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Introduction to the Proceedings of the First FAROS Public Workshop 

Prof. David Andrews FREng, FRINA, Professor of Engineering Design, UCL and Vice-President RINA 

 

As the host for the first FAROS Public Workshop, which was held this September at UCL, I am very pleased to 
introduce this record of the proceedings of that successful event. 

The UCL Marine Research Group (MRG) is a major partner in the EU 7th Framework Programme project Human 
Factors in Risk-Based Design Methodology (FAROS) and as so was delighted to host the first of three annual public 
workshops as part of disseminating the work to date and discuss our on-going efforts. The MRG was established in 
the Department of Mechanical Engineering following the transfer of degree and post-graduate courses in naval 
architecture from the Royal Naval College in Greenwich to Bloomsbury in 1967, thereby providing a centre in ship 
design research in the heart of London. 

The remit for FAROS is to investigate the issues raised by Human Factors in the move to a Risk Based Design 
Methodology for maritime transport. In particular the FAROS team of twelve diverse organisations, from ship 
designers, human factors specialists, ship classification societies, to ship operators and maritime universities, hope in 
our three years effort, culminating in September 2015, to especially address the personal and societal risks from 
failures in ships’ safety raised by human error. In particular we are concerned as to how environmental effects at sea 
(such as ship motions, ship vibrations & noise and ship configurational choices) could affect crew performance, 
through for example fatigue, operator stress, motion sickness and unsafe working practices. Building on previous work 
in FP 7 projects, such as SAFEDOR and FIREPROOF, we hope to inform both personal and societal risk models and 
further hope FAROS can provide appropriate enlightenment in contributing appropriate knowledge for the ship design 
community and operators to achieve safer ship operations. 

We were delighted that some fifty experts in the field not only attended this first workshop but, more importantly, also 
provided significant contributions to the workshop, not just to the formal presentations and discussions in plenary 
sessions, detailed in these proceedings, but also informative debates on ship safety issues in the informal coffee, 
lunch and evening sessions. Those attendees came from 34 organisations, including two of our sister EU FP 7 
projects, also addressing safety and human factors issues (namely CyClaDes and CASCADe), six major ship 
classification societies, nine international organisations and importantly from ten nations, including three beyond the 
EU. 

As the UCL host for this workshop, I would particularly like to thank the four keynote speakers, who got the workshop 
off to an excellent start, namely 

• Milhar Fuazudeen, Head of Maritime Training and Human Element Section, IMO;  
• Dr Phillip Belcher, Marine Director, INTERTANKO;  
• Branko Berlan, Accredited Representative to the IMO, International Transport workers Federation 
• Rod Pudduck, as chairman of the Royal Institution of Naval Architects prestigious Safety Committee. 

I would also like to thank both Dr Romanas Puisa from Brooks Bell, the project leader for FAROS, and Dr Teo 
Karayannis from Lloyd’s Register, as lead on dissemination activities, who between them organised the workshop, 
along with my colleague Dr Rachel Pawling, assisted by Dr Alex Piperakis, who also ensured the detailed 
arrangements for the workshop ran smoothly. Rachel is also the compiler of this set of proceedings, which I hope are 
both a useful record and encourage participants and wider readers to follow the progress of the project on our web 
site (http://www.faros-project.eu/) and on LinkedIn (http://www.linkedin.com/company/3194994). These proceedings 
should also encourage readers to attend the future workshops in 2014 and 2015, so please put a note in your diary to 
check the FAROS web site next summer for details on the 2014 Workshop. We look forward to seeing you there. 

 

Prof. David Andrews (FREng, PhD, FRINA, FIMechE, FRSA, RCNC) was appointed Professor of Engineering 
Design at UCL in September 2000 following a career in ship design and acquisition management in the UK Defence 
Procurement Agency, which included lead authority for unconventional vessels. He leads UCL’s design research in 
computer aided ship design, design methodology and design practice. He is a Fellow of RINA, Fellow of IMechE and 
was elected to the Royal Academy of Engineering in 2000 and as a Vice President of RINA in 2006. 
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IMO, the Human Element and Safety in Shipping 

Milhar Fuazudeen, Head, Maritime Training and Human Element Section, Maritime Safety Division, 
International Maritime Organization1 

 

Chairman, Distinguished delegates, Ladies and gentlemen,  

It is a great pleasure for me to be here today at this workshop, among so many influential figures from the shipping 
world to make a presentation on IMO and its work related to the human element. 

It is widely accepted that over 90% of world trade is transported by sea. The ships that are employed in this significant 
mode of transportation, apart from their design and maintenance, depend entirely on the professionalism and 
competence of seafarers to ensure their operational safety, for safety and security of life at sea, protection of the 
marine environment and the safe carriage of the world's trade. Human performance has a crucial central role to play in 
sustaining this industry. 

 

While good design plays a key role, the vital and central constituent that facilitates proper maintenance and the safe 
transportation of cargo and passengers is the human element – the committed professionals, both women and men, 
commonly referred to as seafarers. 

The Safety of Life at Sea (SOLAS) Convention embodies the wider meaning of life at sea and encompasses all that 
needs addressing on board ships, be it design, manning, construction, equipment or maintenance, and should be 
considered as the IMO starting point for addressing the human element. However, IMO’s human element-related work 
focuses primarily on seafarers and their competence, quality and safety, through the implementation of standards 
within the regulatory framework of shipping. Its perspective on the human element is evidenced by the adoption in 
1978 of the International Convention on Standards of Training, Certification and Watchkeeping for Seafarers (STCW), 
which was the first internationally-agreed Convention to address the issue of minimum standards of competence for 
seafarers. The Convention set forth minimum standards for the training, certification and watchkeeping for seafarers, 
where no international standard existed before. Although it was the best at the time it was adopted, through 
experience gained in its implementation, many shortcomings were noted, and there was international recognition of 
the need to update it.  After nearly two decades since its adoption, in 1995, the STCW Convention was completely 
revised to include an annex consisting of a two-part Code, part A being mandatory and part B being for guidance. The 
requirements were updated to clarify the standards of competence required and provided effective mechanisms for 
enforcement of its provisions.  

Since 1995, however, a number of further amendments were adopted on a regular basis. Therefore, after just over a 
decade of implementing the revised Convention and Code, IMO Member States agreed a comprehensive review of 
the STCW Convention and Code, which commenced in January 2006. It resulted in a significant number of 
amendments to the STCW Convention and STCW Code being adopted in 2010 by a Conference of Parties to the 
STCW Convention that was held in Manila, Philippines. The amendments, commonly referred to as the 2010 Manila 

                                                      
1 The views expressed in this paper are those of the author and cannot be attributed to the International Maritime Organization or 
the Secretariat. 
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Amendments, provide enhanced standards of training for seafarers now and for years to come, and entered into force 
on 1 January 2012.  

In 1995, IMO extended the same benefit to fishing vessel personnel by adopting the International Convention for 
Fishing Vessel Personnel (STCW-F 1995), which was expected to bring considerable benefits and advantages to the 
fishing industry by enhancing the standard of safety in fishing vessel fleets. The Convention applies to crews of sea 
going vessels, generally of 24 meters in length and above, and was the first attempt to make international mandatory 
standards of competence for crews of fishing vessels. Adopted in 1995, it only entered into force on 29 September 
2012. 

With mounting concern about poor management standards in shipping and investigations revealing major errors on 
the part of management, the Assembly in 1987 adopted a resolution (A.596(15)), which called upon the Maritime 
Safety Committee to develop guidelines concerning shipboard and shore-based management to ensure safe 
operation of ro-ro passenger ferries. In 1989, IMO adopted resolution A.647(16) - Guidelines on management for the 
safe operation of ships and for pollution prevention - the forerunner of what became the International Safety 
Management (ISM) Code, adopted in 1993 as resolution A.741(18), which through a 1994 amendment to SOLAS 
1974 introduced a new chapter IX and made the ISM Code mandatory. 

The ISM Code aims to improve the safety of international shipping and to reduce pollution from ships by impacting on 
the way ships are managed and operated. The Code established an international standard for the safe management 
and operation of ships and for the implementation of a safety management system (SMS). Effective implementation of 
the ISM Code should lead to a move away from a culture of "unthinking" compliance with external rules towards a 
culture of "thinking" self-regulation of safety - the development of a 'safety culture'. Safety culture involves moving to a 
culture of self-regulation, with individuals at every level feeling responsible for their performance and the actions taken 
to maintain and improve safety. Application of the ISM Code should support and encourage the development of a 
safety culture in shipping. 

In 1995, the IMO Assembly adopted resolution A.788(19) Guidelines on implementation of the International Safety 
Management (ISM) Code by Administrations. These Guidelines were revised and adopted in 2001as resolution 
A.913(22) and further revised and adopted in 2009 as resolution A.1022 (26) and entered into force on 1 July 2010. 

In 1998, the Maritime Safety Committee (MSC 69)and the Marine Environment Protection Committee (MEPC 42), 
approved Interim Guidelines for the Application of Human Element Analysing Process (HEAP) to the IMO Rule-
Making Process. HEAP is a practical tool, designed to address the human element, to be used for consideration of 
maritime safety and environmental protection issues at IMO. A flowchart is provided in accordance with Assembly 
resolution A.850(20) “Human Element Vision, Principles and Goals”, goal (a) of which states: “to have in place a 
structured approach for the proper consideration of human element issues for use in the development of regulations 
and guidelines by all Committees and Sub-Committees”. The steps outlined in the flowchart list a series of questions 
that should be considered to appropriately address the human element in the regulatory development process. 

This is a method developed in IMO for the use of IMO and should be seen as a practical and non-scientific checklist to 
assist regulators in ensuring that human element aspects related to the ship and its equipment, the master and crew, 
training, management ashore and on board, and work environment conditions have been taken into consideration 
when introducing or amending IMO instruments. 

HEAP is broad in application and not to be seen as any kind of replacement for Formal Safety Assessment (FSA), 
which is a structured and systematic methodology, aimed at enhancing maritime safety, including protection of life, 
health, the marine environment and property, by using risk and cost/benefit assessments. FSA can be used as a tool 
to help in the evaluation of new regulations for maritime safety and protection of marine environment or making a 
comparison between existing and possibly improved regulations, with a view to achieving a balance between the 
various technical and operational issues, including the human element, and between maritime safety or protection of 
marine environment and costs. 

Fatigue, is widely perceived as a contributing factor in marine casualties. In 1999, the Maritime Safety Committee 
(MSC 71), considered the issue of human fatigue and the direction where IMO efforts should be focused, and agreed 
that practical guidance should be developed to provide appropriate information on fatigue to all parties concerned that 
has a direct impact on vessel safety (naval architects, owners/operators, masters, officers, ratings, training institutions, 
etc.) of the nature of fatigue, its causes, preventive measures and countermeasures. Accordingly, in 2001, MSC 74, 
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approved the guidelines (MSC/Circ. 1014), composed of self-contained Modules, each addressing a different party, 
assembled using existing information, in a useful format, for transmission to the different parties who have a direct 
impact on vessel safety. 

IMO developed practical guidance to assist interested parties to better understand and manage the issue of “fatigue.”  
The philosophy behind was to assemble all information that already exists, in a useful format, for transmission to those 
parties who have a direct impact on ship safety with a view to developing a marine safety culture by addressing the 
issue of fatigue. 

In 2003, IMO adopted Human element vision, principles and goals for the organization (A.947(23)) which set out its 
vision, which included eight principles and seven goals for the human element. One of the key principles was that the 
human element was a complex multi-dimensional issue that affects maritime safety, security and marine 
environmental protection involving the entire spectrum of human activities performed by ships' crews, shore based 
management, regulatory bodies and others. It requires everyone to co-operate to address human element issues 
effectively. 

In 2007, the Maritime Safety Committee (MSC86) and the Marine Environment Protection Committee (MEPC 56), 
considered the report of the Group of Independent Experts on the impact of the ISM Code and its effectiveness in the 
enhancement of safety of life at sea and protection of the marine environment and agreed that guidelines and 
associated training should be developed to assist companies and seafarers in improving the implementation of the 
Code. Accordingly, the Committees approved the guidelines for operational implementation of the ISM Code by 
Companies as MSC-MEPC.7/Circ.5. The dynamic nature of IMO human-element related guidance is seen by the 
revision of these guidelines in 2013 by Maritime Safety Committee at its ninety-second session and the Marine 
Environment Protection Committee at its sixty-fifth session adopting Revised Guidelines (MSC-MEPC.7/Circ.8). 

In 2008, the Maritime Safety Committee (MSC 84), and the Marine Environment Protection Committee (MEPC 58),  
noted that the Maritime Safety Committee (MSC 74), in 2001, had considered the issue of reporting near-misses and 
how to promote a no-blame culture and issued MSC/Circ.1015 to encourage reporting of near-misses. Further noting 
that guidance was required: to encourage reporting of near-misses so that remedial measures can be taken to avoid 
recurrences; and on the implementation of near-miss reporting in accordance with the requirements of section 9 of the 
ISM Code with respect to reporting of hazardous situations, the Committees approved Guidance on near-miss 
reporting (MSC-MEPC.7/Circ.7) in order to promote a safety culture.   

Above are some of the notable human element-focussed efforts of IMO, which is usually accused of being reactive 
and slow.  IMO endeavours to level the playing field to ensure global outreach and attempting to seek consensus on 
any issue (some more serious than others) among the constituents – 170 Member States - at a meeting is no mean 
task, and IMO has achieved successful outcomes on most occasions, maybe not to the satisfaction of all and certainly 
not to the satisfaction of some.  IMO can also be pro-active when circumstances demand - as seen through two recent 
initiatives of the Secretary-General: the development of a work plan on passenger ship safety in the aftermath of the 
Costa Concordia incident (before the investigation report was published); and the convening of the Future of Ship 
Safety Symposium immediately before MSC 92 in June this year.  

In particular the resolution adopted at the end of the Symposium recommended that the Maritime Safety Committee 
should among other issues: 

• consider ways of encouraging a safety culture beyond mere compliance with regulatory requirements; 
• take into account the burden any new or changing regulation(s) place on the seafarers and how this 

burden can be minimized; and 
• consider undertaking a long-term comprehensive review of the existing safety regulatory framework with a 

view to ensuring that it will meet the future challenges associated with the application of new technologies, 
the human element, the needs of the maritime industry and the expectations of society, taking into 
account the ever-increasing pace of change and technological advancements made since the 1974 
SOLAS and the International Load Lines Conventions were adopted. 

To digress from IMO’s work, it was interesting to note Project FAROS stating that up to 96% of maritime accidents 
(collision, grounding, fire, occupational accidents) are routinely attributed to human error. However, rather than 
assessing the ship performance in terms of global design factors such as ship motions and noise, the human element 
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studies have primarily focused on local design features (e.g., bridge design) that are relatively easy to fix and tune 
towards required effects on the crew. 

It went on to say that from a formal point of view, the key element that has been missing and therefore preventing the 
integration of the human element into ship design projects is a comprehensive quantification of crew performance 
failure. Given the natural uncertainty of the maritime environment, such quantification must be probabilistic and 
therefore commensurate with safety-driven ship design methods such as the Risk-Based Design. 

Perhaps, it is time to look at enhancing crew performance rather than taking into account crew performance failure 
when designing future ships. It is not too late for ship designers to look at ships, not only ro-pax and tankers but all 
ships, as fulfilling work environments for seafarers rather than large cargo spaces, cramped, noisy and hot work-
spaces and sterile, uninviting quarters that they retire to at the end of their working day or their watch. 

The natural uncertainty of, or change in, human behaviour under constantly varying operational and other conditions, 
unpredictable weather and sea states and other external conditions associated with work on board ships should not 
be quantified as crew performance failure. It would be more realistic to focus on criteria for crew performance success 
rather than the probabilistic focus on assumed crew performance failure. 

Adaptation of advanced technology and improvements in design at a pace faster than enhancement of crew 
familiarization and training, with ever-changing operational modes as seen during the recent financial crisis, could 
perhaps contribute to what is perceived poor crew performance.  But is this necessarily the case?  

It is common knowledge that a major causal factor for human error is fatigue. Fatigue deteriorates human 
performance and contributes to human error. The industry might wish to ask itself what it has done in the past few 
decades to mitigate, minimize or eliminate fatigue and its effects on the human element. The findings of the recent 
study by project HORIZON on the effects on seafarers of watchkeeping patterns and fatigue provide some robust 
results and interesting reading. It is the first time that realistic working scenarios have been used to study cognitive 
performance of seafarers through a simulator-based scientific study to demonstrate the links between performance 
degradation and patterns of work.  Poor sleep patterns and inadequate rest are significant factors that lead to fatigue 
and its detrimental effect on the human body.  Could the pictures of incidents below be as a direct result of fatigue? 
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Human factors refer to environmental, organisational and job factors, and human and individual characteristics, which 
influence behaviour at work in a way which can affect health and safety.  Human factors is concerned with what 
people are being asked to do (the task and its characteristics), who is doing it (the individual and their competence) 
and where they are working (the organisation and its attributes), all of which may be influenced by other wider societal 
concerns, such as multi-cultural crew on board, operational parameters and Companies policies.  

Noise, vibration, improper ventilation, vessel motion, to mention but a few factors that affect sleep patterns. These are 
some aspects that are within design parameters, and which can certainly make a change to the behaviour patterns of 
the human element. The design of bridge, engine and other control rooms, shipboard plant and equipment can have a 
huge impact on human performance. For many years, design-based mitigatory measures have focused on 
ergonomics, in particular improvements related to bridge design and, to some extent, engine control room (not 
necessarily engine room) design.   

Ship design, whether risk-based or goal based, should endeavour not only to provide longevity of vessels and good 
ship handling characteristics, but should also address ship motions, vibration, noise, deck/cargo compartments, crew 
accommodation layouts, rest/recreation/entertainment/communication facilities. Designing tasks, equipment and work 
stations to suit the user can reduce human error, accidents and ill-health. Insufficient attention to observe ergonomic 
principles could have serious consequences for seafarers, ships and companies. 

