UCTEA - The Chamber of Marine Engineers

VOLUME 6, ISSUE 1, (2018)

NAS S. (2017) The Engine Control Room of MCC Mandalay, Port of Tanjung Pelepas, Malaysia

DD
[FIES:
ISSN:2147-2955

JEMS - JOURNAL OF ETA MARITIME SCIENCE - ISSN: 2147-2955



BMS

Journal of ETA Maritime Science

JOURNAL INFO

Publisher : Feramuz ASKIN

The Chamber of Marine Engineers Chairman of the Board
Engagement Manager : Alper KILIC
Typesetting : Remzi FISKIN

Emin Deniz OZKAN

Burak KUNDAKCI

Omer ARSLAN
Layout : Remzi FISKIN
Cover Design : Selcuk NAS

Remzi FISKIN
Cover Photo : Selguk NAS

Publication Place and Date

The Chamber of Marine Engineers

Address : Caferaga Mah. Damga Sk. Iffet Giilhan [s Merkezi No:
9/7 Kadikéy/Istanbul - Tiirkiye

Tel :+90216 348 81 44

Fax :+90216 348 81 06

Online Publication : www.jemsjournal.org / 27.03.2018

ISSN : 2147-2955

e-ISSN :2148-9386

Type of Publication: JEMS is a peer-reviewed journal and is published quarterly (March/
June/September/December) period.

Responsibility in terms of language and content of articles published in the journal
belongs to the authors.

© 2018 GEMIMO All rights reserved i



EMS
OURNAL

EDITORIAL BOARD

EXECUTIVE BOARD: BOARD OF SECTION EDITORS:

Editor in Chief Maritime Transportation Eng. Section Editors
Assoc. Prof. Dr. Momoko KITADA

Prof. Dr. Selguk NAS World Maritime University, Sweden

Dokuz Eyliil University, Maritime Faculty Assoc. Prof. Dr. 0zkan UGURLU

Karadeniz Tech. Uni, Stirmene Fac. of Mar. Sciences
Assoc. Prof. Dr. Selguk CEBI

Layout Editors Yildiz Technical Uni,, Fac. of Mechanical Engineering
Assoc. Prof. Dr. Serdar KUM

Res. Asst. Remzi FISKIN Istanbul Technical University, Maritime Faculty

Dokuz Eyliil University, Maritime Faculty Res. Asst. Remzi FISKIN

Res. Asst. Emin Deniz OZKAN Dokuz Eyliil University, Maritime Faculty

Dokuz Eyliil University, Maritime Faculty
Res. Asst. Burak KUNDAKCI

Dokuz Eyliil University, Maritime Faculty Naval Architecture Section Editors
Res. Asst. Omer ARSLAN Prof. Dr. Dimitrios KONOVESSIS
Dokuz Eyliil University, Maritime Faculty Singapore Institute of Technology

Dr. Rafet Emek KURT

University of Strathclyde, Ocean and Marine Engineering
Foreign Language Editors Sefer Aml GUNBEYAZ (Asst. Sec. Ed.)

University of Stratchlyde, Ocean and Marine Engineering
Dr. Berna GURYAY

Dokuz Eyliil University, Buca Faculty of Education Marine Engineering Section Editors

Res. Asst. Gokcay BALCI Asst. Prof. Dr. Alper KILIC

Dokuz Eylul University, Maritime Faculty Bandirma Onyedi Eyliil University, Maritime Faculty
Ceyhun Can YILDIZ Asst. Prof. Dr. Gorkem KOKKULUNK

Yiicel YILDIZ Yildiz Technical Uni,, Fac. of Nav. Arch. and Maritime

Dr. José A. OROSA
University of A Coruiia

Maritime Business Admin. Section Editor
Prof. Dr. Soner ESMER

Dokuz Eyliil University, Maritime Faculty
Asst. Prof. Dr. Cimen KARATAS CETIN
Dokuz Eyliil University, Maritime Faculty

Coastal and Port Engineering Section Editor
Assoc. Prof. Dr. Kubilay CIHAN
Kirikkale University, Engineering Faculty

