
787

DEVELOPMENT OF A METHODOLOGY FOR ASSESSMENT
OF SHIP SAFETY – MOTIVATION, BACKGROUND AND

WORKED EXAMPLE

Jan Tellkamp Dr. Ivan Oestvik
Flensburger Schiffbau–Gesellschaft LMG Marin AS

(Germany) (Norway)

Abstract

The paper describes the motivation for the development of a risk based design methodology,
the developed methodology itself and the application of the methodology on the example of a
damage stability evaluation of a RoRo passenger ship design. Part of the work described in
this paper derives from the Nereus project, which is an EU FP5 RTD project.

1 INTRODUCTION

The philosophy of Design for Safety is that
safer, and more cost–beneficial, ships will re-
sult provided safety issues are integrated as a
performance parameter in the design proces at
the early design stages. The principal question
is how to integrate safety in the design process
and with which means. An example on such
integration is illustrated in Section 6 utilising
damage stability of Ro–Ro passenger ships as
an example. The philosophy advocates that the
pertinent elements of safety and technical issues
from the operational phase are modelled prior
to having these issues synthesised into an in-
tegrated whole utilising e.g. fault/event trees.
The DFS philosophy aims to facilitate the de-
velopment of the DFS methodology by linking:

• Utilisation of technical tools.

• Safety assessment deriving from risk–
based methodologies/theories.

• Design activities and issues.

The underlying theme is that safety assessment
will enable safe–ship–designing to be formalised
as a process within an iterative procedure that
allows a two–way dynamic link between techno-
logical developments and design, where design
constraints are defined by the process of safety
assessment. The procedure, on the one hand,

gathers and assimilates technical information,
prioritises safety issues, identifies practical and
cost–effective safeguards and sets requirements
and constraints for the design process. On the
other hand it provides feedback from the de-
sign process to stimulate refinement of tools,
in the light of experience gained from imple-
mentation and/or practical applications. The
approach adopted reflects the ever–greater soci-
etal demand for safe and environmental friendly
transport, which may lead to future require-
ments for safety assessments to be performed in
the ship design process. Safety assessment, or
the equivalent risk analysis, is standard within
the offshore industry. The philosophy expresses
the view that safety assessment currently is not
a part of the design process and no tools ex-
ist, thus safety assessment has been emphasised.
The PhD theses by Oestvik [13] and Konovessis
[11] and the work within the Nereus project
[21] are among the first contributions towards
developing a design tool that integrates safety
in the design process in line with other design
criteria, such as resistance, stability, etc. In the
following sub–sections a number of issues per-
taining to the DFS philosophy are discussed.

1.1 Top–Down vs. Bottom–Up Ap-
proach

A top–down approach is advocated, governed
by high–level events, e.g. environmental im-
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pacts or collision and fire, and their likelihood
and consequences in order to design for safety.
There is literature on the theme design for
safety describing it as a bottom–up approach
focusing on component failure and system reli-
ability. However, the latter approach cannot ad-
dress safety in the early design phases as an in-
tegral part of the design process in line with tra-
ditional naval architect disciplines, such as re-
sistance and general arrangement, and it rather
targets the detail design phase. The bottom–up
approach should be termed design for reliability
and not be confused with the design for safety
approach addressed in this paper. The reason
the bottom–up approach cannot be utilised in
the early design phases is that it requires a fully
defined ship design where (near) all systems,
equipment and components have been quanti-
fied for their performance, i.e. a given ship
design is assessed. The top–down approach,
as advocated in this paper, provides input in
the earliest design phase where the criteria and
boundaries for the design are being determined
and safety can therefore be integrated, in line
with resistance, stability, etc., in the establish-
ment of main dimensions, hull form, internal
arrangements, etc.

1.2 Risk–Reduction Measures vs. Ship
Performance

The relationship between risk reduction mea-
sures (risk control options/safety enhancing
measures) and ship performance must be es-
tablished in the early design phases, as keep-
ing this relationship outside the design process
will only result in local optimisation of safety
and design for safety will not be effective. Risk
reduction measures can be technical or oper-
ational whichever is the more cost–effective.
The effects of risk–reducing measures on resis-
tance, seakeeping, loading/unloading, stability,
etc. should be determined by utilising relevant
tools in the design process. This aspect is fun-
damental in the DFS philosophy. A ship is a
compromise between many conflicting require-
ments and past research has managed to inte-
grate most naval architectural issues very well,

e.g. stability and hydrodynamics. It is argued
that this is not the case for safety and research is
needed to both identify relationships with other
naval architectural issues and implement this
knowledge in the design process. Safety may
then develop from being an afterthought to be-
coming an integral part of the design process al-
lowing for (safer) better compromises than the
current state–ofpractice allows.

