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Abstract

Ports are the connection points between the sea and the land in the maritime industry, have an important role in world trade. Ports host
many ships each day. The characteristics of the ships that can manoeuvre within the port limits are determined depending on the
technical structure of the ports and the environmental conditions of the ports’ location. The characteristics of the ships such as their
type, length, width, draft, and tonnage are important factors that determine the port’s limitations. If these restrictions are not followed,
it is inevitable for marine accidents to happen within the port area, which can lead to severe consequences such as deaths and injuries,
material damage, environmental pollution, and even disasters. Risk analysis studies are carried out in order to prevent possible accidents
at the ports and to determine the perils that may occur. When the studies in this field are examined, it is determined that different risk
analysis methods are utilized. By using these analysis methods, the dangers sourced from ship manoeuvring that may occur within the
port limits are tried to be analysed. The purpose of this study is to create a risk analysis model to be used in the ship manoeuvres and
to determine which ships are suitable for manoeuvring in a port and under which environmental conditions ship can manoeuvre. Fuzzy
Fine-Kinney method was chosen as the main risk analysis methodology for this study, which has not been used in the related literature.
In the study, a full mission ship's bridge simulator was used in created scenarios by taking various environmental conditions into
account and coming alongside manoeuvres were carried out by masters with a pre-determined ship on a pier at a port in Istanbul. After
the end of each manoeuvre, surveys were filled out and assessments were made by masters that are considered experts in the maritime
domain. According to results obtained from the risk analysis method applied in the study, it was determined which ships with which
characteristics are suitable for manoeuvring and under which environmental conditions.

Keywords: Ship Manoeuvres, Risk Analysis, Fuzzy Fine-Kinney, Ship Management, Port.

Introduction important for ship and port safety. While determining
these restrictions, environmental conditions that affect the
A ship can face many dangers during navigation. These ship manoeuvre should be taken into consideration. It is
dangers increase as the ship approaches from the open sea important to determine these restrictions at stages such as
to the shore. During navigation in limited waters, port construction, wharf/dock expansion, construction
increasing traffic density, narrowing of the manoeuvre works that will change the port structure. This situation
area, and existing shallow water as we approach the shore prevents possible accidents in the port area. Ship bridge
are the most important factors in increasing the risk. These simulators are generally used to determine the suitability
factors cause restrictions on ship manoeuvres (Hu et al., of a port or a structure such as a pier, dock, etc. to
2017). The fact that ships usually navigate in the port suitability for ship manoeuvres (Zghyer and Ostnes,
areas cause them to face these dangers frequently. If 2019). By using ship bridge simulators, the ships available
necessary precautions are not taken, marine accidents in the simulation system are manoeuvred by experts in the
such as collision, contact, and grounding may occur. designated area. Manoeuvres are evaluated with a risk
These accidents lead to human injuries and loss of life, analysis method by experts. With these studies, it is
economic losses, and environmental damages. determined which ships can safely berth to a specified port
or a structure of the port under different environmental
The difficulties faced by a ship navigating in the port area conditions. The high emission values of ship manoeuvres
vary depending on the ship's characteristics, the port's put pressure on the environmental conditions in the port
structure, environmental conditions and the human factor area. It is expected that the manoeuvres in the port area,
(Permanent International Association of Navigation which is located within the settlement, will be reduced in
Congress [PIANC], 2014). The technical characteristics terms of both quality and quantity (Bayirhan et al., 2019;
of the ship that manoeuvre in a port area, such as its Mersin et al., 2019; Ulker et al., 2020).
length, width, draft, tonnage, etc., must be suitable for the
manoeuvre area. By considering the structure and In Turkey, the suitability for ship manoeuvres of a port or
technical features of the port, there should be restrictions of the structures will be built in the port area is checked
on ships that will manoeuvre the port area. This is by the “Ministry of Transport and Infrastructure”. “The
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Communique on the Evaluation of Shore Facility
Construction Demands” in the Official Gazette No. 27170
dated 15.03.2009 was laid out by the Ministry (Official
Gazette, 2009a). In this communique, it was asked to
prepare a modelling report before the construction of the
above mentioned coastal facilities. The modelling report
is prepared only by ministry-authorized institutions. With
this modelling report, it is determined which ships are
suitable for manoeuvring to a coastal facility under
various environmental condition. In the modelling report,
ship manoeuvres are requested to be carried out in the
simulation environment and evaluated by a risk analysis
method. However, there is no information about the
desired risk analysis method. For this reason, it is seen that
different risk analysis methods are used in modelling
reports prepared by authorized institutions. The proper
selection of the applied risk analysis method is very
important for obtaining consistent results.

In the study, it was aimed to identify a proper risk analysis
method that can be used in the modelling reports. Fuzzy
Fine-Kinney was used as risk analysis methods in the
study. In the application part of the study, a pier in a port
is situated in the Istanbul area was modelled in the
simulation system. Scenarios have been prepared
considering the environmental conditions of the port area.
Coming alongside manoeuvres were carried out on the
pier by the experts. In the study, human errors and
problems that may arise from ships were not taken into
consideration. Besides, marine traffic occurring by
navigating ships was not included in the risk scope,
considering that the control of the ship traffic will be
provided by the port authority. After each simulation
application, the risk analysis of the manoeuvres
performed by the experts was made. The data obtained at
the end of the study was evaluated using Fuzzy Fine-
Kinney risk analysis method and was ascertained in what
conditions the port was risky. As a result, it has been
understood which ships are suitable for manoeuvring at
the pier and in which environmental conditions ships can
manoeuvre. With this study, a proper risk analysis method
has been created to be used in modelling reports.

Risk Analysis Studies in Maritime Area

The International Maritime Organization (IMO) defines
the word risk as “the combination of the frequency and
the severity of the consequence.” (IMO, 2013). The
International Organization for Standardization (1SO), on
the other hand, defines risk as the “combination of the
probability of occurrence of harm and the severity of that
harm.” (ISO, 2018). When we look at the definitions of
risk, it is understood that risk has two components. These
components are stated as the “probability of occurrence of
harm” and the “severity of harm”. The word “harm”
mentioned in the definitions is used to mean human
injury, harm to health, or damages to the environment
(1SO, 2018).

