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Journal of ETA Maritime Science ] OURNAL

Editorial (ED)

We are pleased to introduce JEMS 7(4) to our valuable followers. There are valuable and
endeavored studies in this issue of the journal. We hope that these studies will contribute
to the maritime industry. [ would like to mention my gratitude to authors who sent their
valuable studies for this issue, to our reviewers, to our editorial board, to our section
editors, to our foreign language editors who provide quality publications by following
our publication policies diligently and also to layout editors who spent great efforts in the
preparation of this issue.

Your Sincerely.

Editor
Prof. Dr. Selcuk NAS
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Editérden (ED)

JEMS 7(4)" siz degerli takipcilerimizin ilgisine sunmaktan mutluluk duyuyoruz. Dergimizin
bu sayisinda birbirinden degerli calismalar yer almaktadir. Dergimizde yer alan bu ¢alismalarin
denizcilik endistrisine katki saglamasini imit ediyoruz. Bu say1 i¢in degerli ¢alismalarini
gonderen yazarlarimiza, yaymn politikalarimizi titiz bir sekilde takip ederek kaliteli yaymlar
¢ikmasina katkida bulunan basta hakemlerimiz olmak tizere, boliim editorlerimize, yabanci dil
editorlerimize ve yaym kurulumuza, sayimizin yayma hazirlanmasinda biiytik emekleri olan
mizanpaj editorlerimize tesekkiirlerimi sunuyorum.

Saygilarimla.

Editor
Prof. Dr. Selcuk NAS
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Abstract

Human error plays a vital role in causing maritime accidents. This paper presents the analysis of human
factors in 52 grounding accident reports of ships greater than 10,000 GT retrieved from 11 national
investigation boards. In this study, the categorization of error-producing conditions (EPCs) from the
Human Error Assessment and Reduction Technique (HEART) methodology to 4M (Man, Machine, Media,
and Management) framework, EPC-4M was carried out. This study aims to categorize the EPCs to the
4M framework to better explain these other factors that relate to human factors. There were 18 EPCs in
man factors, 3 EPCs in machine factors, 1 EPC in media factors, and 16 EPCs in management factors. Three
types of generic tasks were obtained in this grounding analysis, and 259 relevance EPC-4M were acquired.
EPCs related to management factors were the primary causes of such accidents. The average human error
probability for these cases was around 55%.

Keywords: EPC - 4M, HEART methodology, 4M framework, Grounding, Human error.

To cite this article: Bowo, L. P. & Furusho, M. (2019). Usability of Human Error Assessment and Reduction Technique with a 4M framework (HEART-
4M) - A Case Study on Ship Grounding Accidents. Journal of ETA Maritime Science, 7(4), 266-279.
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1. Introduction

An accident, result of an unintended or
unexpected occurrence can cause economic
and noneconomic damage to a human, an
object, or the environment [1, 2]. Statistics
on casualties within the maritime context
show that human error is one of the most
critical causal factors. About 70% of
maritime accidents for onboard operations
are accounted for by human errors [3].
However, poor design factors, such as;
problems with equipment, maintenance,
working space layout, stress faced by the
operator involving unreliable work tools,
fatigue and environmental factors also
contribute to the occurrence of errors [4, 5,
6].

Human reliability assessment (HRA)
has become essential in the industry
and is a growing field of concern for the
public and regulators [7]. HRA is more
than quantification, and it requires in-
depth analysis to analyze tasks and
identify errors, and to reduce the impact
of errors if needed [8]. The Human Error
Assessment and Reduction Technique
(HEART) methodology is a form of HRA
that was established by Williams in 1986
to analyze nuclear power plant accidents
[9]. However, HEART methodology can be
used in other industries as well because it is
quite flexible and easy to utilize. The other
implementations of HEART methodology
are in aviation [10], railway [11], offshore
drilling [7], and maritime operations [11,
12]. HEART methodology has been applied
as well as to assess the maritime accidents,
such as collision, sinking, fire/explosion,
occupational accident and contact accident
[14], yet, the application of the HEART
method is still needed development to be
more suitable in the maritime accident.
Because the Error Producing Condition
(EPC) in the HEART method need to be
categorized in order to clarify the group of
each EPC based on the work environment
in the maritime industry.

Nevertheless, IMO has developed
guidelines to categorize the causal factors
for investigating and analyzing maritime
accidents and incidents by considering
not only human but also organizational
factors [15]. The research associate human,
systemic, and organizational failures have
been developed by many researchers; the
most well-known frameworks are the SHEL
model by Hawkins [16], which considers
Software (S), Hardware (H), Environment
(E) and Liveware (L), and the 4M framework
(Man, Machine, Media, and Management)
[17].

This study aims to find the causal
factors relative to machine, media, and
management factors that may influence
the human condition and performance,
particularly for the bridge team. It also aims
to investigate the potential navigational
likelihood of ship grounding by proposing
a hybrid maritime accident analysis to
enhance safety at sea.

2. Grounding Accident Reports as Data
Source

Accident reports are commonly
used as data sources for several types
of research involving maritime accident
analysis. Accident reports are designated
as secondary data sources because they
are created from primary data sources by
interviewing the operators and analyzing
first-hand information obtained by the
accident investigator after the accident
[16, 17]. Official maritime accident reports
are prepared by national investigation
boards and provide valuable information
regarding the occurrence of the accident.
The accidents reports investigated in the
current study were retrieved from the
national investigation boards as follow:
Accident Investigation Board Norway
(AIBN) 3 cases, Australian Transport
Safety Bureau (ATSB) 8 cases, Federal
Bureau of Maritime Casualty Investigation
(BSU) 6 cases, Danish Maritime Accident
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Investigation Board (DMAIB) 3 cases, Japan
Transport Safety Board (JTSB) 2 cases,
Marine Accident Investigation Branch
(MAIB) 8 cases, United States National
Transportation Safety Board (NTSB) 3 cases,
National Transportation Safety Committee
(NTSC) 1 cases, Safety Investigation
Authority (SIA) 4 cases, Transport Accident
Investigation Commission (TAIC) 4 cases,
and Transportation Safety Board of Canada
(TSB) 10 cases.

Tankers Cargo Vessels
8% (4)__iFFr 6% (3)
Passenger Vessels ' Bulk Carriers
15% (8) 40% (21)

1
4
4
4
4
')

Container Vessels
31% (16)

Figure 1. Types of Ships Considered in the Analysis

This study obtained information on 52
grounding accidents that occurred between
2007 and 2017 from publicly available
maritime accident investigation reports.
The availability of the reports varied in

each country. The accidents involved
ships with gross tonnages of more than
10,000 GT; therefore, fishing vessels /
boats were not included in this analysis.
Among the analyzed accidents, 31 ships
suffered extensive damage. Thirteen cases
of grounding occurred in windy situations
measuring 6-12 on the Beaufort wind scale.
The types of ships involved in the accidents
are shown in Figure 1. The majority of ship
types analyzed were bulk carriers, followed
by container ships, passenger ships, tanker
ships, and cargo ships.

The sections of accident reports that
were thoroughly reviewed for this study
were the synopses, analysis sections, and
the conclusions. All the information from
the accident report has to be derived before
it can be used. However, derivation of the
information typically requires human
effort; thus, the risk of human subjectivity
exists [19]. To minimize human subjectivity,
the reviewers of the accident reports
extracted the embedded information based
only on the words that were written in the
reports, avoiding further investigation and
assumptions that could create subjective

Evidence-Based Data & Information

Accident Analvsls

Creating the Database for

Or—‘—{ Nationalinvestigation

Accident Data

b

| HEART - 4M method
HEART Method |
| 4M framework
Generle Task |
[GT)Analysls i I Man I I Machine |
l | Epca EPC3
| EPC7 EPC8
Identifying » FPC. EPC23
relevant I . I [ |
EPC - 4M Media Management
EPC33 EPCZ
EPCE

Calculating AIV

EPC...

¥
Forming EPC Serles

Results analysis

Figure 2. Overview of HEART-4M Method
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opinions. The reports were all reviewed by
researchers who are experts in the field of
human factor and risk analysis.

3. HEART - 4M Method

This study proposes a hybrid
methodology to evaluate human error
by integrating HEART-4M method, it
comprises four definitions for the HEART
method’s EPCs. Figure 2 presents an
overview of this methodology.

Evidence-based data and information

A systematic accident database was
generated in Microsoft Excel by tabulating
the accident data into a textual format.
The information in the database included
the following information: Accident date
and year, time of the accident, accident
location, name of the ship involved, type
of ship, technical specifications of the ship
(gross tonnage, deadweight total), weather
and environmental information at the
time of occurrence, accident severity, as
well as the number of fatalities/injuries,
environmental damage, ship damage,
accident causes.

Generic task classification

After extracting the data information
from the maritime accident reports, we
then applied the HEART-4M method. The

Table 1. Generic Tasks (GT)

first stage was the qualitative stage, in
which the generic task was obtained and a
Nominal Human Unreliability (NHU) value
was assigned. By assigning the generic task,
the researcher can determine whether the
accident occurred as the result of a difficult
task that needs a lot of concentration and
specialized skill to do, orwhetheritoccurred
as a result of daily routine activities that the
seafarer is already familiar with. The more
frequent and more accessible the work
carried on by the seafarers, the lower the
NHU. Because the tasks are not typically the
same, the researcher had to decide how to
define the task and classify it accordingly
[20].

Nine generic tasks were used in this
study. Each generic task had an NHU
between the 5th and 95th percentiles as
lower and upper probability boundaries,
respectively [20]. The applicability of the
proposed NHU is based on the experience of
the researchers, but Williams [9] provided
a mean number to use if the assessor is
unable to determine the exact number of
the proposed NHU to analyze the task. The
average NHU number is used in the Human
Error Probability (HEP) calculation. The
influence of weather and traffic conditions
on the working situation onboard is also
considered.

Generic Tasks (GT)
Code Type of work Condition NHU

A Totally unfamiliar Works performed at speed with no real idea of 055
likely consequences.

B ReS“’Te the system to an original state Doing it without supervision or procedures. 0.26

on a single attempt

C Complex task Ta§k requires a high level of comprehension and 016
skill.

D A fairly simple task Works. performed rapidly or given scant 0.09
attention.

E ;I::]a(routme, highly practiced, rapid Works involving a relatively low level of skill. 0.02
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Table 1. Generic Tasks (GT) (Cont’)

Generic Tasks (GT)
Code Type of work Condition NHU
F Restore a system to original An error occurred even though following 0.003
procedures with some checking.
Entirely familiar, highly practiced,
routine task occurring several times
per hour, performed to highest possible . ) . .
G standards by a highly motivated, highly :[i(()i\;vever, without the benefit of significant job 0.0004
trained, and experienced person, ’
totally aware of implications of failure,
with time to correct the potential error
Even when there is an augmented or automated
Respond correctly to the system . e
H supervisory system providing an accurate 0.00002
command . g
interpretation of the system stage.
M The miscellaneous task for which no description can be found. 0.03

If the weather and ship traffic conditions
are deteriorating, a simple routine task
could become a complicated task because
of the totally unfamiliar conditions. The
generic task information in Table 1 consists
of generic task code, type of work, working
conditions, and the NHU used in the HEP
calculation. Here, the descriptions of
generic tasks are different from generic
tasks in general because there is a lengthy
explanation of the generic task, divided
into the type of work and the working
conditions. This division can make it easier
to determine which generic task is most
suitable for the situation being investigated.

Classification of factors within the
HEART-4M method

Based on the analysis and categorization
of human factors that are represented

Table 2. EPC - 4M, Man Factors

by EPCs, the HEART-4M method was
developed for the comprehensible
categorization of factors responsible for
maritime accidents. In the table, there are
4M factors—man, machine, media, and
management factors—following by the
EPCs that relate to each 4M factor.

Man factors

Human error is reported to be a
significant factor for maritime accidents
[21]. Human fatigue and task omission
are closely related to failures of
situational awareness [22]. Man factors
are defined as all human elements that
affect human behavior and performance
while performing tasks. The man factors
have some subfactors as shown in Table
2 as follows:

Man factors

1. Experience

EPC1 Unfamiliarity Unfaml.llarlty with a 51tuat.10n.wh1ch is potentially significant, but
occurs infrequently, or which is novel

EPC 12 Misperception of risk Nlhspe.rceptlon of an object, threat, or situation creates an unsafe
situation

EPC 22 Lack of experience Little opportunity to carry out the work
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Table 2. EPC - 4M, Man Factors (Cont’)

2. Skill and Knowledge

EPC7 Irreversibility No means of doing an unintended action

EPC9 Technique unlearning A need to learn a technique to support work

EPC11 Performance ambiguity Ambiguity in the required performance standards

EPC 15 Operator inexperience A newly qualified seafarer

EPC 20 Educational mismatch ?er(;lliisllllarlegtks)eotf\/\iizr}[atlilﬁ educational achievement level and the
3. Psychological

EPC 21 Dangerous incentives An incentive to use dangerous procedures

EPC 28 Low meaning Individual shows little or no intrinsic meaning in the work

EPC 29 Emotional stress High level of emotional stress

EPC 31 Low morale Individual shows low workforce morale

EPC 34 Low mental workload Prolonged inactivity or highly repetitious cycling

4. Physical

EPC 27 Physical capabilities Working beyond physical capabilities that may cause danger
e ety e o e olackof by
EPC 38 Age Age of personnel performing perceptual works

5. Health

EPC 30 [1l-health Evidence of ill-health, fever, stomachache

EPC 35 Sleep cycle disruption Disruption of normal work-sleep cycles

Table 3. EPC - 4M, Machine Factors

Machine factors

EPC3 Low signal-noise ratio A low signal to noise ratio

EPCS Channel overload A channel capacity over?oad, particularly one .caused by
simultaneous presentation of non-redundant information

EPC 23 Unreliable instruments The unreliable instrument, machinery, and technology to
support the work

Machine factors

Machine factors include the equipment,
machinery, instruments, and facilities
that support humans to perform their
tasks correctly and satisfactorily. Table
3 shows the EPC that include in the
machine factors.

Management factors
The International Safety Management
(ISM) Code has addressed the influence

of management in maritime accidents
[24]. In the early 1990s, Bridge Resource
Management (BRM) was adopted in
the maritime industry as a safety and
error management tool. According
to the International Convention on
Standards of Training, Certification,
and Watchkeeping for Seafarers (the
STCW Convention) in 2010, Reg. A-11/1.
The details of EPC in the management
factors are shown in Table 4 below.
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Table 4. EPC - 4M, Management Factors

Management factors

1. Coordination

A shortage of time available for error detection and

EPC2 Time shortage .
correction

EPC 6 Model mismatch A mlsmatc.h between a seafarer’s model and that imagined
by the designer

EPC 24 Absolute judgments required A necejs.s¥ty for absol_ute judgments, which are beyond the
capabilities or experience of an operator

EPC 25 Unclear allocation of function Obscurity in allocating function and responsibility

Supernumeraries, lack of human Additional team members over or lack of team member,
EPC 37 p those necessary to perform the task regularly and

resources

satisfactorily

2. Rules and procedures

EPC 4 Features over-ride allowed A means of overriding information or features
Spatial and functional No means of conveying spatial and functional information
EPCS5 . s . . . o
incompatibility to seafarer in a form which they can readily assimilate
EPC 32 Inconsistency of displays Inconsistency meaning of procedures

3. Communication

The need to transfer specific or essential information from

EPC10 Knowledge transfer task to task without loss

EPC 13 Poor feedback Ambiguous system feedback, language barrier
No explicit direct and timely confirmation of an intended

EPC 14 Delayed/incomplete feedback action from the portion of the system over which control is
to be exerted

EPC 16 Impoverished information Inadequate quality qf lnforn.latlon conveyed by procedures
and person-person interaction

EPC18 Objectives conflict A conflict between immediate and long-term objectives

EPC 19 No diversity of information No diversity of information input for veracity checks

4. Monitoring

EPC 17

Inadequate checking

Little or no independent checking of output

EPC 26

Progress tracking lack

No effort to keep track of progress during the work

Media factors

Environmental conditions can be a
significant factor in the occurrence of an
accident [23]. The natural environment
is the natural condition faced by the ship
during her voyages, such as weather,
wind, fog, tide, and all-natural conditions
that can significantly affect ship stability
and maneuverability and the ability of
the bridge team to control the ship. The
EPC included in media factors is EPC 33
poor environment.

4. Results
Generic task

The first step of HEART-4M is obtaining
a suitable generic task. From the 52 cases
of grounding accident reports that were
analyzed, the most common generic task
found was E, for routine, highly practiced,
and rapid tasks that involve a relatively low
level of skill. There were 21 cases included
in the type E generic task.

Moreover, 16 cases involved fairly
simple tasks performed rapidly or given
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scant attention, and 15 cases included
complex tasks requiring a high level of
comprehension and skill. The most frequent
working situation on the bridge was the
lack of maintaining the watch because of
improper communication and coordination
among bridge teams. Watchkeeping is a
routine task. Nevertheless, if there are other
obstacles during the task, it can become
more difficult and complicated. Those
obstacles include weather conditions and
the traffic situation.

EPC - 4M

In this study, there were 259 EPC-4M
factors found as causal factors in the 52
grounding accidents. Man factors had
68 EPCs. In man factors, 25 cases had a
misperception of risk as one of the causal
factors. There were five subfactors in
the man factors obtained in the analysis:
physical limitations, psychological
limitations, experience, skilland knowledge,
and health.

Management factors had the most
EPCs, 160, whereas communication
subfactors were the most numerous among
other subfactors in the management
factors. Knowledge transfer (EPC 10)

Table 5. EPC-4M Results in Grounding Accidents

is the most common EPC that causing
grounding accidents, where about 33
cases have it as the causal factor. Moreover,
impoverished  information  delivered
during the watchkeeping situation also
influences mistakes in decision making
and appropriate actions to avoid accidents.
There were three other subfactors among
the management factors that influenced
accidents: coordination, monitoring, and
procedures.

Sixteen cases had instruments or
machinery problems while sailing, which
led to dangerous situations. The failure
condition of the instrument and machinery
factors was not communicated well among
the seafarers on the bridge and engine room
crews. Therefore, it leads to an incorrect
perception of the decision-making of the
ship maneuver by the bridge team.

There were 15 cases that were analyzed
to have a poor environment EPC. The
poor environment made the ships more
challenging to maintain and to monitor due
to strong winds (6 to 12 Beaufort) for 13
cases and because of high-density fog for
2 cases, which caused reduced visibility.
The list of EPCs found in the analyses is
presented in Table 5.

Man Factors | Total | Management Factors Total
Physical Communication
EPC 27 Physical capabilities 1 EPC10 Knowledge transfer 33
EPC 36 Task pacing 5 EPC13 Poor feedback 11
Psychological EPC 14 Delayed/incomplete feedback 3
EPC 21 Dangerous incentives 4 EPC 16 Impoverished information 27
EPC 28 Low meaning 3 EPC 18 Objectives conflict 2
EPC31 Low morale 1 EPC 19 No diversity of information 7
EPC 34 Low mental workload 3 Coordination
Experience EPC 2 Time shortage
EPC1 Unfamiliarity 1 EPC 24 Absolute judgments required 4
EPC12 Misperception of risk 25 EPC 25 Unclear allocation of function 1
EPC 22 Lack of experience 9 Monitoring

/-
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Table 5. EPC-4M Results in Grounding Accidents (Cont')

Man Factors | Total | Management Factors Total
Skill and Knowledge EPC17 Inadequate Checking 29
EPC7 Irreversibility 2 EPC 26 Progress tracking lack 29
EPC9 Technique unlearning 1 Procedures
EPC11 Performance ambiguity 7 EPC 4 Features over-ride allowed 1
Health EPC S Spatlal an.d fgnctlonal 7
incompatibility
EPC 35 | Sleep cycles disruption | 6 EPC 32 Inconsistency of displays 3
Machine Factors Media Factors
EPC 23 | Unreliable instruments | 16 EPC 33 Poor environment 15
Table 6. EPC Series
Top Body
No. Year Date Time
EPC EPC EPC EPC EPC EPC
1 2007 26-Feb 0:01 EPC22 EPC21 EPC18
2 14-May 18:16 EPC10 EPC26 EPC16 EPC14
51 2017 9-Feb 5:55 EPC10 EPC22 EPC33 EPC16 EPC19 EPC26
52 10-Feb 18:17 EPC36 EPC17 EPC26
EPC series subfactor, the psychological subfactor,

The EPC series, as shown in Table
6, aims to know more about the flow of
events and which EPC has the highest APE
weight. Those which selected as the Top
of EPC series, have a significant effect on
the accident. From the 259 EPC selected,
14 were categorized as the top of the EPC
series. The most common top EPC was EPC
10 for knowledge transfer.

From the EPCs selected, 75% of the top
EPCs were management factors, whereas
19% and 6% were man factors and machine
factors, respectively. From the management
factors, the EPCs related most to the
communication subfactor were the most
common factors leading to accidents. Those
EPCs were EPC 10, EPC 16, EPC 13, and EPC
19, followed by the monitoring subfactor
and procedures subfactors. Moreover,
among the man factors, there were three
subfactors selected: the experience

and the physical subfactor. The number of
EPC in each case varies, depending on the
number of findings obtained, which is also
related to the complexity of the case.

Human Error Probability (HEP)

In Table 7, there are examples of cases
1 and 2 HEP calculations. Table 7 provides
the cases number, GT, NHU, selected EPC,
assigned APE, the result of AIV and HEP.
The explanation about assigning the GT
and NHU has been explained in section 3,
whereas GT chosen is due to the working
condition of the seafarer at the time of
the accidents and also considered the
environmental condition. For more difficult
tasks and conditions, the GT will be different
and will have a more significant value of
NHU. To assign the weight of APE for each
EPC is based on the subjective judgment
of the expert, more significant factor will
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Table 7. HEP Calculation

TOP BODY
No. GT NHU HEP
EPC APE EPC APE EPC APE EPC APE
22 0.45 21 0.35 18 0.2
1 C 0.16 3.82E-01
AlV =136 AlV=1.35 AlV=13 AIV=0
10 | 0.5 26 0.3 16 0.15 14 0.05
2 D 0.09 4.68E-01
AIV =3.25 AlV=1.12 AlV=13 AlV=11

have higher weight of APE. After assigning
the APE, equation (1) and (2) are used to
calculate the AIV and HEP respectively.

Figure 3 displays all HEP values for
grounding accidents. The HEP results might
be affected by the selection of GT and also
the number of EPCs chosen. Seventeen
cases have HEP calculation results 1. In
Figure 3, the gray line is the average HEP
value in these cases. The average number
is 55%. Seventeen cases had 100% human
error involvement.

5. Discussion

Grounding analysis results

The analysis of the reviewed accident
reports shows that the usability of
maritime accident reports is reliable for
extracting critical factors that influence
the occurrence of accidents. The results
of the GT in section 4 show that routine,
highly practiced, and rapid tasks involving
a relatively low level of skill were the task
conditions when the accidents occurred,

meaning that the seafarer had previously
experienced this situation several times.
However, they had become overconfident
and tended to underestimate the task
because they thought that they were
familiar with the situation. This condition
is similar to fairly simple tasks, in which
seafarers perform the task rapidly or give it
scant attention. Environmental conditions
affected the human ability to address the
situation in order to avoid an accident, but
because of several other influential factors,
the accident still occurred. With 15 out to
52 grounding cases that analyzed accidents
occurred due to poor environment, the root
cause of this situation is a misperception
of the bridge team of the effect of the poor
environment on the ship.

Based on the top-most EPC series, this
study found that most causes recognized
by investigators are management factors
in terms of improper communication,
monitoring, and lack of guideline
procedures on the bridge, such as the

100% ‘ 100%
90% ‘ 90%
80% ‘ ‘ 80% &b
70% I I 0% F
& 60% | | 60% =
2 s0% ‘ 50% <
e 40% ‘ 40% F
= 30% 30% ﬁ
20% ‘ |‘ ‘ 20% o
10% | | | 0% <
Un,: I I I J I I I I [ ] I . Ocyuo
1 3 5 7 911131517 192123 2527 29 3133 35373941 43 45 47 49 51
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Grounding Cases Number
= HEP Average Line

Figure 3. Human Error Probability Calculation Results
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bridge team being reluctant to provide
information to the master because they felt
they had less experience and knowledge
than the master. Established incorrect
practices such as categorizing piloting as a
one-person duty were also a factor. Because
of overconfidence in their knowledge
and maneuvering skills, beyond that
displayed by the bridge team, seafarers did
not fully pay attention to watchkeeping.
The lack of procedural information from
companies regarding cooperation and
communication in different conditions
and a lack of knowledge transfer between
the bridge team and the engine control
room about engine failure conditions
were other factors. In the future, since the
application of automation ship will be done,
the probability of man and management
factors as the leading cause of the maritime
accidents might be decreased, due to the
less human power needed in the ship
operation. However, it might increase EPC
in machine factors.

The result of HEP from 2007 to 2017
is showing the decreasing trend, which
means that improvements designed
to decrease human error in maritime
accidents were quite effective. This is
in line with the post period of ISM code
implementation, resulting in a significant
reduction of human-induced factors in
maritime accidents [25]. Improvement
of the maritime technology, technology
in shipbuilding and ship management
and also better crew training, induce the
improvement of maritime society [26]. The
results for HEP were varied and depended
on the selected GT, i.e., at the time of the
accidents, what kind of situation existed,
and which task was being performed. The
more complex and challenging the task, the
higher the NHU will be. Also, the number
of EPCs selected in a case can influence the
HEP results.

The advantages of the HEART - 4M
method

Other factors related to humans can
also influence human performance and
judgment while performing their tasks,
especially in terms of BRM. Machine
factors, media factors, and management
factors also strongly influence the human
condition and performance [15], [17], [21].
The EPC factors established by William [9]
also include some that are related to 4M
(man, machine, media, and management)
factors; yet, this method is still general.
This study combines the HEART method,
which was developed for assessing
nuclear power plants, with 4M factors in
order to understand the relation of 4M
within the context of EPCs, particularly
BRM. Previously, the conventional HEART
method has been utilized to assess HEPs in
maritime accident cases; yet, this method
may have some weaknesses when selecting
the EPCs and determining the mitigation
process because it is still general. There are
no classification details yet in the HEART
method EPCs. Nevertheless, in the BRM,
machinery, environment, and management
factors can strongly influence human
performance. Therefore, in this study, EPCs
were classified into 4M to clarify the role of
these other factors.

Finally, a hybrid method of HEART-
4M is proposed, which was applied to
evaluate the HEP in maritime accidents,
particularly in grounding accidents. The
integration of the frameworks suggests
the relation of each factor and which EPC
should belong in the 4M factors. It can be
argued that by using the integrated method
presented in this paper as a complement
to a HEART method, the problem about
the relationships between factors and the
involvement of other factors in maritime
accidents is now well addressed. At least
two advantages can be obtained from the
proposed method:
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1. It can reveal the causality among the
different factors in terms of EPC-4M
classification, which focused on the
origins of the causal factors. For
example, if the report stated that the
coordination of the bridge team was
defective, we could study this in more
detail by looking to EPC-4M in the
coordination subfactor.

2. It provides information for identifying
human factors and other factors that
affect human behavior.

3. It provides accident assessors with the
knowledge of which factors have the
highest impact on accidents because
of the performance of the EPC series.
Moreover, it is easy for assessors to
determine mitigation actions to reduce
the value of errors that have occurred or
may occur in the future.

