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Abstract
The SAFEDOR Public Report Year 3 intends to provide public domain information about the 3rd year
research activities of the European Commission funded project SAFEDOR. The report has been
compiled by NTUA on the basis of the SAFEDOR Periodic Activity Report Year 3 [1] and contributions
of all SAFEDOR workpackage leaders.
SAFEDOR (2005-2009) is the first known large scale project worldwide 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 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
One of the main objectives of SAFEDOR 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. In this respect, new tools and significant
enhancements of existing ones were developed addressing transient flooding, structural integrity,
dynamic intact stability, collision and grounding, and fire.
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. In year 3, the development of novel ship
systems and innovative ship designs was continued, nearing completion at the end of the project (year
4).
A major achievement in year 3 is the first prototype of a risk-based design environment implementing
the risk-based-design paradigm. The prototype has been advanced through three primary
developments: CAD and RBD-specific tools interfaces, RBD process controller and RBD-specific
optimisation.
Four FSAs were completed, with recommendations that will raise interest at IMO level. Work on risk
evaluation criteria and acceptance criteria have been updated and are widely used in the Consortium.
Several cost earning models have been developed and will be integrated in an environment for the
complete RBD cycle.
Responding to urgent needs of the industry, an originally not planned early SAFEDOR course on RiskBased Approval was successfully organised in early year 3. It will be complemented by a more
comprehensive course for professionals in Year 4. An international benchmark study on the validation
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of numerical simulation methods for the prediction of the damage stability of ships in waves was
completed and discussed both internally and in international fora (10th Int. Stability Workshop and
ITTC). The year 3 SAFEDOR open seminar was successfully organised in Glasgow, enabling the public
dissemination and discussion of project results and two newsletters released informing the public about
various year 3 SAFEDOR activities.
Input from other Deliverables
This report has been compiled on the basis of the Periodic Activity Report Year 3 [1] 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 3 intends to provide public domain information about the 3rd 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 3 [1] 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 third year of SAFEDOR the following has been achieved:
•

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 a new tool to include optimization into system safety design is
completed.
o Innovative life saving concepts for passenger ships
 All novel designs completed and validated.
 Cost-benefit analysis for novel concepts completed.

•

Risk-based regulatory framework (WP4)
o Formal Safety Assessments (FSAs) for Cruise vessel, RoPax, LNG carrier and
Containership completed, two FSA studies submitted to MSC83
 Four FSA studies were completed. IMO now plan to put FSA on the agenda for
MSC86, with a Working Group to Review these FSAs.
o The Demonstration that automated system reliability analysis tools can be used to design
ship systems was completed successfully. The general procedure to set target reliabilities
for ship functions based on the cost/benefit criteria can be used also for ship functions.
o Requirements for documentation for approval fo risk-based ships competed.

•

Risk-based design framework (WP5)
o All ship specific cost-earning models have been completed
o All specifications for integrated design environment have been completed.
o Early prototype integrated design environment completed.

•

Knowledge Management, Dissemination and Training (WP7)
o Successful organization of SAFEDOR training course on Risk-Based Approval
o Issuance of year 2 public report and of two Newsletters
o Successful organization of SAFEDOR year 3 open seminar
o International benchmarking study on validation of numerical simulation methods for the
stability of ships in waves organised
 Study was completed and results presented both internally and at international for
a (STAB workshop and ITTC)
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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 [2].
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 1 .

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

1

The project has been recently extended to the end of April 2009, to allow for the organization of the SAFEDOR
final conference on April 27-28, 2009, at the premises of the International Maritime Organization (IMO, London).
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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 framework 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.

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
Figure 2 presents the structure of SAFEDOR development activities and shows the planned timeline.
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Figure 2: SAFEDOR Road Map

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 [3].
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) [1].

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.