These are human factors that could, should they be addressed effectively, go a long way to mitigate fatigue and its 
effect on the human element. Appropriate consideration of human factors and ergonomics in the design process by 
involving people with knowledge of the working processes involved, and the end user, would yield better results. User 
involvement (objective knowledge and experience-based input by seafarers) could be a key factor to designing 
operable and maintainable plant and systems, as poor design contributes to work-related ill-health which had been 
found to be a root cause of accidents including major accidents e.g. Herald of Free Enterprise. 

In the years ahead, it would become more important to sustain the numbers of qualified, experienced seafarers to 
operate the increasingly sophisticated (and seemingly larger) ships that are being designed and rolled out of 
shipyards.  It is inevitable therefore to realize that that more needs to be done to address human factors that impact 
on the performance of the human element, particularly those at sea, to ensure the safety and sustainability of shipping 
as the principal and cleanest mode of transportation of global trade. 

Thank you. 

 

Milhar Fuazudeen is a marine engineer with over 15 years’ experience at sea, having served as Chief Engineer on 
board general cargo and container ships, bulk carriers, oil and chemical tankers and, as Engineer Superintendent and 
Buyer’s Representative. He is an alumnus of the Universities of Sri Lanka, New South Wales, Australia and Warsash 
Maritime Academy of Solent University, Southampton, United Kingdom, and is a Member of the Institute of Marine 
Engineering, Science and Technology, Incorporated Engineer and Incorporated Marine Engineer. 

Milhar who has been at IMO since 1997, is the Head of the Maritime Training and Human Element Section in the 
Maritime Safety Division of IMO. He is the Secretary of the STW Sub-Committee and was the Secretary of the Human 
Element Working Group. His work includes implementation of the STCW Convention, 1978, as amended, the 1995 
STCW-F Convention, the ISM Code and other Human Element-related issues. 

Milhar has conducted: STCW-related seminars’ workshops and training courses for trainers, examiners and assessors 
and on maritime English and Quality Standard Systems; needs assessments and advisory missions to IMO Member 
States related to the implementation of the STCW and STCW-F Conventions; and training courses for auditors under 
the Voluntary IMO Member State Audit Scheme and the ISM Code. He is also a visiting lecturer at the World Maritime 
University in Malmoe. 

Prior to joining IMO, Milhar was the Chief Examiner of Marine Engineers in the Merchant Shipping Division, Ministry of 
Ports and Aviation, Sri Lanka, and senior lecturer in marine engineering at the Marine Engineering Department, 
University of Sri Lanka and Colombo International Nautical and Engineering College. 
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The Human Element in Shipping 

Dr Phillip Belcher, Marine Director, INTERTANKO 

 

Today I would like to talk about what goes wrong in shipping, show how it is blamed on people and then suggest ways 
in which the human can be worked into the system so that their foibles can be accounted for. 

Firstly, as I am representing INTERTANKO I should speak briefly about them. We represent more than 3/4 of the 
independent tanker owners and have a very broad membership. Our aim is to have zero fatalities, pollution and 
detentions. To achieve that three committees are of importance to what we are discussing today, INTERTANKO 
Safety, Technical and Environmental Committee (ISTEC), Vetting and Human Element in Shipping Committee. All of 
these look at the various aspects relating to ship safety and the role of the human element. Our membership takes 
safety immensely seriously and through the way the tanker industry self regulates way above the minimum standards 
of SOLAS and MARPOL through vetting, we are able to maintain industry leading standards. 

So what happens when things go wrong. There is that oft cited statistic that 80% of all accidents are caused by human 
error. But maybe the number should be 100%, as the only recorded non-human maritime accident appears to be 
when Noah’s Ark grounded on that mountain. So human decisions are involved in every accident. Whether it is the 
naval architect, the ship’s superintendant, the master or galley boy, someone takes a decision or makes an omission, 
that leads to an accident. This is not to blame people, just to accept the reality of the situation. So naturally we focus 
upon people. We develop new regulations and guidelines to either control the person or remove them from the 
process. We then sit back and congratulate each other at IMO on a job well done. We have sorted out the situation 
and can tick another one off the high level action plan. 

But is that the best way to do it? We are all familiar with the statement, ‘If only they had followed the rules then it 
wouldn’t have happened’. So if we know people do not follow the rules then in the first instance we should consider 
why people do not follow the rules. In this we can identify 8 reasons why people do not follow rules. At this stage I 
should declare an interest as my PhD was titled: ‘Rule following behaviour’. So you could say I have some bias in 
looking at the issue from this direction.  

Now we know that people claim that they did not know about such and such rule. This is hardly surprising when you 
see how much every regulator (IMO, Flag State, national authorities, industry etc..) churn out every year. So we know 
there is a vast amount of regulatory gumf out there that no single person could ever be expected to remember and yet 
we see accident reports stating, ‘if the seafarer had done x as stated within regulation 16 sub section 27 para 4, then 
the accident would not have happened.’ It is therefore, unrealistic that a person could know about and then apply 
every single regulation out there. 

We also know that if people are not watched or if regulations are not enforced then we will do what we want to. So if a 
regulator is constantly turning a blind eye, driving at 80 instead of 70 on the motorway for example, then everyone will 
believe that there is tacit acceptance and so will break the speed limit. 

Every single one of you in this room has taken a short cut in order to just get the job done. It takes a certain amount of 
time to do a risk assessment, fill out the paperwork, get it signed so that you are authorised to do a job. All very 
tedious and basically it just gets in the way of getting the job done. So people take a deep breath and step into 
enclosed spaces. They do not bother getting the right PPE or climb ladders without a harness. All extremely 
understandable, but being patient will not kill you. 

Then there is the non acceptance of a new rule. In this those working in the area just do not like the person giving the 
rule or just simply do not like the rule itself and so do not bother applying it. Cycling through red lights or ignoring the 
boss’ instructions.  

A lack of trust is an interesting one. In collision avoidance one ship is required to stand on and trust the other ship to 
take action to avoid collision. It takes a great deal of trust in the other to do that. So unsurprisingly, seafarers take 
unilateral action. 

Now for the one that everyone has done, demonstrating how good you are by knowing which rules should and should 
not apply to you. How many times have you heard, ‘so you have passed your test, now let me show you how it’s 
actually done’. So not only do you not follow the rules, but you encourage others to do the same.  
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Even though hundreds of new rules and regulations come out, they cannot cover every eventuality. After all each new 
rule is designed to cover up for a lack of a rule in the first place. So there are always times when rules cannot cover 
what you are doing and so you take the action that you think will resolve the problem. 

Then there is the restriction of your actions. If there is a rule which stops you from taking the action that you know will 
resolve a situation, then you are going to ignore that rule. To use another driving example, reversing up a one way 
street in order to get out of a one way system.  

So we know that it is hard to get people to comply with rules and that there are very sensible reasons out there for non 
compliance. So how do we get seafarers to comply. Firstly you must get them to buy into the rule. Get them to 
understand the necessity of it and that it is not there just to make their life awkward. Then the rule has to be monitored 
and enforced across the board. Application of rules equally ensures that we accept their legitimacy. That way we can 
gain at the very least a compliance culture. Of course we would like to go beyond mere compliance, but one step at a 
time. 

But most of you are naval architects or engineers of some kind. So let’s look at the question: why bother putting 
people into the system? They break things, do not do what they should and you have to feed and accommodate them. 
Surely much better to have ships where people are not there or at least cannot cause too much harm.  

However, people should be an integral part of the situation for the simple reason that as rules cannot cover 
everything, computers cannot be programmed to cover every eventuality and so you need someone to think and take 
decisions. Yes we have stated that people are the cause of the accident, but they are also the solution to the 
prevention of  hundreds of other accidents.  

So design the system around the person. View the person as the most integral element of the system. But not just 
through classic ergonomics. Too often we see ergonomically designed bridges that look like the set of some sci fi 
production. But do they suit the needs of those on board the ship or are they just very comfortable chairs which allow 
you to fall asleep in. Or are they system which draw you in and forget that you are driving a real ship and not playing a 
computer game.  

So think about how and why people will work with and use the system so beautifully engineered on the screen of your 
computer. And very importantly, think about the maintenance of that system. Please make it big enough so that tools 
can be used by people with sailor sized hands. Remember it is going to be fitted to that ship for the next 25 years. 
Also it is not good enough to just stick things into a box. Look at minimum keyboard AIS devices. Absolutely abysmal.  

So as an aide memoir, think about the success of Apple products. I know that many people dislike the company, but 
no one can deny that they make products that people want to use. And that is the key, the interface between the 
human and the machine is one which makes you want to use it, makes the process enjoyable rather than just being a 
bland grey box that must be used. Make the interface nice, make it something that the human wants to use, make the 
rules simple and easy to follow and allow for a working life of 25 years. 

Therefore, ladies and gentlemen, remember and make, the human an asset to the ship. 

 

Dr Phillip Belcher first went to sea and served 10 years mostly on board tankers. After gaining his master mariner’s 
certificate of competency he studied at Cardiff University and in 2007 was awarded a PhD in the area of the Human 
Element. Following a 5 year stint as assistant director within the Bahamas Maritime Authority he joined INTERTANKO 
as their marine director.  

During his time with the Bahamas he served as part of their permanent delegation to IMO. In this time he chaired a 
number of IMO groups including the joint MSC/MEPC working group on the  IMO’s Human Element. 

Phil’s duties now include the management of navigational and human element issues and he serves as the secretary 
to INTERTANKO’s Human Element in Shipping Committee.  
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Effects of Ship Design on the Working and Living Conditions of Crew 

Branko Berlan, Accredited Representative to the IMO, International Transport workers Federation 

 

Invariably in the maritime industry when we refer to the human element, we identify the seafarer and the need for 
training rather than those responsible for the design, building, operation or regulation of ships. Equally human error 
automatically infers a failure by the seafarer not those responsible for poor design or operating decisions or 
construction, which may have far more implication than ultimately the seafarer could possibly have. Given the poor 
judgment often of others in construction or operation of ships, influenced more by the financial considerations than 
safety, it is credit to seafarers that there are not more accidents. 

This was no more evident than the work we have been carrying out for a decade on measures to prevent accidents on 
lifeboats. Whilst the primary fault was identified as poorly designed and inherently unsafe on-load release blocks, the 
whole system of type approvals and lack of control and approval of the total assembly in the shipyard or on-going 
maintenance, was a strongly contributing factor. Initially the reaction from the IMO was for increased training of 
seafarers but it is now recognized that with the multitude of blocks and assembly combinations more training and drills 
is not the answer. In fact with the unreliability of davit lifeboats we now have a situation where the majority of seafarers 
actively distrust them and our endeavors to standardize the lay out and operation of them is still subject to resistance 
from the manufacturers and suppliers. 

In some cases the legislation is a disincentive for better or safer design of ships for seafarers and our lobbying for 
change have been frustrated. The Tonnage Measurement Convention is an example where accommodation is 
included in tonnage measurements since 1969 and shipbuilders and owners, intent on maximum cargo areas have 
progressively built ships with less social areas and no training berths. It has also removed reserve buoyancy with the 
disappearance of forecastles and seen the design of container ships with deck loads which impair vision from the 
bridge and have questionable safety characteristics. We now see with the haste to address emissions under the new 
MARPOL legislation, ships power and speed being reduced with insufficient consideration of emergency situations 
and minimum safety in bad weather. 

Having said this, the ITF is very interested in this FAROS  project and looks forward to measures that will positively 
affect the seafarer. Fatigue has always been our foremost concern and although we have relentlessly pursued the 
issue at the IMO and ILO, there continues to be resistance to take the issue onboard in a meaningful way. Whilst the 
primary issue required to address fatigue is the correct operational manning, it is a complex issue that is equally 
influenced by lack of quality rest, noise and vibration. In the recent revision on maximum noise levels it was surprising 
that, despite proposed new international levels, already in force in many countries, the cry from flag states was that 
the cost to build to these standards are prohibitive. The recent Project Horizon research into the effects of sleepiness 
on the cognitive performance of maritime watch keepers underlines the essential requirement for quality rest and 
where vessels operate a two watch system and accommodation noise and vibration are a factor this is unlikely to be 
conducive to sufficient quality rest. 

Other factors that aid fatigue are poor health (need for a gym), stress (need for social areas) isolation (need for social 
communication equipment). Unfortunately with the reduction in crew and often lack social interaction with multi-
national crew, the design of facilities and amenities becomes critical. 

Vibration standards are complicated and largely left to the ISO to give guidance but frequently can affect the health of 
seafarers, not only with respect to fatigue. Ro Ro vessels particularly have often installed medium speed engines in 
spaces, ergonomically questionable for engine staff, and subject to levels of vibration that can effects the joints of 
those working in the area for periods. In fact engine rooms are frequently given little ergonomic or health consideration 
when designing, with equipment like purifiers in inaccessible places. Our attempts to bring in more ergonomic 
considerations into SOLAS have been futile despite a 2006 IMO circular identifying its importance, and whilst the 
industry has some sympathy it may require this project to recognise best practice. 

Another area of importance to the ITF in the design and ergonomics is the bridge under IBS guidelines and 
introduction of E Navigation. We are insistence that technology should assist the watch keeper not replace them but 
are concerned that the interaction of the human element with the e- navigation concept has not been fully researched 
and there are issues such as the operator’s situation awareness when relying on electronic displays that need 
investigation.  
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It is important to note whilst we are aware that 96% of accidents are attributed to the human factor we do not 
subscribe to the theory that the total removal of the human element from a ships operation is the ultimate answer.  At 
all times improvement must be ‘need’ driven not ‘technology’ driven and we should not underestimate the contribution 
of the human senses are to safety. 

In the considerations of passenger ship evacuation we have participated in the debate on designing routes that 
facilitate a safe and intuitive process however given the demographics of the modern large passenger ship clients 
consider the skills of a well trained crew are essential for a smooth process.  This was probably a factor on the Costa 
Concordia where issues of crew training in assisting passengers will be a consideration of the IMO.  

The ITF have great expectations from this project and trusts it will address areas that we share concerns. Although we 
consider there is a need for improved ship design to reduce the risk to seafarers and the environment we are of no 
doubt that the industry is crewed by professional well trained seafarers who in 99% of situations and on a daily basis 
prevent maritime accidents and are responsible for a reduction of incidents that cause injuries, fatalities or 
environmental disasters.  Having said this we recognize there is room for improvement and welcome the initiatives 
and objectives of the FAROS project and look forward to a positive outcome for seafarers and the industry as a whole. 

 

Branko Berlan has a degree in Maritime Studies, Maritime Engineer department. 

He joined the ITF in May 2013  from the Seafarers’ Union of Croatia, where Branko had been Assistant General 
Secretary since 1991. Previously, he had been a seafarer for 15 years, finishing his seafaring career as Chief 
Engineer. 

One of his first comment when Branko joined the ITF was: “As we demonstrated at the IMO meetings, the ITF is a 
powerful voice for  the seafarers in the maritime industry and I look forward to helping influence and shape the 
maritime policy. Our priorities will be to create a new approach to the safety culture in the maritime industry, including 
better training and appropriate manning.” 

Further to his role of ITF Rep. to the IMO Branko also have the responsibilities; 

• To lead or provide support in any UN, Industry, ITF forum that requires maritime expertise or in matters pertaining 
to general welfare of seafarers, and 

• To be responsible for dealing with all maritime related and technical issues on behalf of the ITF. 
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Naval Architects and Humans 

Rod Pudduck OBE, Chairman Safety Committee, Royal Institution of Naval Architects 

 

The Royal Institution of Naval Architects 

Good Morning Ladies and Gentlemen. 

I chair the Institution’s Safety Committee, which was formed around the time of the Herald of Free Enterprise casualty 
in 1987 and Piper Alpha the following year when Safety Management in the UK was suddenly thrust into the media 
spotlight. You will remember also the second major RO-RO ferry sinking in 1994 and further afield in 2006 the loss of 
al-Salam Boccaccio 98 when over 1000 pilgrims died in the Red Sea.  

The trend towards mega cruise ships has been a worry for some years. Costa Concordia has confirmed the reality of 
some of these concerns. 

Another major concern has been the apparently uncontrollable continuous losses of small fishing boats around UK 
waters.  

My address today will focus on large passenger ships and small fishing vessels, the human aspects of each and what 
part can naval architects play in attempting to improve their safety. 

Noahs Ark 

This half-size replica 70m long and displacing over 3000 tonnes was built by Johan Huibers, a Dutch born-again 
Christian. He has started work on a full size version he says will be more accurate than the existing full size version in 
Hong Kong built by the billionaire Kwok brothers that doubles as a hotel and a church. 

A Computerised Fire Model 

We have many sophisticated design tools, building techniques and materials today but however clever we might be… 

All accidents are caused by humans 

Why are humans responsible for most of the so-called accidents? Perhaps there are too many fingers in the pie? 

Stakeholders in the Shipping Industry 

All of these interests are of course human and they all interact with each other. The frailty of homo sapiens is due in 
part to cultural differences, and variations in education, experience and physique. But also so-called state of the art 
designs and equipment are vulnerable to errors and omissions, poor communication, misunderstanding and 
occasionally deliberate violations of laid down procedures. 

The Unsinkable Ship? 

There have been many suggestions as to how to design an unsinkable ship. You will of course think of Titanic. 

AMCs Armed Merchant Ships, popularly known as Admiralty Coffin Ships in WW2 or Q Ships in WW1, were 
converted passenger or cargo ships fitted with mainly WW1 5.9 in. hand operated guns to act as decoys in a convoy.  
In drawing the enemy fire measures were taken to make the ship more difficult to sink. This included installing 
naturally buoyant material including timber, sometimes balsa wood and hundreds of sealed oil drums. The latter were 
dubbed ping-pong balls. The latter were quite effective causing some submarines to expend up to 5 torpedoes to 
eventually sink the ship. Unfortunately for Jarvis Bay, she met the pocket battleship Admiral Scheer which sank her 
with heavy gunfire in 1940.   