6. Conclusion

A version of HEART-4M method was
introduced using grounding accident
reports, and the concept of the influence of
other factors related to human factors, i.e.,
machine, media, and management factors,
in maritime accidents were used to analyze
the accident reports. Accident reports
are concluded to be a reliable source of
evidence data to extract information about
the most critical factors. A total of 52
grounding accident reports were retrieved
from 11 national investigation boards for
the period 2007-2017, and these were
analyzed using the HEART-4M method.
There were 259 EPC-4M factors found as
causal factors, where management factors
were the most common factors found and
the most common top of EPC series. The
average HEP number calculated was 55%,
and HEP trends were seen to be decreasing.
Moreover, the applicability of the HEART-
4M method provides a better explanation of
which factors require attention rather than
classifying causes as exclusively human
factors.
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Abstract

Ports regard sustainability as of great importance in their efforts to sustain their corporate feature aiming to use
resources effectively and comply with the environment and the society in which they are located. The activities
an organization carries out its sustainability performance. Full compliance of this performance with the relevant
natural and biological environment is greatly important. That's why the main point discussed in this study is the
environmental sustainability performance of the port enterprises. As the competencies of port managers pay an
important role in this performance, this study aims to scrutinize and evaluate these competencies of port operation
managers in particular. To determine these competencies, a three-step Delphi technique has been used. This
technique has been conducted through an expert group of 13 academicians. The results revealed 15 competency
items. The identified competencies are believed to contribute to the effective process of selecting/employing
managers in port organizations which will ensure corporate sustainability.

Keywords: Sustainability performance, Environmental sustainability, Manager competencies, Port operations manager, Ports.

Tiirkiye’deki Konteyner Liman Isletmelerinin Cevresel Siirdiiriilebilirlik Performansi
Agisindan Oncelikli Yonetici Yetkinliklerine Akademisyen Bakis Acisi

0z

Liman isletmeleri, hem kurumsal devamliliklarini saglayabilmek hem de kaynaklart dogru kullanan, iginde
bulundugu toplum ve cevreye uyumlu érygiitler olabilmek icin stirdiirtilebilirlik kavramini énemsemektedir.
Bir isletmenin bu cercevede gerceklestirdigi etkinlikler onun stirdiiriilebilirlik performansini olusturur.
Icinde bulundugu dogal ve biyolojik cevre ile uyumlu liman olgusunun énemli hale gelmesi nedeniyle liman
isletmelerinin stirdiirtilebilirlik performansinin gevresel boyutu ele alinmistir. Bir isletmenin stirdtirtilebilirlik
etkinlikleri, y6neticilerinin 6zellikleri ve konuya yaklasimlart ile ilgilidir. Bu ¢alisma, liman isletmelerinin gevresel
stirdtirtilebilirlik performansi agisindan éncelikli liman yénetici yetkinliklerinin degerlendirilmesini amaglar.
Calismada liman yéneticisi kapsaminda operasyon miidiiriiniin yetkinlikleri incelenmistir. Yetkinliklerin
belirlenmesi icin ti¢c asamal Delfi teknigi kullanilmistir: Delfi uygulamasi, 13 uzman akademisyenden olusan bir
uzman grubu ile gerceklestirilmistir. Calisma neticesinde 15 adet yetkinlik maddesine ulasilmistir: Belirlenen
yetkinliklerin, liman isletmelerinde yénetici segcimi ve stirdiiriilebilirlik calismalarina katkida bulunacagi
diistintilmektedir.

Anahtar Kelimeler: Siirdiiriilebilirlik performansi, Cevresel stirdiirtilebilirlik, Yonetici yetkinlikleri, Liman operasyon

muidiirt, Liman isletmeleri.
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1. Introduction

The concept “sustainability” implies
the ability to keep going. This implication
could cover the micro level of the resources
and consumption balance available for
any groups of animates living together
as a family or it could be extended to a
moderate level as the living conditions of a
city. A macro perspective for this particular
concept covers the effective and efficient
use of the resources available on earth
and protected against “global warming”.
Thus, the micro and macro concerns have
placed the term sustainability at the top
place in not only the individuals and certain
groups but also local and international
groups and organizations. Besides, small-
mid-large scale organizations also are the
stakeholders of sustainability. As being
related with concerns about the economic,
social and environmental values all over the
world, the connection between stakeholders
in terms of sustainability is also directly
related with keeping the healthy survival of
businesses and organizations.

One of the main aims of businesses is to
gain profits, so as to stay alive. In a sense,
sustainable businesses are those that
sustain their profitability. This could be
right in terms of economic concerns, but it
is not enough. To be called a “sustainable
business”, companies are to act in full
compliance with the biological environment
as well as with the society which they
are in contact with. Thus, the sum of all
their economic, social and environmental
activities reflects their sustainability
performance. Businesses today are to keep
their economic, social and environmental
performances high if they are to survive in
the severely competitive environment and
to overwhelm their competitors. In line
with this outlook, companies pay attention
to sustainability practices and periodically
issue reports so as to sustain their positions
in the relevant market.

Forming a view on sustainability,

developing sustainability-related plans,
implementing, monitoring and reporting
such plans are all within the responsibilities
of the managers, which means that
sustainability performance of a company is
directly related within the overall approach
and competency level of relevant managers.
The competencies of a manager directly
affect the processes of decision making and
implementation as well as the sustainability
performance of a company.

The concept of sustainability is an
important issue for port enterprises that
are the centers where trade activities are
intensive. Contributing to national and
global economies, ports have been in close
contact with the natural environment
and societies in which they are located.
Therefore, in order to survive, ports also
exhibit a favorable level of sustainability
performance, which requires managers
with certain competencies regarding this
context. In this respect, the competencies to
be sought in the selection of port managers
and the aspects of existing managers to be
developed are considered important.

This study aims to reflect academicians’
viewpoints to reveal the prior competencies
that port managers must have so as to
affect and contribute to the environmental
sustainability performance of ports. In
this context, this study is based on the
competencies determined by Tezcan and
Kuleyin (2019) [1]. Findings of this study
were compared with those competencies.

2. Conceptual Framework

The concept of “competency”, which
emerged in 1960’s, was first discussed by
McClelland in 1973 [2]. Since then, this term
has gained importance in the field of human
resources. Competency has been defined
as “the individual attributes regarding
work performance” [3]. In other words,
individual attributes like knowledge, skills
and abilities that are related with the high
performance at work [4]. These definitions
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imply that the term competency is related
with the individual performance at work.

Managers at businesses are the persons
who direct the subordinates in compliance
with the targets of the companies [5].
This means that the competency related
specifications of managers are important
in the effectiveness and efficiency of the
company. Several researches have been
made in relevant literature on competency
in diverse fields of business and managers
at various levels [6-11]. The pioneer in this
field, Boyatzis (1982) [3], has determined
21 items of competency required with an
effective and efficient manager, regardless
of the job description and field of the work.
Robertson et. al. (1999) [12]; has pointed
out 16 competencies that determine the
performance of manager (e.g. commercial
awareness, specialized knowledge,
planning and organizing, leadership etc.).

With their organizational structures
and size of activities, port enterprises
accommodate a great number of employees
and managers. There are various definitions
of port employees at both national and
international levels [13; 14]. Due to such
differences in being state or private
enterprises, the fields dealt with, scope and
size, being local or international; there may
be differences in terms of the organizational
structure.

Fig. 1 reveals that a port management is
carried out through a president or general
manager at the very top, a financial and
an operation manager under this top and
sum management divisions under these
executive officers. In many different port
enterprises, the managers like for technical
affairs, human resources and purchase-
sales departments can be positioned at
top management. This figure Subject to
this research, “operation manager”, for
instance, takes place in all types of port
management. A port operation manager
is a top manager who is responsible for
planning and directing/managing berths/

piers, equipment and employment as well
as cargo operations and administrating
all the employees working at these
divisions [16]. The clear wealth and critical
importance of such responsibilities makes
an operation management a considerably
high management position.

The sustainability related work
at ports comprises concerns with the
economic welfare, environmental quality
and social responsibility [17] and an
evaluation of sustainability performance
requires considering all these three
dimensions [18]. The literature on port
sustainability has recently enriched [19-
23] and “environmental sustainability
dimension has been focused more [23-
25]. “Environmental sustainability” is
defined as “meeting human needs without
compromising the health of ecosystems”
[26]. For port enterprises in particular,
environmental sustainability covers such
topics as air and water pollution, using
earth and resources, waste management,
and noise and light pollution [18]. Ports
that no harm to the natural and biological
structure of physical environment in which
it is located, in short ecoport or green port
concepts, has taken in place in the agenda
via environmental sustainability practices
[27]. Anenvironmental friendly porttargets;
using its sources efficiently, minimizing
its negative effects on the environment in
which it is located, in fact maximizing the
quality of this environment and the level of
environmental management [28].

Mackey (2008) [29] points out that
the management leaders act as levers
in business performance. The decisions
made or to be made in compliance with
the environmental sustainability targets
of a port management are closely related
with the overall perspectives of the port
managers. According to Collins; the
performance of a manager contributes to
the performance and sustainability of the
relevant business [30]. On the other hand,
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EXECUTIVE BOARD

Corporate affairs

Corporate strategy

Human resources
Communication & external affairs
Internal audit

PRESIDENT &
CHIEF EXECUTIVE
OFFICER(CEO)

Port development

Legal department |

EXECUTIVE VICE
PRESIDENT &
CHIEF FINANCIAL
OFFICER (CF0)
Finance
Shared process center

Procurement

Digital business solutions
Digital & information technology
Innovation

Faility service center

Asset management
I Environmental management

EXECUTIVE VICE

PRESIDENT & CHIEF

OPERATING OFFICER
(c00)

1
1

HARBOUR MASTER'S
DIVISION

CONTAINERS, BREAKBULK &
LOGISTICS

INDUSTRY & BULK CARGO

Figure 1. Organizational Structure of Port Top Management [15]

Source: Port of Rotterdam (2019) [15]

the sustainability of a business is affected by
sub departments related with operational
processes [31-32].

There are a few studies in the relevant
literature on the competencies required
with the port employees, is scant. Ahn and
McLean (2008) [33], have determined 16
competencieswithinsuch clustersas “policy,
system management, service, product
development and promotion, information
and globalization” required with the port
and logistics personnel. Thai (2012) [34]
has collected the 65 competencies related
with the mid-level port managers under
such three categories as “business related,
port and logistics affairs related, and
managementrelated.” It has been noted that
in the relevant literature, there has been no
study on the competencies required with
top port managers. Nor does this literature
have any study on the contributions of the
port managers to the port sustainability.
Thus; a research on the effects of port
managers on ports sustainability seems to
be of importance.

3. Methodology

In this study, mixed research design has
beenadopted and Delphitechnique hasbeen
used. This technique has long been used as
an instrument enabling anticipations and
making decisions [35]. Due to shortage in
the studies on the competencies required
at port management, this discovery method
has been adopted as it enables revealing
independent views. This technique has
been used in researches aimed to determine
manager competencies and characteristics
[36-38].

3.1. Delphi Stages

Sahin (2001) [39] identifies this method
as a reconciling method through which
the participants freely put forward their
viewpoints without having heard the
viewpoint of the other participants, as result
of which creative view are likely to appear.
This method is structured as a platform
through which the views of the participants
are collected, and it has got a well-planned
process through which data is collected
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by means of consecutive questionnaires

[40]. The reasons why Delphi technique is

generally adopted could be highlighted as

follows [41]:

- Utilizing subjective calculations where
analytical methods are not appropriate
in solving the problem,

- Inanalyzing complex problems, training
the diverse experiences and expertise
of participants who have not worked
together,

- Difficulties and high costs and time
consuming processes during arranging
group meetings in the other methods,

- Involving a group work likely to
increase the effectiveness of face-to-face
discussions/arrangements,

- Involving a moderator/referee who can
help overcoming the conflicts likely to
appear in views of the participants,

- Involving heterogeneous participants
and eliminating the dominant attitudes/
behaviors/individuals.

Straus and Zieigler (1975) [42] points
out three type of Delphi as “Nominal Delphi”
used to determine the least anticipation,
“Historical Delphi” used to determine
the points favoring the previously made
decisions or alternative views, and “Political
Delphi” used to define the responses to

expected. Rowe and Wright (1999) [43],
put forward “Classical Delphi” as an
instrument for justifying, decision making,
and anticipation. Rauch (1979) [44], has
offered the “Decision Delphi” used to form
the future and make decisions rather than
anticipating only. The basic specifications of
the Delphi techniques could be highlighted
as follows: “anonymity, iteration, controlled
feedback” and “statistical aggregation of
group responses” [43].

A thorough review of the relevant
literature reveals that the Delphi method
is carried out through several stages.
Skulmoski et. al. (2007) [45] highlight these
stages as follows (see Fig. 2).

3.2. Determining the Experts

Delphi studies are based on the
participants’ sharing their knowledge and
cooperation. Hence sampling is of great
importance [46]. In this study, the experts
have been determined through the aim-
oriented sampling, “which enables the
selection of the deep knowledge sources
in accordance with the purpose of the
study” [47]. Thus, the target group of this
study has covered the academicians (n=84)
employed at departments of “Maritime and
Port Management” and “Maritime Business

and options for any political problem Administration” within the universities
I Experience
Research Research Research
> Question £|> Design fD Sample
I Literature Review |
Round 1 Delphi |, Preparing Round 1 :@
Survey & Analysis Delphi
Round 2 Delphi Preparing Round 2
Research Survey & Analysis l= Delphi
Documentation,
Verification & Round 3 Delphi Preparing Round 3
Generalization Survey & Analysis § Delphi

Figure 2. Delphi Process in the Research
Source: Adapted from Skulmoski et. al. (2007) [45]
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of Turkey. The Delphi surveys were sent
to all of the members of this group. The
sample has been selected among the
respondents who replied to the first Delphi
stage. Experience in maritime and port
operations was sought in selecting the
sample. Eventually, 13 academicians have
constituted the sample (see Table 1).

Hsu and Sandford (2007) [48] points out
that the size of the sample at Delphi studies
might vary. The size of the samples in many
Delphi studies ranged from 15 to 20 [49].
Gordon (1994) [46], however, argues that

Table 1. The Specifications of Expert Academicians

Delphi studies could be carried out with
10 and more participants. In addition, the
sample size could be minimum 7 according
to Sahin (2001) [39].

3.3. Designing the Delphi Process

The Delphi process in this study
is comprised of three stages: defining
the competencies of port managers,
seeking consensus on whether the
defined competencies are inevitable, and
determining the priorities through these
competenciesin terms of port sustainability.

Sectoral
Academic (Maritime
No Gender | Title University Department Experience | and Port)
(year) Experience
(year)
E1l Female | Asst. Prof. Kocaeli Marl.tlr:ne BIIJSII’leSS 17 4
Administration
E2 Male Lect. Bursa Uludag Maritime and Port 10 3
Management
E3 Female | Asst. Prof. Kocaeli MarlFlrpe Bl:lSIIleSS 10 3
Administration
E4 Male Lect. lsta.n.bul Maritime and Port 2 7
Gelisim Management
E5 Male Lect. Yalova Maritime and Port 9 20
Management
E6 Female | Lect. Sinop Maritime and Port 2 2
Management
E7 Male Lect. Akdeniz Maritime and Port 8 4
Management
R Maritime Business
E8 Male Assoc. Prof. | Piri Reis - . 36 36
Administration
E9 Female | Lect. Beykoz Maritime and Port 7 6
Management
E10 |Male | Lect. Mersin Maritime and Port 2 13
Management
E11 | Male Prof. Dokuz Eylul Logistics Management 17 17
E12 | Female | Assoc.Prof. | Dokuz Eylul Marl'tn‘.ne BI.JSIIleSS 15 15
Administration
E13 | Female | Assoc.Prof. | Dokuz Eylul | Logistics Management 14 14
Average Experience: 11,5 11,3

Source: Created by the authors
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This design was conducted/implemented
in April-June 2019. As for data collection;
semi-structured interviews have been
used in the first stage, and questionnaires
have been used in the second and the third
stages. For data collection and feedback the
participants have been contacted through
e-mail.

The first stage focused on 22 items
of competencies revealed by Tezcan and
Kuleyin (2019) [1]. This stage consists of an
open ended question which is: “What sort of
competencies do you think a port operation
manager must have in terms of the
environmental sustainability performance
of a port?” The participants have been
required to list and define the competencies
other than the above mentioned 22 items.

The second stage has focused on the
thorough review of the items in the first
stage [48]. The participants have been asked
to evaluate the competencies determined in
the first stage in terms of whether each is
“required” for environmental sustainability
performance of ports. The idea in doing this
is to determine the percentage of consensus
on each item. In Delphi studies, 70-80%
agreement is said to be acceptable [50].
Thus, the third stage has been started with
the items each of which had received 70%
and over consensus.

At the third stage, participants have
been asked to range the importance of
each of the items determined in the second
stage. In this evaluation, 5-Likert scale has
been used, ie. 1. Least important, 5. Most
important.

It is difficult to determine the validity
and reliability in Delphi studies; the
answers of participants to a question might
change in different stages, open-ended
questions etc. [51]. However, choosing the
appropriate method and experts to the
research, explaining the data collection
and application/consensus  processes
transparently can support validity and
reliability [52].

3.4. Limitations

Port operations involve handling
diverse types of cargoes and ships. Hence,
the competencies required for a particular
type of a port handling certain types of
cargoes and ships cannot be generalized.
Considering this point, this study has
focused on the competencies required for
a port in the field of “containerized cargoes
and container ships”.

The term “port manager” covers various
top management positions. In this study,
the competencies required for “operation
manager” have been discussed. The main
reason for this choice is that they are
most closely related with/affected by any
sustainability activities carried out at ports.

This study has been conducted through
the ports located in Turkey. Studies on
ports in other countries might reveal
diverse findings.

4. Findings

In addition to the 22 items of
competencies determined by Tezcan and
Kuleyin (2019) [1], the competencies
revealed through the first round of Delphi
study are indicated in Table 2.

The number of the proposed
competencies is 25. Categorizing the
similar ones in the same sets has resulted
in 20 newly proposed competencies. The
ones collected in the first column under
“competencies proposed” at Table 2 (human
relations, communication, leadership,
personnel management, meteorological
analysis, foreign language, dangerous cargo
knowledgeand, proactivity) already havethe
counterparts in the “competencies already
determined”; thus they have not been taken
into consideration. The nine competencies
listed in the second column (corporate
social responsibility, stress management,
crisis management, risk taking, green port
practices, ethical behavior, self-criticism,
conflict management and ship-related
knowledge) have been proposed by one
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Table 2. The Already Revealed Competencies by Tezcan and Kuleyin (2019) and the Newly Proposed

Competencies
Competencies Already Determined Competencies Proposed
Emergency Port ar}d Teéu.nwork Human Corporate social | Safety
h operation ability and - s
practices . relations responsibility management
planning management
Field . . . .
Regulations / Basic vocational - Stress Security

knowledge/ Communication

- procedures knowledge management management
Expertise
Analytical - . . Crisis .
thinking Motivation Delegating Leadership management Open-minded

B Customer- Management Personnel . .
Sensitivity oriented skill management Risk taking
Action-oriented | Organization Cargo Meteorologlcal Greer.l port
knowledge analysis practices
Target-oriented | Planning Cargo stowage Foreign Ethical behavior
language
. Dangerous
Business . e
. Problem solving cargo Self- criticism
understanding
knowledge
Dec1§1on Coaching Proactivity Conflict
making management
Ship-related
knowledge

Source: Created by the authors

of the panelists only; hence they have not
been considered/ included in the overall
evaluation. The three competencies in the
third column (safety management, security
management and open-minded) have been
put forward by at least two of the panelists,
so considered important and been added to
the existing competencies.

In the second stage, as a result of the
evaluation of a total 25 competencies, in
terms of whether each one is required or
not, “coaching” has received below 70%
consensus (n=8, 61,5%) so it has been
eliminated from the questionnaire (see
Table 3).

Table 3. The Percentage of Agreement on Each Competency in Second Stage

No | Competencies N % No | Competencies N %
1 Emergency practices | 13 100,0 14 | Planning 12 92,3
2 | Analytical thinking | 13 | 100,0 15 | Field knowledge/ 11 | 846

Expertise
3 Safety management | 13 100,0 16 | Sensitivity 11 84,6
4 | Regulations/ 13 | 1000 17 | Action-oriented 11| 846
procedures
5 Organization 13 100,0 18 | Security management | 11 84,6
6 | Problem solving 13 | 1000 19 [Business 11 | 846
understanding
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Table 3. The Percentage of Agreement on Each Competency in Second Stage (Cont’)

No | Competencies N % No | Competencies N %
7 | Basicvocational 13 | 1000 | 20 |Customer-oriented | 11 | 846
knowledge
Basic vocational .
8 knowledge 13 100,0 21 | Delegating 11 84,6
9 Open-minded 13 100,0 22 | Cargo knowledge 11 84,6
10 | Management skill 13 100,0 23 | Cargo stowage 11 84,6
11 | Decision making 12 92,3 24 | Target-oriented 10 76,9 Consensus
i Level
12 | Portandoperation |, | g, 25 | Coaching 8 | 615
planning
13 Motivation 12 92,3

Source: It was created by the authors within the framework of Delphi research

Table 3 reveals that 10 of the
competencies (emergency practices,
analytical thinking, safety management,
regulations and procedures, organization,
problem solving, teamwork ability and
management, basic vocational knowledge

and open-minded) have received full
agreement.

The rank of the evaluation ranges
from 72,3% - 94,0% (see Table 4). The
competencies  which have received
an agreement percentage of 80% and

Table 4. The Level of Importance for Each Competency

No | Competencies N % No | Competencies N %
Basic vocational
1 Safety management | 4,70 94,0 13 knowledge 4,08 81,5
2 Security 470 94,0 14 Field k.nowledge/ 4,00 80,0
management Expertise
3 | Emergency 462 | 923 15 | Delegating 400 | 800
practices Consensus
i Level
4 | Decision making 462 | 923 16 |Business 392 | 785
understanding
5 | Resulations/ 462 | 923 17 | organization 392 | 785
procedures
6 Problem solving 4,46 89,2 18 | Planning 3,92 78,5
7 Open-minded 4,38 87,7 19 | Cargo knowledge 3,92 78,5
8 Analytical thinking | 4,31 86,2 20 | Customer- oriented | 3,85 76,9
9 Action-oriented 4,31 86,2 21 | Motivation 3,77 75,4
10 Target-oriented 4,31 86,2 22 Sensitivity 3,69 73,8
11 | Managementskill |[423| 846 23 | Portandoperation | 5. [ 555
planning
12 | Basic vocational 415 | 831 24 | cargo stowage 362 | 723
knowledge

Source: It was created by the authors within the framework of Delphi research
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more are considered to be “the prior
competencies of port managers in terms
of port sustainability performance”. The
agreement level kept at 80% to provide
distinctiveness. The distinction has revealed
that 15 competencies (safety management,
security management, emergency practices,
decision making, regulations / procedures,
problem solving, open-minded, analytical
thinking, action-oriented, target-oriented,
management skill and basic vocational
knowledge) have received agreement.

5. Conclusions and Discussions

This research has revealed the prior
competencies a port operation manager
must have in terms of the sustainability
performance of a port. Ten out of
fifteen competencies revealed seem to
be in parallel with the competencies a
manager in general must have [53:54].
The remaining five (safety management,
security management, emergency
practices, regulations and procedures,
and basic vocational knowledge) are
directly those exclusively a port operation
manager must have, and separate port
operation manager from the managers
in other fields. Such competencies as
“business understanding, organization,
planning and motivation” have been found
to be not prior in port environmental
sustainability performance. Besides, it
is surprising that such competencies
as “cargo stowage, port and operation
planning andcargo knowledge” have also
been deleted in this research from the list
of the preliminary required competencies.
These competencies are generally thought
to release certain environmental effects.
Considering that the 22 competencies
involved in the research are those already
determined by the experts from the
relevant industry (Tezcan and Kuleyin,
2019) [1], this view findings indicate
that expert academicians do not agree
with the experts from the industry on the

prior competencies. Particularly the two
competencies (safety management and
security management) that were revealed
as the most important by the expert
academicians of this research confirm this
outlook.

The findings of this research reveal
a difference between the competencies
a manager must have in terms of port
sustainability = performance and its
environmental dimension. Besides,
another difference was revealed between
the views of experts from industry and
experts from the academic world.

The fifteen competencies revealed
through this study are thought to be
considered prior for port operation
managers exclusively. The overall findings
of this study are thought to be taken into
consideration both in recruiting, hiring
and promoting as well as in the on-the-job
training and in achieving the required port
and environmental sustainability. Since
this study has revealed the competencies
a port operation manager must have in
terms of environmental sustainability,
similar studies could be carried out on the
competencies required for top managers
other than port operation managers.
Besides, such studies that evaluate if
there is a difference or not in terms of
competencies considering the cargo type
the port engaged in, can be meaningful.
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Abstract

In recent years, the concept of sustainability has come to the forefront as a requirement of strategic
management in ports. The safety component which has an important place in the social dimension
of sustainability, is very valuable in terms of minimizing occupational accidents at the port area. In
order to take precautions against the threat of occupational accidents, understanding the risks causeing
occupational accidents are as important as knowing how these accidents occur. The aim of this study
is to identify risks in port area that cause Occupational Health and Safety (OHS) violations and to
reveal prominent risks as a result of expert reviews. Fuzzy AHP method is employed to analyze priority
perception of the experts. Accordingly, risks; ‘Overconfidence and Disengagement, ‘Inter-Department
and In-Department Communication Gap, ‘Lack of Attention, ‘Failure to Take Required Precautions
during Repair and Maintenance’ have come into prominence in comparison to other factors. It can be
concluded that human factor and communication level have vital role to provide OHS in port area.
Keywords: Occupational Health and Safety, Port Area, Fuzzy AHP, Human Factor.

Limanlarda is Kazalarina Neden Olabilecek Faktorlere iliskin Nicel Bir Analiz

0z

Son yillarda limanlarda, stratejik yénetimin bir geregi olarak stirdiiriilebilirlik kavrami én plana
cikmaktadir. Siirdiiriilebilirligin sosyal boyutu igerisinde énemli bir yer tutan emniyet unsuru, liman
sahasinda is kazalarinin minimize edilmesi kapsaminda oldukca dederlidir. Is kazasi tehdidine karsi
onlem alabilmek adina is kazalarina neden olan riskleri kavramak, bu kazalarin nasil gerceklestigini
bilmek kadar énemlidir. Bu ¢calismanin amaci liman sahasinda is sagligi ve gtivenligi ihlallerine sebep
olabilecek riskleri tanimlamak ve uzman degerlendirmeleri sonucu 6ne ¢ikan riskleri ortaya koymaktir.
Uzmanlarin éncelik algisinin analiz edilmesinde Bulanik AHP yéntemine basvurulmustur. Buna gére,
Asir1 Giiven ve Isi Bos Verme, ‘Birimler Arasi ve Birim Ici [letisim Kopuklugu, ‘Dikkat Eksikligi’ ve ‘Bakim
ve Onarim Strasinda Gerekli Onlemlerin Alinmamast’ gibi riskler diger kriterlere nazaran cok daha fazla
én plana cikmustir. Béylece insan faktorii ve iletisim diizeyinin liman sahasinda Is Saghigi ve Giivenliginin
saglanmasinda ¢ok énemli bir role sahip oldugu sonucuna varilmigtir.

Anahtar Kelimeler: Is Saghgi ve Giivenligi, Liman Sahasi, Bulanitk AHP, Insan Faktorii.
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1. Introduction

The man-machine interaction gained
momentum with the Industrial Revolution
and as a result of this situation, OHS
hazards emerged. With the emergence of
these hazards, the requirement to take legal
precautions has also occurred and many
studies have been carried out in this context.
The first legal studies and arrangements on
the subject were started to be legislated in
the late 19" century [1].

