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eration 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 data
will be developed ~elatircg 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 environment al and operating data on the SS Sea-Land McLean, development
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ABSTRACT

ThecomputerprogramSCORESforpredictingshipstructural
responseinwavesisappliedtotheSL-7containership.The
operatingconditionsconsideredare2 displacements,4 ship
speeds,21wavelengths,19headingsand5 seastatesassuming
bothlong–crestedandshort–crestedseas.These~esultscon-
stitutea completedatabankfortheSL–7shipintheformof
bothfrequencyresponsesforregularwavesaswellasrmsand
otherstatisticalresponsemeasuresforirregularseas.

Comparisonismadebetweenthecomputerandmodeltests
oftheSL-7inregularwavesinpredictingvertical,lateraland
torsionalmoments,andverticalandlateralshearsattwosections
andheave,pitchandroll.Regionswherethetheoryandmodel
experimentdonotagreehavebeenpointedoutandsomemeansof
correctionorextensionofthetheoryisdiscussed.
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INTRODUCTION

ASpartofa continuingoverallstudyofshipstructural
loads,workhasbeencarriedoutfora numberofyearsunder
supportoftheShipStructureCommittee[1]coveringmodeltests,
theoreticalanalyses(includingcomputer-programdevelopment),
andfull-scalemeasurements.A particularprogramcoveringall
ofthesefacetsispresentlyunderwaywithapplicationtothe
SL-7containershipclass,whichrepresentsthelargestand
fastestshipofthattypepresentlyinoperation.Thisshipis
expectedtooperateathighspeedintheNorthAtlanticOcean.

Theexistenceofa developedtheoryfordeterminingship
motionsandloadsinobliquewaves[2],togetherwiththecomputer
program[3]baseduponthistheory,allowstheopportunityof
determiningviacomputationthevariouswaveloadsthatacton
thisship.Atthesametime,resultsofextensivemodel-tank
testsofthisshipinregularwavesarealsoavailable[4],there-
byallowingcomparisonbetweentheoryandexperiment.Inaddi-
tion,a programoffull-scalemeasurementsontheoperating
vesselsthemselvesisalsobeingcarriedout(see[5]). These
sourcesafdataobtainedbydifferentmeansallowanopportunity
toestablishcorrelationbetweenvariousapproaches,sothat
bettertoolsforloadpredictionoffutureshipscanbeestab-
lished(aswellasprovidingdataforthisimportanttypeofship,
asanendproductperse).

Thesuccessfuluseofa theoreticalpredictionofwaveloads
viacomputerisveryimportantforthisclassofshipsincethe
numberofwave-inducedstructuralloadingsandthevariouscon-
ditions(orparameters)isquiteextensive.Thisisduetothe
importanceofthetorsionalmomentsandlateralshearforces,in
additiontotheverticalandlateralbendingmoments,aswellas
thedependenceofthesequantitiesontheirparticularlocation
on theship.Combiningtheserequirementswiththatofassessing
thedependenceuponallpossiblewavedirections,aswellasship
speed,indicatesthelargenumberofvariationsnecessaryfor
determiningthecharacteristicsofthevariousloadsaffectinga
containership.Theextentofthemodeltestsrepresentedby
allpossibleparametricvaluesforoperationofthisparticular
ship,aswellasconsiderationofcarryingoutmodeltestsof
futurecontainershipdesigns,pointsoutthebenefitsthatcan
beobtainedbyapplicationofanefficientcomputerprogramfor
determiningthedifferentwaveloadsforsuchships.

Thepresentinvestigationisaimedatobtainingresults
fromcomputercomputationsthatcanbedirectlycomparedwith
thoseofthemodeltestsin [4]inordertoobtaincorrelation
betweentheoryandexperiment,aswellastoindicatetheextent
ofanydeficienciesinthevariousmethodsofdeterminingship
loadsandmotions.Inaddition,generalizedresponsedatais



tabulatedforvariousoperatingconditionsoftheSL–7container
shipunderdifferentstatic-weightdistributions,different
speeds,headings,andseastates.

Thescopeofthecomputerstudyincludesallofthemodel
testconditionscoveredin [4],aswellasanextendedrangeof
shipoperatingconditions.Theappendixpresentsdataonthe
amplitudesandphasesofshipmotions(heave,pitchandroll)and
loads(verticalandlateralbendingmomentsandshears,andtor-
sion), covering4 speeds,2 displacements,19headings,and21
wavelengths.Thisinformationiscombinedwithwavespectra
representing5 long–crestedand5 short–crestedirregularsea
statesinordertoprovidestatisticalmeasuresofresponsesin
thoseseaconditions,whicharetabulatedintheappendix.

SHIPDESCRIPTIONANDLOADING

ThespecificationsoftheactualSL-7shipforpurposesof
thepresentinvestigationarelistedbelowinTable1,withthe
designationof “heave”loadingcorrespondingtonormalfullload-
ingintheNorthAtlantic,and“light”loadingcorrespondingto
initialloadofoneSL–7containershipoperatinginconjunction
witha fleetofotherships.Theactualinformationonthedis-
tributionofthestaticloadingisgiveninTables2 and3,which
alsocontaininformationonthesectionalverticalcentersand
rollinertiathatarenotordinarilyprovidedduringdesign
studies.Allofthisinformationisobtainedfrom[41, where
thetabulationwaspreparedfortheshipintheformof22loading
segments.Therelationsbetweentheseloadingsegmentsonthe
ship,theframenumbersandlines-plansstations(for20stations
alongLBP), andthesegmentsofthemodeltestedin [4], are
giveninFigure1. Asdiscussedin [4],theverticalCGposition
oftheshipincludesthecorrectionduetofreeliquideffectson
thetransversemetacentricheight.

Themodelusedinthetestsreportedin [4]didnotexactly
reproducetheconditionsofloadingspecifiedinTables2 and3,
butwasballastedtoobtainvaluesascloseaspossibletothose
values.Theresultsobtainedaregiven,infull-scaleunits,in
Tables4 and5,representingthecharacteristicsforthethree
modelsegmentsinregardtothedegreeofmatchingobtainedwith
themodel.

Inordertoapplythecomputerprogramof [3],itisnec-
essarytoestablisha distributionofloadingoverthe20stations
representingtheshipinregardtoweight,locationof sectional
CG,rollinertiaofeachsection,etc.thatwouldsatisfythemodel
characteristicsifa propersimulationofthemodelship,astested,
istobemade.Thiswasdonebynumericalexperimentationthat
producedresultsthatsatisfiedthecharacteristicsobtainedinthe
model,althoughtheprecisedistributionoverthe20stationswould

-2-
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notnecessarilybethesameasthatonthemodel.Sincethemodel
distributionover20stationsisnotknown,butthetotalresults
foreachmodelsegmentdomatch,thenon-uniquedistributionof
loadingobtainedtorepresentthemodelisconsideredsufficient
forthepresentpurposesofcomparisonofresultsforthesame
case.

Atthesametime,thedesignspecificationfortheship,as
presentedinTables2 and3,wereusedtoestablishtheloading
distributionsforthefull-scaleshipthatwillbethebase
referenceconditionsforpredictionofresponsedataundervarious
operatingconditions,asgivenintheAppendixtothepresent
report.Theactualsectionaldistributionsusedinthecomputer
programforthispurposearegivenbelowinTables6 and7.

TABLEI

SHIPCHARACTERISTICS

Length: Overall 946.6Feet(288.518m.)

Length: BetweenPerpendiculars880.5Feet(268.376m.)

Breadth:Maximum

LoadDesignation
(forpurposesofthisstudy)

LoadDesignation:
Specified

DraftatLCF

Trim,bystern

LCGAftofmidship

VCGAbovebaseline

mt

-t Correctedfor
freeliquids

Displacement

105.5Feet(32.156m.)

“HEAVY”

NormalFU1lLoad
(Departure)

32.6ft.(9.95m.)

0.14ft.(42mm.)

38.6ft.(11.75m.)

41.7ft.(12.70m.)

3.30ft.(1.00m.)

2.63ft.(0.80m-)

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

“LIGHT”

InitialPartLoad
(Departure)

29.1 ft.(8.86m.)

1.83 ft.(.56m.)

37.5 ft.(11.42m.)

39.8 ft.(12.14m.)

5.79 ft.(1.76m.)

5.32 ft.(1.62m.)

