frequency
rad,/aec.

,2’?9

.451

.560

.643

.729

.816
1.088

.430

.548

.611

.745
●866
1.019
1.138

.305

.508

.479

.712

.817

.967
1.130
1.273
~.579

WaveLen&
(ft.)

3366.9
1460.5
1015.85
808.5
682.96
550.4
350.8

1901.8
1295.4
1093.14
821.5
644.46
509.33
434.5

3887.9
1758.7
1322.0
1088.0
880.9

695.7
561.5
478.4

359.3

(b)
ieave
ft.”)

9.32

7.26

5.21

3.6$1

2.76

1.75

-0.39

8.31
7.38
6.97
6.58
2.14
1.75
1.36

7.57
8.23
8.72
9.63
8.27
-1.52
1.OC
~.o:

-.14

(c)
Pitch
[deg.)

0.19
0.81
.1.42
1.85
1.95
0.96
0.31

0.87
1.55
2.00
2.89
1.97
0.02
-0.05

0.65
1.51
2.25.
3.00
3.81
1.30
0,05
-0.01
0.0

seesignconventionunderTable7

ocationof
we Crest
wwardFkomA.P.
(ft.)

471.7
448.8
439.0
433.8
432.0
436.8
564.3

496.8
464.3
452.0
436.7
43i.4
431.8
426,.8

820.3
541.2
492.4
465.6
438!9
433.4
427.6
420.7
578.2
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TABLE13 PARTICULARSOFWAVESSELECTEDFROMRJZFERENCE[8]FOR
COMPARISONOFRMSSTRESSESUSINGTHESTRESSSPECTRUMAPPROACH

t?ave ShipSpeed
LmMltion@rloks)Tape IndexIntervalRun No.

7 32.6 143 9 36 337
8 32.5 145 27 -41 “441
9 32.3 153 4 15 815
10 32.4 153 8 29 829
11 31.8 153 12 45 845
12 31.2 155 17 1 901
13 32.6 157 12 45 1045
14 31.3 163 14 5 1305

TABLE14 COMPARISONOFCALCULATEDANDMEASUREDRMSVERTICALBENDING
STRESSES(PEAK-TO-TROUGH,PSI)FORSENSORSATMIDSH~p

ve Calculated
nditionSensort~O~gytr~j Measured

4 8343 6743
5 7295 ;::;
6
7

7183
8 3547 2990

~192 3300
9 LVEI 4544 4730
10 2542 2000
11 4252 3410
12 4766 4310
13 3188 3530
L4 4595 58OO

4 3605 4101
5 ISBS 2926 -..
6 1954 3161

4 3605 3261
5 1.S139 2926 2729
6 1954 2732

Notes:
1.RMSvaluesofstressesaredefinedas2~

whereA M theareaunderthestress
BpeC~llUncUrVe(Figures28through41)

2. StressRAOcurve used fo~ above Runs
(exceptforRuns405and429)Isthe
sameasthatforRun450(Flgurs30b)
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Sincetheseintervalshaveshipspeedscomparablewith
wavecondition6,itisreasonabletouse thestressRAOcurve
forwavecondition6,(Figure30b)tocalculatethestress
spectrafortheadditionalintervals.Thecalculatedstress
spectratogetherwiththemeasuredstressandwavespectra
areshowninFigures34through41. ThecalculatedRMSstresses
fortheseadditionalintervals,togetherwiththemeasuredvalues,
arealsolistedinTable14.

AsshowninFigures28through41,thecalculatedstress
spectragenerallyexhibitshapessimilartothoseobtained
fromthemeasureddata.Someofthecalculatedpeakfrequenc-
ies andpeakamplitudesdeviatesignificantlyfromthe
measuredcurves.However,thecalculatedRMSstressesas
showninTable14generallyagreewellwiththemeasuredvalues.

Fora furthercomparisonofthethreedifferentmethodsto
calculateexternalpressures,somecalculatedandmeasuredRMS
longitudinalstressesinthemaindeckatmidship(SensorLVB)
areshowninTable15.

TABLE15 COMPARISONONCALCULATEDANDMEASUREDR&HVERTICALBENDING
STR13SSES(PEAK-TO-TROUGH,PSI)FORSENSORLVBATMIDSHIP

=: ‘=’:”’“:,-“‘tr’~~~=‘easured
EquivalentWa7JeAppraach

4 9243 9673 8343 6743

5 7810 8469 7295 6344
6 78OO 6887 7183 5368

3. Conclusions

Basedontheresultsandcomparisondiscussedabove,
thefollowingconclusionscanbedrawn:

A. Ingeneral,bothMethod1 andMethod2 givea reasonably
goodagreementbetweenthecalculatedRMSstressesandthe
measureddatainheadseas.

44



B. AsshowninTables14and15,theRMSstressescalculated
bythes~ectrumanalysis(Method2)agreeverywellwiththose
obtainedfromthemeasureddata.Ontheotherhand,atsome
strain-gagelocations(Table10)theMS stressescomputedby
Method1 aresignificantlygreaterthanthemeasuredvalues.
Thismaybeattributedtothefactthattheequivalentregu-
larwave,approachignoresthepossiblevariationsinstructural
responsestodifferentwavefrequencies.Thespectrumanalysis,
whichaccountsforallthesignificantwavefrequencies,gives
a betteraveragevalue.Itshouldbenotedthatthespectrum
analysisisvalidonlywheretherelationbetweenthestresses
andwavelengthscanbeapproximatedaslinear.

c. Thecalculatedstressspectra,asshowninFigures28
through41,assumesimilarshapesasthoseobtainedfromthe
measureddata.However,thecalculatedpeakfrequencyandpeak
amplitudemaydeviatefromthemeasuredonesinsomecomparisons.

D. ThestressescalculatedbyMethod1Aare,asexpected,
comparablewiththoseobtainedbyMethodlBforheadsea
conditions.

TextcontinuedonPage53
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TASKIII- INSTANTANEOUSSTRESSCOMPARISONINHEADSEAS

1. SelectionofRecordIntervals

Tworecordintervalswereselectedforthisphaseofthe
study.Thedetailedenvironmentalinformationonthesetwo
selectedintervalsisshowninFigures42and43,asobtained
fromReference[8].Theselectedtimespanforstresscorrel-
ationcoverstwocompleteencountercycles,shownshadedwithin
a circleonthetimehistoryoftheradarwaveelevation,
Figures42and43.

2. ShipMotionCalculation

Tofacilitatethewave-loadcalculations,therecorded
waveelevationwithinthetimeperiodoftwocompletecycles
wasapproximatedbya regularwavewithameanencounter
frequency,anaverageheightandanequivalentwavelength
(SeetheenlargedscaleinFigures42and43).

Thewaveparticularsforthetwoselectedconditions
areshowninTable16.Oncethewaveparticularswereesta-
blished,a shipmotioncalculationwasperformedusingthe
ABS\SHIPMOTIONprogramtocomputemotions,accelerations,
shearingforcesandbendingmomentsforthreepositionsofthe
wavecrestalongthelengthofthevessel,namely,atthemid-
shipandtwoquarter–lengthstations.

TABLE16 WAVECHARACTERISTICSANDSHIPMOTIONDATA- TASK111

Wave
Cond.

15

16

lkad-
@
Gond.

43
44
45

46
47
48

ship
speed
(knots)

10.9

10.9

10.9

28.1

28.1

28.1

Wave@@l
(ft. )

15~i.O

1651.O
1651.o
—
808.5
808.5
808.5

waveHeight
(Peak-to-TTougn~

51.2
51.2
51.2

30.6
30.6
30.6

Heave
(ft.)
.—

-15.9
20.4
11.4

14.35
4.64

-?5.64

Pitch
(deg. )

-2.8
1.48
4.79

0.48
5.40
-1.99

220.0

440.0

660.0

220.0

440.0

660.0
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LOGEtlOKDATA
DATEANDTINE QI-IL3-742403

POSITION 43-29N 24-S1L(
COURSEANDSFEED 2!S0 . 10.9 KNOTS

SEASTATE ;7
WAVEHEIGHT 25FEET
“ RELDIR 2 PORT

SHELLHEIG1+T 2@FEET
“’ RELDIR 2 FORT

----VISUALLEATHERf CC1’!iYENTS----
OCAST1

NAVEhZIGLiTSTATISTICS(FEET)
TUCFiER/LIYN.HEAOjRADAR

~m”4.@ RMS[SPECTRA) .

t36 I 1 1 I

IL

FIGURE42- COtiDITION15- VOYAGZ
RUN405

LOGROOK!3ATA
DATEANOTIMEI aI-12-74 7630

PoSITION 41-@7N 40-cmu
coLIR$EA?K)SFEED PAS , 28.1 KN’O~S

SEASTATE 9
UAVE;iEIGHT 25 FEET

‘ RELDIR 2 sTED
$HELLMIGHT 28FEET

W! DI~ 2 ST!3D
----vISUA!_ldZATHC~j COWYENTS----

OCAST1 ,
I..IAVZtiEI@+TSTATISTI~~iFEET)

TLCKERjD?i~.HEAOjRADAZ

‘T

P-TSANP!-ESIZZ 239 179 222
rIAxINJPiHEIGHT G’.3 R.9 5B.Q

l~TH HIGbE$THTS 5.9 7.13 33.7
3RDHIGHESTHTS 4.6 5.4 26.4
4.0RI’IS(SPECTRA)5.5 6.3 29.4

32w--TAPE

13 14 15 16

145 -- INDEX18--INTERVAL5 -

!