Approximately 85% of the goods or
cargoes subject to the world trade have
been shipped between ports [2] and this
rate will continue to increase or protect its
position aslong as cargo owners get benefits
from the economies of scale. Accordingly,
widening of the world trade day by day
puts pressure on the ports at operational
speed. For this reason, heavy machines
and equipment is intensively operated
in port areas. Therefore, increasing the
factor of OHS violations are becoming
inevitable. In the previous studies related
to factors at maritime transport, events that
threat occupational health might occur en
route are generally considered. However,
significant occupational accidents may
occur caused by ships on the port side, such
as collision, grounding, ramming, spills
and closures [3]. In maritime industry,
occupational accidents not only give harm
to the environment but also threat the
human life [4]. Further, the impact area
of the most accidents can be wider due to
the port locations near by the downtown.
Risk management focuses on defining the
source and nature of the risk and tries to
prevent occurrence again by evaluating
previous accidents with  empirical
techniques [5; 6; 7]. Therefore, process of
the OHS in ports should continuously be
controlled, deficiencies should be identified
and required precautions should be taken
[8]. When it is evaluated by the prevention-
based perspective, it would be important
to determine the negligence causing the

accidents and its priority level.

The academic studies on the subject
of the OHS in logistic systems are
usually aimed at preventing accidents or
determining the indicators that describe
the OHS. Kleindorfer and Saad [5] examined
the accidents during the logistics activities
between the years of 1995 and 2000 at the
chemical industry in the United States by
basic statistical tests and concluded that
the cost of precaution against the risk did
not pass over the cost of damages incurred
after the risk occurred. It is known that
the prescriptive role of the governments
in promoting the precautions against
possible OHS risks is undeniable. On the
other hand, Yang and Wei [9] who advocate
that the actors of the market should be in
coordination with each other, revealed in
their study that knowledge management
and partner relationship management have
positive impact on safety performance in
supply chain with the help of the multiple
regression analysis. Such that, Walters
et al [10] evaluated aforementioned
coordination in the work environment
at sea, displayed that supply chain
relationships facilitate implementation
of the OHS regulations on commercial
ships by interviewing with the seafarers.
Gutierrez and Hintsa [11] emphasized the
importance of OHS in logistics system and
the importance of educating employees in
this direction. They made an archive study
for providing the OHS in supply chain
and focused on 5 main factors: Facility
Management, Cargo Management, Human
Resources Management, Information
Management and Company Management.
In order to determine the level of threat
to remove the factors that threaten OHS,
Antao el al. [8] revealed indicators on OHS
performance in port areas and listed them
with frequency analysis. Ugurlu et al. [12]
investigated the reasons of collision and
grounding accidents on tanker ships and
additionally they stated the significance
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level of the losses after the accidents with
the help of the Fault Tree Analysis (FTA).
Accordingly, the most prominent reason
of the accidents is human faults and the
most prominent results are economic
losses. Likewise, Ozdemir et al. [13] after
determining the factors affecting the health
status of seafarers, they analysed these
criteria with the Fuzzy Analytic Hierarchy
Process (FAHP) method, and it is revealed
that the human factor has more effect on
the occupational accidents than the others.
Nielsen and Panayides [4] approached
the occupational accidents in ships with
a causal viewpoint and stated that it has
been insufficient to focus on the causes of
incidents in the previous studies. Ilbahar et
al. [14] employed the methods integrated
approach of the Fine Kinney, Pythagorean
fuzzy AHP (PFAHP) and Fuzzy Inference
System (FIS) to evaluate hazards stem from
environmental factors, staff management,
non-secure behaviours, heavy equipment,
construction yard management during
excavation process in construction yard.
Gul et al. [15] used FAHP method to
align potential risks which are severity,
occurrence, undetectability, sensitivity to
maintenance non-execution, and sensitivity
to personal protective equipment non-
utilization that threaten OHS in the hospitals
in Turkey. Yilmaz and Senol [16] prioritize
either OHS factors or precautions against
OHS by using FAHP and Fuzzy TOPSIS
methods. In this study, factors which may
constitute a problem on the OHS in logistics
systems are evaluated. These factors are
exhibited by taking ports as a model and
also are sorted as a result of Fuzzy AHP
analyses. In the next part of this study, the
Fuzzy AHP method and its formulization
steps will be introduced. Afterwards, the
factors mentioned in the study and the
experts evaluating these factors will be
detailed. And then, application steps will be
shown via tables. Thereinafter, as a result of
the analysis, the prominent elements will

be evaluated and finally, the precautions
against the prominent elements and
suggestions for the future studies will be
presented.

2. Fuzzy Analytic Hierarchy Process

The Analytical Hierarchy Process (AHP)
method, advanced by Saaty [17], has been
gained acceptance by the reason of the
fact that it is apparent and applicable
for researchers and decision analysts
around the world to propose solution for
multi-criteria decision-making problems.
However, as in every multi-criteria decision
making method, the subjective opinions
of the experts can be revealed by the
help of AHP method analysis. To avoid
these subjective and strict judgements, it
is generally employed the fuzzy logic in
literature which is developed by Zadeh
[18]. The Fuzzy AHP method, which is
the result of synthesizing the Analytic
Hierarchy Method with a fuzzy logic, was
first exhibited by Laarhoven and Pedrycz
[19], and thereafter progressed by Buckley
[20] and Chang [21]. The Extended Analysis
Method which was developed by Chang, has
been widely implemented in the literature
is used. In this study, Chang’s Extended
Analysis Method is used for avoiding the
subjective assessments of the OHS experts
and for expressing the comparisons more
accurately with the range values instead
of exact values. The following steps of the
method are followed.

2.1. Application Steps

Step 1: In the first step, the evaluation
matrices are formed by making pairwise
comparisons  between the criteria.
Evaluations with real numbers are
converted to triangular fuzzy numbers [22]
using the values in the Table 1.

According to perceptual expert
evaluations, pairwise comparison matrix of
the key criteria has been generated as in the
Table 2.
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Table 1. Triangular Fuzzy Numbers

Real Numbers Linguistic Variables Tria;lgl:ﬂ;l;:suzzy Ri.‘f;zs; ;;i;gge:lar

1 Equal Importance (1,1,1) (1,1,1)

2 Weak (1,2,3) (1/3,1/2,1)

3 Moderate Importance (2,3,4) (1/4,1/3,1/2)

4 Moderate Plus (3,4,5) (1/5,1/4,1/3)

5 Strong Importance (4,5,6) (1/6,1/5,1/4)

6 Strong Plus (5,6,7) (1/7,1/6,1/5)

7 Dler;“p“’;‘:g:zzd 67,8) (1/8,1/7,1/6)

8 Very, Very Strong (7,8,9) (1/9,1/8,1/7)

9 Extreme Importance (8,9,9) (1/9,1/9,1/8)

Table 2. Pairwise Comparison Matrix of the Key Criteria
Vehicle, Coordination
Labor Induced Equipment Facility Induced Deficiency

Induced Induced

Labor Induced
Vehicle,
Equipment
Induced

(0.34,0.42,0.59)

Facility Induced (0.35, 0.44, 0.65)

Coordination
Deficiency
Induced

(0.98,1.24, 1.56)

Step 2: If the object set is represented
as X={X,, X,, ... X } and the goal set as, Q=
{4,, 4, -~ q,} according to the Chang's
concept of extent analysis each object is
taken and extent analysis for each goal Qi
is performed respectively. The m extent
analysis for each object donated alegi, Mzgi,
oy Mmgi, i=1, 2,...,n. Every Migi (G=1,2,.,m)
numbers are triangular fuzzy numbers. The
value of fuzzy synthetic extent with respect
to the ith object is defines as:

. -
Si= Zjn=1 Méi X [Z?=1 Z;n=1 Méi] (1)
The value of X%, M), can be found by
performing the fuzzy addition operation of
m extent analysis values from a matrix such
that:

(1.89,2.78,3.67)

(0.53,0.72, 1.06)

(1.11, 1.50, 2.00)

(1.78,2.67,356) (106, 1.46,1.88)

(1.26,1.94,2.67)  (0.75,1.11, 1.50)

(0.67,0.81, 1.00)

(1.37,1.83,2.33)

Jj _ P
;'n=1 Mgi = (Z;n:l liizﬁlmjzz;nzluj) ,i=1,2,..n

In order to calculate this equation,
co-1

[Xr, X7, M) ] it is done fuzzy addition of

m number of extended analysis values

LI M) = (R, L B m, B wp) and
M;i(i =1,.2,...,m)fuzzy addition is done for
this equation. Thereafter,

1L 1 1 1
n m J —
[ ‘=1Z’=1M9"] - (Z?ﬂui'z?:lmi’E}’:lli) for
calculating this vector

O, L, X m, X u) the inverse of the
vector.

Step3:M,=(l,,m,u,) =M =(I,m,u)'s
probability degree;
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VM, 2 M) = 2 [min (g, 0O, t, )|, (2)

is defined above and might be stated as
below.

V(M,2M, )=hgt(M,N M2)=um2(d)
V(M,2M, )=1ifm,>m,
V(M,2M, )=0ifl, > u,

li—uy

V(M, = My) = hgt (M; N M) =
situations.

5 other

(mz—uz)—(my—1y

The value of the d is the highest point of
intersection between M, and My

Step 4: The degree possibility for a
convex fuzzy number to be greater than k
convex fuzzy numbers M, (i=1,2,...,k) can
be defined by:

VIVEM M., M)=VI(MEM,), . (M2M,JJ=minV (M=M)

Possibility degrees which was measured
before,

d'(A)=minV (Si=Sk) ifitis expressed in this
manner,

k=1,2,...,n for k#i, W' the weight vector is
given as below,

w'=@d' (A),d'(A,),..d" (A)) T and where
consist of n elements.

Step 5: It is revealed the significance
level of decision elements’ after normalizing
the weight vector and it is represented as
below:

W= (d(A,), d(A)), ..., d(A)) T 3)

3. Application

In this study, it is aimed to reveal the
factors that threaten OHS at the ports
and to determine the level of cognitive

significance of these elements by using
Fuzzy AHP method. In this section it will be
evaluated what the factors of the subject are.
In addition, the qualifications of the experts
that we consulted will be tried to express.
Finally, findings will be evaluated.

3.1. Problem Description

Occupational accidents at the ports
slow down the density of the load flow
along the port area and may even stop
for a short time. In this research, the
factors that affect these accidents were
determined by exploiting both the literature
[3; 4; 8; 9; 10] and the opinions of the port
employees who work in OHS department
of the Turkish major ports, as a result of
preliminary interview. Among the whole
factors, homogeneous ones were brought
together same main factors. Accordingly,
the labor factor which is regarded as one of
the vital factors in the port area, may cause
these accidents. Behavioural or educational
deficiencies and unconformity with job
of employee may threat the OHS at ports.
Moreover, the lack of periodic maintenance
and control of equipment and vehicles that
play a significant role in cargo, also cause
occupational accidents. Various precautions
that are not taken against occupational
accidents atthe portarea which are irregular
stowage, the roads that have not traffic
signs, etc may cause occupational accidents.
On the other hand, all the deficiencies that
may negatively affect the coordination
among all stakeholders within port area, is
avital threat for OHS. In this paper, the main
and sub-factors that induced occupational
accidents at the ports are considered and
are presented in Table 3.

Itis quiteimportantto define setoffactors
which can cause the occupational accidents
in ports. So the factors threaten OHS at ports
which are determined by exploiting both
the literature and the opinions of the port
OHS department employees, were defined
in detail and showed in Table 4.
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Table 3. Factors That Threaten the OHS at Ports

Labor Induced

Vehicle, Equipment
Induced

Facility Induced

Coordination Deficiency
Induced

¢ Unconscious Behaviours
e Unconformity with the
Job Description

¢ Non-compliance with the
Job Hierarchies

e Lack of Attention
« [nexperience of the
Employees

» Overconfidence and
Disengagement

e Lack of Periodic
Maintenance

¢ Over Capacity Usage

» The Condition of the
Handling Equipment

e Failure to Take Required
Precautions during Repair
and Maintenance

¢ Failure to Control the
Lashing Stage

¢ Failure to Control the
Leaky Cargoes

e Undivided Roads in Port

e Irregular Stowage in Area

« Intersection of Road and
Railway

e Failure to Clean Slippery
Roads

o Failure to Consider
Dangerous Goods
Separation

¢ On-going Construction
in Port

e Inter-Department
and In-Department
Communication Gap

¢ Communication Gap
Between Harbour Pilot and
Master

ecDeficient or Wrong Job
Description Declaration

e Lack of Regular Training

» [nadequate Information
on Port Operations of
Subcontractor Companies

Table 4. Factors and Its Definitions

Factor Name

Definition

Labor Induced
Factors

Unconscious Behaviours

Unconformity with the Job Description
Non-compliance with the Job Hierarchies
Lack of Attention

Inexperience of the Employees
Overconfidence and Disengagement

Employee-job mismatch

Disregard for work

Non-compliance with OHS protocols
Superior-subordinate miscommunication

Inexperience to port specific works
Lack of concentration due to overconfidence

= - Lack of Periodic Maintenance Late or irregular maintenance
°E" 5 Over Capacity Usage Load exceeding vehicle capacity
&% The Condition of the Handling Equipment Operation adequacy of the handling equipment
2 S Failure to Take Required Precautions during Non-compliance with OHS protocols while repairing
'g § Repair and Maintenance loading - unloading cranes
< 2 Failure to Control the Lashing Stage Problems due to unsupervised lashing operations
5 E Failure to Control the Leaky Cargoes Oil spill or any other leaks, pollutions due to lack of
= control

Undivided Roads in Port Complexity due to lack of appropriate roadside sign
= Irregular Stowage in Area Irregular stowage that blocks the roads
§ Intersection of Road and Railway Problems due to intersecting roads of different modes
g g Failure to Clean Greasy Roads Problems due to inability to take precautions against
-8 leakage of port equipment and vehicles
E £ Failure to Consider Dangerous Goods Non-compliance with IMDG Code protocol while
E Separation stowing dangerous goods

On-going Construction in Port

area

Problems due to inability to insulate the construction

and Master

Coordination Deficiency
Induced Factors

Inter-Department and In-Department
Communication Gap
Communication Gap Between Harbour Pilot

Deficient or Wrong Job Description Declaration
Lack of Regular Training

Inadequate Information on Port Operations of
Subcontractor Companies

stowage area
shore side and ship

interested employees

Plan-practice discrepancy due to miscommunication in
Nautical problems due to miscommunication between
Lack of complete notification related to operation to
Ignoring in-company training courses

Conflicts between subcontractor companies and
terminal operator on port-specific operations
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3.2. Determining of the Experts

A questionnaire form was developed to
compare main factors with each other and
the sub factors with homogeneous ones
occupy in same group. This questionnaire
was implemented to the OHS Experts of the
8 ports which are located in various regions
of Turkey. Ports where the experts worked,
are located in key points of the Turkey, they
have also active role in both bulk cargo and
container trade. According to the Turkish
Port Sector Report published by Turklim
[23], ports approached as a sample in
this study constitutes 7.19% share of the
total bulk cargo handling market and also
constitutes 45.3% share of the container
handling market. Approximately 45% of
the experts who involved in study have A
class license of OHS and the same rate goes
for experts have B license. 55 per cent of
the experts have master’s degree as well. In
this research, the experts were tried to be
expressed their qualifications by the help of
the profile features mentioned above.

3.3. Application of Proposed Method
Factors that affect the occurrence of
the accidents are revealed and shown in
Table 3 by considering the occupational
accidents in the ports. A questionnaire form
was generated based on the comparison of
these factors. This form was implemented
to the OHS Experts that work in the leading
ports of Turkey. According to the opinions
of the experts, it is obtained the pairwise
comparison matrices of the factors were
solved by Chang’s Extended Analysis
Method which is most widely used in
the literature as a version of Fuzzy AHP.
Accordingly, the factors that threat OHS in
the ports are compared by their perceptual
importance. This situation gives an idea of
which negligence or deficiencies in Turkish
ports may evoke accidents. In this study,
the perceptual priority level of the factors
is evaluated by the determined experts. As
a result of the evaluation, priority analysis

among the main factors, either in-group
scores and ranking or general scores and
ranking of the sub-factors are shown in
Table 5.

When examining Table 5, it is seen
that ‘Labor Induced’ factors stand out
with 0.386-point score and ‘Coordination
Deficiency Induced’ factors followed it with
0.246-point score among the main factors.
On the other hand, when the priority
status of the sub-factors considered, it
is understood that ‘Overconfidence and
Disengagement’ and ‘Lack of Attention’
factors come into the prominence which are
included in ‘Labor Induced’ factors. Besides,
it is also seen that the sub-factors named
as ‘Inter Department and In-Department
Communication Gap’ is perceived as more
important than the others among the
‘Coordination Deficiency Induced’ factors.
When the sub-factors of the ‘Vehicle,
Equipment Induced’ are examined, it is
revealed that the factors named as ‘Failure
to Take Required Precautions during Repair
and Maintenance’ is more dominant than
the other sub-factors. However, any of the
sub-factors under the main criterion named
as ‘Facility Induced’ was not perceived
significantly more important than the
others. As a result of the calculation which
is made by taking into consideration
on the main factors weights of the sub-
factors, the overall weight scores of the
sub-factors and their ranking within all the
factors are revealed. Thus, factors which
are ‘Overconfidence and Disengagement)
‘Inter-Department and In-Department
Communication Gap’, ‘Lack of Attention’
and ‘Failure to Take Required Precautions
during Repair and Maintenance, were
perceived as much more prior reason
causes accidents in port area.

4. Conclusion

OHS performance of the ports is
the rising value today’s logistics world.
Antao et al [8] investigated 526 ports’
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Table 5. Perceptual Priority Level of the Factors

Weight General
Key Key among Group Weigh
Criterion | Criterion | Code | Sub Criterion Name Members eight
Name Score
Score | Rank | Score | Rank
= L1 Overconfidence and Disengagement 0,517 1 1,196 1
g
E
= 0,386 L2 Lack of Attention 0,469 2 1,085 3
s
G
= L3 Unconscious Behaviours 0,014 3 0,032 13
= - -
g 2 c1 Inter: Dep.artfnent and In-Department 0,892 1 1,097 2
s 53 Communication Gap
£%53 0,246
EEE .
g g = 2 Incogmzance of the Subcontractor on Port 0,108 2 0133 9
] Operation
= . . . .
g Vi Fallu1_"e to Take_ Required Precautions during 0,753 1 0,044 4
= Repair and Maintenance
E
E ' Lack of Periodic Maintenance 0,134 2 0,168 8
g 0,209
El
S V3 Over Capacity Usage 0,089 3 0,112 11
[
e
E V4 The Condition of the Handling Equipment 0,023 4 0,029 14
F1 Irregular Stowage in Area 0,297 1 0,284 5
-] F2 Undivided Roads in Port Area 0,242 2 0,232 6
g
E
; 0,159 F3 Failure to Clean Slippery Roads 0,237 3 0,227 7
é
= F4 Failure to Consider Dangerous Goods Separation 0,135 4 0,129 10
F5 On-going Construction in Port 0,089 5 0,085 12
OHS performance from the perspectives applications is undeniable.  Hence,

of occupational health, safety, security
and environment together. They listed
relevant indicators that focus on casualties
and accidental damages to reveal OHS
performance metrics of the ports. However,
this study focused on particularly pre-
accident process. Accordingly, this study
tried to present foresight to develop OHS
performance of the ports by asking for
advice from very experienced OHS experts.

The place of human factor in OHS

overconfidence, lack of attention and lack of
communication may cause critic problems
for OHS. In this research, it is obviously seen
that the most effective factors are human
induced. In this context, it is also seen that
‘Overconfidence and Disengagement’ is the
most probable factor. In addition to this,
communication between the departments
have vital role to sustain the port operations.
It is known that communication gap
between departments, sudden deficiencies
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may induce important occupational safety
problems. According to the results, the
experts especially draw attention to this
aspect of port coordination. Apart from
this, it is stated that many occupational
safety problems are encountered due to
facility and equipment deficiency.

In this research, the human factor
and communication factor came into
prominence among the whole factors that
threaten OHS at ports. At this point, in order
to reduce the impact of the human factor
in occupational accidents at the ports, it
is very important to pay attention to the
concept of ergonomics, which describes
the presentation of a business environment
that conforms to human physical and
psychological characteristics. In this
sense, it is necessary to offer an individual
job  description, suitable equipment
for employees and work environment
motivating employees in a psychologically.
On the other hand, considering the global
trade flow in these days, the importance of
speed either in port operations within the
port or through the hinterland is increased
significantly. Therefore, inter-department
and in-department instant communication
has vital role for safe implementation of
accelerated port operations, as emphasized
in this study. In order to decrease these
deficiencies, it can be considered the use
of information technologies and moreover
artificial intelligence may be used for
optimization. Besides, each criterion stated
in this paper should be considered as a
factor and the precautions against these
factors should be taught to employees
through regular trainings. Furthermore,
inspecting and auditing these regular
training is as important as the provided
training.

This study brings a new perspective
towards OHS at ports. Instead of focusing
on accidents or accident precautions within
the port area, the factors that may cause
accidents were focused on. Factors that

revealed in this study provide a framework
in regard to causes of the port area
accidents and come into prominence as a
main contribution of the study. This study
also reflects the opinions of OHS experts,
who are specialized in ports, on the causes
of occupational accidents. Therefore, the
results of the study can directly express the
challenges that threaten OHS in the port
area. This study provides a basis for further
studies in order to combine the opinions
of OHS experts and taking precautions
process against occupational accidents in
the portarea. In further studies, the number
of factors and the number of experts can
be increased and thus the subject can be
evaluated in a wider framework.
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0z

Diinyanin en dar su yollarindan biri olan Istanbul Bogazi'nda, Tiirk Bogazlar1 Deniz Trafik Diizeni Tiiziigti
uyarinca, gemi gecisi esnasinda otopilot kullanimi yasaktir. Ancak son yillarda bilgisayarlarin gtinliik hayatin her
evresine dahil olmasi ve kontrol miihendisligindeki kayda deger ilerlemeler emniyetli otopilotajin éntinii agnustir:
Bu calismada 320m boyunda bir geminin otopilot modunda Istanbul Bogazi gecis simiilasyonu gerceklestirilmistir.
Gemi hareket denklemleri ti¢ serbestlik dereceli ve nonlineer olarak ele alinmis ve geminin diimeni oransal ve
tiirevsel kontrolor kullanilarak kontrol edilmistir. Azami hiz tiiziige uygun olarak 10 knot alinmistir. Bogaz'daki
akinti hesaplara dahil edilmemistir. Kontrolor kazanclar genetik algoritma kullanilarak optimize edilmistir.
Gergeklestirilen simiilasyonlar sonucunda geminin otopilot modunda Istanbul Bogazi'n1 emniyetli bir sekilde
gectigi gézlemlenmistir.

Anahtar Kelimeler: KVLCC2, Oransal ve Ttirevsel Kontrolor, Manevra, Genetik Algoritma

Strait of Istanbul Crossing Simulation of a VLCC Type Ship in Autopilot Mode

Abstract

According to Maritime Traffic Regulations for the Turkish Straits, “steering shall always be by hand” and “automatic
steering devices shall never be used’. However, it is considered that recent technological boost in computer science
and control engineering opened this requlation to discussion; as today, automatic steering devices are a lot more
safer: In this study, navigation of a 320m long ship through the Strait of Istanbul in autopilot mode was simulated.
Ship motion equations are nonlinear and have three degree-of-freedom. Rudder was controlled by PD controller.
Maximum speed of the ship during navigation was 10 knots as per traffic regulations. It was assumed that there
was no current in Strait of Istanbul during ship’s passage. Proportional and derivative gains were optimized
by genetic algorithm. Simulation results show that the ship can safely voyage through the Strait of Istanbul in
autopilot mode.

Keywords: KVLCC2, PID, Ship Maneuvering, Genetic Algorithm
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1. Giris

Giniimiizde halen gecerli olan Tiirk
Bogazlar1 Deniz Trafik Diizeni Tiiziigi [1]
Madde 11’e gore, Tiirk Bogazlar1 gecisinde
“diimen elle tutulacak ve diimen tutmak icin
otomatik pilot aygiti kullanilamayacaktir”.
Bu tiiziigiin yurirlige girmis oldugu 1998
yilindan itibaren kontrol miihendisligi
alaninda ¢igir acic1 gelismeler olmasina
karsin bugin hala Bogaz gecislerinde
otopilot modiili  kullanilamamaktadir.
Bu yasagin altinda “bilinmeyene Kkarsi
giivensizlik”  yattigt  disiintilmektedir.
Otomatik pilotaj yasagi, bilgisayarlara
giivenilemeyecegini ve aksi durumlarda
felaketlere yol acabilecegi gerekceleriyle
savunulmaktadir. Ancak ugak gibi 6
serbestlik dereceli hareketin tiiminiin
kontrol edilmesi gerektigi durumlarda bile
on yillardir hata yapmayan bilgisayarlarin,
ticari gemilerin bogaz gecislerindeki 3
serbestlik dereceli harekette hata yapmasi
¢ok diisik ihtimaldir. Tek gerekli kosul,
gemiyi kontrol eden bilgisayarin dogru
kontrol mekanizmasiyla donatilmis
olmasidir. Buna ragmen 20 yildan fazladir
bu tiiziik degismemistir. Clinkii bir¢ok kisi
tarafindan denizcilik alanindaki kontrol
sistemlerinin heniiz yeterli olgunluga
ulasmamis oldugu disiiniilmektedir. Bu
calisma; alandaki bu eksikligi kapatmak icin
yapilmis olup, boyu 320m olan bir geminin
Istanbul Bogazi'ndan (aslinda tiiziige
aykir1 bir bicimde) otopilot modunda gegis
simiilasyonunu konu edinmektedir.

Literatiirde, 6zellikle son yillarda, gemi
otopilot uygulamasi konusunda bir¢ok
calisma yapilmistir  Bu c¢alismalarda
benzetim ve gercek sistem iizerindeki
uygulamalar olmak tizere farkli kontrol
yontemleri test edilmistir Zhang [2]
sinir aglar1 destekli uyarlamali kontrolor
kullanarak belirtilen hedef noktalar
takip edebilen bir gemi modeli tizerinde
calismistir  Ahmed ve Hasegawa [3]
tic serbestlik dereceli bir gemi modeli
uzerinde, onceden belirtilen koordinatlara

ulasabilmek icin, dis dongiide ydnelme
acis1 kararmi veren iki asamali Kkontrol
benzetim calismasi yapmistir. Dis kontrol
dongilisinde yonelme acgisinin  karar
verilmesi i¢in bulanik mantik tabanlh karar
verme mekanizmasi ve koordinatlar arasi
mesafenin kontroli i¢in ise oransal ve
tiirevsel kontrolor kullanmislardir. Sandler
ve digerleri [4] farkli gemi cesitlerinde
deneysel olarak, farkli algilayicilarin
bilgilerini birlestirilerek sik kullanilan
gemi giizergahlarindaki kazalar1 azaltmak
amaciyla calismalar yapmislardir. Perera
[5] farkli dis etkenler altinda uluslararasi
gemi yonetmeligine bagh olarak bulanik
kontrolér yardim ile karar verme metodu
kullanarak ¢esitli gemi carpisma senaryolari
izerinde c¢alismistir. Reyhanoglu [6] iki
bagimsiz gemi motoru kullanarak diizlemsel
otonom pozisyon kontroli konulu benzetim
calismas1 yapmistir. Caccia ve digerleri [7]
Kalman filtresi kullanarak PID (Oransal,
integral ve Tiirevsel) temelli bir katamaran
prototipi lizerinde pusula ve GPS bilgileri
ile dimen, hiz ve konum kontroli
denemeleri yapmislardir. Sonnenburg ve
Woolsey [8] bir insansiz su istii aracinin
modellenmesi, gercek sistem {izerinde
model parametrelerin elde edilmesi ve
benzetimle birlikte gercek zamanli olarak
kontrolii iizerinde calismistir. Bu calismada,
gercek zamanl konum kontroli igin i¢ ice
PD (oransal ve tiirevsel) kontrol dongileri
kullanilarak farkli parametrelerin kontrol
performanslart  kapsamli olarak test
edilmistir. PD kontrolor ve geri adimlamali
kontrolér performanslart kiyaslamasi da
yapilmistir.