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

-4-



SEGMENT

TABLE11

EstimatedWeights,CentersandGyradii
for“Heavy”LoadCondition

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

TOTAL

1. LongTons

WEIGHTI LCG2

765.2
1847.7
1205.7
1613.4
1943.6
2379.2
2305.6
2610.8
3148.7
3343.7
3299.0
3179.2
3293.3
3039.8
2661.3
2898.7
2116.1
1678.3
1597.2
1244.5
897.7
691.3

47760.3

(2240lb)

421.25
355.93
297.07
254.73
214.75
174.71
134.72
94.72
54.73
14.74
-27.74
-72.74
-109.75
-147.25
-194.75
-234.10
-275.85
-316.15
-355.30
-395.25
-429.25
–460.25

-38.61

VCG3

44.50
33.40
59.67
47.96
48.08
44.49
40.46
38.31
37.75
36.62
31.83
31.07
43.27
45.69
43.48
44.73
50.13
50.57
51.48
50.08
44.36
51.90

42.31

K4xx

23.8
24.9
35.5
30.6
33.0
34.2
36.0
37.3
38.2
38.7
38.7
39.0
41.8
45.7
39.3
37.9
35.9
33.4
32.4
31.9
23.8
22.0

37.3

K5YY

30.5
30.0
31.2
27.6
28.3
28.6
29.3
28.7
29.2
29.2
28.1
28.4
29.5
33.7
26.8
27.3
25.8
25.5
25.4
27.1
20.5
17.5

215.1

KGZz

22.0
22.9
31.1
20.3
23.2
24.4
26.4
28.7
29.4
30.2
31.7
31.7
31.9
36.6
32.3
31.6
29.9
27.6
26.1
24.9
18.5
18.8

215.1

2. FeetForwardofMidship
3. FeetAboveBaseline
4. RollGyradius,Feet
5. PitchGyradius,Feet
6. YawGyradius,Feet
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TABLEIII

EstimatedWeiqhts,CentersandGyradii

SEGMENT

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

TOTAL

for“Li~ht””LoadCondition-

WEIGHTJ

777.4
1859.9
1217.9
1151.8
1379.2
1844.3
1990.6
2429.0
2547.5
2707.6
2714.9
2697.9
3284.9
3031.4
2726.3
2757.4
1631.3
1217.7
982.5
901.2
889.3
682.9

41422.8

1. LongTons(2240lb)

LCG2

421.25
355.93
297.07
254.73
214.75
174.71
134.72
94.72
54.73
14.74
-27.74
-72.74
-109.75
-147.25
-194.75
–234.10
-275.85
-316.15
-355.30
-395.25
-429.25
-460.25

-37.43

VCG3

43.40
32.88
58.52
47.36
48.67
44.99
33.36
35.89
34.42
33.81
31.54
31.49
42.97
45.39
41.65
42.03
46.21
47.13
41.47
40.77
44.36
52.05

40.26

K4xx

24.9
25.3
36.7
30.0
33.2
33.6
32.7
35.6
36.1
36.6
37.0
37.0
42.2
46.2
37.9
37.3
36.8
35.1
32.7
31.2
24.3
22.5

36.7

K5YY

31.4
30.3
32.6
25.9
27.2
26.7
25.6
26.6
26.3
26.2
25.6
25.7
30.0
34.2
24.8
26.2
26.1
26.4
24.1
25.1
21.1
18.1

214.8

KGZz
21.8
22.8
31.0
21.7
25.1
25.7
25.9
28.5
29.4
30.4
31.7
31.6
31.9
36.7
32.3
31.8
31.0
29.4
28.4
27.0
18.6
18.9

215.0

2* Feet ForwardofMidship
3. FeetAboveBaseline
4. RO1lGyradius,Feet
5. PitchGyradius,Feet
6. YawGyradius,Feet
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TABLEIV
SummaryofModelBallast:“Heavy”Condition

(ModelPropertiesScaledtoFullSize)
ModelSegments 1
ShipLoading 1 through5
Segments

DesiredAchieved
Weight,
LongTons
Longitudinal
Center,
ft.from
Vertical
Center,
ft.above
RollGyradius,

LI K ft●xxr
PitchG ~adius,

1K~oYY
YawGyradius,
K ft.Zz’

(Productof
Inertia)/Mass,K2 f~mz

X2‘
Angleof
Principal
Axis,De~.

7375.6

293.74
fwd

45.90

31.38

74.61

72.15

-268.72

-3.6

7380.

293.9
fwd

44.6

28.2

72.4

65.1

248.

4.1

2
6 through10

DesiredAchieved
13788.0 13800.

86.68 86.8
fwd fwd

39.20 35.2

37.23 35.6

63.82 68.4

63.38 66.7

144.71 -48.2

3.22 -0.9

TransverseMetacentricHeight,~, ft.
FreeRollPeriod,seconds,Tr
ApparentRollGyradius= Tr~/1.108,Feet
(ApparentRollGyradius)~(MeasuredRollGyradius)

3
11through22

DesiredAchieved
26596.4 26600.

195.74 196.7
aft aft

42.93 42.3

38.72 37.8

126.31 123.8

126.80 119.3

-719.80 -408.

-2.8 -1.8

EntireModel
1 through22

DesiredAchieved
47760.0 47780.

38.61 39.0
aft aft

42.31 40.6

37.31 36.0

21.5.09 215.0

215.07 213.0

-383.02 -342.

-0.5 -0.4

2.63 2.57
27.8
40.2
.1.11



TA3LEV
SummaryofModelBallast:“Light”Condition

(ModelPropertiesScaledtoFullSize)
ModelSegments 1
ShipLoading 1 through5
Segments

DesiredAchieved
Weight,
LongTons
Longitudinal
Center,
ft.from
Vertical
Center,
ft.above
RO1lGyradius,
K ft.+ xx‘

PitchGyradius,
K ft.YY‘

YawGyradius,
K ft.22P

(Productof
Inertia)/Mass,~2 ft.zX2f
Angleof
Principal

6386.2

303.91
fwd

45.07

31.64

74.69

72.39

-315.71

-4.2

6360.

304.0
fwd

45.4

30.4

78.2

66.2

432,

7.0

2
6 through10

DesiredAchieved
11519.0 11520.

86.80 78.8
fwd fwd

36.10 32.8

35.38 33.3

61.66 59.2

62.42 58.7

152.79 136.

3.3 3.3
AxisrDeg.

TransverseMetacentricHeight,~, ft.
FreeRollPeriod,seconds,T
ApparentRollGyradius- TrGM/1.108,Feet
(ApparentRollGyradius)/(MeasuredRollGyradius)

3
11through22

DesiredAchieved
23517.7 23450.

190.97 190.0
aft aft

40.99 40.8

38,43 38.6

122.99 121.3

123.86 112*2

-4!54.16 -135.

-1.9 -0.7

EntireModel
1 through22

DesiredAchieved
41422.9 41330.

37.43 39.1
aft aft

40.26 39.3

36.74 36.3

214.83 212.6

215.03 209.0

.218.43 7.8

-0.3 0.0

5.32 5.60
20.0
42.8
1.18



Station

O (FP)
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20 (AP]

TABLEVI

WeightPropertiesofthe
SL-7(Heavy)usedintheComputerProgram

Weight,1 Verticalcenter2
(lonqtons) ofgravity,ft.

435.19 - 2.0116
900.40 9.0734
1110.55 9.0884
1304.96 -15.5416
1625.78 -10.3496
1973.79 - 5.5316
2323.47 - 4.5676
2709.73 3.3524
3024.64 4.2684
3420.21 5.0194
3421.71 7,4784
3206.49 10.8954
3776.005 7,8594
3526.57 - 2.5356
2837.96 - 2.0016
2893.305 - 1.8436
2491.125 - 5.7896
2056.03 - 7.9736.
1758.175 - 8.8426
1888.51 - 7.6116
1075.395 - 6.8986

K ft.xx‘

23.8
25.3
24.9
35.5
32.9
33.7
35.0
35.4
39.0
39.9
38.7
39.7
40.7
45.6
42.5
39.3
37.2
34.3
33.5
32.5
23.61

1. Theshipisdividedinto20segmentsof44.025ft.lengths.
Thewei~htateachstationisassumedtobeuniformly
distributedoverthesegmentandcenteredatthestation.

2. Theverticalcenterofgravityofeachelementismeasured,
positivedownward,withrespecttotheship’soverallVCG.

-9-



TABLEVII

WeightPropertiesofthe
SL–7(Light)usedintheComputerProgram

Weight,~ Verticalcenter2
Station (lonqtons) ofgravity,ft.

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

1.

2.

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

- 3.2944
6,3056
7,2256

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

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

7944
- 9:2944

Kxx’‘t.

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

Theshipisdividedinto20segmentsof 44.025ft.lengths.
Theweightateachstationisassumedtobeuniformly
distributedoverthesegmentandcenteredatthestation.

Theverticalcenterofgravityofeachelementismeasured,
positivedownward,withrespecttotheship’soverallVCG.
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EXPERIMENTALDATA

Theexperimentaldataobtainedinthemodeltestsin [4]
includedverticalandlateralbendingmoments,verticaland
lateralshearforces,andtorsionalmoments,measuredatboth
midshipandattheforwardcutatFrame258.Measurementswere
alsomadeofthemotionsofheave,pitch,androll,aswellas
therudderangle.Allresultsarepresentedintransferfunction
form,i.e.lamplitudeandphase,withtheamplitudereferredto
thewaveamplitudetested(responseperunitwaveamplitude)and
thephasereferredtothemidshipverticalbendingmoment.Pos–
itivewaveelevationwasdefinedintheexperimentstobepositive
downwardwhichisoppositetotheconventionusedin [2]and[3],
andresultsinsomecomplicationinreconcilingphasesbetween
theoryandexperiment.