Naval Architects can do better than rely on ping pong balls 

USN Fletcher Class Destroyer. This ship is not actually sinking but some of her sisters did in 1944. I want to use this 
example of human action on a grand scale that contributed to a major catastrophe and a rethink about ship 
survivability. 
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Typhoon Cobra 

The track of the Fleet shows the desperate attempts to avoid the eye of the typhoon and failed refuelling rendezvous. 
A century ago extreme weather might have been attributed to acts of God; not anymore – the weather forecasters 
may have got it wrong but the Admiral also took a calculated risk which went wrong.  

Lessons Learned 

Free surface problems were caused by slack fuel tanks. If the ships had been able to refuel their stability would have 
been restored. In any case the destroyers’ design and much of the fleet’s equipment was inadequate for less extreme 
conditions. 

The Sarchin & Goldberg criteria was adopted by many navies and is occasionally referred to today. 

Birkenhead 1852 - An important lesson from the past that is still relevant to all floating vessels 

WT bulkheads cut by the cavalry in order to exercise the horses. 

The origin of women & children first –a Victorian romantic ideal.  

The danger of altering the design was perhaps also overlooked when two additional decks were added to the Salam 
98 125 years later. 

HMS Lowestoft 

Human actions (essentially poor management) allowed uncontrolled alterations and lack of effective maintenance 
which led to weakening of the main hull girder.  

This event shaped the development of a risk-based ship safety management system for the UK MoD. 

Designing to Rules 

Most engineers (and Naval architects) in the past have relied on design rules.  

In recent years the application of Risk-based Safety Assessments has gradually found favour over the traditional rule-
based regulations.  

The IMO has used Formal Safety Assessment as the basis for its rule making process. The derivation of priorities 
deduced by risk ranking is more logical than simply creating a new rule based on experience or a study without taking 
into account the likelihood of a hazard event or severity of the consequence. But risk and probability are difficult to 
predict and rules that have proved reliable in the past and are still relevant should be retained.     

Risk and Probability 

Risk Assessment is now a practised tool in naval architecture. But computing probability values is difficult without a 
reliable database. The problem is that past history is almost valueless because circumstances continually change. We 
tend to use subjective estimates based on experience to predict the future –and usually get it wrong. 

The Darkness of Ignorance 

John Adams. Emeritus Professor of Geography this University. 

There are 5 million known chemical substances known to man. 

The small rectangle bottom left = 7000 substances tested, 1500 found to cause cancer in animals. 

The pinprick of light top right represents 30 substances found to be positively linked to cancer in man.  

The rest are untested and their risks unknown.  

Risk assessment can expose many dangers to be managed but can’t forsee every eventuality or combinations of 
events. As Shakespeare said “there is more in heaven and earth than man’s philosophy”. 

Deep Sea Fishing - A Risky Occupation 

Notice the under 12m length figures. For the EU as a whole, 63% of the vessels are under 12m and 53% under 9 
metres. In 2011 there were 6444 fishing vessels registered in the UK with almost 80% under 10m (source MCA). 
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Fishing Vessels and Rule-Beaters 

Deep sea fishing is the most hazardous occupation in Britain. The industry has been severely regulated to preserve 
declining fish stocks and the protection of territorial waters and is resistant to the imposition of additional rules that 
affect the livelihood of fishermen. A trend towards beamy, deep displacement vessels increases load capacity but 
causes a stiff uncomfortable roll. 

Understanding Stability 

In 2006 MCA commissioned a study on stability of rule-beaters.  Unsurprisingly the risk of capsize is caused if 
additional weight is applied at shelter deck level (eg when lifting a heavy catch) and if water down floods into the large 
fish hold. 

Loss of the Heather Anne 

Heather Anne length 11.05m. Two man crew. The exceptional catch was too much for the capacity of the small boat 
and help was summoned to transfer the surplus. It was fortunate that another boat was nearby to share the catch and 
subsequently to rescue the skipper, but unfortunate that the deckhand from the helping boat changed places with the 
skipper’s son and was drowned when the Heather Anne capsized.  

Can bad luck be a factor to consider in assessing risk? 

Passenger Ships 

He had in mind of course the Costa Concordia casualty on 13 January 2012. 114,137 GT. Over 6 hrs to evacuate 32 
died out of 4252 passengers & crew. The ship was designed to deterministic rules and was half the size of later 
generation cruise ships. 

Royal Caribbean Oasis of the Seas 

This ship breaks SOLAS rule - max number per survival craft 150 but new regulation allows substitution of a risk 
assessment to justify novel designs. Continuous rule amendment is necessary as ships increase in size and designs 
become more innovative. NB. Displacement approx 100,000 tonne.  

MV Explorer 23.11.07 off King George Island NW Antarctica 

73m x 14m, 2398 GT. Another case of learning from experience. Often not much happens until there a disaster. 

What can Naval Architects do? 

Subjects addressed by the IMO Naval Architects Group in 2013 

RINA maintains a Register of Experts available to attend sub-committees or contribute to various correspondence 
groups at IMO. 

Key Issues for Passenger Ships  

• Further examination of the probabilistic subdivision and damage stability regulations for passenger ships in 
order to ensure that the standards for survivability after sustaining damage remain adequate.  

• The Guidelines on the Safe Return to Port should be amended to include a provision for survivability after 
sustaining damage. 

• Review the current IMO guidelines on the opening of water-tight doors during passage in hazardous areas.  
• Emergency drills should be made more realistic. 
• Assess obstructions for launching survival craft. 

And For Fishing Vessels 

• Encourage a Safety Culture 
• Regulate all boats under 15metres 
• Introduce a simple means of indicating stability limits 
• Consider rules based on capacity not length. 
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In Conclusion 

• Naval Architects are conscious that their work depends on understanding human aspects and all stake holder 
interests throughout the ship’s life from concept to disposal. 

• Safety, not comfort or profit is the primary objective. 
• Consideration of risk is key to managing safety but remember well-tried rules and experience 
• Be careful of statistics and be aware the future is not the past repeated. 

I wish all speakers and delegates success in your first FAROS Public Workshop. 

 

Rod Puddock was Fleet Constructor Commander, CinC Fleet Engineering Staff 1980-84. Advised damage control 
and battle damage repairs at sea during Operation Corporate. Co-author "Post Falklands Lessons Learned". 

The above experience prompted career interest in ship safety; hence my drive to produce JSP430, long 
membership/chair of RINA Safety Committee and current contribution to IMO Naval Architecture Group.  

A continuous aim is to encourage vision and pragmatism to counter futile efforts to manage risk by regulation and to 
warn where prioritisation is based on limited perception, dubious statistics and artificial values of benefit and cost.  

My second passion is to help conserve our maritime heritage - mainly historic steel ships built in the last century. 
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The CyClaDes Knowledge Basket: an Interactive Framework for Transparent and 
Quantifiable User Centred Design 

Dr Andreas Baumgart, Project Leader CyClaDes, Germanischer Lloyd SE 

 

 

The CyClaDes Framework 

- the “Wikipedia“ of user centered design - 

Our framework supports the shipping industry in improving user-centered design for ships and ship systems. It's core 
is a transparent management system relying on conformance specifications and performance quantification: 

 

Fig 1: framework setup. 

We aim to deliver 

• a toolbox for designers 
• a instrument for owners to communicate design specification and 
• a means of selecting for operators when chartering ships. 

The framework structure follows the yard's hierarchy when delegating responsibility for ship parts and ship 
components to internal units or suppliers. Application of this standard is thus possible on ship level and any other sub-
system level. 

The entry-points to the framework are 

• Steel 
• Electrical 
• Integration (shipwide) 
• Machinery 
• Piping 
• Outfitting 
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Our EU-funded project started end of 2012 and runs for 36 months. 

See http://www.cyclades-project.eu for details. 

 

Dr Andreas Baumgart is the Project Leader of the CyClaDes project. After his studies of applied mechanical 
engineering he earned his doctorate on self excitation mechanisms of deep-hole drill strings and worked as a post-doc 
on aeroelasticity of wind turbines at the national danish research center Risø. During his studies he also spent many 
months abroad, namely as sheep shearer in New Zealand, CAD/CAM designer in the Maryland / California, USA and 
as engineer in Paris, France. He joined Germanischer Lloyd in 2000 and works as project engineer in the research & 
development department. 
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Preliminary Studies in Situation Awareness & Adaptive Bridge Design/CASCADe 

Dr. Gary Randall, BMT Group Ltd, Senior Research Scientist, grandall@bmtmail.com  

Mr. Paul Allen, Cardiff University, Research Associate, allenph1@cardiff.ac.uk 

Dr. Cilli Sobiech, OFFIS, Project Manager CASCADe, cilli.sobiech@offis.de  

 
Introduction 

In CASCADe1 (model-based Cooperative and Adaptive Ship-based Context Aware Design) the ship’s bridge is seen 
as a cooperative socio-technical system. We are working on a human-centred design methodology to develop an 
Adaptive Bridge System (ABS) that adapts the content, distribution and presentation of information to the individual 
seafarer, and the whole bridge team. By addressing the study and design of bridges as an integrated whole 
CASCADe aims to improve overall safety and resilience on ship’s bridges. 

In CASCADe we focus on how multiple factors influence Distributed Situation Awareness (DSA) amongst crew 
members and cooperation on ship bridges, i.e. on the system level. This system can be seen as a multi-agent 
environment consisting of the ship’s bridge as a technical system and control centre of the ship, where cooperative 
decision making between crew members, human-machine interaction as well as communication with other ships, the 
shipping company or VTS stations, is involved. The ability of ship's personnel to be aware of this multi-agent 
environment, to co-ordinate activities and communicate effectively with each other is vital during emergency 
situations. Also during routine sea passages or port approaches, the bridge personnel must work as an effective team. 
Thus, bridge design should consider the cognitive capacities of humans and the nature of the tasks at hand as high 
workload and decreased situational awareness can lead to “human-out-of-the-loop” situations.  

Towards Adaptive Bridge Design 

Research has shown clearly that in many cases 
accidents and incidents are caused by human error 
due to non-optimal design of the human-machine 
interaction leading to degraded situation awareness 
(e.g. Hetherington, Flin & Mearns 2006). The 
development of ship bridge systems, workstations 
and displays on the one hand, and of bridge 
procedures on the other hand, is characterized by 
being non-harmonious and far from optimal for the 
actual users of them. Existing regulations for system 
and procedure design are disconnected and defined 
on a level that is not informative for bridge design.  

We are using a human-centred design methodology 
to develop an Adaptive Bridge System (see Fig.) to 
permanently or semi-permanently adapt the content, 
distribution and presentation of information to the 
individual seafarer and the bridge team. Besides the 
Physical Simulation Platform of the ABS (i.e. a full-
mission bridge simulator), we are developing a 
behaviourally equivalent Virtual Simulation Platform 
that is purely based on models of the human and 
machine agents, tasks and resources. The Virtual 
Simulation Platform allows us to evaluate bridge designs at early design stages by using cognitive models of virtual 
seafarers which mimic decision making and distributed situation awareness processes of real human seafarers. In 
addition to experiments with real seafarers on the Physical Simulation Platform, the Virtual Simulation Platform 
facilitates simulating many more scenarios, the comparison of different designs and the investigation of extreme 
scenarios.  

 

Figure: Human-centred design methodology for Adaptive Bridge 
System (ABS) 
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Scenarios and experiments to assess DSA 

A human error study examining 177 maritime accident reports from 1987-2000 showed that 71% of all human error 
types on ships were situation awareness related problems (Grech, Horberry & Smith 2002). In CASCADe we analysed 
and selected scenarios to give an overview of major accident types directly involving the bridge, or more specifically 
some malfunction of bridge team management. The scenario selection process was connected with theoretical details 
of cognitive aspects since it is our contention that many accidents are caused by a lack of distributed situation 
awareness amongst the bridge team. Instead of scenario descriptions at the purely abstract level of vessels or 
systems, we describe and analyse scenarios from a human factors perspective in order to develop a cooperative 
socio-technical system or DSA perspective.   

In order to root the project in this human factors perspective, an early task on the project was to gather information on 
how the bridge operates from the seafarers’ point of view, with an emphasis on identifying areas where problems 
currently exist. An exploratory survey of seafarers was conducted, alongside focus groups with cadets, experienced 
seafarers and trainers at a maritime college. Observations of simulator exercises were also conducted at two maritime 
colleges in order to both learn about how assessment is carried out, and to learn about the way in which seafarers 
interact with each other, technology, and the wider environment.  

Conclusion 

These preliminary studies conducted in CASCADe influence the current development of the Virtual and Physical 
Simulation Platform. We will show how a cooperative system perspective and human-centred design methodology 
supports analysis of crew performance at early development stages, and leads to the development of a bridge system 
that considers cooperation and the distributed situation awareness of ship’s crews. Hereby CASCADe addresses the 
study and design of bridges as an integrated whole to improve the overall safety and resilience of ship’s bridges.  

References 

Grech, M.; Horberry, T.; Smith, A. (2002): Human error in maritime operations: Analyses of accident reports using the 
leximancer tool. In: Proceedings of the 4th Annual Meeting of the Human Factors and Ergonomics Society. 
Baltimore/US.  

Hetherington, C.; Flin, R.; Mearns, K. (2006): Safety in shipping: The human element. In: Journal of Safety Research, 
vol. 37, no. 4, pp. 401-411.  

1 This research has been performed with support from the EU FP7 project CASCADe, GA No. 314352. Any contents 
herein are from the authors and do not necessarily reflect the views of the European Commission. 

 

Dr. Gary Randall is a Senior Research Scientist at BMT and Dissemination Manager of the FP7 project CASCADe, 
his background is in Cognitive Science & AI and he has over 20 years experience of modelling human behaviour. 

BMT Group is an international design, engineering and risk management consultancy, working principally in the areas 
of: defence; security; ports and logistics sectors; maritime transport; marine risk and insurance; energy and 
environment. 

Paul Allen has been conducting research in the maritime domain for over 10 years, primarily looking at the issue of 
fatigue. Alongside psychological research, including extensive field research onboard ships, Paul holds an MA in film 
production and has innovated in the use of film media in the research domain.  

Cardiff University is the premier University in Wales and the School of Psychology has the highest research rating in 
the UK. 

Dr. Cilli Sobiech is Project Manager of the FP7 project CASCADe, Model-based Cooperative and Adaptive Ship-
based Context Aware Design. She is specialised in the application of agent-based simulations to different fields of 
research and domains.  

OFFIS - Institute for Information Technology is an application-oriented research institute for IT and addresses the R&D 
divisions transportation, energy, health as well as cross-cutting topics such as human-machine interaction. 
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Project FAROS: Aspirations and Status 

Dr Romanas Puisa, Research Project Manager, Brookes Bell LLP, romanas.puisa@brookesbell.com 

 

Why this project? 

The constant exposure to global design factors such as ship motion, noise, vibration, and macro/meso-characteristics 
of deck layouts constitutes a potential environment for crew performance failure. An example of macro deck layout 
characteristics is the arrangement of functional spaces in a particular way such as placing the engine control room 
adjacent to the engine room. In turn, meso-characteristics include, for example, equipment arrangement inside of 
functional spaces.     

So far, ship design for human factors has principally focused on design ergonomics at the local level, improving 
design of the bridge console, staircases, hatch covers, and other ship systems. This has left the effect of the global 
design factors on safety under-researched, limiting its engineering utility due to absence of objective as opposed to 
ample anecdotal evidence. As a result, the question of how to maximise crew reliability in early design stages, where 
the level of design detail is still low, remains open. Likewise, balancing better crew working and living conditions with 
conventional stability, economics and other performance characterises cannot be done with full confidence. In simple 
words, a designer lacks the performance assessment tool to measure the degree of human error (intentional and 
unintentional) in response to changes in design.   

The above described gaps in our knowledge and practice had to be addressed. European research project FAROS 
kicked-off in October 2012 with this very objective in mind. To achieve it, the project builds upon previous research in 
risk-based ship design (e.g., FP6 SAFEDOR, FP7 GOALDS), utilising the methodology to integrate the human error 
into the ship safety framework, and delivering innovative ship concepts that are safe, economic, and “green”.    

What is aimed to achieve? 

In order to link the human error (crew performance failure) to external stressors and barriers, which are referred to as 
global design factors (GDFs) in FAROS, the first natural step is to summarise the current understanding of this 
causation, provided it indeed exists. For this purpose, the project has dedicated an entire work-package (WP) to scan 
through literature, looking for objective evidence of such a cause-and-effect relationship. The search encompasses 
scientific studies, rationales behind existing standards and requirements, interviews of mariners, and other sources of 
evidence. It is important to note that the ideal outcome of this literature review would be quantitative models (i.e. 
explicit mathematical expressions) of the causal link between GDFs and crew performance, because such models 
have simply greater engineering utility.          

Knowing that the human performance failure may manifest itself in human errors and then personal and public risks, 
the second part of the research programme is to make the human failure a part of existing personal and societal risk 
models. It should be noted that although societal risk models for ship collisions, grounding and fires are widespread in 
various forms and shapes, the personal risk models are literally non-existent in the maritime safety domain. Therefore, 
the project provides a unique opportunity for risk analysts to develop personal risk models with the GDF-triggered 
human error in mind.  

Development of risk models, which are inherently probabilistic mathematical constructs, is challenging. A risk model is 
a collection of assumptions that have to be backed by evidence. Depending on sources of evidence and the way the 
sources are utilised in the risk model, different development strategies are pursued. Perhaps the most problematic 
part of this process is the derivation of probabilities, especially when the data is scant, which is often the case [1,2]. 
Therefore, one of the choice strategies is to seek an answer to the question of what can happen rather than what has 
happened. In technical terms this means that the existing limited data is used to support assumptions about probability 
distributions, rather than probabilities themselves.                 

The obvious requirement for the developed risk models is their sensitivity to design changes. Otherwise the models, 
as performance assessment tools, are useless in design. Such models then become integrable with other 
conventional assessment tools of economics and environmental impact. The integration into one holistic design 
evaluation platform is also done in a dedicated WP of the project. This task is quite technical and straightforward, and 
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it does not involve research or similar activities that could hinder the project progress. The outcome of this task is an 
integrated software platform for multidisciplinary design exploration and evaluation [3].  

