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Document Control Sheet
Title: SAFEDOR Annual Public Report Year 2

Abstract
The SAFEDOR Public Report Year 2 intends to provide public domain information about the 2nd year
research activities of the European Commission funded project SAFEDOR. The report has been
compiled on the basis of the SAFEDOR Periodic Activity Report Year 2 [8] and contributions of the all
SAFEDOR workpackage leaders.
SAFEDOR is the first large scale project that develops a risk-based regulatory framework for the
maritime industry and corresponding design tools to facilitate first principle approaches to safety,
addressing the complexity of a fully comprehensive system.
The conducted research focuses on strategies and technologies to improve maritime safety and, at the
same time, the competitiveness of the involved stakeholders. A systematic and all-embracing approach
to ship safety is being developed that leads to optimising of safety and an effective use of both critical
technologies and the wealth of information amassed over years in ship design. Gained knowledge is
applied to innovative ship design and approval, as well as improved safety-critical technologies.

Summary Report:
Introduction
The aim of SAFEDOR is to improve the safety of maritime transportation and to increase European
maritime industries’ competitiveness through the integration of safety as design objective into ship
design and risk assessment into the approval frameworks.
State of the Art
The SAFEDOR approach is a novel approach to a transparent and consistent methodology for Riskbased Ship Design and Approval.
Safe design—that effectively minimizes the likelihood of process accidents and mitigates their
consequences—has long been a priority in many industries; to mention but a few, such as Civil,
Offshore, Aeronautics, Nuclear, Systems, Hydraulic, Water Resources & Environmental Engineering.
Risks cannot be completely eliminated but at least be consistently reduced to a level that can be
tolerated by all concerned—by facility staff, company management, surrounding communities, the
public at large, industry and government agencies.
Therefore, methods of risk and reliability analysis in various engineering disciplines, developed during
the last decades, are becoming more and more important as decision support tools in engineering
applications.
State of the Market
Presently core technical elements governing the operation of seagoing ships are established by
regulations of the International Maritime Organization (IMO). In addition, rules governing the
construction of ships are established by Classification Societies. As a consequence, ship design is
significantly constrained by these rules and regulations.
SAFEDOR aims to provide additional design freedom for ship and systems and an appropriate
approval process that introduces safety as additional objective – additional to standard performance
requirements like speed, capacity, endurance etc. - and by proposing a modernised regulatory
framework to facilitate risk analysis as additional element of the approval process. This way, the
regulator imposes boundary conditions directly on the targeted safety performance of the ship with
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quantified risk acceptance criteria and the ship designer decides how to achieve the prescribed level of
safety cost-effectively. Thus, a path to approve novel ships beyond the current regulatory constraints is
offered.
Value added to SAFEDOR
The expected outcome comprises the integration of all operational, technological, environmental and
human related factors concerning safety at sea throughout the entire vessel life cycle; the
demonstration of the potential of risk-based frameworks for safety assessment techniques, integrated
design environments and optimisation of ship operation processes for safe and economic shipping.
With risk-based approaches firmly established in the maritime industry, ship owners will be able to
realise innovative ships and maritime transport solutions - challenging current rules - relating to, e.g.,
new layouts or use of new materials and systems. With the novel approval process, implementation of
novel and risk-based ships will be faster and more reliably.
The benefits for shipyards arise from the fact that yards acquainted with risk-based approaches are
among the first to respond to the increasing demand from ship owners to realise risk-based ships. In
addition, production costs are expected to be reduced through application of risk-based approaches.
Marine equipment manufacturers will benefit through enabling new and optimised systems
incorporating new functions and materials. Understanding and applying risk-based approaches will be
a competitive advantage. The key asset of risk-based designed ships will be the knowledge to prove
compliance with risk acceptance criteria, which results in new opportunities for patenting innovative
solutions.
Achievements
New tools and significant enhancements of existing ones were developed addressing transient flooding,
structural integrity, dynamic intact stability, collision and grounding, and fire. The main objective was
to provide computational tools to predict failure probabilities which can be used as input for a risk
model and –at the same time- respond to changes in design parameters likely used as risk control
options.
Following the development of a high-level approval process for risk-based ships and related riskacceptance criteria in year 1, developments in year 2 focused on the approval process and riskacceptance criteria for risk-based ship systems and functions.
A major achievement of year 2 has been the implementation and application of the SAFEDOR
approach to the design process of eight novel ship designs. This design activity addressed two cruise
ships, three ropax, one gas tanker, one oil tanker and one container vessel designs. From the eight
completed novel ship and system designs, the two best have been selected by a formed peer evaluation
panel, considering economic, environmental, safety impact, feasibility and rule challenge criteria.
These two designs will continue into year 3 and 4 with the detailed design and are expected to
eventually commercialize their ideas by the end of the SAFEDOR project.
Input from other Deliverables
This report has been compiled on the basis of the Periodic Activity Report Year 2 and contributions of
all SAFEDOR workpackage leaders. All the sources from which input was derived are shown in the
“References” section of the present deliverable.
This executive summary may be published outside the SAFEDOR consortium.
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1 Introduction
The SAFEDOR Public Report Year 2 intends to provide public domain information about the 2nd year
research activities of the European Commission funded project SAFEDOR. The report has been compiled
on the basis of the Periodic Activity Report Year 2 [8] and contributions of all SAFEDOR workpackage
(WP) leaders.
The focus of the project is on risk-based design, operation and regulation of ships. Key objectives target
the development of a risk-based design and regulatory framework to support a holistic approach towards
maritime safety, development/refinement of advanced first-principles analysis tools, and development of
innovative safety-critical technologies. The project also develops innovative ship designs to demonstrate
the practicability of the developed methodology. High-level Formal Safety Assessment (FSA) studies
have been conducted for selected ship types to assess the current level of risk.
In summary, during the second year of SAFEDOR the following has been achieved:
•

Development of design tools for safety performance prediction (WP2)
o Successful completion of tool developments and proposals for risk-control options
o Faster flooding prediction maintaining accuracy of time-domain simulations
o Probabilistic models for loads and capacity of damaged ships developed and applied to
test cases
o Capsize probability prediction method successfully developed
 Collision and grounding probability prediction enhanced with operator effects,
drifting and loss of power.
o Risk profile for fire safety for cargo ship (container vessel) test case.

•

Innovative safety-critical technologies (WP3)
o Innovative tool for safety critical ship systems
 Example application of tool for safety and reliability analysis of ship systems is
presented.
 Specification of enhancement related to optimization is completed.
o Innovative concepts for safer navigation
o Innovative life saving concepts for passenger ships

•

Risk-based regulatory framework (WP4)
o Formal Safety Assessments (FSAs) for Cruiser, RoPax, LNG carrier and Containership
 Three FSA studies were completed. Two studies will be submitted to IMO
(MSC83).
 Refined draft of Risk-Based Regulatory Framework is available, comprising
high-level and system approval processes and acceptance criteria for ships,
systems and structures.

•

Risk-based design framework (WP5)
o Refined risk-based design process description is in alignment with risk-based approval
process (combined flow chart is also available).
 Aligned processes were published at conference.
o All ship specific cost-earning models completely described.
 Generic model and one specific model are described.
o All specifications for integrated design environment are being developed.
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•

Validation and implementation for innovative ship designs (WP6)
o Development of eight (8) innovative design concepts for
 Post-PANAMAX Cruiser ship
 Cruise Liner
 Fast Full Displacement ferry
 13th Passenger RoPax
 Light weight composite structure RoPax
 Shortsea LNG carrier
 Open-top Feeder Containership
 AFRAMAX tanker
o Eight designs are completed
o Successful evaluation of two best innovative ship designs.

•

Knowledge Management, Dissemination and Training (WP7)
o Successful organization of the Midterm Conference
o Successful organization of the 1st Training Course targeting administration authorities
and classification societies personnel.
o Issuance of the year 2 Public Report and Newsletter.

2 IP SAFEDOR
SAFEDOR is an Integrated Project responding to the need of the EU maritime industry for evermoreinnovative solutions for better quality, cleaner and safer transport.
SAFEDOR constitutes the culmination of eight (8) years of EU-wide concerted effort to foster radical
shift from the current maritime safety regime, through the activities of the thematic network SAFER
EURORO (“Design for Safety”). SAFEDOR has pooled together an accolade of leading expertise from
across the whole maritime spectrum to pursue its vision of strengthening the competitiveness of the EU
maritime industry by enhancing safety through innovation. This entails development of a holistic
approach that links risk prevention / reduction to ship performance and cost, with safety treated as a
lifecycle issue and a design objective, implying focus on risk-based operation and need for risk-based
regulations within an integrated risk-based design framework, utilising routinely first-principles tools.
This all-embracing system is the key to attaining optimum design solutions and it acts as catalyst to panEuropean cooperation with strong structuring and integration effects. SAFEDOR produces a series of
prototype ship designs to validate and implement this novel approach and ascertain its practicability. To
accelerate transition from conventional to risk-based design, the wider maritime community is inculcated
through a rigorous knowledge management, training and dissemination system of all technological,
methodological and regulatory developments whilst continuing to nurture, enthuse and fuel a maritime
safety culture [1].
Innovation in the transportation industry has to a significant extent been driven by safety. Ship safety has
until recently been driven mainly by individual events. Each major catastrophic accident has led to a new
safety regulation and subsequent design measures imposed by the International Maritime Organization
(IMO) and the classification societies. The integrated project SAFEDOR introduces a risk-based design
methodology and regulatory framework that systematically embraces design knowledge and innovation,
thus offering economic benefits and competitive advantage to the European maritime industry.
The SAFEDOR project officially started on 15th February 2005, when the kick-off meeting was held at
Germanischer Lloyd (GL), in Hamburg. Fifty-three -53- project partners from all sectors within the
European maritime industry are participating in the project, the duration of which is until January 2009.
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2.1 SAFEDOR Objectives
Risk-based ship design and approval will satisfy the European maritime industries’ need to deliver ever
more innovative transport solutions to their customers. Risk-based ship design and approval will also
satisfy the European society’s need to have increasingly safer transport. SAFEDOR research activities
distinctively addresses both aspects and, thus, deliver the foundation for Europe to sustain worldleadership in safety-critical and knowledge-intensive ships, maritime services, products, equipment and
related software. A vision was formulated to present these two goals of SAFEDOR:
ENHANCE SAFETY THROUGH INNOVATION
TO STRENGTHEN THE COMPETITIVENESS OF THE EUROPEAN MARITIME INDUSTRY
SAFEDOR provides solutions for both key issues for the European maritime industry. Increasing safety
and security of maritime transport cost-effectively is achieved by treating safety as design objective and
not as a constraint as in current ship design. Increasing the competitiveness of European industry is
achieved by systematic innovation in design and operations encouraged by modernizing the maritime
regulatory system towards a risk-based framework.
Strategic research objectives are formulated to meet the outlined vision, these being:
•
•
•
•
•

Develop a risk-based and internationally accepted regulatory framework1 to facilitate first principles
approaches to safety.
Develop design methods and tools to assess operational, extreme, accidental and catastrophic
scenarios, accounting for the human element, and integrate these into a design environment.
Produce prototype designs for European safety-critical vessels to validate the proposed methodology
and document its practicability.
Transfer systematically knowledge to the wider maritime community and add a stimulus to the
development of a safety culture.
Improve training at universities and aptitudes of maritime industry staff in new technological,
methodological and regulatory developments in order to attain more acceptance of these principles.

SAFEDOR objectives and the approach are summarised in Figure 1 showing the two development tracks
– one related to risk-based ship design and one related to risk-based ship approval – and the validation
and application activities. Figure 2 presents the structure of SAFEDOR development activities and shows
the planned timeline. Further details on the results in year 2 can be found in chapters 6.3, 7,3, 8.3, 9.3,
10.3 & 11.3.

1

IMO secretariat agreed to act as an observer in SAFEDOR and will thus facilitate to meet the first strategic
objective which is of utmost importance. See letter of confirmation in Annex [1].
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Increase the safety and security of
waterborne transport cost-effectively by
treating safety as design objective

Increase the competitiveness of
European industry by systematic
innovation in design and operations
and by modernizing the regulatory
system

Develop a formalised risk-based design
framework, develop and integrate
methods and tools to assess critical
scenarios with due account for the
human element

Propose a risk-based regulatory
framework to facilitate first
principles approaches to safety

Produce prototype designs for safety-critical and knowledge-intensive vessels
to validate the methodology and demonstrate its practicability
(2 cruise ships, 3 RoPax, 2 gas tankers, 1 container ship, 1 oil tanker)
Improve training and provide stimulus establishing a safety culture
Figure 1: SAFEDOR Objectives & Approach

2.2 SAFEDOR Focus
As introduced above, SAFEDOR development activities focus on risk-based ship design (which is an
enhanced ship design process), approval of risk-based ships (which requires an enhanced approval
process and a modernised regulatory framework), and sample designs to prove the practicability of the
developed risk-based approaches.
Risk-based ship design requires a novel process to incorporate safety as an objective, sophisticated
methods and tools to assess ships in extreme and accidental scenarios with due account for the human
element and improved knowledge on cost elements in construction and operation of ships. Optimisation
of ship designs also needs integration of available tools. SAFEDOR addresses all of the above.
Approval of risk-based designed ships requires a new approval process, which takes into account the rulechallenging character of the innovative ship. Qualitative and quantitative assessments of innovative
concepts are required and knowledge on current risk levels is needed to establish suitable risk acceptance
criteria. High-level FSA studies of ship types deliver just this piece of information. SAFEDOR addresses
these elements and develops a proposal for a modernised regulatory framework to facilitate the above.
Application of the newly gained knowledge to complete ship designs and to selected safety-critical
technologies (navigation and life saving) is the third pillar of SAFEDOR. Eight ship designs were
developed focusing on aspects that improve safety and / or economics but for some formal reason cannot
be approved today.
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3 SAFEDOR Structure
To ensure an effective control of the project, the work programme is broken down into a number of work
packages (WP) which in turn are divided into Subprojects (SP) and Tasks (TK). Individual partners have
been allocated responsibility for technical co-ordination within the respective WPs, SPs and TKs. In
summary, SAFEDOR comprises 7 work packages, 32 subprojects and 221 tasks [4].
Risk-based design entails the systematic integration of risk analysis in the design process targeting risk
prevention/ reduction as a design objective. An essential pre-requisite to undertaking this is the
availability of fast and accurate first-principles tools. This is addressed in work package (WP) 2 of
SAFEDOR. Also knowledge of the effect of design changes/measures to enhance safety cost-effectively
(considering all major hazards and ensuing accident categories and scenarios) is crucial. This issue is
addressed in a number of work packages (FSA studies in WP4, implementation of first –principles tools
in WP2 and in WP3). To pursue this activity effectively, it will be necessary to provide an integrated
design environment (IT platform) to facilitate and support a holistic approach to ship design (WP5) that
enables appropriate trade-offs and advanced decision-making, leading to optimal ship design solutions.
The next essential step (design approval) necessitates the development and consolidation of a risk-based
regulatory framework to set conditions for design approval that would allow linking ship design
performance optimisation with risk minimisation (WP4). To embed the risk-based design process into the
heart of the maritime industry, design teams have been assembled representing a large sector of the EU
shipping and shipbuilding industries to pursue the design (from concept to approval) of innovative ship
types that cannot be approved under the current prescriptive rules (WP6). Finally, a knowledge
management, training and dissemination system is put in place to maximise benefits by targeting all the
stakeholders of maritime safety and to exploit RTD results by systematic evaluation, consolidation and
marketing (WP7) [2].