Themainregularwavetestswerecarriedoutovera speed
rangeof23-32kt.coveringallheadings(basedonsymmetrycon-
siderations)between0° (followingseas)and180°(headseas),in
30°increments.Insufficientdatawereobtainedforbeamseasto
characterizetheresponsesforthatcase,duetoexperimental
difficulties,andhencenocomparisonbetweentheoryandexperiment
ismadeforthatcase.Torsionalmomentsaremeasuredinthemodel
experimentsaboutanaxislocated23.3 ft. (fullscale)above the
baselineinthecenterplane.Thisdata,togetherwithdataonthe
lateralshearforce(amplitudeandphase),canbeusedtoobtain
valuesofthetorsionalmomentaboutanyotheraxislocatedat
someverticaldistancerelativetothisreference.Anapplication
ofthisprocedurewouldbetoobtainthetorsionalmomentabout
the“centeroftwist”orshearcenter,whichisnormallylocated
belowthebaseline.Informationofthisnaturecanbeobtained
fromthecomputerprogramcalculationsaswell,butwillbe
restrictedhereintothetestmeasurementreferencecondition
forpurposesofcomparisonoftheoryandexperiment.

Certainspecialtestswerealsomade(inordertoisolate
someeffects)thatarenotusuallymadeinthecourseofexper-
imentalstudiesinordertoassistincorrelatingtheoryand
experiment.Thesetestsincludedforcedrudderoscillations,
withmeasurementsoftherollangle,lateralshearandbending
moment,andtorsionalmoment(inregardtoamplitudeandphase
relativetotherudderoscillation)inordertoisolatethe
ruddereffectsonthosequantities.Anotherspecialtestpro-
videdrollextinctionrecords,whicharethebasicdatafrnm
whichlinearizedrolldampingcoefficientestimatesaremadefor
useinthecomputerprogram[3].

TherollextinctionrecordsinFigure4 of [4]forboththe
heavyandthelightconfiguration,at28kt.forwardspeed,were
analyzedinordertoobtainvaluesofrolldampingfortheship.
Resultsforthelightconfigurationweremorelinear(i.e.closer
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toexponentialdecaywithtime)thantheheavycase,withthe
heavyconfigurationbeingprimarilydampedinnonlinearfashion.
Theserecordswereanalyzedonthebasisoftherolldampingbeing
representedasa combinationoflinearandquadraticnonlinear
damping,andthecoefficientsfoundforeachelementalterm(see
[61forillustrationofa similartypeofanalysis).Theseparate
linearandquadraticdampingvalueswerecombined,intermsofthe
expectedrangeofrollangles,toproducea finalestimateof
equivalentlinearrolldampingfortheshipineachofthetwo
displacementconditions.Thesevalueswere
Lr=: = 0.10forthelightconfiguration,andgr= 0.09forthe

c
heavyconfiguration,withtheassumptionthatthesesamevalues
areapplicableovertheentirespeedrangeof23-32kt.inthe
regularwavetestsof [4]. Theyareusedinthecomputerprogram
alsoincarryingoutcalculationsforcomparingtheoryandexperi–
ment.

COMPARISONOFTHEORYANDEXPERIMENT

Allofthecomparisonsbetweentheoryandexperimentare
madeusingthesignconventions,etc.of [4]sothattheexperi-
mentalresultsshownintheaccompanyingfiguresareduplicated
inthisreportfromthosein [4].Otherinformationpresented
inthisreport,intheformofspectralresponseresultsgivenin
Table8 andalsointheAppendix,whichrepresentthedatabank
forSL-7responsesasdeterminedfromtheory,arepresentedin
termsoftheconventionsof [2]and[3].Alloftheconditions
coveredbytheexperimentersin [4]~whichisthenequivalent
toabout170-180differentsetsof frequencyresponses(both
amplitudeandphase)havebeentheoreticallyevaluatedwiththe
digitalcomputerprogram.Onlya limitednumberofplotsshowing
representativecomparisonsbetweentheoryandexperimentare
presentedinordertoillustratetheresults.

Theapplicationofthetheoryof [2]topredicttheloads
andmotionsoftheSL–7shipisexpectedtoprovideanswersthat
aregenerallyingoodagreementwiththeexperimentaldata.This
isbasedupontheprevioussuccessfulapplicationsofthetheory
in [2],theslenderfineformoftheshipwhichisclosertothe
requirementsofa longslenderbodyforapplicationofstrip
theory,andvariousother(unpublished)applicationsofthetheory
andprogramtodifferentshipforms.

Whilethemajoraimofthisstudyisthedeterminationof
waveloads,informationonthecorrelationbetweentheoryand
experimentforthemeasuredshipmotionsisalsousefulin
providinginsightintothecapabilitiesofthebasictheory
sincethemotionsaresignificantelementsindeterminingthe
loads.Themeasuredshipmotionsin [4]aretheheaveatFrame
124(582.5ft.aftoftheforwardperpendicular),thepitch
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angleandtherollangle.Tocomparethemeasuredheavewiththe
theory,thepredictedheavewascombinedwiththepredictedpitch
togivetheresultantheaveatFrame124. Typicalheaveresults
areshowninFigures2 and3. Theagreement,unexpectedly,is
notgood.Ontheotherhand,typicalresultsshowingthevery
goodpitchcomparisonaredisplayedinFigures4 and5. This
levelofagreementbetweentheoryandexperim@n-Linpitchwas
maintainedforallheadings,speeds,anddisplacements.

ItthusdidnotseemreasonablethattheheaveatFrame124
was being contaminatedbythepitch.Todemonstratethis,the
measuredheaveofFrame124wascombinedwiththemeasuredpitch
togivethemeasuredheaveattheshipCGinFigure6,towhich
theorywasagaincompared.Again,thetheoryandexperimentare
notinagreement.Ttiscommonlyacceptedinthelimitoflong
waves(A/L>>l)thattheratioofheaveamplitudetothewave
amplitudeapproachesl.0~whichisnotthecaseforthepresent
heavemeasurements.Itisimpossibletobedefinitiveinasmuch
astheSL-7isoperatingina higherspeedregimethaninthe
speedsusedinthevalidationofthetheory[2],butitappears
possiblethattheheavemeasurementsareinerror.Thispossi-
bilityhasbeenacknowledgedbytheexperimenters,anditis
theirbeliefthatifanexperimentalerrorexistsitwouldbea
systematicerrorinheavealone.Thepossibilitywasindicated
thata factoroftwo(2)couldariseina dialsettingsothat
allmeasurementsofheavemightthenbemultipliedbya factor
ofone-half(0.5).Ifthiswerethecase,theagreementbetween
theoryandexperimentwouldthenimprove.

TypicalrollcomparisonsareshowninFigures7 and8,and
canbeseentobepoor.Thismaybedueprimarilytothefact
thatrolldampingisprobablynonlinear,andhenceitisnot
properlyrepresentedinthepresenttheoryof [2]and[3].These
resultsarefortheheavyconfigurationwherethecombinationof
linearandnonlinearrolldampingisreplacedbya probablytoo
largeassumedequivalentlineardamping,asdiscussedinthe
precedingsectionofthisreport.Anillustrationoftheresults
forthelightconfiguration,wheretherolldampingwascloseto
linear,isgiveninFigure9. Inthatcaseitcanbeseenthat
betteragreementbetweentheoryandexperimentisobtained,there-
byprovidingfurtherevidenceofthesignificanceofnonlinear
rolldampingonshipresponse.Thelimitednumberofconditions
testedfordeterminingrollresponsesdoesnotallowa complete
generalizationoftheseresults,butonlypointstotheneedfor
morerefinedmethodsofpredictingrollmotionaswellasthe
variousshipwaveloadsthataresignificantlyinfluencedbyroll.

Thecomparisonbetweenth~theoryandexperimentinpre–
dietingtheloadsontheSL-7areshowninFigures10-57.These
figuresshowthevariationofparticularwaveloadsasfunctions
ofwavelength,fordifferentspeedsandheadings,artciforthetwo
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differentdisplacementconditions.Thecomparisonsgiventhere
arepresentedinthefollowingsequence;midshipverticalbending
moment(Figures10-21),midshipverticalshear~Figures22-33),
midshiplateralshear(Figures34-41),midshiptorsion(Figures
42-49),andmidshiplateralbendingmoment(Figures50-57).On
thewhole,thelackofconsistentagreementisdisappointing,
especiallyinviewofthegoodagreementshownin [2]aswell
asinseveralsubsequent(butunpublished)applicationsofthe
theoryandprogramin [2]and[3].Tntheverticalplane,the
theoreticalresultsareforthemostpartlowerthantheexperi-
mentalresults.14nexaminationwasmadetoseeifthisdifference
wereduetotheinfluenceofhigherforwardspeed(l?roudeNumber
effect), asshownin [7]forthecaseofmotioninheadseas.
Theequationsusedin [7],whicharesimilartothosein [2], also
containsomeadditionaltermsinthecoefficientdefinitionsthat
couldpossiblyinfluencethepredictedresults.Thosesame
coefficientchangeswereincorporatedintotheprogramof [3]and
computationsrepeatedfora fewdifferentcases.Theresults
obtainedwiththeothertheoreticalmodelwerealmostexactlythe
sameasthosefoundfromtheoriginaltheoryandprogramof [2]
and[3].