Son 10 yilda artan otonom gemilere
yonelik ¢calismalarin, denizcilik ve dzellikle
gemi insaat sektoriinde bazi degisimlere
yol agmasi kag¢inilmazdir. Bu g¢alismalarin
bir kismi yalnizca otonom gemiler lizerine
olmayip, akilli liman sistemleri iizerine
yogunlasmaktadir. Bu tip akill sistemlere
gecisin  kisa  slirede  tamamlanmasi
beklenemez; kontrol mekanizmalarinin
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deniz  sistemlerine kademeli olarak
gecirilmesi ile akilli sistemlere gecis, ancak
ileride nihai bir hedef olarak belirlenebilir.
Bu c¢alisma, bu dogrultuda atilmis ilk
adimlardan biri olarak degerlendirilebilir.
Bu c¢alismada, daha once de belirtildigi
lizere, boyu 200m’den biiyiik bir geminin
Istanbul Bogazi'ndan otopilot modunda
gecisinin simiilasyonu gergeklestirilmistir.
ikinci bolimde Istanbul Bogazi'nin
genel oOzelliklerinden bahsedilmis ve
simiilasyonu yapilan geminin hidrostatik
ve geometrik o6zellikleri tanimlanmistir.
Ugiincii boliimde ayn1 geminin literatiirde
bulunan hidrodinamik tiirevleri verilmis,
bunun yaninda geminin pervanesinin ve

diimeninin  geometrik  6zelliklerinden
bahsedilmistir. Dordiincii boliimde
simiilasyonda kullanilan matematiksel

model genel hatlariyla izah edilmistir.
Gemiye ve takintilarina etkiyen kuvvet
ve momentler ayr1 olarak ele alinmistir.
Besinci boliimde giidiim ve kontrol sistemi
tasarimi anlatilmis; oransal ve tilirevsel
kontrol mekanizmasinda gerekli olan K, ve
K, kazanglarindan bahsedilmistir. Genetik
algoritma ile bulunan bu kazanglarin
belirlenmesi  altinct  bélimde  izah
edilmistir. Yedinci boliimde gerceklestirilen
simiilasyonlar 6zetlenmis ve son olarak da
bu calismada elde edilen sonuglar sekizinci
boliimde verilmistir.

2. Problem Tanimi
Istanbul Bogaz1 diinyanin en zorlu su
yollarindan biri olarak kabul edilmektedir.
Kus ugumu 31km wuzunluga sahip olan
bogazin; haritada ilk olarak uzaktan
bakildiginda  Kuzey-Giiney  dogrultusu
cizmesine Kkarsin, aslinda Ug¢ kisimdan
olustugu soylenebilir [9]. Bogazin,
e Karadeniz girisinden Biiyiikdere'ye
kadar olan kisim Kuzeydogu-Gilineybati,
¢ Orta kismi Kuzey-Giiney,
e Hisarlardan  sonraki
Kuzeydogu-Glineybati,
dogrultusu cizmektedir.

kismi ise

Bogazin

Karadeniz giris genisligi 3600m olmasina
karsin, Hisarlar arasinda genislik 700m’nin
altina iner. Gerek c¢izdigi dogrultu, gerek
daralan genisligi sebebiyle Istanbul Bogazi
gecisi 0zellikle biiyiik gemiler icin problem
teskil edebilmektedir. Bogaz bu sebeple
gemi kazalarinin yogunlukla yasandigi
bir bolgedir. Kazalarin 6nemli bir kismi
kullanic1r kaynakli oldugundan, bu tip su
yollarinda kontrollii geg¢islerin saglanmasi
6nem kazanmaktadir.

Gemi boylarinin  yillar igerisinde
artis gostermesiyle, giinlimiizde acik ve
kapali denizlerde daha biiyiik gemiler boy
gostermektedir. Bunun bir sonucu olarak da
istanbul Bogazi'ndan gecen boyu 200m’den
biiyiik gemilerin sayis1 neredeyse her yil
artmaktadir [9]. Ozellikle boyu 300m’den
biiytik gemilerin bogaz gecisi emniyet riski
olusturdugundan, Tirk Bogazlar1 Deniz
Trafik Dlizeni Tuztgli'ne gore [1] bu tip
gemilerin manevra kabiliyetleri de gecis izni
verilirken goz 6ntinde bulundurulmaktadir.

Tablo 1. KVLCC2 Gemisi Geometrik Ozellikleri.

LEE m 320
B m 58
T m 20.8
\Y m? 312,600
X, m 11.2
C, - 0.81
[stanbul Bogaz1  gecisinde gemi
kazalarinin azaltilmasi1 icin en etkili
yontemlerden birisi glinlimtizde
oldukca popiiler bir baslik olan “akilli
sistemlerden” faydalanmaktir. Basit bir

kontrol mekanizmas: tarafindan kontrol
edilen diimenle, geminin bogaz gecisi icin
cizilen rotay1 riski en aza indirecek sekilde
tamamlamas1 mimkiindiir. Bu ¢alismada,
bir vaka calismasi ele alinmis ve KVLCC2
(KRISO Very Large Crude Carrier 2) yiik
gemisinin Istanbul Bogazi'ndan gecis
similasyonu gergeklestirilmistir. KVLCC2
tek pervane ve tek diimenli (SPSR - single
propeller single rudder) bir gemidir.
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Geminin geometrik ozellikleri Tablo 1’de
Ozetlenmistir. Bu tablodaki X, geminin
boyuna agirlik merkezini temsil etmekte
olup, geminin orta noktasindan verilmistir.

Istanbul Bogazi'min 6zel hidrodinamik
yapist sebebiyle bogazda ¢ift yonli
akim bulunmaktadir. Kuzey-Giiney
dogrultusundaki  seviye, tuzluluk ve
yogunluk  farklar1  sebebiyle akinti
yoni ylzeyde Karadeniz-Marmara
dogrultusundayken, tabanda Marmara-
Karadeniz  dogrultusundadir. ~ Aydogan
[10], su yiizeyinden 1m derinlikte aldig:
Olctimlerde ortalama akinti hizin1 1.1m/s
olarak tespit etmistir. Verilerin alindigi
donem icerisindeki en yiiksek bileske hiz ise
2.55m/s oOlgllmistiir. Ancak bu calismada
bogazdaki akinti ihmal edilmistir. Geminin
dinamigini belirleyen manevra tiirevleri
ile pervane ve diimen parametreleri
literatiirde  bulunmaktadir [11]. Bu
bilgiler ilerleyen boliimlerde verilmistir.
Bu calismada kurulan kontrol modeli ile,
KVLCC2 gemisinin istanbul Bogazi'ndan
akintisiz durumdaki gecisi, diimeni kontrol
ederek gerceklestirilmistir. istanbul
Bogazi'min haritast ve geminin bogaz
gecisini tamamlamasi icin gegcmesi gereken
cek noktalari Sekil 1’de gosterilmistir. Gemi
t, aninda Marmara Denizi'nde [stanbul
Bogaz1 girisinde x ekseni dogrultusunda
(stiriklenme agist $=0) bulunmaktadir.
Baslangic ve bitis konumlariyla beraber
geminin gecmesi gereken toplam 14 adet
¢ek noktasi bulunmaktadir. Geminin ilk hizi
U,=10 knot'tir.

Sa G g
T ek o roits.

ty s puesinin

= trbar s bomas

Sekil 1. Istanbul Bogazi Uzerinde Geminin
Gegcmesi Gereken Noktalarin Gésterimi

3. Gemi Parametreleri

Bu ¢alismada, literatiirde yaygin olarak
¢alisilmis olan KVLCC2 gemisi 6rnek olarak
ele alinmistir KVLCC2, 320m boyunda
VLCC (very large crude carrier) tipinde bir
tankerdir. Gemi ve takintilariyla (pervane
ve diimen) ilgili bilgiler [11] ¢calismasindan
alinmistir. ~ Simiilasyonlarda  kullanilan
gemi ile ilgili deneysel olarak elde edilmis
boyutsuz hidrodinamik tiirevler Tablo 2’de
verilmistir.

Tablo 3'teki w,, degeri (gemi diiz
ilerlerken pervane iz katsayisi) model
Olceginde yapilan calismada 0.40 olarak

Tablo 2. Simiilasyonlarda Kullanilan KVLCC2 Gemisi Hidrodinamik Ttirevleri [11].

R, 0.022 Y, -0.315 N, -0.137
X, -0.040 Y, 0.083 N, -0.049
X, 0.002 ' -1.607 N -0.030
X, 0.011 Y, 0.379 N -0.294

X 0.771 Y, -0.391 N 0.055

Y 0.008 N, -0.013
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bulunmasina karsin tam olcekte bu deger
0.35’e inmektedir. D, pervane c¢apini,
nP pervane devrini, t, itme azalmasi
katsayisini ve k , k, ve k, ise agik su pervane

performansini temsil eden parametrelerdir.

Tablo 3. KVLCC2 Gemisi Pervane Parametreleri
[11]

D, (m) 8.89 W, 0.35

n, (rps) 1.13 k, 0.2931
t, 0.22 k, -0.2753
X, -0.48 k, -0.1385

Geminin  tek diimeni ile ilgili
simiilasyonlarda kullanilan parametreler
Tablo 4’'te verilmistir. Diimenin azami
acist her iki yonde 35° olup, azami agisal
hizi1 1.76°/s’dir. Tablo 3 ve Tablo 4’te
verilen parametrelerin fiziksel karsiliklar
ve bu degerlerin nasil hesaplandiginin
detayll aciklamalar1 i¢cin [11] makalesi
incelenmelidir.

Tablo 4. KVLCC2 Gemisi Diimen Parametreleri
[11]

H, (m) 15.8 € 1.09
A, (m?) 112.5 K 0.5
a, 0.312 'y -0.710
X', -0.464 Yy - 0.395
t, 0.387 Yo+ 0.640
A 1.827

4. Matematik Model
Geminin bogazdaki hareketi 3 serbestlik
dereceli (3DOF) MMG matematik modeli
kullanilarak modellenmistir. Geminin,
e dikey hareketleri (dalip-¢ikma, yalpa,
bas-ki¢ vurma) ihmal edilirse ve
e teknenin xz diizlemsel simetrisi oldugu
kabul edilirse
6 serbestlik dereceli hareket denklemi
asagida verilmis olan ¢ denkleme
indirgenir. Bu denklemler ek su kiitlesiyle
ilgili terimler ayristirilarak yazildiginda,

(m+ my)u— (m+my)vr
— xgmr?
= X, + Xe
(m +my)v + (m+m,ur B
+ xemvr
=¥+,
(6 + xGZm + /)7
+xem(®
+ur)
=Ny + Ng

elde edilir Bu denklemlerde alt indis H
gemi lizerine etkiyen kuvvet ve momenti,
R dimen tarafindan iretilen kuvvet ve
momenti, P ise pervane tarafindan iiretilen
kuvveti temsil etmektedir. Gemi tizerine
etkiyen kuvvet ve momentler Taylor
serisine acilarak MMG matematik modeli
ile agsagidaki bilesenlerine ayrilmistir:

X'y
=—R'o+X o'
+ X't + X e

' 14
+ X vvvvv

Y ,
o Y'vv' ‘*‘ZY',-TI ¥+ Y’vwvzj (2)
+Y 0+ Y,

+ ¥ "
NFH
=N'yv' + N'yr' + Ny v”®
i N! errl + Nr U'T’z
i N’vwriz vrr

rrrr

12

Yukardaki denklem takimi boyutsuz
olarak verilmistir. Denklemleri
boyutlandirmak icin,

Kuvvet boyutsuzlastirmast:

F/(1/2 pLU2?)

Moment boyutsuzlastirmast:
M/(1/2 pL?dU?)

Hiz boyutsuzlastirmast:
u/U,

Agisal hiz boyutsuzlastirmast:
r,/U.
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islemleri yapilabilir. Pervane ve diimen
tarafindan tretilen kuvvet ve momentler
asagidaki denklemlerle ifade edilmektedir:

Xp=(Q—1tp)T
XR = _(1 = tR)FN sind
Yo =—(1+ay)Fycosd

Ng
=~y
+ ayxy)Fycosd

(3)

Pervane ve diimen kuvvet ve momentlerinin
detayll hesab1 icin [11] ¢alismasi
incelenmelidir.

5. Giidiim ve Kontrol Sistemi Tasarimi

Gidim ve Kkontrol sisteminin amaci
gemiyi bir noktadan baska bir noktaya
otonom olarak hareket ettirebilmektir.
Bunu gerceklestirirken geminin
rotasinda kararli bir davranis sergilemesi
beklenmektedir. Kararh davranisi
sergilemesi ve giidiim sistemi tarafindan
belirlenen rotay: takip edebilmesi i¢in; bu
calismada, geri beslemeli oransal-tiirevsel
bir kontrolér kullanilmistir.  Geminin
takip etmesi gereken rota noktasal olarak
kullanic1 tarafindan belirlenmekte; giidiim
ve kontrol sistemi ise geminin kararl bir
sekilde rotay1 takip etmesini saglamaktadir.

Gudim sisteminde, kullanici tarafindan
noktasal olarak belirlenen rota, geminin
diizlemde takip etmesi gereken agcisal
forma dontstirilmekte ve bu a¢1 da
referans olarak kontrol sistemine girdi
olarak verilmektedir.

Geminin rota planlamas1 Sekil 2’de
gorildigi gibi yapilirken, geminin anlk
takip ettigi rota ile varilacak noktaya
ulasabilmek icin takip etmesi gereken rota
arasindaki referans acis1 asagidaki gibi
hesaplanir:

w'ref = tan” (yk — yi) (4)
X — Xi
Geminin gitmesi istenen noktaya

ulasabilmesi icin takip etmesi gereken
referans giris sapma agisi lIJ her bir
zaman adiminda yenilenen konum vektori
icin tekrar hesaplanmakta ve kontrolore
girdi olarak verilmektedir. Ayrica x,_ ve
Yy planlanan hedef rota Kkoordinatlarini,
X, ve y, geminin anlik pozisyon bilgisini
vermektedir. Konum ve acisal kontroliin
sematik gdsterimi Sekil 3’'ten incelenebilir.

Giidim  sisteminin  belirledigi ac1
(U, ile anhik sapma agis1 () arasindaki
fark hata olarak belirlenmis ve bu hatay1
sifirlamak  i¢in  oransal-tiirevsel  bir
kontrolor 6nerilmistir.

€; = (wref - w)
§; =K, per + K6,

(5)

Burada e, anlik hatay, 81 PD kontroloriin
ciktis1 olan diimen agisini, K oransal
kazanci, K . ise turevsel kazanci ifade
etmektedir. Giidiim ve kontrol gerceklemesi
icin olusturulmus olan yalanci (s6zde) kod

(pseudocode) Tablo 6’da verilmistir.

6. Genetik Algoritma Tabanlh Kontrolér
Kazanclarinin Belirlenmesi

Kontrolor  tasariminda literatlirde
yerlesmis tasarim yaklasimlarinin
uygulanabilmesi i¢in genellikle kullanilan
sistemin lineer modeline ihtiya¢ duyulur.
Bir¢ok sistem lineer olmayan matematiksel
model ile ifade edilir ve kontrolor tasarimi
icin bazi 6n kabuller yapilarak lineer hale
indirgenir. Gemi dinamiginin lineer olmayan
yapisint lineer bir forma doéntstirmek,
yiksek doniis acili manevralarda saglikl
sonu¢ vermeyecektir. Ayrica lineerlestirme
yaparken yapilan 6n kabuller nedeniyle
geminin lineer olmayan dinamiginden bazi
sapmalar ortaya ¢ikacaktir.

Bu nedenlerle kazanglarin ayarlanmasi
konusunda farkl bir yaklasim izlenmistir.
Oncelikle bir performans kriteri
belirlenmis ve bu performans Kkriterini
asgari seviyeye indirecek kazang¢ degerleri
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il min

3 Anhi Rots Veltin

Sekil 2. Geminin Rota Planlama Semasi

pemn—————— e B

. e
i i XLV
i L Rota i Vrer . B

Planlamasi PD Kontrolér Gemi Modeli | —

v

i¢c Kontrol Déngiisii

Dis Kontrol Déngii

Sekil 3. Glidiim ve Kontrol Sisteminin Sematik Gésterimi

Tablo 5. Kontrolér Parametreleri

Popiilasyon K K, TMH Popiilasyon K K, TMH
Sayis1 Sayis1

50 9.11 197.11 3707.48 | 160 6.80 111.44 3697.16
60 6.89 113.93 3697.37 | 170 6.78 111.27 3697.18
70 8.07 160.32 3705.20 | 180 7.40 131.01 3700.43
80 6.34 96.13 3697.76 | 190 6.69 106.09 3696.85
90 6.44 99.56 3697.17 | 200 6.68 106.42 3696.90
100 7.01 119.74 3698.17 | 210 6.38 96.24 3697.77
110 6.43 99.18 3697.10 | 220 6.66 104.71 3696.98
120 6.76 109.11 3697.07 | 230 6.65 105.53 3696.92
130 6.65 107.72 3696.73 | 240 6.64 104.40 3696.89
140 7.29 127.48 3699.81 | 250 6.84 110.05 3697.02
150 7.41 132.88 3700.91
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Tablo 6. Giidiim ve Kontrol Gergeklemesi icin Yalanci (S6zde) Kod (pseudocode)

- X=[xX, X X,
“ Y=Y Y Vi Vil

d= (0%, % )+ (v, v, )
6 IFd<d

ELSE

ENDIF

- ei= (lIJref_lIJ)
- 6i=eri+Kd e

1 Takip edilecek noktalarin koordinatlari belirlenir.

2 Gidilmesi istenen noktaya varilip varilmadigini kontrol etmek i¢in bir mesafe belirlenir.
- d_min

3 Gemi, belirlenen ilk kosullar altinda harekete baslar.

4 Geminin hareket denklemleri ¢éziiltir ve durumlari (x,, y, ve ) bulunur.

5 Geminin bulundugu konum ile varmasi istenen ilk nokta arasindaki mesafe hesaplanir. .

- k=k+1; Varilmasi istenen noktaya ulasilmistir, diger nokta hedef olarak belirlenir.
(Baska bir deyisle, varilmas istenen nokta merkez olacak sekilde d , buyiikltiginde
bir ¢ember icine girildiginde bir sonraki nokta hedef nokta olarak belirlenir.)

- Y =tan?(y,-y)/(x,-x,)); istenen noktaya gitmek igin gereken sapma acis1 hesaplanir

7 Geminin diimen agis1 PD kontrol tabanl olarak hesaplanir.

8 Dordiincii adimdan itibaren son noktaya ulasincaya kadar adimlar tekrarlanir.

evrimsel algoritma kullanilarak bulunmaya
calisiimistir.

Performans kriteri olarak Toplam
Mutlak Hata (TMH) secilmistir. Hata olarak
ise rota planlama algoritmasinin ¢ikisi olan
referans sapma agist ve gemi dinamiginin
¢ozdiiriilmesi sonucu anlik hesaplanan
sapma agis1 arasindaki fark alinmistir. Her
bir zaman adiminda bu hatanin mutlak
degeri alinmis ve benzetim g¢alismasi igin
belirlenen siire tamamlanana kadar TMH
hesaplanmistir. TMH matematiksel olarak;

N
1
TMH = EZ]”’“” ~ 1 ©)

denklemi ile ifade edilmistir. Evrimsel
bir optimizasyon yontemi olarak genetik
algoritma, global optimum sonug¢ bulma
konusunda  karmasik  problemlerde
kullanilmaktadir. Cozim siiresi, tiirev
kullanan  optimizasyon yontemlerine
gore daha ytiksektir ancak lokal optimum
coziimliinde takili kalmamalar1 fark
yaratan  Ozellikleri  arasindadir.  Bu
problemde performans kriteri optimize

edilirken belirlenmesi istenen parametreler
oransal (K) ve tirevsel (K, kontrolor
kazanglaridir. Genetik algoritmada kullanici
tarafindan 6nceden ayarlanan popiilasyon
sayis1 kadar K ve K, ikilileri belirlenir. Her
benzeptimi kosturulur ve performans Kkriteri
hesaplanir. Bunun sonucunda en iyi sonucu
veren degerlerden bir kismi bir sonraki
kusaga aktarii. Mevcut kusagin fyeleri
genetik degisim ve mutasyon islemlerinden
gecirilerek bir sonraki kusak olusturulur.
Daha onceden belirlenen durma Kkriteri
saglanana kadar algoritma kosturulur.
Bunun sonucunda performans Kkriterini
minimize edecek K, ve K, ikilisi bulunmus
olur.

Ancak, bulunan sonu¢ popiilasyon
sayisina ve belirlenen durma Kriterine
bagl olarak degisiklik gdsterebilir Bu
nedenle, calismada farkli popiilasyon
sayllarinda  optimizasyon  algoritmasi
kosturulmus ve bulunan sonuglar Tablo 5’te
belirtilmistir. Popiilasyon sayis1 50 ile 350
arasinda degistirilmesine karsin tabloda
250’ye kadar olan degerler verilmistir. En
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Sekil 4. Gecis Esnasinda Geminin Zamana Bagh Dénme Orani (Ustte) ve Hiz1 (Altta)

diisik TMH’y1 veren K ve K, secilmis ve
simulasyon sonuclar1 bir sonraki kisimda
sunulmustur.

7. Simiilasyon Sonuglari

Bu boliimde, KVLCC2 gemisinin istanbul
Bogazi gecis simiilasyonu sunulmustur.
Geminin ge¢mesi gereken ¢ek noktalari
Sekil 1'de verilmisti. Geminin takip ettigi
rota ise Sekil 7’de verilmistir.

Gemi, istanbul Bogazi gecis hizi olan 10

knot (5.14m/s) hiz ile ilk ¢cek noktasindan
hareketine  baslamaktadir.  Baslangi¢
ve bitis cek noktalar1 arasinda geminin
gecirdigi siire 8450 saniye (yaklasik 2
saat 21 dakika) olarak hesaplanmistir. Bu
iki nokta arasindaki kus u¢umu mesafe
yaklasik olarak 35.6km’dir. Yani eger gemi
istanbul Bogazi'nda 5.14m/s sabit hizla
ileri hareket edebilseydi bu siire yaklasik
1 saat 45 dakika olacakti. Geminin
bogazda izledigi rotadaki sapmalar
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Sekil 5. Gecis Esnasinda Geminin Zamana Bagh Diimen Agisi (Ustte) ve Sapma Agisi (Altta)

nedeniyle yolu bir miktar uzamis ve
bunun yaninda gemi ileri hizinda zamana
bagh olarak diisiisler meydana gelmistir.
Bu iki sebepten dolayr gemi bogazdan
gecisinde 36 dakika zaman kaybetmistir.
Geminin gecis esnasindaki dénme orani
ve hiz1 Sekil 4’te verilmistir. Sekilden de
gorilebilecegi lizere, dénme oraninin
pik veya dip yaptig1 noktalarda gemi hizi
diismektedir. Donme oraninin sifir (veya
sifira ¢ok yakin) oldugu bolgelerde ise

gemi kendini toparlayarak seyir hizini
tekrar yakalamaktadir. Geminin seyri
esnasinda diimen otopilot ile kontrol
edilmistir. Simiilasyon boyunca oransal
tiirevsel kontrolér ile kontrol edilen
diimenin zamana bagh acis1 Sekil 5’te
(tistte) verilmistir. Diimen azami agisi
+35 derecedir. Sekilde gosterilen diimen
acilarinda ¢ok keskin artislar goriinse
bile bu artislarin saniyede 1.76 dereceden
kiiciik oldugu teyit edilmistir.
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Sekil 6. Alelade Se¢ilmis Kazang Degerleri Kullanilarak Elde Edilmis Referans ve Hesaplanan Sapma

Agilart. K=1veK =1

Geminin, belirlenen rotay1  takip
edebilmesi icin belirli bir referans sapma
agis1 bulunmaktadir. Bunun yaninda geminin
bogaz gecis simiilasyonu ile elde edilen sapma
acist da hesaplanmustir. Iki farkli sapma
acisin  karsilastirmasi  Sekil 5'te (altta)
verilmistir. Keskin sapmalarda gemi referans
sapma agisini ilk baslarda kag¢irsa da hemen
kendini toplayabildigi g6zlenmistir.
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Sekil 7. Geminin Istanbul Bogazi'ni Gecerken
Izledigi Rota

Referans ve hesaplanan sapma agisi
arasindaki fark oransal ve tilirevsel kazang
degerlerinin se¢cimine bagh olarak degisebilir.
Alelade secilecek kazang degerleriyle gemi
kararl bir rota tutturmakta zorlanabilir. Sekil
5’te genetik algoritma yontemiyle belirlenen
optimum kazang degerleri kullanilarak
(Kp=6.65 ve K,=107.72) geminin referans ve
sapma agis1 karsilastirmali olarak verilmisti.
ikinci bir uygulama olarak, geminin aym
rotay1 alelade secilmis kazang degerleri (Kp=1
ve K=1) ile tamamlamasina c¢ahsilmistir
Sekil 6’da bu kazang degerleri ile elde edilen
referans ve sapma agilari karsilastirilmistir.

Sekil 6'dan da gortlebildigi gibi gemi
gecis siiresince dogrusal bir rota tutturmakta
zorlanmaktadir. Bunun yaninda referans ve
hesaplanan sapma agilar1 arasindaki fark
bliylimiistii. Ayrica yapilan simiilasyon
sonucunda  alelade  sec¢ilmis  kazang
degerleriyle geminin bogaz gecisini basariyla
tamamlayamadigi  gézlenmistir.  Geminin,
Anadolu Hisar1 ve Rumeli Hisar1 arasindaki
su yolunda iki defa kiyiya vurdugu tespit
edilmis; gecis esnasindaki diger bazi keskin
dontslerde ise kiyiya ¢cok yakin seyrettigi
gorilmistir. Bu da kazang degerlerinin
optimum olarak secilmesinin = 6nemini
gostermektedir.
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8. Tartisma

Son senelerde kontrol miihendisligi
alaninda biiyiik ilerlemeler kaydedilmistir.
Ginimiizde arttkk otonom  gemiler,
sualti drone’lar1 veya akilli limanlar gibi
konulardan siklikla bahsedilebilmektedir.

ilerleyen  teknolojiyi ~ sistemsel olarak
benimseyebilmek icin 6nce altyapinin
olusturulmus olmasi gerekir. Denizcilik
alanindaki  kontrol sistemlerinin en

basitlerinden birisi de gemilerdeki otopilot
modiiludiir.

Yaklasik 20 sene once yiiriirliige girmis
olan Tirk Bogazlar1 Deniz Trafik Diizeni
Tiiztigii'ne goére gemiler istanbul Bogazi
gecisi esnasinda otopilotkullanamamaktadir.
Ancak bugiin gemi kontrol sistemleri belirli
bir olgunluga kavusmustur. Dolayisiyla
otopilot modiillerinin gemiler icin artik
siradanlagmis oldugu rahatlikla sdylenebilir.
Buna karsin yaklasik 10 yil kadar once
yapilmis bir calismada; orantisal tiirevsel
kontrolér ile hareketinin simiilasyonu
yapilan bir geminin, simiilasyon esnasinda
yapmis oldugu keskin doniisleri gercekte
yapamayacagl belirtilmistir [12]. Calisma
detayli incelendiginde bunun iki sebebinin
oldugu disiintilmektedir:

- gemi hareket denklemleri lineer olarak
ele alinmistir,

- oransal ve tiirevsel kazanglar optimize
edilmemistir.