1.3 Rules–Based vs. Risk–Based

Perfect Design

Risk Based
Design

Reducing
Ignorance,
Increasing
Competitiveness

Rule Based
Design

Figure 1: Relationship between ignorance and
risk–based design

A chief concern in integrating safety in the de-
sign process, particularly when claiming that
this must be done in a way that safety drives de-
sign, relates to the presumption that any invest-
ment in safety, expanding on class/authority re-
quirements, does not compromise returns. This
concept is ill founded. Figure 1 illustrates the
relationship between economic and technical is-
sues in a safe ship design process. The outer
boundary corresponds to a design solution that
achieves a perfect balance among all safety and
cost criteria and constraints, which is presently
unattainable. Today’s practice is represented
by the inner boundary, whilst it is argued
that a safety–effective and cost–effective solu-
tion could be achieved by adopting risk–based
design. The enhanced awareness on safety–
related issues and the improved appreciation of
how safety and cost interrelate and interact is
slowly beginning to drive home the simple fact
that scientific approaches to dealing with safety
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is one of the keys to increase competitiveness.
The shipping industry is experiencing a change
from traditional prescriptive thinking, i.e. rules
and regulations, to a more proactive pursuance
of optimal and cost–effective solutions based
upon a risk–based approach acknowledging that
all designs are compromises. This change is
caused by the development of technology and
societal values resulting in out–dating current
prescriptive rules and regulations, which will af-
fect regulators as well as operators. A step to-
wards a risk–based approach is the application
of the DFS methodology, as described in Sec-
tion 5. In such a scenario, the role of regulators
will change from controller to auditor and for
the operators from compliance to assessment,
i.e. safety must be documented prior to opera-
tion.

2 SAFETY CONCEPTS
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Figure 2: Elements of Risk

Today in the shipbuilding industry, we have a
mixture of systems to determine safety. Their
purpose is, finally, to keep risks within accept-
able limits. They rely on

• prescribing design specificae,

• prescribing methodologies,

• prescribing physical properties,

or

• prescribing risk levels.

These approaches represent different stages of
knowledge, available methodologies, and differ-
ent levels of risk perception in the society. Most
rules and regulations are based on the first three
concepts given in the list above. One major
drawback of some of these rules, e.g. stabil-
ity rules, is, that they reflect knowledge, ship
types, and calculation methods from the last
millenium. This is, for example, calculation
of leverarmcurves are performed for calm wa-
ter and with fixed trim only. Furthermore, they
focues on what to do, but not on what to achieve.

2.1 Prescriptive Design

The most simple safety concept is following pre-
scriptive rules. A well known example is given
in the bible, Noah’s Ark. This first reported
ocean going vessel was designed and built fol-
lowing clear instructions with respect to dimen-
sions, material, and construction. It’s success is
obvious.
This concept was used until the 19th century
in a slightly modified manner. New ships have
been designed keeping the proportions of previ-
ous ones, which were accepted to be safe by the
society. In some details it is still in use today.

The disadvantage is obvious: the concept pre-
scribes a specific hardware solution and a de-
velopment of alternatives and better solutions
is possible in small steps only.

2.2 Prescribed Design Methodology

This methodology prescribes a procedure to fol-
low, e.g.

1. Calculate the GZ–curve.

2. Determine ϕ(GZ= 0).

3. Determine GZmax.

4. Determine the range of positive GZ.
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5. Determine the area under the positive
GZ–curve.

Then for the steps performed some properties
as described in section 2.3 have to be met. An
example for this are the deterministic damage
stability regulations. In this framework, a ves-
sel is just legal or illegal, but vessels can not be
compared with or ranked against each other.

2.3 Prescribed Physical Properties

A more advanced safety concept is using pre-
scribed physical properties of technical systems.
One example are intact stability requirements.
These requirements are based on the shape of
the intact leverarmcurve in calm water:

• A certain righting lever (or range of pos-
itive righting lever or heel at equilibrium
floating) has to be achieved.