Thesituationinregardtothecomparisonbetweentheoryand
experimentbecomesmoreevidentinthecaseoffollowingandnear
followingseas,wherethetheoryisconsideredtobetentativedue
tothelowencounterfrequencies.Thelimitationofpresent
theoryisknownforthiscaseoflowencounterfrequenciessince
thebasicstriptheorytreatmentisprimarilyvalidforhigher
encounterfrequencies.Asmostoftheimportantapplicationsof
shipmotionandloadpredictionshavegenerallybeenassociated
withheadseaoperation,littleconcernwasdevotedtothefollow-
ing(ornearfollowing)seaoperatingconditionsandhencethis
basiclimitationhasnotbeenemphasizedinshipmotionliterature.

Someinsightwasgainedintothecauseofthislackofagree-
mentbydecomposingthemidshipverticalbendingmomentintoits
constituentelements.Itwasfoundthattheverticaladdedmass
termcontributiontothetotalbendingmomentismuchlargerin
thecaseoffollowingseasthaninheadseas,whichwasanun-
expectedresultsincetheaddedmasstermenterstheequations
ofmotionin associationwithanaccelerationtermandthefre-
quenciesaremuchlowerinfollowingseasthaninheadseas.The
explanationisrelatedtothetheoreticallyinfinitebehaviorof
thetwo-dimensionalverticaladdedmassasthefrequencyapproaches
zero.Sincetheaddedmassshouldplaya minorroleforlowfre-
quencies,itwasdecidedtosettheaddedmassidenticallytozero
intheprogramandrepeatthecalculationsforthefollowingseas.
TheresultsshowninFigures58-61demonstratethatdeletionof
theverticaladdedmasstermimprovestheagreementbetweentheory
andexperiment.Thefactthattheverticalbendingmomentsand
shearsareincreasedwiththeaddedmasstermdeletedisa result
ofphasing.Theresultsforthemotionsofheaveandpitchwere
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notalteredsignificantlyinthecomputationswiththisvertical
addedmasstermmodificationsincetheencounterfrequenciesfor
thosecaseswerelowandalsofarfromthenaturalresonancefre–
quenciesforthosemodesofmotion.Similarcomputationswere
carriedoutwiththeverticaladdedmasssetequaltoa constant
value,withthatconstantvaluecorrespondingtothevalueatthe
limitofinfinitefrequency,whichiseasilydeterminedfromthe
sectionproperties.Inthatcasealsotherewasanimprovement
intheagreementbetweentheoryandexperiment,althoughthe
resultswerenotassatisfactoryasinthecasewherethevertical
addedmasswasidenticallysetequaltozero.

As farasthecomparisonbetweentheoryandexperimentin
thehorizontalplaneisconcerned,thereisnoparticularknown
limitconditionthatisnotsatisfiedwhichwouldenablea
judgementofconsistencyinthecomputedresultstobemade.Any
disagreementmightbeascribedtothefactthatrolldampingis
probablynonlinear,anditsrepresentationwithinthecomputer
program(andtheory)isnotaltogetherproper.Investigationwas
madein [4]oftheeffectoftheleewayanglechangecausedby
therudder,anditwasconcludedthatitseffectontheexperi-
mentalresultswastoosmalltobeofanysignificance.Simi-
larlytheinfluenceoftherudderonthewaveloadsinthe
horizontalplane(lateralbendingmoment,lateralshear,and
torsionalmoment)wasnotlargeenoughtoaffectsignificantly
theexperimentalvaluesthatareusedforcomparisonwiththeory.
Typicalresultsobtainedforthevariouslateralplanewaveloads
areshowninFigures34-57,whereitisseenthattheagreement
tendstobefairlygoodforthecaseofthelightloadingcon–
ditionandnotasgoodfortheheavyloadingcondition.Certain
casesforthelightloadingalsoshowedlargedifferencesbetween
theoryandexperiment,andinallcaseswheretherewasa lack
ofagreementfortheloadsthesamesituationwasfoundtobe
trueforthecaseofrollmotion.Theparticularlylargedif–
ferencesoccurredina regioncorrespondingtorollresonant
response,whichisprimarilyduetotheinfluenceofnonlinearity
intherolldampingdiscussedpreviously.Thusitappearsthat
anadequatepredictionofthevariouslateralplanewaveloads
ishighlydependentupontheadequaterepresentationofshiproll
responsewithnonlinearrolldamping,whichisnottreatedinthe
presentdevelopmentsin [2]and[3].Theinfluenceofrollingon
torsion,forexample,hasbeenillustratedintheworkof [8]and
similarly,theeffectofrollingonthelateralbendingmoment
computationisshownin [9].Bothofthesecasesprovidefurther
verificationofthesignificanteffectofproperrollmotion
representation.

Anothermethodofcomparisonbetweentheoryandexperiment
isbymeansofdeterminingthermsvalueofparticularmotions
andloadswhenassumingtheshiptobeinvariousirregularseas.
Theparticularseastatesconsideredarethosedescribedbythe
Pierson-Moskowitzspectracoveringa rangeofsignificantwave
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heightsfrom10ft.to50ft.,instepsof10fk. Thevaluesfrom
experimentthatwereusedinthiscomputationweretheResponse
AmplitudeOperators(magnitudeoffrequencyresponse)whichwere
thensquared,multipliedwiththeassumedwavespectra,and
integratedtodeterminetheappropriatermsvaluebymeansofthe
techniqueoflinearsuperposition[10].Extrapolationandinter-
polationofthemeasureddatawereperformedwhennecessary,and
inadditiona cosine–squaredspreadinglawwasappliedtopredict
thestatisticalresponseforassumedshort–crestedirregularseas.
Sincenoexperimentalresultswerepresentedin [4]forthecase
ofbeamseas,onlytheresponsesforheadandfollowingconditions
inshort-crestedseasweredetermined.Allofthoseresultsusing
theexperimentaldatatoderivethestatisticalmeasuresfordif–
ferentseastatesareconsideredtobethe“measured”values
representingtheexperimentalresults.

Theintegrationovertheheadinganglevariationforthese
short-crestedsearesponsesfortheexperimentaldatauseda
spacingof30°fortheheadinganglevariation~whichisgenerally
consideredtobesomewhatcoarse.Thetheoreticalevaluationsof
rmsresponsesinshort-crestedirregularseaswascarriedoutusing
21wavelengthsand19differentheadingsof10”spacingtodeter–
minethoseresults.Allofthefinalrmsresultsfortherangeof
speeds,modelconfigurations,etc.forthetwobasicheadings,head
andfollowing,inshort–crestedirregularseasarepresentedin
Table8. ExaminationofthevaluesinthisTableshowsthatthe
agreementbetweenresultsfromtheoryandexperimentismuchbetter
fortheheadseaconditionsthanforfollowingseas,whencon–
sideringallcases.Th,isconclusionholdsforallofthevarious
measuredquantitiespresentedinTable8,coveringthemain
responsesofinterest.Theresultsforthefollowingseacon-
ditionshowsomesignificantdifferences,fora numberofcon-
ditions,whichcanbeascribedtotheeffectofthedifficulties
encounteredatlowfrequenciesofencounterfortheverticalplane
loadsandtheinfluenceofnonlineardampingandpoorrollpre-
dictioninregionsnearrollresonanceforlateralplaneresponses.
Theseinfluenceshavebeendiscussedpreviously.However,ina
numberofcases,thedifferenceswerenotassignificantwhen
consideringrmsvaluesasinthecaseoffrequencyresponse,due
to thevariousaspectsofintegration,smoothing,etc.overranges
offrequencyandheading.A possibleinfluenceofthemorecoarse
headingvariationandthelackofsignificantexperimentaldata
forfrequencyresponseinwaveconditionsforthelargersea
statesmayalsohavesomeinfluenceaffectingtheclosenessof
thiscomparison.

Althoughitisseenfromalloftheabovethatthepresently
developedtheoryandcomputerprogramin [2]and[3]havecertain
limitationsforparticularoperatingconditions(e.g.following
seas,nonlinearrollinfluence~etc.), theexistenceofthe
programdoesallowpredictionsofmotionsandloadsindifferent
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TABLEVIII

ComparisonBetweenTheoreticalandExperimental
R.M.S.ResponsesinShort-CrestedSeas

Heading= 0°
Speed= 25kt.