60-, I

1 I 1

I
48 I MeasuredWave

1 RegularWave 1
36- 1

;
1

~,,, ,.., .,.-..
14 . h I 1

i0
12– ‘~

E=w
o -cl

-J \
.12 -2 \

> I

.24
I

I I‘. .1. ~ .i;.’.- \
-34– II

-
6EI )

t RADARWAVEELEVATION
! I I 1 1 1 I

+
tie d+**’wM+%f- ‘ ‘

-W&w
IL 9

I i
-6L3r 1 1 I I 1 ! I

10 11 12 13 14 1s 16 77
TIM NINUTES

F~GURE43- CONDITION16- VOYAGE32W--TAPE145‘-INDEX29--INTERVAL50-
RUN450
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3. InputtoDAISYModel

A modificationofhydrodynamicpressurecoefficients,
describedasMethodlBinTaskII,wascarriedouttomake
thewave-inducedverticalshearingforcesandbendingmoments
actingontheDAISYmodelgenerallyidenticaltothosecalcu-
lateddirectlybytheSHIPMOTIONprogram.A samplecomparison
isshowninFigure44.

●-’b%?.,. -i ,,;, ,,,. 1.,
.1-..,.,.,1, ,.1, I

i.,. .-.,,

.,
!1
.,

- .- ——— CalculatedbySCO?ESComputerProgram+:,-
,’: l!...! ●,x Eending%meritcrShearinfjForceImposed;:~”,?, ont},’+?inf.tcElene;ttHgdel .,

,!?1!!>,!.,.I I !. ,1 ,,, , !;]<”;
“..,--——— . .—-, .—. .— -.. :—, — ..-. —.—.... 1—.——.—.—.——.——

-1. . . .
-. 1.. . .

;:l....:,
... .,..,, ,, ..,,.

::1:::’:::.,, .,.
...1.-
.: 1’:,:..

,.

1.6:?! o~“,;]:;:::.:—-.+———-–-,. .“:i;!;.::”i. “:1.”.:;’:i.! 1;,. ‘1. “:!. 1,,!1-.~, ::. .
:: :’,.
j.....,,...-. . .

‘:,.”.”
.,

.;
:..,. ?.,,

1. . . 1,.,<, A : ., i’..... ,~ ,.:,-:.l....-—..:,,, ,.: ~ :l:,:_:::. .[ $.. ‘...
.. .... ‘“”:1,..,u:,~,:.,.fl:

.;.0 L.-.-.--- /., ...:
::.,
::
::
11.

!:

/:: , ::,:,
,, :.:. ...!,

l“’...;,~,p.,;:.,..,,.,.....,-.!.
,::.

.5.::.”—.’........

.,”
,.

,. ... i::. .1.. . . . . . ShearingForce,i~—,.. .:.!.
.++++---

,i ‘,,;,.”,:;,”:,:““,.-,., ,,

,— .—.,., .., .: i’,1; .,
.!,

,,, .

,, . . . .
,,.
., ..”

1.:: ..,’ “.:::”, .“:”’,., )

.:: ~,.

.. :1.i,!’.

.,, !., .,! .: ]
:;

.;:;:1
““:1

.“

.—

:.

.!. . 1
.., ..——--

::
:“..”:

,,,

,.

,..——.------ ...-.—-:... ..-1 ~~~,...,.,..,., i.“.I.,,,.,I,.
,:.,. .... .’.!:”.,,,,, .1’,... ,,. ,.:.:1’ ‘..

::..::’!: ..’..’ !.:’.,.:,.,.,,..,.,,,.i..:,.
.1. .:, ..,. ,:, ... ,. ...,,,, ,, :,.,. ::1...-~::

,4..’
“.,
::

,., . .
.4. . . . . . .—-.,,, ,. . . . .,.;. ....’

1.:’,

,.
—-.:... .
;.::
.,. .
..:

~
.:.

.. .. - <.”,1..—.
,:.
,.,
“:,
.:li-

.———-L-—— -... —-...—.
.. 1. ~~~ I ~~ . .,., ,., :,.,, !“::’, “:,”:. ,.. :

,1- :
.1: :::”l ::”
,,: . . :!,:.;::

,,, ,.

,,
;:

:“”,.,..
GT,.14 <’7,
b $%%... <.,.

I- ~~i....,,,...,..

,,*;++&~~ 3.:
,. 1.-,?;, w.-,-
,.,,. ,,,,,.,,! ., .,,

,,,

FIGURE44-WAL’E-INDUCEI)B5NDING}!C}!EY:TSANDSHEARINGFORCES

4. ComparisonofCalculatedStressesandMeasuredData

I?OEeachwavecondition,threevaluesof stresswere
calculated,co~r~spondingto thethreewave-crestpositions
describedabove.IrIo~de~to constructa diagramof stress-
tlmehistorybasedon thethreecalculatedvalues,itwas
assumedthatthecomputedstressfollowsa sinusoidalcurve
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witha frequencyequaltothewave-encounterfrequency.
Itwasfurtherassumedthatthestressvariationisdirectly
proportionaltothedominantwave-loadcomponent,thephase
angleofwhichcanbeobtainedfromtheshipmotioncalcula-
tions.Forlongitudinalstressesinthedeckorbottom
regions,thedominantwave-loadcomponentwasassumedtobe
theverticalbendingmoment.A meanstressamplitudeobtained
fromthesethreecalculatedstressvalues,withproperphase
angles,wasthenutilizedtoplotanidealizedstresscurve
(SeeFigures45and46).

A. MeanMidshipVerticalBendingStress- SensorLVB

Thecalculatedandmeasuredmeanmidshipverticalbending
stresses(SensorLVB)areshowninFigures45and46forWave
Conditions15and16respectively.Themeasuredstress-time
historywasselectedwithinthesametimeperiodusedforthe
selectionofwavedata.Recognizingthedifferencebetween
therecordedwaveelevationandtheidealizedwaveprofile,
itcanbeseenthatthecomparisonofthecalculatedstresses
andthemeasureddataisverygood.

B. OtherStressGagesatMidshipforWaveCondition15

Inadditiontothemeanmidshipverticalbendingstress
(SensorLVB),thefollowingstressesatthemidshipwerealso
recordedatthesameinstantastheselectedwavedata:

LSTP- LongitudinalStressTopPort
LSBP- LongitudinalStressBottomPort
LSBS- LongitudinalStressBottomStarboard

Themeasuredandcalculatedlongitudinalstressesatthe
locationsofSensorsLSTPandLSBP,asshowninFigures47and
48,exhibita goodagreement.However,thecomparisonof
measured,andcalculatedstressesatthelocationofSensorLSBS,
Figure49,isrelativelypoor.ThemeasuredstressesofLSBP
andLSBSshouldbegenerallycomparableinheadseas.The
differencebetweenthemeasuredstressesofLSBPandLSBS
maybeattributedtoirregularityoftheencounterwaveand
possiblyirregularityofgagesignals.

Itshouldbenotedthatallthestressdataotherthan
themeanmidshipverticalbendingstress(LVB)wasgenerally
recordedonRecorderNo.2,whereasthewavedataandLVB
wererecordedonRecorderNo.1. Inaddition,allthestress
dataotherthanLVBwasreducedseparatelyfromthatofthe
wavedata.
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c. Th~ee-~rmRosetteGtigesatFrame143-144for
WaveCondition16

Othersensorsrecordingsimultaneouslywiththeselected
wavedataforWaveCondition16are rosettegagesonthedeck
atFrame143-144.Thelongitudinalelementsoftheserosettes
aredesignatedbyARIA,AR2A,AR3AandAR4A.