Logistic and Supply Chain Man. Section Editor
Assoc. Prof. Dr. Ceren ALTUNTAS VURAL
Dokuz Eyliil University, Seferihisar Fevziye Hepkon
School of Applied Sciences

ii



BMLS

OURNAL

EDITORIAL BOARD

MEMBERS OF EDITORIAL BOARD:

Prof. Dr. Selcuk NAS
Dokuz Eyliil University, Maritime Faculty, TURKEY

Assoc. Prof. Dr. Ender ASYALI
Maine Maritime Academy, USA

Prof. Dr. Masao FURUSHO
Kobe University, Faculty, Graduate School of Maritime Sciences, JAPAN

Prof. Dr. Nikitas NIKITAKOS
University of the Aegean, Dept. of Shipping Trade and Transport, GREECE

Assoc. Prof. Dr. Ghiorghe BATRINCA
Constanta Maritime University, ROMANIA

Prof. Dr. Cengiz DENIZ
Istanbul Technical University, Maritime Faculty, TURKEY

Prof. Dr. Ersan BASAR
Karadeniz Technical University, Siirmene Faculty of Marine Sciences, TURKEY

Assoc. Prof. Dr. Feiza MEMET
Constanta Maritime University, ROMANIA

Dr. Angelica M. BAYLON
Maritime Academy of Asia and the Pacific, PHILIPPINES

Dr. Iraklis LAZAKIS
University of Strathclyde, Naval Arch. Ocean and Marine Engineering, UNITED KINGDOM

Assoc. Prof. Dr. Marcel.la Castells i SANABRA
Polytechnic University of Catalonia, Nautical Science and Engineering Department, SPAIN

Heikki KOIVISTO
Satakunta University of Applied Sciences, FINLAND

iii



BMS
OURNAL

MEMBERS OF ADVISORY BOARD:

Prof. Dr. Durmus Ali DEVECI
Dokuz Eyliil University, Maritime Faculty, TURKEY

Prof. Dr. Mustafa ALTUNC
Girne University, Maritime Faculty, TRNC

Prof. Dr. Oguz Salim SOGUT
Istanbul Technical University, Maritime Faculty, TURKEY

Prof. Dr. Mehmet BILGIN
Istanbul University, Faculty of Engineering, TURKEY

Prof. Dr. Muhammet BORAN
Karadeniz Technical University, Stirmene Faculty of Marine Sciences, TURKEY

Prof. Dr. Bahar TOKUR
Ordu University, Fatsa Faculty of Marine Sciences, TURKEY

Prof. Dr. Oral ERDOGAN (President)
Piri Reis University, TURKEY

Prof. Dr. Temel SAHIN
Recep Tayyip Erdogan University, Turgut Kiran Maritime School, TURKEY

Prof. Dr. Bahri SAHIN (President)
Yildiz Technical University, TURKEY

Prof. Dr. Irakli SHARABIDZE (President)
Batumi State Maritime Academy, GEORGIA

Prof. Dr. Giiler BILEN ALKAN (President)
Yalova University, TURKEY

iv



EMS

OURNAL

JEMS SUBMISSION POLICY:

1.

10.

11.

12.

13.

Submission of an article implies that the manuscript described has not been published
previously in any journals or as a conference paper with DOl number.

Submissions should be original research papers about any maritime applications.

It will not be published elsewhere including electronic in the same form, in English, in Turkish
or in any other language, without the written consent of the copyright-holder.

Articles must be written in proper English language or Turkish language.

Itis important that the submission file to be saved in the native format of the template of word
processor used.

References of information must be provided.

Note that source files of figures, tables and text graphics will be required whether or not you
embed your figures in the text.

To avoid unnecessary errors you are strongly advised to use the ‘spell-check’ and ‘grammar-
check’ functions of your word processor.

JEMS operates the article evaluation process with “double blind” peer review policy. This
means that the reviewers of the paper will not get to know the identity of the author(s), and
the author(s) will not get to know the identity of the reviewer.

According to reviewers’ reports, editor(s) will decide whether the submissions are eligible
for publication.

Authors are liable for obeying the JEMS Submission Policy.
JEMS is published quarterly period (March, June, September, December).