SignificantWaveHeight,ft.
10 20 30 40 50

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(HeaVy)

Pitch- Deg.
.1284 .558 999 1.369 1.679
.1359 .5760 1:022 1.394 1.704
.1164 .556 .9926
.1254

1.284 1.464
.5594 .9668 1.237 1.403

VerticalBendingMoment(midship)-ft.tons
2.622E4 .8035E51.175E5 1.407E51.559E5
2.607E4 .773E5 1.122E51.339E51.482E5
4.2742E41.501E5 2.216E5 2.623E52.860E5
4.511E4 1.399E5 l.998E52.324E52.51E5
LateralBendingMoment(midship)–ft.tons
2.139E4
1.985E4
3.451E4
2.685E4

1.2471Z2
11.81Z1
1.3121Z2
7.707E1

1.116E2
1.250E2
1.893E2
1.814E2

1.832
1.462
2.201
2.221

4.195E4 5.243134 5.860134
4.006E4 5.073E4 5.707E4
7.094E4 8.846E49.778E4
5.567E4 6.737E47.264E4
LateralShear(midship)–tons
2.204E22.617E2 2.829E2
2.046E2 2.415E22.602E2
3.057E23.945E2 4.398E2
l.794E2 2.248E22.455E2
VerticalShear(midship)–tons
1.713E2 1.897E2 1.986E2
1.912E2 2.114E22.208E2
4.145E25.054E25.467E2
3.893E2 4.729E2 5.101E2

Roll- Deg.
5.324 7.875 9.634
3.791 5.149 5.939
7.027 9.902 11.468
5.118 6.470 7*111

.628E5
6.132E4
1.031E5
7.537E4

2.955E2
2.711E2
4.650E2
2.563E2

2.042E2
2.267E2
5.677E2
5.243E2

10.854
6.441
12.359
7.450
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TABLEVIII
(Continued)

ComparisonBetweenTheoreticalandExperimental
R.M.S.ResponsesinShort-CrestedSeas

Heading= 0°
Speed= 25kt.

SignificantWaveHeight,ft.

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

10 20 30 40 50
Torsion (aboute.g.,lnidship)-ft.tons

3.524E3 9.979E314.505E31.753E4 1.963E4
3.651E3 8.802E311.597E313.145E314.085E3
1.834E3 6.495E3 9.373E31.091E41.178E4
2.056E35.266E3 6.793E3 7.519E37.902E3

Heave(ate.g.)-ft.
.275 1.641 3.766 6.185
.289

8.748
1.701 3.860 6.298 8.871

509 2.973 6.014 8.218 9.620
:511 2.976 6.016 8.220 9.622

VerticalShear(Frame258)-tons
1.400E2 3.763E2 5.266E2 .618E3 .678E3
1.41OE2 3.693E2 5.124E25.124E2 .656E2
1.921E2 6.036E2 8.683E21.019E3 1.107E3
1.867E2 5.82E2 8.312E29.71OE21.052E3
VerticalBendina‘Moment(Frame258)-ft.tons
1.949E4 4.541E4 .618E5 .719E5 785E5
1.947E4 4.409E4 5.920E46.849E4 1746E5
2.068E4 7.075E41.050E5 l.247E5l.362E5
1.538E4 5.575E4 8.350E49.957E41.090E5

LateralShear(Frame258)-tons
1.028E21.916E2 2.334E2 2.563E2
948E2

2.708E2
. 1.774E2 2.167E2 2.382E22.518E2
1.289E2 2.563E2 3.089E23.343E2 3.481E21.051E2 2.11OE2 2.578E2 2.814E2 2.947E2
LateralBendingMoment(Frame258)-ft.tons
l.235E4 2.7E4 3.537E44.051E4 4.401E4
1.241E42.766E4 3.632E44.153E44.502E4
2.043114 4.678E4 5.711E4 6.155E4 6.381E4
1.308E4 3.336E4 4.267E4 4.698E4 4.924E4
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TABLEVIII
(Continued)

ComparisonBetweenTheoreticalandExperimental
R.M.S.ResponsesinShort-CrestedSeas

Heading=0°
Speed= 25kt.

SignificantWaveHeight,ft.

10 20 30 40 50
Torsion(aboute.g.,Frame258)-ft.tons

Theory(Heavy) 4.907E31.373E4 l.998E42.419E4 2.712E4
(Light) 4.623E31.148E4 l.527E41.739E4l.868E4

Experiment(Heavy)4.513E3 l.572E42.234E4 2.587E4 2.786E4
(Light)4.999E3l.288E4 1.696E41.911E4 2.033E4
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TABLEVIII

Comparison
R.M.S.

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

(Continued)

BetweenTheoreticalandExperimental
ResponsesinShort-CrestedSeas

Heading= 0°
Speed= 30kt.

SignificantWaveHeight,ft.
10 20 30 40 50
VerticalBendingMoment(midship)-ft.tons

2.158E4 .552E5 .784E5 .935E5 1.037E5
2.148E4 .535E5 .748E5 .885E5 .978E5
4.401E41.520E5 2.240E52.648E52.890E5
5.094E4 1.452E5 2.045E5 2.372E52.557E5

LateralBendingMoment(midship)-ft.tons
1.924E4 3.948E4 5.086E45.800E4 6.301E4
1.856E4 3.844E4 4.962E45.657E4 6.139E4
3.428E46.537E4 7.767E4 8.372E48.71E4
2.247E45.486E4 6.990E47.703E4 8.080E4

Torsion(aboute.g.,midship)-ft.tons
3.948E310.218E314.199E3l.679E4 1.857E4
4.071E3 8.471E310.691E311.921E312.681E3
2.288E36.860E3 9.766E31.139E4 1.232E4
2.791E36.127E3 7.704E3 8.455E3 8.85’2E3
LateralBendinaMoment(Frame258)-ft.tons

l.245E4 3.11OE4 4.145E44.696E45.013E4
1.325E4 2.948E4 3.896E4 4.486E44.890E4
2.037E4 5.059E46.253E46.764E47.023E4
1.363E4 4.249E4 5.601E4 6.233E46.564E4

Torsion(aboute.g.,Frame258)-ft.tons
1.871E3 417E4 .532E4 .603E4 .662E4
5.218E3 1:115E4 1.419E4l.589E4l.695E4
5.103E31.660E4 2.395E42.822E4 3.074E4
5.927E31.523E4 1.983E42.217E42.347E4
VerticalBendinqMoment(Frame258)-ft.tons

3.695E48.959E411.127E41.214E5l.272E5

1.712E45.887E4 8.738E41.038E51.133E5
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TABLEV11I
(Continued)

Comparison
R.M.S.

BetweenTheoreticalandExp~~imental
ResponsesinShort-Cres-bedSeas

Heading= 180”
Speed= 25 kt.

SignifiCai2tWave Height,ft.
10 20 30 40 50

Pitch- Deg.
.1961 1.077 1.846 2.394 2.801
.1991 1.061 1.811 2.349 2.750

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

.1904 1.00-7 1.714 2.157 2.423
● 1904 1.007 1.714 2.157 2.423
VerticalBendingMoment(midship)-ft.tons

4.173x1041.209x1051.636x105~.8~lx1052.015x105
4.O93X1O41.IO4X1O5I.454X1051.644X1051.71OX1O5

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

5.166x104’1.590x1052.255x1052.623x1052.814x105
4.617x1041.416x1052.002x1052.316x1052.493x105

LateralBendingMm.ent (midship]-ft.tons
2.486x1045.717x1047.333x1048.170x1048.656x104
2.376x1045.30C9XIO*6.~l~X~~4 7’.423x1047.827x104

Theory(Heavy)
(Light)

3.175x1046.388xlQ~7.646x10hS.207X1048.496x104
2.639x1045.325x10q’6.411x1046.898x1047.150x104

Experiment(Heavy)
(Light)

LateralShear(midship)-tons
.7’95x1021.313x102lm493x1021.572x1021.614x102
.756x1021.215x102I.375x102I.445x1021.484x102

Theory(Heavy)
(Light)

1.075x1021.807x1022.033x1022.124x1022.169x102
1.024x1021.666x102I.858x1021.935x1021.972x102

Experiment(Heavy)
(Light)

VerticalShear (midship)-imns
1.722x1024.617x1(326.005x1026.672x1027.672x102
1.918x1025.121x1026.662x1027.410x1027.824x102

Theory(Heavy)
(Light)

2.055x1024.240x1025.131x1025.548x102!5.770x102
2.055x1024.240x1025.131x1025.548x1025.770x102

Experiment(Heavy)
(Light)

I.481x1032.962x1033.641x1034.052x1034.422x103
1.670x1033.028x1033.867x1035.064x1036.604x103

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

1.970x1033.351x1033.795x1033.982x1034.077x103
2.062x1033.515x1033.972x1034.161x1034.255x103
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TABLEVIII
(Continued)

ComparisonBetweenTheoreticalandExperimental
R.M.S.ResponsesinShort-CrestedSeas

Heading= 180°
Speed= 25kt.