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)
12. Color Line Marine AS (NO)
13. Columbus Shipmanagement GmbH
(DE)
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15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

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)
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25. Harland & Wolff Heavy Industries Ltd
(UK)
26. Instituto Superior Tecnico (PT)
27. ITI Ges. f. ingenieurtechnische
Informationsverarbeitung mbH (DE)
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)

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
WP2 has completed most tasks in year 2. The achievements are documented in the previous public report
[5] and were also presented during the mid-term conference [6].
Work within the subproject “Probabilistic assessment of intact stability” was in progress. No
consolidation of results coming from developed and previously existing tools was produced. Therefore,
the Steering Committee decided to call for a second international benchmark study to assess tools to
predict loss of intact stability (numerical simulation of ‘’parametric roll’’ phenomena). This benchmark
study will be conducted as an activity of WP7 (coordination by Prof. Apostolos Papanikolaou,
papa@deslab.ntua.gr, NTUA-SDL, http://www.naval.ntua.gr/sdl ).
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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 the particular work
package:
• 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 third year, the main objective was the development of the design
proposals and the analysis software tool.
The Development of Design Proposals has been finished and the Development of Analysis Software Tool
Support is being finalized. The Validation by Using Test Cases as well as the Implementation of Core
Optimization Algorithm is in progress. The Extension of the Modelling Tool is nearly finished and the
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Development of Small Test Cases and Validation is in progress. The Case Study and Validation have just
been started.
Main achievements are reported in the relevant report titled “Development of design proposals - System
models for a rule based and an alternative design of a power distribution system for a RoRo vessel”. The
main subject of this subproject is the development of a tool for the safety analysis of ship systems that do
not comply with current rules. The alternative power distribution system primary power bus that was
developed is such an innovative system. The first subtask provides two system models, one for a rule
based and the other for the primary power bus as alternative system of a power distribution, which are
suitable for being used as input for the safety analysis tool. Modelling and analysing of these two systems
fulfils two functions: demonstration of the practicability of the safety analysis tool on one hand and
validation of the alternative, not rule-based, system on the other hand. The outcome of this task provides
the basis for analysis of power distribution systems with the safety analysis tool developed in this
subproject. The models developed in this task can be used directly as test objects for the analysis tool and
for comparison of both systems. The following two figures provide an overview for the two models,
conventional versus primary power bus.

Figure 4: Simplified model primary power bus with location assignment

Figure 5: Simplified model conventional power distribution with location assignment
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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 Final Bridge Design Guide is being finalized and the Final Safe Bridge Architecture has been
delivered. The work on the Application Platform as well as on the Safety Management Platform is started.
The Final Bridge System and Test is just started with preparatory work and the Evaluation is in progress.
The Validation and Demonstration have just been started.
Main achievements are reported in the relevant deliverable titled “Guidance on Safe SCC Architecture
(Final)”. The work in this task comprises the validation of the new bridge layout with new reliable
computer platforms. The main objective is to provide the safety analysis for the new innovative bridge
concept as developed under the work related to the Specification of Modules and Demonstrator. The work
can be seen as a development of a specific part of the operator model, taking into account the bridge
layout and its influence on the time needed for the OOW (Officer-of-the-Watch) to gain information and
establish an evasive manoeuvre. This time represents a part of the total time needed to put into practice
the manoeuvre, which, in the referenced model, constitutes the variable which discriminates the success
of the manoeuvre (i.e. directly gives the probability of occurrence of the collision).

Figure 6: The assumed paths followed by the OOW to reach the possible consoles involved in the
manoeuvre intervention procedure
Next figure shows a high probability of nearly 70% for the innovative bridge layout to complete a certain
manoeuvre procedure within less than 40 sec. Compared to that the traditional bridge design delivers only
a probability 20%.
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Figure 7: The unconditional probability distribution functions for the two bridge layouts