Sinceanelementoftherosettemeasuresstraininone
directiononly,themeasuredstressreflectsa straightproduct
ofthestraincomponentandYoung’smodulus(E),butnotthe
truestress.Forpurposesofcomparison,itisessentialto
calculatestressesona consistentbasis.Therefore,the
computedstressesshowninFigures50-53aretheproductof
thelongitudinalstraincomponentandYoung’smodulus.

Thecomparisonofthemeasuredandcalculatedstresses
atlocationsofSensorsARIA,AR2A,AR3AandAR4Aasshown
inFigures50through53aregenerallygood.

5. Conclusions

Basedontheresultsdiscussedabove,thefollowing
conclusionscanbeestablishedforTaskIII:

A. Thecomparisonofthemeasuredandcalculatedlongitudinal
stressesfora selectedperiodoftimeinheadseasisgener-
allygood.Thecalculatedstressamplitudes.agreewellwith
themeanvaluesoftheselectedtwostresscycles,withthe
exceptionoftwogagelocations.

B. Fortheselectedcases,thewavedataaregenerally
consistentwiththestiessdata.

c. Tocalculatestructuralresponsesinheadseas,irregular
wavescanbeapproximatedbyregularwaveswithequivalent
amplitudeandfrequency.
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TASKIV- INSTANTANEOUSSTRESSCOMPARISONINOBLTQUESEAS

1. MethodofApproach

Duetothecomplexityofthewaveloadpatterninoblique
seas,difficultieswereexperiencedindealingwiththehydro-
dynamicpressuresandbalancingofthestructuralmodel.To
improvetheconsistencybetweentheexternalpressuresand
theshipmotioncalculation,hydrodynamicpressurecoefficients
weremodifiedforlateralmomentsinadditiontothemodifi-
cationsforverticalmomentsdescrib~dinTaskII.

Toinvestigatethefeasibilityofperforminganinstan-
taneousstresscomparisoninobliqueseas,tworecordintervals
wereselectedfortestruns.Thedetailedinformationfor
theselectedintervalsandtheradarwavedataasobtained
fromReference[8]areshowninTable17.

TABLE17 WAVECONDITIONSELECTEDFROMREFERENCE[8].FORTHE
COMPARISONOFINSTANTANEOUSSTRESSESINOBLIQUESEAS

1 Wave
Wave

RelativeShipSpeedDir. Headingl!r@e
ConditionTapefidexJjy@pvdRunNO. (knots)

(deg.), (deg.)

17 143 11 44 345 32.3 64Port 116

18 143 12 48 349 31.8 41Port 139

Forinstantaneousstresscomparison,twocompletecycles
oftherecordedwaveelevationwereselectedandapproximated
bya regularwavewitha meanencounterfrequency,anaverage
heightandanequivalentwavelength,(seetheenlargedscale
inFigures54and55).

Foreachwave,threewave-crestpositions,atmidshipand
thetwoquarter-lengthpoints,wereutilizedtocalculate
waveloads.Eachwave-crestpositionwastreatedasa separ-
ateloadingcondition.Theparticularsoftheseloading
conditionsareshowninTable18.
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TABLE18 WAVECHARACTERISTICSANDSHIPM!YI’1ONDATA- TASKIV

rwave
Cond.

~

17

18

(a)
kad-
m
>ond.

49
50
51
——
52
53
54

——

Shl~
Speed
(knots)

32.3
32.3
32.3

31.8
31.8
31.8

—

WaveLength
(ft.)

540.15
540.15
540.15

888.29
888.29
888.29

—

WaveHeight
[Peak-to-Trough)

(ft.)

30.18
30.18
30,18

33.46
33.”46
33.46

——

(b)
.Ieadim
Ar@e
(deg.)

116
116
116

139
139
139

(c)

Roll
!deg.

-0.27”
1.40
1s49!

-0.45’
1.25
1.40

(d)
Heave
(ft.)

21.45

3.97
-18.0

17.5
20.4
-1.8

(e)
‘itch
~eg.

3.15
5.76
1.85

-0.95
5.311
5.05

ocation01’
raveCretit
‘orwsrdFYom
,.P.(ft.)

220.0

440.0
660.0

220.0
440.0
660.0

Notes:
a, b,andc seesignconventionunderTable7
d Headingangleismeasuredcounterclockwisefromship
centerlinetowavedirection

e Rollispositivestarboarddeckedgedown

2. CalculationofWave-inducedLoads

Todeterminethewave-inducedloadsforinputtoDAISY,the
SHIPMOTIONandDYNPREprogramswereused.Inobliqueseas,the
wave-inducedmomentsconsistgenerallyofthreecomponents,namely
vertical,lateralandtorsionalmoments.Sincethewave–induced
loadsobtainedbyintegrationofa setofhydrodynamicpressures
andthecorrespondinginertiaforceswouldgenerallynotagree
withthoseobtainedfromtheshipmotioncalculation,a correction
coefficientforthehydrodynamicpressurewasintroducedtomodify
theverticalandlatetialmomentsfortheexternalpressures.After
thismodification,thetorsionalmomentsmaynotbeinagreement
withthoseobtainedfromtheshipmotioncalculation.

Becauseofthecomplexityofthewave-loadpatterninoblique
seasandthedifficultyinbalancingtheDAISYmodelinthelater-
aldirection,theexternalpressureswerenotextendedupor
deleteddowntothewavesurfaceforthistask.
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3. StructuralAnalysis

Theproceduresutilizedforcalculatingstructuralresponses
forthistaskaregenerallythesameasthoseinTasksIIandIII,
exceptthattheasymmetricwaveloadwasdividedintosymmetric
andanti-symmetriccomponentswhichwerethentreatedasseparate
loadingconditionsinDAISY.Thecombinationofthesymmetric
andanti-symmetriccasesgivesthetotalresponseforboththe
portandstarboardside%(SeeFigure5).

Foreachwave,inadditiontothethreedynamicloading
conditionscorrespondingtothreewave-crestpositions,a static
casereflectingthestill-waterconditionwasalsoincludedin
theanalysis.Thewave-inducedstresseswere”thenobtainedby
subtractingthestill-waterstressesfromthetotalresponses
for

4*

the
the

eachd~namicloadingcondition.

CalculatedResults

Inordertogeneratea stress-timehistorycurvebasedon
calculatedstressesatthreedifferentwave-crestpositions,
followingtwoassumptionsweremade:

a. Thecurvewasassumedtobesinusoidal.

b. Thecalculatedlongitudinalwave-inducedstresswas
assumedtobeinphasewiththeeffectivemoment(M) combining
thewave-inducedverticalandlateralbendingmomens,expressedF
intermsof 1

whereM M = wave-inducedverticalandlateralbendingV’ L momentsrespectively,atthelocationunder
consideration.

S%, SML= hull-girdersectionmoduluswithrespectto
verticalandlateral”bendingmomentsrespec-
tively,atthelocationunderconsideration....

ThephaseanglesOf.
5

andMLwereobtaineddirectlyfromthe
shipmotioncalculatin,andtheeffectivemoment,Me,wasthen
determinedgraphically.A sampleplotisshowninFigure56.
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5. ComparisonofCalculatedStressesandMeasuredData

Foreachwavecondition,threevaluesofstresswerecalcu-
lated,correspondingtothethreewave-crestpositionsdescribed
above.Inordertoconstructa diagramofstress–timehistory
basedon
computed
equalto
thatthe
dominant
combined

thethreecalculatedvalues,itwasassumedthatthe-
stressfollowsa sinusoidalcurvewitha frequency
thewave-encounterfrequency.Itwasfurtherassumed
stressvariationisindirectproportionwiththe
wave-loadcomponent,andthatthephaseanglefor
wave-inducedverticalandlateralbendinqmomentscan

beobtainedusingthemethoddescribedinthepre;ioussection.
A meanstressamplitudeobtainedfromthesethreecalculated
stressvalueswithproperphaseangleswasthenutilizedto
plotidealizedstresscurvesasshowninFigures57through67.

BasedontheresultsshowninFigures57through67,it
canbeseenthatthecalculatedstress-timehistoriesgenerally
agreewiththemeasureddata,exceptforSensorAR4AinFigure67.
Textcontainedonpage74.