Bu iki sebepten dolayl, Simsir'in [12]
calismasinda “PD kontrol ile ¢ok Kkisa
siirelerde  gerceklestirilmesi ~ gereken
hareketlerin gercekte miimkiin olmadigl”
sonucuna varilmistir Kazang¢ degerlerinin
dogru secilmesi geminin keskin donisleri
hafifletmesine yardimci olacaktir ancak
soz konusu calismada bu degerler optimize
edilmemistir. Ayrica simiilasyonlarda lineer
gemi hareket denklemleri kullanilmasi diger
bir 6nemli etkendir. Lineer denklemler
kullanilarak benzetimi yapilan geminin
gercek durumdan ¢ok daha yavas tepki
verdigi  bilinmektedir.  Ornegin; lineer
hareket denklemleri kullanilarak elde

edilen gemi dénme dairesi ¢api, nonlineer
hareket denklemleri kullanilarak elde edilen
donme dairesi ¢apindan ¢ok daha biiytik
olur. Yani nonlineer terimlerin hareket
denklemlerinden g¢ikarilmasi, geminin ¢ok
daha ge¢ tepki verdigi sanrisina yol acacaktir.
Halbuki bu durum yalnizca modellemedeki
basitlestirmeden ibarettir.

9. Sonuglar
Bu calismada 320m boyunda VLCC tipi
bir geminin otopilot modili kullanilarak

istanbul Bogazi  gecis  simiilasyonu
gerceklestirilmistir. Simiilasyon esnasinda
Bogaz’da akinti bulunmadigi  kabuli

yapilmistic  Gemi hareket denklemleri 3
serbestlik dereceli ve nonlineer olarak ele
alinmisti. Gemi dinamigiyle ilgili bilgiler
(manevra tiirevleri) literatiirde yaymlanmis
bir calismadan alinmistir. Gegis siliresince
gemi azami hizi, Deniz Trafik TizGgi'niin
izin verdigi azami hiz olan 10 knot
gecmemektedir.  Kontrol modiili olarak
orantisal tiirevsel kontrolor kullanilmistir.
Kontrolér kazanglar1 genetik algoritma
kullanilarak optimize edilmistir.
Yapilan  simiilasyonlar
geminin optimize edilmis
degerleriyle gecisini problemsiz
tamamladigr gortlmistir. Daha sonra
alelade kazang degerleri ile ayni gecis tekrar
denenmis ancak geminin Arnavutkdy ile
ikinci kopri arasinda kalan keskin dontislii
bolgede kiyiya vurdugu goézlemlenmistir.
Bundan sonraki calismalarda eldeki modelin
gelistirilerek,
- riizgar, akint1 ve dalga gibi dis kuvvetlerin
hesaplara dahil edilmesi ve
- Kkontrol sisteminin gelistirilerek ¢ek
noktalarinin otonom olarak belirlenmesi
hedeflenmektedir.

sonucunda
kazang
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Bu ¢alismada, cesitli antifouling boyalarin hidrodinamik performanslarini incelemek icin kullanilabilecek bir
hesaplamali akiskanlar dinamigi (HAD) yaklasimi sunulmaktadir: Diiz bir levhanin etrafinda gelisen, Reynolds
sayisi 2,8x10°ve 55x10° olan akislart modellemek tizere, zamandan bagimsiz zaman ortalamali Navier Stokes
(RANS) denklemleri ¢oziilmiistiir. Yiizey pirtizltiliiGiintin etkileri, sinir tabakanin logaritmik yasa bélgesindeki hiz
profilinde asagi kayma olarak modellenmistir. Tam olgekli bir gemiye ait stirtiinme direnci sonuglarini tahmin
etmek iizere Granville'nin benzerlik yasasindan faydalamlmistir. Sonuglar daha énceki deneysel ve sayisal
calismalar ile uyum icerisindedir.

Anahtar Kelimeler: Antifouling boya, Gemi direnci, HAD, Yiizey PiirtizIiltigii.

A CFD Study On the Hydrodynamic Characteristics of the Antifouling Paints

Abstract

This paper presents a computational fluid dynamics (CFD) approach which can be used to investigate the
hydrodynamic performances of various antifouling paints. Steady Reynolds - Averaged - Navier - Stokes (RANS)
equations were solved for the flows around a flat plate at Reynolds number of 2,8x10° and 5,5x10°. The surface
roughness effects were modelled as downward shift of the velocity profile at the log — law region of the boundary
layer. Granville’s similarity law was used to extrapolate the results for a full scale ship. Results are in good agreement
with the previous experimental and numerical studies.
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1. Giris

Deniz tasimaciigl kiiresel ticarette
biiytik bir 6neme sahiptir. Ticari iriinlerin
hacimsel olarak % 80’inden, maddi a¢idan
ise % 70’inden fazlas1 gemiler tarafindan
tasinmaktadir [1]. Buna karsin diinyanin
en biylk ulasim araci olan gemiler enerji
kaynagi olarak fosil yakitlari kullanmaktadir.
Uluslararast  Denizcilik  Orgiitii  (IMO)
gemilerde fosil yakit tiilketimine bagh sera
gazi emisyonlarini azaltmak tzere siki
diizenlemeler getirmekte, alinan tedbir ve
diizenlemeler ile sera gazi emisyonlarinin
2020 yilina kadar % 20, 2025 yilina kadar
% 25 ve 2030 yilina kadar % 30 oraninda
diistiriilmesi amaglanmaktadir. Gemilerde
enerji verimliliginin artirilmast IMO'nun
birinci o6nceligi konumundadir ve 2013
yilinda ytrirlige giren enerji verimliligi
dizayn endeksi (EEDI), yeni insa edilen
gemiler icin en 6nemli teknik diizenleme
olarak tanimlanmaktadir [2,3]. Buna ek
olarak, son yillarda denizcilik sektoriinde
yasanan ekonomik durgunluk, sirketleri
operasyon maliyetlerini disiirmeye
zorlamaktadir. Bu problemin iistesinden
gelmenin bir yoluy, iyi tasarlanmis bir tekne
geometrisi ile toplam tekne direncini
disiirerek yakit maliyetini azaltmaktir.

Gemi, seyir siiresince, hareket yoniine
zit bir diren¢ kuvvetine maruz kalir. Direng
kuvveti, stirtinme direnci ve artik direng
olmak iizere iki ana bilesenden olusur [4].
Siirtiinme direnci, isminden de anlasilacagi
lizere, tegetsel akiskan kuvvetleri nedeni ile
meydana gelir ve genellikle toplam direncin
biiyiik bolimiinii  olusturur. ~ Siirtinme
direnci, petrol tankerleri gibi disiik hizlh
gemilerde toplam direncin yaklasik %
80’ini olustururken konteyner gemileri
gibi yiliksek hizli gemilerde bu oran % 50
civarindadir [5]. Gemi direncinin yiiksek
bir hassasiyet ile 6ngoriilmesi, hem tasarim
asamasl hem geminin isletilmesi i¢in kritik
oneme sahiptir Gemi tzerine etkiyen
sirtinme ve artik diren¢ Kkuvvetlerinin
dogru tahmin edilmesi, yakit maliyeti

diisiik, enerji verimliligi yiiksek gemilerin
tasarimina olanak saglar. Boylece denizde
tasimacilik faaliyetleri nedeni ile ortaya
¢ikan cevre kirliligi de azaltilabilir.

Bir geminin siirtiinme direnci, tekne
geometrisinin yani sira dis yiizeyinin
purizlilik o6zelliklerine de baghdir. Yiizey
plrizliligi arttikea, direnc de artis gosterir.
Diger yandan gemiler, denize indirildikleri
andan itibaren siirekli olarak biyolojik ve
kimyasal kirlenmeye maruz kalirlar. So6z
konusu kirlilik ytlizey piiriizliliigiinde artisa
neden olur. Antifouling boyalar, bu sorunla
basa ¢ikmak iizere gelistirilmistir.

Pirtzlilik - gemi direnci iligkisi 18.
yluzyilin ikinci yarisindan beri bircok
arastirmacinin ilgisini ¢ekmistir. Ylizey
plrizliliginin siirtinme direnci iizerine
etkisinin incelendigi ilk arastirmalar,
Froude [6, 7] tarafindan yiritiilmistir.
Kirlenmenin diren¢ {tzerindeki etkisini
arastiran ilk kapsamli deney calismasi ise
McEntee [8] tarafindan gerceklestirilmistir.
Deney kapsaminda diiz plakalar antikorozif
boya ile boyanmis ve bir siire denizde
bekletilmistir.  Deney sonucunda 12
ay boyunca deniz suyuna maruz kalan
plakalarda stirtinme direncinin dort kat
artis gosterdigi gozlemlenmistir.

Piirtizlillik nedeni ile gemi direncinde
yasanan artis hakkinda ayrintili bilgi veren
ilk calismalardan bir digeri de Lackenby [5]
tarafindan yiiratilmiistiir. Calismanin sonug
bolimiinde 18000 DWT, 14 knot servis
hizinda ¢alisan bir tanker gemisi ile 22 knot
servis hizinda ¢alisan bir kanal gemisinin
diren¢ ozelliklerinin degisimi verilmistir.
Tanker gemisinde ¢ yillik bir isletim
neticesinde Dbiyolojik kirlenmeye bagh
olarak diren¢ kuvvetinde meydana gelen
artisin % 31, kanal gemisinde ise dort yillik
bir isletim neticesinde diren¢ kuvvetinde
meydana gelen artisin % 21 oldugu
belirtilmistir. Ayrica dis kaplama yiizeyinin
diizenli olarak bakim ve onarimi ile yakit
tiiketiminin 6nemli ol¢lide azaltilabilecegi
de calismanin sonuglari arasindadir.
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Giliniimiizde pirizlilik - siirtiinme
iliskisinin ~ incelenmesine yonelik en
yaygin arastirma ydntemi plaka ¢ekme
deneyleridir. Candries vd. [9], foul - release
tipi boyalarin direnclerini incelemek
icin 2,55 m uzunlugunda bir diz plaka
ile deneyler gerceklestirmis, bu boya
tirinlin farkh piiriiz dokusu ile SPC
tlirit boyalara bir alternatif olabilecegi
sonucuna ulasimistir.  Schultz  [10],
zimparalama uygulanan farkli yiizeylerin
sirtliinme - direng iliskisini arastirmak
amaci ile duz plakalar kullanarak, ¢ekme
tankinda deneysel bir calisma yiiriitmustir.
Boyutsuz direng katsayisinda % 7,3’e varan
artis gozlemlemistir. Ayrica bu yiizeylerde
ortalama piriiz ytksekligi kullanilarak
tek bir parametreye bagh pirizlilik
fonksiyonlarinin  basarili  bir  bicimde
kullanilabilecegi belirtilmistir. Schultz [11],
gemilerde kullanilan antifouling boyalarin
direng ozelliklerini incelemek amaci ile
sistematik deneyler yiirtitmistiir. Deney
kapsaminda 1,52 m uzunlugunda plakalara
cesitli deniz boyalarii uygulamis ve farkl
akis hizlarinda direng¢ kuvvetini 6l¢miistiir.
Daha sonra plakalar belirli bir siire
biyolojik kirlenmeye maruz birakilip yiizey
plriizliligi incelendikten sonra deney
yinelenmistir. Ek olarak tim ylizeyler
temizlenmis ve deney bir kez daha tekrar
edilmistir. Benzer sekilde deneyler iki farkli
zimpara kagidi icin de gerceklestirilmistir.

Deniz  boyalarinda ortalama piiriiz
ylksekligi degerinin Grigson [12] tipi
puriizlilik  fonksiyonu ile  birlikte

kullanildiginda basarili veri sagladigi, o6te
yandan zimpara kagitlarinda Nikuradse
[13] tipi piirtzlilik fonksiyonunun daha
kullanish  oldugu sonucuna varimistir.
Atlar vd. [14], nano yapili ve florlu foul -
release polimer boyalarin hidrodinamik
performansini arastirmak icin, eksenel
olarak simetrik bir cisim etrafindaki akisi
deneysel olarak incelemislerdir. Sonuglar,
boyalarin ilk uygulandiklarinda ¢ok ytiksek
hidrodinamik performans sergilediklerini

gostermisti. Unal vd. [15], yeni nesil
foul - release boyalarin hidrodinamik
performansini incelemistir. Calisma
kapsaminda cesitli yiizeyler iizerindeki
sifir basing gradyanl akis arastirilmis, sinir
tabaka dl¢timleri iki boyutlu Lazer Doppler
Velosimetri (LDV) sistemi ile alinmistir.
Elde edilen sonuglar, tiim yiizeylerin
stirtinme  ozelliklerinin  dikkat ¢ekici
derecede iyi oldugunu ve piiriizsiiz referans
ylzeyine gore yerel siirtinmede en fazla
% 6,6 artis oldugunu gostermistir. Schultz
vd. [16], foul - release boyalar kullanarak,
bir tam gelismis tirbiilansli kanal akis
sisteminde  yurittigi  deneyler ile
biyofilmlerin siirtiinme direnci iizerindeki
etkisini incelemistir Deney kapsaminda
temiz yiizeyler icin Ol¢imler alindiktan
sonra yulzeyler ii¢ ay ve alti ay siire
boyunca diatomlu balgik filmlere maruz
birakilmis ve deneyler tekrar edilmistir.
Sirtinme direncinde % 70’e varan artis
gozlemlenmistir.

Plaka deneyleri, pirizlilik - direng
iliskisine yonelik faydali bilgiler saglar.
Ote yandan, plakalar ii¢ boyutlu bir gemi
geometrisini temsil edemeyeceginden
bu deneylerden elde edilen bilgi
sinirhdir. Tam 6lgekli seyir tecriibeleri ile
yapilan ¢alismalar ise biiyik yatirimlar
gerektirdiginden nadiren gergeklestirilir.
Basarili bir girisim Haslbeck ve Bohlander
[17] tarafindan gergeklestirilmistir. Calisma
kapsaminda 22 hafta biyolojik kirlenmeye
maruz kalmis bir tek pervaneli firkateyn
ile seyir tecriibeleri gerceklestirilmis,
torsionmetre ile saft beygir giici degeri
Olclilmiistiir. Daha sonra dis kaplama
ylzeyi temizlenmis ve seyir tecriibesi
yinelenmistir. Temizleme islemi sonrasinda,
seyir hizina bagh olarak, saft beygir giicii
degerinde % 5 - % 20 oraninda artis oldugu
gozlemlenmistir.

Son doénemde arastirmacilarin
ilgisini ceken bir diger yaklasim, sayisal
simiilasyonlardir. Hesaplamali akiskanlar
dinamigi (HAD) calismalarinda ylizey
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plriizliliginiin dahil edilmesine yonelik

ilk girisimler Patel [18] tarafindan
incelenmistir.  Ote yandan gectigimiz
donemde bilgisayarlarin hesaplama

kabiliyetlerinde ve tiirbiilans modelleme
tekniklerinde onemli gelismeler
yasanmisti. Khor ve Xiao [19], NACA
4424 airfoil ve bir denizalti etrafindaki
akis1 Zaman - Ortalamali - Navier - Stokes
(RANS) temelli bir yontem ile simiile
etmislerdir. Pahali olmalarina karsin foul
- release boyalarin SPC boyalara kiyasla
onemli olciide diisik diren¢ Kkuvvetine
yol actigl sonucuna ulasilmistir. Usta ve
Korkut [20], 1,5 m uzunlugunda bes farkl
aliminyum plaka ile hem deneysel hem
sayisal calismalar gerceklestirmistir. Yiizey
plriizliliginiin sayisal olarak basarili bir
sekilde modellenebilecegi gosterilmistir.
Demirel vd. [21], Schultz [11] tarafindan
sunulan plaka geometrisi ve piiriiz
ozelliklerini kullanarak HAD analizleri
gerceklestirmistir. Grigson [12] tarafindan
onerilen Colebrook [22] tipi duvar
fonksiyonunu kullanmis ve sayisal sonuglari
deney sonuglar1 ile kiyaslamiglardir. Tim
vakalar icin, diren¢ degerlerinde sayisal
sonuglar ile deney sonuglari arasindaki
bagil fark % 2,54’ten diisiiktiir. Haase vd.
[23] orta - siiratli biiytik katamaranlarin
tam Olcekte diren¢ degerlerinin tahmin
edilmesine yonelik RANS temelli bir
hesaplama yodntemi gelistirmistir. Yiizey
purizlalagy, duvar fonksiyonunda,
hiz degerinin asagi kaymasi olarak
hesaplamalara dahil edilmistir. Hesaplama
ve deneysel calismalar arasindaki bagil fark
% 5 civarindadir. Demirel vd. [24] KRISO
Konteyner Gemisi (KCS) geometrisini
kullanarak RANS temelli bir sayisal yontem
ile pirizliligin gemi direnci iizerindeki
etkisini arastirmistir. Duvar fonksiyonu
tizerinde yaptiklar1 diizenlemeler ile piiriiz
etkilerini hesaplamalara dahil etmislerdir.
Rushd vd. [25], viskoz yag kaplamalarinin
esdeger kum tanesi purizlaligini
(hidrolik piriizlilik) belirlemek amaci

ile hem deneysel hem sayisal calismalar
yuriitmistiir. Calismanin bulgulari arasinda
HAD uygulamalarimin Kkirli yiizeylerin
hidrolik piiriizliliigiinii  belirlemek igin
kullanilabilecegi vurgulanmistir. Atlar vd.
[26], U¢ farkhi prosediir ile, antifouling
boyalarin gemi performansi iizerindeki
etkilerini tahmin etmede kullanilabilecek
bir yaklasim sunmustur. Her ii¢ prosediir
de KCS iizerinde iki farkli servis hizi
icin uygulanmis ve kirlenmeye bagh
olarak yakit tiiketiminde yasanan artis
hesaplanmis, sonuglar Kkarsilastirilmistir.
Yeni nesil antifouling boyalar Demirel [27]
tarafindan ayrintili olarak tamtilmis ve
degerlendirilmistir.

Bu calismada, Schultz [11] ¢alismasinda
kullanilan bes farkli antifouling boyanin ve
iki adet yeni nesil boyanin hidrodinamik
performanslari sayisal olarak incelenmistir.
Calisma kapsaminda diiz levha iizerindeki
akis sayisal olarak  modellenmis,
piiriiz etkisinin modele dahil edilmesi
icin Schultz [11] tarafindan saglanan
piuriiz fonksiyonlar1 kullanilmistir.  Bu
fonksiyonlarin elde edilmesi bakimindan
plaka cekme deneyleri 6énemlidir. Ote
yandan bir defa elde edildiklerinde, ¢ok
daha genis bir akis yelpazesinde sayisal
inceleme yapmaya olanak saglar.

2. Yiizey Kosullari, Hesaplama Hacmi ve
Sinir Kosullar:

Hesaplamalar, Schultz [11] ¢alismasinda
kullanilan levha dikkate alinarak 1,52 m
uzunlugunda ve 0,59 m genisliginde bir
levha ile yiriitilmistir. Levha kalinhgi,
uzunluguna ve genisligine kiyasla ¢ok
kii¢iik oldugundan basitce ihmal edilmistir.
Hesaplamalar Reynolds Sayis1 2,8x10° ve
5,5x10° degerlerine karsilik gelen iki farkl
akis kosulunda gerceklestirilmistir.

Boyali ytzeylere ait piirtiz ozellikleri
Tablo 1'de gosterilmektedir. Tabloda yer
alan R, ortalama piirtiz yiksekligini, Rq,
ortalama karekok (RMS) piirtiz yiiksekligini,
R, maksimum piirtiz ytiksekligini temsil
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etmektedir. Silikon 1 ve Silikon 2 ytizeyleri,
iki farkl silikon bazli boyaya ait plriiz

ozelliklerini, SPC kisaltmas: kendinden
parlatmali  kopolimer (Self Polishing
Copolimer), TBT kisaltmas1 ise Tri -

Biitil Kalay (Tri - Butil Tin) anlamina
gelmektedir.

Calisma kapsaminda, kiyaslama
mikroskobu kullanilarak iki adet yeni
nesil antifouling boyaya ait pilriiz
ozellikleri olciilmis ve bu boyalarin
hidrodinamik performanslari da HAD

analizleri ile degerlendirilmistir. Her ne
kadar kiyaslama mikroskobu ile alinan
orneklerin kesme uzunlugu diisiik olsa
da, ylzey istatistiklerini diger pilriiz
6l¢me tekniklerine kiyasla ¢ok daha diisiik
bir belirsizlikle verebilmektedir. Kesme

alinan mikroskop goriintiilerine ait birer
ornek Sekil 1'de verilmistir.

Sekil 2 sayisal analizler i¢in olusturulan
hesaplama hacmini ve smir kosullarini
gostermektedir. Dikddrtgenler prizmasi
seklinde bir hacim secilmis, giris siniri,
levhanin akis1 karsilayan ug¢ sinirindan
itibaren bir levha boyu kadar 6n tarafa,
cikis sinir1 ise dort levha boyu kadar arka
tarafa yerlestirilmistir. Problemin simetrisi
gdz Oniline alinarak plakanin yalnizca
yarist modellenmistir. Sirasi ile iki levha
boyu yanal uzaklikta ve bir bucuk levha
boyu diisey uzaklikta kaygan (sifir kayma
gerilmeli) duvar sinir kosulu uygulanmistir.
Levhanin simetri ekseni tizerindeki diizlem
boyunca simetri sinir kosulu uygulanmistir.
Giris sinirinda, diizleme dik sabit hiz degeri

uzunlugu diisik oldugundan, olgimler ve % 1 gibi diistik bir tiirbillans siddet
yluzeylere ait tiger Ornek Uzerinden seviyesi tanmimlanmis, ¢ikis siirinda ise
alinmistir.  Boyali ylizeyler iizerinden hidrostatik basing degerleri tanimlanmistir
Tablo 1. Yiizey Piiriiz Ozellikleri [11]

Test ylizeyi R, (um) R, (um) R, (um)

Silikon 1 122 14+2 667

Silikon 2 1442 1742 85+8

Ablatif Bakir 13+1 161 8316

SPC Bakir 15+1 18+1 97+10

SPC TBT 201 24+2 12949

UNI PRO 2,24 2,81 17,13

Extra EU 7,99 10,13 74,40

Sekil 1. Boyal: Yiizeylere Ait Mikroskop Gériintiileri; a) UNI PRO, b) Extra EU
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hiz girisi

2
(X

Sekil 2. Hesaplama Hacmi ve Sinir Kogullari

3. Matematiksel Model

Analizlerde, zamandan bagimsiz
sikistirllamaz RANS denklemleri [28]
coziilmiistiir. flgili siireklilik ve momentum
denklemleri,

U,
= 1
e (1

()  1ep a [ (au; oU\] duw

& pm ”(5};*33;; T (3

seklindedir. Bu denklemlerde U, ve u' sirasi
ile hizin ortalama ve tiirbiilans salinimi
bilesenlerini temsil etmektedir. P ortalama
basinci, p yogunlugu ve v kinematik
viskoziteyi temsil etmektedir. Analizlerde,
esitligin sag tarafindaki son terim olan
Reynolds gerilmelerini modellemek ig¢in
iki farkli tirbilans modeli kullanilmis
ve boylece tiirbillans modelinin ¢6zim
tizerindeki etkisi incelenmistir. S6z konusu
tirbiilans modellerinin ilki Boussinesq
hipotezine [29] dayali ¢ift tabaka yaklasimli
realizable k-¢ tiirblilans modeli [30] ve
eliptik karisim Reynolds gerilme modelidir

[31].
Sureklilik, momentum ve tiirbulans
denklemleri, denklemleri siras1 ile ele

alan bir sonlu hacim [32, 33] teknigi ile
¢ozillmistiir. Basing alaninin ¢6zimi igin
basing diizeltme prosediirii (SIMPLE) [34]

kullanilmistir. Konvektif terimler, ikinci
dereceden akis yonii semas: ile, viskoz
terimleriseikinci dereceden merkezifarklar
semast kullanilarak ayriklastirilmistir.
Cozlm icin ticari bir paket yazilim olan
Star CCM+ programi kullanilmistir ve
tim olgekli artiklar 10° degerinin altina
diistiiglinde yakinsamanin saglandigi kabul
edilmistir.

4. Duvar Fonksiyonu

Tiirbiilansh sinir tabakalar li¢ ana alt
tabakaya ayrilabilir. Viskozite etkilerinin
baskin oldugu i¢ kisma, viskoz alt tabaka
denir ve smir tabakanin % 80 - % 90'lik
bolimiini olusturan dis bolgesi de dis
tabaka olarak adlandirilir. D1s ve viskoz alt
tabakalar arasinda yer alan ve logaritmik
yasa bolgesi olarak adlandirilan iiglincii
bir bolge daha bulunur [35]. Hidrolik
olarak piiriizsiiz bir yiizey i¢in bu bolgenin
ortalama hiz profili;

T
U"’=E1ny"+fs‘ (3)

seklindedir. Burada U* ve y* ifadeleri
sturtinme hiz1 (U ) ve kinematik viskozite
ile boyutsuzlastirilmis hizi ve diisey uzakligi
temsil etmektedir. k, Von - Karman sabiti, B
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ise logaritmik yasa sabiti olarak adlandirilir.
Clauser [36], pliriizli ylizeylerin etrafinda
gelisen tirbiilanshi  simir  tabakalarda
ortalama hiz profilinin benzer bir
logaritmik yasa ile temsil edilebilecegini
one siirmiistiir. Bu yaklasimda pirizliilik
etkisi ile ortalama hiz profili, piirtzsiiz
ylzeydeki degere paralel olarak bir miktar
asag1 kayar. Asagi kaymayi ifade etmek icin
denkleme piirizlilik fonksiyonu olarak
adlandirilan AU* terimi ilave edilir.

1
U+=Elny++B-ﬁU*‘ (4)

HAD uygulamalarinda duvar
fonksiyonlari, akisin duvar sinirlarina yakin
boélgelerini modellemek i¢in kullanilir. Bu
nedenle uygun piriizlilik fonksiyonlari
ile bu ¢alismanin konusu olan probleme
ve benzer problemlere yonelik basarili
HAD metodolojileri elde edilebilir. Star
CCM+ yazilimi logaritmik yasa bolgedeki
purizlilik etkilerini yakalamak igin
denklem (3) ile 6zdes asagidaki formda bir
duvar fonksiyonunu kullanir [37]:

Ut = -};ln(E’y*) 5)

Burada E' c¢arpan1 asagidaki sekilde
tanimlanir:

E'=— (6)

Esitlikteki E ifadesi duvar fonksiyonu
katsayis1 olarak, f ise puriizliliik katsayisi
olarak tanimlanir. Analizlerde x ve E i¢in
Cebeci ve Bradshaw [38] oOnerilerine
uygun olarak sirasi ile 0,42 ve 9 degerleri
kullanilmistir.

Star CCM+ yazilimi f icin plruzlilik
Reynolds sayis1 (k") ve akis rejimine bagh
olarak asagidaki esitlikleri kullanmaktadir:

1 k= k;uruxmx
= g i
f= [A (#) + Ck*] Kl oierss <k < Korunia {(7)
plirilzi plrikzsilz,

A+ Kpirizn = K*

a ifadesi ise asagidaki sekilde ifade
edilmektedir:
T IOg(k+/R;ﬁrﬁzsﬁz)

= 2 IOg(k;ﬁrﬁzlii/ k;ﬁrﬁzsﬁz)

Esitliklerdeki k*pumzsﬁz ve k+p1’jrﬁzli’l ifadeleri
sirasi ile hidrolik agidan piirlizsiiz ve tam
purizli akis rejimleri i¢in tanimlanan k*
sinir degerlerini temsil etmektedir. Model
[13] verilerine uygun olarak gelistirilmis
olup siki bigcimde yerlestirilmis diizenli
bir kum tanesi piiriizliliigli varsayiminda
bulunmaktadir. Model Cebeci ve Bradshaw
[38] tarafindan verilen modelin hafifce
degistirilmis bir versiyonudur ve akis rejimi
sinirlar1 icin k*pﬁruzsﬁz=2,25 ve k*pmzm=90
degerleri, A ve C katsayilar1 icin sirasi ile
0 ve 0,253 degerleri 6nerilmektedir [37].k*
ise U_ve v'ye bagh olarak agagidaki sekilde
tanimlanmaktadir.