Risk analysis is the process that defines the potential
hazards in any given situation, finds out and analyses the
probability of occurrence for the hazards defined and
makes sure that the available information is used

systematically (I1SO, 2018; Rouse, 2020). The purpose of
risk analysis is to identify the risk that may arise and to
analyse the said risk in order to avoid or minimize the
possible risks. With the risk analysis, the occurrence of an
undesired event, how risky it is and the extent of the
damage it can cause is determined. With this, the decision
of whether the work that creates the said risk should be
carried out or not is made. The size of the effect of the
resulting risk is determined. For a risk analysis to be
carried out, firstly the possible hazards should be
determined and the possibility of occurrence for these
hazards should be guessed.

Within the maritime field, many risk analysis studies are
done. The purpose of the studies done in this field is to
provide safety at sea, to prevent injuries or loss of life and
to prevent or minimize the damages the risk may do to
property or the environment. Risk analysis studies are
helpful for ships to carry out their operations safely and
for a safe environment to form.

In 1988, 167 people lost their lives due to a platform
named Piper Alpha exploding at the North Sea. After this
explosion, risk analysis studies done within the maritime
field has gained importance. IMO has prepared a guide
called “Formal Safety Assessment (FSA)” and has
recommended the use of this guide in risk evaluations.
With the FSA prepared by the IMO, a standard method
for risk evaluation has been developed. The process of
FSA consists of five main steps. For a good risk
assessment, the IMO recommends these five steps laid out
in the FSA. These steps are (IMO, 2013): Hazard
identification, risk analysis, risk control options, cost-
benefit assessment, and recommendations for decision
making.

Many risk analysis techniques and models are used to
perform a risk assessment for any given topic. Though, a
correct result is only acquired through the use of an
appropriate risk analysis method. These methods are good
guidelines for the correct interpretation of maritime risks.
Within the maritime field, many risk analysis studies are
done with different methods. With these methods, the aim
is to identify the levels of marine accident risks at sea and
to prevent or minimize the possible risks. When a
literature review is done on the risk analysis systems used
within the maritime field, it is possible to encounter many
risk analysis methods such as; hazard identification
(HAZID), hazard and operability studies (HAZOP),
preliminary hazard analysis (PHA), hazard checklist
analysis (HCA), structural what-if technique analysis
(SWIFT), functional hazard assessment (FHA), risk
matrix, failure modes and effects analysis (FMEA), fault
tree analysis (FTA), event tree analysis (ETA), bow tie
analysis, preliminary risk analysis (PRA), barrier and
operational risk analysis (BORA), Bayesian belief
network (BBN), Pareto analysis, analytic hierarchy
process (AHP), Monte Carlo simulation and human error
assessment reduction technique (HEART). (Talay, 2012;
Ozbas, 2013).

The risk analysis method to apply is chosen according to
the topic of the study. It is important to choose the
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appropriate analysis method to get the correct results. The
fact that studies are done on a lot of different topics has
resulted in the varieties of risk analysis methods
increasing. In addition, comparing studies done on the
same topic with different analysis methods have allowed
testing the consistency of the data acquired.

Literature Review on Ship Manoeuvres

When marine accidents are examined, it is understood that
the risk of accidents increases as the ships approach the
land. It is understood that especially when approaching
port limits, due to circumstances such as denser marine
traffic, narrow waterways, and topographical features, the
risk of an accident reaches high levels. When a literature
review is carried out on this topic, it is seen that similar
information is available and a lot of risk analysis studies
are done. It is understood that in these studies, the
researchers have applied different models to put forth the
most correct model to use.

When risk analysis studies done on risks within port limits
are reviewed, it is understood that every study is specific
to the area it’s conducted at and for every new study, the
environmental conditions and features should be
considered for the given area and all hazards for that area
should be identified one by one.

When the studies within the literature are considered, the
lack of adequate retrospective data is often mentioned. It
is also seen that the ship bridge simulator being used in
many studies due to them being a good source for
acquiring data. In addition, it is also understood that data
acquired from automatic identification system (AIS) is
used as a source in some studies.

When the risk analysis studies on ship manoeuvres around
port limits are examined, the “Environmental Stress
Model (ES Model)” is seen as one of the most used
models. Inoue (2000), with this model they have created,
aimed to contribute to determining the ship handling
difficulty of areas with limited manoeuvring spaces such
as port areas and designing better waterways. In the ES
Model, which is a quantitative model, topographical
conditions (shoal, land, breakwater, fishing nets, etc.),
traffic conditions (ship density in the vicinity, traffic flow,
etc.), and external disturbances (wind, current, etc.
Environmental conditions such as) are considered. In the
model created, an index was made between the stress on
the ship's user due to the manoeuvre made and the dangers
that may occur during the manoeuvre, and the calculation
of the stress load during the manoeuvre was aimed. In the
study, the stress value that determines the risk of
manoeuvre performed is expressed with a numerical value
between 0 and 1000. The determined value indicates the
degree of difficulty of the manoeuvre. With simulation
studies, it was concluded that the ES Model could be used
to evaluate the ship handling difficulty created by a port’s
environmental conditions. This model created by Inoue
has contributed to many studies since. Especially, for
many ports that have been newly constructed or have been
widened, the method created by Inoue was used as the risk
analysis method in the port modelling reports. Yurtoren et

al. (2008) applied the “ES Model” developed by Inoue to
determine the effects of a container port to be established
in Izmit Bay on the surrounding port traffic. As a result of
the study, it was concluded that the risk level of the
container port project is low and the construction posed
no problems.

