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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 
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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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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

IntroductionIntroduction
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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..

Stability under dead ship conditionStability under dead ship condition

•• SafetySafety againstagainst capsizingcapsizing underunder deaddead shipship conditioncondition isis thethe
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mostmost basicbasic designdesign requirementrequirement forfor ships,ships,
•• Because operational aspects are totally excluded.Because operational aspects are totally excluded.
•• IfIf aa shipship isis guaranteedguaranteed toto bebe safesafe underunder deaddead shipship condition,condition, aa

shipship mastermaster cancan choosechoose anan optionoption toto survivesurvive..
•• ExceptExcept forfor parametricparametric rolling,rolling, stabilitystability inin beambeam windwind andand

beambeam waveswaves isis thethe worstworst casecase inin deaddead shipship conditioncondition.. ThisThis
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waswas confirmedconfirmed byby Umeda,Umeda, etet alal.. 20072007aa byby calculatingcalculating
capsizingcapsizing probabilityprobability withwith driftingdrifting attitudeattitude takentaken intointo accountaccount
forfor allall possiblepossible combinationcombination ofof windwind andand wavewave conditionsconditions..
Stability in beam wind and beam waves should be Stability in beam wind and beam waves should be modelledmodelled..
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DEAD SHIP COND: vulnerability  criterionDEAD SHIP COND: vulnerability  criterion

•• ForFor stabilitystability inin beambeam windwind andand waves,waves, thethe weatherweather criterioncriterion
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waswas widelywidely usedused eveneven withinwithin thethe currentcurrent ISIS CodeCode..
•• However,However, itsits limitationlimitation duedue toto empiricalempirical formulaeformulae forfor somesome

coefficientscoefficients sometimessometimes inducesinduces doubtdoubt ofof itsits applicabilityapplicability toto
unconventionalunconventional shipsships..

•• Thus,Thus, ifif thesethese formulaeformulae forfor rollroll damping,damping, effectiveeffective wavewave slopeslope
coefficientcoefficient andand soso onon areare updated,updated, thethe weatherweather criterioncriterion cancan
bb dd l bilitl bilit it iit i
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bebe usedused asas aa vulnerabilityvulnerability criterioncriterion..
•• ItIt isis noteworthynoteworthy herehere thatthat safetysafety levellevel implicitlyimplicitly includedincluded asas

windwind velocityvelocity shouldshould bebe readjustedreadjusted usingusing anan advancedadvanced tool,tool,
whichwhich wouldwould bebe aa directdirect stabilitystability assessmentassessment methodmethod..

DEAD SHIP COND: vulnerability  criterionDEAD SHIP COND: vulnerability  criterion

•• Roll angle should be estimatedRoll angle should be estimated with  following formulae.with  following formulae.
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–– N:  Simplified version of Ikeda’s semiN:  Simplified version of Ikeda’s semi--empirical formulae (Kawahara . empirical formulae (Kawahara . 
MaekawaMaekawa & Ikeda, APHYDRO 2008)& Ikeda, APHYDRO 2008)

–– r:  Frouder:  Froude--Krylov formula for rectangular sections (Umeda and Krylov formula for rectangular sections (Umeda and 
Tsukamoto OC 2008)Tsukamoto OC 2008)

N
rs

2
7.00

πφ =
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Tsukamoto, OC 2008)Tsukamoto, OC 2008)

•• Wind velocity should be determined for Wind velocity should be determined for realisingrealising appropriate appropriate 
safety level.  safety level.  
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DEAD SHIP COND: direct assessment methodDEAD SHIP COND: direct assessment method

•• Probabilistic method is desirable.Probabilistic method is desirable.
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•• TheThe MonteMonte CarloCarlo simulationsimulation isis notnot feasiblefeasible becausebecause practicalpractical
shipsships inherentlyinherently havehave veryvery smallsmall capsizingcapsizing probabilityprobability..

•• PiecePiece--wisewise linearlinear approximationapproximation ofof nonlinearnonlinear restoringrestoring
momentmoment isis promisingpromising becausebecause itit fullyfully utilisesutilises anan analyticalanalytical
solutionsolution inin eacheach rangerange.. ((BelenkyBelenky,, 19931993))

•• TheThe capsizingcapsizing raterate inin aa stationarystationary seawayseaway isis calculatedcalculated asas thethe
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productproduct ofof raterate ofof outout--crossingcrossing thethe borderborder andand conditionalconditional
probabilityprobability ofof rollroll divergencedivergence whenwhen thethe rollroll angleangle exceedsexceeds thethe
borderborder..

•• Then,Then, thethe capsizingcapsizing probabilityprobability isis calculatedcalculated asas aa PoissonPoisson
processprocess togethertogether withwith windwind andand waveswaves statisticsstatistics..

DEAD SHIP COND: direct assessment methodDEAD SHIP COND: direct assessment method

DSCSDDSCSD
20092009

Ro-PAX

1.0E+00
0 10 20 30 40)

1.0E-16

1.0E-14

1.0E-12

1.0E-10

1.0E-08

1.0E-06

1.0E-04

1.0E-02 0 10 20 30 40

ps
iz

in
g 

Pr
ob

ab
ili

ty
 (p

er
 a

 y
ea

r)

JWA3G　(20% decrease of wave height)

Ship Safety Research Initiative, Osaka University

1.0E-20

1.0E-18

Wind speed (m/s)

Ca
p

Present method

The effect of wave data on annual capsizing probability of the Ro-PAX ferry under dead 
ship condition. (Ogawa, 2009)
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DEAD SHIP COD: sample calculation resultsDEAD SHIP COD: sample calculation results

•• For determining the mean wind velocity of the modified For determining the mean wind velocity of the modified 
weather criterion, sample calculation were executed for a car weather criterion, sample calculation were executed for a car 
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carrier, a carrier, a RoPaxRoPax Ship and a large passenger ships in the North Ship and a large passenger ships in the North 
Atlantic.Atlantic.
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DEAD SHIP COD: sample calculation resultsDEAD SHIP COD: sample calculation results
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DEAD SHIP COD: sample calculation resultsDEAD SHIP COD: sample calculation results

•• SinceSince differencedifference isis notnot large,large, thethe meanmean windwind velocityvelocity ofof 3232
m/sm/s cancan bebe tentativelytentatively recommendedrecommended atat leastleast forfor thesethese shipsships..
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FurtherFurther samplesample calculationscalculations areare requiredrequired..
•• ItIt isis noteworthynoteworthy herehere thatthat metacentricmetacentric heightheight requiredrequired byby thethe

currentcurrent IMOIMO weatherweather criterioncriterion isis slightlyslightly higherhigher thanthan thethe
modifiedmodified weatherweather criterioncriterion..
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Concluding remarksConcluding remarks

•• Sets of vulnerability criterion and direct assessment Sets of vulnerability criterion and direct assessment 
h d f bili d d d hi di i dh d f bili d d d hi di i d
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method for stability under dead ship condition and method for stability under dead ship condition and 
broaching are proposed together with sample broaching are proposed together with sample 
calculation results.calculation results.
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