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For a period of more than 10 years, a safety culture approach has been promoted through the theme
“Design for Safety,” which aims at integrating safety cost effectively in the ship design process. There is
a considerable wealth of information amassed over these years of research and development on safety-
critical areas. One of the main elements of the research and development (R&D) work is the assurance of
safety within the ship design process, in the continuous search for improving the current state of affairs.
Through bold steps in the direction advocated by “Design for Safety,” it is slowly but steadily being
recognized that this approach can greatly contribute to the overall cost-effective improvement of safety in
shipping while nurturing the evolution of proper practice in the field.

On this background, the paper attempts a thorough overview of related R&D developments over the last
decade. Particular emphasis is placed on the developments that have taken place as part of the activities
of the Thematic Network SAFER EURORO and associated research projects, which have led to the
development of a recent major research initiative, the Integrated Project SAFEDOR, which is expected to

lead research development in the area for the years to come.

1. Introduction

RECENT WELL-PUBLICIZED MARINE DISASTERS triggered a chain
of events that raised safety awareness among researchers
and the wider public alike. Concerted efforts internationally
forced the subject of safety to the forefront of developments,
giving way to scientific approaches to assessing safety at the
expense of the traditionally governing empiricism. As a re-
sult, a clear tendency to move from prescriptive to first-
principles and performance-based approaches to safety is
emerging, and this is paving the way to evolutionary changes
in design, where safety is dealt with as a central issue with
serious economic implications rather than a simplistic com-
pliance. Concerted efforts to respond to these developments
in the marine industry led to the establishment of the first
significant EU Thematic Network (TN) on Design for Safety
(SAFER EURORO—ERB BRRT-CT97 to 5015) on October 1,
1997 for a period of 4 years, initially as a Type 1 TN with 33
contracted participants. This figure has grown to 122 orga-
nizations through the activities of the research and develop-
ment projects associated with the TN, covering the whole
spectrum of the maritime industry. SAFER EURORO oper-
ated from 2001 onward until November 2005 as a Type 2 TN
(SAFER EURORO II—G3RT-CT-2001 to 05050).

In simple terms, the strategic aim of SAFER EURORO was
to integrate safety cost effectively within the design process in
a way that safety “drives” ship design. The scope of the TN
was to provide the necessary motivation and stimulation to-
ward the development of a formal state-of-the-art design
methodology to support and nurture a safety culture para-
digm in the ship design process by treating safety as a design
objective rather than a constraint. In view of the varying

nature of the technical information necessary in the attempt
to formalize the safety assessment and design processes, the
overall program was structured as a cluster of individual
thematic areas, each addressing a specialist field in ship de-
sign. In this respect, five areas have been considered,
namely: Design for Structural Safety, Design for Ship and
Cargo Survival, Design for Passenger Survival, Design for
Seaworthiness, and Design for Fire Safety. The structure of
the Thematic Network also includes two horizontal func-
tions, namely Safety Assessment and Safe Ferry Design,
each addressing common and integrative issues aiming at
the development of the Design for Safety methodology.*

2. Motivation for design for safety

The first principle in “Design for Production” as recom-
mended by (Storch et al. 1995) is to “use common sense,” and
by analogy nothing stirringly new is advocated in suggesting
“Design for Safety” as the way forward to improving ship
safety. However, even though good designs should always
take into account safety matters, this has invariably been
governed by minimum compliance with the rules and hence
not addressed optimally. Many may argue that competent

* The overall technical coordinator of the SAFER EURORO The-
matic Network was The Ship Stability Research Centre of the Uni-
versities of Glasgow and Strathclyde. Coordinators of the Thematic
Areas and Horizontal Functions were the following: Thematic Area 1
(Design for Structural Safety): Germanischer Lloyd; Thematic Area
2 (Design for Ship and Cargo Survival): WS Atkins; Thematic Area 3
(Design for Passenger Survival): TNO; Thematic Area 4 (Design for
Seaworthiness): SIREHNA; Thematic Area 5 (Design for Fire
Safety): RINA and Fincantieri; Horizontal Function 1 (Safety Assess-
ment): Det Norske Veritas; and Horizontal Function 2 (Safe Ferry
Design): Ship Design Laboratory, National Technical University of
Athens.



designers have always strived to produce safe designs, but
history demonstrably shows that intention is not a substitute
for methodological treatment when it concerns a complex and
multidisciplinary subject such as ship safety. To this end, a °
formalized methodology for designing safe ships must be
adopted aiming to promote safety to the heart of the design
process rather than being seen to be in conflict with ship
production and operation and be treated in isolation from
other ship design factors.