Gucma (2004) wanted to create a risk assessment model
for manoeuvres in port areas. Certain manoeuvres were
made around port areas with a group of masters and pilots
in bridge simulators. In the study conducted, the types of
accidents were divided into two. As the first type of
accidents, accidents due to the horizontal movements of
ships on the water were discussed. As the second type of
accidents, “grounding”, which occurred due to
insufficient water depth, was considered. In the first type
of accidents, the applications made in real-time simulation
by masters and pilots were applied to “Markov Chains
Theory”, “Non-stationary Poisson Process” and “Monte
Carlo Method” and a general risk model was tried to be
created. The second type of accidents was modelled using
“Monte Carlo Simulation™. In the study, it was concluded
that the “Monte Carlo method with non-homogenous
Poisson process” is the most appropriate analysis method
for the first type of accidents. In this study, general risk
models that can be used in risk assessment in limited areas
such as ports are presented.

Nas (2008) conducted a study in Nemrut Bay to identify
the risks posed by ships when manoeuvring. As there were
no accident records for the region in the study, it was
decided to conduct a risk analysis study by applying the
“perceptual risk evaluation method”. In line with the
results obtained with the risk matrix, the hazards that may
occur during the manoeuvring of a ship in the region were
defined, risk analyses were made and the risk preventive
precautions to be taken are determined.

Nas and Zorba (2011) taking the study done in Nemrut
Bay, have conducted a similar study on the berthing areas
in the Port of Alsancak. In the study, the hazards that may
arise due to ships’ manoeuvres in the Port of Alsancak,
[zmir were identified and their risk assessments were
done. Due to a lack of enough information about past
accidents in the area, experts’ views were considered.
Bridge simulators were used to evaluate and test the
situations evaluated by the experts. With these studies, the
risks that may affect the manoeuvre negatively were
identified. The precautions to be taken for these high-risk
areas were listed and for the hazards that were deemed to
be at an unacceptable level, precautions to lower the risk
were recommended.

Inoue et al. (2011) analysed the hardships of ship handling
in Hanshin Port area in Kobe using bridge simulators.
AHP method was used in this study. With this study, the
risks posed by the piers in the port of call and the
navigational routes used were evaluated. The study was
thought to be of help to the pilots in training with their
future manoeuvres in the area.

Kim et al. (2011) used two different evaluation methods
in the study they conducted. With the statistical data on
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the past marine accidents in the area, they have compared
the two models and analysed these models’ consistency.
For the area of the study, the Port of Ulsan in The
Republic of South Korea was chosen. In the study, “ES
Model” was used alongside the International Association
of Marine Aids to Navigation and Lighthouse Authorities
(IALA) recommended, and IMO approved “lIALA
Waterway Risk Assessment Program” (IWRAP) model.
The IWRAP model is a model that gives quantitative data
on the risk of a ship grounding or getting involved in an
accident in a given area by entering the traffic condition
(the volume of traffic, waterway traffic distribution,
depth, width, meteorological conditions) data. The model
uses AIS data and Bayesian Belief Networks (BBN) to
calculate the frequency of groundings and collisions.

The “Potential Assessment of Risk” (PARK) model was
developed in Korea by Park et al. (2013) to create a
domestic evaluation model. The model calculates the
elements of a ship that may affect marine traffic safety by
regression analysis. In the study, the elements that may
affect marine traffic safety were divided into two
categories as internal elements (type of ship, tonnage,
length, width, career, licence, position) and external
elements  (crossing  situation, approaching side,
inside/outside  harbour, speed correlation, speed
difference, distance). Afterwards, the effects of these
elements were calculated using regression analysis. A
scale of risk from 0 to 7 was created. On this scale,
0<Risk<4 was designated as “negligible”, 4<Risk<5 as
“marginal”, 5<Risk<6 as “critical, and 6<Risk <7 was
designated as “catastrophic”. The sum of the risk values
created by the elements then, state the significance of the
risk. Additionally, an application was made with ship
bridge simulation and the PARK Model and the ES Model
were compared in the study and it was seen that the PARK
Model gave more realistic results.

Gug et al. (2014), in their study, used a method called the
“gas molecular collision calculation model”. In the
mentioned model, the areas to be calculated for collision
risk were divided into cells, and then a risk analysis was
conducted for each cell. In the study, the collision risk was
calculated in accordance with the data from the ships such
as the relative angle, the relative speed, and the density of
traffic in the vicinity. With the data acquired from the
model, the riskiness of each cell was calculated and with
the data acquired from the AIS, the change in risk with
time for each cell was observed. It was also seen that the
risk created by the environmental factors could also be
analysed with the study.

In the study conducted by Khaled and Kawamura (2015),
collisions in Chittagong Port were evaluated. While
“Collision risk” was analysed with the IWRAP Model
recommended by IALA, “causation probability” was
analysed using the BBN model. In order to test the validity
of the developed model, the collision probabilities
predicted by the model were compared to historical data.
AIS data was used to calculate the traffic volume and
distribution in the area and it was determined that IWRAP
had an important effect on making accurate evaluations.

Senol and Sahin (2016) created a dynamic risk assessment
model named “Real-Time Continuous Fuzzy Fault Tree
Analysis”. With this model, the risks of collision and
grounding of a ship have been determined by using
different parameters such as the closest point of approach
(CPA), bridge navigational watch alarm system
(BNWAS), closeness to shallowness and cross-track
errors. In this model, the risk was continuously calculated
by applying the data from the sensors to certain
algorithms. Also, fuzzy-fault tree analysis (F-FTA) was
used in the study. The accuracy of the model was tested
by comparing the results of the model with the results of
F-FTA. Itis concluded that the created model can be used
for the analysis of the risks that may occur in port areas.

Otoi et al. (2016) used the ES Model, the IWRAP and the
PARK Model to calculate the risk created by the marine
traffic around Mombasa Port. In the study, evaluations
were made using the data obtained from AIS. The study
was conducted to evaluate the navigational risk created
for transit traffic by the local ferry traffic around
Mombasa port. It is thought that the data obtained as a
result of the studies carried out could be beneficial in
ensuring the navigational safety of the region. In the
study, the frequencies of the risks caused by local traffic
in the region were determined by applying three different
models.