What comes next is quite predictable. The design evaluation platform, which has been enhanced with GDF-triggered 
human error, gets demonstrated. As the project focuses on RoPax and tanker ships only, four new ship concepts (two 
of each type) are developed, demonstrating how the GDF-triggered human error can be mitigated by appropriate 
design decisions.  The dedicated WP is titles as “Design optimisation studies”, because multi-disciplinary design 
optimisation methods will be applied to balancing trade-offs between safety, commercial viability and environmental 
impact. The term design optimisation, in this context, is akin to design exploration, which is the search for as many 
design alternatives as possible. The advantage is clear: the larger the choice, the more favourable outcome one can 
expect.     

In the course of development of the risk models, physical experiments on a bridge simulator and in virtual reality are 
used to generate new knowledge about the causal link between GDFs and human performance. The experiment 
results are supposed to be fed into the risk models. As the experiments represent good means of empirically 
determining the causal link, they will be repeated on the optimised ship designs as well, in order to experimentally 
assess the achieved design improvements. This exercise will conclude the research programme of the project, but not 
its mission. The project aspires to identify design recommendations towards improvement of safety and wellbeing 
onboard, consequently submitting them to the IMO.          

What has already been achieved? 

Each of the three public workshops of FAROS is symbolic. They signify the end of each project year and attainment of 
specific project milestones. The milestones of the first project year to be attained around this time are: 

• Completed literature review on the causal link between the human error and external stressors and barriers, 
which are referred to as global design factors (GDFs). Additionally, a quantitative model that manifests this 
link is being compiled.    

• Nearly completed virtual and physical experiments.          
• Nearly completed development of risk models. 

All the above milestones have nearly been attended. More details on each of them can be found in other position 
papers of the workshop proceedings, in public deliverables on the project website, and project publications [4].   
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Motions, Vibration and Noise as CDFs in Ship Design  

Seppo Kivimaa & Antti Rantanen, VTT Technical Research Centre of Finland 

 

Introduction 

The FAROS work programme selected ship motions, vibration and noise as Global Design Factors which may 
influence ship crew performance and thus ship safety. The objective of this paper is to shortly introduce ship motions, 
vibration and noise from ship design point of view. The paper presents also criteria for acceptable levels of motions, 
vibration and noise in design standards. How these GDFs influence crew performance will be discussed in the second 
paper of Technical Session 1.2. The work presented here is based on literature review conducted in FAROS WP3. 

Ship Motions and Sea Sickness 

The most important factor affecting the ship motions is obviously the ship size, particularly length, in relation to the sea 
conditions encountered (Lewis 1989). In general in head seas the longer a conventional mono-hull is, the less is the 
wave excitation. This is mainly because of two reasons: the probability of encountering waves of near ship length 
decreases with increasing length (Figure 1) and the average height of long waves, and hence wave slope, is less than 
that of short waves.  

 

Figure 1 - Probability of conditions for large pitch and heave excitations, i.e., probability of Lw � 0.75L in average North Atlantic 
weather (Lewis 1989). 

The main motion component resulting in sea sickness and also balance problems on board is heave. Roll and pitch 
motions have also their contributions especially farther away from the center of gravity, but their contributions are not 
as significant as that of heave. However, recent experimental studies with a ship motion simulator show, that in tests 
where subjects were exposed to pitch and roll motions in combination with rather weak heave motions that have no 
motion sickness-inducing potential, very high levels of motion sickness were observed in almost 50% of subjects. So, 
in addition to heave, also roll and pitch motions must be considered when calculating the vertical accelerations on 
board a ship. 

Sensitivity to motion sickness varies widely among humans (Wertheim 1998). Tolerance to sea sickness is very high 
with children a few years old, is then reduced and at old age increases again. Furthermore, sea sickness may develop 
fast or slowly, depending on the individual, while some people appear to be resistant to it. It is also known that motion 
sickness in a long duration motion environment usually decreases with time. This is generally referred as adaptation. 
With approximately 5 % of humans adaptation to sea sickness does not take place at all. 

The manner in which ship vertical accelerations affects motion sickness is dependent on the frequency. At higher 
frequencies the tolerance of human to vertical acceleration improves and a general opinion is that motion sickness is 
not a problem at frequencies higher than about 0.5 Hz. 
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MSI and MII 

Ship motion response is determined by wave excitation and ship main particulars. Usually, simplified methods to 
calculate ship motions are applied in the concept design phase, while in the final design phase ship motions are 
determined by more sophisticated calculation methods or model testing. ISO 2631-1:1997 standard (ISO 1997) 
introduces MSI (Motion Sickness Index) which can be determined from ship motion response. MSI can be applied to 
evaluate percentage of people who may vomit in certain sea conditions on board given design.   

In ISO 2631/3-1985 (ISO 1985) the following tentative criterion for motion sickness incidence was given: 

MSI value should not exceed 10 % for exposure period of 2 hours 

The time limit of two hours has been adopted because the motion sickness incidence increases with exposure time up 
to about two hours. If people have not vomited within the first two hours, they rarely do so after a prolonged period of 
exposure to oscillatory vertical motions. 

The safety of footing on board can also be predicted by applying ship motion response. Index motion induced 
interruptions (MIIs) equals the number of loss-of-balance events per unit of time. A MII is considered to occur when 
the motion induced forces on a standing (or walking) person are large enough to cause one foot to lift off the ground. 

Graham (1990) has defined five risk levels for deck operations of naval vessels shown in Table 1 to give some idea of 
the magnitudes of MII probabilities. 

Risk level MIIs per minute 

1. possible 0.1 
2. probable 0.5 
3. serious 1.5 
4. severe 3.0 
5. extreme 5.0 

 
Table 1 - MII risk levels for deck operations of naval vessels (Graham 1990). 

Ship VIBRATION 

The propeller induced hull surface forces are most frequently the main source of vibration problems in ships. Even in a 
uniform flow a propeller induces pressure variations in the surrounding water and ship’s hull in the vicinity. The 
propeller operating in the non-uniform wake field induces vibratory forces either via the propeller shaft and the 
respective bearings, or directly as pressure forces acting on the hull surface.  The variations are more pronounced if 
cavitation occurs. At the preliminary design stage past experience must be used to estimate the pressure pulses and 
to select proper design. Later, when the final propeller design is chosen, it is customary to make model tests or 
perform CFD-calculations.  

Main diesel engines produce large unbalance forces at frequencies equal to the product of the running speed and 
number of cylinders. Auxiliary diesels are a source of local vibrations. Vibration forces transmitted to the ship's 
structure can be much reduced by flexible mounting systems. In more critical cases vibration neutralizers can be fitted 
in the form of spring and damped weights which absorb energy, or active systems can be used which generate forces 
equal but anti-phase. 

In some cases also environmental factors, such as wave loads, can cause considerable vibration. Because the hull is 
elastic some of the wave energy is transferred to the hull causing main hull and local vibrations. The continuous wave-
induced vibration is called springing. Transient vibration occurs due to slamming in waves, causing so called whipping 
vibration. 

Standardization organisation ISO has published guidelines of vibrations in merchant ships to evaluate the vibration 
exposure specifically with respect to human safety, performance capability and comfort experienced by crew 
members. The ISO 6954:2000 (ISO 2000) guidelines for the habitability for different areas of a ship are given in Table 
2. 
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Table 2 – ISO 6954:2000 Guidelines for the habitability for different areas on a ship. 
Area classification: A Passenger areas, B crew accommodation areas, C working areas. 

Standard ISO 2631-1:1997 (ISO 1997) recommends that in cases where the evaluation methods using rms-values of 
vibrations may underestimate the effects of vibration, alternative measures should also be determined. One of these 
measures is Vibration Dose Value (VDV) which is more sensitive to peaks due to occasional shocks and transient 
vibration. 

NOISE 

Common ship vibration analyses are concerned with main engine and propeller induced vibration with the excitation 
frequencies that do not reach high values, being around 5 to 10 Hz in the average. Structure born noise actually 
represents high frequency vibratory structural response at frequencies above 1000 Hz. Intuitively, engineers are prone 
to consider noise as an extension of the low-frequency vibration and try to analyse noise propagation by using Finite 
Element Method (FEM). Statistical Energy Analysis (SEA) is more suitable method to predict airborne and structure 
borne sound inside a ship. The large panels and relatively simple geometry of the panels and their connection are 
ideal attributes for SEA prediction. SEA can be applied on a wide frequency range from a few hundred hertz up to 10 
kHz. However, making a SEA model of complicated ship is a time consuming task.  

There are a number of sources of vibration and noise present in ships. Some typical sources are engines, shaft-line 
dynamics, propeller radiated pressures and bearing forces, manoeuvring devices such as transverse propulsion unit, 
air conditioning systems etc.  When generated, the sound in a ship propagates in various ways. Airborne sound 
radiated by a source may be transmitted through walls, bulkheads and decks. At low frequency this transmission 
occurs as a result of membrane vibration of the structure, but at high frequency it has wave character. Furthermore, 
sonic vibration may be transmitted through foundation and hull structures, with subsequent radiation of airborne sound 
in the neighbouring and in remote compartments.  

The acoustic discomfort has many adverse effects on people as to produce sleep disturbance and irritation. Therefore, 
the prediction of noise levels on ships is a growing concern of ship owners. Each classification society has defined its 
own noise limits for different crew spaces. Also IMO has its own limits which are now in a process of renewal.  
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    IMO Code IMO Code under discussion 
     Res. 1600-10000 GT � 10000 GT 

A
cc

om
m

od
. Crew Cabins 60 60 55 

Offices 65 65 60 
Open Deck Recreation 75 75 75 
Mess Room, Inside Recreation 65 65 60 

N
av

ig
. Radio Room 60 60 60 

Navigation Spaces, Radar Room 65 65 65 
Wheelhouse 65 65 65 

W
or

k 

Engine Control Room 75 75 75 
Workshops 85 85 85 
Continuously Manned Machinery 90  -  - 
Not Continuously Manned Machinery 110 110 110 
Listening Posts, Bridge Wings 70 70 70 
Galleys, Pantries 75 75 75 

 

Table 3 – IMO noise limits (dBA) for crew spaces. Current (IMO 1981) and proposed values (IMO 2012). 

Conclusion 

Ship motion dynamics are dependent strongly on ship main particulars. Ship motions can be predicted reliably in ship 
design phase by using advanced numerical methods or model testing. Interview of mariners showed that adaptation of 
mariners to ship motions is high and seasickness among experienced mariners is rare. However, ship motions may 
cause fatigue in the long term. Fatigue may be a result of poor quality of sleep caused by ship motions some hours 
before the person begins watch, rather than the motions experienced during the watch. Additionally, ship motions may 
interrupt demanding operations like maintenance on board the ship.  

No simplified models exist connecting the basic design parameters of the ship (like main particulars, installed SHP 
etc.) to the noise and vibration levels. The accurate prediction of noise and vibration can be performed during the 
design stages of the ship only by using elaborate numerical methods. Their results should be verified by specific 
measurements during sea trials.  

The influence of different vibration components on human exposure depends on vibration frequency. At low 
frequencies people feel horizontal components more annoying while at higher frequencies vertical component has 
more weight in human exposure. Acceptable vibration and noise limits for different spaces are illustrated by ship 
design rules.  Background for vibration and noise limits in rules is crew occupational health and safety rather than 
human performance. 
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Understanding the Effects of Global Design Factors 

Douglas Owen, Lloyd’s Register Consulting 

 

Introduction 

The FAROS work programme pre-selected a number of factors that were thought to influence crew performance and 
could contribute to the unwanted outcomes of collision, grounding, fire and personal injury on board. These 
performance-shaping factors, known within FAROS as Global Design Factors (GDFs), are listed below: 

• Ship Motion (i.e. motion-induced sickness (MIS) and motion induced interruption (MII)) 
• Noise 
• Vibration 
• Deck layout, equipment arrangement and accessibility (DLEAA) 

The objective of this paper is to describe the theoretical frameworks that have emerged from the scientific literature 
that facilitate the development of the human performance component of risk models.  This represents an evidence-
based approach based on what is known about human performance when exposed to GDFs. This paper covers the 
following: 

• The challenges in defining the link between GDF exposure and human performance from the scientific 
literature 

• An overview of viable frameworks that have emerged from the scientific literature describing the effects of 
exposure to the GDFs to support human performance risk model development 

• An approach to human performance risk model validation in FAROS 

Challenges Linking GDF Exposure to Unwanted Outcomes 

The scientific literature of most interest to FAROS describes the effects of GDF exposure on individual cognitive 
capabilities associated with task performance and human error. Humans contribute to the risk of the unwanted 
outcomes in FAROS at task level, i.e. an unwanted outcome may be fully or partially dependent on whether human 
performance on safety critical tasks is sufficient or insufficient2.  

The main challenge presented to FAROS is that data on the specific GDF effects of ship motion (with the exception of 
MII3), noise, vibration and DLEAA on human performance are sparse and in many (but not all) cases generated under 
very specific, often non-marine, conditions. What data there is shows there is certainly evidence for GDFs having 
some effect on human performance. However, the direct effects of GDF exposure on human performance tend to be 
weak, whereas secondary effects acting through another mechanism (e.g. fatigue, MIS) tend to be stronger and more 
pervasive (see Figure 1 as an example describing the effects of exposure to ship motion). In addition, a given level of 
exposure to GDFs of a certain intensity or duration may not affect all individuals equally; for example, while a given 
frequency and amplitude of ship motion may be generally MIS-inducing, individuals experiences may range from 
significant nausea to no negative effects whatsoever, depending on their underlying susceptibility to MIS and the 
degree to which they have acclimatised. 

                                                      
2 Task performance in conceived to have two levels within FAROS: 

• Sufficient:  Timely and correct (but not necessarily optimal) performance 
• Insufficient: Includes, but is not limited to error. However, within FAROS we are only interested in erroneous 

performance 
 
3 MII is well understood (see Baitis, Holcombe, Conwell, Crossland, Colwell, Pattison & Strong, 1995; Crossland & 
Rich, 2000) and is a physical phenomenon related to loss of balance motor control events due to ship motion. While 
ship motion can affect task performance through MII, it does in the same way as DLEAA by increasing task demands 
(i.e. making the task more difficult) but does not affect the underlying cognitive capabilities of the human. 
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Figure 2 - Relationship of ship motion to human performance (Colwell 2005). 

Moreover, with the possible exception of secondary effects on human performance caused by fatigue (attributable to 
sleep disruption), a holistic view cannot readily be derived from the individual findings.  As such it is inappropriate to 
extrapolate these data to crew performance in the marine environment in general. The marine simulator and virtual 
reality experiments performed within WP4 of FAROS are designed to address some of these issues. However, until 
this experimental output is available, the FAROS approach must be guided by the relevant theoretical models 
available in the scientific literature. 

Ship Motion, Noise, Vibration GDF Exposure & Human Performance 

The literature on the effects of exposure to ship motion, noise and vibration GDFs has directed us towards an 
approach that provides a workable framework for human performance risk modelling and accounts for both strong and 
weak effects. It is based on three related theories described in the GDF literature. 

The approach that has emerged combines the principles behind the Dynamic Adaptability Model (DAM – Hancock & 
Warm, 1989), the Cognitive Control Model (CCM – Hockey, 1997), and the Malleable Attentional Resources Theory 
(MART - Young & Stanton, 2002). Taken together these theories describe a mechanism that accounts for the impact 
of what Hancock & Warm (1989) describe as a ‘trinity of stress’ on human performance, based on the principles of 
attention management.  

Under the DAM paradigm, GDFs are seen as types of physical stressor that affect human capabilities associated with 
maintaining a desired level of task performance either directly or indirectly (e.g. via fatigue). When exposed to GDFs, 
CCM describes humans compensating through the effortful direction more cognitive resources at the task, typically at 
the cost of performance in other areas. Despite the sophisticated (and potentially subconscious) strategies humans 
have at their disposal, there is a limit to how much an individual can compensate without experiencing degradation in 
primary or secondary task performance. 

In addition, the extent to which human can compensate for task demands is not fixed. MART describes this 
compensatory capability changing as a function of task demands and associated arousal an individual experiences – 
attentional resources available vary as a function of load. When humans are in a state of under-load (i.e. bored) their 
pool of attentional resources is relatively small and will increase proportionately with the demands placed on them. 
However, there is a limit to how much the pool of attentional resources can grow. When task demands exceed the 
pool of attentional resources available (either transiently or when the upper attentional resource limit is exceeded), 
performance can breakdown and errors may be made. 

Generally, task performance is only expected to degrade and become insufficient when compensatory mechanisms 
have failed. However, the literature does not allow prediction of how and when (chronologically) an operator would fail, 
under what conditions of GDF exposure, and what the specific effect on behaviour (i.e. type of error) would be. 
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Figure 2. The proposed model of Malleable Attentional Resources Theory according to the correlation between task demand and 
performance (adapted from Young and Stanton, 2002). 

These theories encapsulate the idea of the ‘adaptive human performer’, whereby humans are active agents in their 
world and are capable of adapting to environments when motivated to do so, such as required by (safety critical) task 
completion (Teichner 1968, Hockey 1997).  

In terms of risk modelling, an approach based on attention management theory allows representation of the effect of 
GDF exposure as a stressor that sits either above or below the threshold of attentional capacity for any given task. If 
the stressor exceeds the attentional capacity then a negative effect is expected, whereas no negative effect on human 
performance would result if the stressor can be managed within the available attentional capacity. This is a simple but 
flexible approach that takes into account the variable attentional resource pool that changes as a function of task 
demands described by MART. 