[TextcontinuedonPage74]
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FIGURS62- COHPARISONOFTI!YCALCULATEDA3Dm&Su3EDINSTANT~EOUS
LONG!TUDINMSTSHSE5ISENSORLSTS),WAmCONDITION1B
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FIGURS65 - COMPARISONOFTHECALCUIATE3PJjDMEASUREDINSTANT.AWEOUS
LONGITUDINALSTRESSES(SEWSOF,ARIA),WAVSCONDITIONla

FIGURS66- COMPARISONOFTHECALCULATEDANDMFA5UREDINSTANTANEOUS
LONGITUDINALSTRESSES(SEXSORAR3A), WAVECONDITION18
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CALCULATEDTOTALSTRESSES

Inthestructuralanalysis,a totalof46wave-loading
conditions,withwaveheightsupto51.2feet,weretaken
intoconsideration.Thedetailedcharacteristicsofthese
waveconditionsareshowninTables7,9,12,16and18.
Toexaminetheoverallstructuralresponsestothevarious
waveconditions,thefine–meshresultswerescannedfor
stressesgreaterthan11,360psi(800kg\cm2). Somesample
selectivestressoutputswhichexhibitthemaximumvalues
forallthewave-loadingconditionsareshowninTablesCl
throughC5inAppendix.C. Inthosetablesallthedirect,
shear,principalandHencky-vonMisesstressesaregiven.
Theprintedvaluesrepresentthetotalstresses(still-
waterpluswave)inkg\cm2.

Themaximumtotalstressesintheselectedfine-mesh
modelswhichrepresmtthemostcriticalregionsofthehull
girderaregeneral:~lessthan20,000psi(1408kg\cm2).
Theonlyexceptior,saretheplateelementNos.329/333and
347offine-meshmodel5 (TableC-4andFigure12),where
thehigheststressreaches21,513psi(1515kg\cm2).Most
ofthehighstressesoccuratthehatchcornerregionwhere
thestructural’discontinuitycausessignificantstresscon-
centration.

ThestrengthdeckoftheSL–7classconta-inershipwas
constructedofABSH33higher-strengthsteel.Inaccordance
withthecurrentABSRules,thepermissiblehull-girder
bendingstressforthisvesselis30,100psi.Therefore,
thehighestcalculatedtotalstress,whichincludesstress
concentration,isapproximately71%ofthepermissible
hull-girderbendingstress.

Basedonthesecalculatedstressesandthefull-scale
stressdatameasuredtodate,nostressesgreaterthanthe
permissiblelimithavebeenfound.
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CONCLUSIONS

1. “Theoverallcomparisonbetweencalculatedandmeasured
stressesforthedocksidecalibrationisgenerallyinconclusive
becauseofsignificanttemperaturedifferentialsduringthe
testandthelowmagnitudesoftheappliedloads.However,
goodagreementbetweenthecalculatedandmeasuredstresses
wasobtainedwhenthermaleffectsweresmall.Forfuturecali-
brationtests,itisrecommendedthatcompletetemperaturedata
berecordedandthatappreciablemechanicalstrainsbegenerated
inthestructure.

2* ThecomparisonofcalculatedandmeasuredRMSstressesin
headseasisgenerallysatisfactory,usingboththespectrum
analysisapproachandtheequivalentregularwaveapproach.The
correlationusingtheformerapproachwhichtakesintoaccount
thevariationinresponsetodifferentwavefrequencies,shows
betteragreementthanthatobtainedfromthelatterapproach.
However,itshouldbenotedthatthe~pectrumanalysisapproach
isvalidonlynearthemidshipsectionwherethewave-induced
stressesaregenerallyindirectproportiontowaveheights.

3. Theagreementofcalculatedandmeasuredinstantaneous
stressesinheadseasisgenerallygood;thecalculatedstress
amplitudesagreewellwiththemeanvaluesofthemeasured
stressesovera time-spanoftwocompleteencountercycles.

4. The“agreementofcalculatedandmeasuredinstantaneous
stressesinobliqueseasisalsogenerallygoodforthewave
conditionsconsidered.

5. Basedontheresultsobtainedfromthisproject,itcanbe
.concl-udedthattheexistinganalyticaltoolsforpredictingwave
loadsandstructuralresponsesaresuitabletoassesstheoverall
strengthofthehullgirder.Allthemeasuredstressdatareduced
todatefromtheSL-7instrumentationprogramandallthecalcula-
tedhull-girderstressesfromthepresentstudywerefoundtobe
oflowmagnitude.Consequently,nomodificationstothepresent
hullgirderstrengthstandardaredeemednecessary.

6. Regardingthestructuralresponses,theABS\DAISYsystemin
itspresentformisconsideredsatisfactoryforperformingstatic
analysesforeitherquasi-staticordynamicloads.

7. Inordertoassessthestrengthoflocalstructuresandalso
toimprovethecurrentmethodology,furtherresearchisdeemed
necessarytoimprovethecalculationmethodforexternalpressures
(possiblyverifiedbymodelexperiments)andto improvetheship‘
mo+ii.onprogram(SCORES)to accountforthree-dimensionaleffects
andpossiblyfornon–lineareffectswithrespecttotuaveheights.
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APPENDIXA - ABS\DAISYCOMPUTERPROGRAMSYSTEM

TheprimarycomponentsoftheDAISYcomputerprogram
systemarethepreprocessorprograms,theDAISYfiniteelement
programitselfandthepostprocessorprograms.Theflowchart
ofthesystemisshowninFigureA-1.

PreprocessorSystem

Sevenprincipalcomputerprogramsformthenucleusof
thethree-dimensionalshipstructurepreprocessingsystem.
Eachprogramperformsa specificfunctionandisusedina
particularsequencesothattheoutputofoneprogramcanbe
usedasinputtoanother.Thesevenprogramsarelistedbelow
intheorderoftheiruse:

1. SHIPMOM(SHIPMOMENT)calculateshull-girdershear
forces,bendinfiomentsandvertj.caldeflections
fora vesselin stillwateror staticallypoisedon
a wave.

Withthevessel’shullgeometryanda description
oflightshipweightandcargoweightsasinputs,the
equilibriumdraftandtrimarecalculatedfora ship
ina still-waterconditionorinanysinusoidalor
trochoidalwave.Thesinusoidalwavesaredirectly
applicabletoshipdynamicsandtheireffectonthe
staticresponseofthevesseldiffersverylittle
fromthatofthetrochoidalwavestraditionallyused.
Theprogramcalculatesquasi-staticlateralbending
momentsandtorsionalmomentsifthevesselispoised
inanobliquewave.Computerlineplotsoftheshear
forcediagrams,bendingmomentdiagramsanddeflec-
tionsareautomaticallygenerated.

2. SHIPMOTION(ABSversionof SCORESprogram)basedupon
thetwo-d”~mensionalshiptheoryforsixdegreesof
freedompredictsa vessel’smotions(velocityand
acceleration)ina seaway,longitudinalandlateral
wave-inducedbendingmomentsandshearforces,as
wellastorsionalmomentsduetowaves.Theseaway
canberegularsinusoidalwaves,irregularlong-crested
waves,orregularandirregularshort-crestedseas.
Theseaconditioncanalsoberepresentedbymeasured
wavedata.Theprogramcomputestheshipmotionsand
thedynamiccomponentsofbendingmome’ntandshear
forceresultingfromtheseastatechosen,aswellas
long-termvalues?usingprobabilitytheorybasedon
theintendedserviceofthevessel.A samplecompari-
sonoftheRAOfortheverticalandlateralbending
momentswithmodelexperimentaldataareshownin
FiguresA-2andA-3.

A-1



3. DYNPRE(DYNAMICPRESSURE)convertsthedatagener-
atedby~PMOTI~intodynamicloadinputstothe
DAISYfiniteelementprogram.DYNPREconvertsthe
hydrodynamicpressuredistributiongeneratedby
SHIPMOTIONintoa pressuredistributionatthe
nodalpointsofthefiniteelementstructuralmodel
andmodifiesthepressurestocompensateforcertain
discrepanciesintheSHIPMOTIONhydrodynamicpres-
surecalculation.

4. EXAMgeneratestheshipstructuralfiniteelement
=1 foreithera portionoforfortheentirehull
structure.Basicdatageneratedbytheprogram
consistsofnodalpointsandloadingsappliedtothe
elementsandnodes.Theprogramcangeneratea finite
elementmodelofanytypeofvessel:

Withthevessel’shullgeometryfiniteelementnodal
pointlocationsaregeneratedwithaminimumofuser
input.Structuralpropertiesofbendingormembrane
plates,beamsand\orrodmembersareinputina
convenienttabularformfromwhichtheprogramauto-
maticallygeneratesappropriateelementstorepresent
theshipstructure.Theelementsaregeneratedand
connectedinawaythatminimizesthebandwidthof
thestructuralstiffnessmatrix.