• A certain area under the righting lever
curve, depending on specific limiting an-
gles, has to be met.

• A certain derivative dh/dϕ, usually at the
angle of equilibrium floating, has to be
maintained.

Another example are rules requiring a specific
section modulus for the main section of ships or
for single profiles.

2.4 Prescribed risk levels

The most advanced concept is using prescribed
risk levels. These levels might be expressed us-
ing

1. probabilities or frequencies, e.g. the fre-
quency of loss of live per year for an indi-
vidual passenger on a RoPAX–ferry.

2. F −N–Diagrams, e.g. the frequency F of
having N people killed or injured onboard
a ferry.

3. terms using expected values, e.g. the ex-
pected value of the cubic metres of spilled
oil within the lifetime of a vessel.

4. Combinations of the above.

With this approach it is possible for the designer
to balance the three elements shown in figure 2,
consequence, likelihood, exposure, against each
other to reach an accepted risk level. Con-
sequently this allows to decide in the design
procdess wether safety is guaranteed by risk
prevention (frequency reduction) or risk miti-
gation measures (consequence reduction), and
accounting for the respective impacts on costs
and overall performance.

3 CONCEPTS FOR RISK QUANTIFI-
CATION

In order to perform a risk based evaluation of a
ship’s performance, three things are necessary:

1. A methodology (or framework) which is
capable of assigning numbers to risks.

2. Tools (e.g. numerical tools) which can be
used within the methodology to calculate
the ship’s performance with respect to the
problem/focus of interest.

3. The (by the society) acceptable level of
safety must be known.

When developing such a methodology and those
tools the following characteristics should be ac-
counted for in order to allow for reliable evalu-
ations of a ship’s safety and an increased opti-
mization potential in ship design:

• All available scientific knowledge should
be considered.

• The methodology should be generic and
thus transferable integrative to other
risks.

• Both the methodology and the tools
should be modular, thus modules can be
exchanged if necessary. This reflects the
increase in scientific knowledge over the
years on one hand and the increase of
knowledge of a vessel during its design.
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• The results need to be transparent with
respect to the basic physical phenom-
ena/characteristics influencing the safety
of a vessel. A sound understanding of
physics is essential in order to improve a
technical system.

• It should allow for a comparison and risk
balancing between different areas of inter-
est (e.g. damage stability and fire safety).

• It should be applicable in the early design
stages where the optimization potential is
largest.

• It is very important that the quality of the
results can be quantified.

Quantification of aspects of technical systems
like ships is basically nothing but determining
a system’s response to an input signal:

Input Signal

System

System Response

Figure 3: System Thinking

It is obvious, that the input signal depends
strongly on the parameter space under consid-
eration and the system response of interest. For
example if the system’s response is ship’s mo-
tions, the input signal can be generated from
the parameters significant waveheight, period,
encounter angle, wind velocity and angle of at-
tack. The same parameters will of course affect

maximum bending moments, accelerations and
load collectives.

Therfore some thoughts on how to account for
the parameter space are given in the next sub–
sections.

3.1 Calculation Domains in a Parameter
Space

When talking about risk, the identification of
the core elements of risk is necessary. In figure
2, the elements exposure, frequency, and con-
sequence are identified. The elements exposure
and frequency are sometimes already combined
into probability.

It is obvious that these core elements of risk
should be dealt with seperately, as this allows
to distinguish between risk prevention and risk
mitigation (reduction of frequency or exposure,
and consequence reduction, respectively).

When estimating the risk based performance of
a vessel usually a vast parameter space needs
to be considered. In principle, as illustrated in
figure 4, four major approaches exist to assess
risks. One is to use ”brute (computing) force”,
as illustrate on the upper left. Here the en-
tire parameter space is covered. Further deter-
ministic approaches, as illustrated on the right
hand side, try to cut down the computational
effort by either omitting regions of the parame-
ter space which are assumed to be safe or by re-
stricting the parameter space to known unsafe
regions only. The simulation of random sam-
ples, e.g. following the Monte–Carlo Simulation
approach, allows to reduce the calculation effort
while covering the entire parameter space. This
approach is illustrated in the lower left of figure
4.