Yiicel and Yurtoren (2019) used the ES Model and the
fuzzy logic model together to determine the risk factors
and their weight in port manoeuvres. Until then, the risk
factors and the weights of these factors have not been
known in the studies about “ES Model”. As a result of the
studies, only an evaluation of how risky the manoeuvre
could be was made. In order to determine the risk factors
and to determine their weight, fuzzy logic was applied in
the studies. With this study, the root causes of the risks
obtained from the ES model have been analysed and these
root causes have been evaluated. It is also mentioned that
this study may contribute to the use of this method in the
modelling reports requested by the Ministry of Transport
and Infrastructure in the construction of coastal facilities.

When studies on the risks caused by the use of ships in
port manoeuvres are examined, with the “ES Model” as
the leading model, “PARK Model”, “IWRAP” and “Risk
Matrix” models are seen as the most used methods. In
addition to these studies, the use of methods such as PHA,
FTA, AHP, BBN, Monte Carlo, and Fuzzy also
contributes to the development of the field.

Materials and Methods
Fuzzy Logic Method

The fuzzy logic theorem was first suggested by the
Azerbaijani-American scientist Lotfi A. Zadeh (Zadeh et
al., 1996). This theorem was first explained in an article
named “The Theory of Fuzzy Logic and Fuzzy Sets”. The
first application of fuzzy logic was done in order to
control a steam engine in 1973 (Ozdemir, 2019). The first
commercial use of it was in 1980 for controlling the
furnace of a cement factory (Isikli, 2008).

540



Cinar et al. / IJEGEO 8(4):537-548 (2021)

Fuzzy logic is generally used to model decisions specified
verbally, that is defined by an expert and are uncertain,
mathematically. This model is named fuzzy since the
results consist of uncertain fuzzy clusters. This method
allows getting meaningful results in studies in which
experts cannot get certain results but can draw limits
locally. The purpose of fuzzy logic applications is then to
get consistent results from uncertain information. Fuzzy
logic is used in numerous systems which have parameters
that constantly change, which does not have any
mathematical models or which are difficult to model and
apply (Mikail, 2007).

In classical logic, a statement is deemed as either a correct
or an incorrect one. If a statement is a correct or an
incorrect one, they are represented with a 1 or a 0
respectively. This clear distinction of classical logic is
insufficient when it comes to defining uncertainties faced
in daily life. Fuzzy logic then steps in in order to scale
these uncertainties. With fuzzy logic, the solution to
complex problems that include uncertainties is eased.
With the use of this method, it is made possible to digitize
verbal situations. In fuzzy logic, everything is graded
between 0 and 1 and defined with verbal statements. In
the following section fuzzy sets, membership functions of
fuzzy sets, and structure of fuzzy systems are mentioned
in the order.

Fuzzy Sets

When classical sets are compared to fuzzy sets; in
classical sets, an object is either a member of the set or
not. In fuzzy sets, however, an object might be a member
of more than one set. In other words, an object might be a
member of a set only partially. In classical sets, if an
object is a member of a set, they take the value of either 1
or 0. In fuzzy logic, however, every member is graduated
members of a set. This graduation provides uncertainty
for the limits of fuzzy sets. A member of a fuzzy set is
converted to a real value between [0,1]. With Fuzzy,
information on to what extent a member can belong to a
set is reached. In Figure 1, a graphical representation of
classic and fuzzy sets is shown.

H(Y A
classical (crisp) set A
1.0 o
fuzzy set A
membership
function p(X)
00 1 | } T >
X

Figure 1. Graphic representation of a fuzzy set with a
classic set (URL-1)

In Figure 1, the x-axis represents the universal set while
the y-axis shows the grade of membership. These
membership functions may be triangular, trapezoidal,
singleton, or Gaussian. When Figure 1 is analysed, it is
seen that the fuzzy set has values between 0 and 1
compared to the sharp limits of a classical set. Any value
between 0 and 1 defines a partial member of a fuzzy set.
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In short, a fuzzy set is a set that consists of partial
members that have neither 0 nor 1 as an answer but rather
a value between 0 and 1.

Membership Functions of Fuzzy Sets

Functions that equate the members of a fuzzy set to a
defined interval of numbers are named “membership
functions”. Membership functions are used to show to
what extent the elements are a member of the set.
According to the fuzzy logic theorem, the interval of the
results of a membership function is defined as [0, 1].
While in a classic set the membership functions are
defined as a point or a line, in fuzzy sets they are shown
as a linear or a curvilinear function.

Classical logic membership function is defined as shown
in below;

(Eq.1)

Fuzzy logic membership function is defined as shown in
below;

MA() = E[0,1] (Eq. 2)
Different membership functions are used depending on
the specifications of the study being conducted.
Membership functions that are generally encountered are;
Triangular membership function, trapezoidal membership
function, Gaussian membership function, sigmoidal
membership function, s-shape membership function. It is
important to take studies done in similar fields when
deciding on which membership function is to be used in
order to get fast and correct results.

Structure of Fuzzy Systems

Fuzzy sets and systems made up of graded membership
systems are defined as fuzzy systems. In Figure 2, a
simple fuzzy system structure is shown. Also, processes
that take place in a fuzzy system structure are explained
below.

Rules

Crisp Output
—

Crisp Input
Defuzzfication

Fuzzffication

Figure 2. Basic fuzzy system (Zoroglu, 2015)

Fuzzification: The process of converting numerical
variable inputs into verbal statements is called
fuzzification. In this step, the process of fuzzification of
certain numbers into fuzzy numbers is carried out. The
creation of fuzzy values is completed after the uncertainty
in certain values are defined. These values are shown with



Cinar et al. / IJEGEO 8(4):537-548 (2021)

membership conversion functions. Since the use of inputs
and outputs has a simple structure, the fuzzification
process is carried out with triangular membership
functions. The fuzzification of the bare inputs is done
during this process. In other words, the degree of
membership of each input for the fuzzy set is calculated.
During the fuzzification process, crisp numbers need to be
assigned membership values. This assignment can be
done with various methods. Below, examples of generally
used assignment methods are given (Zoroglu, 2015).
Rules: These are the if-then rules that connect the inputs
in the database to output variables (Kaftan, 2013). This is
the part of the fuzzy system used in order to infer results.
Which results are to be inferred is determined during this
process according to the data. It includes the fuzzy rules
designed in order to acquire information. It shows the
information at hand in a cause and effect relationship
within the ruleset.