A historical exploration into the development of safety of
life at sea (SOLAS) and an examination of the safety-related
drivers reveals trends that ought to be considered with care
in facing a future full of new challenges. These include: °

e Enhancement of safety is sought through legislation.

e Regulations address mainly the ship itself, more specifi- .
cally areas perceived to be safety critical (e.g., subdivi-
sion).

e Clear goals and objectives are missing (prescriptive
regulations).

e Safety rules and regulations have been driven by disas-
ter and public outrage (reactive approach). Raising .
safety standards has always been preceded by casualties
including considerable loss of life or property or environ- .
mental damage.

e The pace of rule development until recently has been
slow. °

e Safety has been treated as a separate, conflicting engi-
neering discipline without any consideration of cost-
effectiveness analyses or attempt in understanding how
it interacts with other design factors.

e Vested interests always delayed and often defeated the
imposition of new regulations or forced a compromise

that was unwise or unworkable. As a result, maritime
law has constantly shown a large time interval between
accidents and prevention of their repetition.

There are underlying trends of decreasing loss in ships
and fatalities, but those have to be considered in con-
junction with the decreasing human tolerance to risk
that becomes unacceptable, however remote the possi-
bility of a tragedy involving large loss of life. Today,
human life is much more precious than ever before. An
emerging trend concerns also the importance attached
by humans to the protection of the marine environment,
which must not be taken lightly.

Developments in shipping happen faster than experi-
ence is gained, thus the traditional reliance on experi-
ence and codes of best practice is “running thin.”
Overcapacity of transportation, oversupply of services,
and painfully low margins drive some of the best com-
panies and the core of the seagoing skill-base out of ship-
ping. The resulting combination of an aging fleet, sub-
standard ships, and multinational crews presents safety
problems.

Global media coverage brings the accident at the door of
the public and is capable of stirring strong emotions.
Shift of safety focus from hardware to software follows
wide awareness and growing appreciation of the role of
human factors on safety matters.

Phenomenal progress in science and technology over the
recent past presents the shipping industry with oppor-
tunities to meet emerging challenges cost effectively and
safely.

Considering the above, adopting a risk-based design meth-
odology that embraces innovation and promotes routine uti-
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lization of first-principles tools will lead to cost-effective
ways of dealing with safety. It will further lead to building
and sustaining competitive advantage, particularly so for
knowledge-intensive and safety-critical ships; knowledge-
intensive as such ship concepts are fuelled by innovation and
safety-critical as such ship design safety is indeed a design
“driver.”

3. SAFER EURORO aim and objectives

The principal aim of the SAFER EURORO Thematic Net-
work was (SAFER EURORO 1997 2001):

To effectively co-ordinate RTD activity aiming to en-
sure the realisation of a formalised “Design for Safety”
methodology for routine application in the shipyards,
by utilising advanced design techniques to integrate
and exploit the development of relevant critical technolo-
gies and risk-based frameworks, and to demonstrate
the practical applicability and potential of the pro-
posed methodology in the design and operation of RoRo
ships.

Specific technical objectives include:

e To continue developing and strengthening links and syn-
ergy within each thematic area and to ensure effective
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integration among the areas, facilitating concurrent engi-
neering practices while accounting for the requirements
dictated by the evolution of ship design and operation.

e To pursue systematic monitoring, review, analysis, and
transfer of technological developments within each the-
matic area in support of risk-based methodologies and
design integrative processes.

e To synchronize research effort through scheduling of the
pertinent but diverse research activities involved in the
associated RTD projects, through purposely organized
meetings and workshops, and through appropriate dis-
semination and knowledge transfer, to take full advan-
tage of the overlaps and synergies among projects to
target and exploit deliverables maximally.

e To identify and integrate relevant transnetwork re-
search activities, particularly in the TN CEPS where
design is at the core (one CEPS project, namely CRASH
COASTER is important in the pursuit of SAFER
EURORO targets and one Technology Platform, namely
VRSHIPS-ROPAX 2000, represents a joint effort be-
tween SAFER EURORO and CEPS).

e In this respect, to maintain and support a research di-
rection that is clear enough and well suited to the tar-
geted objectives of the industry and the priorities and
contents of Maritime Industry RDCG Master Plan and
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Fig. 3 Elements of the design process



to offer recommendations for updating the latter, as re-
quired.

To retain emphasis on the generic nature of the formal-
ism to ascertain capability of application to all safety-
critical vessels while accounting for wider aspects of ship
safety (e.g., life-cycle issues, environment, operation,
management, production, human factors engineering,
legislation) and to facilitate the formation of a European
Research Area on the basic underlying philosophy of
“Design for Safety.”