(8)

kU

kt =—= 9)
v

Ote yandan, bu model diizensiz

plrtiz oOzelliklerine sahip olan yiizeyler
icin  her zaman kullanish degildir.
Colebrook [22], bazi diizensiz pilriiz
ozelliklerinin, piirtzlilik fonksiyonunda
tek bir parametreye bagl olarak ifade
edilebilecegini 06ne slrmiistir. Grigson
[12], antifouling boyalardan kaynaklanan
pirtiz ozellikleri i¢cin Colebrook [22]
tipinde bir piiriiz fonksiyonu onermistir.
Schultz [11], boyali yiizeylerde Grigson
[12] tipi pliriiz fonksiyonunun basari ile
uygulanabilecegini belirtmistir.

1 +
U+=—1n( Y )+B

K 1+ kt (10)

Basarili bir piiriiz fonksiyonu igin bir
diger onemli husus, karakteristik piiriiz
yiiksekliginin secimidir. Ozellikle diizensiz
puriiz 6zellikleri gosteren yiizeylerde, cogu
zaman bu yiiksekligin seciminde deneysel
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verilere ihtiya¢ duyulur. Bu c¢alismada
Schultz [11] 6nerileri goz 6niine alinarak;
boyali ytizeylerde k=0,17R  olmak iizere
denklem (10) kullanilmistir.

Star CCM+ yazilimi, kullanicinin
dogrudan denklem (10) gibi bir piiriizlilik
fonksiyonu tanimlamasinaizinvermemekte,

*pmzsﬁz, *purﬁzm, A ve C Kkatsayilarinin
secimine olanak sunmaktadir. Denklem
(10) ile 6zdes bir piirizlilik fonksiyonu
elde etmek tlizere k*pun..lZSﬁZ ve k+purﬁzll’i icin
disiik degerler secilmis, boylece akisin
her zaman tam piiriizli rejimde kalmasi
saglanmistir. A ve C katsayilari ise 1 olarak
tanimlanmis ve boylece denklem (10) ile
0zdes bir pliriiz fonksiyonu elde edilmistir.

5. Ag Yapisinin Olusturulmasi

Diizenli ag yapilar1 modern ve gelismis
bir ag tretimi paket yazilim program ile
liretilmistir. Duvar sinir1 izerinde ortalama
boyutsuz y* degerinin 50 civarinda
tutulmas1 amaglanmis ve buna uygun

olarak farkli akis hizlar1 igin farkli ag
yapilart olusturulmustur. Levhaya bitisik
ag hiicresinin ytiksekligi, levha uzunluguna
bagli Reynolds sayis1 2,8x10° olan akis
kosulu igin 1,24 mm, Reynolds sayisi
5,5x10° olan akis kosulu icin 0,7 mm olarak
ayarlanmistir. Sekil 3, Rn=2,8x10° icin

olusturulan ag yapisini gostermektedir.

Piiriizstiz ylzey tzerindeki akis icin
(Rn=2,8x10°) ii¢ farkli yogunlukta ag yapisi
ile analizler gerceklestirilmis ve ¢6ziimiin
ag yogunluguna baghligi incelenmistir.
Bunun icin ilk ag yapisini takiben, ortalama
ag yogunlugu x, y ve z dogrultularinda
sistematik olarak V2 oraninda artirilmis ve
disiikyogunluklu, ortayogunlukluveyiiksek
yogunluklu ii¢ ag yapisi olusturulmustur. Ag
yapisindan kaynaklanan belirsizligi tahmin
etmek icin, Roache'un [39] Richardson
ekstrapolasyonuna [40] dayanan
ag yakinsama indeksi (GCI) metodu
kullanilmistir. Metot, [41] tarafindan detayli
olarak agiklanmaktadir. GCI hesaplama
sonuglar1 Tablo 2'de gdsterilmektedir. Her
iki tlirblilans modeli icin de ag yapisina
ait sayisal belirsizliin % 1'den kiiglik
oldugu goriilmektedir. Sayisal belirsizligin
diisiik oldugu dikkate alinarak, takip eden
analizlerde orta yogunluklu ag yapilar:
kullanilmistir.

6. Analiz Sonug¢lar

Sirtiinme direnci katsayisi i¢cin HAD
analizlerinin sonuclar1 ve deney sonuglari
karsilastirmali olarak Tablo 3 ve Tablo
4'te sunulmustur. Tim ylizeylerde deney
sonuglari ile HAD sonuglari arasindaki bagil

Sekil 3. Ag Yapisi
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Tablo 2. GCI Hesaplama Sonuglari

Parametreler Degerler (k-€) Degerler (RGM)

NN, N, 3.231.760; 1.152.100; 403.970 3.231.760; 1.152.100; 403.970
| V2 V2

b, 0,003550 0,003668

b, 0,003548 0,003658

b, 0,003552 0,003674

P, 0,287 1,354

b, 0,003568 0,003685

GCI, 2 % 0,65 % 0,58

fark % 3 degerinin altindadir. Sonuglar
onceki bolimde aciklanan piirizlilik
fonksiyonu ve hesaplama yonteminin basari
ile kullanilabilecegini gostermektedir. Yeni
nesil boyalara ait sonuglar da tablolara
eklenmistir. Yeni nesil boyalarin {istiin

purtzlilik 6zellikleri hidrodinamik agidan
da kendini gostermektedir. UNI PRO ytizeyi
plriizsiz bir referans yiizeyine kiyasla
yalniz % 0,5 civarinda bir diren¢ artisina
neden olurken Extra EU yiizeyi icin bu oran
% 1 dolayindadir.

Tablo 3. R =2,8x10° icin Karsilastrmal C y Degerleri

Yiizey C, (x10° C,(x109) C,(x10%) BF (%) BF (%)
(k-€) (RGM) (Deney [11]) (k-€) (RGM)
Piirtizsiiz 3,548 3,658 3,605 1,58 1,47
Silikon 1 3,647 3,759 3,666 0,52 2,54
Silikon 2 3,662 3,774 3,663 0,03 3,03
Ablatif Bakir 3,655 3,767 3,701 1,24 1,78
SPC Bakir 3,669 3,781 3,723 1,45 1,56
SPC TBT 3,703 3,816 3,783 2,11 0,87
UNI PRO 3,564 3,674 - - -
Extra EU 3,597 3,708 - - -
Tablo 4. R =5,5x10° icin Karsilastirmal C y Degerleri
Yizey C, (x10° C,(x10%) C,(x10%) BF (%) BF (%)
(k-¢) (RGM) (Deney [11]) (k-g) (RGM)
Pliriizsiiz 3,174 3,271 3,226 1,61 1,39
Silikon 1 3,315 3,416 3,374 1,75 1,24
Silikon 2 3,335 3,436 3,426 2,66 0,29
Ablatif Bakir 3,325 3,426 3,401 2,23 0,74
SPC Bakir 3,344 3,446 3,438 2,73 0,23
SPC TBT 3,392 3,494 3,500 3,09 0,17
UNI PRO 3,197 3,295 - - -
Extra EU 3,244 3,343 - - -
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Reynolds gerilme modeli (RGM) ve k-¢
tiirbiilans modeli ile elde edilen sonuclar
oldukca benzerdir. k-¢ modeli C, degerini
deney soncuna [11] kiyasla % 1,61-% 3,09
oraninda daha diisiik tahmin etmekte,
Reynolds gerilme modeli ise C_f degerini
deney soncuna kiyasla % 0,17-% 1,39 bir
parc¢a daha yiiksek tahmin etmektedir.

Boyutsuz  hiz  profilinin  ylizey
plriizliligine bagh degisimini incelemek
lizere, her bir yilizey icin levhanin cikis
ucundaki hiz degerleri karsilastirilmistir.

iliskisini  tiirbiilansli  smnir  tabakanin
dis  bolge  degiskenleri  lzerinden
gostermektedir. U_ dis akis hiziny, 8 ise sinir
tabaka kalinhigini temsil etmektedir. Sinir
tabaka kalinhgi, x yoniindeki akis hizinin
dis akis hizinin % 99'una esit oldugu diisey
uzaklik olarak kabul edilmistir. Sekilden
piiriiz etkisinin duvardan uzaklastikca
azaldigt  anlasilmakta, tiirbilansh siir
tabakanin dis bolge degiskenleri cinsinden
hiz degerleri neredeyse hi¢ degisiklik
gostermemektedir. Bu durum literatiirdeki

Boyutsuz hiz profillerindeki asagi kayma, deneysel ¢alismalarla [42] paralellik
Sekil 4 lizerinden goriilebilir. gostermektedir.
Sekil 5 ise ortalama akis hizi, uzaklik
25
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7. Tam Olgekte Siirtiinme Direnci
Tahmini

Granville [42], siirtinme direncinde
plriiz etkisinin gemi Olcegine
ekstrapolasyonuna olanak saglayan bir
benzerlik yasasi tanitmistir. Antifouling
boyalarin gemi 6lgegindeki hidrodinamik
performanslarini incelemek lizere
Granville'in ~ benzerlik  yasasi [42]
kullanilarak, 200 m uzunlugunda ve 20 knot
servis hizinda bir geminin stirtiinme direnci
tahmin edilmistir. Levhanin model o&lcegi
(A) denklem (11) ile tanimlanmaktadir.

_ Lieyha
A= - (11)

Bu amaca yonelik olarak, oncelikle ayni
hesaplama hacmi kullanilarak 20 knot
servis hizinda ilave analizler yiiritilmistir.
Levhaya komsu hiicrenin ortalama y*
degerini 50 civarinda tutmak amaci ile ag
yapisi z dogrulusunda sikilastirilmistir.
Analizlerde yalniz k-€ modeli kullanilmistir.
Tablo 5, levha o6l¢eginde hesaplanan ve
gemi dlgeginde tahmin edilen C_degerlerini
gostermektedir. Tabloda yer alan AC, ifadesi
plriizlilik nedeni ile direng¢ katsayisinda
ortaya c¢ikan artisi ifade etmektedir.
Antifouling boya kullanimina bagh olarak,
levha olgeginde % 1,5-% 14 oraninda,

direnc artisi ortaya ¢ikmaktadir. Calismaya
dahil edilen yeni nesil boyalarin (6zellikle
UNI PRO yilizeyinin) gemi o&lceginde ¢ok
avantajli olduklar1 goriilmektedir. Boya
teknolojisinde =~ yasanan  gelismelerin,
denizcilik sektoriintin, IMO'nun sera gazi
emisyonlarina yonelik orta ve uzun vadeli
hedeflerine ulasmasinda 6nemli bir payi
olacagi anlasilmaktadir.

8. Sonugclar ve Degerlendirme
Bucalismada, cesitliyiizeykosullarinda,
diiz levha etrafindaki sifir basing
gradyanh tirbilansh akis o6zelliklerini
incelemek {izere zamandan bagimsiz
RANS denklemleri c¢oziilmustir. Yizey
purizliliginin siir tabaka icersindeki
ortalama akis oOzellikleri {izerindeki
etkilerini modellemek tizere piirizlilik
fonksiyonlarindan yararlanilmis,
antifouling boyal yiizeylerde Grigson tipi
[12] puriizlilik fonksiyonu kullanilmistir.
[11] sonuglar1 ile kiyaslandiginda,
realizable k-¢ modeli C, degerini hafifce
diistk, eliptik karisim Reynolds gerilme
modeli ise C; degerini hafifce yiiksek
tahmin etmektedir. Her iki modelin de tiim
ylizeylerde % 5'in altinda bir bagil hata
ile basarili sonug¢ verdigi gorilmistir.
Onerilen HAD modelinin antifouling
boyalarin hidrodinamik performanslarini

gemi odlceginde ise % 0,5-% 6 arasinda incelemek lizere kullanilabilecegi
Tablo 5. Levha ve Gemi Olcegindeki Direnc Katsayilari
Yiizey C, (x10%) AC, (%) C, (x10%) AC,(%)
(Levha) (Gemi)
(A=1:131,6)
Plrizsiiz 2,737 1,410
Silikon 1 2,997 9,50 1,452 2,98
Silikon 2 3,031 10,7 1,464 3,83
Ablatif Bakir 3,013 10,1 1,458 3,40
SPC Bakir 3,047 11,3 1,471 4,33
SPC TBT 3,124 14,1 1,499 6,31
UNI PRO 2,780 1,57 1,417 0,50
Extra EU 2,868 4,79 1,432 1,56
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¢ikarimi yapilabilir. Modelin sagladigi
en Onemli avantaj, analizlerin, yiizey
purtzliligi olglimiine dayali basit bir
karakteristik piirtiz yiiksekligi degeri ile
gerceklestirilmesine olanak saglamasidir.
Her ne kadar ilgili ptriiz yiiksekliginin
belirlenmesi - farkliyiizeylericin- deneysel
calisma gerektirse de, bir defa uygun
purtzlilik fonksiyonu belirlendiginde
¢ok genis bir yelpazede farklh akis
geometrileri icin HAD simiilasyonlari
gerceklestirmeye olanak saglar.

Siir tabaka igerisindeki hiz profili
incelendiginde, [43] verileri ile paralel

olarak, akisin dis bolgesinde piiriiz
etkisinin azaldigi gozlenmektedir.
Yerel kayma gerilmesi dagilimlari
incelendiginde, ylizey purizliliginin

en yiiksek etkiyi smnir tabakanin ince
oldugu giris ucunda gosterdigi de bulgular
arasindadir.

Granville'in benzerlik yasas1 [42]
kullanilarak 200 m uzunlugunda ve
20 knot servis hizina sahip bir gemide
farkli antifouling boyalarin kullanimina
surtiinme direnci degerleri tahmin
edilmis, stirtiinme direncinde boya tipine
bagh olarak % 0,5 - % 6 araliginda artis
gozlenmistir. Ayrica, bu 6lgekte silikon
bazli foul - release boyalarin Tri - Biitil
Kalay bazli boyalara kiyasla % 2 -% 3
oraninda daha disiik diren¢ o6zelligine
sahip oldugu saptanmis, yeni nesil
boyalarda iyilestirmenin % 5'e kadar
ciktigl gorilmiistir.

Gelecekte yiritilecek c¢alismalarda,
tanitilan metot ile diiz levha yerine, gemi
gibi li¢ boyutlu geometrilerin etrafindaki
akisin modellenmesi ve purizlilagin iz
bolgesindeki akis tzerindeki etkilerinin
incelenmesi planlanmaktadir. Ayrica boya
cesitlerinin  performanslarina yonelik
daha kapsamli bir model gelistirebilmek
adina  kirlenmeye bagh etkilerinin
de uygun purizlilik fonksiyonlar:
ile  hesaplamalara  dahil  edilmesi
amaclanmaktadir.
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Yapilan calismada salmali yatlar icin yelken parametrelerinin boyutlarinin en uygun sekilde belirlenmesi ayrica
belirlenen yelken ve tekne icin performans degerlerinin tahmin edilmesi amaglanmistir. Bu amag dogrultusunda
tiretilen tekneler incelenerek, yaygin olarak kullanilmakta olan gemi boyu araligi 9 ile 20 m arasinda belirlenmistir.
Bu aralikta hesaplamalar ve tahminler yapilabilmesi icin 9,15; 14,25 ve 19,50 m tam boya sahip 3 adet tekne
olusturulmustur. Her bir tekneye karsilik gelecek sekilde 81 adet farkli yelken donanimi olusturularak 6, 12 ve
20 knot riizgdr hizlarinda ve her bir riizgdr hizi igin riizgdrin karsidan alindigi durumda 45, 90 ve 110 derece
agilarda, riizgdrin arkadan alindigi durumda ise 90, 120 ve 140 derece agilarda incelemeler yapilmigtir.

Yapilan incelemeler sonucunda elde edilen verilerin en iyi %25'inin ortalama degerlerinden yola ¢cikilarak 9 ile
20 m boy araliginda tiim riizgdr kosullart icin kullanigh sayilabilecek yelken donanim boyutlarinin belirlenmesi
miuimkiin olmustur. Ayrica istenilen boydaki teknenin tekne hizi, stiriiklenme kuvveti ve bayilma agisi performans
degerlerinin tahmin edilebilmesi %2’nin altindaki hata oraniyla saglanmigstir.

Anahtar Kelimeler: Salmal Yelkenli Yatlar, Sistematik Yelken Analizi, Yelken Parametreleri.

Parametric Sail Analysis of Sailing Yachts in 9-20 Meters

Abstract

The study was carried out in order to determine the dimensions of the sailing parameters for the sailing yachtsin the
most appropriate way and to estimate the performance values for the determined sail and boat. The length overall
range, which is widely used for this purpose, is determined between 9 and 20 m. In order to make calculations
and estimations in this range, 3 boats having 9.15, 14.25 and 19.50 m full size were formed. 81 different sailing
equipment was created to correspond to each boat. For each boat and sailing equipment, it was examined at wind
speeds of 6, 12 and 20 knots and in angles of 45, 90 and 110 degrees in wind direction. In the case of the opposite
direction of the wind, 90, 120 and 140 degree angles were examined.

Based on the average of the 25% of the results of the surveys, it was possible to determine the dimensions of sailing
equipment that could be considered useful for all wind conditions between 9 and 20 m in length. In addition,
estimation of boat speed, drift force and heel angle performance values of the desired length of the vessel is provided
with an error rate of less than 2%.

Keywords: Sailing Yachts, Sail Parameters, Systematic Sailing Analysis.
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1. Giris

Yelkenliteknelerin performansanalizleri
ile ilgili deneysel ve teorik olarak pek ¢ok
calisma yiritilmiistiir. Bu calismalar genel
olarak teknenin formundan kaynaklanan
etkileri, yelkenlerin durusu ve riizgar
alma agisi ile olan iligkileri, ayn1 ortamda
bulunan farkli teknelerin birbirleriyle olan
etkilesimini, yelkenler iizerinde olusan
kuvvet ve gerilmelerin yelken diregine
ve teknenin yapisal elemanlarina olan
etkisini, teknelerde bulunan farkli yelken
gruplarinin birbiri icindeki etkilesimini,
yelkenlerin ~ boyutlarindaki  degisimin
teknenin performansi lizerindeKki etkilerini,
Re sayisina baghh olarak yapilan teorik
incelemelerde hangi tiirbiilans modelinin
kullaniminin daha uygun oldugunun
incelenmesini kapsamaktadir.

Teknelerde bulunan flok yelkeni
ve ana yelken arasindaki etkilesimin
incelendigi c¢alismalarda Gentry 1971

yilinda Bernoulli denklemini baz alarak
analog alan ekipmani adi verilen bir cihaz
ile modelledigi yelkenler iizerindeki
akim hatlarin1 belirlemeye calismistir. Bu
calismasini yelken iizerine etki edebilecek
farkli riizgar acilart icin tekrarlayarak
yelkenler iizerinde olusabilecek olasi
kuvvetleri tahmin etmistir[1]. Ote yandan
1981 yilinda yaptigi calismada ise yelkenler
tizerinde aerofil kesitler alarak kurdugu
bir diizenekle bu kesitlerin akim hatlarini
belirlemeye calisarak yelkenler {zerine
etki eden akimdan dolay1 yelkenin tamami
hakkinda tahminlerde bulunmustur
[2]. Lasher yapmis oldugu calismasinda
yelkenler tizerindeki bes farkli parametreyi
incelemistir. Bu parametreler yelkenlerin
boyutlariyla ilgili olup flok yelkenindeki
boyutlar1 kapsamaktadir. 12 farkl yelken

icin rizgar tineli testlerinde aldig
sonuglardan yola ¢ikarak halihazirda
kullanilmakta olan 6 farkll tiirbilans

modelinin hangi kosullarda kullanilmasinin
daha dogru olabilecegi iizerinde bir
calisma yapmistir [3]. Riizgarin yelkene

gelis acisinin uygunlugunu kontrol etmek
isteyen Elkaim calismasini katamaran bir
tekne tizerine kurdugu hareketli diizenek
ile degisen riizgar acilarinda yelkende
olusan kuvvetlerin yelken diregindeki
etkisini aragtirmis ve en uygun riizgar gelis
acisini tahmin etmeye calismistir. Ancak
yaptig1 calisma sadece riizgar acisi ile ilgili
olup tekne ve yelken form parametrelerini
kapsamamaktadir [4]. Viola ise 3 farkh
riizgar acist icin hesaplamal akiskanlar
dinamigi yontemleri (HAD) ile
hesaplamalarda bulunmustur. Yapmis
oldugu HAD calismalarda tetrahedral
mesh alarak hesaplama yapilmasinin
sonuclara olan olumlu etkisini incelemistir.
Navier Stokes denkleminden yararlanarak
yelkenin etrafindaki tiirbiilans modeli
belirlemeye calismistir [5]. Ayni yillarda
calismalarini  yapan Ryn ise benzer
HAD yontemler kullanmis olup yelken
geometrisindeki degisimin yelken etrafinda
olusturabilecegi akim hatlarindaki degisimi
incelemistir. Bu degisimi incelerken flok
yelkenin geometrisini sabit tutmus, ana
yelkenin formunda birtakim degisiklikler
yaparak hesaplar yapmis ve tahminlerde
bulunmustur[6].

Yelkenlerin birbiri tizerinde olusturdugu
etkilesimi farkli bir bakis acisi ile ele alan
Detlefsen ayni ortamda bulunan 2 farkl
teknenin birbiri {izerindeki etkilerini
incelemistir. Sabit riizgar gelis acis1 ile
teknelerin farkli pozisyonlari i¢in riizgarin
farkli gelis agilarindaki durumunu riizgar
tiineli testleriile arastirmistir [ 7]. Benzer bir
calismay1 ise Bergsma tam boyutlu olarak
yapmistir. Kullandig1 6l¢lim cihazlarinin
yetersizligi nedeniyle yelkenler lizerinde
Olctiigli statik basing degerlerinden yola
¢ikarak, arada kalan kisimlari interpolasyon
yontemi ile belirlemistir [8]. Blakeley
calismasinda cok govdeli tekneler lizerine
etki eden kuvvetleri belirlemek icin farkl
tirbiilans modellerini  kullanmistir.[9].
Deparday calismalarini tek bir tekne ve
yelken icin yapmis olup, yelken {zerine
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yerlestirdigi olciim aletleri ile farkl
acillarda gelen riizgarin  karakteristik
sonuglar tlizerindeki etkisini incelemistir
[10]. Katamaran teknelerin yelkenlerinde
olusan kuvvetleri saptamak icin Cella, HAD
programlari ile 5 farkl tipte yelken modeli
incelemistir. Calismasinda K-g ve K-
tiirbiilans modellerini kullanmistir [11].
Keuning’in yaptig1 calismada, salmali
yatlara ait tekne serisi olusturulmus, bu
seri i¢in teknelere etki eden kuvvetler ile
salma ve diimen donanimi incelenmistir.
Ayrica tekne govdesi {lzerindeki form
degisikliklerinin teknenin performansina
olan etkileri arastirilmis ve bu etkileri
gosteren bagintilar elde edilmistir [12].

2. Yelkenli Tekneler ve Yelkenler
Hakkinda Bilgi
Salmali yatlar teknenin sevkini saglayan
bir ya da daha fazla yelkenden olusan
yelken donanimina sahip tamamen riizgar
giicii ile hareket eden deniz tasitlaridir.
Bu tip teknelerde yelkenler {izerinde
olusan kuvvetlerden dolay1 teknenin
devrilmesini o6nlemek icin gdvdenin
altinda dengeyi saglamasi icin bir de
salma donanimi mevcuttur. Bu ¢alismada
ise hesaplamalar1 yapilan tekne icin
3 adet yelken bulunmaktadir. Bunlar;
flok yelkeni, balon yelken ve ana yelken
olarak adlandirilmaktadir. Bu calisma
icin incelenecek olan teknenin yelken
parametreleri Sekil 1’de goziikmektedir.
Yelken donanmimi icin  kullanilan
kisaltmalardan;
e [, Siyer hattindan flok yelkenin en st
noktasina kadar olan ytiksekligi
e ], Yelken direginden pruva
istralyasina kadar olan mesafeyi
¢ LP, Flok yelkenin iskota kdsesinden orsa
yakasina olan dik uzaklig:
¢ SPL, Balon yelkenin alt uzunlugu
¢ SL, Balon yelkenin dikey uzunlugu
¢ SMW, Balon yelkenin maksimum
genisligi
e P Ana yelkenin direk tizerindeki en alt

ana

ve en Ust noktalar1 arasindaki mesafeyi

e E, Ana yelkenin bumba iizerindeki
genisligi

e MGM, Ana yelkenin orta Hizasindaki
genisligi

e MGU, Ana yelkenin st
genisligi ifade etmektedir.

hizasindaki

Sekill. Uc Yelkenli Salmali Yatlarin Yelken
Parametreleri

2.1. Yelkenli Tekneler icin Hesaplama
Yontemleri

Glinimtzde yelkenli teknelerin
performans hesaplar1 Navier Stokes ya da
Bernoulli denklemlerinden yararlanilarak
yapilmaktadir.

Deneysel hesaplamalar ise tarihsel
gelisim siireci boyunca her doénemde
yapilmistir.  Teknolojinin  gelismesiyle
Olclim cihazlarindaki hassasiyet artmis ve
yelken aerodinamigi hesaplamalarinda
bu cihazlarin  kullanimini  mimkiin
olmustur. Birtakim deneysel calismalar,
tam Olcekli tekneler {izerinde yapilmis
olup, hassas o6l¢im cihazlar1 kullanilarak
basing ve itme kuvvetleri belirlenebilmistir.
Baz1 calismalarda tekne ve yelkenler

modellenmis ve rilizgdr tiineli testleri
yapilmistir.
Deneysel calismalarda yasanan
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zorluklar, uzun siire¢ ve yapilan calismalarin
tek bir tekne ve yelken icin gecerli olmasi,
arastirmacilart matematiksel yaklasimlara
itmistir. Bilgisayar teknolojisinin
gelismesiyle, incelenmek istenen cisimlerin
modellenmesi mimkiin olup, Bernoulli
ve Navier Stokes denklemleri ile cisim
etrafindaki akim hesaplanabilmektedir.
Giiniimiizde bu prensiplere dayal ¢alisan
kullanilmakta olan bazi HAD programlari
ile gercek sonuglara oldukca yakin degerler
elde edilebilmektedir.

Teknelerin tasarimindan, performans
analizlerine  kadar kullanim olanag:
sunan Maxsurf programinin VPP (Velocity
Prediction Programme) modiili ile yelkenli
teknelerin direng¢ ve sevk hesaplamalarini
yapmak mimkiin olmaktadir. Olusturulan
tekne  govdesinin  lizerine  program
yardimiyla tiim boyutlar1 belirtilerek
yerlestirilebilecek olas1 yelken modelleri
icin tekne hizi, bayilma agisi, ileri yonli
kuvvetler, yan kuvvetler, kaldirma kuvveti,
aerodinamik ve hidrodinamik momentler
ve dogrultucu momentlerin hizli bir sekilde
hesaplanmas1 miimkiindiir.

Program 25 yili askin siireyle yapilan
calismalarin  verileri  baz  alinarak
olusturulmustur. Bu c¢alismalardan en
onemlisi Keuning'ing c¢alismasidir [12].
Calismada yatlar iizerine etki eden
hidrodinamik kuvvetlerin yatlardaki govde,
salma,diimenvedigertakintilarinetkilerinin
incelenmesine yonelik gerceklestirilmistir.
Bu kapsamda 50 adet farkli tekne, farkl
omurga ve salma donanimlari incelenmistir.
Tekne performansina etki eden kuvvetlerin
belirlenebilmesi icin tekneye etki eden
direnclerin hesaplanmasi gerekmektedir.
Bu direnclerin hesaplanmasi i¢cin kullanilan
denklemler; belirli yelkenli tekne serisi,
salma serisi ve bunlarin cesitli durumlar
altinda incelenmesiyle elde edilen birtakim
sonuglarin ve denklemlerin kullanimiyla
saglanmaktadir. Bu direncler temel olarak
strtiinme direngleri ve artik direngler
olarak ele alinmistir.