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

SignificantWaveHeiaht.ft.
10 20 30 40 50

Heave(atc.g.)-ft.
.6059 3.491 6.440 9.167 11.828
.6337 3.486 6.390 9.092 11.739
.9415 4.507 7.691 9.710
● 9415

10.933
4.507 7.691 9.710 10.933

VerticalShear(Fratne258)-tons
1.729E2 4.976E2 .6886E3 .7971E3.8642E3
1.668E2 4.506E2 6.124E2 .705E3 .763E3
2.344E2 7.313E2 1.048E3 1.218E3 1.314E3
2.213E26.877E2 9.853E2 1.146E31.236E3
VerticalBendingMoment(Frame258)-ft.tons
1.696E4 4.638E4 5.935E4 .655E5 .689E5
1.875E4 5.462E4 7.123E47.891E4 8.302E4
2.046E4 6.277E4 9.020E41.051E5 1.134E5
1.758E4 5.074E147.116E4 8.219E48.842E4

LateralShear(Frame258)–tons
.9404E21.999E2 2.506E22.765E22.915E2
● 8981E21.867E2 2.313E22.537E22.664E2
1.166E22.205E2 2.546E22.685E2 2.754E2
1,.064E22.072E2 2.406E2 2.542E22.609E2
LateralBendingMoment(Frame258)–ft.tons
1.351E4 3.335E4 4.387E44.937E45.252E4
1.301E4 3.138E4 4.087E44.572E4 4.845E4
,J1.750E43.265E4 3.883E44.173E44.326E4
1.395E4 2.706E4 3.21OE4 3.435E43.551E4

Torsion(aboute.g.Frame258)-ft.tons
Theory(Heavy) l.968E3 4.233E35.317E35.987E36.574E3

(Light) l.893E3 3.838E3 5.133E35.878E3 9.028E3
Experiment(Heavy)1.778E3 3.892E3 4.814E3 5.248E35.478E3

(Light)l.524E3 3.662E34.632E25.090E35.332E3
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TABLEYIII
(Continued)

ComparisonBetweenTheoreticalandExperimental
R.M.S.ResponsesinShort-CrestedSeas

Heading= 180°
Speed= 3(Ikt.

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

Theory(Heavy)
(Light)

Experiment(Heavy)
(Light)

SignificantWaveHeight,ft.
10 20 30 40 50
VerticalBendingMoment(midship)-ft.tons
4.280E41.285E5l.736E51.973E5 2.112E5
4.260E41.203E51.581E51.772E5 1.883E5
6.052E41.777E5 2.501E52.890E53.109E5
4.882E4 1.572E5 2.242E52.595E52.791E5
Lateral“BendingMoment(midship)-ft.tons
2.357E45.448E4 7.034E47.866E4 8.350E4
2.257E45.051E4 6.429E47.132E47.531E4
3.043E4 6.196E4 7.507E4 8.108E4~8.421E4
2.571E45.225E4 6.308E46.795E47.047E4

Torsion(aboute.g.,midship)-ft.tons
1.416E3 2.863E3 3.559E33.976E3 4.335E3
1.589E32.874E33.640E34.695E36.129E3
2.196E33.714E3 4.185E34.381E3 4.480E3
2.150E33.635E3 4.097E34.287E3 4.381E3

Hea’ve(atc.g.)-ft.
.579 3.783 7.089 9.991 12.716
.609 3.755 6.979 9.837 12.542
.943 4.507 7.691 9.710 10.933
.943 4.507 7.691 9.710 10.933
VerticalBendingMoment(Frame258)-ft.tons

1.970E4 6.429E4 8.718E49.806E410.392E4

1.976E45.678E47.859E4 9.027E4 9.685E4
Torsion(aboute.g.Frame258)–ft.tons

1.795E3 3.771E35.033E36.589E3 8.574E3

1.555E33.831E34.857E35.336E3 5.588E3
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seaconditions,fordifferentspeeds,headingslloadings,etc.of
interestforconventionalsurfaceships.Onthatbasis”com-
putationswerecarriedouttopresenta complete“databank”for
theSL-7shipintheformofbothfrequencyresponsesforregular
wavesaswellasrmsandotherstatisticalresponsemeasuresfor
irregularseas.A1lofthisinformationispresentedinthe
Appendixtothisreport.

CONCLUDINGREMARKS

Alloftheprecedingresultsrepresentvaluesobtainedfrom
a computerprogramrepresentingessentiallythepresentstate-of-
the–artinshipmotionsandloadscomputation.Thetheoretical
basisforthecomputationsisa striptheoryrepresentationfor
fivedegreesoffreedom(surgemotionneglected),whichiscon–
sistentwithallotheravailableshipmotionanalysesapplicable
towaveresponsesatarbitraryheadingsandspeedsina seaway.
Thelackofagreementbetweentheoryandexperimentinparticular
caseshasbeenpointedout,andsomemeansofcorrectionorex-
tensionofthetheorytoallowitsapplicabilitytothesespecial
conditionsisalsodiscussed.Theparticularlimitationsofthe
availabletheoryhavenotbeenemphasizedinmanypreviousstudies
andonlymanifestthemselvesinthiscasebecauseoftherangeof
operatingconditionscovered.

Thecomputedresultsforheadandbowseas,aswellasa
numberofresultsforthelightconfigurationinfollowingseas
(forlateralplaneresponsesprimarily)aresufficientlycloseto
themodeltestdatathata fairdegreeofreliabilityoftheir
valuescanbeaccepted.Thepredictedresponses,instatistical
form,forthevariousloadsandmotionsofinterestforthese
conditionsarethenusefulvaluesforcomparisonwithexperimental
data.Theextentofutilityofthecalculatedvaluesforother
operatingconditionsthatdidnotexhibitagreementwiththemodel
testdataisthereforeanunknownfactor.Howeverpossibleerrors
betweenmeasuredresultsandpredictedvaluesmaynotbethat
extremewhenconsideringrealisticvaluesobtainedduringfull-
scaletests,wherepreciseseastates,headingvariations,etc.
arenotexactlyequivalenttothoseusedinthetheoretical
prediction.Thusa usefulsetofvaluesthatareanticipatedfor
theSL-7shipduringitsoperationinrealisticseawayscanbe
foundbyextractingtheparticularvalueslistedinthedatabank
providedintheAppendixtothereport.Thesevaluescanbeused
forcorrelationbetweenfull-scalemeasurementsandtheoretical
predictions,aswellasprovidea measureoftheexpectedloads
forshipsofthistypeduringtheiroperation.

-24-



REFERENCES

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

Heller,S.R.Jr.,Lytle,A.R.,NielsenrR.Jr.,andVasta,J.:
“TwentyYearsofResearchUndertheShipStructure
Committee,”Trans.ASME,Vol.75,pp.332-384,1967.

Kaplan,PaulandRaffrAlfred1.: “EvaluationandVerifi-
cationofComputerCalculationsofWave-InducedShip
StructuralLoads,”ShipStructureCommitteeReportNo.
SSC-229,1972.

Raff,A.I.:“ProgramSCORES--ShipStructuralResponse
inWaves,!’ShipStructureCommitteeReportNo.SSC-230,
1972.

Dalzell,J.I?.andChiocco,M.J.: “WaveLoadsina Modelof
theSL-7ContainershipRunningatObliqueHeadingsin
RegularWaves,”DavidsonLaborator

r
ReportNo.SIT-DL-

1613,July 1972.(AlsoSSC-239,1974

ProgressReportQn Full–ScaleDataandMeasurementonSL–7
ContainerShip,TeledyneMaterialsResearchCompany,
December1972.

Kaplan,Paul,Sargent,T.P.,Raff,A.I.,Bentson,J.and
Bono,Placido:“AnInvestigationoftheRelativeMotions
ofACVLandingCraftandLargeAmphibiousAssaultShips,”
Oceanics,Inc.Rpt.No.72-90,February1972.

Salvesen,N.andSmith,W.E.:“ComparisonofShip-Motion
TheoryandExperimentforMarinerHullanda Destroyer
HullwithBowModification,”NSRDCReportNo.3337~
June1971.

Grim,O.andSchenzle,P.: “BerechnungderTorsionsbelastung
einesSchiffesinSeegang,”Inst.furSchiffbauder
Universitat,Hamburg,BerichtNr 235amdNr 237,1969.

Kaplan,P.: “DevelopmentofMathematicalModelsfor
DescribingShipStructuralResponseinWaves,”Ship
StructureCommitteeReportNo.SSC-193,January1969.

St.Denis,M.andPierson,W.J.Jr.: “OntheMotionsof
ShipsinConfusedSeas,”Trans.SNAME,1953.

-25-



COMPARISONBETWEENTHEORYAND EX~ERIMENT

I FU\T MZ”L1Tv,I !arrmxmm-

,,

WN.%hWLITWE

2.0-
~ WM7 M6PUCZ?TXT

a Em.umw (“.1$m>
— ?mow (V-23KIS1

1.3-.

i.●-

0
0

0

.1 .4 .s .# 1.0 1.2 1.4 1.6 l.m 2.0
WAVZlmK’111/smPLExrl’n

Um

t
o 0 6

0

I

901
2 - Frame124Heave& PhaseLag,.

0°Heading

I *-’t=o H.:TL.,I
I —- [-= m.)

8.

8.‘.[

Fig.4 -P~tch& PhaseLag,O”Heading

m!wl D,spmti
C.urnlrom (V-25ms.#
Utou lV-2S?39.,

o 0

0

0

1.9-

“-,“oc,
.2 .1 .4 ., 1.U 1.Z 1., ,.* ~+, *.O

I
rot

Fig.3-Frame124Heave8 PhaseLag,
180°Heading

●✎4.