JEMS does not charge any article submission or processing charges.




EMS

OURNAL

CONTENTS

(ED)

(AR)

(AR)

(AR)

(AR)

(AR)

(AR)

(AR)

Editorial

Selcuk NAS

Fault Tree Analysis of Tanker Accidents during Loading and Unloading
Operations at the Tanker Terminals.

Omer ARSLAN, Yusuf ZORBA, Jelenko SVETAK

Experimental Investigation of Friction Coefficient Between Piston Ring-
Cylinder Liner of Internal Combustion Engines with Taguchi Method.

Omer SAVAS, Hiiseyin ELCICEK, Zafer AYDIN

Cost Efficiency and Emission Analysis of a Bulk Carrier Cranes Operation.
Veysi BASHAN, Mehmet CAKIR, Halil Ibrahim SONMEZ

Evaluation of Investment Impact on Port Efficiency: Berthing Time
Difference as a Performance Indicator.

Bayram Bilge SAGLAM, Abdullah ACIK, Egemen ERTURK
A Production Planning and Control Methodology Proposal for Shipyards.

Mustafa KAFALI, Yalcin UNSAN, Murat OZKOK

Social Media Usage Patterns in Port Industry: Implications for Port
Promotion and Public Relations.

Aylin CALISKAN, Soner ESMER

Roll Motion Stabilizing System Selection Criteria for Ships and Hybrid Fuzzy
Ahp-Topsis Application.

Hakan DEMIREL

Guide for Authors

JEMS Ethics Statement

Reviewer List of Volume 6 Issue 1 (2018)

Indexing

1

17

27

37

47

61

75

IX

vi



(AR)

(AR)

(AR)

(AR)

(AR)

(AR)

(AR)

BMS

OURNAL

ICINDEKILER

(ED)

Editérden

Selcuk NAS

Tanker Terminallerinde Yiikleme ve Tahliye Operasyonlar1 Sirasinda
Gemilerde Meydana Gelen Kazalarin Hata Agaci Yontemi ile Analizi.

Omer ARSLAN, Yusuf ZORBA, Jelenko SVETAK

Taguchi Yaklasimu ile icten Yanmali Motorlarda Segman-Silindir Gémlegi
Arasindaki Siirtiinme Katsayisinin Deneysel Olarak Incelenmesi.

Omer SAVAS, Hiiseyin ELCICEK, Zafer AYDIN

Bir Dékme Yiik Gemisi Kreyn Operasyonunun Maliyet Etkinligi ve Emisyon Analizi.

Veysi BASHAN, Mehmet CAKIR, Halil Ibrahim SONMEZ

Yatirimlarin Liman Verimlili§i Uzerine Etkisinin Degerlendirilmesi: Bir
Performans Gostergesi Olarak Yanasma Zaman Farki.
Bayram Bilge SAGLAM, Abdullah ACIK, Egemen ERTURK

Tersaneler icin Bir Uretim Planlama ve Kontrol Metodoloji Onerisi.
Mustafa KAFALI, Yalcin UNSAN, Murat OZKOK

Limancilik Endiistrisinde Sosyal Medya Kullanim Modelleri: Liman Tanitimi
ve Halkla iliskiler i¢in Cikarimlar.

Aylin CALISKAN, Soner ESMER

Gemiler icin Yalpa Dengeleyici Sistem Secim Kriterleri ve Hibrit Bulanik
Ahp-Topsis Uygulamasi.

Hakan DEMIREL

Yazarlara A¢iklama

JEMS Etik Beyani

Cilt 6 Say1 1 (2018) Hakem Listesi

Dizinleme Bilgisi

2

17

27

37

47

61

75

11
vil
IX

vii



Editorial (ED) Nas / JEMS, 2018; 6(1): 1-2

DOI'ID: 10.5505/jems.2018.30075

EMS

Journal of ETA Maritime Science ] OURNAL

Editorial (ED)

We are pleased to introduce JEMS 6(1) 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 express 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.