Figure 2: SAFEDOR Road Map
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4 SAFEDOR Partnership
The SAFEDOR Consortium comprises 53 organisations from 14 European countries and represents all
stakeholders of the maritime industry, namely ship owners, ship yards, maritime equipment
manufacturers, engineering consultants, research institutes, software developers, university departments,
classification societies and one flag state. The following list provides the 53 participants alphabetically; in
brackets the relevant country is indicated.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

Germanischer Lloyd AG (DE): IP Coordinator
Aker MTW Werft GmbH (DE)
Alpha Ship Design ApS (DK)
Aker Yards St. Nazaire (FR)
Altair Special Maritime Enterprise (GR)
ANSYS Europe Ltd. (UK)
AVEVA AB (SE)
British Maritime Technology (UK)
Brodrene AA AS (NO)
Carnival plc (UK)
Centro per gli Studi di Tecnica Navale
(IT)
Color Line Marine AS (NO)
Columbus Shipmanagement GmbH
(DE)
D'Appolonia S.p.A. (IT)
Danish Maritime Authority (DK)
Deltamarin Ltd (FI)
Det Norske Veritas AS (NO)
DFDS A/S (DK)
Fincantieri - Cantieri Navali Italiani
S.p.A. (IT)
FiReCo AS (NO)
Flensburger Schiffbau-Gesellschaft
mbH & Co. KG (DE)
Fr. Fassmer GmbH und Co. KG (DE)
FRESTI (PT)
GKSS Forschungszentrum Geesthacht
GmbH (DE)
Harland & Wolff Heavy Industries Ltd
(UK)
Instituto Superior Tecnico (PT)
ITI Ges. f. ingenieurtechnische
Informationsverarbeitung mbH (DE)
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28. Leif Hoegh & Co. AS (NO)
29. Lloyd's Register (UK)
30. Lund, Mohr and Giaever-Enger Marin
AS (NO)
31. Maritime Research Institute Netherlands
(NL)
32. Maritime Simulation Rotterdam b.v.
(NL)
33. Martec S. p. A. (IT)
34. Meyer Werft (DE)
35. Napa Ltd (FI)
36. Navalimpianti S.p.a. (IT)
37. Navantia, S.A. (ES)
38. National Technical University of Athens
(GR)
39. Peter Dφhle Schiffahrts-KG (DE)
40. RFD Beaufort Limited (IE)
41. RINA SPA (IT)
42. Royal Caribbean Cruise Line (UK)
43. Safety at Sea Limited (UK)
44. SAM Electronics GmbH (DE)
45. Sirehna (FR)
46. Snecma Moteurs (FR)
47. SSPA Sweden AB (SE)
48. Stena Rederi AB (SE)
49. Technical University of Denmark (DK)
50. Umoe Schat Harding AS (NO)
51. University of Hull (UK)
52. Universities of Glasgow & Strathclyde
(UK)
53. V. Ships (UK)
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The percentage of various affiliation groups participating in SAFEDOR is shown in the following figure:

Figure 3: SAFEDOR Partnership
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5 WP-2: Design tools for safety performance prediction
5.1 Summary description of workpackage objectives
Risk-based design demands advanced tools to predict the safety performance of a given ship design. It is
the specific objectives of work package 2:
•
•
•

To develop and / or refine such advanced design tools
To enable integration of the tools into a design environment
To evaluate risk and the effect of risk-control options

with the aim to provide tools for fast and reliable evaluation of various risks associated with failure of the
ship or its subsystems. Thereby, WP6 dealing with design of actual ship project might be able to
•
•
•

make a fast screening of various scenarios in order to identify the important ones
make a detailed analysis of those scenarios thereby identified
suggest appropriate risk control options

5.2 Contact involved
The WP-2 Leader is the Danish Technical University, DTU, www.mek.dtu.dk, represented by Prof.
Jørgen Juncher Jensen (phone: + 45 45 25 1384, fax: + 45 45 88 43 25, e-mail: jjj@mek.dtu.dk).

5.3 Work performed - Results achieved so far
Fast and accurate flooding prediction
The primary goal of this subproject is to devise a robust methodology capable of modelling realistically
the behaviour of a damage ship in severe seas during progressive flooding that may lead to
sinking/capsizing. It is also within the scope of this subproject to evaluate a number of identified risk
control measures that can be considered at early stages of the design process to improve ship survivability
in critical scenarios.
A model for calculating the probability of time to capsize has been developed. The model must be
demonstrated to be of reasonable accuracy and robustness. The codes themselves have undergone
verification studies and have been implemented in standard naval architecture software.
These preliminary validation studies have demonstrated good accuracy and consistency, but there are still
open issues to be resolved, especially related to comparison with model tests.
Finally, close cooperation with WP6 has allowed for comprehensive sensitivity and robustness study as
well as for testing the method at finding engineering solutions for controlling risk (Risk Control Options).

Probabilistic assessment of the strength of ship structures
The primary goal of this subproject is to apply structural reliability analysis to calibrate a design equation
for the limit states corresponding to: hull girder collapse due to global bending moments. With increased
Document Id. SAFEDOR-D-7-2-6-Annual Public Report-y2
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computational capacity, it is now possible to link state-of-the-art first principle analysis tools for load
effects and capacity into probabilistic analysis models. Structural Reliability Analysis can then efficiently
be used for the calibration of design codes to a consistent reliability level. In addition, cost-effectiveness
analysis will be used to evaluate the target reliability level and risk control options.
The main focus is Structural Reliability Analyses (SRA) of the hull girder failure in intact condition due
to heavy weather, and hull girder failure after collision damage. Two test ships have been analysed; a
Very Large Crude-oil Carrier (VLCC) and a Large Liquefied Natural Gas (LLNG) carrier.
Probabilistic models for load effects (including identification of the most critical damage scenarios) and
probabilistic models for collapse limit state have been completed during the second project year.
A link to the Formal Safety Assessment (FSA) for rule development has been demonstrated. The VLCC
has been analysed within this framework, and results are already presented in a paper “Probabilistic
Methods Applied to Structural Design and Rule Development” at the RINA conference on “Developments
in Classification and International Regulations, 24-25 January 2007 (see also Publications section,
SAFEDOR Publications, No.13). This paper shows the SRA for both intact and damaged ship,
subsequently cost benefit assessment and rule calibration at target reliability level. It is a practical
example that also fits into the ongoing debate on Goal Based Standard (GBS) at IMO.

Probabilistic assessment of intact stability
The primary goal of this subproject is to develop and evaluate the necessary elements of a probabilistic
framework aimed at quantifying the probability of capsizing (or of exceeding specified extreme motion
levels) for any given ship. As there is no unique solution to this problem, several probabilistic approaches
are compared. This includes stochastic wave data, which serves as input to existing state-of-the-art largeamplitude ship motion codes, suitable for modelling intact ship capsize in extreme seas. In addition,
possible risk control options are identified and assessed from a ship design and operation perspective.
Hazard Identification on intact stability and definition of framework elements have been completed early
in 2006.
The review of procedures and derivation of baseline capsize probabilities using comprehensive approach
have been made over the year by the five members holding relevant software tools.
The development of probabilistic procedures and validation using Alternative 1-Critical wave episodes, as
well as Alternative 2-Capsize mode analysis were finalized.
Regarding implementation and application of probabilistic procedures to selected ships, the contours for
the study were reviewed and the principles of the prediction methods and approaches of the various
members were compared.
It was difficult to obtain real ship data to use in this study. Eventually ship data of a RoPax Ferry, a large
and a small containership were made available. Ship loading conditions and ship speeds were also chosen.
The shipping routes were discussed and a cross North Atlantic, a coastal Eastern Atlantic and a
Mediterranean route were selected for further study. The weather data was provided in a suitable file
format. The limit state cases were also extensively discussed and the limiting parameters were carefully
defined. The work is progressing in the various member companies.

Document Id. SAFEDOR-D-7-2-6-Annual Public Report-y2

page 15 of 60

SAFEDOR

Date 2007-06-11
Annual Public Report Year 2

D-7.2.6

Prevention of collision and grounding events
The primary goal of this subproject is to provide a methodological approach that is capable of predicting
the probability of collision and grounding events taking into account ship systems, environment and
people by estimating:
- the causation factor, with due account to the integrated bridge system
- the probability of disabled ship as function of ship type
- the probability of a disabled ship drifting towards objects etc
and by effectively assessing the resulting damage distributions following collision and grounding.
Suitable Risk Control Options that affect the probability of collision or grounding will be identified and
evaluated.
Human and organizational issues are the main responsible for the causation factors for ship under power
with respect to collision and grounding events. Thus, it is vital to model the human actions well.
Identification and assessment of Risk Control Options (RCO) by evaluating bridge systems, including
models based on simulations or real situation observation is undertaken, also considering Risk Control
Options (RCO) for different bridge system using Bayesian Networks and identification of new and more
effective bridge layouts.
A stationary model for the calculation of the drift of disabled ships is presented and validated. The model
operates on few data items that characterise hull areas and environmental information. With this model,
drift calculations can be performed more efficiently in collision scenarios.
A model has been established to predict the reliability of the propulsion and steering gear of a ship. This
is done by combining a qualitative description with a quantitative description in a Bayesian network. The
result is three networks, the propulsion, the steering and the electrical power network, which are
combined into one describing the entire system. An attempt is made to include maintenance, as this is
very likely where efforts can be made to reduce the failure rate.

Prevention of fire and explosion events
The primary goal of this subproject is to identify ship design issues that can be addressed with new and/or
alternative design and arrangements, for which fire protection is an important design factor. It also intends
to develop and demonstrate a risk assessment methodology encompassing first-principle fire engineering
science, the implementation of which intends to allow the achievement of the fundamental fire safety
objectives implicit in the new SOLAS regulations, namely prevention of the occurrence of fire and
explosions, containment and suppression of fire and smoke and the provision of adequate and readily
accessible means of escape for passenger and crew.
Fire and explosions constitute one of the accident categories that most contribute to the risk to ship
operations. Fire safety is also one of the few areas where current ship safety regulations define explicit
safety goals and functional requirements in addition to allowing an alternative performance-based
approach to demonstrate safety equivalence. In this context, the focus is to explore the potential for using
alternative fire safety approaches with a view to identifying gaps and making developments to fill
identified gaps in two areas: (i) human life safety and (ii) cargo (container) safety. The first step in this
direction was taken by conducting a task denominated Qualitative Design Review (QDR) during the first
year.
Following the activities in the first year, where a Qualitative Design review (QDR) was conducted for
both passenger and container ships, the second year’s activities focused on carrying out a Quantitative
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Risk Analysis (QRA) with a view to evaluate the risk to human life and containerised cargo and the ship
due to specific fire situations.
In terms of cargo fire safety, a quantitative risk model for cargo fires has been developed. The model used
fire engineering calculation results and Bayesian probabilistic modelling. Following from the QDR, a fire
scenario inside a closed cargo hold of a container vessel was evaluated.
A representative vessel design was used as case study where prescriptive (according to currently available
rules) fire protection measures were adopted. A second case, in which alternative fire safety arrangements
(not required or in excess of current requirements) were introduced. These measures, referred to as Risk
Control Options (RCOs), include measures such as improved container designs with better sealing and
better thermal resistance/properties, fire detection systems for containers, advanced fire detection for
cargo holds, as well as different automatic and manual fire extinguishing measures. Complex fire
simulations were conducted to support probabilistic modelling of the fire scenario and assess the
effectiveness of the evaluated RCOs.
Costs effectiveness analyses were also conducted and based on the results from the risk analyses; the risk
reducing influence of each RCO has been quantified, delivering the result that only very inexpensive
measures are reasonable at all.
Regarding human life fire safety, the work focused on developing a QRA framework that could be used
during concept design stages, in line with the initial intention of the SAFEDOR project. To this end, the
following elements were addressed:
(1)-The probability of ignition in a particular space of the ship
(2)-The probability of escalation (i.e. of a fire in a particular space to become serious),
(3)-The severity of the consequences of a serious fire event (escalation=true); in this case the
expected number of injuries or fatalities (risk to human life).
This approach was adopted for quantification of risk to human life in terms of the risk acceptance criteria
proposed in the [5].
A software platform where the above models are integrated is being used to evaluate the severity of
consequences in specific fire scenarios. The principle of the QRA has been illustrated with a case study of
a Main Vertical Zone - MVZ1 of a typical large cruise vessel. Two scenarios including passenger
accommodation and public spaces were evaluated for a SOLAS design (in relation to the maximum size
of a MVZ) and for an alternative design featuring a MVZ larger than the current SOLAS limit. The
necessary fire engineering calculations are being carried out. These analyses are used to evaluate the risk
to human life in terms of the number of occupants affected by the fire hazards (mainly smoke).