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
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 Modul has been shut down and the final report titled Long range NLS, large lifeboat has
been delivered. The Long Range new lifesaving systems (NLS), Survival Module has been presented at
SAFEDOR spring seminar 2007 in Copenhagen. The Medium Range LSA Concept as well as the Short
Range LSA, Survival Module has been presented at SAFEDOR spring seminar as well. The Cost Benefit
Analysis has been started and the Validation of NLS has been finished. The IMO Case Study is in
progress.
The principal aim of the work on the Innovative Life Saving for Passenger Ships is to develop and
validate, using risk-based methods, a matrix of Life Saving Appliances solutions, to be possibly
considered in the abandon ship process, that are consistent with the type of vessel and operational
envelope. The task on the Validation of NLS including risk assessment consists in the verification of the
performance of the selected new lifesaving systems (NLS) against a range of adverse environmental
conditions and downgraded ship conditions (e.g. flooding) for the assessment of feasibility and
effectiveness of each proposed solutions, including risk control options to mitigate possible design /
operational problems. Each of the proposed innovative LSA is briefly synthesized, outlining the essential
design features and the reasons supporting their implementation, depending on different operational range
and specific scenario. A comprehensive Hazard Identification (HAZID) process was carried out to
identify, by means of expert judgment, the new possible risks inherent to the innovative systems. The
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comparison of the cause of failure pertinent to each LSA typology - conventional and new – is basically
aimed at scoring the alternatives as well as their suitability for the intended purpose, identifying the LSA
less subject to failure or with a better performance in each step of the evacuation and abandon ship
process. Specific considerations are made on the system availability of each innovative LSA, supported
also by a HAZID analysis for each phase of the embarkation and abandon ship process. The economic
impact study in this deliverable is limited to the interface with the ship and the feasibility of the solution
in comparison with traditional LSA systems and their current arrangement.
The overall result of the work is that the proposed new LSA are all feasible solutions and the principal
advantage offered to designers and owners, both in terms of new technologies and new methods, is the
possibility of choosing the most appropriate LSA system - or any combination of them! - to be best
suitable for the ship and her operational requirements. Although the analysis was specifically referred to
the design of a large cruise ship, the use of the proposed LSA is fully suitable - probably offering even
more flexibility - for Ro-Ro passenger ferries, whose operational requirements can be even more specific,
depending on the prevailing geographical area of operation.
The survival formula – together with the cost-benefit analysis - may be one way to evaluate and compare
the new solutions with conventional LSA. It is again underlined that this should be considered only as a
draft working example to present the methodology. A full analysis would require a more comprehensive
evaluation of all the selected parameters and their comprehensive validation before accepting the full
implications of the formula and its potential application in the comparison and evaluation of different
LSA. This topic will be further developed within the framework of the proposed IMO Case Study.

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 of this work package on Risk-Based Regulatory Framework aims to develop a highlevel description of the whole approval process in cases of risk-based design. The sixth subproject on
FSA on Oil Tankers is in progress.

FSA for Cruise Ships
The objective of this subproject is to conduct and document a high-level FSA for a cruise ships in order to
assess the existing safety level for this kind of vessels and 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.
All reports (Hazard identification, Risk analysis, Cost benefit analysis and recommendations) have been
completed, with recommendations that will raise interest at IMO level.

FSA for RoPax
The objective of this subproject is to conduct and document a high-level FSA for a RoPax vessels in order
to assess the existing safety level for this kind of vessels and make recommendations for future
improvements.
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All reports (Hazard identification, Risk analysis, Cost benefit analysis and recommendations) have been
completed, with recommendations that will raise interest at IMO level.

FSA for Gas Tankers
The objective of this subproject is to conduct and document a high-level FSA for gas tankers in order to
assess the risk level for the LNG carriers, including all major accident scenarios, and to identify costeffective risk control options related to design and operation.
All reports (Hazard identification, Risk analysis, Cost benefit analysis and recommendations) have been
completed, with recommendations that will raise interest at IMO level.

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.
All reports (Hazard identification, Risk analysis, Cost benefit analysis and recommendations) have been
completed, with recommendations that will raise interest at IMO level.