Editor
Prof. Dr. Selcuk NAS
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Editérden (ED)

JEMS 6(1)'i degerli takipgilerimizin ilgisine sunmaktan mutluluk duyuyoruz. Dergimizin bu
sayisinda birbirinden degerli ¢calismalar yer almaktadir. Dergimizde yer alan bu ¢alismalarin
denizcilik endiistrisine katki saglamasini timit ediyoruz. Bu say1 icin degerli calismalarini
gonderen yazarlarimiza, yayin politikalarimiz1 titiz bir sekilde takip ederek kaliteli yayinlar
¢ikmasina katkida bulunan basta hakemlerimiz olmak tizere, béliim editérlerimize, yabanc dil
editorlerimize ve yayin kurulumuza, sayimizin yayina hazirlanmasinda biiytik emekleri olan
mizanpaj editorlerimize tesekkiirlerimi sunuyorum.

Editor
Prof. Dr. Selcuk NAS
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Abstract

One of the most important elements of maritime transportation which is a way of the world trade is the ships.
Depending on their purpose, the vessels include many classifications, such as; commercial vessels, service
vessels and war ships. Commercial vessels include tankers. Therefore, tankers that are an important point
of trade have been developing together with technology. However, the measures taken by the developing
technology and the regulations in the maritime sector made cannot reduce the sea accidents to zero. In this
study, marine accidents occurred during loading and unloading operations at the tanker terminals were
analyzed in terms of human factor and safety. Reports in between 2000 and 2014 of IMO (International
Maritime Organization) GISIS (Global Integrated Shipping Information System), MAIB and Maritime
Safety Authority of New Zealand and others were investigated. A total of 10 vessel accidents involving the
appropriate data were analyzed and classified according to the results. Fault Tree Analysis (FTA) method
was used to create the causes of accidents and the results have been tested with Monte Carlo Simulation. As
a conclusion, failure to comply with operating procedures and lack of knowledge were found to be the most
important factors.

Keywords: Tanker, Ship accident, Human Factor, Fault Tree Analysis.

Tanker Terminallerinde Yiikleme ve Tahliye Operasyonlar1 Sirasinda Gemilerde
Meydana Gelen Kazalarin Hata Agaci Yontemi ile Analizi

Oz

Diinya ticaretinin karsilanmasinda bir yol olan deniz yolu tasimaciliginin en énemli unsurlarindan biri de
gemilerdir. Gemiler kullanim alanlarina gére ticaret gemileri, servis gemileri ve savas gemileri gibi bircok sinif
icerir. Tanker gemileri ticari gemiler kisminda yer almaktadir. Dolayisiyla ticaretin 6nemli bir noktasi olan
tanker gemileri teknolojiyle birlikte daha da gelismektedir. Ancak gelisen teknoloji ve yapilan diizenlemelerle
alinan énlemler deniz kazalarini sifira indirememektedir. Bu ¢calismada tanker terminallerinde ytikleme ve
bosaltma operasyonlari sirasinda gemilerde meydana gelen kazalar insan faktérii ve emniyet bakimindan
incelenmistir. Calisma kapsaminda Uluslararast Denizcilik Orgiitii (IMO) Kiiresel Biittinlesik Deniz
Tasimaciligi Bilgi Sistemi (GISIS), MAIB ve Maritime Safety Authority of New Zealand gibi kuruluslar
tarafindan 2000-2014 yollar1 arasinda yayilanmis raporlar incelenmistir. Uygun veriler iceren toplam
10 gemi kazasi, sonuglarina gore siniflandirilmis ver irdelenmistir. Kaza nedenlerinin olusturulmasinda

To cite this article: Arslan, 0., Zorba, Y. and Svetak, J. (2018). Fault tree analysis of tanker accidents during loading and unloading operations at the
tanker terminals. Journal of ETA Maritime Science, 6(1), 3-16.
To link to this article: https://dx.doi.org/10.5505/jems.2018.29981
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Hata Agact Analizi (FTA - Fault Tree Analysis) yontemi kullanilmis ve sonuglar Monte Carlo Simiilasyonu
ile ssmanmigtir. Sonug olarak prosediire uymama ve bilgi eksikligi en 6nemli etmenler olarak bulunmugtur.

