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IntroductionIntroduction

•• IMO is going to develop new generation intact IMO is going to develop new generation intact 
stability criteria by 2012 for allowing the use of stability criteria by 2012 for allowing the use of y y gy y g
firstfirst--principle tools principle tools ..

•• These will cover These will cover 
–– Harmonic resonance under dead ship condition,Harmonic resonance under dead ship condition,
–– ManoeuvringManoeuvring--related problems such a broachingrelated problems such a broaching--to,to,
–– StabilityStability variationvariation problemsproblems suchsuch asas parametricparametric
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yy pp pp
rollingrolling..

•• ItIt waswas agreedagreed thatthat thethe newnew criteriacriteria shouldshould consistconsist
ofof vulnerabilityvulnerability criteriacriteria andand performanceperformance--basedbased
criteria,criteria, ii..ee.. directdirect stabilitystability assessmentassessment..
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•• TheThe intersessionalintersessional correspondencecorrespondence groupgroup onon intactintact
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IntroductionIntroduction

pp g pg p
stabilitystability (ISCG)(ISCG) waswas establishedestablished atat SLFSLF 5151 (July(July 20082008))
andand waswas instructedinstructed toto collectcollect draftdraft criteriacriteria andand samplesample
calculationcalculation resultsresults fromfrom MemberMember StatesStates andand NGOsNGOs..

•• RespondingResponding toto thethe invitation,invitation, thethe delegationdelegation ofof JapanJapan
submittedsubmitted itsits proposalsproposals withwith samplesample calculationcalculation results,results,
whichwhich areare basedbased onon itsits earlierearlier submissionsubmission toto SLFSLF 5151
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(SLF(SLF 5151//44//33),), toto thethe ISCGISCG..
•• ThisThis paperpaper describesdescribes thethe contentscontents ofof itsits submissionsubmission forfor

widerwider discussiondiscussion atat thisthis conferenceconference..

Parametric rollingParametric rolling

•• ForFor stabilitystability variationvariation problemsproblems suchsuch asas parametricparametric rolling,rolling,
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simplesimple analyticalanalytical formulaeformulae forfor predictingpredicting thethe occurrenceoccurrence andand
thethe magnitudemagnitude ofof parametricparametric rollingrolling inin regularregular longitudinallongitudinal
waveswaves werewere alreadyalready establishedestablished withinwithin thethe uncoupleduncoupled rollroll
model,model, ee..gg.. ITTCITTC formulaformula ((20052005))..

•• TheseThese formulaeformulae seemseem toto bebe suitablesuitable forfor thethe vulnerabilityvulnerability
criteriacriteria forfor thisthis phenomenonphenomenon butbut thethe mutualmutual relationshiprelationship withwith
moremore rigorousrigorous modelsmodels hashas notnot yetyet beenbeen establishedestablished
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moremore rigorousrigorous modelsmodels hashas notnot yetyet beenbeen establishedestablished
particularlyparticularly inin headhead waveswaves..

•• Thus, comparison results are reported in this paper. Thus, comparison results are reported in this paper. 
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PR: ITTC formulaePR: ITTC formulae

ITTC formulaITTC formula
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•• UncoupledUncoupled rollroll equationequation withwith linearlinear dampingdamping inin longitudinallongitudinal
waveswaves..

•• GM changes with time.GM changes with time.
•• NonlinearNonlinear restoringrestoring termsterms areare approximatedapproximated asas cubiccubic oror

quinticquintic andand doesdoes notnot dependdepend onon timetime..
Calculation hereCalculation here

Ship Safety Research Initiative, Osaka University

•• GMGM variationvariation :: simplifiedsimplified formulaformula oror FroudeFroude--KrylovKrylov
calculationcalculation withwith staticstatic balancebalance inin heaveheave && pitchpitch

•• RollRoll dampingdamping:: simplifiedsimplified versionversion ofof Ikeda’sIkeda’s semisemi--empiricalempirical
formulaeformulae

PR: numerical simulation in the time domainPR: numerical simulation in the time domain

•• Several numerical codes are available for this mode. Several numerical codes are available for this mode. 
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•• InIn thisthis workwork aa numericalnumerical simulationsimulation codecode ofof uncoupleduncoupled rollroll
modelmodel (Hashimoto(Hashimoto etet alal..,, 20072007)) isis usedused withwith restoringrestoring armarm
variationvariation wherewhere heaveheave andand pitchpitch areare implicitlyimplicitly takentaken intointo
accountaccount..