FSA on Oil Tankers
The objective of this subproject is to conduct and document a high-level FSA for oil tankers in order to
assess the existing safety level for this kind of vessels.
The report on the Hazard Identification has been completed and the FSA-Step 2 of Risk Analysis is close
to completion.

FSA on dangerous goods on open-top container vessels
The objective of this subproject is to conduct and document a high-level FSA for dangerous goods in
order to assess the existing safety level for this kind of cargo onboard open-top container vessels. The
work has just started.

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 of this subproject are:
• To develop relevant documentation that together defines the new alternative regime for
RBD/RBA
• To promote the regime
• To educate the regulator
The reports on risk evaluation criteria and acceptance criteria are a core document in SAFEDOR [4]
which has been updated and is widely used in the Consortium. Three yards’ days and the Munich
workshop have been organized with feedback being processed to update the documentation.
Environmental risk criteria were discussed controversially and have been used successfully in IMO
submissions. Target reliabilities for ship functions based on the cost/benefit criteria have been elaborated.
The developed software can be used for automated generation of Fault Trees, Minimum Cut sets and
FMECA tables.
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IMO Submission on FSA
The particular work set out to improve and prepare FSA studies and prepare them for submission to IMO.
Some inconsistencies in models from the first phase of SAFEDOR were identified and rectified. A
standardised structure for conceptual risk models of the most critical accident scenarios pertaining to
shipping is proposed. Based on these risk models, detailed event tree models may be developed for
particular shiptypes and applications in a straightforward and consistent manner. Such standardised risk
models will also facilitate the development and integration of software tools and other partial risk models
as parts of the overall risk model. The standardised risk models developed within this task include the risk
to life (crew and passengers (third parties) where applicable), as well as the risk of accidental pollution in
accident scenarios where this is relevant and financial accident cost related to loss of ship and cargo.
With this work, standardised risk models for five major maritime accident scenarios have been achieved,
i.e. conceptual risk models have been developed for collision, grounding, contact, fire and explosion and
foundering scenarios. Furthermore, an overall standardised risk model that contains all these as well as
any other risk models addressing particular scenarios for particular shiptypes have been proposed.

Figure 8: Recommended standardized risk model for collision scenarios

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

Document Id. SAFEDOR-D-7-2-7-Annual Public Report-y3

page 21 of 40

SAFEDOR

Date 2008-06-20
Annual Public Report Year 1
D-7.2.7

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 developments, the main objectives are:
• To consolidate a high-level understanding of risk-based design as a process in the light of current
ship design practice.
• To develop performance-earning-cost-risk parametric models specific ship types, namely cruise,
ropax, and oil tankers.
• To create 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.
• To explore the development of an alternative model of risk that could be implemented in riskbased ship design and approval.

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 Andrzej Jasionowski, Phone: +44 (141) 330 2644, Fax +44
(798) 502 5279, email: a.jasionowski@safety-at-sea.co.uk

8.3 Work performed - Results achieved so far
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.
Several cost-earnings models have been developed as listed below:
• Generic model
• Cruise
• RoPax
• Oil Tanker
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All of models developed lack resolution which would expectedly be required by relevant authorities for
ultimate approval of cost-effectiveness of implemented design solutions. The main reason for this is
commercial sensitiveness associated with disclosure of high resolution information by ship builders on
one hand, and by ship operators/owners on the other. Hence it was agreed by Steering Committee that the
developed parametric models are sufficient for use for the purpose of general guidance/demonstration of
the RBD methodology and that more comprehensive and higher resolution data are expected to be used in
real life applications in the future. Integration of these models in an environment for complete RBD cycle
planned in the relevant tasks has been undertaken. The case studies of have been only limited to
sensitivities testing of the cost and earnings. For complete RBD case studies, the efforts are yet to be
undertaken after first prototype platform enabling linking of all elements of RBD is provided from the
Integrated Platform Proposal.