Inference: This process is carried out with the rules
section. It is used to infer results from the fuzzy values
acquired with the rules process. It is the process that
allows new information to be acquired using the existing
data. There are two inference methods commonly used in
fuzzy systems. These are the “Mandani” and the “Takagi
Sugeno” systems. Mandani method is one of the most
commonly used inference methods. It is a method that
requires expert knowledge. The Sugeno inference method
is generally preferred in control problems. It is used in
problems that do not have too many variables and whose
variables do not further divide into subsets. When the
Sugeno and the Mandani methods are compared, while
“Mandani inference” gives the output as fuzzy values, the
“Sugeno inference” gives the output as functions.
Defuzzification: This is the process of scaling the fuzzy
data acquired from the inference process into an interval
and getting results. In this process, fuzzy numbers are
converted into crisp numbers or sets. Fuzzy variables are
converted back into numerical values in this process.
Max-membership principle, centroid method, weighted
average method, mean—-max membership, the centre of
sums, the centre of the largest area, first of maxima or last
of maxima are commonly used defuzzification methods
(Kaya and Askerbeyli, 2018).

Fine-Kinney Method

Fine-Kinney Method was first introduced in 1971 by
William T. Fine in a study named ‘“Mathematical
Evaluations for Controlling Hazards” (Fine, 1971).
Afterwards, the method was expanded and published in a
study named “Practical Risk Analysis for Safety
Management” in 1976 by G.F Kinney and A.D Wiruth
(Kinney and Wiruth, 1976). It is also called the “Kinney
Method” in some studies. The Fine-Kinney method,
which is a quantitative risk model, has a simple structure.
To be able to get consistent results, the parameters used in
determining the risk score should be determined correctly.
In the Fine-Kinney Method, three parameters are used in
order to determine the risk score. These are; probability,
frequency, and consequence. These parameters are
defined below (Kinney and Wiruth, 1976):

Probability (P) is defined as the possibility of exposure to
a dangerous event. Ratings and classifications of
probability are presented in Table 1.

Table 1. Value and classifications of probability (Kinney
and Wiruth, 1976)

P Value | Probability (P)
10 Might well be expected
6 Quite possible
3 Unusual but possible
1 Only remotely possible
0.5 Conceivable but very unlikely
0.2 Practically impossible
0.1 Virtually impossible

Frequency (F) or Exposure (E) is the frequency of
occurrence of the hazard event (the undesired event which
could start the accident sequence). Ratings and
classifications of frequency are presented in Table 2.

Table 2. Value and classifications of frequency (Kinney
and Wiruth, 1976)

F Value | Frequency (F)
10 Continuous
6 Frequently (daily)
3 Occasional (weekly)
2 Unusual (monthly)
1 Rare (a few per year)
0.5 Very rare (yearly)

Consequences (C) is defined as the most probable results
of a potential accident, including injuries and property
damage. Ratings and classifications of consequences are
presented in Table 3.

Table 3. Value and classifications of consequences
(Kinney and Wiruth, 1976)

C Value Consequences(C)
100 Catastrophic (many fatalities, or > $10” damage)
40 Disaster (few fatality, or > $10° damage)
15 Very serious (fatality, or > $10° damage)
7 Serious (serious injury, or > $10* damage)
3 Important (disability, or > $10° damage)
1 Noticeable (minor first aid accident, or > $10? damage)

In the Fine-Kinney risk analysis method, the risk score is
calculated while taking the consequence of an accident,
the frequency of the hazard event, and the probability into
account. The levels of risk present in the risk score are
divided into 5 categories (in Table 4.). This categorization
helps us understand the level of the risk. The Fine-Kinney
risk score is calculated as shown below.

Risk (R) = Probability x Freq.x Conseq. (eq. 3)

Table 4. Risk scores and action plan (Kinney and Wiruth,

1976)
Risk score Risk Level Actions for Risk
R<20 Risk Perhaps acceptable
20<R <70 Possible risk Attention indicated
70 <R <200 Substantial risk Correction needed
200 <R <400 High risk Immediate correction required
R > 400 Very high risk Consider discontinuing operation

542



Cinar et al. / IJEGEO 8(4):537-548 (2021)

Fuzzy Fine-Kinney Method

In the methodology part of the study, the Fuzzy Fine-
Kinney method was applied in order to eliminate the
uncertainties that occur during the grading of the
parameters (Erdebilli and Giir, 2020). The fuzzy logic
calculations were done with the Fuzzy Logic Designer
present in Matlab R2020 (Mathworks, 2020). In the fuzzy
inference system (FIS), probability, frequency and
consequence were defined as the inputs while the risk
score was defined as the output (Figure 3). In the Fuzzy
Inference System, the “Mandani Min Max” method was
utilized. “Centroid” was chosen as the defuzzification
method.

FUZZY - FINE KINNEY

FREQUENCY

>

(CONSEQUENCE

Figure 3. Inputs and output in FIS

The membership function was chosen as the “triangular
membership function”. This function was chosen due to
its ease of use and it is utilized in similar studies. When
the membership functions were being specified, values of
parameters were utilized. During the determination of the
membership functions of the inputs, one higher and one
lower value scales of the concerned parameters were used.
For example, while determining the fuzzy value of “Might
well be expected (MWE)” in the first row of Table 5;
From the probability parameters in Table 1, the value of 6
for “quite possible”, the value of 10 for “might well be
expected” and the maximum value for the final fuzzy
value is assigned as 10. The same process has been
applied for other input parameters as well. The fuzzy
values of the probability scale are shown in Table 5.

The fuzzy values of the consequence scale are shown in
Table 7. The fuzzy values of the frequency scale are
shown in Table 6.

