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Abstract

The paper presents some information on a concept of the safety management method
of the complex airborne and seaborne technical objects. First of all the differences in
safety management in both the seaborne transportation and airborne transportation are
introduced. Then the safety system which may be applied for the complex technical
objects is described. Next the method for safety assessment of the complex technical
airborne and seaborne objects based on the risk assessment is presented. Then the chosen
elements of the risk model are described. In the final part of paper the proposed method
of safety management of the complex technical objects devoted to the seaborne and
airborne applications is introduced. Finally the conclusions are given.

1. Introduction

Operation of the complex technical objects treated as the systems is connected
with the necessity of permanent safety management when an object is in either
undamaged or damaged conditions.

There are substantial differences concerning the safety management of the com-
plex technical objects in undamaged and damaged conditions and these concern both
the seaborne and airborne transportation. There are some differences regarding the
safety management systems in both the domains of transportation.

The differences associated with the approach to safety management in these
domains follow from the different sources and they may concern as follows [1-15]:

1) an object as a technical system (including the internal technical subsystems),
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2) features of an object (including an object performance),

3) infrastructure (technical environment) where an object mission is performed
(including the air ways, sea ways, external technical subsystems),

4) legislation (including the conventions, regulations, guidelines),

5) procedures of an object management (including the operational procedures),

6) natural environment (airborne transportation - wind, fog, air temperature;
waterborne transportation - sea waves, wind, fog, temperature),

7) human factor.

The biggest differences in management of seaborne and waterborne objects
concern the legislation and operational procedures. These differences mainly follow
from the history of development of these transportation domains. In the case of
airborne transportation a permanent development was continued during the last
one hundred years. The most effective were the last fifty years. In the case of
the waterborne transportation this is more than one hundred years in respect to
legislation.

The differences connected with the air and water environment are obvious.

The similarities regarding the approach to safety management of both the trans-
portation domains and objects are as follows [1-15]:

1) airborne and waterborne objects are the complex anthropological systems
(man-object-environment),

2) nature of motion in both the cases is similar; both the objects (aircrafts and
ships) move in the fluid medium; performance of these objects is estimated in the
similar way as well; differences in description of motion mainly follow from the
features of the fluid in which the object move; this is closely associated with the
nature of inertia, damping and restoring forces acting on the object body,

3) there are some similarities connected with the air ways and water ways; for
example it concerns the definitions of traffic separation,

4) some external technical subsystems are similar in both the domains; for
example it concerns the communication and navigational subsystems,

5) legislation and object management procedures are of global (conventions,
regulations, guidelines) and local character in both the domain of transportation,

6) there are some similarities taking into account the human factor impact; for
example it concerns the decisions made by the aircraft or ship captain.

2. Safety System of a Complex Technical Object

According to the above mentioned information a generic safety system of the
complex technical objects including the aircrafts and ships may be presented as it
is shown in Fig. 1.

The structure of interrelations existing between the data elements of the safety
system of complex technical object including an aircraft or ship may be presented
as it is in Fig. 2.
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Fig. 1. Generic safety system of the complex technical objects including the aircrafts and ships
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Fig. 2. The structure of interrelations existing between the data elements of the safety system of

complex technical object including an aircraft or ship
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It is shown in Fig. 2 that there is no possibility to influence the natural en-
vironment by the other elements of the safety system which is according to the
reality.

The safety systems presented in Fig. 1 and Fig. 2 are the basis of safety assess-
ment of the objects under consideration.

There is a group of factors affecting the safety of an object according to the
holistic approach to safety. These factors are as follows:

1) design factor - it exists at the object design stage (including the object para-
meters, aerodynamic characteristics, hydrodynamic characteristics, object features),

2) operational factor - it exists during the operation of object (including the
object operational parameters and characteristics: loading condition, speed, course
(heading), ceiling),

3) factor connected with the object organization and management (including the
safety culture: management at the airport, management in the air space, management
in the port area),

4) human factor.

It follows from Fig. 1 and Fig. 2 that the hazards existing during the operation
of the complex technical objects including the aircrafts and ships follow from the
interactions between different elements and factors. The most important sources of
hazards in the airborne transportation are as follows: human factor, aircraft, orga-
nization and management and both the natural and artificial (internal and external
from the object point of view) environment [8].

The system structures presented in Fig 1 and Fig. 2 were developed for the
ships [3] therefore it may be underlined that the safety systems in the case of the
complex technical objects as the aircrafts and ships have a very similar structure.
Of course they may be different in respect to details.