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.
Development of an integrated design environment (IDE) which would allow implementation of the riskbased-design paradigm has been divided into three primary developments, namely:
(a) CAD and RBD-specific tools interfaces
(b) RBD process controller
(c) RBD-specific optimisation
These three elements have been addressed in the Integrated Platform Proposal by a relevant series of
specification, implementation and demonstration tasks. To date series of prototype developments of each
of these elements integrating into the general IDE planned platform have been accomplished. The
following figures demonstrate some of these developments.
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Figure 9: Connection between NAPA (primary CAD tool) and other tools
In the figure above the connection between design tools and design evaluation tools is depicted. This
connection is implemented by means of auxiliary scripts that are run from design tools, for data
exporting, and design evaluation tools for data importing, if needed.

Figure 10: Fire module
It appeared that risk estimation is not done by means of one tool but rather by a combination of a number
of tools constituting a module, e.g. the fire module shown above. Such a module might be integrated into
the platform as a separate design tool to be executed by a user. The module can estimate a number of
accident scenarios (e.g., sprinkler off/on) and combine them into one single value, expected number of
fatalities from fire, standing for fire risk.

Figure 11: Parametric deck layout
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In addition to the primary design tool NAPA, secondary design tools for parametric layout definition has
been used, see figure above. The defined parametric layout is designed within one fire zone and used for
evacuation simulation from this fire zone.

Figure 12: Flooding module
Alike the fire module, the flooding module comprising a number of different tools has been implemented,
see the figure above. The module also comprises the secondary CAD tool, Z-Editor, the actual flooding
estimation software developed in the subproject “Fast and Accurate flooding prediction” and evacuation
simulation tool Helios for risk estimation.

Figure 13: Evacuation simulation in Helios
The figure above demonstrates the evacuation process simulated by Helios software. This evacuation
simulation software has been used for fire and flooding risk estimation.
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Figure 14: Dependency network
The data flow between tools is shown in a dependency network above. Such a network is also used for
data consistency control, tool execution and management of parametric data, as shown further below.

Figure 15: GUI for historical data storage
A simple GUI for a database storing historical data of various accidents has been developed. The reason
of this development was a need to have an access to historical information through the platform.

Figure 16: Data publishing and version recording
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Along with the dependency network described earlier on, sets of design other parameters corresponding
to tools integrated can be accessed. Each tool integrated can “publish” its parameters, by analysing input
and output files, and any files linked to this tool. This supports the parametric design concept that is
essential for dependency analysis between parameters and design optimisation.

Figure 17: Optimisation monitoring
The published parameters allow to form objective functions and select free variables to be varied during
the optimisation process, see figure below. The optimisation outcome is then shown graphically, see
figure above, for further analysis and decision making. For example, the solution pertaining to a Pareto
front/set might be subject to more detailed analysis, see figure above.

Figure 18: Specification of optimisation problem

Figure 19: Script based tool integration mechanism
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In the figure above the script-based tool integration mechanism is outlined. This way tools are integrated
into the RBD platform to ensure data transfer along with pre- and post-processing of data. Scripts are also
used for the purpose of publishing parameters and data files of interest.

Comprehensive Risk Model
The goal of this subproject has been to explore the development of an alternative model of risk that could
be implemented in risk-based ship design and approval. Specifically, the following objectives have been
set:
• To propose a mathematical model of risk accommodating a series of critical scenarios.
• To test sensitivity, robustness and validity of the model. To identify and quantitatively assess the
model uncertainties.
• To “reason” on acceptance criterion.
All objectives of this sub-project have been addressed. A model of risk has been proposed, elements of
uncertainty have been investigated, an alternative reason for setting the criteria for use in Risk-BasedDesign and approval have been proposed, and an alternative view on the RBD paradigm have been
expressed. It is being considered in SP5.6 that the Risk Based Design paradigm is very succinctly
expressed by the following statement:

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
Two subprojects were selected for continuation. The respective subproject leaders are:
• Det Norske Veritas AS (NO) represented by Mr. Dag McGeorge:, Phone +47 67577522 e-mail:
dag.mcgeorge@dnv.com
• Deltamarin Ltd (FI) represented by Mr. Esa Pöyliö: Phone +358 2 4336 346, e-mail:
esa.poylio@deltamarin.com