Deck Layout Equipment Arrangements & Accessibility (DLEAA) GDF Exposure & Human 
Performance 

The mechanism that underpins DLEAA effects on human performance is qualitatively different to that of the other 
GDFs. Again, there is lack of empirical literature on the effects of DLEAA or the general physical design of a work 
environment upon crew performance on-board ships. Unlike the other GDFs, the arrangement of spaces and 
equipment does not directly affect an individual’s underlying cognitive capabilities. Rather, features of DLEAA affect 
human performance through changing the task demands themselves (making tasks easier or more difficult). Changes 
in DLEAA would typically leave an individual’s underlying cognitive capability to do a given task unchanged. 

However, an understanding of the general principles of user-centred design would suggest that DLEAA presents 
challenges to seafarers with regard to the difficulty (i.e. task demands) and safety with which a vessel can be 
traversed and work can be undertaken. Within FAROS, it only appears reasonable to consider DLEAA as a causal 
factor related to the unwanted outcome of personal injury. 

Literature on DLEAA shows effects may be found due to the following design characteristics on board: 

• Room geometry 
• Space allocation 
• Location of areas (i.e. segregation / co-location) 
• Accessibility / circulation 

DLEAA parameters such as room geometry, size, space, location and access can act as performance shaping factors 
that may impact performance of the task undertaken. Evidence from maritime studies suggest that restrictions to 
movement due to confined space & obstructions, physical expenditure of effort due to the distance traversed and 
overcoming impaired access, and task interruptions due to the separation of functional areas may be the predominant 
features of a design that contribute to performance and risks to personal safety. 
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Psychological studies have explored the effects of task interruption and the application of memory in recovering from 
interruption. Tasks that straddle segregated functional areas on board are effectively interrupted each time the 
individual moves between each area. This affects the ability of seafarers to retain and use information when having to 
move between work spaces. Specifically, moving between segregated areas may be especially problematic to 
engineers as it can impact their overall awareness of the operational status of the room and the efficiency with which 
they can perform engineering tasks (Wagner, 2008). 

It is recognised that suboptimal ship design seen in the location of walkways and functional areas may reinforce 
unwanted seafarer behaviour by encouraging the taking of shortcuts to save time. By violating rules associated with 
route selection between areas, crew may pose risks to themselves either by passing through hazardous areas, or 
pose a risk to the vessel where their behaviour may compromise its safety (e.g. by leaving watertight doors open). 

It could be argued that the rule violation examples given above are a result of expediency and a strategy to save time 
and effort. A time pressure workload model (Pickup & Wilson, 2002) could provide a simplistic way of identifying 
circumstances when there is a high propensity for taking short-cuts. Time pressure workload models determine the 
time taken to complete a scenario as a proportion of the time available. In circumstances when this nears or exceeds 
100%, it could be speculated that people may take shortcuts in order to save time and alleviate their workload. Models 
incorporating the effects of self-imposed or external pressure on safe behaviours could be applied to determine the 
likelihood of violations when there is a need to traverse from one area of the vessel to another. 

FAROS Human Performance Risk Model Validation 

In principle, representing ship motion, noise and vibration GDFs as stressors interacting with an individual’s attention 
management capabilities provides an evidence-based mechanism for human performance that may be viable for 
integration into risk models. Similarly, representing the effects of DLEAA in terms of time pressure on route selection 
may provide an effective, defensible way to represent its effects on unwanted outcomes. 

However, a gap remains in the definition of probabilities describing the likelihood of failure given the task demands 
generated by exposure to the GDFs. Due the limitations in data on the effects of GDF exposure on human 
performance, one cannot find such values in the scientific literature. Hence validation of the human performance 
component of the risk model is potentially problematic. 

A potential solution can be found in Human Reliability Analysis (HRA) techniques. While HRA techniques do not 
typically cover the specific GDFs or the maritime environment, the human error probabilities generated by HRA allow 
sensible bounds to be determined and compared against FAROS risk model output. While HRA cannot provide the 
specific human error probabilities for nodes with the Bayesian Belief Network, it can provide an approximation of 
human error probability based on tasks that are analogous to those found in marine operations that may lead to the 
unwanted consequences within the scope of FAROS. This approach at least allows calibration of the output FAROS 
human performance risk model component against established generic human error probability values. 

Conclusion 

The task posed by FAROS is extremely challenging due to the paucity of data on the GDF effects of GDF exposure on 
human performance. The specific nature of the threat of GDF exposure presents to the generation of collision, 
grounding, fire and personal injury, while certainly present, is neither known nor predictable based on available data in 
current scientific literature. While the planned experiments in FAROS are expected to improve this situation, it is still 
anticipated that a number of gaps in data will remain.  

In terms of probabilistic modelling, this is a source of both structural uncertainty and probabilistic uncertainty. Chen 
and Pollino (2012) note both types of uncertainty provide challenges for the Bayesian Belief Network (BBN) approach 
planned for risk modelling within FAROS, but it is believed that these challenges are surmountable.  

Regardless, progress has been made on the development of viable causal frameworks that represent human 
performance in a way that allows a link between GDFs and the unwanted outcomes in FAROS to be modelled. HRA 
has also been identified as a potential means to validate the output of human performance sub-model output.  

Despite the challenges FAROS has presented, the pragmatic, evidence-based theoretical frameworks identified to 
underpin risk model development here are generalizable to other areas seeking to link specific performance-shaping 
factors (i.e. GDFs) to specific outcomes in operational settings. 
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Virtual Reality: Simulations and Experiments 

Lucia Rodriguez Quiroga, VR technician, CIS Galicia, Dr. Mel McKendrick, Research Fellow, University of 
Strathclyde 

�
Introduction 

Human error estimated at 80-85% of maritime accidents is closely associated with low situation awareness, fatigue 
and erroneous or insufficient task completion (1).The main objectives of the virtual reality (VR) experiments were to 
test the effect of the deck layout in terms of particular design features of the engine room and associated spaces. 
Therefore the underlying purpose of VR was to observe and measure dependant variables which may be related to 
personal crew safety and societal risk. Two elements were focussed on in terms of engine room layout, namely 
compartment arrangement with respect to the frequency of watertight door use and passage width with respect to 
proximity to hazardous objects. Furthermore, engineers may be more likely to forget to close W/T doors or be less 
aware of hazardous objects when they are fatigued because of the detrimental effect that fatigue has on memory and 
in particular on performing steps in a sequence (3).  

Virtual reality 

Experimental evidence suggests that participants in an immersive virtual reality (VR) environment will respond in a 
similar way to the way in which they would in reality (4). Therefore immersive VR offered a useful platform to host 
experiments to investigate the effect of specific elements of the deck layout on human behaviour. The experiments are 
being conducted at the facilities of CIS Galicia, Ferrol, Spain. WT door scenarios are presented in the CAVE system, 
which consists of three wall screens and a screen on the floor whilst participant’s eye movements are recorded using 
a wireless mobile eye-tracking system in combination with the VR glasses. Hazard scenarios are being conducted 
using a Head Mounted Display platform (HMD) which provides a fully immersive environment. Number gauges have 
been included at some locations in order that participants perform arithmetic tasks to test their concentration so that 
their attention is not focused on the objective of the experiments. 12 Engineers will separately participate in every part 
of all VR scenarios. 

Watertight doors 

The first objective of including watertight (WT) doors in the experiments was to investigate the hypothesis of whether 
the layout of the engine room spaces has any influence on the likelihood of leaving WT doors open by the crew by 
examining how to influence human motivation to obey rules relating to them, through optimisation of their location. 
Therefore, the layout of the engine room area with respect to the number of separate compartments segregated by 
WT doors was manipulated in the CAVE platform experiments. The second objective was to study the propensity to 
contravene instructions by passing through the WT doors when they are not fully open. This behaviour was 
hypothesised to be influenced by the frequency of door crossings.  If either of the above hypotheses is confirmed, the 
location (i.e. the frequency of use) and the overall number of WT doors should be optimised during the ship design 
process, thereby reducing either societal or personal risk, or both.         

Description  

Three configurations have been designed (Figures 1-3) to facilitate 12, 24 and 6 door crossings respectively under the 
route designed for the scenarios. 

Each scenario commences in the engine room (ER) and the participant is instructed to go to the engine control room 
(ECR). Each move from one to another is coded as an event (1-12). The sequence is scripted such that the participant 
will then leave the ECR to perform checks in the AE [1] and then go to the workshop to collect tools [2]. They then 
return to the AE to complete work [3] and then again return to the workshop to collect more tools [4] and once again 
returns to the AE room to perform work [5]. They then go to the ECR to perform checks [6] and thereafter return to the 
AE [7] before going to the workshop to collect tools [8] and returning once more to the AE [9]. Then the participant 
returns to the ECR to perform more checks [10], finally returning to the AE to perform final checks [11] before 
reporting back to the ECR [12] and returning to their duties in the ER. There is a WT door between each of these 
locations yielding a compartment crossing frequency count of 12 excluding the ECR to ER preliminary and final 
crossings. However the door crossing frequency depends on the arrangement of the compartments as illustrated by 
Table 1. Participants perform the scenarios under both manual and automatic door closing conditions.  
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Figure 2 Engine compartment configurations Case 2 

Separator room  Workshop AE 

 

ER 

�

ECR 

 

Figure 3 Engine compartment configurations Case  

Table 1 Frequency of WT door crossing as a function of configuration 

Event number Number of crossings 

 Case 1 Case 2 Case 3 

1 1 2 0 

2 1 2 1 

3 1 2 1 

4 1 2 1 

5 1 2 1 

6 1 2 0 

7 1 2 0 

8 1 2 1 

9 1 2 1 

10 1 2 0 

11 1 2 0 

12 1 2 0 

Total crossings 12 24 6 

 

WT doors Ordinary doors 
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Data analysis 

Measures include 

• Frequency of door closure (door closure will be indicated by a key press by one hand on a joystick) 
• Time taken to pass through doors, complete the exercise and return to base (longer completion time on 

urgent tasks could potentially compromise safety).  
• The percentage that the sliding door has opened at the point that the participant crosses the threshold (a 

smaller percentage indicates a greater risk of personal injury). 

Expected outcomes 

• Frequency of doors will be inversely related to the number of doors closed and the time taken to navigate 
around the engine room areas so that configuration.  

• Similarly participants will pass through doors that are less fully opened to a greater degree when the engine 
compartments configuration results in higher frequency door crossings. This will particularly be exacerbated 
by doors being closed automatically especially when participants have paid less attention to the warning light 
mechanism.  

• Case 3 will be associated with a greater compliance of door closing, greater percentage of door opening 
before the participant passes over the threshold and a faster navigation time to complete the tasks, thus 
providing the optimal design of those presented.  

Trip Hazards 

The objective of including trip hazards within the engine room area was to gauge the optimal passage width that will 
enable an engineer to safely pass a hazardous area. Ascertaining whether or not an Engineer will be likely to use any 
additional space around a hazardous object, will be informative in respect of the utility of altering the passage width in 
the engine room. If they have the space available but still maintain a dangerously close proximity to a hazardous 
object then it may suggest that they require increased training for situation awareness. However, if they do choose to 
utilise this space, thus minimising their likelihood of coming into contact with the hazardous object, it then would 
suggest that the passage width has an impact on personal safety and should be optimised during the ship design 
process.  

� � �

� � �

Description  

An engine room simulation has been devised to incorporate a series of seven potential hazards in scenarios 
manipulating three different widths of passageways. Passing distances have been computed from maximum (1.15m) 
and minimum (0.52m) passage widths found on the tank top of several 200m RoPax vessels. An intermediate width of 
0.84 (the mean) has also been included giving rise to three passage widths for each scenario respectively. Hazards 
include floor pipes and tools lying around presenting a trip hazard, and overhead pipe presenting a head injury hazard 
and missing floor plates which present the danger of falling through them. Participants navigate the route in both 
directions leading to 14 observations of behaviour around hazards for each participant.  
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Data analysis 

Measures include 

• Time taken to complete the task and return to base (longer completion time on urgent tasks could potentially 
compromise safety).  

• Proximity to trip hazards (closer proximity indicates a greater risk of personal injury).  
• Attention to hazards indicated by head direction (attention indicates awareness of the hazard). 

Expected outcomes 

• Increased space will be associated with reduced proximity to hazardous objects and with a faster navigation 
time around the space where objects have been noticed.  

• Case 1 (maximum passage width) will thus provide the optimal design of those presented.  

Conclusion  

The aim of this research is to increase our understanding of the relationship between global maritime design factors, 
in this case layout of engine room areas and human behaviour. Understanding this link may help to enable a more 
sophisticated design process that takes into account human perspectives. Results from both sets of experiments will 
be used to support risk models and to contribute to the specification of optimal engine room compartment layouts to 
minimise personal and societal risk.  
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Wismar University – Ship handling simulations and physical experiments with ETT 

Knud Benedict, Sven Herberg, Matthias Linnenbecker, Wismar University, Dept. of Maritime Studies, 
Maritime Simulation Centre Warnemeünde  

 

The University of Wismar is a German university at the Baltic Sea, which operates a training centre for seafarers. This 
separate campus is located in Warnemuende. The laboratory facilities also include the unique Maritime Simulation 
Centre Warnemuende (MSCW).  

The MSCW is the only Centre worldwide offering the possibility of combining the simulation of nautical and technical 
ship operation with the shore�based support of the VTS system and a 3D�  safety and Security Trainer. It is used for 
the practical training of students, who will work as ship officers at board of ships in future. Another important aspect of 
the MSCW is the continuous education of ship officers in order to accomplish their difficult tasks on a high level on 
board of ships. The MSCW offers an outstanding basis for the research and development in the field of the maritime 
industry.  

In WP 4.2 Wismar University (HSW) together with University of Strathclyde (UoS) have performed the coupling of the 
Eye Tracking Technology with the bridges of the Ship Handling Simulator in Warnemuende. For the experiments 
several specific scenarios were developed. Most important was to create scenarios with high level of realism, these 
include:  

• Selection of an appropriate sea area / exercise area  
• Motion characteristic of the specific vessels  
• Visual appearance of the vessels  
• Configuration of bridges for the specific ship types  
• Scenario development / tasks for the mariners  

Finally, the scenarios focused on three sea areas:  

• Kadetrinne (Baltic Sea)  
• Dover channel  
• Singapore  

 

In WP 4.5 – 4.8 these scenarios and simulated vessels were combined with different environmental conditions (sea 
state / motion and noise) for benchmarking the risk models according risk of grounding and collision. 24 Mariners, 12 
from Estonia experienced in handling of passenger vessels and 12 mariners from Greek experienced in handling of 
tanker vessels have been involved into the simulator test trials. All exercises were recorded and the data are available 
for further data analysis.  
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A total of 12 scenarios were developed. These 12 scenarios were dynamically assigned different GDF. Dynamic is 
meant that each scenario could be combined with different pairs of values GDF.  

Four different GDF were defined and measured for each ship's bridge. The nomenclatures are N0, N1, N2, M. GDF 
nomenclature N0 �  N2 have different noise levels:  

• N means noise level  
• Numbers 0�2 are force of noise  
• M means rolling motion of the ship through heavy seas.  

The noise levels were measured by means of noise lever meter in area of steering and maneuvering console on the 
bridge 1 and on the bridge 2 in area maneuvering console and chart desk.  

 

• N0 describes the ground noise level on the bridge without rolling movements by heavy seas.  
• N1 describes the predetermined average noise level without rolling movements by heavy seas.  
• N2 describes the predetermined high noise levels prescribed without rolling movements by heavy seas and  
• M describes the ground noise level (N0) on the bridge with rolling movements by heavy seas.  

Two different types of ships were developed specifically for this study in the field of rolling time and noise emissions. It 
is a tanker and a passenger ship. We created ship document (Wheelhouse poster) for these ships, which are common 
in maritime shipping, so that mariner can make an impression on the maneuverability of the ship in advance.  
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Before the sailors were beginning the exercises, they were given a briefing and a familiarization for each ship type and 
each bridge. The familiarization was all sailors performed on the same fashion style, so that all sailors were given the 
same level of knowledge. Familiarization check listen were specially created.  

  

It was specifically developed a master Standing Order for the scenarios, which is realistic and the capabilities of the 
sailors restricted so useful measurement readings will generate. 

Each scenario lasted 40 minutes. The ship was traveling at full speed. This made a nautical handover required. Within 
the first 5 minutes of the bridge operation was handed over to the sailor by another sailor, as it is also common on 
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ships. Within this time, there were no critical or non critical tasks. The time window for the critical and non critical tasks 
defined between the 6th and 40th minute (35 min length of the scenario).  

It has created a list of all possible measurable critical and non critical tasks and divided into 3 categories.  

• Category 1 NCT (non critical task) describes an action triggered by an alarm which only visual, see through 
this device is perceived.  

• Category 2 NCT describes an action triggered by a visual and audible alarm by an alarm signal.  
• Category 3 NCT describes an action triggered by an alarm via VHF, which includes communication via VHF 

with another person. 

In addition to these measurable NCT there were a lot of secondary tasks that belong to bridge operation and had to be 
met and usual harassment by the crew or the captain by telephone or by other ships via VHF.  

The scenarios were written to a fixed schedule. So that the same scenario for all seafarers had the same timing and 
content expiration.  

All scenarios had a prescribed route "planning route" as required by the good seamanship. There several routes have 
been planned in advance and set appropriate speed, called the “planned speed”. The route was given in a paper 
chart. ECDIS was available, but no route in ECDIS equipment was entered, because to keep the marine busy with 
making position.  

All scenarios were recorded and stored using a special tool.  

The saved records can be displayed with a specially adapted for FAROS software called SIMDAT and evaluated 
under different viewpoints. For evaluation by the UoS it was necessary to implement the planned routes and the areas 
of the risk of grounding in the evaluation tool.  
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Collision and Grounding Risk Modelling – Overview of the Approach 

Markus Porthin, VTT Technical Research Centre of Finland 

 

Introduction 

This paper presents an overview of the approach in the FAROS project for modelling collision and grounding risk. The 
objective of the model is to answer the question: “What is the effect of ship motion, noise and vibration on the collision 
and grounding probabilities of a ship?” In the modelling context collision and grounding risk is defined as the expected 
number of collisions or groundings per year for a specific ship sailing on a specified route. Consequences of collisions 
and groundings are not considered in this work. 