EXZ&lautomaticallycalculatesthesymmetricandanti-
symmetriccomponentsofa generalseawayloading.
Loadsintheformofpressureheadsareautomatically
calculatedad.appliedtotheelementsaccordingto
thevessel’shydrostaticcargoandsealoadings
describedinSHIPMOM.Theuseralsohasthecapa-
bilitytoinputadditionalloadsonelementsand
nodes.

5. EXPLOT(EXAMPLOT)providesplotsofthefiniteele-
mentstr~tur~odelgeneratedbyEXAM.Theplots
areisometricortwo-dimensionalprojections.They
canindicatenodalpoints,elementsandfreedom
patterns.plotsofanyorallofthestructural
portionsofthevesselcanbemade.

6. LOADERcalculatesthestaticallyconsistentnodal
pointloadsfromtheelementpressuresprovidedby
EXAMandfromthestructure’sownweight.Addition-
aldynamicforcesduetoshipmotionarecalculated
withintheprogram.LOADERalsocalculatestheout-
of-balanceforcesforallloadingconditions,and
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thecoefficientsnecessarytocomputea setof
pseudo-inertiaforcesnecessarytobalancethe
structuralmodel.Theout–of-balanceforcesare
small’inmagnitude,sincethevesselhasbeenbalan-
cedinSHIPMOM,butsomesmallre-balancingisneedea
toavoidartificialreactionforcesfromdeveloping
atthepointsofrigidbodysupport.

LOADERalsotakestheEXAMoutputandrearrangesit
ina mannersuitableforinputto theDAISYprogram.

7. CATCHeditsthedata,allowingtheusertomakemodi-
ficationsto theLOADERoutputbeforeinputintothe
DAISYprogram.Theuserisabletomakechangesto
anypreviouslydefinedinputdataby meansof addi-
tionaldeletionsormodifications.

DAISY

DAISY(Displacement~utomatedIntegratedSYstem)isa
generalpur~oseprogramwhichperf=rmslinear~lasticstructural
analysesoftwo-orthree-dimensionalstructuresofalmostany
degreeofcomplexityunderstaticallyappliedgeneralized
forcesandthermalloads.

TheDAISYprogramhasa libraryoffourteenelements
whichcanbedividedintosixcategories:bars,beams,membrane
plates,bendingplates,solidsandsubstructures.

SomespecialfeaturesofDAISYare:

1.

2.

3.

4.

InputstoDAISYcanbeinstandardfixedformatsor
inanyformatdesiredbytheuser.Theusermayalso
interfacehisownpreprocessorandpostprocessor
programswithDAISY.

Intermediateresultssuchaselementstiffnesses,
assembledstiffnessmatricesandloads,canbeoutput
onmagnetictapeordiskfile.Similarly,computed
resultssuchasdisplacementsandstressescanbe
outputonmagnetictapeordiskfileforfurther
processing.

DAISYautomaticallygeneratesthetotalnumberof
degreesoffreedomateachnodalpoint,exclusiveof
rigidbodysupports,basedontheelementsconnected
ateachnode.

DAISYiscapableofgeneratingplanesofsymmetry
and/orantisymmetry.
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5. DAISYhasa RESTARTcapabilitydesignedtobreak
downlongcomputationsintoa seriesof shorter
runs.

POSTPROCESSORSYSTEM

ThestandardpostprocessorsystemconsistsofDAISYOUT,
a generalpurposeoutputprogramwhichprintstheresults
calculatedbyDAISYwiththeselectiveoutputofelement
stressesandstrains,andDAISYPLOT,whichproducesplots
ofnodaldisplacementsandstresscontours.Theoutputdata
fileproducedbyDAISYmayprintallorpartoftheresults.
Selectiveoutputmaybeprintedlistingallelementswhich
arestressedabovecertainuser-prescribedlimits.Normal
stresses,shearstressesandstressconcentrations(Hencky–
vonMisesstresses)arecalculatedandprinted.
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APPENDIXB - STRAINGAGESENSORSINSTALLEDONTHESL-7
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APPENDIXc - SELECTIVESTRESSOUTPUT
TABLEC-1 PINEMESH#i, PORT,

sELCCTYVESTRESSOUTPUTFORLaAL3CASE17
*8*** ***********************************
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B 0.0 90.6

423 20862096199b190617 T 0.0 -140.1
B 0.0 laL. fJ

STRESSESIN BEN01140TRIANGULARPLA7E5i1R1D3Em]---------------------------- -—- .--—---
430 l~ab 2076 zoab 17 T 0.0 -20.0

B O*O -L8.2
431 1?96 2096 2081 !7 7 0.0 -86,0

B 0.0 -51.0
STRESSESIN QUADRILATERALBENOINGPLATEIQUA84ELM]-.--- .---.. —.-. --.. ---. --. -—--- .— ---

432 2026203b20372027 11 T 22.0 -213.2
B 5?.4 -200.2

439 2054206920?02060 17 T 244.8 -! 15.3
B 275.4 -119.4

440 20hh2076204820b717 T 685.3 -75.2
B 719.? -12.7

441 2069 20662080207017 T bb7.S 64.2
b 70b.5 101.b

4’372Q972096 2194 2L97 t? T 102.4 1026.5
B 44. L 100T*3

458 209520972197219a 17 T 77*O 053.3
B b6.9 929.0

459 200920qD 219a219917 T 9s.0 864.3
8 40.7 935.1

NOTES

SIGMA Z

0.0
O*O
0.00.0

960.4
9s5.0

997.0
to’?o.3

?’38.6
955. b

X08’T.3
1091,6

0.0
0,0

o.a
0.0

0.0
0.0

0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0

TAU

-6n.7
-68. B

-65.2
-107.9

-56.4
.-92.4

1.1
-5.0

-0.8
-5.4

-s. a
-32.3

515.3
511.3

445.5
440.0

-583,9
-5s9.1

593.6
59347
-27.3
-4b.7

-31.1
-30.4

-59.7
-50.4

SXCHA1

877.9”
950.2

10’43.0
1001*1

971.6
994.4

997.0
1090.4

958. b
955.6

10B7.3
1092.5

433.0
455.0

5’45.2
560.3

1001.8
1047.3

1031.7
1070.3

1027.3
1009.5

e54.3
930.7

L!bB.Q
?3?.9

SXCMA2

93.7
4B.O

26.7
49*S

-34.3
01.2

-140.1
l?l.b

-20.0
-16.2
-8A.9
-51●9

-624.2
-598.7
-415.a
-.+04.3
-391.7
-340,1
-300.0
-2b2.Z

101.6
41.8

75.8
b5.2

?3.4
45a

7A4.IHkX

392.1
451.1
508.2
515.a
503.0
45b*b
56L2.5
454.4

4s9,3
&e&*?
587.1
572,2

52fJ.h
527.3
400.5
482.3
69b.bl
693.7
6b5.a
666.3
462a
4a3.9

3a?.4
432a

3B7.E
446.1

HIWCkY-VOMtdi
MIS*STkESS<z*,*A

;:~Z9:; LCL%-86
-a4

989.2 GLB7-Eb
956*4 -84

{c?
1073.9 GLsY B9
1011,9 -B9

9ba.7GLB‘f-90
w4. a -09.

1133,3GLBY-s9
1L19.3 -aa

920.5 GLBX 36
916,0 37

s34. a GLax 34
a39,0 32

1244.a c~a x-2a
i252,5 -2
1209.9GLaX 31
1222.7 31
960.5LCLx-aa
VB9.3 -a7

a19.3 LCLX-87
a99.9 -C7

aEachnodalpointisrcpresenkeiby a four-digit nuder, the firstkwodigitsindicatethestationnucibez
ofthefiniteelcr,entmodelandthelasttwodigitsarethelocalnodalnumbe%,

bWhet-cthelocalcoordinatesystenisused,SiG,llX isthedireot stress in thedirectionfrc~firstto
=secondnodalpoint.SIGMAY isthedirectstressorthogonal with SIGMAX.
Uhcrethe globalcoordinate system is used, SIGMAX, SIGMAY andSIGMAZ areskreseinthedirectionsas

dshownin Figure 3,
Iftheglobalangleisprinted,thecoordinate stresses are in global syetem. Ifnot, they are in element
local coordinatesystcmthefirstlinein~icates stresses andanglesatthetop&ftheplate,thesecond
lineindicatestharesultsatkheplatGbottom.