9.3 Work performed - Results achieved so far
The two winning designs in SAFEDOR WP 6 continue on their way to an “approval in principle”. The
starting point of their work was the successful presentation of the two designs during the SAFEDOR WP
6 selection day, where two projects related to RoPax ship designs were selected for further elaboration
(Phase II), namely one related to the design of a Fast Full Displacement Ferry and one related to the
Lightweight composite sandwich superstructure of a ferry. Both designs have presented their
achievements during periodic SAFEDOR meetings.

Lightweight composite sandwich superstructure-Phase II
The primary objective of this subproject is to refine a developed superstructure design and to seek riskbased ‘approval in principle’. The subproject refers specifically to a risk-based ‘approval in principle’
with a national authority for the composite superstructure design of a STENA ferry. This process results
in a range of comments and clarification requests that this subproject responds to. Some are of minor
nature and can be answered directly. Others are more fundamental and require work to be undertaken in
order to provide a satisfactory answer.
To justify the novel design towards the national authority, a quantitative risk assessment has been
performed and is being updated. A design requirement specification is being deduced from this risk
assessment. This specification will be formulated such that all designs of the particular superstructure that
fulfil the specification will also conform to the assumptions of the risk assessment. Consequently, the
results of the risk assessment would apply to all such designs and hence the conclusions would be
applicable to any design in conformance with the specification.
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An ‘approval in principle’ is sought with a national approval authority that constitutes an approval of the
design specification (not a specific design). The final design approval will be based on verification that
the particular design fulfils the design specification. This will be outside the scope of this subproject.
A critical issue in the ‘approval in principle’ is the verification that the assumptions made in the risk
assessment are well justified. Many of them have been verified through simulations and tests. However,
still remaining are assumptions regarding the fire load to be expected in various areas and the efficiency
of RCOs such as drencher systems, sprinklers, closing doors and fire-rated windows.
To verify these assumptions, a large scale fire trial of a mock-up structure including two cabins and a part
of the corridor and superstructure exterior has been performed. The test structure was fully equipped with
e.g. outfitting, furniture, sprinklers and external drencher. Industry support (outside SAFEDOR budget)
for this test was secured to cover supply of materials and equipment and construction of the test structure.
The SAFEDOR scope of work covered the actual performance and analysis of the test trial.
During the months to come and until the end of the SAFEDOR project, the results from the fire trial will
be analysed and some additional fire simulations completed. Then the risk model will be updated to
reflect these new results and the risk assessment redone. This will lead to the identification of a set of cost
effective risk control options that will be included in the design specification. This design specification
will be finally submitted to the national authority for ‘approval in principle’.

Fast Full Displacement Vessel - phase II
The design concept developed in this subproject followed the holistic approach advocated in SAFEDOR
and demonstrated how risk-based design can be done focusing on system availability and survivability.
The objective is to refine the applied risk model to study further the design concept. Preliminary approval
is sought for a design concept with improved safety level due to inflatable buoyancy blisters arrangement
around the ship and due to improved protection of ship systems by the watertight compartment
arrangement. Preliminary approval is not sought for the blister (or equivalent) equipment itself but the
approval could define the preliminary criteria, which for such devise are to be fulfilled.
The design team has refined the design concept and risk model and will utilize available results achieved
in other work packages of SAFEDOR.A CATIA 3 D model of the developed ship concept has been
prepared in order to perform system availability analyses with the tool developed in-house of one of the
partners. Further studies on stability of the vessel with inflatable blisters have been performed. The
generic cost-earning model developed in SAFEDOR has been reviewed and data was collected for use in
the final economic impact study. Data of availability and cost of the blister is collected and model scale
model tests are proposed.
The design team has familiarized themselves with the, “Approval Process for Novel and Risk-Based
Design”. Two “Design Preview meetings” have been organized to discuss the concept, the novel or riskbased features, relevant rules / guides / codes / standards, as well as the further steps involved in the
approval process. Main focus will be on the approval of the ship concept with inflatable blister. A Hazard
Identification session was arranged in March 2008.