5.4 Anticipated End Results - Intentions for use and impact
The main objective of workpackage 2 is the development of advanced tools to predict the safety
performance of a given ship design and their integration into a risk-based design procedure. This will
enable the design teams of workpackage 6, dealing with the design of actual ship projects, to
•
•
•

make a fast screening of various scenarios in order to identify the important ones
make a detailed analysis of those scenarios thereby identified
suggest appropriate risk control options

1

Main Vertical Zone (MVZ) : A Main Vertical Zone is defined in SOLAS as a section into which the hull,
superstructure and deckhouses is divided by “A” class divisions, the mean length of which on any deck does not in
general exceed 48 m.
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6 WP-3: Innovative safety-critical technologies
6.1 Summary description of workpackage objectives
Design changes having influence on the risk level are called risk-control-options (RCOs). In risk-based
design, innovative products can be powerful RCOs. Therefore, it is the objective of work package 3
•
•
•

To develop innovative technologies to support safe operation
To develop specific tools which support safety (in the related RCOs under evaluation)
To evaluate their risk-reducing potential

WP 3 focuses on specific innovative and safety-critical technologies that will improve the safety of ships.
Three issues known to be safety-critical have been selected for improvement through the work in this
workpackage that look into the performance of certain systems and procedures adopted onboard ships and
seek way to improve them by incorporating the risks at the design stage. It targets some of the
prescriptive limitations imposed by the rules and regulations in force today and exposes their limitations
and will propose solutions that are both safe and cost effective. All subprojects focus on known important
risk control options.
If successful, some of the solutions found could be immediately applicable, and this is one of the reasons
that operators are strongly represented in this work-package. Thus, the effectiveness is to be demonstrated
in reality.
The work has been divided into 3 subprojects:
• Innovative Tool for Safety Critical Ship Systems
• Innovative Concepts for Safer Navigation
• Innovative Life Saving for Passenger Ships

6.2 Contact involved
The WP 3 leader is SAM Electronics GmbH (SAM), represented by Karl-Christian Ehrke,
Tel. +49-40-8825-2868, Email Karl-Christian-Ehrke@sam-electronics.de.

6.3 Work performed - Results achieved so far
Innovative tool for safety critical ship systems
The objective of this subproject is the development of a tool supporting the safety analysis of ship
systems developed with simulation techniques and not complying with current rules. Test cases shall
demonstrate the practicability of the approach. A further objective is the development of techniques
enabling designers to automatically evolve an initial functional design model without replication of
components (i.e. no hot stand-by) to a design with replication schemes for redundancy but with
minimized additional costs. In the second year the main objective was the development of the genetic
algorithms. The Development of Design Proposals and the Development of Analysis Software Tool
Support are being finalized. The Specification of a Genetic Algorithm for Optimisation of Ship Systems
with respect to Reliability and Cost has been delivered and approved. The Implementation of Core
Optimization Algorithm has been started.
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Main achievements are reported in the relevant report titled “Specification of a Genetic Algorithm for
Optimisation of Systems On-board Ship with respect to Safety, Reliability and Cost”. It deals with the
design of engineering systems to meet dependability (i.e. safety and reliability) criteria with minimal cost.
This is typically a hard combinatorial problem, which demands the use of systematic optimisation
algorithms to provide technological assistance. A novel approach to address this problem is proposed. It
combines a Pareto-based multi-objective genetic algorithm with a state-of-the-art safety analysis method
and tool that has been developed in the first two years of SAFEDOR. The approach is specified and the
development of a new computerised tool is proposed, which could automatically evolve initial designs of
a system, which does not meet dependability requirements, to produce a selection of trade-off designs that
fulfil such requirements with minimal costs. The approach departs from earlier work in that the reliability
evaluation model (i.e. a set of system fault trees) is directly and automatically synthesised from an
engineering model of the system. It also moves beyond the classical “success-failure” model by
introducing a realistic failure scheme in which components can exhibit more than one failure modes
which include the loss but also the commission of functions, as well as value and timing failures. A
summary of WP-3 main achievements in the second year of SAFEDOR follows:








Theoretical and technical development work was successfully achieved.
A review of the state-of-the-art was conducted and a novel approach to dependability optimisation
was developed.
Extensions to HiP-HOPS (Hierarchically Performed Hazard Origin and Propagation Studies) to
support Common Cause Failure Analysis were implemented.
Extensions to the Fault Tree Notation and a temporal logic to support synthesis and analysis of
temporal fault trees were developed.
Five –5- papers were published on this work in 2006 in major international conferences and journals.
One of these papers, namely: Walker M., Papadopoulos Y., "PANDORA: The time of PAND gates",
received a best paper award in INCOM 2006 the biannual IFAC International Symposium on
Information Control Problems in Manufacturing. Further details are provided in the relative
“Publications” section in the end.
A first release of the HiP-HOPS tool (Automated Safety Analysis) was achieved ahead of the
planned schedule. The tool was presented to the ITI GmbH user forum in Dresden
(http://www.iti.de) and raised substantial commercial interest. Plans for commercial exploitation are
being developed.

Figure 4: Overview of optimisation process
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Innovative concepts for safer navigation (Innovative Bridge Design)
The main objective of this subproject is to combine new technologies as used by the office industry (flat
screen, wireless networks, integration of all controls) with new safety concepts for redundant workstation
operation in such a way, that
• a clear and easy to overlook operator working place is achieved
• all workstations are working fully redundant
• every application respective every ship operation task can be performed from any workstation
• for the first time SOLAS RegV/A Reg15 principles for bridge design are applied and tested.
The Specification of Modules and Demonstrator, the Preliminary Bridge Design Guide and the
Preliminary Safe Bridge Architecture have been delivered and approved. The Final Bridge Design Guide
and the Final Safe Bridge Architecture are being elaborated.
The specification of modules and demonstrators covers a new series of bridge consoles with flat screens
and for integrated electronic units, as well as remotely connected electronic boxes. In the latter case, these
are installed in a separate electronic locker room next to the bridge, protected against water ingress and
fire. By using two of these rooms with redundant electronic equipment, a very high availability of the
bridge systems can be achieved. Further on, a concept for a new hand-held manoeuvring displays has
been developed. It receives main navigation data broadcast via WLAN by a data server as part of the
integrated bridge system.

Figure 5: Specification of Bridge Modules - Manoeuvre Display
The work on preliminary bridge design provides a framework for the specification of new bridges with
advanced technology. The functions of a bridge have been identified, classified and structured into a
reference layer.
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Table 1: Seven Steps for Bridge HMI Design
The work on preliminary safe bridge architecture was finished early in year two with the method to be
applied (identify safety related ship functions in different operational phases of vessel, identify effects of
each function’s loss, classify in categories like Collision, Contact, etc).

Innovative life saving for passenger ships
The principal aim of this subproject is to develop and validate, using risk-based methods, a matrix of Life
Saving Appliances (LSA) solutions, also called Risk Control Options, that are consistent with the type of
vessel and operational envelope. This will allow designers to choose the most effective means to solve the
LSA issues currently facing them. By considering all phases of the evacuation and abandonment, it takes
a holistic approach to the area of life saving appliances, and will link the provision of LSA to the
survivability of the vessel by considering LSA as a mitigating measure in the abandon ship process. It
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will look at a number of LSA solutions (‘packages’) and link the importance given to LSA to the
likelihood that it will need to be used. This will be done by utilising risk assessment methods. It will look
at the complete evacuation process from muster to recovery and will concentrate on solutions that
incorporate and improve on aspects related to the human element. The specific objectives of this
subproject are:
• To link LSA requirements to ship survivability
• To remove unintentional effects of LSA regulation that effectively limit the number of passengers /
size of passenger vessels
• To challenge all European LSA manufacturers to suggest innovative solutions for abandonment of
large passenger ships.
The Long Range NLS concept, the Medium Range LSA concept, the Short Range LSA have been
presented at SAFEDOR workshops and circulated for comments.

Figure 6: Long Range Module - Fassmer
The Long Range NLS concept describes Self-Propelled Survival Cells (SPSC) stowed in a stern hangar
above waterline and launched via rollers and ramps into the sea in the weather-sheltered area behind the
ship. The system combines the advantages of conventional lifeboats for stay at sea and stern freefall
systems for quick and safe launching.

Figure 7: Aft Ramp System - Navalimpianti
The Medium Range LSA concept consists of a Self Propelled Hybrid Survival Module, stowed on ships
side in horizontal niche or outside under an extended deck. The system combines the advantages of
inflatable MES System with GRP-Lifeboats for stay at sea and embarkation by a chute. It enables
designers to evacuate much more passengers on a given ship length then before. This is a first step for
5,000 passenger vessel.
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Figure 8: Hybrid Module - RFD
The Short Range LSA concept describes a mass evacuation system based on the MES concept for 5/600
people with direct boarding from the lower part of the ship and a personal survival coat with inherent
buoyancy to be used in association with the system.

Figure 9: Descent Passage - RFD

6.4 Anticipated End Results - Intentions for use and impact
The target of the first subproject of WP-3 is the development of a methodology and computerised tools
for safety and reliability analysis of innovative design proposals. The methodology has already been
specified and it provides the foundation for the development of the supporting tools. The tool
specification has been agreed and provides a basis for the development of the supporting tools in the
reminder of the project.
Anticipated end results of the second WP-3 subproject dealing with innovative concepts for safe
navigation will lead to:
• Increased safety of operation with fail safe system configuration
• Increased safety of operation with user friendly system handling
• Reduced equipment costs with multipurpose workstations
• Reduced space requirements giving more design freedom in free view from all positions
whereas, the advantages for vessel operators are faster and more reliable information during critical
passages.
Anticipated end results of the third WP-3 subproject dealing with innovative LSA for passenger ships will
lead to improved Life Saving for large Cruise Vessels, thus enable
 5000 passengers on a 330 m Vessel
 Completely saved by Life Boats
 Reduced Space for Live Saving Appliances
 Increased Survival Rate and Direct Indoor Boarding
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7 WP-4: Risk-based regulatory framework
7.1 Summary description of workpackage objectives
The objective of workpackage 4 is to establish an alternative new risk-based regulatory framework in
shipping that allows linking performance optimization with risk minimisation as a means to providing
solutions in order to increase the safety and security of waterborne transport cost-effectively.
Furthermore, the objective is to provide the industry with a better defined risk based regulatory
framework, which can be used by innovative European maritime industry to document the safety of
innovative ships and ship systems design, in cases of violation of prescriptive rules and regulations. On
this basis, WP4 aims to perform Formal Safety Assessments (FSAs) for the selected ship types in
SAFEDOR, to make explicit the current implicit safety levels in existing rules and regulations, to agree
on and develop necessary documentation for a risk-based regulatory framework that could be implanted
in shipping and to propose and promote the new regulatory framework at IMO and within IACS.

7.2 Contact involved
The WP-4 Leader is the Det Norske Veritas, DNV, www.dnv.com, represented by Dr Rolf Skjong
Phone: +47.67.57.75.34, Fax: +47.67.57.75.20, Email: Rolf.Skjong@dnv.com

7.3 Work performed - Results achieved so far
The first four subprojects, namely the Formal Safety Assessments (FSAs), aim at documenting the risk
level for the selected ship types, including all major accident scenarios, and to identify cost-effective risk
control options related to design and operation. The result of the FSAs may be recommendations to
improve the current regulations. All FSAs share the same objectives, and deliver three –3- reports
(Hazard Identification-Hazid, Risk Assessment and Cost Benefit Analysis and Recommendations).
The fifth subproject on Risk-Based Regulatory Framework aims to develop a high-level description of the
whole approval process in cases of risk-based design.

FSA for Cruise Ships
The main objective of the SAFEDOR project is to propose a new, or improved, regulatory framework
which will permit the approval of innovative ships that challenge today’s prescriptive regime of rules and
regulations. The FSA studies are carried out in order to establish the current safety level.
The FSA for cruise ships is divided into three subtasks:
• Hazard identification
• Risk analysis
• Cost benefit analysis and recommendations
All relevant reports have been delivered.
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This subproject has provided significant insight into the current risk picture of large cruise ships and the
main risk drivers. The subproject has identified areas of improvement, and found promising cost effective
measures to significantly reduce the identified risks.
During the risk analysis stage of the FSA process, the following risk related information was identified:
 Individual risk levels are within the ALARP region for both passengers and crew. This means that
the risk for crew and passengers should be reduced provided the risk reduction is proportionate to
the costs.
 Collision and grounding accidents account for 95 % of the risk in terms of statistical fatalities.
 Catastrophic accidents with large numbers of fatalities account for 85% of the risk although the
frequency of such events is very low.
The above analyses focused on hazards with high consequences and low frequency rather than low
consequences and high frequency.
It should be noted that historically few accidents have occurred with cruise ships and therefore there is a
lack of data. The above results from the modelling are therefore the best estimate on what is the actual
risk level for cruise ships using statistics as a supplement.
The statistical data used for these results is covering a period of 15 years, from 1990 up to 2004. The
rapid development of the cruise industry means that the most novel safety enhancing measures are not
reflected in this study. This means that the assessed risk level for modern cruise ships in this study may be
pessimistic.
Recommendations
Five measures were selected for in-depth studies of cost effectiveness using the IMO method and criteria;
three related to damage stability, one related to navigation and a fifth measure being a combination of two
stability measures.



Implementation of improved training for Bridge Resource Management is recommended for further
consideration for all cruise ships. The RCO was found cost effective according to the IMO methods
and criteria and is considered by most cruise operators to be best practice.
The analysis carried out relating to subdivision index R (damage stability requirement) indicated that
potentially the required subdivision index R could be raised from 0.8 to at least 0.85 in a cost
efficient manner. However, the suggested solutions for increased damage stability are only
indicative of what could be achieved as further detailed work is needed to evaluate the effect of the
changes on the practical day to day operation of cruise ships. It should be left to the designer to find
a suitable way of conforming to the rule, and the requirements should be on R, and not prescribing
any specific solution.

Conclusions
 The results are highly dependant on historic incident data and modelling of collisions and to a lesser
extent groundings. Further research should be initiated to investigate whether the performance of a
modern cruise ship is properly represented by these results. Currently work is ongoing to investigate
the response of cruise ships to flooding following collision and grounding and the results of this
work should be incorporated in this research.
 Further research should be initiated to develop a reliable method for the determination of Societal
Risk Criteria.
 This study aims to be generic for the world fleet, and hence, the actual risk level for a specific ship
will differ from these results.
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FSA for RoPax
This subproject aims at conducting a high-level FSA study for RoPax vessels with main technical
objective to assess the current/existing level of safety and make recommendations for future
improvements. Results will be formatted such that a submission at IMO is possible (standard reporting
format specified in MSC Circ.1023/MEPC Circ.392).
The activities of the sub-project are organised in the following three tasks:
• Hazard identification (HAZID)
• Risk analysis
• Cost-Benefit Analysis and Recommendations
The risk analysis was carried out on the basis of a comprehensive casualty database covering the period
1994 – 2004, obtained for the purpose from Lloyd’s Maritime Information Unit (LMIU). Using this
dataset for the estimation of frequencies (for collision, grounding, impact, flooding from other causes and
fire / explosion), has led to the development of a high-level risk model for RoPax operations, where the
risk associated with an array of potential outcomes has also been estimated. The greater uncertainty
associated with the risk model relates to the estimation of potential consequences. It is however the case
that these were estimated using average fatality percentages from accidents, in the absence of any credible
method to support this estimation. The model conservatively predicts risk levels, as compared to actual
experience from accidents.
Regarding Cost-Benefit Analysis and Recommendations, a review of the Risk Control Options (RCOs)
derived on a relevant FSA study (FSA Navigation for Large Passenger Ships), was carried out by DNV.
The RCOs recommended by DNV, were found to be suitable for RoPax as well.
Table 2 contains an analysis of the LMIU RoPax casualty data for the period 1994 – 2004, for all RoPax
of 1,000 GRT and above.