Anahtar Kelimeler: Tanker Gemileri, Deniz Kazasi, Insan Hatasi, Hata Agact Analizi.

1. Introduction

The transportation is defined as the
appropriate and economical displacement
of persons and goods to benefit [1, 2]. These
motions are provided by rail transport,
road transport, sea and inland water
transport, air transport, pipeline transport
and wired transport systems (Ozer, 2010
as cited from Kisi) [2]. One of the items of
maritime transport is the ships. There are
many classifications for ships and these
classifications include merchant vessels.
Tanker ships are one type of that class.
SOLAS Chapter I Reg 2 defines a tanker as
“a cargo ship constructed or adapted for
the carriage in bulk of liquid cargoes of an
inflammable nature” [3].

Based on The Review of Maritime
Transport 2016 published by UNCTAD
(United Nations Conference on Trade and
Development) covers data and events
from January 2015 until June 2016, falling
short of expectations and below the pre-
financial crisis levels, growth in world
GDP expanded by 2.5 per cent in 2015, the
same rate as in 2014. Global merchandise
trade by volume (that is, trade in value
terms, adjusted to account for inflation and
exchange rate movements) increased by 1.4
per cent in 2015, down from 2.3 per cent
in 2014.The volume of maritime transport
that the backbone of globalization and
lies at the heart of cross-border transport
networks that support supply chains and
enable international trade has exceeded
10 billion tons. About 3 billion tons of this
total belongs to oil and gas products. On the
other hand, the world fleet grew by 3.5 per
cent in the 12 months to 1 January 2016.
This is the lowest growth rate since 2003,
yet still higher than the 2.1 per cent growth
in demand [4]. There are many reasons for
this growth in trade volume. These can be

technological, economic and sociocultural
causes. While the gross tonnage of the
maritime trade fleet was around 80 million
tons in 1950, it reached 883 million tons
in 2009[5] and this figure reached about
1,8 billion tons in 2016 [4]. The increase
in the ship's fleet between 1950 and 1978
also led to an increase in the number of
marine accidents. After IMO (International
Maritime Organization) put into force
regulations such as SOLAS (International
Convention for The Safety of Life at Sea)
and MARPOL (International Convention for
the Prevention of Pollution from Ships), the
number of marine accidents decreased. The
sum of sea accidents shows a decrease in
the long-term, nevertheless it also increases
visibly at certain times [5].

Therearemanyreasonsforseaaccidents.
However, the most common cause is the
human. The terms of human factor, human
element and human error are used for this
expression. In the literature, these three
terms are used without any difference. But
they have different meanings in different
uses [6]. Considering the difficulties
encountered in the field of human factors
in maritime industry, problems such
as fatigue, inadequate communication,
inadequate general knowledge of own
ship systems, poor design automation,
decisions based on inadequate information,
faulty standards/policies or practices,
poor maintenance and dangerous natural
environment draw attention (Pazara et al,,
2008 as cited in Huey, D., 1993) [7].

The second one, Human element is
defined as a structure formed by people
factor, organization on board, working
and living conditions, ship factors, shore-
side management, external influences
and environmental influences. Human
error which is the last one, is described
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as; departure from acceptable or desirable
practice on part of an individual or group of
individuals that can result in unacceptable
or undesirable results [8].

2. Method and Literature

Tankers transport annually more than
200 million tons of chemicals. The number of
ships carrying hazardous noxious substance
cargoes is growing steadily, therefore the
risk of tanker accidents is increasing [4]
[19]. To identify increasing tanker accident
risks and their consequences, a systematic
approach must be undertaken. By this way,
tanker accident risks can be minimized by
appropriate safety measures [20]. There
are many techniques for risk analysis. One
of them is Fault Tree Analysis.

The Fault Tree is a technique that
can be used both for a qualitative and a
quantitative analysis. Qualitatively it is used
to identify the individual scenarios that
lead to the top event, while quantitatively
it is used to estimate the frequency of that
event. The basic elements of a Fault Tree
may be classed as the top event, primary
events, intermediate events and logic gates
[10]. A simple fault tree is shown in Figure
1. In this figure, “D output” is illustrated as
a top event. “A” is illustrated as a primary
event. “B or C Fails” is illustrated as an
intermediate event. If all of the input faults
happen, “And gate” is used between inputs
and output. If least one of the input faults
happens, “Or Gate” is used between inputs
and output [14, 15].