Table 5. Fuzzy value of probability input

P Value | Probability (P) Fuzzy Value
10 Might well be expected (MWE) (6, 10, 10)
6 Quite possible (QP) (3, 6, 10)
3 Unusual but possible (UBP) (1,3,6)
1 Only remotely possible (ORP) (05,1,3
0.5 Conceivable but very unlikely (CVU) (0.2,0.5,1)
0.2 Practically impossible (PI) (0.1,0.2, 0.5)
0.1 Virtually impossible (V1) (0,0.1,0.2)
Table 6. Fuzzy value of frequency input
F Value | Frequency (F) Fuzzy Value
10 Continuous (C) - (weekly) (6, 10, 10)
6 Frequently (F) - (monthly) (3,6, 10)
3 Occasional (O) - (once every 3 months) (2,3,6)
2 Unusual (U) - (once every six months) 1,2,3)
1 Rare (R) - (once a year) (05,1, 2)
0.5 Very rare (VR) - (once every 5 years) (0,05, 1)

Table 7. Fuzzy value of consequence input

C Value Consequences(C) Fuzzy Value
Catastrophic (Ca) - (many fatalities, or
100 | 5100 dgmag(e) ) - (many (40, 100, 100)
R - F 6
20 (Ijja:rs]?:;ir)(D) (few fatality, or > $10 (15, 40, 100)
H _ H 5
15 (\j/:g;;z;lous (VS) - (fatality, or > $10 (7, 15, 40)
i - i ini 4
7 Serious (S) - (serious injury, or > $10 3,7, 15)
damage)
—— 3
3 Important (1) - (disability, or > $10 (1,3,7)
damage)
Noticeable (N) - (minor first aid
. accident, or > $10% damage) ©.13)

The fuzzy values of the output were determined while
taking the risk score values into consideration. The mean
values of the risk score intervals were used during the
determination of these values. For example, while the
fuzzy values for the risk score in the R < 20 intervals were
being determined, the initial point was accepted as 0, and
the midpoint of the middle values in the interval between
0 and 20 was accepted as 10. The last value was then
determined by taking the average value of the one higher
risk score interval. As such, the fuzzy value was applied
as (0, 10, 45). The maximum fuzzy value was applied as
1000. It was observed that other values would give
inconsistent results. The fuzzy values of the risk score
scale are given in Table8.

Table 8. Fuzzy value of risk score output

RIELS Fuzzy Value
Risk score Level Actions for Risk Y
R<20 Risk (R) Perhaps acceptable (0, 10, 45)
20<R<70 Possible Attention indicated
risk (PR) (10, 45, 135)
70 <R <200 | Substantial | Correction needed
risk (SR) (45, 135, 300)
200 <R <400 | Highrisk | Immediate correction
(HR) required (55, 51, 50
R > 400 Very high Consider
risk discontinuing (300, 650, 1000)
(VHR) operation

Application of Ship Manoeuvres on Ship Bridge
Simulators

In this study, the aim was to identify the manoeuvring
risks that may occur during the berthing of a ship and
assessing analytical data of a pier in a port within the
Istanbul Area with respect to environmental conditions.
The studies performed during the simulation process were
explained in this section. These processes consisted of six
steps and explained below:

1. Modelling of Port Area: Firstly, the port area where
the manoeuvres will be performed was modelled. The
software of the simulation system was used to model
the port area. With this software, it was ensured that
the creation of the port area in three dimensions, the
adjustment of water depth, the creation of
navigational aids, the addition of port equipment to
the area, the creation of various objects on water and
land areas and the detection of the created area by
ECDIS, RADAR and other electronic devices. While
modelling the port area, different documents and
resources such as layout plans, bathymetry charts,
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2.

Figure 4. 3D generl view of the port

photographs of the port area and satellite images were
utilized. By loading the prepared port model to the
simulation system, the modelling process of the port
area was completed. With this, an improvement in
visual quality and the creation of a simulation
environment close to real port conditions were
ensured. A three-dimensional overview model of the
port is shown in Figure 4.

r‘( ‘ﬁ

Creation of Scenarios: After modelling the port,
details of the scenarios to be applied were
determined. These details were explained below.

Creation of environmental conditions: While
creating scenarios, environmental conditions of the
manoeuvred area were taken into consideration. The
factors affecting the manoeuvre such as wind,
visibility condition, wave, current, tide, day/night
vision of the region were considered. Depending on
the characteristics of the simulation system used,
these environmental features can be further detailed.
In order to obtain data on these factors, technical
support was taken from authorized institutions such
as the general directorate of meteorology, port
authority, port operators, the office of hydrography
and oceanography.

Determination of model ship: Details such as the
type, size, and technical specifications of the ships to
be used in manoeuvres were determined by
considering the port characteristics.

Determination of model tugs: The tugs to be used
during the manoeuvre were determined by taking into
account the Ports Regulation (Official Gazette,
2012).

Determination of Experts: It is important that the
designated experts have maritime experience in terms
of manoeuvring practices and the application of risk
analysis. Experts that continue their careers in
different fields in the maritime industry contribute to
making the correct evaluations. A condition of
having an “oceangoing master licence” at the least
was exercised during the selection of people that
would join the simulation studies. Six people
possessing the licence have joined the studies. These

experts have previously worked as oceangoing
masters on different types of ships. Two of the
experts that took part in the scenarios are pilots in the
area, two of them are academicians at the maritime
faculty, one of them is a simulator centre coordinator
at the maritime faculty and one of them is a training
coordinator at a maritime firm.

Determination of Details of Manoeuvre Scenarios:
Scenarios for the manoeuvres to be implemented
were determined by taking the opinions of the experts
into account. The focus group study, which is a
qualitative data acquisition technique, is a study done
with a small group that allows data to be collected by
discussions and opinions (Cokluk et al., 2011). A
focus group was created by the experts involved in
the study. With this group, details of the scenarios to
be implemented were determined. The details of
scenarios that were simulated are presented in Table
10. While creating these scenarios, details such as the
traffic situation of the port area, the details of the
manoeuvre to be made by the ship, and the number of
scenarios to be realized were determined.

With a focus group study, hazards that may occur during
the coming alongside the process of the model ship used
in the scenarios were determined. The experts, as a result
of the focus group study, identified the hazards that may
occur in the manoeuvring area. These hazards were
categorized into 5 categories. Types of hazards that may
be encountered during the process of the model ship
boarding a pier are shown in Table 9.