The expected collision or grounding frequency of a ship depends on how often the ship is exposed to situations where 
an accident could happen and how it performs in such situations. The exposure to collision hazard is determined 
based on how frequently the ship meets other ships into which it could potentially collide, whereas the exposure to 
grounding hazard is based on the number of and characteristics of grounds along its route. 

Risk models based on these fundamental principles have been developed by Fujii et al. (1974) and MacDuff (1974) 
and further refined by Pedersen (1995) and Friis-Hansen (2008). The number of so called accident candidates is 
derived based on route layout and traffic volume and composition. The number of candidates is then multiplied with a 
causation factor, which represents the fraction of accident candidates resulting in an accident. In FAROS project, 
models for the causation factor describing the effect of ship motion, noise and vibration on the human performance of 
the navigator and on her/his ability to avoid potential accidents are developed, see position paper by Montewka and 
Goerlandt. However, in order to end up in estimated effects on accident frequencies the exposure to hazard, i.e. 
accident candidates, which depends both on ship type and route, has also to be assessed.   

Modelling collision risk 

The collision risk models based on Fujii’s principles introduced above distinguish five types of collisions: 

1. Overtaking collision, in which two vessels moving in the same direction collide on a straight leg of a fairway as 
a result of one overtaking the other 

2. Head-on collision, in which two vessels collide on a straight leg of a fairway as a result of two-way traffic on 
the fairway 

3. Crossing collision, in which two vessels using different fairways collide at the fairway crossing 
4. Merging collision, in which two vessels using different fairways collide at the merging of the fairways 
5. Bend collision, in which two vessels moving in opposite directions on the same fairway collide on a turn of the 

fairway as a result of one of the vessels neglecting or missing the turn (error of omission) and thus coming 
into contact with the other vessel 

 

Figure 3 Head-on collision scenario 
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Figure 4 Crossing collision scenario 

Head-on and crossing collision scenarios are depicted in Figure 3 and Figure 4. When estimating expected collision 
frequencies, the collision candidate frequency is first calculated given the traffic data. The frequency represents the 
amount of theoretically possible collision situations per unit time assuming blind navigation. The expected frequency of 
a collision type is then obtained by multiplying the collision candidate frequency with the expected value of the 
causation factor: 

 � ��� � � � 	 
 � ,        (1) 

where � ���  is the expected collision frequency, � �  the causation factor and 
 �  the number of collision candidates. The 
causation factor is defined as the fraction of accident candidates that finally end up in an actual accident. It represents 
the capability of the officers of the watch on the vessels to notice the presence of the dangerous encounter situation in 
time and to react by carrying out sufficient actions to avoid collision or grounding. The causation factor depends on 
several factors related to traffic perception, communication and avoidance actions. It also depends on external factors 
such as the vessel types involved in the collision, weather conditions, physical manoeuvre options, etc. The smaller 
the causation factor is the better is the capability of the navigators to avoid potential accidents. 

To calculate 
 �  a route network as well as the traffic volume for each of its legs has to be defined. For each leg, the 
lateral distribution of the traffic has also to be specified, i.e. how much to the right or left of the centre line of the leg the 
vessels are likely to travel. The traffic on each leg is then assumed to be randomly distributed over time following a 
Poisson distribution. Using these assumptions, e.g. the 
 �  for head-on collisions on a leg is: 

 ,    (2) 

where 

    (3) 
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and 

L
W

 = length of leg 

P
G
 = Probability that two ships collide in head-on meeting situation  

V
i
 = speed of ship i 

Q = number of passages per unit time 

B = ship breadth 

The 
 �  for the other collision types can be calculated in a similar manner, see (Friis-Hansen, 2008). 

Modelling grounding risk 

The grounding risk is estimated in a similar manner as collisions following the Fujii principles. Here two types of 
powered groundings are considered: 

1. Ships following the ordinary direct route at normal speed. Accidents in this category are mainly due to human 
error, but may include ships subject to unexpected problems with the propulsion/steering system that occur in 
the vicinity of the fixed marine structure or ground. 

2. Ships that failed to change course at a given turning point near the obstacle. 

 

Figure 5 Grounding scenario types 1 and 2. 

The grounding scenarios are depicted in Figure 5. To estimate the expected grounding frequencies on a route, the 
grounding candidate frequencies are derived, i.e. number of ships on grounding course, which are then multiplied with 
the corresponding causation factor. For grounding type 1, the causation factor represents the fraction of the grounding 
candidates which fail to avoid the obstacle, whereas for type 2 the causation factor represents the fraction failing to 
change course at the given point. In type 2, the vessel can still avoid grounding after failing to make a turn if it is able 
to detect the error in time. The officer of the watch is assumed to check the position of the ship randomly following a 
Poisson process. The checking frequency is determined by a modelling parameter called the average time between 
checks. 

To calculate the expected number of groundings, the same information about the traffic as in estimating collision 
frequencies is needed. In addition, the grounds in the vicinity of the routes have to be defined. Using this information, 
expected number of groundings of type 1 and 2 can be calculated as: 

,     (4) 
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where 

  

For further details, see Friis-Hansen (2008). 

Estimating expected accident frequencies 

For calculating the expected collision and grounding frequencies as defined above, a computer application called 
IWRAP Mk2 (IALA Waterways Risk Assessment Programme) has been developed under the coordination of IALA 
(IALA, 2013). Figure 6 shows a screen shot of IWRAP where the traffic in the Malacca Strait has been modelled. 

 

Figure 6 The traffic in Malacca Strait modelled in IWRAP 

In the FAROS project, two ship types, VLCC and Ropax, have been selected for the analyses. For each ship type an 
example route has been chosen to represent its typical journeys. These are UAE – Japan for VLCC and Helsinki – 
Rostock – Travemunde for Ropax, see Figure 7 and Figure 8. 

 

Figure 7 Example route for VLCC: UAE - Japan 
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Figure 8 Example route for Ropax: Helsinki - Rostock - Travemunde 

In FAROS, selected parts of the example routes will be modelled with IWRAP in order to obtain a baseline collision 
and grounding frequency for the selected ship types. These baseline accident frequencies will then be adjusted using 
FAROS BBN (Bayesian Belief Net) risk models that estimate the effect of ship motion, noise and vibration on the 
causation factors. Using this approach, an estimate of the effect of ship motion, noise and vibration on the collision 
and grounding probabilities of a ship will be obtained. 

Conclusions 

This paper presents the overall framework in FAROS for assessing the effect of ship motion, noise and vibration on 
the collision and grounding probabilities of a ship. The approach utilises the classical collision and grounding risk 
assessment approach introduced by Fujii et al. (1974), which is based on first deriving a theoretical number of 
accident candidates based on traffic and route information and then multiplying the number with the causation factor 
representing the ability of the ships to avoid potential accidents. The calculation of the accident candidates is 
presented in this paper, whereas a model under development in FAROS for assessing the effects of ship motion, 
noise and vibration on the causation factor is introduced in another position paper by Montewka and Goerlandt. 
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Collision and Grounding Risk Modelling - Quantification of GDF Effect on Human Error 
Probabilities 

Dr. Jakub Montewka & Floris Goerlandt, Aalto University 

 

Introduction 

One of the aims of FAROS work-package 4 is to develop risk models to enhance the accuracy of the probabilities for 
collision, grounding, and fire accidents caused by the human error and the global design factors – GDFs - i.e., ship 
physics and the occupational environment.  

In this paper a suitable risk framework, which is under development, is introduced. We also demonstrate how a link 
has been established, between risk framework and Faros Human Performance Model (FHPM), which is under 
development in WP3. This allows the quantification of the effect of GDFs on risk. Additionally, the potential ways of 
model benchmarking are proposed. 

The framework utilizes Bayesian Belief Networks (BBNs) as probabilistic tool capable for representation of 
background knowledge about the analyzed phenomena, the quantification of associated uncertainties, efficient 
reasoning and updating in light of new evidences. 

Risk in a nutshell 

First question, that needs to be addressed prior to risk modelling is: what is risk ? A formal, and well-established 
definition of risk in decision analysis is: "a condition under which it is possible both to define a comprehensive set of all 
possible outcomes and to resolve a discrete set of probabilities across this array of outcomes", see [1].  To define a 
set of outcomes, knowledge and proper understanding of the system or phenomena being analysed is a prerequisite. 
This in turn enables scenarios leading to the outcome of interest and their probabilities to be defined.  

An appropriate starting point to describe risk, which also fits in the maritime domain, has been introduced by Kaplan 
and Garrick in [2], where risk is presented as a complete set of triplets:  

R={S, L, C}          (1) 

The triplets attempts to answer the following questions: what can go wrong in the system (Scenario - S), how likely is it 
that it goes wrong (Likelihood - L), and what are the consequences if the assumed scenario happens (Consequence - 
C)? 

Defined in this way, risk is not a number, nor a curve, nor a vector, as none of these mathematical concepts is big 
enough in general to capture the idea of risk. Kaplan and Garrick claim, that the set of triplets is always big enough, 
and if we start out with that, it always gets us on track, moreover it is easier to limit the analysis than to expand it with 
the factors which had not been anticipated in the beginning of risk analysis. 

The framework aiming at risk analysis, which is presented in this paper, is developed by means of BBNs. These 
probabilistic tools allow reflection of the available knowledge on the process being analysed and its understanding in a 
comprehensive way. Adopting BBNs for the purpose of risk modelling allows comprehensive description of scenarios 
leading to an undesired outcome, the quantification of the effect of imperfect background knowledge on the framework 
outcome and efficient reasoning and framework updating in light of new evidences.  

In this paper, a part of the framework is described, which estimates the probability of navigator’s error leading to an 
accident. The error is understood as an unsuccessful collision evasive action. The same logic applies for grounding 
evasive action, which however, is not presented in this paper.  

Risk analysis and assessment are first two steps in the framework of Formal Safety Assessment, a methodology 
recommended by the IMO to evaluate risk for maritime systems, see [3]. The third step, for which the above two are 
prerequisites, is risk management. During the third step, various options to control risk are worked out. This is based 
on information on risk magnitude, factors contributing to risk and their effects of risk, which have been gained during 
the other two steps. The model that is presented here attempts to measure the effect of GDFs among other relevant 
factors, which have been found relevant in former studies, see for example [4], [5]. This allows comparison between 
various ship designs, with risk level as an objective. 
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Modelling navigator behaviour 

A simplified representation of a model structure, which is used in FAROS is depicted in Figure 1. A model estimating 
the probability of collision or grounding, which is presented here focuses on a critical task, called “evasive action”. If a 
navigator fails at this task – the evasive action is not successful - an accident happens. This task is complex and 
distributed in time, but it can be decomposed into three major phases: 

1. Detection (D), 
2. Assessment (A), 
3. Action (Act). 

These three phases (DAAct) reflect the basic cognitive functions of observation, interpretation and planning, 
execution, see for example [6], [7] and they are considered major variables in presented model. Their meanings are 
described in the following sections.  

Moreover, such a division will make a proposed model compatible with an earlier developments, see for example [8], 
or generic human performance models - [6]. This would make benchmarking of the models feasible. 

The model determines the effect of various stressors on the risk through the Attention Management Theory (AMT)– 
based model, which is developed in WP3. The AMT-based model represents ship motion, noise and vibration as 
stressors interacting with an individual’s attention management capabilities. In risk model the GDFs stressor is 
incorporated in the wider context, where other stressors exist as well. The stressors other than GDFs can be 
associated with the duties performed on board a ship, time of day, or the number of simultaneous goals, for the 
detailed description of relevant factors the reader is referred to our earlier work presented in [8].  

All the stressors affect on detection, assessment and action through the ATM-based model.  

In Figure 1 all the relevant variables are grouped and marked with colours, as follows: 

• Blue - GDFs stressors and other factors affecting personal conditions of a navigator; 
• Green - Context related stressors (e.g. type on encounter); 
• Orange – Stressors associated with type of trade that a ship is involved in, resulting in amount of duties than 

navigator has to handle; 
• Violet - External assistance (e.g. presence of Vessel Traffic Services). 

Detection (D) 

This means that an OOW is able to detect a ship, which is on a collision course with own vessel. This can be done 
visually or by means of electronic navigational aids. At this stage, an OOW is aware, that the collision situation exists. 
It exists in two states: yes, no. The former means that an OOW is aware of a situation, which may lead to an accident 
if not dealt with, and the latter means the opposite. 

Additionally detection can be facilitated by bridge equipment. 

Assessment (A) 

Once an OOW is aware of the collision situation, he assesses type of encounter according to COLREGS, and he 
evaluates time at his disposal to perform evasive manoeuvres and finally determines feasible types of evasive actions. 
At this stage an OOW has a plan how to avoid the collision situation. This requires appropriate level of situational 
awareness.  

Assessment exits in three states: proper, improper, none. The first state means, that the COLREGS are observed, 
and the evasive manoeuvres tend to ease the situation instead of complicating it. The second states addresses 
situations, where the collision evasive plan increases the complexity of an encounter that may ultimately lead to a 
collision. The third states means that an OOW does not assess the situation thus is unable to develop a collision 
evasive plan, which means that his final reaction – if present – is instinctive. 

Assessment can be also performed by external actor, for instance VTS, in the VTS-covered areas and communicated 
to the ship. 



FAROS First Public Workshop, 17th and 18th September, 2013, UCL, London, UK 
 

49 

Action (Act) 

Depending on type of encounter an OOW decides to realize the plan to avoid collision. Action can be taken properly in 
due time, taken improperly or not taken at all.  The first type assures the safe passage of two ships; in the second 
case, there is a chance for avoiding the collision situation, even if the action is not properly conducted, those types are 
often referred to as last chance manoeuvres. Third type of action may result in a collision if another ship stands still. 

Unlike in case of detection and assessment, there is no external assistance for a navigator with respect to this step. 

 

Figure 1. Simplified representation of model structure. 

Model framework benchmarking 

Once the model is developed, it needs to be benchmarked against statistical and empirical data, introducing 
appropriate corrections, if necessary. The framework that is proposed here can be validated in three-fold:  

1. by benchmarking the obtained probabilities with the existing models, incorporating the effect of GDFs into the 
models; 

2. by adopting a generic human reliability method for the analyzed topic, see [6], [7], [9];  
3. by analyzing data which are collected during bridge simulator studies and compare them with the relevant 

areas of the model.  

The proposed BBNs-based framework can be validated at different levels. The output of the framework can be 
compared with the existing data. But also relevant, intermediate quantities (the probability for detection, assessment 
and action) can be benchmarked, with the results obtained form HRA analysis. 

As the framework is developed with the use of BBNs, there are numerous ways to check the validity and reliability of a 
model. First, the sensitivity analysis is carried out in order to determine the variables having the substantial effect on 
the model output. Second, the direction and magnitude of bias due to the adopted assumptions can be estimated, 
showing the tendency of the model. Third, the alternative hypothesis testing can be efficiently carried out, in cases, 
where links between variables are not well understood, accounting for epistemic uncertainty. Fourth, the input 
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variables can be described as distributions, accounting for an aleatory uncertainty. Moreover, the model allows for 
instantaneous updating in light of new knowledge. 

Conclusions 

This paper presents a model estimating the probability of not making an accident evasive action by a navigator on 
board a ship, which ultimately leads to an accident. Two types of accidents are considered, collision between two 
ships in open sea and grounding of a ship. 

This model is a part of a risk framework, which will be used to quantify the effect of GDFs on risk associated with ship 
operations. 

Therein, knowledge and experience is utilized, which were gained in previous projects related to modelling navigator 
performance. However the effect of GDFs has not been addressed before, therefore simulator studies carried out for 
FAROS and generic HRA will be adopted for benchmarking the model. 

The framework is developed with the use of Bayesian Belief Networks. This allows the quantification of our limited 
knowledge and understanding of the phenomena analysed on the probability of an accident, thus risk. 
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Fig. 1: Fire frequencies for tanker and 
RoPax ships in European waters 

Risk of Onboard Fires: Modelling the Chance of Fire Outbreak 

Dr. Romanas Puisa, romanas.puisa@brookesbell.com  

 

Introduction 

Onboard fire is the second most dangerous hazard after flooding. 
In contrast to flooding incidents, fires are much frequent, 
anecdotally they happen daily. However, consequences of 
predominant majority of fires are negligible because of fairly 
reliable fire detection and suppression measures in place these 
days. In other words, even if a fire broke out, it would almost be 
immediately put out by either automatic or manual means of 
suppression. Nevertheless, significant fires are still reoccurring 
events, as shown in Fig. 1, whereas fires of negligible, and even of 
moderate, consequences  remain unreported [1,2].  

It is important to note that both negligible and large scale fires may 
occur under same circumstances, be attributed to same culprits, 
and have the same likelihood. That is, there is a multitude of 
possible fire development scenarios of different scale out of just 
one fire ignition scenario! Thus, reducing the fire ignition 
probability is fundamental in improving fire safety, especially bearing in mind that fire growth and propagation events 
have already been addressed (not conclusively though) in previous European research projects such as SAFEDOR, 
FIREPROOF and others. Achievements in those research undertakings are such that the fire consequence part of the 
risk model is quite mature now, featuring many successful commercial applications to date [3]. In contrast, the ignition 
probability part remains under-researched and has weak connections to design and other influencing factors such as 
the human error. This conclusion should not be confused with scientific advancements in the ignition discipline per se 
[4,5], and should be understood in the context of engineering applications in ship design and operation. Therefore, the 
focus of fire risk modelling in FAROS is on the probability of ignition, adopting the consequence model from the earlier 
research.  

Building upon this earlier research, the fire risk modelling continuous 
to be based on the individual space concept (see Fig. 2). That is, the 
ignition probability (or frequency) is calculated for a given space, 
whereas the ignition probability for a group of spaces comprising a 
fire zone, for example, would be a linear combination of individual 
ignition probabilities. This concept is intuitive, helpful in the 
modelling process, and useful in practice. For example, a risk 
consultant using the concept can advise a ship owner as to which 
ship’s space (or fire zone) is most liable to ignition and due to what 
reasons. Such a tool has its natural field of application in developing 
alternative designs and arrangements as per MSC.1/Circ.1212.   