It has to be noted that the location of safe and
dangerous regions inside a parameter space de-
pends on the attribute of system response un-
der consideration: if the parameter space de-
fines the environment in which a ship sails in,
different attributes might be motions, load col-
lectives, maximum bending moments and oth-
ers.
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calculation domain

unknown dangerous regions

known dangerous regionscomplete Parameter Space

known or assumed save regions

Cover the entire Parameter
Space
"brute (computing) force"

Simulate a sufficiently large random sample Only identified dangerous regions are covered
Monte−Carlo Simulation

is covered
Entire Parameter Space minus assumed safe regions

Figure 4: Different approaches towards risk quantification

Brute Force Attack
The main particularity of this approach is the
discretization of the parameter space in room
(and time). Therefore the calculation effort de-
pends on the discretization chosen, the number
and nature of the parameters, and of course the
numerical tools applied. The advantage of this
concept is that for innovative designs, where no
experience is available, dangerous regions are
identified. The major drawback is the compu-
tational effort.

Everything but regions assumed to be safe

If some experience with a certain attribute of a
ship’s behaviour in a parameter space is avail-
able, regions which are assumed to be safe might
be omitted. Depending on the knowledge, this
reduction might be just marginal. And still the
danger of unknown dangerous regions inside in
or overlapping with regions assumed to be safe
exist.
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Only regions assumed to be unsafe
If a noteworthy knowledge on the system re-
sponse in a parameter space is available, the
calculation domain might be reduced to the
known unsafe regions. This is of course a vast
reduction in computational effort. But still
the jeopardy of unknown dangerous domains
exist. This was (and partly still is) the case
with parametric excitation in headseas. Fur-
thermore, this approach is only applicable to
vessels where experience is available. An ex-
ample for this approach is the current Code on
Intact Stability, which is based on the expe-
rience of vessels from the 1950’es, but shows
deficencies for modern developments.

Probabilistic concept – Monte–Carlo Simulation
These concepts account for the probabilistic na-
ture of parameter spaces ships typically operate
in. Parameter combinations to be calculated
are selected according to their respective prob-
abilities of occurence, the results are collected
in a random sample and this sample is assessed
using statistical techniques.

For this approach the quality of the results can
be stipulated a priori. Typically a level of
significance and a confidence interval are de-
manded, and from this together with a care-
fully formulated null hypothesis the size of the
random sample can be determined. Thus the
computational effort is mainly influenced by the
demands on the quality of the results. This ap-
proach has the major benefit, that it is applica-
ble to any new ship type, and it is in line with
the modern trend towards probabilistic assess-
ment of a vessels risk performance.

Finally, this approach can account for the fact
that in a given parameter space the dangerous
regions for different system responses can be lo-
cated in different regions.

4 METRICS

Metrics, scales and measurement are terms for
assigning numbers to certain things. In prin-
ciple, four different metric systems exist. For
a detailed discussion see [12]. The reason for

discussing the different types of metrics is the
fact, that numbers must be assigned to ships or
aspects of ships in order to allow decision mak-
ing. Before assigning numbers, it must be clear
what the purpose of using numbers is:

• Identification or grouping,

• ordering or ranking,

• giving differences,

or

• giving proportions.

When it is accepted that safety should be ex-
pressed in probabilistic terms, these thoughts
become even more important, as for the differ-
ent metrics not all statistical measures can be
given, see the discussion below.

4.1 Nominal System

Assigning numbers to things with the aim to
distinguish between individuals or groups of in-
dividuals is the most simple system. An exam-
ple are call signs of vessel. Another example is
assigning an attribute, e.g. true or false. This
metric is useful for identification or grouping of
things only.

This is element 3

The weather criterion is met: true

In this system no statistical measure can be
given.

4.2 Ordinal System

An ordinal metric assigns numbers to things
with the aim to order them. A typical example
are hull numbers given to a yards newbuildings,
or frame numbers. Ordinal numbers are useful
for identification and alignment of things only:
Hull no. 716 was contracted earlier than hull
no. 717

716 < 717

GZmax ≥ 5cm

Using this system, frequency, mode, median,
and quantiles can be given.
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4.3 Cardinal System

These numbers are assigned to things taking
into account the proportion of differences. An
example are temperatures measured in either
Centigrade or Fahrenheit. Cardinal numbers
order things and give the correct differences and
proportions of differences between them. Con-
sequently expressions like ’half of’ or ’twice as’
are ambiguous, as shown in the following exam-
ple.