Table 2: Number of Incidents and Frequencies, RoPax 1,000 GRT and above (1994 – 2004)
Figure 10 presents on an F-N diagram the historical risk for RoPax operations world-wide for the period
1994 – 2004, and attempts a comparison with the historical risk for North West European (NWE) waters
for the period 1978 – 2004. This graph demonstrates a considerable improvement of safety levels; there is
significant reduction in the frequency of incidence occurrence that is documented. As an indication,
comparison of the data above with data of the North West European Project on the Safety of Passenger
Ro-Ro Vessels (period 1978 – 1994) shows a reduction of 40% of collision frequency, 52% on
grounding frequency, 74% on impact frequency, 17% on fire / explosion frequency and 57% on the
overall frequency of these events. These reductions can be attributed to new rules and regulations, as well
as improved operational procedures.
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Figure 10: F-N Diagram, Historical Risk, RoPax 1,000 GRT and above
Recommendations
From the analysis carried out so far, the following are the high-risk areas that attention should be focus
upon:
1. Navigational safety
2. Collision and grounding incidents, with flooding occurring
3. Flooding from other causes incidents, with the main vehicle deck flooded

FSA for Gas Tankers
The principal objective of this FSA is to document the risk level for the LNG carriers, including all major
accident scenarios, and to identify cost-effective risk control options related to design and operation.
The results from this work have also been presented in two papers, which are to be published shortly:
 Formal Safety Assessment of LNG Tankers – accepted for publication at PRADS 2007.
 Analysing the risk of LNG carrier operations – submitted for publication in Reliability Engineering
and Systems Safety.
The study has increased current knowledge about LNG carrier safety, and high-risk areas have been
identified. The major contributions to the risk associated with LNG carrier operations were found to stem
from five generic accident scenarios, i.e. collision, grounding, contact, fire and incidents occurring while
loading or unloading LNG at the terminals. Of these, the risk contributions from collision scenarios were
found to be the greatest. The cost effectiveness evaluation of identified risk control options suggest that
most risk control options are not cost effective, and this substantiates the common opinion that LNG
vessels are generally relatively safe vessels.
According to the risk analysis carried out in this subproject, both the individual and the societal risk level
were found to lie within the ALARP area. This suggests that further risk reduction would be required
from cost-effective risk control options, if available. The potential loss of lives are summarised in the
following Table 3.
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Table 3: Potential loss of lives from LNG carrier operations (per ship-year)
Recommendations
The identification and evaluation of risk control options pertaining to LNG shipping resulted in the
following recommendations, which will be submitted to IMO. The following risk control options, all
related to safe navigation, are cost effective and should be recommended for mandatory implementation:
 Risk based maintenance of navigational systems
 ECDIS
 AIS integrated with radar
 Track control systems
 Improved bridge design

FSA for Container Ships
The objective of this subproject is to perform a high-level Formal Safety Assessment (FSA) in order to
establish the current safety level for generic container ships. The activities of this project are organised
according to the following task structure directly reflecting the steps of an FSA:
•
•
•

Hazard Identification (HAZID)
Risk Analysis
Cost-Benefit Analysis & Recommendations

The largest contribution to human risk is due to collision and grounding. The current risk level was
calculated using the risk model and presented as FN curve. It shows a good agreement with historic
accident data – published in IMO/MSC 72/16 – and was found to be in the ALARP region.
Environmental impacts – mainly spilling of bunkers and contamination by dangerous goods – were also
quantified based on the risk model.
The risk summary is presented below clearly indicating collision dominates the risk:
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Table 4: Summary of characteristic risk figures with regard to human safety for container vessels
Experience shows that a high-level risk model is of limited use for detailed calculations. The scenario
“Extreme Ship Motions” describing intact stability could not be quantified and the overlap of scenarios
“Extreme Ship Motions”, “Lashing” and “Water ingress” made the risk summation difficult.
A cost benefit analysis was elaborated for thirty-three RCOs. As a result, five RCOs were identified as
cost-effective. However, these do not constitute new recommendations for IMO submission, but basically
confirm that cost-effective RCOs from FSA Navigation for cruise ships are cost-effective for container
vessels, too. In addition, MSC Circ. 608 requiring mandatory bilge alarms for open top vessels was
proven to be cost effective.

Risk-Based Regulatory Framework
SAFEDOR constitutes a large activity on developing risk-based (probabilistic) methods and tools (WP2),
innovative safety-critical technologies (WP3), risk based design environment (WP5) and innovative ship
designs (WP6). All these activities constitute a broad experience base for developing the necessary risk
based regulatory framework.
The objectives are:
• To develop relevant documentation that together defines the new alternative regime
• To promote the regime
• To educate the regulator

Approval Process for Novel and Risk-based design
The objective of this task is to develop a high-level description of the whole approval process in cases of
risk based design.
The approval process was developed based on relevant literature and the results of a number of interviews
with approval engineers and consultants within DNV, further comments were received from DMA and
GL. Focus was on the approval authority (which includes flag administrations, classification societies,
and other organisations doing approval of ship design) and the interaction with the client. The report has
now been presented in many forums, feedback has been received from all relevant stakeholders. The
feedback has been recorded, for a later update of the report.
The approval process, illustrated in the next figure, describes the overall procedure for obtaining and
maintaining approval for designs that are novel or risk-based. As seen from the figure, the process, which
covers concept development through operation, includes the following milestones:
• Preliminary Approval (if requested by the Client)
• Approval
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Figure 11: High-level approval process for novel and risk-based design [6]
As a first step in the approval process, the client should be invited to a Design Preview meeting in order
to discuss the concept, the novel or risk-based features, relevant rules/guides/codes/standards, as well as
the further steps involved in the approval process. Following the Design Preview meeting, the next step is
for the Approval Authority to define the approval basis. The client and the Approval Authority should
also discuss plans for risk assessments (including decision of which acceptance criteria to utilise) and
plans for testing and analyses. All novel or risk-based designs should be subject to a HAZID requirement.
Thus, the client will be required to arrange a HAZID (or similar such as HazOp, SWIFT, etc.), and is
required to invite an Approval Authority representative to attend the HAZID.
Typically, the client will seek an early indication of approval, which may be given through a Preliminary
Approval (PA). The Preliminary Approval enables the client to demonstrate that an independent third
party attests to the novel or risk-based design, which may be useful with respect to project partners,
financial institutions and regulatory agencies. This may also assist the client in staying focused on the
most important issues and ensure that the money is spent wisely.
The work performed related to risk assessments should be documented and submitted, in order for the
Approval Authority to stay informed of the processes and to intervene if necessary. Eventually, the risk
assessments will be included as the basis for approval. As the level of understanding of the concept
increases, following the clients detailed design phase and the risk assessment phase, the Preliminary
Approval conditions may be revised. That is, the requirements to be met in order to achieve final approval
will be described in more detail. The engineering analyses and test are used to verify that the design is
feasible with respect to intentions and overall safety in all phases of operation. The Approval Authority
needs to review both the manner in which the analyses and tests are performed and the result itself. All
documents and drawings required submitted by the client should be verified by the Approval Authority.
This process is the same as for traditional ship design approval processes. For novel or risk-based
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features, the documents and drawings are to be approved based on requirements defined in the
Preliminary Approval and the “detailed requirement” phases. The Approval phase will cover typical
approval submittals, such as drawings, specifications, and support documentation, in addition to the
submissions specified at the time of achieving PA. At the time of approval, all potential hazards and
failure modes for the novel or risk-based design will have been assessed versus acceptance criteria, to a
level of confidence necessary to grant approval.
Approval will in most cases of novel and risk-based design involve conditions related to in-service
surveys, inspections, monitoring, and possibly testing. (These conditions will be fairly fixed already
during the design phase.) The periodic surveys may be expanded with respect to scope and frequency, in
order to maintain and review the class certificate. As experience accumulates and confidence in the novel
or risk-based design is gained, these additional conditions and requirements may be relaxed.
The approval team should include approval professionals covering all disciplines involved in the novel or
risk-based design. The team should have the combined necessary competence with respect to design,
structures, systems, equipment, construction, operation, human factors, safety issues and legislation as
necessary for the specific novel or risk-based concept. The level of expertise that individuals should have
to participate in the team may vary depending on the complexity of the novel or risk-based design.

Risk Evaluation Criteria
This task intends to describe a general philosophy for deriving criteria for tolerable/ALARP/intolerable
regions of risk, and the R (“Reasonable” in ALARP), as well as deriving criteria for the most common
ship types. The relevant report [5] discusses various risk evaluation criteria with relevance to shipping
and ship design. In particular, risk acceptance criteria for safety and environmental damage are
considered. The report contains a review of existing criteria and discusses current practice within IMO. In
addition, new proposals are presented in areas where risk evaluation criteria have not been commonly
used, e.g. in cost effectiveness criteria for risk control options related to environmental risk.
The report on Risk Evaluation Criteria [5] consists of three major chapters, namely chapter 2, 3 and 4:
• Chapter 2 contains a description of general principles on how risk evaluation criteria may be
derived. Of particular relevance to risk-based design and the work within SAFEDOR are the
ALARP principle and the principle of equivalency. Various risk acceptance criteria are generally
needed in order to assess an activity in terms of risk. First, limits for when the risk is intolerable
should be established. It would also be useful to define a limit for when risks are regarded as
negligible. Then, cost effectiveness criteria should be decided upon, in order to evaluate whether
risks are ALARP if in the ALARP area. The principles discussed in chapter 2 are applied to
safety in chapter 3 and to accidental environmental releases in chapter 4.
• Chapter 3 largely relies on work done prior to SAFEDOR. This part has only been subjects to
some updates, accounting for recently published papers and results.
The chapter discusses various risk acceptance criteria related to safety for individual risk and
societal risk. The main focus is on fatality risk, but also the risk of non-fatal injuries and ill health
is covered. Furthermore, cost effectiveness criteria in terms of the value of preventing a fatality
are considered. A review of actual cost effectiveness in previous life saving interventions is also
carried out.
• The major new research reported is in Chapter 4, containing the risk evaluation criteria for
accidental releases to the environment. Whilst there has been some general agreement on risk
evaluation criteria for safety, no review or proposal has been presented for general use in IMO
FSA studies, or in risk-based designs relating to environmental risk. This issue was in the terms
of reference of the IMO FSA working group at MSC 80 (May 2005), and the work with this
chapter therefore started after MSC 80. However, as no proposal was submitted to IMO, this
topic was not debated in any detail and was put on the terms of reference of the correspondence
group FSA working intersessionally between MSC 80 and 81 (May 2006). This deliverable was
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therefore made available to the IMO correspondence group, which reviewed and included an
extract in the report to MSC 81, including references to the full report.
The report [5] has been widely distributed and used.
The new proposed environmental risk criteria were used successfully in two IMO submissions, and one
paper:
1. Formal Safety Assessment –Detailed Considerations of Electronic Chart Display and Information
System as Risk Control Options. All IMO deliverables, reports and some press coverage are collected at
http://research.dnv.com/skj/FSA-ECDIS/ECDIS.htm . Reports were submitted by Denmark and Norway.
2. MSC81/INF.6 GOAL-BASED NEW SHIP CONSTRUCTION STANDARDS, LINKAGE
BETWEEN FSA AND GBS. Submitted by International Association of Classification Societies (Authors:
R Skjong and T Hørte, DNV)
3. Hørte, T, R Skjong, P Friis-Hansen, A P Teixeira, F Viejo de Francisco (2007) ‘Probabilistic Methods
Applied To Structural Design And Rule Development’ Royal Institute of Naval Architects’, conference
on Developments in Classification and International Regulations, January 24-25, 2007 (see also relative
section on “Publications” [3])

Acceptance criteria for main ship functions/systems
The objective of this task is to develop a methodology for setting acceptance criteria at main
function/system level. This is needed to facilitate approval of innovative ship designs with limited
deviations from prescriptive designs, with the aim to minimise the amount of work and documentation
required for a safe, transparent and consistent approval process.
The relevant report is completed and achieved the following:
 Define a procedure to derive criteria at main ship function/system
 Derive explicit criteria for some functions/systems

Target Reliability in Structural Reliability
Structural Reliability Analysis (SRA) is a specialised discipline, with international standards and fairly
standardised education globally. The few textbooks used at universities for a large part contain the same
topics. Within Structural Reliability Analysis (SRA) it has been common to refer to acceptable risk by
referring to the target reliability level.
The target reliability may be used to derive the design basis for a specific design, traditionally referred to
as probabilistic design or used to calibrate design rules with a known reliability level agreed with the
regulator responsible for the code.
In the relevant report, it is proposed to link target reliabilities for ships to the decision criteria already
developed at the International Maritime Organisation (IMO). The report also contains some
demonstration examples indicating that the procedure works well.

Assessment and approval process for risk-based ship system design
The focus of this task is the development and explanation of the approval process for risk-based designed
ship systems. On the basis of relevant literature and expert interviews, an approval process for risk-based
ship system design is developed (see Figure 12) and is described in the relevant report [7]. This approval
process is focused on the risk categories, safety and environment, which are the responsibilities of the flag
state or a recognised organisation.
As shown in Figure 12, the process consists of six phases:
i.
Preparation,
ii.
System Pre-Approval,
iii.
System Design,
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In each of the phases different tasks are performed.
Already in the “System Pre-Approval” phase a qualitative and quantitative risk analysis is carried out for
a generic design. The scope of these analyses is agreed between supplier and approval authority (flag state
or recognised organisation). The quantitative risk analysis in an early design phase should provide a
sound basis for the statement by the approval authority to reduce the economical risk for the supplier.
However, it should be mentioned that the statement by the approval authority should not be confused with
a final approval. The supplier needs to be able to get in touch with a flag state or a recognised
organisation before a contract with the owner is agreed in order to perform the phases “Preparation” and
“System Pre-Approval” inclusive the statement by the approval authority.