Modelling strategies 

There are three principal scenarios (non-mutually exclusive) for any fire to occur: 

• Auto-ignition, when a flammable material (fuel) spontaneously ignites after being heated up to its ignition 
temperature. A typical example is the ignition of vaporised flammable oil by a hot surface in the engine room.    

• Piloted ignition, when a flammable material comes in contact with a high energy heat source such as open 
flame, spark, electric arc, etc.   

• Self-ignition, when due to natural biological (normally due to oxidation) and chemical reactions, the self-
heating occurs, and if the heat is not removed timely (using mechanical ventilation, for example), the ignition 
temperature is reached.    

Fig. 2: Fire risk modelling for individual 
spaces, fire zones and the entire vessel 
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Depending on the space type, one can predict which scenarios are 
relevant to that space. Thus for example, self-ignition is only 
relevant to cargo spaces when a cargo liable to self-heating (DG 
class 4.2, and sometimes class 9) is transported. Auto and piloted 
ignitions can in principle be in any space, although the former is 
prevalent in spaces where high temperatures are present (e.g., 
machinery spaces).  

The formal modelling process of fire outbreak is based on the 
fundamental fire preconditions such as the presence of oxygen 
(must be above 16%, normal air contains 21%), flammable fuel, 
and a heat source. Additionally, the contact between fuel and a 
heat source and the chemical reaction following the contact has to 
be considered (see Fig. 3). Based on this, a generic mathematical 
construct for auto and piloted ignition probabilities has the following 
form.   

�� ��� � � � � � � ������������ ��������  �� � ������� �! " # $ % 
%

� � ! " ��$ %�
"

 

This is a sum of probabilities of all plausible scenarios for fuels and heat sources to be present, contact and react. 
Apparently, the probability of contact, heat source and fuel is affected by failure in ship systems, human error or both. 
The contact probability is also intuitively affected by spatial arrangement of ship equipment (e.g., distances between 
pressurised pipes and the main engine exhaust manifold), which is in turn affected by the size of the space. In other 
words, behind each probability there is a probabilistic model (e.g., a fault tree, Bayesian network) that links the 
probability to ship design variables, human error and other factors.       

The phenomenon of self-ignition is fundamentally different, and it is an intersection of such events as the beginning of 
self-heating, gradual temperature rise, and time availability to reach the ignition temperature [5]. That is, 

� � & � � � '�()�����  � � ��*+����,�����'���'�()�����  ����*���-��(�.(�  

and this expression is applied for each material liable to self-heating (DG class 4.2). Apparently, the probability of self-
heating depends on basic material properties and reaction conditions (e.g., availability moisture and oxygen). The 
probability for steady temperature rise depends on effectiveness of ventilation and temperature detection, and timely 
actions by crew against rising temperature. In turn, the time availability is mainly driven by the length of the voyage.        

As mentioned above, the probability of ignition (or fire outbreak) should be determined for every room on the ship. 
Because there are many similar rooms, they are grouped into five classes and a separate ignition model is developed 
for each such class: 

1. Machinery spaces 
2. Accommodation spaces 
3. Public spaces (passenger ships only) 
4. Cargo spaces 
5. Service spaces 

There three main sources of historical data used to support assumption behind the above probabilities: 

• Sea-web casualty database (www.sea-web.com) contains records for reported fire incidents over some 30 
years for nearly all ship types. However, this database is only useful for general statistics because it does not 
contain precious information on fire origin, root causes, equipment involved, etc.   

• FIREPROOF4 database contains in excess of 1,500 records of fire incidents from 3 cruise ship operators over 
the period of June 2003 to January 2010, with the total fleet size of 71 vessels. The database is quite detailed 
and stores information on root causes, space of origin, and contribution of the human error. Thus, more 
comprehensive statistical analysis can be performed, although it would be limited to cruise ships only. 
However, the level of detail is generally insufficient to understand what equipment, type of human error etc. 
were involved in causing the incident.  

                                                      
4 www.fireproof-project.eu  

Fig. 3: Fire rectangle (oxygen above 16% 
is assumed to be always present) 
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• FAROS database contains some 150 records of detailed information extracted from fire accident investigation 
reports. This database is very comprehensive but has a limited number of records in order to work out any 
sensible trends, if need be.  

Generally speaking, the data paucity is a usual problem in risk modelling. Therefore, the propensity to rely on some 
sort of law of averages is the common fallacy in this domain. Hence, the choice strategy when the data is scant is to 
seek an answer to the question of what can happen rather than what has happened, thereby shifting the focus from 
studying random appearances of the phenomenon to understanding fundamental workings of it.  In technical terms 
this means that the existing limited data is used to support assumptions about probability distributions, rather than 
probabilities themselves. Thus for example, from the FAROS database one can find out that a pressurised pipe 
developed a crack and started leaking flammable liquid as a result of long term effect of pressure pulses. Because the 
crack had been developing gradually, moving towards its critical size based on the cumulative effect of many small 
"multiplicative" shocks caused by pressure pulses, the lognormal probability distribution can be used to model the 
random variable TIME TO LEAK.   

Development outline 

Machinery spaces.  

The most prevalent fire scenario in machinery spaces is auto-ignition of flammable vapours. That is, pressurised 
piping systems start leaking flammable oil which comes in contact with insufficiently protected hot surfaces (usually 
exhaust gas manifold next to the turbo charger), then the oil vaporises (i.e., the hot surface should be above oil’s flash 
point) and comes in contact with the hot surface again. The entire ignition model is based on this auto-ignition 
scenario and can be applied to any space (e.g., engine room, pump room) where this scenario is deemed plausible.    

Probabilities of leakage and protection failure of hot surfaces are modelled based on the exponential failure 
distribution with the lognormal distribution being used for random variable TIME TO LEAK / FAIL. Parameters of the 
lognormal distribution are derived from elicited data from ship operators (chief and 2nd engineers). Additionally, the 
probability of human error due to deteriorated attention management is taken into account while estimating the 
leakage and protection failure events. The contact probability is estimated using an empirical formula derived with the 
help of CFD simulations of oil spray from a leaking component. The chemical reaction probability is taken from the 
literature.                

Accommodation spaces.  

Fire in crew and passenger cabins happen due to electric faults, 
careless use of heat sources such as cigarettes, and firebugs. Electric 
faults do happen due to auto-ignition of overheated electric wires, 
piloted ignition due to electric arcing and others. TIME TO FAILURE is 
also modelled using the lognormal distribution, alternatively random 
variable NUMBER OF FAILURES can be adopted and modelled using 
Poisson distribution. Both distributions are fitted into data elicited from 
onboard engineers.  

The cigarette caused fire scenario can only be considered for cruise 
ships where smoking is relatively unrestricted. As a result, cabin fires are frequent on this ship type (see Fig. 4). On 
RoPax and tanker ships smoking in cabins for both crew and passengers is forbidden, and designated smoking areas 
have to be used instead. The ignition probability is modelled taking into account the following information. 

• Recent studies suggest that around 30% of crew members are smokers (SIRC Cardiff University). Similar or 
smaller proportion of smokers amongst passengers can be assumed. This information is used to determine 
the availability of a cigarette in a cabin.  

• The ignition probability of upholstery furniture and bedding by cigarettes has also been studied and the 
obtained figures are adopted to approximate the probability of ignition.  

• The contact probability is related to the human error and it is worked out by calibrating the ignition model 
against the historical data shown in Fig. 4.   

The arson probability is assumed to be proportional to the chance of an arsonist onboard, combining it with historical 
records in a given fleet. The most, if not only, comprehensive study on deliberately caused fires onboard has been 

Fig. 4: Annual frequencies of cigarette 
caused fires for cruise ships (fleet size = 

71 vessels).  
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conducted by the Arson and Bombing Investigative Services (ABIS), which is a subunit of the National Centre for the 
Analysis of Violent Crime (NCAVC) at the Federal Bureau of Investigation Academy in Quantico, Virginia USA. The 
have managed to build the profile of an arsonist, and this can be used to determine the probability to be present 
amongst passengers onboard, provided of passengers’ demographics is known.     

Public spaces.  

Scenarios are assumed to be sharing properties of accommodation spaces, except that electric fault caused fires can 
be ignored.  

Cargo spaces.  

The ignition probability for cargo spaces is modelled for selected materials falling under class / subclass of dangerous 
goods (DG), assuming that only fires with DG classified cargo are plausible. Considered DG classes are: 1 
(explosives), 2.1 (flammable gas), 3 (flammable liquids), 4.1 (flammable solids), 4.2 (spontaneously combustible 
solids), and 4.3 (dangerous when wet). The ignition scenarios, which constitute the probability of ignition, are 
developed in such a way that they represent deviations from expected transportation requirements stipulated in IMDG 
and IMSBC Codes. Such scenarios are developed by means of even trees and / or Bayesian networks and populated 
with probabilities backed by the literature and expert judgment.   

Service spaces.  

Scenarios are assumed to be sharing properties of machinery, accommodation and cargo spaces.  

Remarks 

As far as the effect global design factors (GDFs) on the crew performance failure is concerned, this causal link is 
deemed to be only relevant to fires in machinery spaces, and partly to service spaces. Machinery spaces are 
distinctively hostile environments with the crew being constantly exposed to noise, vibration, ship motion (mild effect), 
and obstructing deck layouts and equipment arrangements. Therefore the presence of this causal link is well justified 
there. Accommodation and public spaces are designed to be very comfortable, ruling out the likelihood of GDF-
triggered human errors. Cargo spaces are hardly served by crew during the voyage, whereas during loading and 
unloading operations, port staff might also be involved. Therefore, GDF-triggered human errors are also deemed 
irrelevant in contributing to fires in cargo spaces.  
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Models and Interfaces Supporting Risk Based Design 

Dr. Rachel Pawling, Research Associate, University College London 

 

Introduction 

With a specialism in warship design, the Marine Research Group in the UCL Department of Mechanical Engineering 
has a clear interest in the effects of fire and explosions on ships. This paper briefly illustrates some past work in this 
area, then describes in more detail the UCL contribution to the recently completed EC FP7 funded project 
“FIREPROOF” (Pawling et al, 2012). This description is with particular emphasis on the modelling and software 
interface concepts developed to support the application of risk based design approaches in concept design, in 
particular those requiring more sophisticated representations of the ship than the probabilistic damaged stability 
analysis introduced in SOLAS 2009. 

UCL Work on Fire and Explosion in Warships 

Figures 1 illustrates an MSc project, using the free Fire Dynamic Simulator (FDS) software, produced by the US 
National Institute of Standards and Technology to analyse flow of fire and smoke in a representative general purpose 
warship design (Gillespie 2004). Four variant designs were produced using PARAMARINE-SURFCON and then 
transferred to FDS using bespoke interface software. This then enabled an investigation of the zoning philosophy 
adopted in the design and also where critical fire and smoke routes might be adjusted early in a ship design. The 
emphasis in this project was to enable analysis at an early stage in the design, when changes may be more easily 
effected. The principle difficulty encountered was in reliably transferring the geometry from the early-stage design 
model to the CFD simulation. 

  

Fire on No. 2 deck amidships (twin passageway) Fire in the Forward Main Machinery Room (single passageway) 

Figure 1: Screen shots of simulation outputs showing spread of fire and smoke for two different scenarios and design variants 
(Gillespie 2004) 

More recently, research has concentrated on the phenomena of shock caused by underwater explosions, a problem 
unique to warships, the understanding of which is crucial to structural design (Bradbeer, 2012). Figure 2 shows an 
example CFD simulation of a torpedo or submerged mine exploding close to a ship, with the subsequent structural 
deformations calculated by the Weidlinger EPSA software. As with the earlier research, transferring structural 
definitions to the CFD / FEA code was a protracted task, although some automation of the workflow was possible. 
This was particularly important as the research involved the comparison of the response of a range of military and 
civilian structural styles, so requiring the generation of several models.  
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Figure 2: Example simulation of underwater explosion and structural response 

The FIREPROOF Project 

FIREPROOF (http://www.fireproof-project.eu/) was defined as a sequel to the SAFEDOR project (www.safedor.org) in 
the area of fire risk analysis for passenger ships. Its aim was to build on the systems and methods developed within its 
precursor to develop a regulatory framework capable of ensuring fire safety of novel and existing designs through the 
application of the RBD methodology. That is, the rational assessment of fire risk, which pertains to events with 
catastrophic outcomes. In the context of FIREPROOF, the outcome of a fire accident is related to the societal 
consequences – the number of fatalities in the exposed passengers and crew onboard a ship.  

The FIREPROOF framework used a combination of historical statistical data and knowledge gained from the analysis 
of detailed simulations of fire and evacuations which could be applied to the new ship design, and bespoke 
simulations of the new design. This overall concept is illustrated in Figure 3. 

 
Figure 3: Combined application of generalised data and bespoke simulations in the FIREPROOF framework 

Each of the analysis activities outlined in Figure 3 has a corresponding software tool, with required input and output 
data. As each of these tools is analyzing the same ship design, it is important to ensure that the information required is 
stored in a database and managed to ensure availability and consistency. This common database is the SPM, which 
serves as the main vehicle for information on geometric and numerical attributes of the ship design. There are multiple 
ISO standard product models of ships for different applications, such as AP 215:2004, so a new specification could be 
produced for the incorporation of a risk-based approach to fire safety.  

The Approach to Developing the SPM 

The aim for the SPM task within the FIREPROOF demonstration was not to develop a detailed specification, but 
rather to identify the contents, concepts and modelling techniques that would be required of a future more detailed 
specification. This development was carried out by a process of increasing focus and detail. 

1. A very broad survey of the inputs and output variable of all the analysis tools in the FIREPROOF framework was 
undertaken. This included information on the analysis task they were used for, units, file formats used (where tools 
already existed) and a statement of what the variable actually represented. 



FAROS First Public Workshop, 17th and 18th September, 2013, UCL, London, UK 
 

57 

2. This information was grouped. This grouping was primarily conceptual – i.e. what is the information used for – but 
a process of identifying duplicate entries – where two tools had specified the same information in a slightly 
different manner – was also carried out. The resulting groups were: 

a. Parameters directly related to ship design: 
i. Geometry: related to the general arrangement of the ship;  
ii. Space specification: for each space represented in the SPM, other parameters will have to 

specified, such as: SOLAS category, identification, deck, zone, etc.  
b. Parameters not directly related to ship design: 

i. Parameters associated to the fire scenario and fire simulation, such as time of event, vessel 
location, weather contribution, ignition space, crew status, etc.  

ii. Evacuation modelling parameters, such as the evacuation plan and fire control plan. 
3. There was then further consideration of the likely information sources and flow in a ship design process. This 

indicated that some of the non-design parameters, such as evacuation plans, may be considered for storage 
within an otherwise design-oriented SPM, as they may be developed in parallel with the design configuration.  

4. This consideration of the broader process led to the identification of four main types of information to be stored in 
and extracted from the SPM: 

a. Shape geometry: The shape and location of the space; 
b. Connectivity: Doors and other openings connecting spaces; 
c. Physical properties: Properties of the space, e.g. perimeter, ventilation capacity, fuel load, etc; 
d. Operational properties: Evacuation plans, etc. 

In addition to the conceptual and practical issues of data types required for analysis, broader considerations were 
found to be important, including the availability of information in the ship design process and organization, the effort 
required to describe the design data in an explicit manner, and the potential for automation. 

Geometry: Transfer versus Reconstruction  

The geometry itself was not transferred from the SPM to the simulation tools. Instead, characteristics of the spatial 
entity (door, ladder, etc.) were extracted and used to regenerate the geometry in those tools. This is significant in that 
it eliminates – or at least significantly reduces – the likelihood of encountering degenerate or unmeshable geometries. 
These can occur if native geometry is exported between different CAD tools using different modelling paradigms. This 
was a significant enhancement over previous integration efforts using Paramarine (Andrews et al, 2008) which used 
2D DXF geometry to export. The second major advantage is that this allows the regenerated geometry to be explicitly 
assigned numerical characteristics (such as names, population, etc.), rather than attempting to detect spaces within a 
DXF model or other file type. 

Connectivity 

Connectivity refers to doors and other openings, ladders and stairs that are used in the personnel movement and CFD 
simulations. Connectivity is an important concept as it may not be explicitly defined in the early stages of design – the 
human designer knows that there must be a door, but has not placed it yet – but is required for a range of simulation 
analyses. There is potential for automated generation of connections between spaces based on type (e.g. a cabin 
must have a door to a corridor), but this would not be applicable in all circumstances (e.g. dining halls). 

Characteristics 

One of the advantages of the Paramarine software used to demonstrate the SPM is that an arbitrary number of 
numerical (or textual) characteristics can be added to an object representing a space. This allowed the many ship 
design characteristics required by the simulations to be added to the SPM.  

The Importance of SPM Development in Supporting Risk Based Design 

It is important to note that the FIREPROOF SPM was not exclusively developed to input to the CFD analysis. The 
SPM was developed to support the application of much simpler analytical risk metrics describing human factors (in 
this case movement and evacuation) of the sort that can be applied to an early-stage concept design with only a basic 
layout etc. defined. A truly discriminating and descriptive HF risk metric – which both says that a design is 
(un)acceptable and why is likely to require clear, explicit definitions of the three sets of properties outlined here; 
geometry, connectivity and characteristics.  
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This can be contrasted with the conceptually simple (but geometrically complex) subdivision and loading definitions 
required by probabilistic damage stability. For the method to be useful, the transfer of data to the metrics must be 
automated and reliable, and the FIREPROOF project demonstrated that, if due consideration is given to what types 
of information the SPM must store, and the levels of detail that are required by apparently simple risk metrics, then the 
SPM can be implemented using existing early stage design tools (Paramarine).  
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Personal Injuries: A Generic Risk Model 

Yasmine Hifi, Brookes Bell LLP 

�

Introduction 

In Work Package 4 of FAROS project, models for risks of collision, grounding, fire and personal injuries and death are 
developed to take into account the effects of motions, noise, vibrations and deck layout, equipment arrangements and 
access (DLEAA) defined as Global Design Factors (GDFs) in FAROS. 