20◦C − 10◦C

30◦C − 15◦C
=

50◦C − 40◦C

45◦C − 30◦C
Positive Range of GZ–curve ≥ 7◦

In addition to the ordinal system, in the cardi-
nal system mean and variance can be given.

4.4 Absolute System

Numbers in the absolute system order things
while keeping both ratios of differences and pro-
portions of the numbers themself. This metric is
well suited for performance criteria, as it allows
the comparison of numbers and a rebalancing
of performance criteria is possible.

5kg

1kg
=

10lb

2lb∑
i

Ai = c ·R

In this system, additionally the variation coef-
ficient can be given.

5 METHODOLOGY

Figure 5: Design for Safety Methodology

The DFS methodology is an iterative process
whereby an optimal solution for a ship design
is sought that is safe-, performance- and cost–
effective using a top–down approach. The in-
put required is a ship design, which is devel-
oped using e.g. information modelling tech-
niques. Risk analysis is performed for the de-
sign concept and the resulting quantified risk
level is controlled against established risk ac-
ceptance criteria. Risk reduction measures, or
design features, are considered when a ship fails
to meet these criteria. There is a general dis-
tinction between risk prevention and mitigation
means and both must be considered in order to
develop an optimal design. On the basis of ap-
plying risk reduction measures new ship designs
are developed and the effects of the changes are
again evaluated against risk acceptance crite-
ria. Designs that are considered to be safe are
put forward in the procedure and cost–benefit
analyses of the risk reduction measures are per-
formed. The safe and cost–effective design so-
lutions are simultaneously assessed for their ef-
fect on other performance factors, such as sea-
keeping, cargo capacity, operational efficiency,
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turnaround time, etc. The resulting solutions
of this process are weighted and the best de-
sign is put forward in the process for further de-
velopment. The methodology has potential to
accommodate multiple accident events, where
the effects from the various event–driven design
configurations are assessed. In such a scenario,
event–driven design features may be conflicting
necessitating the use of decision support models
in order to derive the best overall design config-
uration. It is referred to Oestvik et al. [13], [23],
and [22] for further details of the DFS method-
ology. Section 6 applies the DFS methodol-
ogy to the design of a Ro–Ro passenger ship
within an integrated design environment, the
E4–system at Flensburg Shipyard (FSG). The
methodology developed has been presented in
more detail by Oestvik and Tellkamp in [14].

6 APPLICATION ON DAMAGE STA-
BILITY

Within the FP5 research project Nereus a ra-
tional methodology was developed to evaluate
the risk of capsizing of damaged vessels, [14],
[20] and [21]. This methodology incorporates
the thoughts given in [11] and [13]and uses the
background on metrics, safety concepts, and
concepts for risk quantification presented in this
paper.

The task was to calculate the overall risk level
of the consequence capsize following the hazard
collision. Figure 6 shows the eventree for this
hazard.

Figure 6: Probability of capsize after a collision

Following the characteristics as outlined in sec-
tion 3, a set of generic tools was defined in a first
step, splitting the task into frequency analysis,
consequence analysis and risk quantification:

Element Tool
Frequency analysis F1
Damage estimation C1

Ships response C2
Risk quantification R1

The elements of risk illustrated in figure 2 can
be clearly identified:

• The frequency and exposure are estimated
via the F1–tool,

• Consequences are dealt with by the C1–
and C2–tools,

• The resulting risk level is calculated by
the R1–tool.

The F1–tool actually consists of two tools: One
tool to generate the environmental conditions
which in this context are defined by the signifi-
cant wave height and a second tool which gener-
ates the damage cases in terms of length, width
and height of the damage extend. The C1–tool
gererates the belonging set of damaged com-
partments for each damage case. While the C2–
tool delivers the ship’s response, i.e. an answer
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to the question whether the ship survives a spe-
cific combination of significant wave height and
damaged compartments. With statistics be-
ing used within the F1–tool, this set of generic
tools can be embedded within the framework of
a Monte–Carlo–Simulation. The results of the
Monte–Carlo–Simulation are then evaluated by
the R1–tool – the risk quantifier.

In the Nereus–project an existing specific tool
was selected for each of the mentioned generic
tools:

generic Tool specific Tool
F1 Wave Statistics, [19]

Harder Damage Statistics,[9]
C1 Ship design and simulation

system E4
C2 SEM, [10]
R1 the fraction of number of survived

scenarios divided by the number of
all generated scenarios

C1: Design Software E4

���� �
�

C2: SEM − Survived?