9.4 Anticipated End Results - Intentions for use and impact
In the last phase of this workpackage, the documentation for approval for the two selected designs will be
prepared and will be considered by the Classification Society for “approval in principle” using the criteria
developed in SP4.5 [4]. This phase will be carried out during 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
Training
This subproject started in year 3. It consists of two tasks, namely the “Development of postgraduate
training modular course” and the “Training course to professionals”.
The planned training course on Risk-based design, operation and regulation will be held in
Lyngby/Copenhagen, at the Denmark Technical University (DTU) on 25-27 August 2008. The course
addresses an extended number and background of prospective participants from the whole spectrum of
the maritime industry. Public information about the course was released through SAFEDOR Newsletter
No. 4 (February 2008) and was complemented by a separate leaflet of DTU/ DCAMM.
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An extra short course on approval of risk-based designs was held on March, 30 2007. This training course
can be considered as the first of a series of SAFEDOR training activities and preparatory to the above
outlined course to be held in August 2008. 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.
The above training course was mainly targeting personnel from regulatory authorities, flag
state/governmental administrations and classification societies. The total number of registered participants
amounts to 25 attendants, including the five organisers/presenters. Participants from Flag Administration
from Cyprus, Sweden, Germany, Slovenia, Denmark, Estonia and the Netherlands have already registered
for the course, as well as major Classification Societies from France, Italy, United Kingdom & USA.

Dissemination
The primary goal of this subproject is the efficient dissemination of SAFEDOR results by:
• the organisation of a series of conferences and workshops,
• the printing of newsletters and public annual reports and
• the compilation and printing of a handbook on Risk-Based Design.
In this reporting period, dissemination of results was attained via the ongoing elaboration of the following
tasks:
• Midterm Conference (end of year 2)
• Seminar Year 3
• Public report and newsletter Year 2 (end of year 2)
• Public report and newsletters Year 3
• Handbook on risk-based design
• Dissemination and communication plan for year 3
The Midterm Conference was 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). The SAFEDOR Mid-Term Conference attracted about 80 participants from both inside and
outside SAFEDOR (Europe and overseas), covering the complete spectrum of maritime stakeholders.
Presentations during the two-day conference addressed the achievements of SAFEDOR in the first two
years along the thematic lines "risk based design" and "risk based approval".
The 2nd Open Workshop of SAFEDOR was held on May 5-6, 2008, at the premises of the University of
Strathclyde in Glasgow (local organiser: SSRC). This SAFEDOR dissemination event was set-up as a
continuation of the introduced series of Risk-based Design workshops, jointly organised by SAFEDOR
and NMRI-Japan. It attracted about 75 participants from both inside and outside SAFEDOR (Europe and
overseas), covering again the complete spectrum of maritime stakeholders. Presentations during the twoday workshop addressed achievements of SAFEDOR in year 3, of research works on risk based design in
Japan and Korea, as well as of other European Community funded projects along the general thematic
lines "risk based design", "risk based operation" and "risk based approval".
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A series of major follow-up SAFEDOR dissemination events are planned until the end of the project,
namely:
• The SAFEDOR postgraduate training course on risk-based design, operation and regulations, to
be held at DTU in Lyngby-Copenhagen in August 2008
• The SAFEDOR Handbook on Risk based Design, to be released in December 2008
• The SAFEDOR Final Conference, to be held at IMO in London in late April 2009.
The 3nd SAFEDOR Newsletter on Advanced Design Methods and Tools has been compiled and released
in October 2007; The 4th SAFEDOR Newsletter on the Importance of Training and Related Activities
was completed and released in February 2008.