4. Achievements and structure

The impact of SAFER EURORO on the maritime industry
over the past 10 years has been manifold, but the most sig-
nificant by far must be the instillation of a strong beliefin the
maritime industry that safety by design is a feasible propo-
sition, which in turn helps to promote a safety culture that
spans the whole profession. Major achievements in the strife
for cost-effective safety through the activities of SAFER
EURORO include:
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e The attention surrounding ship safety has scarcely been
greater at any other time. Safety is becoming a central
issue for the maritime community. The traditional iner-
tia of the marine industry has been overcome by a new
stronger resurgence of safety as a key issue that cannot
be considered in isolation any longer nor fixed by add-
ons, bringing home the long overdue realization that
lack of safety or ineffective approaches to safety can
drive shippers out of business.

e The internationalization of the TN output, the signifi-
cant contribution to the regulatory process, and the in-
creasing realization by industry that scientific ap-
proaches to dealing with ship safety offer unique
opportunities to build and sustain competitive advan-
tage have helped create a momentum that is now prov-
ing to provide the “fuel” and the inspiration toward
achieving the goals of the TN.

e More importantly, effective cooperation between all ma-
jor players and stakeholders in the EU maritime indus-
try led to a closer collaboration and to increased trust
and respect of each of the partners potential and
strengths.

The European Commission has actively responded to these
challenges by retaining 12 FP4 and FP5 proposals on “Design
for Safety” prepared through SAFER EURORO (nine con-
cerning safer RoRo/passenger ships and three addressing
the safety of high-speed craft). Also, there are four further
retained projects running under the SAFER EURORO
umbrella (FIRE EXIT, COMAND, COMPASS, and
SAFECRAFTS). Moreover, through the adoption of an open
structure partnership, enabling other areas and others part-
ners to join the TN, a true European Research Area on the
subject of Safety at Sea has thus been created and is being
continuously nurtured and promoted.

The SAFER EURORO cluster and the SAFETY AT SPEED
cluster are illustrated in Figs. 1 and 2, respectively.

The success of SAFER EURORO depended critically on the
integration of all of these developments into “design tools”
that would lead to cost-effective safer ships. On a more gen-
eral basis, safety at sea-related research and development
(R&D) activities has contributed to the development of:

e Critical Technologies. This refers to the development
of a series of quantifiable, readily available, and evolu-
tionary tools and techniques enabling the analysis of all
the organizational, procedural, operational, technologi-
cal, environmental, and human-related factors concern-
ing safety at sea. The broad aim is to predict the perfor-
mance of a ship in limiting conditions pertaining to
operational, accidental, or extreme scenarios.

¢ Risk-Based Frameworks. This describes the structur-
ing of appropriate risk-management techniques and
methodologies, including guidelines for the proper utili-
zation of tools and techniques developed for behavioral
prediction and simulation of marine systems. These, in
turn, provide the basis for the derivation of unified mea-
sures of safety, for design and operation, and for rule
development, areas of paramount importance for the im-
provement of safety at sea.

¢ Integrated Design Environments. The utilization of
advanced design techniques, as developed in other in-
dustrial sectors but appropriately modified and struc-
tured, such as virtual reality and product modeling and
integration, will provide the basis for exploiting the full
benefit of the development of critical technologies and
risk-based frameworks, in an efficient and effective
manner to addressing ship safety in the broadest sense.

5. Risk-based ship design

Based on the understanding that risk-based design relies
on systematic integration of risk analysis in the design pro-
cess, it is imperative that such integration addresses all de-
sign phases, in particular the early phases of design when
major decisions affect costs and performance crucially and
when the freedom to make such decisions is at its maximum.
To allow for early focus toward ship safety, relevant informa-
tion on cost, earnings, and performance is paramount in
treating safety as a design objective and in decision-making
for cost effectiveness.

It is indeed the concept design stage that holds the greatest
potential for introducing product and safety innovations.
Ship design, in particular, is uniquely characterized by the
fact that some of the most important decisions regarding the
vessel are taken at the early stages of the process. This al-
lows little possibility to positively affect cost and performance
in all later design actions, which are inevitably bound within
the set frame prescribed by the early decisions. Figure 3 il-
lustrates this situation.

As the design process proceeds, the knowledge about the
design increases while at the same time the freedom to make
changes decreases due to the large costs associated with
these changes. To become more competitive, a decision-
making shift is required toward the precontract stage and
hence efforts must be deployed to maximize knowledge that
can be achieved only by advanced first-principles tools. The
emphasis toward safety approaches based on first-principles
calculations can only be linked to the need for explicit con-
sideration of safety necessary in goal-setting and perfor-
mance-based standards. In this respect, the scope for new
measures designed to reduce risk must be far greater than
attempting to minimize the consequences.