Figure 12: Flow chart of risk-based ship system approval process [7]

7.4 Anticipated End Results - Intentions for use and impact
Further to the work conducted in the two first project years, as described above, the following tasks are
also to be completed throughout the SAFEDOR duration, under this workpackage:
- Methods and techniques in support of ship system safety analysis
- Requirements to documentation and verification
- Requirements to key personnel involved in the assessment and approval process
- Risk-based design philosophy
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8 WP-5: Risk-based design framework
8.1 Summary description of workpackage objectives
Workpackage 5 aims at providing the necessary conceptual and practical developments to facilitate the
implementation of risk-based design. In terms of the conceptual developments, the main objective is:
 to consolidate a high-level understanding of risk-based design as a process in the light of current
ship design practice.
In terms of the practical developments, two objectives are pursued:
 to develop performance-earning-cost-risk parametric models specific ship types (cruise, ropax,
gas tankers and containerships) and to propose a generic formulation for use in ship design
optimisation.
 to develop a specification for an integrated ship design platform, incorporating the elements of
risk-based design and implement and demonstrate its applicability with an IT platform
incorporating the developments of SAFEDOR (safety-performance evaluation and risk analysis
tools).
In relation to the above, more detailed objectives for the second project year, can be summarised as
follows:
 Refined risk-based design process description in alignment with risk-based approval process
(combined flow chart available)
 All ship specific cost-earning models completely described (ready for implementation)
 All specifications for integrated design environment completed (ready for implementation)

8.2 Contact involved
The WP-5 Leader is the Universities of Glasgow & Strathclyde, the Ship Stability Research Centre
(SSRC), www.na-me.ac.uk, represented by Dr Luis Guarin, Phone: +44 141 5725571, Fax +44 141 572
5590 , email: Luis.guarin@na-me.ac.uk

8.3 Work performed - Results achieved so far
Risk-Based Design Concept
The activities of WP 5 during the two first years were focused on consolidating a high-level working
concept of risk-based ship design with a view to set the course for the developments expected during
other SAFEDOR key tasks and providing preliminary guidance for its implementation in the design
projects in WP6.
The following reports have been completed:
 Structure of Risk-Cost-Earnings-Performance Model: Knowledge-Intensive Information Models
 Requirements for Risk-Based Design Support: Identification and Analysis of Risk-Based
Simulation Tools
 Requirements for Risk-Based Design Support: Identification and Analysis of Design Tools
The outcome of the relevant research work has been extensively discussed within SAFEDOR Forums.
Document Id. SAFEDOR-D-7-2-6-Annual Public Report-y2

page 34 of 60

SAFEDOR

Date 2007-06-11
Annual Public Report Year 2

D-7.2.6
In principle, the concept described in the report on “Risk-Based Design Framework: High-Level
Description of Risk-Based Design Process” has not been changed. However, it has become apparent that
two separate perspectives are emerging:
1. risk-based design in a goal-based sense; this relates to multi-criteria design optimisation, with the
objectives being related to functionality, safety and performance goals; and
2. risk-based design for alternative design, which is of limited single scope, e.g. size of MVZ, LSAs,
etc, and for which design optimisation is not essential.
In relation to the latter, the risk-based design process has been aligned with the risk-based approval
process, as developed in WP4. A paper [3] addressing the alignment of risk-based design and approval
processes was presented by the Steering Committee of SAFEDOR to document the progress. The
following graphs are taken from the paper [3], which was presented in January 2007. The graphs show
that the schedule of processes by owner, yard and approval authority depends on the degree of rule
challenge in the project.

(a)
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(b)
Figure 13: Overview of key steps in RBD and RBA – variant 1 for “more normal” projects (a) and for
“more challenging” projects (b)

Risk-Cost-Earnings-Performance Model
Risk-based design implies that safety and environmental performance are optimised, up to a limit where
further enhancement would entail excessive costs. Additional investment may be made, as long as the
return on such investment is satisfactory. This return may be in terms of increased future earnings,
reduced future expenses, increased safety, and improved environmental performance in terms of reduced
regular or accidental releases of pollutants.
To perform risk-based design, it is therefore necessary to be able to model the relationship between
design variables and risk, design variables and performance, design variables and earnings, and design
variables and cost.
The principal aim of this subproject is to develop in a comprehensive and consistent manner generic riskcost-performance-earning models for each ship type considered (cruise, RoPax, gas tankers, oil tankers
and containerships), with the view to integrating these systematically in a risk-based-first-principles
design environment.
Specific technical objectives of this subproject include the following:
 Collection of data that would allow the development of numerically attractive models for fast and
“accurate” estimates of life-cycle cost and earnings and provision of the relevant databases.
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Synthesis of the global risk-cost-performance-earning models, based on the developments described
above, capable of representing interrelationships between all the components to support trade-offs
among them and decision-making.
Validation and testing of the developed models.

This subproject is defined by the following tasks:
Task 1. Generic cost and earning model.
Task 2. Cruise ship specific cost and earning model.
Task 3. RoPax specific cost and earning model.
Task 4. Gas tanker specific cost and earning model.
Task 5. Oil tanker specific cost and earning model.
Task 6. Container vessel specific cost and earning model.
Task 7. Integration of Partial Models into a Generic Risk-Cost-Earnings-Performance Model:
Passenger Ships
Task 8. Integration of Partial Models into a Generic Risk-Cost-Earnings-Performance Model: NonPassenger Ships
Task 9. Case Studies for Passenger Ships
Task 10. Case Studies for Non-Passenger Ships

Integrated Design Environment
Successful development of a Risk-Based Design (RBD) integrated platform will require the effective
management of a number of tools running on different platforms, using different data
representations/conventions and used at two levels: (i) “traditional” ship design tools (e.g. for hull
generation, performance assessment, etc.), and (ii) first-principles methods and tools for risk assessment
of selected design scenarios (e.g. progressive flooding of a damaged ship, fire/smoke propagation,
structural failure, etc.). Therefore, two distinctly different types of data will be managed within the RBD
integrated platform and stored within separate models to satisfy data requirements: ship and environmentbased data defining the physical representation of the vessel, and risk and cost-based data enabling
evaluation of the risk level associated with the vessel. Wherever possible, existing data standards will be
adopted.
In this respect, the principal objective of this project is to demonstrate the feasibility of the framework of
Risk-Based Design Concept by creating an integrated design environment (software platform) to
accommodate the integration of software applications between two domains, design tools and risk-based
simulation tools, and in particular to provide an integrated environment that will support risk-based
design. The integrated ship design environment interface will facilitate the undertaking of the following
tasks:
 Probability analysis (frequency estimation): hazard identification and ranking, top-event selection
(risk drivers) and design scenario (accident category) identification.
 Consequence analysis through enactment and evaluation of consequence analysis “tools”.
 Evaluation of risk together with cost, earnings and performance considerations made on the basis of
the global risk-cost-earning performance model.
 Identification and evaluation of suitable Risk Control Options (RCOs).
 Additional design activity as required.
Software applications will be developed to effectively manage the data contained within the design data
model, as well as the risk data model. Wrappers will be developed for each of the design and risk-based
simulation tools in order to translate the data from the common format to the format required for each
individual tool. Wherever appropriate, the wrappers will manage the dynamic exchange of data between
simulation tools, where for instance, a multiple risk analysis is performed. Where dynamic data exchange
is not possible serial data exchange between tools will also be supported. The wrappers will be
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responsible for facilitating the additional functionality of the risk-based design tools. The planned design
environment is presented in the next figure 14:

Figure 14: Schematic of planned design environment
This subproject is defined by the following tasks:
Task 1: State-of-the-art
Task 2: Specification of design tools interfaces
Task 3: Specification of risk-based tools interfaces
Task 4: Implementation of design tools interfaces
Task 5: Implementation of risk-based tools interfaces
Task 6: Specification of models (risk and cost, ship and environment)
Task 7: Specification of process controller and GUI
Task 8: Specification of the optimisation process
Task 9: Implementation of models (risk and cost, ship and environment)
Task 10: Implementation of process controller and GUI
Task 11: Implementation of the optimisation process
Task 12: Platform demonstration

8.4 Anticipated End results – Intentions for use and impact
Future activities of workpackage 5 and anticipated end results, with intentions for use and their impact,
are as following:
 The subproject on “Risk-Cost-Earnings-Performance Model” aims at developing cost/earning
models for specific ship types to be consolidated into a generic cost/earning model for passenger
and cargo vessels. The probabilistic methods developed in WP2 (tool development) will be
“convoluted” with cost-earning models. Hence, its outcome will be used in the conceptual riskbased ship design projects for cost-effectiveness analysis (see WP-6).
 The subproject on “Integrated Design Environment” aims at defining and implementing an
integrated ship design platform in which risk-based design can be demonstrated. Hence, its
outcome will be used in the innovative design activities of the project (see WP-6).
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9 WP-6: Validation and implementation for innovative ship designs
9.1 Summary description of workpackage objectives
The principal objective of WP6 is to focus on innovative ship designs that are expected to be as safe as
today (with reduced building costs and / or improved earning potential), or safer than current ships, but
for formal reasons cannot be approved under the current rules, class and/or flag regulations.
WP-6, by the use of the new developed methods and tools, aims to:
• test the practicability of the proposed risk-based design approach,
• challenge some regulations that restrain innovation,
• develop a common understanding for risk-based approaches by implementing it,
• gain experience that can be used to refine the documentation of risk-based regulatory framework
and for the training, and
• eventually sustain competitiveness of European maritime industry by producing prototype
designs

9.2 Contact involved
The WP-6 Leader is the NAVANTIA S.A., Phone: +34 91 335 84 00, Fax: +34 91 335 86 52,
http://www.navantia.es. , represented by Mr. Juan Ramón Chacon, Direct: +34 91 335 85 11, Fax: +34
91 335 86 53, E-mail: jrchacon@navantia.es.

9.3 Work performed - Results achieved so far
SAFEDOR has identified a series of eight (8) innovative ship designs that are expected to meet with
above-mentioned objectives.
For each innovative design, the work to be conducted has been divided into 3 phases:
• Design Concept
• Design studies (Project Definition)
• Functional design phase.
Eight nascent concept ship designs have been established for the following shiptypes:









Cruise ship – Post-Panamax size
Cruise vessel (
Fast full displacement ferry
The 13th Passenger
Lightweight composite sandwich superstructure
Short sea LNG vessel
Container vessel
Oil tanker – AFRAMAX-size

For each one of the above ship types, a Preliminary Design Study has been elaborated during the first
project year. All designs were refined during the second year and are now documented by a set of reports
comprising a Design Study, an Economic Impact Study and a Safety & Environmental Impact Study. All
innovative ship designs went through an evaluation process aiming at selecting the two best designs for
further development in the next year.
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Evaluation Process
The design evaluation was performed through a transparent assessment by a formed evaluation panel on
14-15 December 2006. The evaluation panel was comprised by all members of the Steering Committee
and four independent experts from the maritime industry. The evaluation panel concluded on a “joint
summary statement”.
During the evaluation, the designs were ranked using pre-defined “evaluation criteria”.
These criteria were:
 Economic impact: The degree to which the proposed design offers reduced costs and / or improved
earning potentials.
 Safety impact: The degree to which the proposed design contributes to safer transport.
 Environmental impact: The degree to which the proposed design contributes to cleaner transport.
 Feasibility: The degree to which the proposed design is technically and politically feasible.
 Rule challenge: The degree to which the proposed design deviates from prescriptive rules.
 Quality of analysis and documentation.
Winning Designs
The two highest assessed design projects were:



Lightweight Composite Composite Superstructure
Fast Displacement Ro-Pax Ferry

These two designs will continue with their detailed design study and eventually, a preliminary approval
will be considered by the involved class societies and flag states.
Lightweight Composite Composite Superstructure
The proposed use of composite construction for superstructures for passenger ships was considered to be
innovative and with a high economic impact. At the same time it was challenging the current regulations,
whilst providing sufficient arguments that safety would not be compromised.
The documentation of the design will be updated to enable a more accurate estimation of economic
impacts. The main challenge is to properly address all the issues required for the design approval. In this
sense, the description of the design needs to be detailed enough for approval in principle.
Fast Displacement Ro-Pax Ferry
The proposed design followed the holistic approach advocated in SAFEDOR and demonstrated how riskbased design can be implemented focussing on system availability and survivability.
The main focus of the development has been a novel type of watertight arrangement with long lower
hold, for increased likelihood of systems availability in case of a collision and a solution with inflatable
buoyancy blisters for enhanced survivability.
The proposed “life-belt” concept of inflatable reserve buoyancy offers significant safety advantage,
although it requires further investigations to demonstrate its feasibility.
Some details of the innovative ship designs are presented in the following.
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INNOVATIVE CRUISE SHIP – POST-PANAMA SIZE
Design Problem
Post-Panama ships are very large and technologically complex vessels – continuously growing in size,
very profitable and with high economic value for the European Industry.
The opportunity for adopting a goal-based design on this shiptype has not been systematically explored.
A performance-based design approach may play an important role in this process.
Of course, ship designers may still take advantage of some SOLAS regulations offering the explicitly
opportunity of proposing “equivalent” design solutions, but the difficulty in this approach is that safety
levels and the required performances should be determined and agreed before assessing the equivalent
level of safety of any alternative design. In order to treat safety as a design objective, it is necessary to
establish a performance-based regulatory framework.

Design Focus
Using a Post-Panama cruise ship as reference (130,000 GRT), the focus is to design, through
performance-based methodology, a new Post-Panama Cruise vessel with design solutions looking for a
better client satisfaction and an adequate safety level referred to the design goals.
At the same time, the focus is to assess if a performance-based design is more effective than a
conventional design, based upon prescriptive rules and regulations, and if there is a sensible cost
variation, which may influence the decision.

Design Concept
The progress towards the design concept of this subproject could be summarized in the following:
•
•

•
•
•
•
•

Definition of main commercial goals: range of operation, speed, payload, use of public spaces,
operational flexibility, logistics etc..
Definition of main safety goals: Stability (based upon a “platform optimisation” concept and the
possible use of side sponsons), Fire prevention (innovative lay-out of large public spaces and stairway
enclosures), Evacuation and Abandonment (including compatibility with innovative Life Saving
Appliances), Bridge design and equipment to prevent collisions.
Analysis of regulatory framework.
Setting of vessel functional requirements to meet the defined goals.
Identification of Alternative Design and Performance Criteria to meet these goals.
Preliminary Cost-Benefit analysis.
Development of vessel specific design features, to be assessed by means of performance-based
criteria.