Table 9. Defined hazard types that can occur during the
model ship is coming alongside to the pier

Type No | Defined Hazard Types

1 Hard contact of the model ship with the boarding pier

2 Hard contact of the model ship with the neighbouring
dolphin

3 Collision between the model ship and ship at the
boarding the neighbouring dolphin
Squeezing of the tugs and be damaged

5 Grounding of the model ship
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In Figure 5, the regional distribution of the hazard
types within the manoeuvring area is shown. When
Figure 5 examined:

e In region number 1, hard contact of the model
ship with the neighbouring dolphin was defined
as a hazard.

e In region number 2, when there is no ship in the
neighbouring dolphin, hard contact of the model
ship with the neighbouring dolphin was defined
as a hazard.

e In region number 3, a collision between the
model ship and ship at the coming alongside the
neighbouring dolphin was defined as a hazard.

e Inregion number 4, due to the tug does not have
enough manoeuvring area, squeezing of the tugs
between ships and be damaged of tugs was
defined as a hazard.
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e Inregion number 5, because this area determined
as shallow water, grounding of the model ship
was defined as a hazard.

e Application of Scenarios: The determined
manoeuvring scenarios were carried out by
experts. After each scenario applied, the
evaluation survey prepared was filled out by the
experts performing the manoeuvre. These

evaluation surveys were used in the risk analysis
study.

o Application of Risk Analysis Methods: After the
scenarios were completed, the risk analysis
method was applied by using the data obtained
from the evaluation survey. In the study, the
Fuzzy Fine-Kinney method was applied as the
risk analysis method.

Table 10. Details of scenarios applied in simulation
Scenario Wind Wind Beaufort Berthed Current Wave Height Visibility Number of Tug
No. Direction Force Scale Neighbouring Information (meter) Used
Dolphin
1 0 0 0 Nil Ignored 0.3 Ignored 2 pcs
2 NE 3 1 Nil Ignored 0.3 Ignored 2 pcs
3 NE 7 2 Nil Ignored 0.3 Ignored 2 pcs
4 NE 10 3 Nil Ignored 0.3 Ignored 2 pcs
5 NE 16 4 Nil Ignored 0.3 Ignored 2 pcs
6 NE 21 5 Nil Ignored 0.3 Ignored 2 pcs
7 NE 27 6 Nil Ignored 0.3 Ignored 2 pcs
8 w 3 1 Nil Ignored 0.3 Ignored 2 pcs
9 w 7 2 Nil Ignored 0.3 Ignored 2 pcs
10 w 10 3 Nil Ignored 0.3 Ignored 2 pcs
11 W 16 4 Nil Ignored 0.3 Ignored 2 pcs
12 w 21 5 Nil Ignored 0.3 Ignored 2 pcs
13 w 27 6 Nil Ignored 0.3 Ignored 2 pcs
14 0 0 0 1 Ignored 0.3 Ignored 2 pcs
15 NE 8 1 1 Ignored 0.3 Ignored 2 pcs
16 NE 7 2 1 Ignored 0.3 Ignored 2 pcs
17 NE 10 3 1 Ignored 0.3 Ignored 2 pcs
18 NE 16 4 1 Ignored 0.3 Ignored 2 pcs
19 NE 21 5 1 Ignored 0.3 Ignored 2 pcs
20 NE 27 6 1 Ignored 0.3 Ignored 2 pcs
21 w 8 1 1 Ignored 0.3 Ignored 2 pcs
22 w 7 2 1 Ignored 0.3 Ignored 2 pcs
23 W 10 3 1 Ignored 0.3 Ignored 2 pcs
24 W 16 4 1 Ignored 0.3 Ignored 2 pcs
25 W 21 5 1 Ignored 0.3 Ignored 2 pcs
26 W 27 6 1 Ignored 0.3 Ignored 2 pcs

Fire 5. R gional distribution of hazard tpes that can
occur during the model ship is coming alongside to the
pier.

Results

26 scenarios applied in the risk analysis study have been
evaluated by experts. Random scenarios were applied by
each expert. The experts then evaluated the manoeuvre
they have conducted. The experts were then asked to
evaluate the possibility of a maritime accident taking
place at the end of each manoeuvre. They have carried out

this evaluation by assigning points to the possibility and
consequence parameters.

To be able to determine the frequency parameter,
situations such as the wind data of the area, the boarding
frequency of the model ship to the chosen pier, and the
frequency of a ship being present at the neighbouring
dolphin were considered. Daily average wind speed and
wind direction data for the past year were acquired from
the General Directorate of Meteorology. Information
about the frequency of a ship being present at the
neighbouring dolphin was supplied from the port
managers. Lastly, information about the frequency of a
ship similar to the chosen model ship mooring to the
chosen pier was supplied from the people in charge of the
port’s operations. With this information in mind, the
frequency evaluations of all scenarios were done by pilots
working in the area. While these evaluations were being
done, the experiences of these pilots were utilized.

As a result of these evaluations, a risk score was acquired
for each manoeuvre. With the acquired parameters, the
risk score in the Fuzzy Fine-Kinney Method was
determined. Additionally, experts have identified types of
hazards that can occur for each scenario which is risk level
defined as “substantial risk” (SR) or higher risk level.
While determining these hazard types, hazards defined in
Table 10 was used and defined hazard types are specified
in Table 11.
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With the parameters acquired, the Fine-Kinney risk scores
of all scenarios were determined. Scenarios applied and
probability, frequency, and consequence values of these
scenarios were given in Table 11. The risk scores and the
risk levels of each scenario determined by these

Table 11. Risk score results of Fuzzy Fine-Kinney Method

parameters are shown in this table. The “Defined Hazard
Type Codes” part of the table defines the hazards that
determine the risk level of scenarios with risk levels of
“Substantial Risk (SR)” and above.