Object in undamaged conditions |

Object in damaged conditions

Hull Hull Loss of Terrorist Military Aircraft Fire
skin skin hull attact activities (ship)

damage damage integrity subsystem

form from damage

outside inside (failure)

Fig. 3. The system of factors in the form of accident categories which may cause that an object (ship
or aircraft) can be in damaged conditions

During the further analysis it has appeared that the similarities concern the
system of factors in the form of accident categories. The categories of accident as
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the hazards which may cause that an object (ship or aircraft) can be in damaged
conditions are presented in Fig. 3 [3].

3. Method of Safety Assessment of the Complex
Airborne and Waterborne Technical Objects Based on
the Risk Assessment

The safety assessment of the airborne and waterborne objects in undamaged and
damaged conditions within the proposed method is based on both the assessment of
object performance and risk assessment. The major characteristic of the method is
that for the safety assessment of an object the holistic approach has been applied.

This approach is associated with using as follows:

1) holistic risk model,

2) factors affecting the object safety follow from the different sources as follows:
design, operation, management and human factor.

For assessment of the object performance the following methods may be applied:

1) investigations with using the physical models,

2) computer simulation.

The assessment of an object performance in undamaged and damaged conditions
enables prediction of all the possible scenarios of accident including the accident
consequences. The assessment of an object performance is the base for building the
event trees ETA [3, 4].

The risk assessment is associated first of all with the risk estimation according
to the event trees ETA prepared before. For the risk estimation the risk model
presented in the following chapter may be implemented. The risk assessment itself
can be done using the acceptance criteria (RAC — Risk Acceptance Criteria). Within
the proposed method the risk matrix or ALARP concept may be applied for the risk
assessment procedure [3, 4].

The main objective when using the proposed method is to obtain an adequate
risk level. Such the approach is equal to this that within the proposed method the
safety of an object is treated as the aim (as the main objective): design objective,
operational objective and managerial objective. The major measure of safety within
the proposed method is the risk level.

The proposed method can be applied at any stage of object life including a
catastrophe at sea. The structure of the proposed method is presented in Fig. 4 [3].

4. Chosen Elements of the Risk Model

The risk associated with the different hazards and scenario development was
estimated according to the well known general formulae [3]:
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Ri = Pi X Ci (1)

where:

P; — probability of occurrence of a given hazard;

C; — consequences following the occurrence of the data hazard and scenario
development, in terms of fatalities, injuries, property losses and damage to the
environment.

The risk model (1) may have four different kinds of losses regarding the human
fatalities (HF), cargo and ship losses (CS), environment pollution (E) and financial
losses ($) and for the ship in damaged conditions can be presented as follows:

R = PZPSZbO/ZPUOCW (2)

where:

P, — probability of the data hazard occurrence;

Psbojz — probability of the data scenario occurrence conditional on the data
hazard occurrence;

Py, — probability of losing the object conditional on the data scenario occurrence
and conditional on the data hazard occurrence;

Cy — consequences regarding the fatalities, property (cargo, ship), environment
and finance (C = Cygc, Ccs/cs Cgc, Csic) estimated at each stage of the accident.

The Py, probability can be estimated during the accident at sea using the fol-
lowing methods [3]:

1) binary method;

2) method based on definition of the static’s characteristics of the object;

3) method based on definition of the object performance during the accident.

In the case of the last method the surge, sway, heave, roll, pitch and yaw
functions in time domain have been anticipated as the major characteristics enabling
the risk assessment [3].

The risk analysis requires to calculate the conditional probabilities regarding
the initial events ZI;, major events (hazards) ZG;, intermediate events ZPy and final
events ZK; which can be treated as consequences. The basic mathematical formula
are as follows [3].

First of all the row matrix of initial events is evaluated:

P(Zl) =P(ZI;) for i=1 ton 3)
Then the matrix of major events is calculated:
MPz; = P(ZGj/ZI;) for j=1 tom 4
After that the matrix of intermediate events is calculated:

MPzp = P(ZP/ZG;) for k=1 toml ®))
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Fig. 4. The structure of the proposed method of safety assessment of complex technical objects
which is based on the performance assessment and risk assessment
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Then the matrix of final events is calculated:
MPzx = P(ZK,/ZPy) for 1=1 tom?2 (6)
Finally, the row matrix of final events may be estimated as follows:
P(ZK) = P(Z)MPzMPzpMPzx @)

Because of the above mathematical model used the entire risk model is called as the
matrix type risk model. The risk model enables to consider many possible scenarios
of an accident using the event trees ETA. In the case when the additional events
Z Ay, occur the P, probability can be calculated according to the formula presented
by Gerigk [3]. The typical additional events may concern the water on deck, air
cushions, cargo leakage, additional heeling moments or passenger behaviour.