●.1-

ha -

a.1‘,J,..,, , , , ,

.1 .4 .a .m 1,* La 1.4 1.9 1.* 2.0

●AR -m -

kg. 5 -Pitch& PhaseLag,180°Heading



;

1

-.

UWE Lwun’m

Uiw nrs?—
0 mlumxl (v-n XT8.)

?
o

— mmu1-7.$rm.) o
0

0

/
0 .

0

+’(
-1.

L 1 I L
e .4 .9 1.1 1.6 1.0

wan -nmm -

Fig.6 - C.GO
180

Heave& PhaseLag,
Heading

WwOlsrmctww
o Cxmmmsr (V.2SKS.,

— Tnrom (V-25T,IS.)

1.s1-”0

0 0

1.0
0

9.s

I r I I t
.1 .4 .$ .1 1.0 1.1 1.4 1.6 1., 2.0

UAW La.crM/%Ml,Luim

.Z

‘,“x o

o

I # I I 1 t I 1
.a .4 .6 -m L.* X.a 1.* &.d l.m Z.o

UAW uwm/sm7 ml-

Fig.7 - KO]I& PhaseLag,30°Heading

I 1 I # t I I I
.3 .4 .6 .n 1.0 1.2 1.4 1.s 1.* >.0 .

WAVE UN~/$U, lir!mm

Fig.8 - Roll& PhaseLag,
60°Heading

o

r’

o
L 0

1.5

0 Em— (v-asmu.<

—— (W2S rm.)

me

t
~ ,70-

‘F,,,

o 0

$ ,“
,-

2*

0

.a .4 .6 .1 1.0 1.1 1.4 1.6 1.* Z*

.

Fig.9
Waw -ml? mm-

-Roll& PhaseLag,
60°Heading

-27-



20000I‘c---,+ ~,/\,, .--—...+
M*9O ~d /-’ --..+-

..
I 1 I 1

.1 .4 .6 .8 1.0 L-z 1.4 1.6 l.m z-m

369

119

100

MI
o 0 0 0

1 1 Q,

Fig.10-MidshipVerticalWaveBending
M ments& WavePhaseLag,80 Heading

4000$

I

o
8

30W0 o

20000

\

--- 0-..
-.

10000 - ---

1.

uwt —m—

‘+

.1 .4 .6 ., I.# 1.Z 1.4 1.6 1.* 2.0

=* —=- -

Fig.12-MidshipVerticalWaveBending
Moments&WavePhaseLag,
60°Heading

o

lwao -

..
t L I I I 1

.1 .4 .4 -m 1-0 1-1 1.4 1-* 1.9 ~.o

!.x

a?

1

A

Fig.11-MidshipVerticalWaveBending
Moments& WavePhaseLag,
30°Heading

.-.. -m w-m a-m.)

I 1 1 I I 4

.a -a .s -~ l-a 1.2 1.4 1.6 1.~ 1.*
m —*W —

I nn -PUP —

Fig.13-MidshipVerticalWaveBending
8Momnts& WavePhaseLag,

240 Heading

-28-



0 !! Xmnlm!m[V.>sm.]
m. .:.-%s n _ lilXORY(V-1!KS. )

8:
...- mm IV-30m.)

00
.-

30000

40000

30000

20000

immo

,.% 5‘.
‘ .- ------

.6 .s L.o 1.1 a.4 1.4 l.m 1-.0
-VI WSS1? q

,>..

Fig.14-MidshipVerticalWaveBend-
ingMoments& WavePhase
Lag,210°Heading

15-MidshipVerti641WaveBending
Mom~nts& WavePhaseLag,
180 Heading

Fig,

S*U* -

4s999r

nu# -

nun -

mom-

I t I 1 ! 1 (
.2 .4 .6 .9 1.0 1.2 1.4 1.6 l-m 2.0

I3a00a!-

.Z .b- .6 .# 1.0 1.Z 1.4 1.9 L.@ 2.0
mm I#mwmzm Llx7rl

MidshipVerticalWaveBend-
ingMoments& WavePhase
Lag,0°Heading

.1 .4

Fig.Fig.16- 17-MidshipVerticalWaveBending
Moments& WavePhaseLag,
30°Heading

-29-



t-”-

VzXrrcu mKsT A-rwr,rz
..

Somo
17..m!l,

4a*mm

I
Fig.18-MidshipVerticalWaveBending

Moments& WavePhaseLag,
60°Heading —.

L:GVITDISI’IAC,,.,&r

o m?rmIl”Brr (“.25X2%.,
n LxPcMMrNTIV-32Em.1

WO1O

t–

m.-rms
—TImom w-l! a.)

n
.. -.++mmrt[v-m Cj. )

0
*WOO

~<

Q
O\

,/ \
\ o

10000 \ct. ,\
10000

8
‘.
-% v

10000❑ ‘-
‘-- -. .

4U*W-

--,
mom

I’k,,,,

‘\,
#’,

\
L

.?*9,9 \\
.,0
\

10**a \
.. 0‘.

~.- ..

.1 .4 .s .* 1.* 1.1 1-s 1.s 1.s l.a

J,*

t

Fig.19-MidshipVerticalWaveBending
Moments& WavePhaseLag,
240°Heading

Mm
t

Fig.20-MidshipVerticalWaveBend- Fig.21-MidshipVerticalWaveBending
ingMoments& WavePhase Moments& WavePhaseLag,
Lag,210°Heading 180°Heading

-30-



\l -. ., e o Q
.2 .4 .6 .* lea 1-2 1-’ ‘“ l.m 2.0

mm -/su? -

MO
t

I 1 ,1
I . . . . ,

Fig.22-MidshipVerticalShear&
PhaseLag,O0 Heading

1 1 # 1 I L , J
.a .4 .6 .m l.a 1.1 1.4 1.* L.n ~-o

UAn IJm6Tn/sm?mm

Fig. 23-MidshipVerti~alSh?ar&
PhaseLag,30 Heading

—azmnr w-z~-.1

94

r ot t Q 1 t I I (
.4 .* .a 1.0 1.1 1.4 1.9 1.0 1.0

mm ~s=? UmTn

o

0

0

Fig.25’-MidshipVertic~l”Shear~
PhaseLag,240 Heading

-31”



200

1s0

VmzLwrm/s”x,Lulm

Fig.26-MidshipVertical
PhaseLag,210°

I
\TY!.->i$!,?.,X-.1,17X

>.A\:;JTL1:~M

Shear&
leading

o

0

Fig.28-MidshipVerticalShear&
PhaseLag,0°Heading

— - m+2J C%, )

1 I 1 r r # I 1.Z .4 .6 ., 1., 1.4 1.6 1., Z.O
Wm -wsMI=; =lmcm

Fig.27-Midshi~VerticalShear&
leading

o 0

\“ o

Fig.29-Midship‘ferti~alShearii
PhhseLag,30 Heading

-32-



LIGHTDIS?IACEMENT
o tx?rn[wml (v-x *T.+,

Ucrr Olsmaccwm+o EQtnmti?ALw-asK’rs.)
— TurOw {v-asm.>

ZooI
0 .(1>0

-, 0“bLLL___
.2 .4 .6 .a k-o 1.2 1.4 ~-~ l.~ 1.0

KrJzLuOn/sm? Uvmn

50

.1 .4 .6 1.* 1.6 I+a 1.0
:Vz -SU?lAUH

S*Imm‘LX
[ # I 1

.4 .6 .0 1.0 1.2 1+4 1.6 l.a 2.0
ma ulcm/5M1*mm

o
L 1 0 t

.2 .4 ,6 1.2 L.4 1.6 l-a 2.0
&’- -mm Lcnm

Fig.30-MidshipVerti~alShear&
PhaseLag,60 Heading

..——.————
,\Ti:;:.,.:;~L!,rD.

Fig.31-Midship[erticalShear& Phase
Lag,240 Heading

I —‘?MZOIY(V-25rrs., I— mw [%-15m%.)

1s4-

100-

so-

0

..
0

0
0

-.

i“&__<oo
I , 1 I L
.x .4 .6 .1 1.0 1.2 1.4 1.* 1.0 ~.0

rev?.E+Hcrwsm? Lwrri+

Fig.32-MidshipVerticalShear&
PhaseLag,210°Headjng

Fig.33-MidshipVerticalShear&
PhaseLag,180°Heading

-33-



2s0

150

100

so

o

=C.W D1-—
0 La7rmx.mAL W-15 r.,,. )

— Tumkt [*1Skm. )

I ! I 1 I
.4 .C 10 1 14

1 (1.6 1.* 2.0
n%l Ltn&s/su? Alem -

MO -

c“270-k! ‘----L-
31,0.~

u -

I 1 1 I 1 # t 1
.2 .4 .6 ., 1.0 1.2 1.4 L.6 l., z-a

mtzmcr8/8m1PuFx7rn

Fig.34-MidshipLateralShear&
PhaseLag,30°Heading

lom1-

Fig.36-MidshipLateralShear& Phase
Lag,240°Heading

—THmm’r (v-alm.]

o

I ,.# , h 1 I t
.1 .4 .9 .0 1.0 1.4 1.s 1.1 2.0

m- —Smx:=mm

I I I # 1 # # I #
.x .4 .9 .9 1.0 1.2 1.4 1.6 l,m 2.0

WQ- Ummupm? mc’ri

Fig.35-MidshipLateralShear& Phase
Lag,60°Heading

.— ..—
L.,!-PAL<5?.R ,,.!.L*Y,,
uILI ‘%AVL’”L”=

aoa

130

am

so

‘mWr Wt-t Olmmm!ctm
o Z!r?tnwmrra (“.23n,.).