Siirttinme direncinin hesaplanmasi i¢in
tanimlanan denklem su sekildedir:

1
Rfh = EpVZSCCf (D
Burada:
p Suyun 6zgul kiitlesi kg/m’
V' Teknenin ileri yondeki hizi m/s

S, Hareketsiz konumdakislak yiizey alam ~ m?
C, Sirtinme katsayisi

Islak yiizey alaninin hesaplanmasinda
ise kullanilan denklem su sekildedir:

1
By (0.65\ /3
S, = (1.97 +0.171 —‘”l)(—> (VoL (2)
Te (o
Burada:
B, Su hatt1 tekne genisligi m
T, Draft m
C, En kesit alan katsayisi
v, Deplasman hacmi m’
L, Su hatt1 uzunlugu m

Artik  direncin  hesaplanmasi igin
kullanilan denklem ise su sekildedir:
/3 3
V(R’phg =ay+ (ul.LCLi/le +a,.C, + ag.vl;—w+ @f—ﬁ).viw
v’ LCB, LB\ AR AL (3)
+ as.s—c+ Q. 1CFy, + +a7.(L—Wl) +as.C,° |. Tor
Burada:

0 Artik direng N
v, Deplasman hacmi m?
p Suyun yogunlugu kg/m?
L, Su hatt1 uzunlugu m
B, Su hatt1 tekne genisligi m
LCB,, Kaldirma kuvvetininboyunayondeetkimerkezi  m
LCF,, Yiizme merkezinin boyuna yondeki konumu = m
C, Prizmatik katsay1
A, Su hatt1 alan m?
S, Hareketsiz konumdaki 1slak ytizey alani  m?

Islak  yiizey alaninin  degisimi,

mevcut olan tekne serilerinin verileri
ile tiliretilmis olan denklem vasitasiyla
hesaplanmaktadir. Denklemlerin elde
edilmesi ile ilgili detaylar Keuning’in bahsi
gecen calismasinda mevcuttur.
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3. Salmal Yatlar i¢in Parametrik Yelken
Hesaplar1

Hesaplamalarin yapilacagi tekne boyu
araliginin  belirlenmesi  icin  piyasada
halihazirda var olan tekneler incelenmis ve
teknelerde en sik olarak karsilasildigi boy
aralig1 9-20 m olarak tespit edilmistir. Buna
ek olarak en sik goriilen boy aralig1 13-16
m olarak tespit edilmistir. Bu araliga denk
gelecek sekilde 9,15; 14,25 ve 19,50 m tam
boya (LOA) sahip 3 adet tekne olusturulmus,
bu teknelere yerlestirilecek farkl yelken
donanimlarinin performans degerlerine
etkisi incelenmistir. Yelken donanim
boyutlarinin belirlenmesi i¢cin programin
onerdigi boyut parametrelerinden yola
cikilmistir. Bu parametrelerin %15 kiiciigii
ve %15 biylgli olacak sekilde her bir
parametre icin 3 farkli deger kullanilmistir.
Tekne tlizerinde 3 farkli yelken olmasina
ragmen boyut parametrelerinin bazilarinin
birbirine bagimli bazilarinin ise birbirinden
bagimsiz oldugu anlasilmistir. Birbine
bagimli 4 farkli yelken parametresi grubu
bulunmasi ve her bir boyut icin 3 farkl
degerde inceleme yapilmasi, tek bir tekne
icin 81 farkli yelken donanimi olusturulup
parametrik olarak inceleme yapilmasini
gerektirmistir [13].

Riizgar hizi ve agisinin se¢iminde ise
teknelerin karsilasabilecegi riizgar hizi i¢in
6,12 ve 20 knot, riizgar dogrultusu ile tekne
istikameti arasinda kalan a¢i (RTA) icin
riizgara karsi oldugu durum icin 45, 90 ve
110 derece, riizgarin arkadan geldigi durum
icin ise 90, 120 ve 140 derece belirlenerek
her bir tekne-yelken donanimi igin 18
farkli senaryoda hesaplamalar yapilmistir.

Tablo 1'de 14,25 m boya sahip tekne
icin kullanilan yelken donanim boyutlar:
verilmistir. Diger tekneler icin olan yelken
donanim boyutlar1 tekne boyuna gore oran
alinarak elde edilmistir.

Yapilan hesaplama sonuglarindan elde
edilen veriler her bir riizgar hizina ve agisina
gore ayr1 ayr1 siniflandirilip incelenmistir.
incelemeler sonucunda goéziiktiigii lizere,
rizgar hizi ve acisindaki degisime bagh
olarak en iyi tekne performansinin elde
edildigi yelken donanimi da degismektedir.
Bu nedenle incelenen her bir tekne boyu
icin elde edilen sonuglar bahsi gecen her bir
riizgar hizive agisina gore siniflandirilmistir.
Yapilan smmiflandirma isleminin ardindan
tekne hizina, en iyi sonucu veren yelken
donanimlarindan %251 belirlenerek her
bir kosuldaki en iyi 20 adet yelken donanimi
ayri1 ayri tespit edilmistir. Elde edilen bu
sonuglarin ortalamalarindan yararlanilarak
her bir riizgar kosulu i¢in tekne boyuna
bagl tekne hiz performansin verebilecek
denklemler elde edilmistir. Sekil 2, Sekil
3 ve Sekil 4'te bu denklemlerin grafige
doniistirilmis hali gosterilmistir.

Belirlenen riizgar durumlarinda 9 ile
20 m boy araligindaki tekneler icin tekne
hizini veren denklem asagidaki (4) gibidir.

V=a*L,*+a,*L ,+a’ (4)

Denklem 4’te belirtilen a, a, ve a,
katsayilar1 Tablo 2’de her belirli rizgar
durumu i¢in sunulmustur.

Bayilma ag¢isinin hesaplanmasi ic¢in
de ayni yontem uygulanarak sonuglar
elde edilmistir Elde edilen sonuglara

Tablo 1. 14,25 m Boya Sahip Tekne I¢in Yelkenlerin Boyutlari

SL SPL SMwW E MGU MGM P BAS I ] LP
17,338 | 5,277 9,511 4,553 1,684 2,972 | 16,017 | 2,278 | 17,341 | 6,181 9,690
20,397 | 6,209 | 11,189 | 5,357 1,981 3,497 | 18,844 | 2,679 | 20,402 | 6,181 9,690
23,457 | 7,140 | 12,868 | 6,161 2,278 4,021 | 21,670 | 3,081 | 23,462 | 6,181 9,690
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Riizgar Hizi= 6 knot

95
g. |
8.5
S ® 45, bastan
L] g |
=
:.c & 20, bastan
i b
k= 5 ® 110, bastan
i
565 e 90 kigtan
= g e 120, kictan
5.5 o 140 kictan
5 | -
7 12 17 22
LOA (m)
Sekil 2. Riizgar Hizi 6 knot Icin Gemi Boyuna Gére Tekne Hizinin Degisimi
Rizgar Hizi= 12 knot
il
-EZH} @ 45, bastan
=
%’ g @ 90, bastan
T & 110, bastan
Lril)
£8 & 30 kictan
e
5 & 120 kictan
& 140, kictan
g | L I
ri 12 17 22

LOA (m]

Sekil 3. Riizgdr Hizi 12 knot Igin Gemi Boyuna Gore Tekne Hizinin Degisimi
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14 Bijzear Hizi= 20 knot

Tekna Hizi (Knot)
=

LOA (m)

GRS 5

@ 45, bastan
@& 90, bastan
¢ 110, bastan
& 0 kictan

& 120 kictan

¢ 120 kictan

17

g
Fd

Sekil 4. Riizgdr Hiz1 20 knot Igin Gemi Boyuna Gore Tekne Hizinin Degisimi

bagh olarak belirli riizgar durumlar igin
bayilma ag¢ilarilarini gésteren grafikler elde
edilmistir. Elde edilen bu grafiklerden yola
cikilarak bayilma acisinin hesaplanmasinda

Tablo 2. Tekne Hizini Hesaplamada Kullanilacak
Katsayilar

Ri:lzg?r RTA Balon a, a, a,
6 45 bastan 0,0019 0,0931 4,2849
6 90 bastan -0,0036 0,3213 4,154
6 110 bastan -0,0235 0,8686 0,5635
6 90 kigtan -0,0032 0,2625 4,4417
6 120 kigtan -0,0112 0,4942 3,1008
6 140 kigtan -0,0343 1,0725 -1,2935
12 45 bagstan 0,0091 -0,0174 5,6943
12 90 bastan -0,0104 0,5615 3,7687
12 110 bastan -0,0251 0,9701 1,6089
12 90 kigtan -0,0056 0,416 4,3904
12 120 kigtan -0,0166 0,714 3,3133
12 140 kigtan -0,0333 1,1384 0,8396
20 45 bastan 0,0071 0,089 5,0863
20 90 bastan -0,0193 0,8713 2,3848
20 110 bagstan -0,0238 1,0098 1,9673
20 90 kigtan -0,0163 0,7669 2,8058
20 120 kigtan -0,0224 0,9418 2,8294
20 140 kigtan -0,0287 1,1029 2,6986

kullanilan katsayilar elde edilmistir.

Belirlenen riizgar durumlarinda 9 ile 20
m boy araligindaki tekneler icin siiriiklenme
kuvveti ve bayilma agisini veren denklemler
asagida gosterilmistir.

Suriiklenme Kuvveti=

bl* LOAZ + b2 * L0A+ b3 (5)
Bayilma Acisi=
C1>k ]"OA2 +ctx Loa* € (6)

Denklem 5’teki bl, b2 ve b3 katsayilari
ve denklem 6’daki c, C, ve c, katsayilari
Tablo 3'te  belirtilmistir  Hesaplama
yapilmak istenilen riizgar hizi ve agisi
icin belirlenen katsay1 degerleri secilerek
denklemde yerine kullanildiginda o riizgar
durumundaki striiklenme kuvveti ve
bayilma agis1 degeri hesaplanmis olacaktir.

Yelken  donaniminin  boyutlarinin
belirlenmesi de, ayni1 sekilde her riizgar
kosulu icin tespit edilen sonuglarin en iyi
%?25’lik dilimi kullanilarak saglanmistir.
Daha 6nce her kosulda elde edilen verilerin
ortalama degerlerinden faydalanilarak
gemi boyuna bagh tekne hizi denklemleri
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3 Rizear Hiz = 6 knot
oy
£
5 5 @ 45, bastan
% @ 90, bastan
=15
E & 110, bastan
| =
.%,l 1 @ 30 kictan
= ® 120 kictan
& 0.5 &

& 130 kictan
D =
g 13 18 23

LOA (m)
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Tablo 3. Siiriiklenme Kuvveti ve Bayilma Acist Katsayilarint Hesaplamada Kullanilan Katsayilar

Ri:[zlgfr RTA Balon b, b, b, c, c c,
6 45 bastan 0,0064 -0,094 0,5907 -0,0928 2,658 1,6613
6 90 bastan 0,0092 -0,0699 0,3603 -0,0965 2,6562 2,8416
6 110 kigtan 0,0124 -0,175 1,1412 -0,466 13,557 -79,448
6 90 kigtan 0,0093 -0,1277 0,8867 -0,1312 3,4831 -3,2031
6 120 kigtan 0,0091 -0,1013 0,7057 -0,2539 7,1367 -31,546
6 140 bastan 0,0001 0,0942 -0,5649 -0,1062 3,0372 -16,012
12 45 bastan 0,0122 -0,1958 1,1924 0,0235 -0,5894 24,747
12 90 bastan 0,0243 -0,3847 2,5152 0,0422 -1,056 28,33
12 110 kigtan 0,0263 -0,3945 2,584 -0,0781 2,3353 4,453
12 90 kigtan 0,0193 -0,288 1,9381 0,0336 -0,8561 27,178
12 120 kigtan 0,0234 -0,3551 2,495 -0,0211 0,5468 18,486
12 140 bastan 0,0237 -0,3444 2,3819 -0,3089 8,6595 -41,424
20 45 bastan 0,0174 -0,2905 1,6783 0,0245 -0,6195 26,173
20 90 bastan 0,0358 -0,5828 3,6846 0,043 -1,186 30,944
20 110 kigtan 0,0404 -0,6389 4,0942 0,0546 -1,5095 33,366
20 90 kigtan 0,03 -0,4781 3,0735 0,0097 -0,2447 25,174
20 120 kigctan 0,0368 -0,5711 4,004 0,0588 -1,6003 33,452
20 140 bastan 0,044 -0,6831 5,031 -0,0152 0,4531 19,64
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her bir riizgar kosulu icin elde edilmisti.
Bu asamada ise 9,15; 14,25 ve 19,50 m
tekne boylarinda elde edilen bu ortalama
degerlerin tekne boyu sabit kalmak iizere
kendi icinde ortalamalar1 alinarak her bir
boy icin her riizgar kosulunda kullanimi
kabul edilebilecek bir yelken donanimi elde
etmekmiimkiin olmustur. Buislemdensonra
belirlenen yelken donanimlarindan yola
cikarak tekne boyuna bagl olarak kullanish
sayllabilecek  yelken = donanimlarinin
boyutlarinin  belirlenebilmesi  miimkiin
kihnmistir. SL, SPL, SMW, E, MGU, MGM,
P, I, ] ve LP yelken boyut parametrelerini
gosteren egriler Sekil 8’'de verilmistir.

Yelken donanim boyutlarin
belirlemekte kullanilacak denklemler ise
asagidaki gibi elde edilmistir.

Gemi boyuna bagl olarak SL degeri i¢in
SL=0,0542*L ,>-0,0661*L ,+8,6236 )

Gemi boyuna bagl olarak SPL degeri i¢in
SPL=0,0041*L,?-0,3295*L,+0,661 8)

Gemi boyuna bagl olarak SMW degeri i¢cin
SMW=0,0073*L,,2-0,5937*L,,+1,1914 (9)

Gemi boyuna bagh olarak E degeri i¢cin
E=0,0017*L,,>+0,3378*L,,+0,313 (10)
Gemi boyuna baglh olarak MGU degeri i¢in

MGU=0,0006*L,>+0,1249*L ,+0,1157 (11)

Gemi boyuna bagh olarak MGM degeri i¢in
MGM=0,0011*L,,?+0,2205*L,,+0,2043 (12)

Gemi boyuna bagh olarak P degeri i¢cin

P=-0,0124*L ,*+1,8012*L ,*-2,6874 (13)

Gemi boyuna bagh olarak I degeri i¢in
1=0,0542*L, ,2-0,0661*L,+8,6252  (14)
Gemi boyuna bagh olarak ] degeri i¢cin
J=0,4338*L,,-5E-14 (15)
Gemi boyuna bagh olarak LP degeri i¢in
LP=-1E-15*L,+0,68*L,,-3E-13 (16)
4. Sonuglar ve Oneriler

Elde edilen denklemler ile istenilen
tekne boyu icin yelken donanim boyutlar
belirlenmesi saglanmistir. Belirlenen yelken
donanimina ait teknenin hizini, bayilma
acisint ve tekneye etkiyen siiriiklenme
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Sekil 8. Tekne Boyuna Bagl Olarak Yelken Donanim Boyutlarinin Degisimi
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kuvvetlerini yapilan calisma sonucunda
elde edilen denklemler vasitasiyla
hesaplamak miimkiin kilinmistir. Elde
edilen tiim bu denklemlerden yararlanilarak
16 m ve 18 m boya sahip tekneler igin

olas1 sonuglar denklemler yardimiyla
tahmin edilmistir. Sonuclar programdan
alinan verilerle Kkarsilastirllmistir. Her

iki uygulama i¢in tekne hizi, bayillma
acis1 ve stiriiklenme kuvvetleri icin ayri
ayr1 yapilan hesaplama sonuglarima gore
toplam hata ortalamasi %1,75 civarinda
oldugu goriilmektedir. Sonu¢ olarak on
dizayn asamasinda kullanilmak {izere
uygun yelken boyutlarinin belirlenmesi
elde edilen denklemlerle miimkiin olabilir.
Bu denklemlerle Dbelirlenen yelken
donanimi icin tekne performani verilerinin
hesaplanmasi saglanmaktadir.

Ilerideki calismalarda, incelenen riizgar
hizi ve acisinin araliklarini siklastirip
elde edilen sonuclar regresyon analizi
ile yorumlanabilir. Tek bir denklemde
tekne boyu ve riizgar kosulu verilerini
girerek yatlarin performans degerlerinin
hesaplanmasini saglayan denklemler elde
edebilebilir.
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Abstract

Cybersecurity awareness has become an important issue in maritime transportation as well as in other sectors. In
this paper, after analyzing maritime cybersecurity literature, it is aimed to understand the factors of antecedents
and consequences of cybersecurity awareness in maritime domain by taking Turkish Maritime Sector as a case
study. Structural Equation Modeling is used for understanding the factors by validating a questionnaire data
from 211 maritime employees who graduated from the Department of Marine Transportation Management
Engineering and Marine Engineering in Turkey. It is found that (a) education is a significant factor in enhancing
the maritime cybersecurity awareness of employee’s and their attitudes towards cybersecurity; (b) cybersecurity
incidents or experiences significantly influence employee’s cybersecurity awareness and their behavior; (c)
maritime cybersecurity awareness significantly affects secure user behavior. In addition, results showed that rules
and policies with information sharing do not have any significant effect on cybersecurity awareness and on the
development of secure employee behavior.

Keywords: Cybersecurity awareness, Maritime sector, Secure behavior, Factor analyzing.

Deniz Siber Giivenlik Bilincinin Onciilleri ve Sonugclar: Tiirkiye Denizcilik Sektorii icin Bir
Vaka Calismasi

Oz

Siber giivenlik farkindaligi, deniz tasimaciliginda ve diger sektérlerde 6nemli bir sorun olarak ortaya ¢cikmaktadir.
Bu ¢alismada, deniz alaninda siber giivenlik ile ilgili caismalar analiz edildikten sonra, Ttirk Denizcilik Sektorti
bir érnek olay incelemesi olarak alinarak denizcilik alanindaki siber gtivenlik farkindaliginin énciil faktérlerinin
ve sonuclarinin anlagiimast amaclanmistir: Yapisal Esitlik Modellemesi, Tiirkiye'nin Deniz Ulastrma Isletme
Miihendisligi ile Gemi Makineleri Isletme Miihendisligi béliimlerinden mezun 211 denizcilik calisanindan elde
edilen anketverilerini analiz ederek hipotezleri dogrulamak icin kullanmimigstir: Yapisal Esitlik Modelinin sonuglarina
gére; (a) egitimin, deniz calisanlarinin siber gtivenlige yonelik dogru davranis gelistirebilmesi icin siber gtivenlik
farkindaligini etkileyen onemli bir faktor oldugu; (b) siber gtivenlik olaylarinin veya deneyimlerinin, ¢calisanin
siber gtivenlik farkindaligint ve davramslarini énemili élgtide etkiledigi; (c) deniz siber gtivenlik farkindaliginin,
gtivenli kullanict davramisini énemli élgtide etkiledigi sonuglari ortaya cikmistir. Ek olarak, bilgi paylasimi ve kural
ile politikalarin diger sektorlerde oldugunun tersine denizcilik sektériinde calisanlarin siber giivenlik farkindaligi
ve gtivenli davranig gelistirmesi tizerinde 6nemli bir etkisi olmadigi sonucuna varilmigtir:

Anahtar Kelimeler: Siber giivenlik farkindaligi, Denizcilik sektort, Giivenli davranis, Faktor analizi.
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1. Introduction

The prefix “cyber” is a common term that
isused fordefininginformationtechnologies
including computer and internet. The
International Telecommunication
Union describes “cybersecurity” as all
technologies and procedures that include
hardware, software, policies, security
concepts, protection measures, guidelines,
risk management approaches, precautions,
education and applications for cyber space
and related individuals and organizations.
In the literature, there are also several
definitions for cybersecurity. For example,
National Initiative for Cybersecurity
Careers and Studies [1] explains the term of
cybersecurityasthe state, capability, process
which information and communications
systems are protected from unauthorized
modification and defended against damage.
The National Institute of Standards and
Technology [2] defines cybersecurity as
the process of protecting information by
frustrating, specifying, and replying to
attacks. Cyber Strategy for Norway (ENISA)
defines cybersecurity as the protection of
data and systems connected to the Internet
[3]. In addition, it is seen that multiple
cybersecurity definitions have been given
in national security policy agendas of
the countries [4]. The common point of
these definitions is that an end user is the
essential agent in cybersecurity due to
his/her role in preventing, detecting and
responding to a cyber-attack. Accordingly,
it can be concluded that cybersecurity
is a user-centered concept which needs
adoption of secure behavior against cyber
vulnerabilities and attacks. For instance,
VMWARE report [5] indicated that an
average of 100 cyber-attacks per year
had been experienced by the companies
whose IT security teams could not diagnose
98% of them. Global Risks Report [6] also
stated that a big number of cyber-crimes
were not discovered every year because
it was difficult for end users to realize

the existence of an illicit access to cyber
systems. Cybersecurity Intelligence Index
[7] presented that 95% of all security events
were caused due to human factor based
errors. In this point of view, cybersecurity
awareness has become an important
challenge for sustainable information
transaction in the digital world for end
users both at home and at work.

Regarding cybersecurity awareness at
workplace, since end users are employees
themselves, they are important agents for
ensuring the security of cyber physical
system and protecting the information they
process. Human-based vulnerabilities such
as using weak passwords, opening unknown
e-mail attachments, ignoring risks resulted
by wireless systems and mobile devices
at work can end up with cyber-attack
[8]. Accordingly, cybersecurity incidents
are resulted by the acts of employees
that originate from inadvertency and not
being aware of cybersecurity policies and
procedures. Hansche [9] stated that threats
to equipment, stored information, open
networkenvironmentsduringcybersecurity
incidents should be comprehended by the
employees. Rezgui and Marks [10] found
that conscientiousness, cultural beliefs
and social conditions had impact on staff
behavior and attitude toward information
security awareness. Consequently,
cybersecurity awareness programs
should be established as tailor-made since
organizational dynamics and employees’
approaches can be different for each work
environment. Accordingly, understanding
theantecedentsforcybersecurityawareness
and investigating the consequences of
cybersecurity awareness are empirically
important from a managerial point of view
to ensure cybersecurity in workplace.

In the foregoing circumstances,
determinants of cybersecurity awareness
and its mediating effect on end users’
behavior should be investigated for the
maritime sector. The literature shows
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us that researches about cybersecurity
awareness have mostly been studied for
finance [11], education [12] and aviation,
[13] while it is seen that there is a lack of
studies for the maritime sector.

The maritime transportation sector
includes navigation, communication and
executionsystemsthatfallundertheinternal
network of the vessel, and the information,
communication and technology systems
used in the communications of the vessel
with the company [14]. The studies indicate
that cybersecurity has been a new subject
matter recently taken into consideration
by large organizations such as IMO, BIMCO,
DNV-GL. A limited number of researches
done in cybersecurity awareness for the
maritime sector shows that the maritime
sector has a high level of cyber risk and low
level of cybersecurity awareness profile
[15,16,17,18].

Consequently, the main aim of this
study is to investigate the antecedents and
consequences of cybersecurity awareness in
the maritime sector to provide a behavioral
model for cybersecurity management
processes in maritime sectorial companies.

2. Background

Providing cybersecurity by overcoming
the risks enables effective operations in
organizations. Realizing vulnerabilities
and developing pre or post actions are
socio-technological functions which
require interactive coordination of the
personnel and cyberspace interfaces. Thus
personnel as end users in companies are
of vital importance although they can be
also defined as the weakest members of
security measures. For example, Vroom
and Solms argue that the number of the
security events related to the individuals
inside the institution surpasses the
number of security violations related to
the individuals outside, and this shows
that the employees pose an enormous
threat for the wellbeing of the company

[19]. Since human factor has arisen as an
important issue for ensuring cybersecurity,
the industries which are directly related to
human element can be under much more
risks than the other sectors. In this context,
from the perspective of cybersecurity,
maritime transportation industry becomes
a hot spot as %90 of the maritime accidents
have occurred due to human-related errors.
When incidents and the penetration test
related with cybersecurity in the maritime
sector is evaluated, it has been seen that
lack of awareness and lack of capability
to develop secure behavior are important
factors for the occurrence of cybersecurity
breaches. When looking at responsible
persons who are active in related cyber
space, it is understood that they are
not aware of the protection measures
directed against the system [15,17, 20,
21]. Accordingly, we can conclude that
maritime transportation is a sector which
has high level risk and low level awareness
in terms of cybersecurity. This fact was
also supported by European Network
and Information Security Agency as they
presented seven major deficits in term of
maritime cybersecurity, as follows [20]:

e Low awareness and focus

e Complex structure of Maritime systems

e Absence of holistic management
approach in national and international
context in the maritime field

e Inadequacies’ related to security of
cyber space in maritime regulations

e No holistic understanding of
cybersecurity

e Lack of economic incentives and
initiatives for work to increase the
cybersecurity in the maritime sector

e Lack of incentives to motivate work

On the other hand, some other
researches have dealt with understanding
the cybersecurity awareness level in
organizations. For example, Share Your
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Smart Shipping Insights’ survey was
conducted by SAFETY4SEA [17] and it
was assessed that whether stakeholders
of maritime sector have been aware of
the current and future smart shipping
difficulties and have installed the
Autonomous Shipping and Future Trends,
nature of ECDIS & e-Navigation and Cyber
Safety/ Cybersecurity in shipping. Bolat et
al. has also done a cyber-security awareness
perception survey to 256 participants in
Turkish Maritime Sector and they found
that the lack of regulations brings low
cybersecurity awareness and cybersecurity
awareness training would be an important
action for maritime transportation industry
[15]. Netherland Maritime Technology also
emphasized that education and awareness
were important for the protection and
presentation process of maritime network
systems against cyber threats [21]. They

Table 1. Hypothesis

also presented that maritime employees
should be aware of both cyber risks and
secure behavior.

3. Hypothesis Development
3.1 Antecedents

Some studies have dealt with
cybersecurity through analyzing situational
awareness which includes cognitive studies
[22, 23, 24, 25] while some others have
studied behavioral aspects to understand
general cybersecurity awareness in
organizations [26, 27, 28]. In this paper, we
also aimed to understand the antecedents
and consequents of general cybersecurity
awareness among maritime employees,
which are shown in Figure 1 and Table 1.

From behavioral aspect, antecedents
of cybersecurity awareness can be
distinguished as impact of education and
training, sharing information, rules and

HYPOTHESIS

individuals in maritime sector.

H1: Education and Training on cybersecurity positively impacts level of cybersecurity awareness (CSA) of

sector.

H2: Rules and policy developed for cybersecurity positively impacts level of CSA of individuals in maritime

sector.

H3: Information sharing about cybersecurity has positive effects on level of CSA of individuals in maritime

H4: Experienced cybersecurity incidents positively impact the level of CSA of individuals in maritime sector.

H5: Cybersecurity awareness positively impacts adoption of secure behavior in maritime sector.

Education & Traiming
(EDL)

Rules & Policy

(RULPOL)

Information Sharing

¥ r

Cyber Attack

Experiences (CAE)

Figure 1. Hypothesis Scheme

Cyber Security

= Awareness

(CSA)

Adoption of
Secure User

Behavior

(SUB)
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policies and experienced cyber-attacks
while cybersecurity awareness mediates
developing secure behavior [12, 29, 30,
31, 28].

Haeussinger and Kranz found that
education and training programs
about cybersecurity have mediated by
cybersecurity awareness to maintain
intention to develop secure behavior
[12]. Bada and Sasse also emphasized
that cybersecurity awareness education
should be targeted, actionable, doable
as awareness should be integrated
with attention and knowledge and has
to be properly organized [26]. There
are also multifarious studies in the
literature on the measures to be taken
to affect successfully the behaviors and
awareness of the users in this respect.
For instance, Lund and Aarg argued that
programs that combined with various
measures such as information campaigns,
trainings, rewards, technological /
physical precautions, regulations and
implementation, had the most positive
effect on risk behaviors [32]. Dodge et
al. evaluated the responses of the users
for an e-mail phishing attack with an
uninformed test [33]. They found that the
effectiveness of cybersecurity awareness
raising programs affected the security
awareness of the participants and
provided a promising feedback.