The aim of fault tree analysis is to
determine the possible combinations
of reasons that may give rise to some
undesired events called top events. A fault
tree consists of various levels of event
connected in such a way that each event,
at a given level, is a results of events at the
level just below, through several logical
gates. Events may be equipment failures,
human errors, software errors, etc. that are
likely to cause an undesired outcome [9].

\/ A ) B or C Fails

[
1
oo

.

Figure 1. Simple Fault Tree [14, 15]

Fault tree analysis, which has been
used many times since 1960s when it was
developed, proceeds from known effects
to investigate unknown causes. In this
period, a quantitative assessment could
not available at any time. At that time, it
has need for probabilities bound up with
primary event and it is not possible to
associate probabilities with some failure
modes in fault trees program [9].

To calculate probabilities with failure
mode, Computer-aided Open FTA can
be used. This program includes Monte
Carlo Simulation. Monte Carlo Simulation
is a modeling technique that enables to
monitor under different conditions’ real
system behaviors on a computer model by
carrying the cause and effect relationships
to the computer [20].

The advantages and disadvantages
of Monte Carlo Simulation are described
below [21, 22, 23]:

a) Advantages

e It can be applied to all
distributions.

e The simulation model can include any
complex portfolios.

e The model is fit to data only once. This
can be a great advantage when using
models that take long time to converge.

e It can be used in situations where
bootstrapping is not feasible

b) Disadvantages

e This simulation is very complex and
highly depending on abilities of large
amount of computations.

kind of
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e Some situations are not included in the

distribution.

Some studies using this method for
maritime transportation are given below.
One of these is "Fault Tree Models of
Accident Scenarios of RoPax" which was
written by Antao and Soares in 2006 [10].
Theaccidents of RoPax vessels are evaluated
using the Fault Tree Analysis method and
the importance of root causes are revealed.
In this study, fault trees belonging to the
collision accidents are shown.

Another study is a paper entitled “Fault
Tree Analysis as a Tool for Modeling the
Marine Main Engine Reliability Structure”
which was written by Laskowski [12] in
2015.In the study, Fault Tree Analysis allows
detailed study of the working principles of
the system during design, operation and
accidentinvestigations, and is indicated that
this analysis method is useful for marine
engineering applications. It is presented in
the form of creating the system model with
the Fault Tree Analysis application. The
reliability structure of the tested machine
is modeled using Reliability Block Diagrams
as well as Fault Tree Analysis.

Another study is a paper entitled
“Marine Accident Analysis for Collision and
Grounding in Oil Tanker Using FTA method”
which was written by Ugurlu et al. [18] in
2015. The collision and grounding accidents
of oil tanker are evaluated using Fault Tree
Analysis method. According to the study’s
results, the main reason for the accidents
originating from human error is as follows:
for collision accidents, Convention on the
International Regulations for Preventing
Collisions at Sea (COLREG) violation and the
lack of communication between vessels; and
for grounding accidents, the interpretation
failure of the officer on watch and lack of
communication in the bridge resource
management.

Another study is a paper entitled
“Assessment of Navigational Safety in Vessel
Traffic in an Open Area” which was written

by Pietrzykowski [13] in 2017. In the study,
an algorithm has been demonstrated for
the ascertain of vessel collision probability
in an open area by fault tree analysis and
event tree analysis. It is stated that the ships
which encounter will collide if the mistakes
happen on both ships. Namely, if both ships
make mistake of deviating from collision
course, ship collision will happen. For error
of collision course deviation, there are two
possibilities. First situation happens when
error of collision situation identification
and no error detected are occurred together.
Second situation happens when error of
preventive maneuver performance and no
error detected when occur together. Both
situations are shown by fault tree in the
study.

