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ABSTRACT  

IMO is currently reviewing the overall level of safety of ro-ro passenger ships provided by the new 
SOLAS 2009 probabilistic damage stability regulations. Doubts remain following recent research projects 
which highlighted the vulnerability of certain compliant designs to rapid capsize or sinking following 
straightforward damage scenarios. Until these issues are resolved, all ro-pax ships operating in EU waters 
must continue to comply additionally with the Stockholm Agreement. The IMO review is due for 
completion early in 2013 and will be heavily reliant upon the results of further research projects currently 
in progress. This paper gives a brief overview of the current situation. 
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INTRODUCTION 

The detailed historical background leading to the 
re-opening of  the ro-pax safety debate at IMO is 
by now well documented (see, for example, Scott 
(2010) “Damage Stability of Ro-Pax Ships with 
WOD” at the 11th ISSW). This paper therefore 
concentrates on the current situation and how it is 
hoped that, by early 2013, the IMO SLF sub-
committee will be in a position to present any 
amendments found necessary to SOLAS 2009 to 
the Maritime Safety Committee (MSC) for 
approval. Some of the likely areas for change are 
briefly indicated. 

The present SOLAS 2009 damage stability 
regulations make little or no distinction between 
ro-ro and conventional passenger ships. A 
considerable number of amendments to the 
regulations and accompanying explanatory notes 
were agreed at SLF 53 in January 2011 under the 
ongoing “SOLAS updates” agenda item which is 
due for completion at SLF 54 in January 2012. 
These changes, insofar as they will affect ro-pax 
ships, are described below. 

SLF is dealing with ro-pax ships under a 
separate agenda item due for completion in 2013. 
In 2010 little apparent progress was made as we 
awaited the results of several major new research 
projects into ro-ro safety due to complete in 
2011/12. A very brief outline of the objectives and 
status of these research projects is included for 

information. Some of this ongoing work will no 
doubt be reported upon independently at this 
workshop. 

At SLF 53 some important conceptual barriers 
(outlined under “Overview, below) which have so 
far limited our ability to correct potential 
deficiencies in the SOLAS 2009 regulations 
covering ropax safety were removed.  

Of some future concern is the extent to which 
any proposed amendments relating to ro-pax ships 
will be seen by IMO members as a particularly 
“European” solution comparable to the Regional 
Agreement under SOLAS90 which allowed the 
Stockholm Agreement to be implemented under 
the aegis of IMO.  

For background information a brief study is 
included showing the distribution of ro-pax ships 
by flag. It tries to show that, although for 
geographical and trade reasons ro-pax ships are 
predominantly flagged in Europe, the non-
European ro-pax fleet is quite substantial. It will 
be argued that any corrective measures to SOLAS 
2009 should ideally be applied universally rather 
than by means of a new Regional Agreement. 

ACTIVITIES AT IMO – RO-PAX SHIPS 

Overview 

In 2010 the work of investigating the SOLAS 
2009 regulations was largely “on hold” at IMO 
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pending the outcome of several major research 
projects due to complete in 2011 and 2012. The 
report of the ro-ro correspondence group to SLF 
53 in January 2011 (Ref. SLF 53/10/1) therefore 
contained progress reports on these projects 
(GOALDS, EMSA(2), RP625 and FLOOD-
STAND).  

In addition, during the course of the SDS 
Correspondence Group (CG) in 2010 it was felt 
that the investigative briefs (Terms of Reference) 
were too narrow as they were restricted only to 
issues of water-on-deck. The EMSA(1) project in 
particular had found that rapid sinkage due to 
insufficient reserve buoyancy rather than loss of 
stability due to WOD could occur, particularly in 
LLH (long lower hold) vessels compliant with 
SOLAS 2009.  

A request was therefore put to SLF 53 by the 
CG to expand the scope of the planned output of 
the agenda item relating to the review of the 
damage stability of ro-pax ships to cover any 
suspected safety deficiencies in SOLAS 2009.  
This request was agreed at SLF 53 and has been 
put to the Maritime Safety Committee (MSC) for 
approval at MSC 89 (11th – 20th May, 2011).  

