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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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•• 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..

Broaching Broaching 

•• BroachingBroaching isis aa phenomenonphenomenon wherewhere aa shipship cannotcannot keepkeep
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constantconstant coursecourse despitedespite maximummaximum steeringsteering effortsefforts andand
experiencesexperiences aa significantsignificant yawyaw motionmotion inin anan uncontrolleduncontrolled
mannermanner..

•• ThisThis couldcould occuroccur withwith surfsurf--ridingriding oror withwith successivesuccessive wavewave
attacksattacks..

•• TheThe latterlatter modemode cancan bebe avoidedavoided withwith appropriateappropriate steeringsteering
ff tff t hh diff ti ldiff ti l t lt l ((SS 19971997))
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effortsefforts suchsuch asas aa differentialdifferential controlcontrol ((SpyrouSpyrou,, 19971997)) oror anan
optimaloptimal controlcontrol (Maki(Maki && Umeda,Umeda, 20092009))..

•• Therefore,Therefore, thethe formerformer casecase isis thethe targettarget ofof thethe designdesign criteriacriteria..
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BROACH: vulnerability criterionBROACH: vulnerability criterion

•• CapsizingCapsizing duedue toto broachingbroaching associatedassociated withwith surfsurf--ridingriding cancan bebe
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preventedprevented ifif surfsurf--ridingriding isis avoidedavoided..
•• Therefore,Therefore, surfsurf--ridingriding thresholdthreshold cancan bebe usedused asas anan

vulnerabilityvulnerability criteriacriteria..
•• PredictionPrediction methodsmethods ofof surfsurf--ridingriding thresholdthreshold forfor shipship selfself--

propelledpropelled inin regularregular deaddead followingfollowing waveswaves areare wellwell
establishedestablished asas heterohetero-- oror homoclinichomoclinic bifurcationbifurcation.. SeveralSeveral

i li l l ti ll ti l th dth d il blil bl dd llll
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numericalnumerical oror analyticalanalytical methodsmethods areare availableavailable andand wellwell
validatedvalidated..

•• AA remainedremained problemproblem isis howhow toto determinedetermine wavewave steepnesssteepness andand
wavewave lengthlength forfor realisingrealising appropriateappropriate safetysafety levellevel..

BROACH: vulnerability criterionBROACH: vulnerability criterion
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•• Perturbation Analysis Perturbation Analysis -- AnannievAnanniev (1966) (1966) 

•• MelnikovMelnikov analysisanalysis

bifurcation analysis
•Makov (1969)
•e.g. Umeda et al. 
(2007b) 0
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MelnikovMelnikov analysis, analysis, 
–– Kan (1989) by approximating surge damping as linear.Kan (1989) by approximating surge damping as linear.
–– SpyrouSpyrou (2006) by approximating surge damping as cubic.(2006) by approximating surge damping as cubic.
–– General formula (General formula (UmedaUmeda et al., 2009) by approximating surge damping et al., 2009) by approximating surge damping 

as nas n--thth order polynomial.order polynomial.



4

BROACH: vulnerability criterionBROACH: vulnerability criterion

Numerical  global 
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•• Perturbation Analysis Perturbation Analysis -- AnannievAnanniev (1966) (1966) 

•• MelnikovMelnikov analysisanalysis

bifurcation analysis
•Makov (1969)
•e.g. Umeda et al. 
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MelnikovMelnikov analysisanalysis
–– Kan (1989) by approximating surge damping as linear.Kan (1989) by approximating surge damping as linear.
–– SpyrouSpyrou (2006) by approximating surge damping as cubic.(2006) by approximating surge damping as cubic.
–– General formula (Appendix 2) by approximating surge damping as nGeneral formula (Appendix 2) by approximating surge damping as n--

thth order polynomial.order polynomial.
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BROACH: direct assessment  methodBROACH: direct assessment  method

•• MonteMonte CarloCarlo simulationsimulation requiresrequires prohibitiveprohibitive largelarge costscosts soso
thatthat combinationcombination ofof deterministicdeterministic andand probabilisticprobabilistic approachapproach

bb d dd d (U d(U d tt ll 2000720007 Th liTh li &&
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cancan bebe recommendedrecommended.. (Umeda(Umeda etet alal..,, 2000720007cc;; ThemelisThemelis &&
SpyrouSpyrou,, 20072007))

•• The method by Umeda et al. (2007c) is as follows:The method by Umeda et al. (2007c) is as follows:
–– deterministicdeterministic criticalcritical zonezone ofof capsizingcapsizing duedue toto broachingbroaching isis identifiedidentified

byby repeatingrepeating numericalnumerical simulationsimulation usingusing aa coupledcoupled surgesurge--swaysway--yawyaw--
rollroll modelmodel inin thethe timetime domaindomain..

–– Secondly,Secondly, thethe probabilityprobability densitydensity ofof locallocal wavewave steepnesssteepness andand wavewave
lengthlength whichwhich isis obtainedobtained fromfrom LonguetLonguet Higgins’sHiggins’s theorytheory isis integratedintegrated
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length,length, whichwhich isis obtainedobtained fromfrom LonguetLonguet--Higgins sHiggins s theory,theory, isis integratedintegrated
withinwithin thethe deterministicdeterministic criticalcritical zonezone..

–– TheThe wavewave statisticsstatistics ofof thethe NorthNorth AtlanticAtlantic isis usedused forfor calculatingcalculating longlong--
termterm probabilityprobability..

–– TheThe methodmethod waswas successfullysuccessfully validatedvalidated withwith thethe MonteMonte CarloCarlo
simulationsimulation..
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nominal Fro de n mber

Hourly capsizing probability due to broaching in the North Atlantic

ITTC SHIP A-2

BROACH: sample calculationBROACH: sample calculation

DSCSDDSCSD
20092009

1.0E-02

1.0E-01

1.0E+00
0.25 0.3 0.35 0.4 0.45

pr
ob

ab
ili

ty

nominal Froude number ITTC SHIP A 2

χ=1(degrees)
χ=5
χ=10
χ=15
χ=20
bifurcation(H/λ=0.13 λ/L=1.2)

Ship Safety Research Initiative, Osaka University

1.0E-04

1.0E-03

Surf-riding threshold: Fn=0.310 with H/λ=0.13, λ/L=1.2.

nominal Froude number

Hourly capsizing probability in the North Atlantic

ONR Tumblehone

BROACH: sample calculationBROACH: sample calculation
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1.0E-12

1.0E-10

1.0E 08

Surf-riding threshold: Fn=0.270 with H/λ=0.13, λ/L=1.2.
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•• For these two ships if we assume that the required safety For these two ships if we assume that the required safety 
level in hourly capsizing probability is 10level in hourly capsizing probability is 10--66, the relevant , the relevant 

BROACH: sample calculationBROACH: sample calculation
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critical speed for surfcritical speed for surf--riding can be obtained with the riding can be obtained with the 
wave steepness of 0.13 and the wave length to ship wave steepness of 0.13 and the wave length to ship 
length ratio of 1.2. Further sample calculations are length ratio of 1.2. Further sample calculations are 
required to obtain a final proposal.required to obtain a final proposal.
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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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