— !Mrmw (V-IIcm.)

Fig.37-MidshipLatera~ Shear&
PhaseLag,210 Heading

-34-



>01

.,
a51

10:

50
o

360L

L I t 1.Z ,4 .* ., ,.0 ~.> ~,, ,:’ & ~:.
WAVELEtlGm/2,,IrU!,c.f,,

... .. .. . .. .,-. ---

Fig.38-MidshipLateralShear&
PhaseLag,30°Heading

I — mm W-23m.)

t

rn-
0

m -o

n .

.a .4 ., .* 1.4 1.C 1., 2.0
mn IA..SA1 L9m

I I # I I 1 1
.Z .4 .6 .1 l.g 1.2 1., L., ~.’, ~.:

Um mGm/snlP Wmn

Fig.40-MidshipLateralShear& Phase
Lag,240°Heading

Fig.39-MidshipLateralShear& Phase
Lag,60°Heading

154

u

— THmkr W-2% .s.)

0 0 0 0

Fig.41-MidshipLateralShear& Phase
Lag,210°Heading

-35-



. . . . - (v-,,H.,

s=+

Fig.42-MidshipTorsionalWaveBend-
in Moments& PhaseLag,a30 Heading

Hum 0:-i-uz=ur
Q Wtmm W.*3 m.)

— — (*15 l-m.)

man -mm? I=m’m

“’t > 0
p+ o Q‘“L

.Z .4 A J 1-* 1.1 1-J ~.s ‘-* ‘.O

Fig.43-MidshipTorsionalWaveBend-
ain Moments& PhaseLag,

60 Heading

0

0 \

# 1 ! 0 I L.4 .4 .9 1.8 1.1 1.4 L* i., Z.o

W- -1? mm

Fig.44-MidshipTorsionalWaveBend- Fig.45-MidshipTorsionalWaveBend-
ingoMoments& PhaseLag, ingMoments& PhaseLag,
240 Heading 210°Heading

-36-



,
0

,- ]%

.. .+ ---- ---
I I t 1 0 4

\ .4 .S .9 1.9 1.2 1.4 1.6 1.* 1.9

I t t t 1 1
.* .4 .4 .9 1.- 1.1 1.4 1.6 1.1 L*

- -/ntr -

Fig.46-MidshipTorsionalWaveBend- Fig.47-MidshipTorsionalWaveBend-
ingMoments& PhaseLag,60°
Heading

in Momentsi30 Heading
& PhaseLag,

ULrr OuP—

0 Iuzum ($-23m.)

— -m [-25 m.)

o =&UIK!lT (V-2$m9+)

— mww (V-15m.)

“t
m.”

o

--m-

n4 -
0 0

.m .1 0
3z“ -

L,.
1 I L

.a .4 .6 ,* 1.0 1.1 1.’ L.* 1., Z.o

Wa# —/sum —

Fig.49-MidshipTorsionalWaveBend-
ingMoments& PhaseLag,210°
Heading

F**‘1
Fig.48-MidshipTorsionalWaveBend-

ingMoments& PhaseLag,
240°Heading

-37-



I mm ●:sr-lrr

Mad. . ..- — (v-mKm.) I

M,.,

amoo“t

I I 1 1 14 .4 .6 .# 1.0 1.1 1.4 1.6 1.9 2.0

u- ~z? -

Fig.50-;;;ids;;~
Heading

LateralWaveBending
&PhaseLag,30°

●UIT DMr-RI
o Urcum IV.11m.)

n m— [V-3*X-IS.)
— — (WISxm.)
-.—-~ -M my.,

Fig.52-Midship
Moments
Heading

Lateral
& Phase

WaveBending
Lag,240°

mvl mls?LuHrlm
o Ix?cuxwr(v-x m?!.)

o mrumil’f1-10 KTS.1

— - W-H m.)
---- - (-30m.)

o
0

0

Fig. 51-MidshipLateralWaveBending
Moments& PhaseLag,60°
Heading

.1. -.--!’Emu (-3s m.)

Fig53-Midship
Moments
Heading

Lateral
& Phase

WaveBening
Lag,210i

-38-



IR..mxa40000 ~

n mtmtmmr(V-30R?s.)
— nlma? W-25 n%.)

3;000
t

Fig.54-MidshipLateralWaveBending
Moments& PhaseLag,30°
Heading

1>,..,-
810000~,.-.

AMU -\,
.
\

Imoo

.,

,.Fig.56-MidshipLateralWaveBending
Moments& PhaseLag,240°
Heading

o
0

o

Fig.55-Midship
Moments

I‘0000%?=..
40000

swam .,.

low

LateralWaveBending
& PhaseLag,60°

o
I Q, q o 0 t t.,x .4 .6 ., 1., J.z 1.4 i., 1., X.O

mm -mu —

Fig.57-MidshipLateralWaveBending
Moments& PhaseLag,210°
Heading

-39-



50000

40000

30000

mo*O

10009

,, F,, ..,y- .. . ..?\y ,.., :1.: ,.,. L1.JI: P,,-,,-,,<,,,,.T
Am.-Tmr;~ D mrrm.w-r (*II XTS,)

n KmraIlm)m 1“-30E%.)

%?= — Mom(v-askm.)
----’mEOm (v-30Z’Is.)

# 1.

~----- ----

$ ------..--.

●

.2 .4 .6 .9 1.4 . 1.2 1.4 1.6 1.* 2.0

Fig.58-
m- Lr4mm/”1, Lu.5m

MidshipVerticalWaveBend-
ingMoments& WavePhaseLag,
0°Heading,(A’33=0)

—mronz (v-asm.)

Fig.60-MidshipVerticalShear& Phase
Lag,60°Heading,(A’33=0)

f&n /-’”33-”
30090

B
200*0 ,---

/ ‘..
-.

IO#w ‘.-
-.

Fig.

>00

150

lad

50

59-MidshipVerticalWaveBending
Moments& WavePhaseLag, -
60°Heading,(A’33=0)

\

o
r“33-0

Fig.

40-

61-
Wl,vem7{GTl,/s,,IP Ltilc’n+

MidshipVerticalShear
PhaseLag,0°Heading,
(A’33=0)



APPENDIX

Thisappendixcontainsa typicalsetofcomputerprint-
outsthatconstitutesthecom-puterdatabankfortheSL–7ship.
Theinformationpresentedincludesthefrequencyresponses
(amplitudeandphase)foralloftheshipmotionsandloads
consideredinthisstudy.Thisinformationcorrespondsto
operatingconditionscovering4 speeds~viz.25kt.~ 27.5kt.,
30kt.,and32.5kt.(denotedas42.2ft./see.,46.42ft./see.,
50.64ft./see.and54.86ft./see.inthetabulations), 2 dis-
placements(Heavy,at47,760TonsandLight,41,422.9 Tons),
for19headingsat10°intervalsfromfollowingseastohead
seas,for21regularwavelengthsthatcoverthespectralenergy
bandsextendingfrom10-50ft.significantwaveheight.In
additiontothefrequencyresponseinformationforregular
waves,statisticalresponsesarealsopresentedfortheSL-7
shipatthesamespeedsanddisplacementsfor5 long-crested
irregularseasandalso5 short–crestedirregularseas,with
significantwaveheightsof10ft.,20ft.~30ft.~ 40ft.and
50 ft. Thewavespectracorrespondingtothesesignificant
heightsarethoseofthePierson-Moskowitzfamily.

Inadditiontothemotionsandloads,verticalandlateral
accelerationsweredeterminedatfourpointsontheship.The
locationofthefirstpairofpointsis166.252ft.aftofthe
forwardperpendicular,65.259ft.upfromkhekeel,and3.333
ft.portandstarboardofthecenterline. Thelocationofthe
secondpairofpointsis445.502ft.aftoftheforwardperpen-
dicular,37.027ft.upfromthekeel,and0.9583ft.portand
starboardofthecenterline.ThSSe locationscorrespondto
particularpointsontheinstrumentedSL-7shipwhereaccelerQ-
metersarelocated,therebypresentinginformationthatcanbe
correlatedwithfull-scalemeasurements.

Alloftheresponsesare given in units offeet,longtons,
andseconds.Theinformationonthetorsionalmomentcorresponds
totheevaluationofthisquantityabout the centerofgravity
location.Allofthecomputationswereca~~~edoutforthe
full-scaleshipwhosecharacteristicsarepresentedinTables1-3.
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