Another significant change agreed at SLF 53 
is that we are no longer constrained to ensure that 
SOLAS 2009 provides an equivalent safety level 
to the previous SOLAS regulations. This would 
allow us, if found necessary, to increase the “R” 
factor, for example, without having to go through 
the regression procedure of applying any new 
regulations to a range of existing ships – the 
methodology used in the harmonisation process to 
try to ensure that some degree of equivalence with 
the previous regulations had been achieved.  

Outstanding issues to be resolved 

There remains a lack of certainty in some quarters 
over the following: 

a) whether SOLAS 2009 was intended to include 
a built-in allowance for WOD, that is, whether the 
required “equivalence” was with SOLAS90 only 
or with (SOLAS90 + Stockholm Agreement). 

 b) whether SOLAS 2009 accounts for WOD 
probabilistically but its effect on the attained 
index “A” so small that it can be safely 
discounted.  

c) whether SOLAS 2009 achieved equivalence 
with all the SOLAS subdivision and damage 
stability regulations (i.e. SOLAS90 Chapter II-1, 
Part B, Regulations 4 – 8) or only with the 
damage stability regulation 8. The abolition of the 
concept of margin line in SOLAS2009 suggested 
to some that equivalence only with the latter 
regulation has been achieved which, for ro-pax 
ships, may have serious safety consequences and 
may be a reason why sinkage, as opposed to 
capsize, appears to have re-emerged as a possible 
loss mode. 

d) whether the constant terms “0.12” and “16” in 
the expression for sfinal,i in Regulation 7-2.3 should 
be changed for ro-ro ships to distinguish them 
from conventional passenger ships and cargo 
ships. Possible parameter changes other than list, 
residual GZ and range may need to be considered. 

e) whether the Required Index, “R”, should be 
increased to reduce the number of permitted 
damage cases having sfinal,i  = 0. In ro-pax ships 
such individual cases can result in rapid loss with 
consequent heavy casualties and should not be too 
lightly dismissed. 

f) whether there is sufficient awareness that at 
present the safety level is set on the basis that for 
a particular damage scenario only 50% of  WOD 
cases will survive. “R” may need to be adjusted to 
increase this survival rate to a more acceptable 
level. 

It is hoped that a satisfactory resolution of the 
above issues will be achieved between now and 
SLF 55 in January 2013.  

Specific ro-pax issues under discussion in 2011 

a)  One proposal on the agenda  for SLF 54 to be 
discussed by the CG this year is to add a new 
regulation to try to address the concern in c) 
above relating to the abolition of the margin line:- 

Regulation 7-2.5.2 currently states: 

“In all cases “si” is to be taken as zero in those 
cases where the final waterline, taking into 
account sinkage, heel and trim, immerses: 

.1 the lower edge of opeings through which 
progressive flooding may take place and such 
flooding is not accounted for in the calculation of 
factor si. Such openings shall include air-pipes, 
ventilators and openings which are closed by 
means of weathertight doors or hatch covers; and 
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.2  any part of the bulkhead deck in passenger 
ships considered a horizontal evacuation route for 
compliance with chapter II-2.” 

The proposal is to add another sub-
paragraph:- 

.3  for ro-ro passenger ships, when damaged 
above the bulkhead deck, any part of the bulkhead 
deck in way of the damage opening in which the 
residual freeboard is less than [x] metres. 

The effect of this proposal on the Attained 
Index “A” would need to be evaluated for a 
number of SOLAS 2009 designs to see how 
significant the change would be for various values 
of residual freeboard, x. It could also be made 
more general and applied to all passenger ships 
with large, un-subdivided spaces near the 
equilibrium waterplane. 

b) The closure requirement in SOLAS2009 Ch II-
1 Reg. 17-1.1.2 is for vehicle ramps leading to 
spaces below the bulkhead deck only to be 
weathertight, in constrast to other openings 
penetrating the to be made watertight but there 
may be objections to this on technical or 
economic grounds.  

Some Regulatory changes agreed at SLF 53 

a) Reg 7.3 and 7.6 there is now clarification that 
the constant displacement method should be used 
in the final stage of  flooding and the added 
weight method  for intermediate stages. 

b)  Reg 8-1.3 Passenger ships constructed after 1st 
January 2014 should have either an onboard 
stability computer or shore-based support to 
supply operational information to the Master for 
safe return to port in the event of a flooding 
casualty.  

c) Reg 17.3 has been clarified by stating that air 
pipes terminating within a superstructure shall be 
considered as unprotected openings. The intention 
of this regulation is to ensure that possible up-
flooding of volumes above the car deck will be 
taken into account. 