Innovations Aspects
Specific intentions of this design concept are to introduce among other things:
•
•
•
•
•
•

At least a public space exceeding the current size limits required by SOLAS
Reconsideration of the prescriptive limits for fire load and material certification in public spaces.
Type, arrangement, position and configuration of LSA.
Use of stairway enclosures as assembly stations (Safe areas)
Platform optimisation, based upon the new probabilistic damage requirements, including also a
comparison between the IMO Weather Criterion standard methodology and the alternative
assessment.
Improved navigation / bridge equipment to prevent collisions.
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CRUISE VESSEL
Design Problem
At present, the safety of any vessel is defined with reference to strict prescriptive rules, all derived and
created over many years with a constant feedback from incidents and accidents. However, the rules have
primarily been written for passenger liners and not for actual tourist cruise ships, which are designed for a
higher number of people onboard.
The increase of size required to introduce amended rules to SOLAS imposing further restrictions to the
design and layout of future cruise ships: Fire-Zone length, Position and types of lifesaving appliances,
Type of fire doors, Margin Line.
In addition, pollution of the environment in case of fire, grounding or collision needs to be addressed.

Design Focus
The focus is to design a Cruise Liner with Risk-Based tools and methods which will be safer than existing
ones, in terms of passenger safety and which shall be designed with reduced incidental damages to the
environment in case of grounding and collision comparing with existing vessels; And at the same time, to
design a cruise vessel more attractive to the cruise industry with maximum exterior cabins, very large
public rooms, which can be used as its own lifeboat.

Design Concept
The progress towards the design concept of this subproject could be summarized in the:
• Selection of a benchmark vessel
• Selection of a novel concept design.
From the start, the goal has been to create a vessel, which in all respects will be safer than the present
ones, and the results of the first phase seems to be indicative that this goal can be fulfilled.
The development of the Concept Vessel has required a certain input from the industry. This has led to a
very thorough investigation and testing of extremely large mobile fire barriers.

Innovations Aspects
Specific intentions of this design concept are to introduce among other things:
• Innovative and novel layout with very large fire-curtains, fire zones and watertight compartments
• balconies in all passenger cabins
• an upper structure working as a lifebelt in case of very large damages
• Transversal and longitudinal Cross flooding through valve operate trunks
• Novel machinery location, etc.

FAST FULL DISPLACEMENT FERRY
Design Problem
The principal objective of SP 6.3 was to focus on innovative fast full displacement ferry designs that are
expected to provide as high or higher a safety standard as today’s solutions.
The developed designs were anticipated to have features, which for formal reasons cannot be approved
under the current rules, class and/or flag regulations.
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Design Focus
Safety provision in ship design process has been based to date on the compliance with a set of
prescriptive regulations.
When the safety is no more defined by means of compliance with prescriptive rules, designers have new
freedom to search novel solutions, i.e. perform Risk-Based design.
The chance of loss (=risk) were studied with the following means:
 Simplified FMEA (Failure Mode Effect Analysis) in respect of loss of vital ship systems in case of
collision and flooding in way of machinery rooms.
 Risk Model in respect of loss of human life in case of collision and flooding.
Version G

Version F

Risk Model test

Version H

Version I

Version A
=

Version E

REFERENCE

Version D

Version J

Version C

Economy impact
Risk Model test

Version B
Safety:
Protection of essential systems
Economy:
More Cargo= Lower hold

Version K

”INFLATABLE BLISTERS”

Risk Model test

Figure 15: Risk-Based Design Spiral
Ten variations of the novel watertight arrangement were developed and assessed.
The impact on cargo capacity, damage stability / attained subdivision index were calculated for all design
versions.
Versions E, J and K were analysed in more detail with available elements of the risk model provided by
another SAFEDOR subproject on Fast and Accurate Flooding Predictions.
The economic impact was analysed in detail for versions E and J. For each of the design versions two
alternative cargo configurations were considered in economic impact calculations:
− Maximum car capacity =hoistable car decks on two deck levels as in the reference vessel.
− Maximum trailer capacity = one hoistable car deck removed.

Design Concept
The design team selected an existing fast full displacement ferry design with LOA 186 m, trailer lane
capacity of 1960, and passenger capacity of 2200 passengers, as a state of art vessel.
Among the numerous alternative approaches, the following three solutions were selected to be further
studied:
• Increase the cargo capacity with lower hold combined with novel type of watertight arrangement.
• Novel watertight compartment arrangement, in order to protect vital ship systems.
• “Inflatable reserve buoyancy” built on the hull for enhanced survivability.
Figure 16 shows the principle of the blister. On the left side the blisters are deployed, on the right the
blisters are in stored position.
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The “inflatable reserve buoyancy”, composed of numerous autonomous systems, will deploy
automatically when a vessel exceeds some critical angle of heel or submerges under water. Since no data
on such product have been found to date, the study addressed the impact on the ship survivability only.

Figure 16: Principle of inflatable blisters

Innovations Aspects
A set of innovative designs was developed with the following characteristics:
 Improved earnings (~1 year payback, ~6% net earnings).
 Cleaner transport (~7% lesser emissions per unit).
 Dramatic 90% risk reduction possible in collision and flooding.
 45% increase in system’s availability in collision and flooding in machinery area.
The developed design concept challenges the following rules:
 MSC Resolution 194 (80) the SOLAS II-1, Regulation 6.1 on the attained index of subdivision, not
met.
 MSC Resolution 194 (80) SOLAS II-1, Regulation 9 on the extent of the double bottom, not met.
 SOLAS III, Regulation 21.1.2. 1 on provision of life boats, either MES system only or no LSA at all
considered.
 SOLAS II-2, Regulation 9.2.2.1.2 on fire zones.
Although all of the new solutions challenge a series of current regulations, it has been shown, that some
of them prove less risky than a design fully compliant with the deterministic legislation regime without
any economic compromise, or indeed enhancing their commercial attractiveness and environmentfriendliness.
The design process applied throughout this subproject, albeit still rather limited in the extent due to the
lack of relevant tools, has allowed clear demonstration of the implementation of the SAFEDOR
philosophy of “risk-based” design.

THE 13th PASSENGER
Design Problem
Existing rules and regulations do not explicitly reflect the risks, which a ship or its passengers are
exposed to. In the case of damage stability and fire safety, most rules apply if more than 12 passengers are
to be transported. No matter whether the vessel is designed for 13 or 2500 passengers, the requirements
are more or less the same.
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Consequently, the transport of a small number of passengers is economically of limited interests.
Specific intentions of this project are to identify in qualitative terms the safety level of present vessels
with 12 passengers and to design an innovative one as safe as the SOLAS vessel but more cost- efficient.

Design Focus
The focus is to design a RoPax ferry for about 50 passenger, using risk-based principles and not-SOLAS
requirements, which will be as safe as a design using SOLAS but more cost-efficient. In addition, a novel
system to distribute electrical energy was investigated.
The main aim addressed is to develop a design concept for a RoPAX vessel carrying more than twelve,
but not more than fifty passengers, based on an existing modern RoRo ship.

Design Concept
To fulfil the aims without the constraints of prescriptive SOLAS and Class Rules, a risk-based approach
is chosen. The major tasks addressed during the concept design definition are:
• Selection of a reference design.
• Issuing a specification for the modification of the reference vessel
• Making an initial cost estimate for a vessel according to the rules
• Identification of relevant rules and their intention
• Identification of hazards, which are threatening the safety of passengers,
• Identification, in qualitative terms, of the safety level of a vessel of 12 passengers according to
rules and regulations.
• Identification of differences in risk between reference vessel and modified vessel using a
qualitative, risk-based approach
• Identification of main risk contributors for the modified vessel.

LIGHTWEIGHT COMPOSITE SANDWICH SUPERSTRUCTURE
Design Concept
The aim is to provide documentation of the risks and benefits of a composite superstructure in a passenger
ship. The design goal is to develop a commercially attractive design solution that exploits the advantages
offered by lightweight composite structures. To achieve this, it is necessary to demonstrate that the
composite design is safe.

Figure 17: Design case showing composite module
The design study is summarized in the following tasks:
• Definition of goals
• Analysis of SOLAS safety objectives and functional requirements
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•
•
•
•
•
•
•
•

Identification of rules challenged by new design
Adoption of a pragmatic approach to reach the objective
Identification of hazards and critical fire scenarios
Development of fire risk model
Selection of an application case
Establishment of an electronic geometry model of superstructure (identical to existing steel
design)
Extraction of FE model of composite module
Definition of composite materials and scantlings

Design Problem
The state of the art prior to this project is that economic lightweight design solutions and fire protection
systems are suitable for HSC and Naval Ships. However, merchant ships (except HSC) have to satisfy
requirements of SOLAS convention that prevent the use of composites.
Specific intentions of this project are to carry out a risk based design approach in order to allow
introduction of lightweight composite structures in superstructures of merchant ships and to provide
benchmark examples for application of fire safety engineering and methods.

Design Focus
The focus is to develop an economic lightweight composite sandwich design concept for a superstructure
on a passenger ship through developing a fire risk model and to provide a quantitative measure of the fire
risks associated with the new design concept and the economic benefits expected from using it.

SHORTSEA LNG VESSEL
Design Problem
There is a growing market for small-scale LNG distribution in Europe (and Asia). Small LNG carriers
may be economical with two cylindrical cargo tanks (type C). That permits the transport of LNG
pressurised.
The LNG vessel is developed in order to transport LNG for short distances from small-scale LNG
factories/storage tanks to small-scale end-customers, in such way boil-off reliquification is not required.
Instead, a thermal oxidiser could be installed.
This scenario permit to challenge some rules in particular:
• Structural Solutions – IGC rules using the new CNG (Compressed Natural Gas Carriers) class
rules which permit to used equivalent bottom solutions if they can be shown by calculations or
tests to offer the same protection to the cargo tank against indentations and the same energy
absorption capabilities as conventional double bottom design.
• Gas combustion unit – No code exist for small vessels
• Machinery Solutions – ICG Code: gas dangerous areas

Design Focus
The focus is to develop a short sea LNG vessel which can distribute gas to small scale customers with a
structural solution optimised using the principia of safety equivalency establish in the CNG rules; and to
test the implementation of new LNG equipments as power connector, gas combustion units, medium
pressure pneumatic cargo valve actuators, argon, since a safety and economic point of view.
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Design Concept
The progress towards the design concept of this subproject could be split in following phases:
• Knowledge Exchange between the partners.
• Analysis of state of the art.
• Development of a preliminary business case to identify market drivers and constraints.
Requirement profile
• Selection of a reference vessel.
• Analysis of present rules and regulations.
• Identification of innovations which could be integrated and tested out within the framework of
the basic design including their economic profitability.
• Identification of rules challenged by new design.
• Establishment of design concept: Development of a short sea LNG vessel which can distribute
gas to small scale customers with a structural solution optimised using the principia of safety
equivalency established in the CNG rules.

Innovations Aspects
This design incorporate the following innovations
• Power connector – ICG Code: no rules at all
• Medium pressure pneumatic cargo valve actuators
• Use of Argon as inert gas

INNOVATIVE OPEN TOP CONTAINER VESSEL
Design Problem
Open top feeder ships are potentially regarded as an effective transport means for short sea shipping
service where cargo-handling times are the crucial driving forces. But open top container ships are still
the exception. The reason for this is likely that these vessels have quite significant rule-based economic
disadvantages: A bigger tonnage and therefore higher operation costs.

Design Focus
The focus is on the creation of a low gross tonnage, highly competitive and equivalent safe open-top
container vessel through challenging current rules where necessary to make it more competitive.

Design Concept
The aim of this subproject is to design and promote an innovative open top feeder containership. These
ship designs will have the same or higher overall safety level as existing standard ships, although they do
infringe certain mandatory (safety) rules and / or regulations.

Figure 18: Open Top Containership
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The progress towards the design concept of this subproject could be summarized in the following tasks:
•
•
•
•

Knowledge exchange on open top container vessels: Design implications, identification of market
drivers and constraints, market prospects
The legal environment: Existing rules and regulations, guidelines, specific requirements
Identification of market entry barriers and ways to overcome these, respectively which rules
and/or regulations will be addressed (and challenged) to achieve a competitive advantage.
Design outline of the innovative open top container design

OIL TANKER – AFRAMAX SIZE
Design Problem
The transportation of oil by tankers involves a very high risk since the consequences in case of accidents
can be catastrophic.
Although the frequency of accidents has been substantially reduced in the post-90 period, there is not
reduction in spilled tonnes rates (by ship year) in the same period.
A series of IMO regulations concerning the prevention of incidents and accidents have contributed to this
improvement, however the state of affairs is yet not satisfactory. Public have zero tolerance for oil spill
and associated pollution.
Double Hull design is not the only improvement taken place in improving safety of tankers. Many others
have into force during last 26 years, but not all regulations are cost effective.
Using a risk assessment methodology, regulations can be justifiably introduced to improve the safety of
tanker designs and operation.
The intention of this subproject is, taking as reference (state of art vessel) a Double Hull tanker, to
challenge some rules of the MARPOL 73/78 and SOLAS II-2 Part b, relative to general layout of the
vessel, cargo tank size, tank length limitation, capacity of the segregated ballast tanks, and, among others:
• to get a greater overall oil outflow performance
• to increase cargo capacity
• to improve cargo handling

Design Focus:
To evolve a Double Hull concept, as it is publicly and politically set to be the norm, with the following
safety goals:
• Reduction of potential of medium to large amount oil spills significantly
• Eliminate small size oil spills due to operational incidents/accidents
• Significantly reduced ballast water exchange and their effects

Design Concept
This task discusses the background of AFRAMAX tankers and proposes a highly competitive oil tanker
design concept challenging some requirements of current regulation.
• More cost-effective to build and operate,
• In line with modern safety expectations.
In order to develop an oil tanker design in concept level, having the above key objectives in mind, the
following activities were carried out:
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•
•
•
•

Identification of basic functionality and performance requirements
Identification and reporting of basic safety expectations
Identification of rules that govern tanker design: overview of rules and regulations, in particular
rules concerning tank configurations.
Development of design specification: design objectives, functional requirements and design
criteria.

Figure 19: AFRAMAX Tanker
The implemented case study focused on the multi-objective optimisation of an AFRAMAX tanker by
genetic algorithms, considering a variation of only the main cargo block parameters to demonstrate the
potential of best performing designs with respect to both environmental impact and transport economy.