•• HereHere thethe restoringrestoring armarm variationvariation isis estimatedestimated asas thethe sumsum ofof
thethe FroudeFroude--KrylovKrylov componentcomponent usingusing heaveheave andand pitchpitch motionmotion

l l t dl l t d bb t it i thth di tidi ti dd diff tidiff ti ff tff t
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calculatedcalculated byby aa stripstrip theory,theory, radiationradiation andand diffractiondiffraction effectseffects
calculatedcalculated byby aa stripstrip theorytheory forfor aa heeledheeled hullhull..
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PR: sample calculationPR: sample calculation
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PR: draft direct assessment procedurePR: draft direct assessment procedure

•• Small GM        longer period         following wavesSmall GM        longer period         following waves
capsizing  (total stability failure)capsizing  (total stability failure)
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•• Large GM        shorter period         head wavesLarge GM        shorter period         head waves
cargo damage cargo damage 
(partial stability failure)(partial stability failure)

•• Quartering waves               GM variation becomes smallerQuartering waves               GM variation becomes smaller
Excitation  does not contributeExcitation  does not contribute

•• Therefore a draft direct procedure could require calculation ofTherefore a draft direct procedure could require calculation of
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Therefore, a draft direct procedure could require calculation of Therefore, a draft direct procedure could require calculation of 
probability of roll angle exceeding critical value for cargo damage probability of roll angle exceeding critical value for cargo damage 
or capsizing in the North Atlantic or capsizing in the North Atlantic assuming the worst heading assuming the worst heading 
angle, i.e. following waves or head waves and the worst speed.angle, i.e. following waves or head waves and the worst speed.
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•• The probability of roll angle exceeding critical value, The probability of roll angle exceeding critical value, φφcc, , 
can be obtained as follows.can be obtained as follows.
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PR: draft direct assessment procedurePR: draft direct assessment procedure

•• Using a numerical simulation in time domain, the Using a numerical simulation in time domain, the 
maximum roll angle within a specified duration under a maximum roll angle within a specified duration under a 
stationary sea state, stationary sea state, φφmaxmax, is estimated as a function of , is estimated as a function of 
the significant wave height and the mean wave period. the significant wave height and the mean wave period. 
Here it is necessary to repeat several numerical Here it is necessary to repeat several numerical 
realisationsrealisations for sufficiently long duration and its for sufficiently long duration and its 
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y gy g
ensemble average should be used as the estimated value. ensemble average should be used as the estimated value. 

•• Then, using the wave statistics of the North Atlantic, f, the Then, using the wave statistics of the North Atlantic, f, the 
probability of roll angle exceeding critical value for the time probability of roll angle exceeding critical value for the time 
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PR: raft direct assessment procedurePR: raft direct assessment procedure

duration , pduration , pii. is calculated as follows:. is calculated as follows:

where H(x)=1 when x 0 and H(x)=0 when x<0.where H(x)=1 when x 0 and H(x)=0 when x<0.

dTdHTHfTHHp ci 3/1013/10　 0　 013/1max ),()),((∫ ∫
∞ ∞

−= φφ

Ship Safety Research Initiative, Osaka University

w e e ( ) w e 0 d ( ) 0 w e 0.w e e ( ) w e 0 d ( ) 0 w e 0.

•• Then we can calculate the number of container loss for one Then we can calculate the number of container loss for one 
year or annual capsizing probability.year or annual capsizing probability.
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Concluding remarksConcluding remarks

•• Vulnerability criterion for parametric rolling is the Vulnerability criterion for parametric rolling is the 
f kf kfuture task.future task.
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