RESEARCH ACTIVITIES 

In 2010 the work of investigating the SOLAS 
2009 regulations as applied to ro-pax ships was 
largely “on hold” at IMO pending the outcome of 
new research projects. Since then RP625 (a UK-
funded project undertaken by SSRC) has been 

completed but the final report has not yet been 
released at the time of writing (May 2011). Early 
indications are that the project has confirmed the 
usefulness of Index-A as a measure of  
survivability and therefore as a reliable tool for 
comparing and highlighting inconsistencies in the 
safety levels provided by various sets of SOLAS 
regulations. 

RP625 concludes that increases are needed in 
the subdivision index “R” as the average level of 
safety provided by SOLAS 2009 is below that of 
earlier SOLAS regulations most probably because 
the protection against sinkage provided by the 
margin line/ floodable length “criteria” has not 
been transmitted to SOLAS 2009.  

In the EMSA(2) project, the model testing of 
new ro-pax designs has now been completed and 
the final reports are expected this summer. 
Preliminary findings appear to indicate that terms 
“0.12” and “16” in the expression for sfinal,i  need to 
be changed and the “R” factor increased. It is 
believed but not yet confirmed that similar 
proposals will emerge from the GOALDS project. 
This project still has some time to run but it is 
thought that early recommendations will be made 
on the s factor to inform discussions this year at 
the SDS CG.  

FLOODSTAND also has some time to run but 
has already contributed to the discussions on open 
watertight doors and on the provision of 
information to the master for safe return to port 
(see b) under “Some regulatory changes”, above).  

WORLD RO-RO FLEET - DISTRIBUTION 

The following figures show that, although the 
bulk of the world’s ro-pax fleet, including almost 
all the larger vessels, is based in Europe 
significant numbers do operate elsewhere which is 
why it is hoped that any changes needed to 
SOLAS 2009 for ro-pax ships will be applied 
universally and not by means of a regional 
agreement such as the Stockholm Agreement.  

It is noteworthy however that few, if any, flag 
states outside European waters applied the 
Stockholm Agreement alongside SOLAS90. 

IMO has been pursuing a policy through 
increased technical co-operation of trying to 
improve the safety standards of passenger vessels 
in regions of the world lacking the technical 
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infrastructure to implement and apply the usual 
safety regulations. It is hoped that eventually not 
only the SOLAS regulations themselves will be 
improved but the ability to implement them and 
enforce them worldwide will lead to a reduction in 
the heavy casualties still being experienced by ro-
pax vessels in certain part of the world. 

 < 500 t 500 - 2000 t 2000 - 5000 t 5000 - 8000 t 8000 - 12000 t > 12000 t
Europe 300 259 126 131 52 7
North America 23 42 9 1 1 0
Central America 16 14 20 16 1 0
South America 17 7 0 0 0 0
Africa 14 10 11 2 0 0
Middle East 19 8 10 0 0 0
China+Taipei 4 9 15 14 1 0
Japan 107 52 31 25 0 0
Far East 161 40 19 4 0 0
Australasia 21 5 5 2 0 0
Other 3 0 1 1 0 0

Ro-Pax Fleet Size Range (dwt)

 
Fig. 1 Ro-Pax world fleet distributed according to region and 

deadweight. 

CONCLUSION 

This is very much an interim report on the work 
currently being undertaken at IMO to look again 
at the safety aspects of the SOLAS 2009 
regulations as applied to ro-pax ships. The amount 
of additional research work carried out recently 
has been immense but the conclusions are not yet 
firmly established. It is hoped that everything will 
become clearer as the results of the latest research 
projects are published later this year and that the 
research teams will be able to provide the IMO 
regulators with a clear indication of the way 

forward to ensure the safety of this most important 
class of passenger vessel. 

World Ro-Pax Fleet (Dwt)
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Fig. 2 Ro-Pax world fleet 

DISCLAIMER 

The views expressed in this paper are those of the 
author and do not necessarily reflect those of the 
UK Maritime and Coastguard Agency  

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