STRESS: KG/cIwmb2

ELM CCRNERPCINTS l.aCsTOP SIGMAX SIGMAY
NO1ST 2ND 3R0 4TH DAISY50T SIGUA Z

0.0
O*O

974.7
977.2

~c5.e
1077.4

?f16.5
814.0

950.7
944.1

L072:0
lo76*l

1197,2
IL39.O

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

~“ro.1
.993.8

969.3
1036.9

TAU

-?5.5
-52.5

-122*O
-170.2

47*L
60.4

~5,3
115.7

72,5
65.2

Q4,7”
125-3

74.0
92.1

IO*O
-20.2

-29s3
-30.3

-67,0
-58.9

-i1302
-75.e

-102*3
-150.5

45.9
55.8

sIGh\A1

1027.6
1064.7

90?.5
1011.1

907.7
1001,4

798.3
831.6

956.1
951.5

1079.7
toe9.9

1201.6
1146,2

1015.0
1026.0

973.0
954,3

998.3
948.7

1045.5
1059.1

9E0.5
1017.9

971.2
1040.7

~SGMA2

7,b
73*Z

-29.0
41.5

-143. !
1?4 ,1

15.4
54.4

-27,0
-29.7

-99.5
-b8.9

-43.3
-32,9

20.1
27.b

T&.b
23.E

99.1
-13.3

-32,9
59.1

-35. 5
5L.B

-14Z.8
121.e

7’AUMAX

510.0
495.7

509.3
4a4.0

565*4
453.6

391.5
381!.b

491*5
490.6

5E9.6
579.4

b22.4
589.5

497*5
499.2

448,6
4b5+2

449nb
+01.0

539.2
500.0

508?0
+03.1
556.5
459.4

HENCKY-VOtA
MIS,STRESS.

STRE5SZSIN CUAD~ILATERAL BENOIiIG PLATE(QL?AS4ELK{}
------------ —-------- —..—.-. . . . . . . . . . . .-—-----

460 Zloa 209q 21q’72200 17 T 13.2. 1022,0
B ?6,0 1061,9

465 20!302100 2203 2180 17 T 0.0 -14,2
El 0.0 75,4

466 21S6 2196 2096 Z08b 17 T 0.0 -141.1
D O*O 170.2

STRESSESIN BENDINGTRIANGULARPLATESITRIB3 ELM]
-..-.-—- -.-—-—--.—-—- -.—--- —-..—-—.

1023.EI LCLX
1030.0

1004.3 GLBY
991*I

1066,5 GLS Y
LOQ5.7

790.7 GM Y
805.8

969.9 GM Y
966.7

1132.7 GLB Y
1125.9

1223.8 GLB Y
1163.0

473 2070 2160 2080 17 T!
0,0 27.1
0.0 72*1

476 2076 210b 2066 17 T 0.0 -21.7
0.0 -22.2B

m, 477 209b 2L96 2081 17 T 0,6 -QI.8
k 0 0.0 -55*2

0.0 -38.8
0.0 -25.6

STRESSESIN QuAO%ILATERALBENDINGPLATE[QUAB4ELM)
—------ -------- .---—— ---—--- —.-—- . . . . . . . ----

489 2177 2196 2296 2297 17 7’
B

20.2
28*O

SO14,9
1025,b

1005.1 LCL x
1012.5

937,9 LCLX
942,b -

952.6 LCt. X
955.5

10&.2.4 LCL X
1033.9 -

99a*7 GUIY
993.0 -

1049.3 GLB Y
985.4

77.5
25.4

972.9
952,7

T
B

104.1
-9*7

993.2
9/+5.:

491 21q~ 2190 2290 2299 i7

492 2200 2199 2299 2300 17 T
B

-20.9
64,8

1033.5
1053*3

497218022002300 2280 17 T
B

O*O0.0
-25.0

75.8

-i40.o
125.6

498 2286 2296 2196 2166 i? T
D

0.0
0.0



TABLEC-1, FINEMESH#1
{Cont~)

ELEM CCRNERPCINTS L.C,TOP SIGMAX SIGMAY
NO 1ST 2:;9 3RD 4TH~Alsy 80T

s7P,Es:Es Iti BENDING TIIIAMULAR PLATEs. fTR1a3 Euil
----------------- --—--.-— ---------- ----.-— --

503 21B@2270 2280 17 T 0,0 -49.11
B 0.0 140.7

505 21~6 2276 22Cb 17 T 0.0 -12.8
D O*O 20.2

506 21?6 22% 2291 17 T 0.0 -43.7
i) O*O -2.0

STRESSESXIJGUAURILATE~ALBENDINGPLATE[CUA84ELM)
--_-.---—--—------—---* —----- --.----- -——--- .-

50.3 2297 22Q6 2396 2397 17

w 509 229E 229? 2397 239a L7

510 2299 2298 2398 2399 17

511 2?.00 2299 2300 2400 17

517 2280 2300 2400 2380 17

518 2306 2596 22?6 22flb 17

525 225023502360 2260 17

526 2240 2340 2350 2250 17

527 227023702300228017

52Q22A6234b23562?5b 17

T -16.6
e 13.5

T 45*5
B -53.3

T 75.8
B -84.2

T -62.7
B 54*6

T O*O
D 0.0

T 0.0
B 0.0

T 0.0
B 0.0

T O*O
e 0.0

T 0.0
B 0.0

T 0.0
B C*O

1010.5
1045.0

1075.1
1023,0

1094●5
1025*9

1035.7
11OO*9

-50.6
72*Q

-173.3
1?6.3

-0.3
92,1

-31,?
L30.a

-5b.l
121.5

43,1
-53.5

SIGMA 2

!324,0
909.7

94C!.4,
95iJ.2

1054.0
1057,3

O*O
0.0

O*O
0.0

D*O
O*O

0.0
O*O

99’4.0
1036.0

92a,5
1078.7

?Bo.q
“849*I2

712.9
79e.9

a79.7
985.8

B19.9
7&e*7

TM)

10.?.093.5
30.6
51.3

10?*4
113.2

23.5
-5.1

-25.2
-30.8

-71.3
-69.9

-124.7
-00.1

-ab.9
-113.3

72.5
44.8

107.3
115.0

108.0
107.7

00.2
92.2

b3.8
60.Q

SIGMA 1

035,0
920,9

941*4
959,0

LOL3*5
1069.3

1011.0
1045.0

1075.7
1023.9

1099.4
1030.3

1049.7
lto8.3

1001.2
1049.2

933.2
1080.9
795.3
ebb.q

720.2
815.a

806.5
9Y5.5

a25.1
753*3

SIGMA 2

-bl,b
129.5

-13*O
25.4

-53.2
-14.s

-17.2
13.4

44.9
-54.2

70,B
-08.6

-76.7
47.3

-57.8
59.7

-178.1
li’4 .1

-14.7
75.0

-47. 1
113.9

-62.9
111.7

37.9
-58.1

TAUMAX

440,7
395.7

477.6
4&b.8

55a.3
542.0

514.1
515.a

515.4
539*O

514.3
559.5

563.2
530.5

52?.5
494.7

555.7
453,4

405.0
395.9

307.7
351.0

474.7
441.9

393.6
405.7

HENCKY-VONANG
MXS.S7RESS●**,-

8b3.2 GLO Y a3
13b3*5 83

948.4 GM Y 88
946.4 Bb

109L.I GLBY 54
1075..7 8’

;::;:; LCL x ea.
-69

1054.OLCL X-88.b
1052.1 -88.4

1065.0 LCLx-a6t
1o77.3 -S6

1090.1 LCI.X-83
10135.4 -85-

1031.3 GI.BY-65
1020.6 -E3

103308GLBY 06
1005.2 a7

8C2aBGLBY 82
831●9 Bi

752.9 GLBY 81
765-2 81

919.6 GLBY 11
944.b 84.

806.a GLB Y (!5
7E4.C C5



TAE3LEC- 2 FINE HESFi*3* PORT

SELECTIVESTRESSOUTPUTFORLOADCASE53
********************,**********+*****+&> ,

ELE,W CCRNERPCUJTS L.C. TOP SIGMA X SXG14AYho 1sT 2ND 3RD 4TH DAISY DOT

STRCSSESlf~BENDING7R2ANGULARPLATESITRID3ELM]—-------——-----—.—--——---------

251 1701 1704 1601 17 T -214.5 -879.9
B -123.7 -047.6

STRESSES IN LUADRILAIERALBE&DINGPLATE(CUAU4ELl~)——-—- --------------—--—----------------------
2?2 lE@l 1E06 1706 1701 17 ? 0,0 -161.6