The purpose of this paperis to investigate
the accidents occurred during loading and
unloading operations on the tankersin terms
of human factor and safety. The reports of
accidents were collected from the database
of MAIB (Marine Accident Investigation
Branch), Isle of Man Marine Administration
Oaseirys Lhuingys, The Government of Hong
Kong Special Administrative Region Marine
Department, Marine Safety Investigation
Unit Malta Transport Centre, Brazilian Navy
Directorate of Ports and Coasts, Maritime
Safety Authority of New Zealand and GISIS
(Global Integrated Shipping Information
System).

In this study, accidents occurred in the
vessels located at the tanker terminals were
taken into account between 2000 and 2014.
A total of 19 accident reports were reached.
These accidents were also examined in
terms of the results, the location of the
accident and the occurrence of the accident
and the sufficient data during loading and
unloading periods. As a result of that, 10
of 19 ship accidents were evaluated and
analyzed within the sample. Nine other ship
accidents were excluded.

The following Figure 2 that is a flow
chart was followed in the study.
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Obtaining Reports From
Accident Investigation
Institutions and
Organizations

Determination of Causes
of Classified Accidents

Analysis of Accident
Groupswith Fault Tree
Method

Review of Reports

Classification Selected
Accidents Accordingtothe
Results of

Test of Accident Groups
with Monte Carlo After
Fault Tree Analysis

Evaluation of Reportsin
Terms of Content and
Results

Selection of Accidentsto
Be Included in Sampling as

aResult of Evaluations

Evaluation of Results and
Analyzes and
Recommendations

Figure 2. Flow Chart of the Study

3. Findings and Analysis

In this study which is about human
factor and safety of the accidents occurred
during loading and unloading operations
on the ships, there are 4 type of accident
results. There are 5 fire/explosion
accidents, 2 marine pollution accidents, 2
gas poisoning/asphyxia accidents and 1
personal injury accident due to sudden fluid

flow. The root causes and repetitions of root
causes for these accidents are numbered.
The sum of the root causes obtained for
these events is found as 43 items and the
sum of frequencies of these root causes is
found as 58.

The total contribution and probability
values for these root causes were calculated
by using the following formulas [16, 17]:

Total Contribution of Accident Cause = 1/(Root cause number) (ship accident 1)
+1/(Root cause number) (ship accident 2)+---
+1/(Root cause number) (ship accident n)

For example:
Disobey to Warning Procedure

=1/5 Ship accident x+1/5 Ship accident y+1/6 ship accident z

=0.566666667

Probability Value of Accident Cause = (Total Contribution of Accident Cause)

(Ship number*Total year)

For example:

Probability Value of Disobey to Warning Procedure
=0.566666667/ (10*13,71)

=0.004133236
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All the obtained data concerning root causes are shown in Table 1.