Traditionally, ship design practice has focused on balanc-
ing technical and economic considerations, with adherence to
safety requirements being a design periphery at best, if not a
design afterthought. Furthermore, within conventional ship
design practice any safety-related consideration is treated
through compliance with prescriptive regulations. In this
manner, safety is imposed as a constraint to the design pro-
cess of a ship, an undertaking that has resulted in the ill-
based concept that investment in safety compromises re-
turns. A second closely related observation is that this
approach is hindering the transfer of knowledge among the
design, production, and operational phases, thus not allowing
the development of competitive designs to be based on a ra-
tional basis but rather on the designer’s competence.
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Risk-based ship design, on the other hand, facilitates de-
sign optimization through a formalized design methodology
that integrates systematically risk analysis in the design pro-
cess with prevention/reduction of risk (to life, property, and
the environment) embedded as a design objective, alongside
standard design objectives (such as speed, cargo capacity,
passenger capacity, and turnaround times)—again through
routine utilization of advanced first-principles tools. In so
doing, safety is becoming a central life-cycle issue, addressed
critically as early as possible within design. Appropriate cou-
pling of typical risk analysis techniques with first-principles
methods and tools offers the potential for these require-
ments, not only to provide design input and to be imple-
mented within the design process, but also to assist in the
development and assessment of the effectiveness of rules and
regulations and in the proposal of appropriate criteria. Fig-
ure 4 illustrates a framework for risk-based ship design.

What makes risk-based design feasible and manageable,
hence practicable, derives from the fact that ship safety, as a
top-down process, is governed only by a handful of factors
which, when considered individually or in combination, de-
fine a limited set of design scenarios with calculable prob-
abilities of occurrence and consequences that could collec-
tively quantify the life-cycle risk of a ship at sea. Related to
this, it is important to point out that even though the abso-
lute value of a quantified risk may be questionable, the rela-
tive risk values of the considered design scenarios allow for
prioritization of risk-control options/design changes to
achieve design objectives optimally. Typically, the scenarios
shown in Fig. 5 provide the “structural links” to be used for
the development of the risk-based design methodology, com-
prising the following elements:

e Advanced first-principles tools for predicting frequency
and consequences of key incidents; hence pertinent data
(technical, cost, accident/incident statistics) is of para-
mount importance.

e Comprehensive and numerically efficient risk/cost mod-
els at generic level depicting knowledge of ship systems,
services, functions, and attributes and their relation to
principal hazards and risks.

¢ Development and consolidation of a risk-based design
framework to facilitate systematic integration of risk
analysis in the design process and a software platform
that “glues” together disparate design activities and pro-
vides general support to the designer during design cre-
ation.

e An integrated design environment to accommodate the
integration between traditional design tools and risk-
based simulation tools and to support decision making
in the search for competitive design solutions.

6. Tools developed

As part of the activities of the associated R&D projects, a
number of tools, methods, and procedures pertaining to the
critical technologies under consideration have been devel-
oped. Table 1 provides a brief outline of the research activi-
ties and outcome for each of these R&D projects.

7. Current research—SAFEDOR

A EC-funded four-year Integrated Project on “Design, Op-
eration, Regulation for Safety” started its activities on Feb-
ruary 2005, with the primary goal to enhance maritime
safety through innovation (SAFEDOR 2005). It is certain
that it will take some time before the impact from such a

project is fully appreciated, but expectations are high, con-
viction is strong, and ideas well shaped and matured over
many years of work within SAFER EURORO and elsewhere.
Such expectations are clearly reflected in the strategic objec-
tives of SAFEDOR as outlined below, attainment of which
will see drastic changes in the whole of maritime industry,
hopefully for the better:

e Develop a risk-based and internationally accepted regu-
latory framework to facilitate first-principles ap-
proaches to safety.

e Develop design methods and tools to assess operational,
extreme, accidental, and catastrophic scenarios, ac-
counting for the human element, and integrate these
into a design environment.

e Develop innovative solutions and products for safe, se-
cure, and economic operation of ships.

e Produce prototype designs for European safety-critical
vessels to validate the proposed methodology and docu-
ment its practicability.

e Transfer systematically knowledge to the wider mari-
time community and add a stimulus to the development
of a safety culture.

e Improve training at universities and aptitudes of mari-
time industry staff in new technological, methodological,
and regulatory developments.

8. Conclusions

Responding to well-publicized marine disasters, the ma-
rine industry strives to shape safety through concerted ef-
forts on an international scale. The progress is slow amid
burdens of inertia and tradition, but it points in the right
direction. Maintaining or improving ship safety at the right-
ful level, however, requires more than disaster-triggered re-
actions. It requires the systematic use of scientific method in
all its forms together with a change in people’s attitude to
safety as well as willingness from the establishment to sus-
tain both. In the past, the ability and understanding to re-
spond to these needs were lacking. Today, scientific and tech-
nological breakthroughs offer unique opportunities to make a
difference in improving ship safety. One realization of these
is the establishment of the Thematic Network SAFER
EURORO under the theme “Design for Safety” that has re-
cently culminated to setting up the largest ever EU-funded
research project on safety, SAFEDOR—giving us all hope
and scope for a step change in dealing with maritime safety.
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