B 0.0 -163.4

STRCSSESlN f.ZNLItvG7R1ANGULARPLATES(TRlB3ELf4)
----------------.--—---———- --------.—-—-- -

291 1s01 1?04 l$C1 17 T -123.e -039.3
6 -101.5 -853.3

STRE$S5S iN LUADRZLATSRALu5NDINGFLAIE(WA64 EM)—------------------------------------—-----—- --

310 1901 19C6 lSOt 1.501 17 T 0.0 -155.4
u 0,0 -149.3

$IRL5SZSIfiEENDING“XIANGULARPLATES(TRIB3 ELM}
—------ ----—--—- —--—— —--..-—— -----------

31Q lQO1 l~c+ 20U1 17 -r -124.8 +355.?
B ‘114.2 -839.L

SXGMAZ

“O*O
C*O

‘806,9
-805.2

0.0
O*O

-302.0
-s00.9

0.0
0.0

T.W

-:*4,2,3
-324,6

9,2
b.3

-234.3
-222.9

21.6
zk.5

-is?.~
-192.6

SIGHA1

=b~,o
0.5

-161.4
-163.3

-53.9
-40.3

-154.7
-148.2

-79’.3
-b6.l

STRESs: KG/CAqeb2

SIGMA 2

-10.24.5
-971*B

-00? .0
-605.3

-909.2
-914.4

-602.7
-LOI.9

-901.2
-BUT.1

TAV HAN

477.3
406.2

322.0
321.0

427.?
437.0

324.0
326.9

411.0
410.5

HENCKY-V04ANG
MIS,S7RESSs,;,*

99L-4 LCLX-22
?7.2.1 -20.

739.7 GLBY 0
737.3 0

683.5 LLLX-16
694.9 -15

737.b GLB Y 1
739,1 2

6b4.3 LCI. X-i
655.9 -14



TABLEC- 3 FrNEMESH#4
STRFSS: KG/ CM **2

(j
Ln

ELEH COWERPOINTS L.C. TOP SSGMAX srGklAY
No 1ST 2N0 3RD 4THDAjsY BOT
STRESSESIN GLIAORILATEfiALDENDINGPLATE(CUJAC4ELM}
...-------------........----—-------=—----------“

3.20 319? 319h 3296 3297 5 T 10.0 798+8
B 13,6 ~~r,.5

343 32?7 3296 3396 3397 5 7 k2.-l ~f,:,-(
B -66.5 7P5.6

362 3278 3296 339b ?370 5 T 0.0 21*7
0 0.0 -190.5

.427 3497 3496 3596 3597 5 T 9t.5 062,6
B 99.6 844.3

STP.ESS5SIN5:ND1NGTRIANGULARPLATES(TR163ELM)—------—----------——-------------------------
439 3596 3496 3567 5 T Io2rf.9 230.7

B 1C24.6 231.7

461 35Qb 3406 3he6 5T 1029.4 1?5.8
B 9~3.4 174.4

STnESSESIN CLLLORILATFRALB~,NOZNGPLATE(CUAB4ELF,)
—------ --------------------------- --------- -.-----

.4E4 35Eb 36F7 3596 35S7 5 T 353.6 ?73.5
5 380.0 Q6b.a

STRESSESIN BENOINGTRIANGULARPLATFS(Tu1a3 ELM)
—---..---—— --------- -----—--- ------------ ---

4E6 3597 3596 3587 5 7 170.1 977*’I
B 1’20.6 ?62.2

SIGXA Z

Q*D
0.0

906.7
1149.il

O.rl
0.0

724.0
6.50.3

0$0
0.0

0.0
0.0

0,0
0.0

0.0
C.o

0.0
0.0

0.0
0.0

TAU

-.26.8
-32.Ll

‘43.4
54.b

-26.1
-15.0

174.7
132,4

-10.3
13.5

4s.3
46.5

-471,2
-474.8

-20.4
-14.8

562.7
567,7

-10.2
-10.1

SIGMA 1

799*7
02590
Q(’)Q, ~

052.6

042.5
7e5.9

7.55.1
7c@*2

07~.2
858.5

865.7
E47UZ

1.247.2
1246.7

102Q,9
9q3.7

1306.0
1312.4

977.8
962.9

SIGMA 2

9*1
12.3

120.7
-141.0

42.0
-46.8

-19.3
-200,4

70.3
5.3

95.4
96.?

12.3
9.6

105,3
174.1

21.1
34*4

170.0
170.4

7AU I+AX HENCKY-VCN ANGS
fiIS,STRESS ,..,.AX

395.3
406.8

390.2
497.2

400.2
416.3

392,2
450.3

J+04.5
426.6

385.1
375.2

bi7.5
61E.6

422.3
409.B

642.4
639.0

403.9
396*2

795.2 I.CLX-8
819.7 -8

852.1 GLDY 8
931.7 c
D22.3 LCL%-0
010.3 -e

774.9 GLBY 7
819.0 8

846.3 LCLX-:
855.Q 6

822.1 LCLX 8
003.2 8

1241.1 LCI.X-
1242.0 -2

950.9 LCL x
91?.1

1295,5 LCLX
L2q5.b

904.9 LCLX-
f190.o -6



ELEH COWER PCINTS
t+D 1ST 23J0 3RC 4TA

L.C. TOP SIGMA R S?GHAY
DAISY ‘CT

TABLEC-3FINEMESH#4,S7BD

427 3497 3496 3596 3597 17 T 127.6 B52.I
B 124,3 rJ34.9

ST?.ESSESIN BENDING TRIANGULARPLATES (TRIB3 ELM}
.—------- -------— --------- —------- ---..--—k----

439 3596 349b 3587 17 T 1003.0 Z1O*O
D 100s.4 209.0

STRESSES IN QUADRILATERALBENDINGPLATE [QUA84 ELM}
-------- ---..—--— --------- ——-- —----- .—--— ---

640 3420 3410 3610 3620 17 T 4s0.0 164.1
B -469.1 96.L

441 3420 3420 36.403440 17 T 11O*O -104,4
B 358.3 75.2

STRESSES IN 6E~OING TRIANGULARPLATES (TRX83 ELMI
—------- -------- ---.—---- --------- .——---- --—-.

461 3596 3496 3486 17 T 1017.2 18-?.4
B 9b13.5 170.L

STRESSES IN QJAD21LATERALBENDING PLATE (OUAB4 ELM)
-----.—— ---------------- ----—--- —-—----- -.-—-—
4b5 34023?0237323632 17 T 0.0 -674,2

8 0.0 -b75.i

484 358b 3637 3596 3507 17 T 342.4 936.5
B 355.9 929.2

SIGMA Z

O*O
0.0

O*O
0.0

O*O
0.0

0.0
O*O

0.0
O*O

‘126.8
-129.6

0.0
O*O

TAU

47.1
44,0

‘455,4
-457*C!

523.0
475.9

-520.6
‘566.9

-49.3
-40.3

-342.6
-342.7

528.0
530.1

SIGMh1

855.2
037.7

12L0.4
1210,2

0b8.3
367.0

503.8
801.0

1020.1
970.5

38,0
35,5

1245.3
1245.2

ST!4ESS: KG/CM**2

SIGMA 2

124.6
121.5

2.7
1.1

-224.3
-739.9

-578.2
-3b7.5

1134.5
168.0

TAUMAX

365*3
355,1

603.8
604.6

546*3
553*5

541*o
534.3

417.8
401.3

HENCKY-VCN A
MIS.STRE.

800.2 LCL X
784, 1

1209.0 LCL X
1209.7

.999.5 LCL X
97b.b

937.8 LCL X
1035.0

941.5 LCL X
898*4

-839,0 438.5 a5a.7 GL8 Y
-040.4 438.0 850.7

33*7 bo5,a 1228.0 LCS,X
39.9 602.6 1225.7



L.C. TCP SIGMA X slGHk Y
oJisY 9oT

T=LEC-4 FINE MSSH f151PUR7

SELECTT’#ESTRESS CUWJT FOR LOADCASE5U
**m********G*****#********~i*************

ST%5SSES IN CW.4C!31LATERALBENDING PLAT”E[QUA84 SLM)
—------- --.-:---- ---—..— —-------- --------- . . .