Figure 20: Case Study Vessel: AFRAMAX Tanker
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Figure 21: Identified ‘Pareto Optima’ Design (DH alternative- ID.141)

9.4 Anticipated End Results - Intentions for use and impact
In the last phase, for the two selected designs, the documentation for approval will be prepared and
considered by the Classification Society for “approval in principle” using the criteria developed in SP4.5
[5]. This phase will be carried out during the third and fourth year of SAFEDOR and the Design teams in
this task will benefit from methods and tools developed in other WPs of SAFEDOR.
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10

WP-7: Knowledge Management, Dissemination and Training

10.1 Summary description of workpackage objectives
Future competitiveness of the European maritime industry depends on proper management of acquired
innovative knowledge and the availability of qualified employees. For the risk-based design approach to
be successfully implemented in practice, a training of professionals should be performed and results of
SAFEDOR should be widely disseminated. Quality of results should be checked and benchmarking
studies will be performed to quantify the impact of the conducted research.
Therefore, the main objectives of WP7 are:
- Knowledge transfer from the research conducted within the SAFEDOR IP in a systematic manner
to the wider maritime community and to promote the application and implementation of the work
undertaken
- Training improvement at universities and aptitudes of maritime industry staff in new
technological/methodological and regulatory developments
- Effective dissemination of SAFEDOR IP results
- Benchmark studies performance for selected topics
- Rational assessment of SAFEDOR IP results
To meet the outlined objectives, three subprojects have been defined as follows:
- Training, including the development and delivery of postgraduate training modular course
- Dissemination Activities
- Assessment and Exploitation of Project Results and Benchmarking
Within the second year of the project, dissemination activities, as well as activities on assessment and
exploitation of results and benchmarking, were active according to plan. Also, some early training
activities were launched in year 2 implementing a related decision of the SAFEDOR Steering Committee.

10.2 Contact involved
The WP-7 Leader is the National Technical University of Athens – Ship Design Laboratory
(http://www.naval.ntua.gr/sdl), represented by Prof. A.D. Papanikolaou (tel. +30 210 772 1416, Fax: +30
210 772 1408, email: papa@deslab.ntua.gr

10.3 Work performed - Results achieved so far
In the second year of the project, dissemination and plans for the exploitation of results was attained via
the completion of the following activities:
•

The SAFEDOR Midterm Conference was successfully held on 7-8 May 2007, at the premises of the
Renaissance Brussels Hotel (Rue du Parnasse 19, Brussels, 1050) in Belgium. It was jointly
organised by the SAFEDOR consortium and the Royal Institution of Naval Architects (RINA),
subcontracted by the SAFEDOR WP7 Leader (NTUA).
Planning of the SAFEDOR Midterm Conference started early in year 2 of the project. The
conference agenda and composition of the speakers was extensively discussed in the SAFEDOR SC
and finalised in December 2006 to allow ample time for the promotion activities.
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The first day of the conference was focused on Risk Based Design, while the second day on Risk
Based Approval. The conference addressed latest developments and results of SAFEDOR on riskbased ship design, operation and regulation and updated the public about the second year related
research activities of the project. It was attended by a large number of professionals from the whole
spectrum of the maritime industry, both from within and outside the SAFEDOR consortium, the
European Commission and mass information media.
The conference was a successful SAFEDOR dissemination event, as it attracted a fully satisfactory
critical number of about 80 participants and besides the pure dissemination of valuable knowledge
in the progress of developments in risk-based design, it triggered the active response and debate of
the conducted research results by conference delegates representing satisfactorily the whole
maritime industry.
•

The first SAFEDOR Training Course on approval of risk-based ship designs was held on March, 30
2007. It was organized as an originally not planned activity on Training (coordinated by NTUASDL). It is the first of a series of SAFEDOR training activities. It took place at the premises of the
Dorint Novotel Hotel, Munich Freising Airport.
This one-day course was introduced by a descriptive outline of a high-level Risk-Based Approval
Process of innovative ship designs. It continued with a description of high-level Risk Acceptance
Criteria for the ship, which was further detailed at ship function level by a lecture on Acceptance
Criteria for Main Ship Functions. The second session was oriented towards to examples and
applications. It began with the detailing of the Approval of Risk-Based System and was followed by
the presentation of a FSA Study on Cargo Ship. The vital bond between Risk-Based Design and
Approval was presented in the final lecture, concentrating on how Risk-Based Design and Approval
work together. This lecture ended with a presentation of an Innovative Risk-Based Tanker Ship
Design project.
This training course was mainly targeting personnel from regulatory authorities, flag
state/governmental administrations and classification societies. It attracted a critical audience of
about 25 representatives from a wide spectrum of the addressed maritime industry. Representatives
from many countries around Europe and even from overseas, namely from Cyprus, Denmark,
Estonia, France, Germany, Greece, Italy, Japan, Norway, Slovenia, Sweden, The Netherlands,
United Kingdom and USA, participated, and judging by the delegates’ questionnaire answers, the
level of their satisfaction was very encouraging.
The 2nd (originally planned) training course on Risk-based design, operation and regulation will be
held in late spring 2008 and will address an extended number and background of prospective
participants from the whole spectrum of the maritime industry.

•

An open workshop on risk-based approaches was held in Tokyo-Japan (May 22-24, 2007), jointly
organised by the National Maritime Research Institute (NMRI) and the project SAFEDOR.

•

A plan for a Benchmarking study related to the validation of results of numerical codes on Damage
Ship Stability in Waves has been already elaborated by NTUA-SDL. It follows-up earlier
benchmark work of the International Towing Tank Committee (ITTC) in the subject and should
ultimately lead to a submission of a SAFEDOR information paper on ‘time to flood/sink of
passenger ships’ to IMO-SLF. The study will be launched internationally (inviting also non
SAFEDOR organisations with the support of the Specialist committee on Stability in Waves of
ITTC) in September 2007 and be completed in July 2008.

•

The 2nd year Public Report and the 2nd year Newsletter are shortly issued and are to be annually
updated. They both can be downloaded from the SAFEDOR website (http://www.safedor.org/), as
the previous’ year reports. Through their annual update, both these dissemination activities will
effectively contribute to the dissemination of acquired knowledge in the SAFEDOR project in the
public domain and to the promotion of SAFEDOR concept.
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10.4 Anticipated End results - Intentions for use and impact
The SAFEDOR knowledge management, training and dissemination system plans a series of follow-up
dissemination events for years 2008-2009, namely:
-

The 2nd Open Workshop of SAFEDOR, in spring 2008

-

The SAFEDOR postgraduate training course on risk-based design, operation and regulations, in
spring-summer 2008

-

The SAFEDOR Final Conference, in spring 2009.

The SAFEDOR postgraduate training course on Risk-Based Design, Operation and Regulations will be
delivered in spring-summer 2008. The course will address maritime industry professionals; specifically
academic personnel, class society personnel and regulatory administrators, as well as other professionals
related to naval architecture. It is anticipated to attract the interest of a large number of professionals and
academic staff/ postgraduate students.
The training course modules shall include both elements of risk-based design, operation and regulation,
such as formal safety assessment, acceptance criteria, risk analysis, equivalent design and approaches as
well as their integration within the process of ship design and operation. Eventually, a translation /
transformation of source material into a coherent lecture material, accompanied by tutorials, application
examples and design case studies, is planned and will be edited and printed.
Furthermore, the planned edition of a Handbook of Risk-based Design will be widely disseminated and is
expected to be very appealing to a wide range of professionals and challenge many interested readers to
study it and enable them to be updated on developments in the Integrated Risk-Based Ship Design,
Operation and Regulation.
All planned for the future training, dissemination and knowledge management activities of SAFEDOR
are outlined in the following:
Year 3
- Seminar Year 3
- Public report and newsletter
3

Year 4
- Final conference
- Public report and 4
- Handbook on risk-based
design
- Benchmarking study
-

Document Id. SAFEDOR-D-7-2-6-Annual Public Report-y2

page 52 of 60

SAFEDOR

Date 2007-06-11
Annual Public Report Year 1

D-7.2.6

11 Conclusions
SAFEDOR has successfully completed its two first years and the key achievements comprise a series of
major scientific and technological challenges in the risk-based approach to ship design, operation and
regulations.
Risk-based ship and ship system design has been advanced significantly over the past few years. Key
elements needed are in place now: a methodology, advanced tools, decision-making criteria, a new
process for approval of risk-based designed ships and, above all, an emerging joint understanding what
risk-based approached can achieve. The results so far underline that risk-based ship and ship-system
design and their approval will increase safety of shipping and –at the same time- increase the
competitiveness of the involved industry [9].
Risk-based approaches for the shipping industry are now solidly anchored and will continuously be
refined.
With risk-based approaches firmly established in the maritime industry, ship owners realise innovative
ships and maritime transport solutions - challenging current rules - relating to, e.g., new layouts or use of
new materials and systems. With the novel approval process in place accounting for risk-based
approaches, implementation of novel and risk-based ships becomes faster and more reliably.
The benefits for shipyards arise from the fact that yards acquainted with risk-based approaches are among
the first to respond to the increasing demand from ship owners to realise risk-based ships. In addition,
production costs are expected to be reduced through application of risk-based approaches.
Marine equipment manufacturers will benefit through enabling new and optimised systems incorporating
new functions and materials. Understanding and applying risk-based approaches will be a competitive
advantage. The key asset of risk-based designed ships is the knowledge to prove compliance with risk
acceptance criteria, which result in new opportunities for patenting innovative solutions.
SAFEDOR is often associated with Goal-Based Standards (GBS) although key differences exist.
SAFEDOR focuses on individual ship design and the necessary modern regulatory framework to approve
risk-based designed ships. The SAFEDOR methodology will be applied to ships and ship systems.
However, knowledge gained in SAFEDOR can also be used to create risk-based rules (for ships and ship
systems) and to support the development of a risk based regulatory system. SAFEDOR will be affected in
general by the outcome of the debate on GBS. The GBS philosophy of the future – risk-based or
prescriptive – has strong effects on SAFEDOR. With the safety-level approach to GBS now firmly in
place for development, application of SAFEDOR-related ideas and concepts will be boosted.
All the SAFEDOR Publications contributed to IMO during the second year of the project are presented in
the dedicated “Publications” section.
SAFEDOR is already well-known to all stakeholders of maritime safety, and has acquired an excellent
reputation over the wider maritime and industrial community, that welcomes SAFEDOR as the
framework and conditions’ provider for fostering innovation, and thus competitiveness. SAFEDOR’s
momentum will continue and as progress is made, it is anticipated to gain more key findings, contributing
to the full implementation of Risk-Based Design and Approval.
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13 List of SAFEDOR Publications in Year 2
During the second project year, results of SAFEDOR were presented at a variety of international
conferences and scientific journals.
The following list of publications is divided into three sections, namely:
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publications with acknowledgement of SAFEDOR

•

publications relevant to SAFEDOR in a broader sense, but not developed as SAFEDOR
activity

•

IMO publications
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2006, Elsevier Science, pp. 247-252, ISBN: 978-0-08-044654-7 .
3. Hørte, T., Skjong R., Friis-Hansen P., Teixeira A. P., F. Viejo de Francisco,
“Probabilistic Methods Applied To Structural Design And Rule Development”, Royal
Institute of Naval Architects’ conference on Developments in Classification and
International Regulations, London, January 24-25, 2007.
4. Jasionowski, A and Vassalos, D., “Conceptualising Risk”, 9th International Conference
on the Stability of Ships and Ocean Vehicles, Rio de Janeiro, Brazil, September 2006,
12pp.
5. Jasionowski, A, Chichowicz, J. and Vassalos, D., “Predicting, Damaged Ship
Hydrodynamics”, 9th International Conference on the Stability of Ships and Ocean
Vehicles, Rio de Janeiro, Brazil, September 2006, 12pp.
6. Jensen, J.J., “Efficient Estimation of Extreme Non-linear Roll Motions using the Firstorder Reliability Method (FORM)”, Accepted for publication in J. Marine Science and
Technology, 2006.
7. Jensen, J.J., Olsen, A.S., “On the Assessment of parametric Roll in Random Sea”,
Proceedings, World Maritime Technology Conference, London, 6-10 March 2006.
8. Jensen, J.J., Pedersen, P.T., “Critical Wave Episodes for Assessment of Parametric Roll”,
Proceedings, IMDC'06, pp 399-411, Ann Arbor, Michigan, 16-19 May 2006.
9. Leva M.C., Friis-Hansen P., Sonne Ravn E., Lepsøe A., “SAFEDOR: A practical
approach to model the action of an Officer of the Watch in collision scenarios”,
Proceedings of ESREL 2006, Lisbon, 2006.
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10. Papadopoulos Y., "Evolutionary Safety-Cost Tradeoffs in System Design via
Compositional Safety Analysis", ICSHA’06, Int’l Conference on Hybrid Systems and
Applications, Lafayette, USA, 2006.
11. Papanikolaou, A. (ed.), Proceedings of the 1st year Open Workshop of IP SAFEDOR,
Contract Number IP 516278, February 2006.
12. Povel Daniel, Langbecker Uwe, Dausenschoen Kay, Sinai Yehuda, Owens Mark, Gehl
Susan, Forman Björn, Ellis Joanne, Riedel Kurt, “Risk Assessment for Container Ships
Focusing on Cargo Fire”, RINA Conference on Design & Operation of Container Ships,
London, November 2006.
13. Skjong, R., “Innovative and Risk-Based Ship Design”, DNV Classification News No 2.
June 2006.
14. Spanos, D., Papanikolaou, A., “Numerical Simulation of a Fishing vessel in Parametric
Roll in Head Seas”, Journal Marine Systems & Ocean Technology, SOBENA, Vol. 2,
No. 1-2, June-Dec. 2006.
15. Spanos, D., Papanikolaou, A., “Numerical Simulation of Parametric Roll in Head Seas”,
Proc. 9th International Conference on Stability of Ships and Ocean Vehicles, Rio de
Janeiro-Brazil, September 2006.
16. Tellkamp Jan, “Der 13. Passagier - risiko-basierter Entwurf eines Ro/Ro-Schiffes für
mehr als 12 Passagiere”, Schiffbautechnisches Kolloquium, TU Hamburg, 2007.
17. Themelis Nikos & Spyrou Kostas, “Probabilistic assessment of resonant instability”.
Proc., 9th Int. Conference on the Stability of Ships and Ocean Vehicles, Rio de Janeiro,
25-29 September 2006.
18. Vassalos, D, Jasionowski, A and Guarin, L., “Passenger Ships Safety – Science Paving
the Way”, Journal of Marine Sciences and Technology, Vol. 2, No. 1-2, June- December
2006, pp 63-71.
19. Vassalos, D, Jasionowski, A and Guarin, L., “Passenger Ship Safety – Science Paving the
Way”, Marine Systems & Ocean Technology Vol. 1, No. 4 pp. 161-168 June 2006.
20. Walker M., Papadopoulos Y., “PANDORA: The time of PAND gates”, INCOM 2006,
12th IFAC Int’l Symposium on Information Control Problems in Manufacturing, St
Etienne, France, 2006, pp. 235-240, Elsevier Science, ISBN: 978-0-08-044654-7, 2006.
(Won best paper award in Track for Dependable Systems).
21. Walker M., Papadopoulos Y., “Synthesis and Analysis of Temporal Fault Trees”, Journal
of Non-linear Analysis: Hybrid Systems, Elsevier Science, In Print, 2007.