This paper describes the model for personal injuries, health deterioration and death. 

Personal Injury Logical Causal Chain 

In FAROS we are interested in developing models for personal risks of seafarers to experience injuries, death and 
health deterioration due to human performance failure and /or human error caused by the GDFs.  

Two main paths connecting GDFs to a personal injury have been identified: 

• The injury could result from a direct exposure to the GDF (hearing damage due to loud noise) and this is 
considered to be work- independent effect. 

• GDFs can affect the ability of a crew to carry out their task in a safe manner which could result in an injury as 
it was found that noise, vibrations and ship motions impact work performance through their effect on the 
perceptual, cognitive and physical capabilities of the crew while the effect of the DLEAA (deck layout, 
equipment arrangements and access) is understood to be through the changes in the task demand (adds 
constraints).  In this case the effect of the GDFs is considered to be work- dependent. 

The figure below gives a graphical representation of the causal path for the impact of GDFs on the occurrence of 
Personal Injury. 

Here the human capabilities are defined as being the perceptual, cognitive and physical capabilities of a crew 
member affected by exposure to GDFs. This may also include the maintenance of situational awareness (e.g. an 
individual may suffer degraded attention due to exposure to noise). 

Human performance is understood to be the Crew performance of work-related activity e.g. the selection by the crew 
of route to take. 

Safety behaviour is a work behaviour related to personal safety which can either be sufficient i.e. timely and correct 
or insufficient (which includes error). 

The incident type defines the unintentional event (e.g. fall from heights), when in conjunction with exposure to 
hazard, will result in the consequence. The focus in FAROS project is not on the incident itself but whether it exposes 
the crew to a hazard.      

Hazard exposure to one or more of the following types of hazard: Kinetic, Electrical, Thermal/radiant, Luminous, 
Sound, Toxic/chemical or biological. The extent of the hazard exposure is limited to the result of the exposure not the 
particulars of the injury. 

The Consequence is health deterioration, personal injury or death of a crew member. 
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Figure 9: Causal chain from GDF exposure to personal injury via work dependednt and work independent pathways 

The aim is to build a generic model so the personal injury is conceived as being resultant from insufficient 
performance of safety-related work behaviours (work dependent pathway in Figure 9).  

To reduce the need to understand and integrate the different aspects of the personal injury (multiple causes, multiple 
types within multiple tasks), a high level view is taken in relation to the safety behaviour. It is deemed sufficient that an 
action is being taken so the particulars of the different specific types of safety behaviour are not relevant in this 
context.  

Generic Risk Model 

Bayesian networks (BN) were chosen to model the risk of personal injury.  

A BN is a probabilistic model represented as a Directed Acyclic Graph (DAG), where the nodes are the variables of 
interest and the links (arrows) between the nodes represent the causal dependencies. 

Bayesian networks allow for four (04) inference options: predictive, diagnostic, explaining away, and combined. In the 
context of the personal risk modelling we are mainly interested by the predictive capacity of the BN. 

Bayesian networks have already been used in the maritime context to model risk. 

In particular in the EU funded project SAFEDOR, where they were used for structural integrity and collisions and 
grounding.   

In FAROS, and based on the experience gained in SAFEDOR, the collision and grounding risk models are also 
modelled with BN (presented in “Technical session II.1: Collision and Grounding” of this workshop).   

The structure of the network is essentially based on the causal chain for the impact of GDFs on the occurrence of 
Personal Injury explained above. 

Work dependent path: 
Insufficient safety 

task/activity performance 
(i.e. error) 

Work independent path 

DLEAA 

Human capabilities  
(i.e. attention management) 

Human performance 

Safety behaviour 

Hazard exposure 

Consequence 

Incident type 

Noise Vibrations Ship Motions 
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In addition and as explained in “Understanding The Effects Of Global Design Factors- Technical Session I.2: Global 
Design Factors & Crew Performance” of the present workshop, for the risk models the ship motions, noise and 
vibrations act as stressors interacting with an individual’s attention management capabilities.  

It is recognised that a number of other risk factors contribute to the personal injury (organisational such as workload, 
procedures, training, time pressure etc... or personal such as experience, gait, personality etc…). They have been 
excluded from the model as they are not affected by exposure to the GDFs.  

The generic risk model for personal injuries (at this stage of development) is then defined as follows 

 

The different possible states for each node are summarised below: 

Exposure to ship motions 

1. Above threshold level: motions 
exceed individual’s threshold for 
maintaining performance  

2. Below threshold level : motions do not 
exceed an individual’s threshold for 
maintaining performance 

Motion Induced Interruption  

1. Yes (has occurred) 
2. No (has not  occurred) 

Vibrations exposure  

1. Above threshold level: vibration 
exceeds an individual’s threshold for 
maintaining performance 

Noise exposure 

1. Above threshold level: noise exceeds an 
individual’s threshold for maintaining 
performance 
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2. Below threshold level: vibration does 
not exceed an individual’s threshold 
for maintaining performance 

2. Below threshold level: noise does not exceed an 
individual’s threshold for maintaining 
performance 

Stressor 

1. Active: GDF exposure acts as a 
stressor on an individual 

2. Inactive: GDF exposure does not act 
as a stressor on an individual 

Attention management 

1. Normal: attention management capability is 
operating normally 

2. Degraded: attention management capability is 
degraded 

Safety Behaviour 

1. Sufficient: all of the required 
behaviours are performed adequately 
and at the correct time 

2. Insufficient: any of the required safety 
behaviours are not performed 
adequately or are at the incorrect time 
or any of the required safety 
behaviours are not performed at all 

DLEAA effect 

1. Yes: The DLEAA increases the task demands 
2. No: The DLEAA does not increase the task 

demands 

Incident type 

1. Slips, trips and falls on level ground. 
2. Hit by moving object,  
3. Falling from height  
4. Manual handling Manual handling  
5. Enclosed space (area of the ship 

which has potential to expose to risk 
of being asphyxiated) 

Injurious hazard exposure 

1. Above threshold: an individual has been 
exposed to a sufficient amount of hazard that 
could result in an injury 

2. Below threshold: an individual has not been 
exposed to a sufficient amount of hazard that 
could result in an injury 

Personal Injury Outcome 

1. Death 
2. Injury (of any severity) 
3. No Injury  
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Lessons Learnt on Modelling Personal Risk of Injury on Cargo and Passengers Ships 

Dr. Serena Palmieri, Human Factors Senior Consultant, Deep Blue SRL 
 

Introduction 

In the first year of the FAROS project, within the WP4 entitled “Risk models with the crew performance” the main 
objective of our work in the activity tasks 4.3 and 4.4 was the modelling of the personal risks of seafarers to 
experience injury, death and health deterioration due to the exposure to global design factors (GDF).  

To achieve the objective of creating a model representing the risk of seafarers’ personal injuries, it was necessary to 
collect a set of consistent data regarding the causal and contributing factors of these events. 

Problem definition 

While performing the examination of different quantitative maritime accident databases, we faced serious issues in 
collecting accurate and comparable data relating to seafarer injuries and fatalities. Also the review of the significant 
research literature on this topic was of limited help to understand the nature of the phenomenon in the maritime 
industry (ref. Ellis and al.).  

One of the problems we faced was the lack of normalised data. Different databases categorise the same kind of event 
in very different ways and the quantitative data coming from different databases are very difficult to compare. In 
addition the information available for each event in the databases is quite limited. and generally inadequate to keep 
track of the complex of causes that may have been linked to a single personal injury event.  

Such limitations appear to be related to the fact that the reporting of less serious injuries is often discretionary, for a 
variety of reasons. For example seafarers on short-term contracts and from countries without a good health and social 
security system may be more averse to report injuries than seafarers with long-term contracts and from countries with 
good health and social security systems. Also seafarers suffering injuries that may have occurred through their own 
negligence or suffering injuries with a potential for blemishing a previously good ship safety record may fear the 
consequences of reporting that injury. Of course this makes quite challenging the goal of having a clear picture of the 
intervening factors that led to a personal injury of the crew as a final outcome. 

Objective and method 

To manage with the lack of quantitative normalised data from the available databases, we decided to follow a top-
down approach. Starting from a known outcome (single event; injury/fatality) we investigated which factors contributed 
to the occurrence of the event. Based on the experience from aviation, as well as from other socio-technical domains, 
we faced the analysis having in mind that major accidents and catastrophic systems are normally the result of 
multiple, sometimes small failures combining in a adverse hazardous situations, which cannot be explained focussing 
on a single factor, such as a human error or technical failure. Therefore, we decided to make our analysis trying to 
derive a ‘global picture’ of each category of accidents happening onboard.  

In order to have a deeper understanding of the situational antecedents that can contribute to have a ‘personal injury’ 
as final outcome, our first step was a qualitative evaluation of real cases of injuries/fatalities happened on board large 
vessels. For this purpose it was essential to have a narrative description of the events enabling an adequate analysis 
of the contextual elements in addition to the usual factual elements, such as the number of injured and/or death 
people, the kind of vessel and the involved roles. Therefore we decided to select all the available records of marine 
accidents occurred on large merchant vessels in the last five years (2008-2012) that (a) resulted in a injury/fatality to 
the vessel crew and (b) for which it was possible to have a narrative accident or incident report made by a maritime 
accident investigation organisation or a safety board. We started our investigation with the MAIB database 
(http://www.maib.gov.uk/) which provide reports with detailed narrative descriptions of each event, allowing an 
adequate investigation of the contextual factors leading to a negative outcome. Then we decided to extend our search 
to other transportation safety board databases: (a) the French BEAmer (Bureau d'enquêtes sur les événements de 
mer database - http://www.beamer-france.org/index-fr.html) and (b) the JTSB, the marine accident and incident 
reports of the Japanese Transportation Safety Board (http://www.mlit.go.jp/jtsb/marrep.html) 

We then performed a narrative report review for the selected relevant reports and we identified for each events a 
series of characteristics that allowed us to summarise each report as a field on an excel table. 
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Results 

As mentioned before, the accident report investigation resulted very informative for what concern the fatalities and 
serious incidents happening onboard, but virtually no data were achieved regarding the less serious injuries. This can 
be explained by the fact that an accident report for a personal injury/fatality is actually filed only when a serious or a 
fatal injury of the crew is recorded.  

As result of the narrative report review we categorized the accidents onto three main categories of accidents causing 
fatalities or serious injuries to the crew: 

• Fall from height 
• Hit by moving object 
• Accident related to enclosed spaces 

Moreover, regarding the influence of the GDFs on the human performance and on the negative outcome of a personal 
injury, the narrative report review showed us a possible relation between the ‘fall from height’ cause of accident and 
the evidence that the subjects often performed an unsafe action while they try to take a route shortcut, either to 
disembark from the ship or to go from one area of the ship to another (in the reports we have different examples of 
this behaviours); this could be an evidence of how the deck layout can influence the occurrence of a personal injury.  

These results also confirm the findings coming from the work made in the WP3; where in the deliverable D3.4 the ‘use 
of shortcuts’ has been identified as a possible indication of a ‘deck layout’ effect. 

Building the model  

The results coming from the review of the narrative accident reports have been integrated with the findings from the 
literature review and the database search.  

To obtain more data regarding the minor injuries that happens on board, we then decided to integrate this analysis 
with a set of interviews with a sample of experienced mariners. The overall results of these investigation will be used 
to populate a set pf Bayesian Networks representing the personal risk of injury of seafarers on cargo and passenger 
ships. The BBNs models are currently under development and a draft version of the models will be presented during 
the FAROS workshop. 

Conclusion and lessons learnt 

An overall conclusion that comes from the work we have done is that a lack of standardised data regarding the 
injury/fatality of the seafarers at work has been pointed out, and the importance of creating more comprehensive 
datasets on ship level events and seafarer injury should be highlighted for the benefit of future research purposes in 
this field. 

Based on this work we can conclude that there is a clear need for an improved standardisation of the accident 
reporting methods in the maritime industry and that is recommendable that the international regulators and Maritime 
Administrations move the necessary steps forward to allow the standardisation of the data collection. We know that 
EMSA (European Maritime Safety Agency) does have EMCIP, which is a database of reports from national accident 
investigation authorities of EU member states, and the IMO does have GISIS database, but the data contained in 
these databases are either not collected on a mandatory regulation and/or not sufficient to ensure that the necessary 
details go into the reports. Principles should be settled up at an international level in order to define which incidents, 
events and injuries need to be reported. In addition it should be clarified which data need to be recorded for every 
reported case and how they should be categorised. 
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Workshop Summary and Postscript 

Dr. Romanas Puisa, Brookes Bell LLP 

 

The workshop was the first out of three public events of the project, organised near the end of each project year. This 
way the consortium publicises project results obtained over each year of research and development. Thus, during this 
event the consortium presented highlights of the studied causal chain: global design factors �  crew performance �  
safety onboard, as shown in the diagram below.  

 

Studied causal links  

First, the study involved a thorough review of past research in the area of human performance shaping factors, 
particularly focusing on global design factors (GDFs) such as noise, whole body vibration, ship motions, and deck 
layout. The primary objective of the literature review was to end up with mathematical models that explicitly link GDFs 
to human performance. The presence of such quantitative models would have had high engineering utility later in the 
project, for they would have informed design decisions towards maintenance of human performance at the optimum 
level. However, no mathematical models were found to exist, although there is a significant body of research 
qualitatively describing the causality (see Kivimaa & Rantanen, VTT; Owen, LR). This evidence will be directly 
exploited in the project, helping to quantitatively describe the causal link by means of the Bayesian Belief Network 
(BBN) (Owen, LR; Montewka et al., AALTO; Hifi, Brookes Bell).  BBN will also be used to link the indirect effect of 
deck layout, and the identified methods to compare different layouts will greatly help in modelling.  

It is important to highlight the identified shortfalls in maximum allowable GDFs limits stipulated (or sometimes just 
recommended) by class societies and other regulators in existing design standards. The assumption is that 
exceedance of these limits is supposed to have detrimental effect on human performance, which is not affected 
otherwise. Although some standards are indeed linked to physiological functions (e.g., limits for ship motion 
components), there is insufficient evidence to claim it applies to all standards, and there is no evidence at all to 
support the link to cognitive functions. As insufficiencies in cognitive functions are the primary causes of the human 
error and hence safety at sea (see the pie chart below), one can conclude that the current standards hardly cater for 
safety. Such arbitrary nature of the standards is further reflected in the fact that there are no universally accepted 
maximum limits on noise and whole body vibration; limits vary greatly across different class societies (e.g. 55-65 dB 
for noise in the wheelhouse). 
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Statistics on root causes of the human error onboard (ref. United States Coast Guard) 

The second objective of the first year research was personal and societal risk models. Presentations on them took the 
best part of the workshop’s time, raising the majority of questions and provoking lengthy discussions. The high interest 
stems from the fact that risk models per se have the highest engineering utility, representing tools directly applied to 
reduce residual risks. The presentations focused on principal assumptions and modelling strategies behind the risk 
models on collision/grounding (Porthin, VTT; Montewka & Goerlandt, AALTO), fire (Pawling, UCL; Puisa, Brookes 
Bell), and personal injuries and death (Hifi, Brookes Bell; Palmieri, Deep Blue). One of the biggest challenges in risk 
modelling has been the paucity in accident describing data. The number of accidents records is usually limited, and 
when it is significant, it would not be detailed enough to understand the root causes. This was the main reason for 
using the Bayesian inference to amalgamate various pieces of evidence about causes of risk in question. Bayesian 
networks or/and direct inference with assumed prior distributions (e.g. gamma distribution for Bernoulli processes) 
were employed. Certainly, frequentist inference, determination of confidence intervals etc. was also used to derive 
statistical figures of interest.  

It is important to underline that the development in the risk models focuses on the initiating events only. That is, the 
work is done on probabilities of collision, grounding, ignition, and personal injury / fatality incidents. The work on 
consequences, i.e. expected losses following occurrence, is out of project scope and corresponding consequence 
models are “imported” from previous research undertakings to be then integrated with incident probabilities delivered 
in FAROS. This scheme does not apply to the personal risk model which is not available in literature and hence 
developed entirely from scratch.  

The third object of the first year research was physical and virtual experiments on the bridge and virtual reality 
simulators, respectively (Benedict, Herberg & Linnenbecker, Wismar; Rodriguez Quiroga, CIS Galicia). On the one 
hand, the underlying objective of both experiments is to inform the development of the risk models in terms of both 
contributing factors and their contribution degrees. One the other hand, the experiment is also a good approach to 
testing various hypotheses which will not necessarily be explicitly integrated into the risk models but may form a good 
basis for related research in the future.  

The above is a short summary of the consortium presentations at the event. The preceding presentations by the 
keynote speakers and sister projects CyClaDes and CASCADe representatives were essential to put the FAROS work 
into perspective. Thus, although training, manning practices etc. are essential to ensure safety, the holistic approach 
is key. That is, detrimental effects of working and living environments have to be also mitigated to achieve the ultimate 
zero risk targets.  

The next project workshop will demonstrate how the risk models shape design of RoPax and tanker ships. It is difficult 
to say at this moment as to what results will be, but an interesting outcome is envisaged. We hope the second 
workshop will again gather regulators, designers, builders and other stakeholders who are interested in improving 
safety of ship design cost-effectively. 
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Promoting Women in Science 

 

In accordance with the Community Framework Strategy on Gender Equality (2001-2005) and the Communication 
“Women and Science: mobilising women to enrich European Research” (adopted by the European Commission in 
1999), the FAROS project seeks both to promote the involvement of women in research activities, and to record 
demographics metrics of its success in this endeavour. Accordingly; of the 10 workshop presentations that were made 
by the FAROS consortium, 40% (4) were authored and presented by women, and of the 25 FAROS consortium 
members who attended the workshop, 25% (6) were women. 

 