F1: Wave & Damage Statistics

R1: Probability of Survival

Figure 7: Identified Toolset

6.1 Design Excercise

Within the Nereus–project, this methodology
was applied to a Ro–Pax design. In total 15
major design variations plus a couple of minor
modifications were elaborated and assessed us-
ing the developed methodology. Some results
are given in table 1 below. The configurations
labelled ”A” to ”E” show different concepts of
side– and center–casings on the cardeck.

To get a reference value for the risk level, the
methodology was applied on the initial design,
which is the A–configuration with a height of
the cardeck of 9.4m. This design is completely
compliant with SOLAS and the Stockholm–

Agreement for a waveheight of 4m and therefore
safe by definition. The risk levels of the modi-
fications had to be within an interval of ± 2%
around this reference level, or even higher to be
acceptable on a level of significance of 95%.

This implementation of the DFS methodology
gives numbers in the absolute system, mean-
ing that two different designs assessed in this
methodology using the same implementation
are completely comparable. As the design task
was given by a functional requirement (deter-
mine the risk level), and not by prescribed hard-
ware solutions, physical properties or a method-
ology to apply, the developed methodology is
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generic enough to be transfered to other safety
related issues. And important as well, gain in
knowledge can be reflected by exchanging one

of its implemented tools, e.g. statistics to ves-
sel specific frequency tools or the SEM to a time
domain calculation.

Table 1: Comparison of Results of calculated survivabilities
Configuration Survivability

initial Design modified hull deck at 10m

A 0.918 0.931 0.953

B 0.890 0.889 0.931

C 0.922 0.937 0.963

D 0.904 0.912 0.945

E 0.861 0.856 0.900

7 CONCLUSIONS

It has been shown, that by careful considera-
tions on metrics, calculation strategies, and ele-
ments of risk, with todays knowledge and avail-
able tools it is possible to quantify a ship’s per-
formance with respect to safety issues as an in-
tegrated element of the design process in a holis-
tic manner. Furthermore, direct calculations
have been used for investigations a posteriori
after an accident has occured since the 1980’es,
see [6], [17], and [18]. For Naval Vessels only,
direct assessment is applicable today a priori,
[5].

Of importance is not that a direct calculation
tool can cover all aspects of a ship’s behaviour,
but those of interest. For example, if in damage
stability the question is how long it takes until
a vessel capsizes, this aspect should be reliable
calculated by the respective tool whilst the pre-
diction of its natural frequency in this condition
might be of minor interest.

As direct calculations are accepted after a haz-
ard has occured, it is somewhat ridiculous that
they are not acceptable in ship design in or-

der to avoid dangerous situations or to miti-
gate their consequences a priori. It is antici-
pated that the term ”Design for Safety” should
be integrated in the design process. Hormann
[8] calls designer to use their genius – and of
course this has to be supported by direct cal-
culations. Blome and Krüger have shown in [2]
that the current Code on Intact Stability is not
sufficient, as the characteristics of modern ship
forms are not reflected.

Therefore a modern, integrative, and consis-
tency ensuring approach to all safety related
aspects of modern ships should incorporate all
available information and knowledge at hand
(scientific and vessel specific), careful decision
on the metrics and selection of the calculation
domain in a parameter space. In doing so it has
been shown in the literature, [3], and is shown in
this conference, [4], that the safety level of ves-
sels can be increased significantly without de-
creasing their functionality or increasing their
price. This is illustrated in figure 8 as the
”Long Term Target” (green path). Even if to-
day this might not be possible for all aspects of
ship safety, at least the ”Equivalent Safety Ap-
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proach” (yellow graph) has proven to be suit-
able and applicable and should be used.

Prescribing Design
Specificae

Risk LevelPrescribing Physical
Properties

Scenarios

Better / Worse / Equal

Fulfiled / Not Fulfiled Level of Compliance

Long Term Target

Past Experience Scientific Knowledge

Purely Prescriptive

Qualitatively Comparing

Quantitatively 

Empirical Direct Tools / Tests

1966 LL Convention

Evaluation Criteria

SOLAS MSC/Circ. 1033 (Evacuation)

"Equivalent Safety" Approach

Tools

Approach

Formulation

Basis

IMO A562 

IMO Weather Criterion

Stockholm Agreement

Figure 8: Different ways towards the assessment
of a ships safety
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