Assessment and Exploitation of Project Results and Benchmarking
In this reporting period, assessment and exploitation of results were attained via the ongoing elaboration
of the following tasks:
• Assessment of Project Results part 2
• 1st SAFEDOR Benchmarking study
• Exploitation Plan part 2
Overview of expected results, assessment procedure & criteria and assessment results were reported in the
relevant deliverable that was finalised in December 2007.
Concerning the SAFEDOR exploitation plan, by the end of the project it will constitute a blueprint for
commercial activities that will take place after the research, development, demonstration and training
work of the project.
The 1st SAFEDOR International Benchmark Study on the validation of numerical codes for the prediction
of the motions and flooding of damaged ship in waves was launched for international participation in
May 2007. The study was supported by the Specialists Committee on Stability in Waves of ITTC
(International Towing Tank Committee). Relevant information about this benchmark study may be found
on SAFEDOR and NTUA-SDL web sites. (http://www.safedor.org and http://naval.ntua.gr/sdl/sibs). Six
institutions expressed interest to participate in this benchmark study and finally four submitted results for
evaluation within the set deadlines. Preliminary results of the study were presented and discussed at the
10th Int. Stability Workshop (Daejeon, Korea, March 2008) and at the Specialists Committee on Stability
in Waves of ITTC (Osaka, Japan, April 2008). The final report is due to be released in June, 2008.
A 2nd SAFEDOR International Benchmark Study on the validation of numerical codes for the prediction
of intact stability (parametric roll phenomena) of ships in waves is due to be launched for international
participation in June 2008 and be completed by the end of the project in February 2009.

10.4 Anticipated End results - Intentions for use and impact
The SAFEDOR knowledge management, training and dissemination activities are anticipated to have the
following impacts:
-

Training activities
o

SAFEDOR postgraduate training course on risk-based design, operation and regulations,
in August 2008: dissemination of generated project knowledge and training of young
graduates and professionals in innovative approaches and subjects of great importance for
the design, operation and approval of ships in the future
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-

-

Dissemination activities
o

SAFEDOR Final Conference, in April 2009: public dissemination of final project results

o

Book on Risk-based Design, in December 2008: the book to be printed and released by
the renowned international publisher SPRINGER Verlag, Germany 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, enabling them to be updated on
developments in the Integrated Risk-Based Ship Design, Operation and Regulation.

Exploitation activities
o

SAFEDOR Final Exploitation Plan, in January 2009: it will serve as a guide to future
exploitation of SAFEDOR generated know-how, tools and approaches

o

SAFEDOR benchmark studies: they will serve as a reference point for the assessment of
developments of numerical simulation codes for the prediction of intact and damage of
ships in waves and results thereof to be exploited by international scientific community,
the maritime industry and regulatory bodies (IMO, class societies and flag state
administrations).
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11 Conclusions
SAFEDOR has successfully completed its three first years and the key achievements comprise a series of
major scientific, technological and regulatory challenges in the risk-based approach to ship design,
operation and regulations.
SAFEDOR will be affected in general by the outcome of the ongoing debate on Goal Based Standards
(GBS) and vice versa. However, the outcome of the current GBS debate is not anticipated to influence
ship designs for some years, and only the hull structure of bulk carriers and tankers might be affected.
Therefore, SAFEDOR results will remain effective under the current regulatory framework in the
foreseeable future.
The GBS philosophy of the future – risk-based or prescriptive – however, is believed to have strong
effects on SAFEDOR. With the Safety-Level Approach (SLA) to GBS now firmly in place for
development, application of SAFEDOR-related ideas and concepts will be boosted.
Concluding, results and activities of SAFEDOR will support the development of the GBS-SLA and vive
versa; also every effort should be made to submit to IMO-MSC agreed SAFEDOR FSA studies related to
cruise ships, ro-pax, oil tankers, gas tankers and container vessels. The planned final submissions to IMO
with a complete guideline on risk-based approval will eventually serve as an anchor for risk-based
approaches to be exploited by the maritime industry in the years to come.
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13 List of SAFEDOR Publications until End of Year3
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:
•

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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