5. The Proposed Method of Safety Management of the
Complex Technical Objects Directed to Airborne and
Waterborne Applications

The safety management system consists of the elements and relations between
them which in operation and during a catastrophe enable as follows:

1) taking into account the influence on safety of all the safety factors;

2) risk assessment;

3) risk management.

The risk management is possible if the risk assessment is done and it is asso-
ciated with answering the following questions:

1) what to do to decrease the risk?

2) what are the costs to decrease the risk?

3) what influence of this decrease is on the future solutions concerning the
object safety?

The risk management may be defined as a systematic and holistic process which
enables the quantitative risk assessment and risk management taking into account
the relations existing within the object safety system as presented in Fig. 1 and
Fig. 2 [3]. The safety system consists of the elements and interrelations existing
between these elements which may an impact on the object safety.

The risk management within the method of object safety management is based
on the strategy of risk reduction as follows [3, 16]:

1) reduction of the probability of the data events occurrence which consists of:

1.1) reduction of the probability of the intermediate events ZPy occurrence,
1.2) reduction of the probability of the intermediate events ZAy; occurrence,

2) reduction of consequences which consists of the reduction of the probability

of the final events ZK; occurrence.
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Fig. 5. The structure of the safety management system of the complex technical objects concerning
the application in the waterborne and airborne transportation

The structure of the safety management system of the complex technical objects
for the waterborne and airborne applications is presented in Fig. 5.

The dynamics of a catastrophe at sea or in the air requires a rapid making
decisions concerning the object safety. It should be directed towards the safety of
human being, property and natural environment. The fast making decisions requires
to apply an object in damaged conditions safety system working in the real time.
The structure of such the system have been worked out and it is presented in Fig. 6.
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Fig. 6. The structure of the object in damaged conditions safety system which enables the risk and
safety assessment during a catastrophe at sea

The functionality of such the system depends very much on the following:

1) a possibility of rapid modelling of a situation at sea (scenarios of accident),

2) a possibility of rapid modelling of the damaged object performance at sea.

The above mentioned follows from the fact that the rapid and effective making
decisions during a catastrophe at sea have the direct influence on the safety of human
beings, property and environment.

The holistic safety management system of the complex technical object should
include many subsystems as follows:

1) subsystem — object (internal and external control and monitoring subsystems
including the GPS, GDPS and VTS subsystems);

2) subsystem — environment (wind, waves, wind current, wave current);

3) subsystem — legislation (conventions, recommendations, guidelines, regula-
tions);

4) subsystem — object management (operational procedures);

5) subsystem — safety management system SMS;

6) subsystem — human factor;

7) subsystem — integrated safety management ISM;

8) subsystem — emergency system;

9) subsystem — warning system;

10) subsystem — evacuation;

11) subsystem — rescue.
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6. Conclusions

In the paper the basic information on the safety management of the complex
airborne and waterborne technical objects is presented. The safety system of a
complex technical object is introduced. The method of safety assessment of the
complex airborne and waterborne technical objects based on the risk assessment
is described. Some elements of the risk model is presented as well. The proposed
method for safety management of the complex technical objects directed to the
waterborne and airborne transport applications is described in the paper.

The objectives of further investigations will be connected with modelling and
estimating the conditional probabilities of the hazards, intermediate events, addi-
tional events and consequences occurrence. The next step of research activities will
be associated with developing the event trees ETA for the practical implementations.

The authors are aware that the definitions and terminology used in the paper
mainly belong to the theory of systems and risk analysis domains. At this stage
of research it is difficult to combine the knowledge of safety and risk assessment
following from the airborne and waterborne domains. In the future there is a neces-
sity to apply further the ready definitions existing within the theory of systems and
risk analysis or to try to work out the new definitions and terminology. The second
approach could be very useful as the safety of airborne and waterborne systems
and objects very often relay on the same solutions following from the different
disciplines of knowledge [17, 18].

The research investigations are conducted according to the collaboration be-
tween the Gdansk University of Technology, Warsaw University of Technology and
Naval Academy in Gdynia.
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