Regarding the maritime transportation
industry, education and training has
already been used to meet the minimum
requirements of STCW and maritime

safety and security awareness. In
this context, we can obtain following
hypothesis;

H1: Education and Training on

cybersecurity positively impacts level
of cybersecurity awareness (CSA) of
individuals in the maritime sector.

Rules and Policy can be other
antecedent of cybersecurity awareness.
Herath and Rao stated that information

security policies could be dependent
on organizational, environmental and
behavioral factors [29]. Clutch has
reported that although companies
have adopted cybersecurity policies, a
significant number of employees are not
aware of these policies and associated
threats [34]. They also noted that
cybersecurity policies would enhance
cyber awareness and cybersecurity
measures of the company. In the
maritime domain, the fact “policies and
rules drive awareness” is also a valid
statement. Codes and conventions for
maritime transportation which has been
put into force by International Maritime
Organization (IMO) aim to increase
awareness on a specific maritime subject
such as safety and security issues by
focusing on standardizations and taking
precautions. Therefore:

H2: Rules and policy developed for
cybersecurity positively impacts the level
of CSA of individuals in the maritime
sector.

It has been known for some time that
the most important factor in increasing
information security is to gather, analyze
and share information about actual
or unsuccessful attempts in computer
security violations. In this respect,
the federal government of the USA
promoted the establishment of sector
based Information Sharing and Analysis
Centers (ISACs) [35]. The ISACs facilitate
the sharing of information of their
members about their efforts to increase
and maintain the security of their cyber-
infrastructures [30]. Safa and Solm
introduced that information sharing plays
animportantrole due to its positive effects
on the information-security awareness
of the employees [36]. Regarding the
maritime sector, information sharing
and cooperation is also becoming an
important implementation way for
maritime safety and security solutions
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[37]. Enterprises Shipping Trade
emphasized that information sharing has
been a continuous effort for enhancing the
value between the maritime companies,
the ships and the other stake holders.
Information sharing is a triggering factor
for high level effectiveness of dynamic
environment of maritime infrastructures
[38]. Therefore, we hypostatize that:

H3: Information sharing about
cybersecurity has positive effects on the
level of CSA of individuals in the maritime
sector.

Vaneechoutte stated that awareness
itself is also an experience which results
from the filtering and processing of the
several possible experiences going on in
our bodies and brains [31]. According to
Kapatker for learning about awareness,
it is required to understand experiences
[39]. He launched its industrial
cybersecurity program with a philosophy
awareness by experience. Therefore,

H4: Experienced cybersecurity
incidents positively impacts the level of
CSA of individuals in the maritime sector.

Development of secure behavior is
the consequence of gaining cybersecurity
awareness. D’Arcy and Hovav claimed
that awareness of end users is a
determinant for obtaining secure systems
as the behavior of end users have been
required for implementing the security
countermeasures [40]. Safa et al. found
that information security awareness and
attitude towards information security
have direct effects on the user’s behavior
[41]. Accordingly,

H5: Cybersecurity awareness
positively impacts adoption of secure
behavior in maritime sector.

4. Research Method

The research method is examined
in three parts which are data collection
method, sampling group and analysis and
findings.

4.1. Data Collection Tool

"Five Point Likert Type Survey" method
was used to understand antecedents
and consequences of cybersecurity
awareness amongst maritime employees
in Turkey from the perspective of
organizational management. Antecedents
and consequences of cybersecurity in
the maritime sector were assessed by a
questionnaire which were formed from
similar questions in various sources of
literature [47,48,49,50,51,52] and based
on our own expertise and experience,
shown in Appendix, with 37 statements
on a 5-point Likert scale compose from
strongly disagree (1) to strongly agree
(5). The survey consists of six sections as
The Awareness of Cybersecurity - CSA,
Developing Secure User Behavior - SUB,
The Education related with Cybersecurity
- EDU, Company Rules and Policies
about Cybersecurity - RULPOL, Sharing
of Cybersecurity Information - IS, The
Influence of the Cyber Attack Experiences
- CAE.

The proposed research model was
empirically tested using the survey
methodology. Analysis of questionnaire

responses involve identifying the
effectiveness of model structure,
determining which items of the

questionnaire should be involved or not,
and evaluating the validity and reliability
of the data. Likert-type questions include
an expression with an attitude or opinion
on the topic being searched, and options
indicating the level of participation in
that statement [42].

4.2. Sampling Group

The questionnaire survey was
implemented to the participants via
internet [43] and hardcopy.

The target group of this study consists
of maritime transportation engineers
and marine engineers, for about a 15000
population size [55], in Turkish Maritime
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Industry who are working either on sea
side or shore side with minimum 1-year
sea experience.

In this study, the questionnaire was
done by 212 participants. One of them
has been omitted because of dual answers
for the questions. Hence, 211 engineers
have constituted the sample group of the
study:.

In the literature, it can be seen that
some research claimed that simple SEM
models could be meaningfully tested even
if sample size is quite small [58, 59, 60],
but usually, N = 100-150 is considered
the minimum sample size for conducting
SEM [61;64]. Some researchers consider
an even larger sample size for SEM, for
example, N = 200 [65, 66, 67]. Simulation
studies show that with normally
distributed indicator variables and no
missing data, a reasonable sample size for
a simple CFA model is about N = 150 [68].
In this context, the sample size of this
study (211) is adequate number for SEM.

Besides, in the literature, it is found
that an "acceptable" margin of error
used by survey researchers falls between
4% and 8% at the 95% confidence level
[56]. The sample size of the study (211)
is higher than 105 and 149 which were
obtained for 8% margin of error with 90%
and 95% confidence level respectively
[57]. Consequently, the sample size 211 is
convenient for a population size of 15000
for 6.70% margin of error with 95%
confidence level.

The majority of total participants
(%89) were male. Approximately %38 of
participants aged between 35 and over.
Besides, %24 of the participants had
experience in the maritime sector for
more than 16 years.

4.3. Analysis and Findings

Structural equation modeling (SEM)
method was implemented to discover the
relationships among the structure in the
proposed model. SEM is used to prove the
structural model. Particularly, proposed
model was examined and the overall fit
was evaluated by use of the maximum
likelihood method in Amos.

In the proposed model, six potential
structures and their observed variables
were measured. To evaluate the
reflective structure in the measurement
model, structure validity, reliability and
discriminant validity were examined.
First, principal component analysis was
performed to define and to affirm the
different factors under each structure
in the model. Especially, exploratory
factor analysis (EFA) was carried out by
using the IBM SPSS Statistics version
24.0. To analyze the factor out among
the six factors in the model, EFA using
principal-component factor analysis with
Varimax rotation was conducted. The
results showed that the six factors have
eigenvalues greater than 1. After that, CFA
was performed to prove the factors under
each veiled variable with SEM via AMOS.

Table 2. Descriptive Characteristics of Cybersecurity Perceptions

Cybersecurity Perception Items Mean (SD) | Median Min Max Cronbach's Alpha
Cybersecurity Awareness 6 2.91(.62) 3 1.98 3.83 71
Secure User Behavior 7 2.92 (.62) 3 2.56 3.27 91
Education 9 2.27 (.23) 2 2 2.50 .96
Rules and Policies 7 2.62 (.02) 2.71 2.36 2.74 95
Information Sharing 3 2.39 (.02) 2.33 2.28 2.56 .89
Cyber Attack Experiences 5 3.30 (.03) 3.60 3.08 3.45 95
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Cronbach’s Coefficient Alphas of six
dimensions (cybersecurity awareness,
secure user behavior, education, rules
and policies, sharing information, cyber-
attack experiences) were in the desired
range (.7-.9), presented in Table 2. As
a result of this, it is claimed that both
the structure validity and the structure
reliability of our model are desirable.

Correlation matrix, presented in
Table 3, showed reliability of the items,
reflective measures and correlation of 6
variables. The dimension “cybersecurity
awareness” was moderately associated

level of p < 0.001 with acceptable accent
(>0.50, optimum level is >0.70) except
CSA2 and CSAS for our model. The results
showed that the convergent validity of
measurement is good for our model.
When CFA with structural equation
model was established according to EFA
results, it was found that information
sharing factor is not needed as items
of information sharing (IS) factor have
been matched with the rules and policy
(RUL&POL) factor due to the same factor
loading categories. On the other hand,
two items, CSA 2 and CSA 5, have been

with  “sharing information”. The removed from SEM as they have very
dimension “secure user behavior” was low factor loadings (,071 - ,172). The fit
moderately related to “education” statistics of the constructional model is

and “rules & policies”. The dimension

reported in Table 5. Criteria of Indicators

“education” was significantly related which shows acceptable values for CFA
to “rules & policies” and “sharing are presented in Table 6.

information”. And dimension “rules and Calculating the path coefficients
policies” was essentially associated with ~ which show the strength of the

“sharing information”. All relationship
between dimensions were positive hence
they were being directly proportionate
to each other.

EFA results with principal-component
factor analysis by Varimax rotation
presented in Table 4. As Kaiser-Meyer-
Olkin (KMO value) is ,919 and Bartlett’s
Test of Sphericity significance value
,000, EFA is valid. All estimated factor
loadings are important at the significant

relationships between the independent
and dependent variables takes partin the
test of the constructural model. The path
coefficients are regression coefficients.
The coefficients between the variables in
Figure 2 show the relationship between
those variables. The coefficients between
the main variables are shown as estimate
values in Table 7. In Figure 2 and Table
7, the aggregation of relationship for the
structural model is supplied.

Table 3. Inter-dimensional Spearman’s Correlation

Awareness Safe Ufer Education Rule.s ?nd Sharing
Behavior Policies Information
Cybersecurity Awareness 1,000
Secure User Behavior ,405%*
Education ,298%** ,413%*
Rules and Policies ,313** ,366%* ,630%*
Sharing Information ,369%* ,342%* ,598%** ,749%*
Cyber Attack Experiences ,235%* 0,152 0,110 ,233%* ,324%*
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Table 4. Results of EFA

Indicator

Component

3 4

Cybersecurity Awareness (CSA)

CSA1

CSA2

CSA3

CSA4

CSAS

CSA6

Secure User Behavior

SUB1

SUB2

SUB3

SUB4

SUB5

SUB6

SUB7

Education

EDU1

EDU2

EDU3

EDU4

EDUS

EDU6

EDU7

EDU8

EDU9

Rules &Policy

RUL&POL1

,800

RUL&POL2

,840

RUL&POL3

,804

RUL&POL4

RUL&POL5

RUL&POL6

RUL&POL7

Information Sharing

IS1

1S2

IS3

Cybersecurity Experiences

CSE1

CSE2

CSE3

CSE4

CSE5
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Table 5. CFA Indices Results

Indices CMIN /Df RMSEA CFI GFI NFI
Results 1.852 0.064 0.930 0.786 0.861
Acceptable- Acceptable Acceptable Acceptable Reasonable Reasonable
Inacceptable
Situation

Table 6. Criteria of Indices

Indices Criteria of Indices Source
(Acceptable Values)
Chi square / Degrees of Freedom (CMIN /Df) <2.00 0or 3.00 [46]
Root means square error of approximation (RMSEA) <0.08 [44]
Comparative fit index (CFI) >0.90 [44]

> 0.90 (Acceptable)
0.80-0.89 (Reasonable)

Normed fit index (NFI) >0.90 [46]

Goodness of fit index (GFI) [45]

(Notes: EDU; Education, RULPOL; Rules and Policy, CAE; Cyber Attack Experiences, CSA; Cybersecurity Awareness, SUB; Secure
User Behavior)

Figure 2. SEM with Standard Estimates
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Table 7. Test Results of Structural Equation Model

Estimate S.E. C.R. P
CSA <--- EDU ,310 ,088 3,539 ok
CSA <--- RULPOL ,084 ,106 , 796 426
CSA <--- CAE ,171 ,061 2,799 005
SUB <--- CSA 453 ,073 6,176 ok

5. Discussion

The results confirm that (a) education
is a significant factor in enhancing the
maritime cybersecurity awareness
for  employee’s behavior towards
cybersecurity; (b) cybersecurity incidents
or experiences significantly influence
employee’s cybersecurity awareness and
their behavior; (c) maritime cybersecurity
awareness significantly affect secure

user behavior. On the other hand, rules
and policy items were combined with
information sharing items and hypothesis
related with them (H2 - H3) were rejected,
shown in Table 8.

The structural equity model was
established again with the hypotheses
supported in Figure 3, and their
compliance levels and estimate values are
shown below.

Ja

(Notes: CMIN/DF; 1.659, RMSEA; 0.056, CFI; 0.961, GFI; 0.860, NFI; 0.908)

Figure 3. Final Model
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Table 8. Summary of Hypothesis

Hypothesis Estimate S.E C.R P Result
H1 ,310 ,088 3,539 Fkk Supported
H2 & H3 ,084 ,L106 ,796 426 Not supported
H4 ,171 ,061 2,799 ,005 Supported
H5 ,453 ,073 6,176 Fkk Supported
6. Conclusion Draft Version 1.1, National Institute
Recently, an increasing number of Standards and Technology, January,
of studies are being conducted, as 2017.

cybersecurity has emerged as a new topic in
maritime sector. This naturally reveals that
there are numerous aspects of the issue yet
to be addressed. The analysis of the factors
that affect the cybersecurity awareness in
the maritime sector has not been conducted
until now. Accordingly, the results obtained
in this study are believed to yield both
academic and industrial benefits.

Considering that the IMO has granted
a time of respite to the ship managers
and ship owners until 2021 to become
ready for the cybersecurity risks in the
vessels, we believe that this study would
serve as a guideline for the ship managers
and ship owners both industrially and
administratively. They would know that
they should start with raising awareness
on cybersecurity in their personnel. In
addition, they would see that education
and experience are important topics in
providing cybersecurity awareness in their
personnel, and they would evaluate how to
invest for this issue. Ship managers and ship
owners, who perceive that cybersecurity
awareness results in secure user behavior,
would successfully deal with cybersecurity
issues, which are new to the maritime
sector with many gaps to fill.
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Appendix
Survey Items

The Awareness of Cybersecurity - CSA (whether [ am aware that...)

CSA1 I have responsibilities in the security measures taken for the information systems using
in the maritime sector

CSA2 There are cybersecurity vulnerabilities in the information systems used in the maritime
industry

CSA3 I need to devote some time to solving cybersecurity problems in the information systems
using in the maritime sector

CSA4 There are the recommended solutions for security problems of information systems used
in the maritime sector

CSA5 There may be cyber-attacks on the information systems used in the maritime industry

CSA6 I may have encountered cyber-attacks on information systems using in the maritime

industry

Developing Secure User Behavior - SUB (whether [ am willing to...)

SUB1 To understand terms related to information systems used in maritime industry

SUB2 To follow the rules and regulations on the information systems used in the maritime
industry

SUB3 To manage firewalls for the information systems used in the maritime industry

SUB4 To implement strong security policies for the information systems used in the maritime
industry (difficult to solve passwords, antivirus systems ... etc)

SUB5S To understand the ways in which cyber-attacks can be done for the information systems
used in the maritime industry

SUB6 To detect and prevent cyber-attacks against information systems used in the maritime
sector

SUB7 To take security measures of computer-based systems, removable devices, e-mail

systems, and the Internet / satellite network of the ship used in the maritime industry

The Education related with Cybersecurity - EDU (Whether it is enough to / for...)

EDU1 To teach information technology in vocational education

EDU2 For the seafarers working at maritime company to be given information about the results
of their access to unauthorized computer systems

EDU3 For seafarers working at maritime company to be educated about the cybersecurity
vulnerabilities that can occur during the use of the internet network

EDU4 For seafarers working at maritime company to be informed about the ways to attack the
ship against the ship information and communication system

EDUS To provide training for seafarers in maritime company about their responsibilities for
security of information technology.

EDU6 For the seafarers to be trained in order to determine the incidents of cybercrime that
might occur in the company

EDU7 To provide training on how to report actual cyber events to computer systems on board

EDU8 To provide training on security measures and technologies related to the computer
systems used in maritime company's vessels

EDU9 To provide training to evaluate the security technologies that work with computer

systems used in maritime company's ships
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Company Rules and Policies about Cybersecurity - RULPOL (whether it is sufficient to...)

RULPOL1 To conduct a security assessment against the cyber-attack against the information and
communication technology systems on board

RULPOL2 To carry out a security plan against the cyber-attack against the information and
communication technology systems on board

RULPOL3 To implement the information and communication technology policies for the vessel

RULPOL4 To apply the password creation policy which is hard to break, to predict the usage of
information and communication technology on board

RULPOL5 To have experts check the deficiencies of the information and communication technology
of vessels

RULPOL6 To have written procedures (guide, instruction, booklet ...) for the use of the information
and communication technology of ships

RULPOL7 To apply penal sanctions to the seafarers who does not comply with the security rules of

the ship

Sharing of Cybersecurity Information - IS (whether it is enough to / for...)

IS1 To inform vessels about the cyber-attacks occurred in maritime sector

1S2 To share developments in information and communication technologies in the maritime
area with vessels

1S3 For the seafarers to be informed of the action plan to be implemented in emergency

situations related to the cybersecurity on a ship

have an impact on..

The Influence of the Cyber Attack Experiences - CAE(whether cyber-attacks against ICT systems on vessels

)

CAE1

Habits about using these systems

CAE2 Frequency of security checks of these systems

CAE3 Desire to learn the necessary preventive measures for these systems
CAE4 Ability to use these technologies

CAES Ability to follow the developments in cybersecurity
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Maritime Education for Energy Efficiency (MarEd) Project

The project titled as “Maritime Education for Energy Efficiency - MarEd” brings innovative
approach to ship energy efficiency training and assessment. The project has been implemented
with the support of Turkish National Agency and funded by European Commission under the
framework of Erasmus+ KA2 Cooperation for Innovation and the Exchange of Good Practices,
KA202 Strategic Partnership for vocational education and training. The actions under this
program make it possible for organizations from different participating countries to work
together, to develop, share and transfer best practices and innovative approaches in the fields
of education, training and youth. Within the scope of KA202 Strategic Partnerships Supporting
Vocational Education Innovation in 2018, among the 199 proposal only 13 projects were
supported by Europe. MarEd Project was awarded 162 thousand euros.

About Us

The project is coordinated by Istanbul Technical University (ITU) with a consortium of private
companies, public bodies, universities and classification society from Turkey, United Kingdom
and Greece, who all have an extensive experience within the maritime sector.

Project coordinator is Dr. Elif Bal Besikgi, and ITU project team is composed of Prof. Dr. Ozcan
Arslan, Dr. Firat Bolat, Res. Asst.Esma Uflaz.

The kick-off meeting of the project MarEd (Maritime Education for Energy Efficiency) was
held in January 7, 2019 in Tuzla, Istanbul, Turkey. The meeting was hosted by Maritime Faculty
of Istanbul Technical University. The representatives from the project partners focused on the
details of project management and implementation, project activities and task, intellectual
outputs during the first transnational project. The project second partner meeting held on 17-
18th May 2019 at University of Strathclyde in Glasgow. The third Meeting will be hosted by Orka
Bilisim on 31 October 2019 in Istanbul/Turkey.

Our Partnership
University of Strathclyde (United Kingdom)
Calmac Ferries LTD (United Kingdom)
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Tiirk Loydu (Turkey)
Orka Informatics (Turkey)
A.P&A Limited (Greece)

What we aimed?

The MarEd (Maritime Education for Energy Efficiency) project will offer such training for
the correct application of the international regulations for ship-energy efficiency in order to
fill energy skills gaps and barriers within the education system of seafarers and shore-based
personnel. There are a huge variety of training resources on ship energy efficiency existing to
teach the concepts of the rules. However, there is still an important variation between what
is taught and what is really applied at sea in real time by energy efficiency dedicated staffs in
shipping companies.

This project will focus on these skills gap between the world of work and the world of
education and we aimed;

1) Identifying of ship energy efficiency barriers and developing of decision-making tools
that shipping industry can understand of how shipping companies fail to improve their work with
energy efficiency e i.e. what barriers or constraints may exist and evaluate the priority of energy
efficiency barriers against high fuel prices and carbon emissions of ship energy consumption
areas that could be controlled by ship operators.

2) Examining current levels of awareness, knowledge and motivation towards carbon
emissions in general, shipping carbon emissions, and towards making operational changes by
ship operators, including seafarers and shore-based personnel and the differences between
theory and real application in a questionnaire-led needs analysis and information based on the
investigation of past ship energy efficiency implementations.

3) Developing an online module for the best action possible and most realistic way of
implementing ship energy efficiency measures for all type of ships considering the existing
technologies and tools on board a ship or a shipping company, and other various stakeholder's
involvements.

4) Designing an assessment tool that supports the staff with a genuine certificate for
newly skill acquisition. The MarEd (Maritime Education for Energy Efficiency) project offers
tailor-made training programs for various types of vessels and shipping companies. The training
will have phases (basic to extended knowledge) to teach seafarers and shore-based personnel
working on different level of a job.

Project Deliverables
MarEd has been implemented to develop innovative deliverables (intellectual outputs) in
Energy Efficiency training and assessment:

MarEd Online Training Course;

This output will be led by Istanbul Technical University with support from all partners. The
MarEd online Training Course will be designed for seafarers, shore-based personnel including as
well as maritime students. The Training Modules will make references to ship energy efficiency
rules and regulations adopted by IMO to MARPOL Annex 6 and use the best of the experience
activities of the implementation of ship energy efficiency. The Training Modules for each level
of jobs and type of vessels/shipping companies will also cross reference the IMO requirements.

MarEd Online Assessment Tool;
University of Strathclyde will be in charge of validating and testing of both online training
course and assesment tool and organizing pilot education programme to their students.
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Maritime Health Trainings for Seafarers and Doctors (MariHEALTH)

ITU Faculty of Maritime Erasmus + Vocational Training Program 2019 Main Action 2 -
Strategic Partnerships Vocational Education Strategic Partnerships Project that Supports
Innovation was accepted. The MariHEALTH “Maritime Health Trainings for Seafarers and
Doctors” of ITU Maritime Faculty was supported by the EU Erasmus + Program. The actions
under Erasmus+ KAZ make it possible for organizations from different participating
countries to work together, to develop, share and transfer best practices and innovative
approaches in the fields of education, training, and youth.

MariHEALTH is an innovative project that is planned to last 24 months for health
education practices in the maritime sector. Itis coordinated by Istanbul Technical University
Maritime Faculty. Within the scope of KA202 Strategic Partnerships Supporting Vocational
Education Innovation in 2019, 233 projects were among, 35 projects supported among the
applications and MariHEALTH is awarded 211 thousand Euros.

The project coordinator is Assoc. Prof. Emre Akyliz and the project team;

Prof. Dr. Oguz Salim Ségiit, Prof. Dr. Ozcan Arslan, Dr. Elif Bal Besikgi, Res. Ass. Esma
Uflaz.

Project Partners;

1.  University Of Strathclyde (UoS), UK

2 Orka Informatics, Turkey

3.  General Directorate of Health for Border and Costal Areas, Turkey

4 Universitatea Maritima Din Constanta, Romenia
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5. A.P. & A. Poland Limited, Poland
6. The Union of Chambers of Turkish Engineers and Architects (UCTEA), Chamber of
Marine Engineers (Turkey)

Project objectives;

Maritime profession, due to the diversity of risks involved and harshness of working
conditions at sea, is acknowledged to be among one of the most dangerous professions in
the world. Providing emergency medical treatment on-board ships at sea can be difficult
due to the limited available medical resources and competence of onboard medical
personnel. Maintaining optimum medical conditions for seafarers can be directly effective
in preventing risks related to safer navigation at sea The project aims at defining knowledge
gaps of health professionals and determining potential requirements of medical training. In
order to enhance the medical ability of seafarers and maritime doctors, three key distance
learning modules will be developed in MariHEALTH project to train seafarers (officers
and ratings) and maritime doctors. The project will provide elementary first aid distance
training program for ratings and advance medical distance training program for officers to
improve their first aid skills and medical knowledge as well as keeping them up to date. The
maritime doctors will be trained to enhance awareness for the health risks of seafarers and
also to increase familiarization associated with the shipboard working environment. At the
end of the project, besides training modules for seafarers and maritime doctors, a mobile
phone application of MariHEALTH (app) training platform will also be created to enable
easy accessibility for seafarers, maritime doctors, and maritime professionals.
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Strengthening Synergies Between Aviation and Maritime Factors to Achieve More
Efficient and Resilient MODES of Transportation (SAFEMODE) Project

“Strengthening Synergies Between Aviation and Maritime Factors to Achieve More Efficient
and Resilient MODES of Transportation (SAFEMODE)” project was funded under EU Horizon
2020.

Horizon 2020 is the biggest EU Research and Innovation program which is the financial
instrument implementing the Innovation Union, a Europe 2020 flagship initiative aimed at
securing Europe's global competitiveness. Seen as a means to drive economic growth and
create jobs, Horizon 2020 has the political backing of Europe’s leaders and the Members of the
European Parliament. They agreed that research is an investment in our future and so put it at
the heart of the EU’s blueprint for smart, sustainable and inclusive growth and jobs.

The SAFEMODE project falls under the Work program, “Spreading Excellence and Widening
Participation” and addresses the specific challenges described in the H2020-WIDESPREAD Call
for Twinning.

Deep Blue SRL from Italy is the project coordinator and SAFEMODE Project is planned to last
for 36 months. Istanbul Technical University (ITU), Maritime Faculty, Department of Maritime
Transportation Management Engineering is the project partner and Prof. Dr. Ozcan Arslan is
conducting the SAFEMODE project in Turkey. The project, in which the Maritime and Aviation
sectors will work together, brings 33 partners together and stands out with its innovative
features. The project group of ITU; Assoc. Prof. Emre Akyuz, Res. Asst. Esma Uflaz.

About Us

The main vision of ITU Maritime Faculty is to develop the strategies and methods in the
advancement of maritime education and to become an interdisciplinary and dynamic scientific
center of excellence which can adapt itself in line with the changing conditions as a part of a
premier research university. ITU Maritime Faculty not only contributes to maritime education
but also plays a successful role in national and international projects and works.

SAFEMODE project will enhance ITUMF’s research & innovation capacity through knowledge
transfer, strategic collaboration and establishing sustainable links and working culture with
European counterparts.
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Objective

Currently, both maritime and aviation sectors are lacking a systematic approach to collect
and assess Human Factors information in normal and emergency conditions. There is also a lack
of agreed methodology to assess human-related risks to influence the design and operation of
aircraft and ships. Therefore, the research question being addressed in this project is “How to
fully capture human elements and their interaction with the other system elements to enhance
safety in maritime and aviation operations?” It is important to address Human Factors aspects
with the risk-based design of system and operations in a measurable manner by taking the
variation in human behavior over time and the non-flexibility of machines into consideration.
The main aim of the SAFEMODE project is to develop a novel HUman Risk-Informed Design
(HURID) framework to identify, collect and assess Human Factors data to inform the risk-based
design of systems and operation.

These aims have not been achieved previously at a desirable level due to the unavailability of
systematically collected data and lack of cooperation between different transport modes.

The focus will be toreduce risks for safety-critical situations, (e.g. mid-air collisions, grounding,
evacuation, runway excursions, etc.) through the enhancement of human performance.

This will be achieved through investigation of past accidents, incidents, near-misses, reports,
data from everyday operations, including previously unknown uncertainties such as increasing
levels of automation and increased number of drones in transportation. This information will be
incorporated the HURID framework and tools and into SHIELD, the open data repository and the
living database, that will be maintained and continuously updated.

@ sAFEMODE Project Consortium
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