Defined
Scenario D;Ir\é::rlgon \é\(l)'rrlg Bgigflgrt Bgﬁ?sd P F C SRc Igl(e Fuzzy Fine-Kinney Risk Level H.?;;{ed
Codes
1 0 0 0 0 02|05 1 18,8 | Risk (Perhaps acceptable)
2 NE 3 1 0 02| 1 1 18,8 | Risk (Perhaps acceptable)
3 NE 7 2 0 02| 6 1 18,8 | Risk (Perhaps acceptable)
4 NE 10 3 0 05|10 | 3 18,8 | Risk (Perhaps acceptable)
5 NE 16 4 0 1] 10 3 63,6 | Possible risk (Attention indicated)
6 NE 21 5 0 3 3 7 63,6 | Possible risk (Attention indicated)
7 NE 27 6 0 10 | 2 | 15 | 362,0 | High risk (Immediate correction required) 1
8 W 3 1 0 02|05 1 18,8 | Risk (Perhaps acceptable)
9 W 7 2 0 02| 3 1 18,8 | Risk (Perhaps acceptable)
10 w 10 3 0 02| 3 B 18,8 | Risk (Perhaps acceptable)
11 W 16 4 0 B 2 B 18,8 | Risk (Perhaps acceptable)
12 W 21 5 0 6 2 7 | 160,0 | Substantial risk (Correction needed) 2
13 w 27 6 0 10 | 0,5 | 40 | 362,0 | High risk (Immediate correction required) 1,2
14 0 0 0 1 02|05 1 18,8 | Risk (Perhaps acceptable)
15 NE 3 1 1 05|05| 3 18,8 | Risk (Perhaps acceptable)
16 NE 7 2 1 B 3 B 63,6 | Possible risk (Attention indicated)
17 NE 10 3 1 B 6 3] 63,6 | Possible risk (Attention indicated)
18 NE 16 4 1 3 6 | 15 | 362,0 | High risk (Immediate correction required) 1,4
19 NE 21 5 1 10 | 2 40
20 NE 27 6 1 10 | 1 | 100
21 W 3 1 1 1 |05| 3 18,8 | Risk (Perhaps acceptable)
22 W 7 2 1 1 2 B 18,8 | Risk (Perhaps acceptable)
23 W 10 3 1 6 3 3 63,6 | Possible risk (Attention indicated)
24 W 16 4 1 10 | 1 15 | 160,0 | Substantial risk (Correction needed) 3,4
25 w 21 5 1 10 | 1 | 40 | 362,0 | High risk (Immediate correction required) 1,34
26 w 27 6 1 10 | 0,5 | 100

The below results were achieved by analysing scenarios
applied and results from Table 11:

It was understood that the direction of the wind is an
important factor with the force of the wind. Types of
hazards varied with the direction of the wind. It was seen
that generally, under winds blowing from NE, the hazard
“hard contact of the model ship with the boarding pier”
was encountered. Under winds blowing from W however,
if there is no ship present at the neighbouring pier, it was
seen that the hazard “hard contact of the model ship with
the neighbouring dolphin” was encountered. If there is a
ship present at the neighbouring dolphin, especially the
hazards “collision between the model ship and ship at the
boarding the neighbouring dolphin” and “squeezing of the
tugs and be damaged” were encountered. Additionally, it
was determined that as the force of the wind increases, the
types of hazards that may be encountered also increases.
It is understood that if a ship is present at the neighbouring
dolphin, the manoeuvring space narrows quite a lot and
this situation increases the risk level of the manoeuvre. It
was seen that the narrowing manoeuvring space
especially lowers the efficiency of the tugs. It was also
determined that as the wind force increases, the tugs may
be damaged.

Finally, the results acquired from Fuzzy Fine-Kinney was
analysed by the experts. The experts have stated that the
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method gives precise and consistent results. Additionally,
the experts have advised similar studies to be conducted
with different scenarios in order to expand the study.

Conclusion

Manoeuvres performed in the port area present risks for
ships and environmental safety. If precautions are not
taken to prevent these risks, marine accidents become
inevitable. This situation can lead to human deaths and
injuries, property losses, even environmental disasters.

In order to eliminate these risks, the Ministry of Transport
and Infrastructure requests a modelling report from the
investor, where the port or port structures under the
project stage are evaluated in terms of ship manoeuvres.
The project investor applies to the authorized institution
and ensures the preparation of this report. With this
modelling report, which ships are suitable for
manoeuvring in a port and under which environmental
conditions ship can manoeuvre is determined. Moreover,
the Ministry wants the manoeuvres in the port area to be
evaluated by using a risk analysis method in the modelling
report prepared.

In this study, risk analysis studies on the ship handling
manoeuvres in the port area were examined. In the
literature review, with the “ES Model” as the leading
model, “PARK Model”, “IWRAP Model” and “Risk
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Matrix Method” were seen as the most used methods.
When considering the modelling reports prepared by the
institutions in Turkey, it was found that the ES Model and
Risk Matrix Method are generally used as risk analysis
methods. Consequently, It has been determined that the
risk analysis methods used in the studies are insufficient
for the evaluation of the port manoeuvres. In this study,
by using a new risk analysis method, a more accurate
assessment of port manoeuvres in terms of risk analysis
has been provided.

In the study, the Fuzzy Fine-Kinney method risk analysis
method, which has not been used in this field before, was
used in order to be used in modelling reports. As a result
of the evaluations made with the experts, it was
determined that Fuzzy Fine-Kinney Method gave
consistent and precise results. Therefore, the application
of the Fuzzy Fine-Kinney method was recommended by
experts in the studies.

During the scenario implementations, it has been
understood that simulation systems make a significant
contribution to the risk analysis studies conducted on the
evaluation of ship manoeuvres. In addition, it has been
observed that the experts participating in the simulation
studies have an important place in performing an accurate
risk analysis. Finally, it was understood that a consistent
risk analysis study to be carried out with an accurate risk
analysis method applied.

As a result of this study, a risk analysis method that has
not been used in this field before is created for institutions
to benefit in their modelling reports. In further research,
it is planned to identify the risk analysis method that gives
the most consistent results by comparing the risk analysis
method used in the study and the different risk analysis
methods used before.
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