307 1994 L992 2092 2094 14

309 1996 1994 2094 2096 14

309 1998 1994 2096 2098 L4

310 2000 1998 2098 2100 14

320 1980 2080 2100 2000 14

~
324 1942 2042 2052 1952 14

4 325 1952 2052 2072 197Z L4

326 1972 2072 2092 1992 14

329 L9fJb2086 20?2 1992 L4

333 2094 2092 2L92 2194 14

334 2096 2094 2194 21M 14

335 20q5 2096 21gb 2198 1+

34721722192209:207214

340 Z152 2172 ZO?z 2052 14

349 2142 2152 2052 2042 14

T
B
T
B

T
0

T
B

T
B

T
B

T
B

T
B

T
B

T
B

T
B

T
B

T
B

T
B
T
8

230.9
225.1

24$.0
LQC?.3

IBO.5
146.1

80.0
95.0

0.0
0.0

O*O
0.0

0.0
0.0

0.0
0.0

765.3
754.3

4L5.9
408.2

30B.9
289.6

193.4
191.3

0.0
0.0

0.0
O*O

0,0
0.0

1297.4
1255.9

M79.L
lo19.b

%41.4
~fjf,.L

952.0
880.4

277.9
232.5

L59,6
111.2

155.b
141.5

131●7
143.8

343,3
384.7

1511.6
1503.8

997,9
1005●o

884.2
avt.a

121,7
135.1

104.8
123.3

143,6
129,5

SIGMA z

O*Q
0.0

0.0
0.0

0.0
O*O

0,0
0.0

647.0
625.0

070,2
827.3

1009.?
963.5

1258.9
1229.2

O*O
0.0

O*O
0.0

0,0
0.0

0.0
0.0

1454.3
1438.0

1006.6
954.0

!37(?,7
840.1

YAW

-10.1
-792

93*1
105.4

12281
12f$.5

135*5
157.1

2L5.1
209.8

-2.3
-20.2

55.2
54.7

231.i
231.0

723.7
bB4*4

-64.B
-45.4

-7*8
2.1

30.0
36.6

113.0
117.8

64.4
b5.~

3?.0
36.9

SIGHA1

129?.5
LZ56.O

1009,4
J032.9

960.5
905.2

953.2
918.4

919.;
891.8

070.2
827.8

1013.3
?67.1

1304.4
1276.3

1308.1
1278.4

1515.4
1505.7

998.0
koo5.o

885.5
899.7

1493,6
1440.5

101L*6
95!?.2

872.8
842.0

SIGtiA2

230.8225.0
23?.6105.0
16104125.0
b4.8
b5.1

205.8
165,7

159,6
11O*7

152.0
L37.9

06.2
96.7

-199.5
-139,4

412.1
406.3

308.S
2B9.6

192.1
189.4

112.4
124s5

179.8
118.2

141.5
127.6

STRESS: KG/cMe*2

TAU MAX

533.4
515.5

425.9
423.9

399.5
390.1

443.2
426.7

356.7
363●1

355.3
358.6

430.6
414.6

60?.1
5b9*8

753.8
708.9

551.6
549.7

344.6
357*7

346.7
355.2

690.6
662.0

415.9
420.5

365.6
357.2

1198.9 Lc
llbO.O

992.2 LC
953.9

S90.8 Lc
049.6

9Z1.A-LC
88?.b

835.5 G
821.6

802.4 G
778.4

946.5 G
906.1

1263.5 G
1230.8

1418.4 LC
1353.5

1357.1 L
1349.3

8a4.9 L
B96.O

B06.OL
821.5

1440.7G
1390.5
934.8 G
905.9

811.4 G
786.0



TABLEC-4 FINE MESH #5, P@RT

(/
m

ST?CSS.E5 IN EEMDINGTRIANGULARPLATES [TRIB3,ELFI)
—------ ----------- .-—---- ——--- -.-.-— ----------

374 2124 2132 z122 14 T 17.8 -131.4
B 3?.(, -121.2

37B 2L36 2116 2192 14 T ?14.1 -?l~,z
D eoL,o -27(J.1

STZESSSSINOULCRILATCRALBENOINGPLATz{OU,AB4‘FLN;-----------------.---—--——---— --—-----------

304 2L41 2191 Z103 2L73 14

3S5 2173 2183 210b 2174 L4

3?.e 2194 2192 2292 2294 14

392 210/+2L02 2202 2204 14

402 2272 2292 2192 2172 14

403 2252 2272 2172 2152 14

404 2242 2252 2152 2142 14

405 22?2 .2242 2142 2132 14

T~.

T
B

-r
B

T
B

T
B

T
B

T
B

Ta
T
D
T
B

201.9
260.1

327.3
271.9

232.1
213.6

244.b
200.7

142.5
147.3

LE8.4
175.4

O.?
0..0

,0,0
0,0

0.0
O.c

0.0
0.0

3.9
-53,6

-151.5
-237.1

1304.5
1357.b

1049.7
103O.L

376.1
E73.2

0.0
0.0

38.8
71.3

,~3Q,5
51W5

LIh*7
q5.5

1’01.0
u~,~

SIGPuh2

0’0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0

0.0
0.0
0.0
0.0

76~.5
757.3

1340.8
i323.9

1037.6
974.6
889.5
852.7
004,5
773.9

TAU

4{>().2
669.4

415. U
441.4

4b4.1
464.4

400.2
3a7.4

-140.7
-159.7

-111*2
-109.1

-48,2
-41.0

169.1
172.9

172.2
197. ?

135.b
159.6

161.2
160.0

126.5
,134.2

SXGHA1

412,3
435*3

072.5’
959.3

627,3
593.ft

554.2
400.9

1401.4
1379.5

lGb4.8
1044.4

879*3
BOO.5

813.3
804.a

1372.6
13.54*5

1057.?
.1001.4

92~.9
uect7

82b.a
779*1

SIGMA2

-528,9
-517.1
-371.6
-4?5.6

-341.5
-386.9

-378.4
-446.1

215.2
19b.7

229.5
194*5

139.3
145;0

142.7
L27.?

15.0
40.8

119.5
24.7

76.3
59.5

79.0
5C09

TAU HAX

4i’2,1
476 ● 2

625.0
.6~7.4

4.04.4
490.2

466.3
4b3.5

593.1
5qlm4

417.7
425:0

370.0
367.8

335*3
3?9.4

678*B
656.0

4k9 ,1
490,4

426.e
.jlft.b

373*9
370. I

HENCKY-VONANGSIG:
MIS,STIESS.*ooQAXLS

019.7 GL3 X 40.5
025*q 40,1

1110.5 GLB X 20,8
1236.1 19.5

051,1GLB X 36.7
e55.2 35.7

812.5 GLB X 29.6
D03.O 28.3

1307.2 LCLX-L33.I
1292.5’ -82.2

970.6 LCLx-a2f3
762,0 -02.6

610.6 LCL X-L?b.3
B17.-I -ab.s

752.2,GLBZ 15,1
74?.1 i5.4

1?65.2GLB Y 82.4
i334.5 81,2

1003.3GLOY 81.6
989.3 .80,5

B94,2GLB‘t77,4
869.4 ,70,0

790.3GLBY 800!
771.3 7?.4



w
c)
0
<

z+
zm

TABLEC-5S-L-7,FI?WMESHN6,STBtI
SELECTIVESTRESSWTPLJTFORLOADChSE51
**$+**$******.<**********t*****+***.**#*.
Y SIGHA z TAU SIGMA1

FGRCESANDSTRESSESIN FLANGESOR RCOS(ROCJ2ELM)
..-.-.—--- -—------— —-_------- -----_--—.- ---

ELiM ccRr4&RPOLNTS L(!AD AXIAL AXIAL
No STAR7 END CASE FORCE STRESS
124 4404 4485 15 0.91970-01 919.b7

STR:SSES IN QuAORILAIERAL BENDTliGPLATE (QUAB4 ELM)
.-----—-_--_-_-.------— ------------------

4(J8 4484 4521 44b5 4485 15 T 433.1 0.0 694.9
B 244.6 0.0 J+47.5

STRESSES IN BENDINGTRTAKGULARPLATES(TR183,ELHI—----------------.----—---------.-—--—------

409 4521 446b 4465 15 T 420.7 0.0
B

b70.O
39.3 O*O 240.3

410 4465 4495 44E5 15 T 137.9 0.0 672.5
B 244.2 0.0 b4fJ.t’

420 4523 44~b 4521 15 T 427.e 0.0 690.5
8 53.1 O*O 279.5

STRESS: KG/CM**2

SIGHA 2 TAU MAX HEHCKY-VW ANG
P,XSmSTRESS●04

397.8 902.7 145*2
297,7 bbO.5 31.6

-304.8 083.2 224.3
-262,!3 426.6 -139.0

-3L9.4 8.?.1.7 -li*3
-:!61,9 Elbl.1 32.0

-23.5.0 820.4 209.9
-L9L.4 388.7 ‘5b.l

4L8.8 91s.8 GLBZ 35
314.5 b45.3 3

329,5 795.2GLB2-3
262.8 510.4 -3

416.5 827.5 GLBZ-25
414.6 845*6 ‘ -2.

269.2 723.1 GLB2-30
222.4 419.5 -29

m
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