Publications relevant to SAFEDOR
1. Andrews, D, Keane Jr, RG, Sen, P and Vassalos, D., “Ship Design Methodologies”, 9th
International Marine Design Conference, Ann Arbor, Michigan, USA, May 2006, 26pp.
2. Armaoglu, E, Ayaz, Z, Vassalos, D and Katayama, T., “On the Manoeuvrability of SemiDisplacement Craft in Astern Seas”, 9th International Conference on the Stability of Ships
and Ocean Vehicles, Rio de Janeiro, Brazil, September 2006, 12pp.
3. Ayaz, Z, Vassalos D., Spyrou, K.J., “Manoeuvring Behaviour of Ships in Extreme Astern
Seas” Ocean Engineering, 33, Issues 17-18, 2381-2434, December 2006.
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4. Ayaz, Z., Vassalos, D., Turan, O., “Parametrical Studies of New Numerical Model for
Controlled Ship Motions in Extreme Astern Seas” Journal of Marine Science and
Technology, Re: JMST – 264, Volume 11, No. 1, November 2006, pp 19-38.
5. Barragan I.S., Faure J-M., Papadopoulos Y., "Including Systematic Faults Into Fault Tree
Analysis", SAFEPROCESS 2006, 6th IFAC Symposium on Fault Detection, Supervision and
Safety of Technical Processes , Beijing, China, p.p. 811-818, Elsevier Science, 2006.
6. Boulougouris , E., Papanikolaou, A., Ghozlan, F., Turan, O and Fritsch, D., “Design of
Catamaran EU-MOP units to clean oil spills: Design and Challenges”, Proc. Int. Conf. on
Small Craft Related Sciences and Engineering, Bodrun-Turkey, Nov. 2006.
7. De Kat, JO, Santos Neves, MA, Papanikolaou, A and Vassalos, D (Editors): “Special
Edition on Stability of Ships”, Marine Sciences and Ocean Technology, Vol. 2, No. 1-2,
June-Dec. 2006.
8. Eliopoulou, E., Papanikolaou, A., “Casualty Analysis of Large Tankers”, accepted for
publication at the Journal of Marine Science and Technology, Springer Publishers, 2006.
9. Kim, HS, Zhou, Y and Vassalos, D., “Advanced Evacuation Simulation for Emergency
Preparedness of FPSO Conversion”, ISOPE, Korea, May 2006, 8pp.
10. Konovessis, D. and Vassalos, D., “An Application of Risk-Based Ship Design for Damage
Survivability”, Journal of Harbin Engineering University, Volume 27, Suppl. Sum 121,
December 2006, pp. 25-31.
11. Papadopoulos Y., Parker D., Grante C., "Component-Based, Automated FMEA of Advanced
Active Safety Systems", FISITA’06, 31st World Automotive Congress, Yokohama,
Published by JSAE, ISBN: 4-915219-83-6, 2006.
12. Papadopoulos Y., Tran A., Faure J.-M., Grante C., "Component Failure Behaviour: Patterns
And Reuse In Automated System Safety Analysis", SAE World Congress, Detroit, April
2006, published in SAE Volume on Safety Critical Systems, ISBN: 0-7680-1764-5.
13. Papanikolaou A., Eliopoulou E., Mikelis, N., ‘Impact of Tanker Design on Tanker Pollution’,
Proc. 9th International Marine Design Conference-IMDC06, Ann Arbor-Michigan, May
2006.
14. Papanikolaou A., Eliopoulou E., Mikelis, N., Aksu, S, Delautre S., ‘Casualty Analysis of
Tankers’, Proc. RINA Conference on Marine Incidents, London, January 2006.
15. Papanikolaou, A., Eliopoulou, E., “On the Development of the New Harmonised Damage
Stability Regulations for Dry Cargo and Passenger Ships”, accepted for publication at the
Journal of Reliability Engineering and System Safety (RESS), Elsevier Science, 2006.
16. Papanikolaou, A., Eliopoulou, E., Alissafaki, A., Mikelis, N., Aksu, S., Delautre, S.,
“Casualty Analysis of AFRAMAX Tankers”, accepted for publication, Journal of
Engineering for the Maritime Environment, Proceedings of the Institution of Mechanical
Engineers, Part M, 2006.
17. Skaar, D and Vassalos, D., “The Use of a Meshless CFD Method to Model the Progressive
Flooding of a Damaged Ship”, 9th International Conference on the Stability of Ships and
Ocean Vehicles, Rio de Janeiro, Brazil, September 2006, 8pp.
18. Skjong, R, and Vanem E., ‘Chapter 5: Design for Safety and Environmental-Friendly
Operations’, IMDC 06 State of the Art Report: Design for Operation, Ann Arbor-Michigan,
May 2006.
19. Skjong, R., ‘Goal Based Standards’, DNV Classification News, No 1, March 2006.
20. Skjong, R., ‘Goal-Based Standards and Formal Safety Assessment’, Shipping World &
Shipbuilder, March 2006, page 32-34.
21. Spyrou Kostas & Themelis Nikos, "Probabilistic assessment of intact stability". Proc. 8th
International Ship Stability Workshop, Istanbul, 6-7 October 2005.
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22. Themelis Nikos & Spyrou Kostas, "Coupled roll-sway-heave model for analyzing ship
capsize in beam seas on the basis of nonlinear dynamics approach", Proc., 16th Int.
Conference on Hydrodynamics in Ship Design (HYDRONAV ’05) Gdansk-Ostroda, 7-10
September 2005.
23. Vanem E. and Skjong R., ‘Damage Stability and Evacuation Performance Requirements of
Passenger Ships’ Proceedings of the 9th. International Conference on Stability of Ships and
Ocean Vehicles, STAB 2006, Rio de Janeiro, Brazil, September 2006.
24. Vanem E. and Skjong R., ‘Evaluation of design options related to Evacuation for Enhanced
Safety of Passenger Ships’, Proceedings of RINA International Symposium on Marine
Design, La Spezia, Italy, April 12 – 13, 2006.
25. Vanem, E, Rusås S., Skjong R. and Olufsen O., ‘Holistic and Risk Based Approach to
Collision Damage Stability of Passenger Ships’ Proceedings of the 9th. International
Conference on Stability of Ships and Ocean Vehicles, STAB 2006, Rio de Janeiro, Brazil,
September 2006.
26. Vassalos, D and Jasionowski, A: “Damage Ship Stability Fundamentals”, Journal of Ships
and Offshore Structures, 23pp (in press).
27. Vassalos, D, Konovessis, D and Guarin, L., “Progress on Risk-Based Ship Design
Implementation”, 9th International Marine Design Conference, Ann Arbor, Michigan, USA,
May 2006, 14pp.
28. Vassalos, D, Xie, N and Jasionowski, A., “Stability and Safety of an Air-Lifted Catamaran”,
9th International Conference on the Stability of Ships and Ocean Vehicles, Rio de Janeiro,
Brazil, September 2006, 14pp.
29. Vassalos, D, York, A, Jasionowski, A, Kanerva, M and Scott, A., “Design Implications of
the New Harmonised Probabilistic Damage Stability Regulations”, 9th International
Conference on the Stability of Ships and Ocean Vehicles, Rio de Janeiro, Brazil, September
2006, 15pp.
30. Vassalos, D. and Konovessis, D., “State-of-the-Art & Current Research Activities on RiskBased Ship Design”, Proceedings of the MARTECH 2006 International Conference,
Singapore, October 2006.
31. Vassalos, D. and Konovessis, D.: “Risk-Based Ship Design – Concept, Methodology and
Framework”, 3rd International ASRANet Colloquium, Glasgow, UK, July 2006, 12pp.
32. Vassalos, D., “Goal-Based Standards for Passenger Ships”, 9th International Conference on
the Stability of Ships and Ocean Vehicles, Rio de Janeiro, Brazil, September 2006.
33. Vassalos, D., “A Framework for Risk-Based Ro-Ro Design – Implementation Issues and
Early Feedback”, Ro-Ro 2006, 16-18 May, Ghent, Belgium.
34. Vassalos, D., “An Integrated Approach to Ship Design for Safety”, Hey Note Address, Asia
Link – EAMARNET Conference Harbin, China, January 2007.
35. Vassalos, D., “Accident Investigation – Expert Witness and Litigation Support”, Greek
Chamber of Shipping, Athens, December 2006.
36. Vassalos, D., “Fire-Flooding-Evacuation Integration – A First-Principles Link to Safety”,
2nd International Fire on Ships Conference, London, October 2006.
37. Vassalos, D., “Passenger Ship Safety – Containing the Risk”, Marine Technology Journal,
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SAFEDOR Publications to IMO
1. MSC 81/18 FORMAL SAFETY ASSESSMENT, Report of the correspondence group,
submitted by the Netherlands have 11 references to SAFEDOR. The reference is to
Deliverable 4.5.2 Risk Evaluation Criteria
2. MSC 81/18/2 FORMAL SAFETY ASSESSMENT, Risk analysis, FSA and linkage with
GBS, submitted by Greece, refers to Deliverable 4.5.2 Risk Evaluation Criteria
3. MSC81/INF.13, FORMAL SAFETY ASSESSMENT, Status of SAFEDOR, Submitted
by Denmark, is about SAFEDOR
4. MSC81/INF.14, FORMAL SAFETY ASSESSMENT, SAFEDOR - Risk-based design,
operation and regulation of ships, submitted by Denmark, is about SAFEDOR
5. MSC81/6/2 GOAL-BASED NEW SHIP CONSTRUCTION STANDARDS, Safety level
approach, Submitted by Denmark, Germany, Norway and Sweden, is written by people
involved in SAFEDOR
6. MSC81/6/3 GOAL-BASED NEW SHIP CONSTRUCTION STANDARDS, Safety level
approach, Submitted by Japan, expresses similar views and has been discussed between
Japan and Members of SAFEDOR SC.
7. MSC81/6/4 GOAL-BASED NEW SHIP CONSTRUCTION STANDARDS, Japan’s
position on goal-based new ship construction standards, Submitted by Japan expresses
similar views and has been discussed between Japan and Members of SAFEDOR SC.
8. MSC81/6/6 GOAL-BASED NEW SHIP CONSTRUCTION STANDARDS, Linkage
between FSA and GBS, Submitted by the International Association of Classification
Societies (IACS), expresses similar views, has been written by EG/FSA Chaired by
member of SAFEDOR SC.
9. MSC81/6/7 GOAL-BASED NEW SHIP CONSTRUCTION STANDARDS, Where does
risk come into the rule development process? Submitted by the United Kingdom,
expresses similar views and has been discussed between UK and Members of SAFEDOR
SC.
10. MSC81/6/8 GOAL-BASED NEW SHIP CONSTRUCTION STANDARDS, The safety
level approach – introducing the safety knob to control maritime safety, Submitted by
Denmark and Germany, expresses similar views and has partly been written by a member
of SAFEDOR SC
11. MSC81/6/10, GOAL-BASED NEW SHIP CONSTRUCTION STANDARDS, Safety
level approach - Safety level criteria, Submitted by Japan, expresses similar vies and has
been discussed with members of SAFEDOR SC
12. MSC81/6/13 GOAL-BASED NEW SHIP CONSTRUCTION STANDARDS, Use of
Structural Reliability Analysis in the Safety Level Approach, Submitted by Germany,
supports MSC81/INF.6, and expresses similar views as SAFEDOR and has been
coordinated with SAFEDOR SC.
13. MSC81/6/14 GOAL-BASED NEW SHIP CONSTRUCTION STANDARDS, Safety
level approach – worked example, Submitted by Germany, expresses similar views as
SAFEDOR and has been coordinated with SAFEDOR SC members
14. MSC81/INF.4 GOAL-BASED NEW SHIP CONSTRUCTION STANDARDS,
Announcement of a workshop to promote the understanding, of the safety level approach
(risk-based approach), Submitted by Denmark, Germany, Japan, Norway, Sweden and
the United Kingdom. The seminar was initially a SAFEDOR initiative.
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15. MSC81/INF.6, GOAL-BASED NEW SHIP CONSTRUCTION STANDARDS, Linkage
between FSA and GBS, Submitted by the International Association of Classification
Societies (IACS). The paper was developed by the DNV representative in SAFEDOR SC
and the Project Manager of WP2.2. WP2.2 will further develop the models presented in
this paper. The paper uses and refers to SAFEDOR D4.5,2 and the SAFEDOR website,
16. MSC81/INF.7 GOAL-BASED NEW SHIP CONSTRUCTION STANDARDS, Safety
level approach; Submitted by Japan expresses similar views as SAFEDOR and has been
coordinated with SAFEDOR SC.
17. Relating to the FSA on ECDIS, the following documents were submitted by Denmark
and Norway (supported by Sweden and UK): MSC/81/24/5, MSC81/INF.9,
MSC81/23/13. The study was carried out by DNV (SAFEDOR SC member was
responsible), the document MSC81/23/13 refers to SAFEDOR and SAFEDOR D 4.5.2
and the SAFEDOR webpage
18. MSC82/5/1 GOAL-BASED NEW SHIP CONSTRUCTION STANDARDS, Report of
the Correspondence Group on the Safety Level Approach, submitted by Germany and
Sweden, indicates that SAFEDOR will submit high-level FSA studies on ship types, and
that risk acceptance criteria in SAFEDOR report D452 were received by Norway.
19. MSC82/5/5 GOAL-BASED NEW SHIP CONSTRUCTION STANDARDS, Draft Tier II
– Safety Level Approach, submitted by IACS, project team responsible for paper was
chaired by SAFEDOR SC member.
20. MSC82/INF3, FORMAL SAFETY ASSESSMENT, Possible improvements on FSA
Guidelines, submitted by Greece, section on risk acceptance criteria is based on
SAFEDOR report D452, authors recommend changes to CATS.
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