Table 1. Accident Causes and Frequency of Their Occurrence

No | Accident Causes Frequency | Total Contribution | Probability
1 | Bad Weather and Sea Conditions 2 0.366666667 0.002674447
2 | Cargo Vapor / Poisonous Gas / Toxic Substance 4 0.692857143 0.005053663
3 | Technical Equipment Malfunction 3 0.533333333 0.003890105
4 | Oxygen Deficiency 1 0.25 0.001823487
5 | Miscommunication 1 0.166666667 0.001215658
6 | Risk Assessment Deficiency 4 0.733333333 0.005348894
7 | Lack of Knowledge About Equipment Usage 1 0.1 0.000729395
8 | Crew’s Lack of Knowledge About Cargo 3 0.55 0.00401167
9 | Company Staff’s Lack of Knowledge About Cargo 1 0.2 0.001458789
10 | Terminal Staff’s Lack of Knowledge About Cargo 1 0.1 0.000729395
11 | Surveyor’s Lack of Knowledge About Cargo 1 0.142857143 0.001041992
12 | Surveyor’s Lack of Knowledge of Foreign Language 1 0.142857143 0.001041992
13 | Crew’s Lack of Information About Own Ship 1 0.1 0.000729395
14 | Crew’s Lack of Experience About Cargo 1 0.1 0.000729395
15 | Lack of Experience About Used Material 1 0.166666667 0.001215658
16 | Lack of Experience About Equipment Usage 1 0.1 0.000729395
17 | Deficiency of Alarm System About Accident Cause 1 0.166666667 0.001215658
18 | Disobey to Terminal Emergency Procedure 1 0.1 0.000729395
19 | Disobey to ISPS Procedure 1 0.142857143 0.001041992
20 | Disobey to Enclosed Space Entry Procedure 1 0.25 0.001823487
21 | Disobey to Loading/Discharging Plan Procedure 1 0.166666667 0.001215658
22 | Disobey to Sampling Procedure 2 0.392857143 0.002865479
23 | Not Taking Required Safety Precautions for the 1 0.2 0.001458789
Environment
24 | Disobey to Warning Procedure 3 0.566666667 0.004133236
25 | Disobey to Standing Orders Procedure 1 0.166666667 0.001215658
26 | Disobey to Tank Cleaning Procedure 1 0.1 0.000729395
27 | Disobey to Working Hours Procedure 1 0.166666667 0.001215658
28 | Not Wearing Proper Personal Protective Equipment 1 0.2 0.001458789
29 | Not Controlling Material Used in Port Operations 1 0.166666667 0.001215658
30 | Sloppy Approach to Stowage Plan 1 0.1 0.000729395
31 | Deficiency of Procedure About Accident Cause 1 0.2 0.001458789
32 | Fatigue 2 0.366666667 0.002674447
33 | Absence of Work Plan 1 0.2 0.001458789
34 | Wrong Material Usage 1 0.142857143 0.001041992
35 | Material Usage In Wrong Time 1 0.142857143 0.001041992
36 | Corrosion in Cargo Pump 1 0.25 0.001823487
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Table 1. Accident Causes and Frequency of Their Occurrence (Cont’)

No | Accident Causes Frequency | Total Contribution | Probability
37 | Foreign Objects in the Load Pump 1 0.25 0.001823487
38 | Damage or Temporary Solutions of Load Pump 1 0.25 0.001823487
39 | Reluctance to Work 1 0.166666667 0.001215658
40 | Relation between Inferior and Superior 1 0.166666667 0.001215658
41 | Usage of Non-Ex-Proof Material 1 0.166666667 0.001215658
42 | Deficiency of Concentration 1 0.2 0.001458789
43 | Deficiency of Situational Awareness 1 0.166666667 0.001215658
Total 58 10 0.072939468

All causes and values of accidents are
shown in Table 1. Three major accident
results were examined and FTA of fire/
explosion is shown in Figure 3; FTA of
marine pollution is shown in Figure 4 and
FTA of gas poisoning/asphyxia is shown in
Figure 5.

Each accident analysis is evaluated
within itself according to the results. After
that all of them were tested with the Monte
Carlo Simulation in the OpenFTA program.
According to this, 23 root causes for
explosion/fire accidents occurred, 10 root
causes for sea pollution accidents occurred,
and 13 root causes for gas poisoning or
asphyxia occurred.

A variety of cut sets and probability
values are obtained for the fault trees
generated from the 3 accident types
evaluated. Probability values and 22
minimum cut sets from 23 initial events
were obtained for explosion/fire accidents.
The most probable value of this minimum
cut set is for Cargo Vapor/Poisonous Gas/
Toxic Substance and Risk Assessment
Deficiency. Probability values and 10
minimum cut sets from 16 initial events
were obtained for marine pollution. The
most probable value of this minimum cut
set is for Disobey to Warning Procedure
and Technical Equipment Malfunction.
Probability values and 13 minimum cut sets
from 22 initial events were obtained for gas

poisoning/asphyxia. The most probable
value of this minimum cut set is for Cargo
Vapor/Poisonous Gas/Toxic Substance and
Crew’s Lack of Experience about Cargo.

All of three types of accidents were
tested with Monte Carlo Simulation using
Open FTA program. Contribution ratios and
importance levels for each root cause were
obtained.

17 failure modes from 23 initial events
were found for explosion / fire accidents.
Sum of failure number for these failure
modes is 40. The values for these data
are given in Table 2. KS-2 which is named
as Cargo Vapor/Poisonous Gas/Toxic
Substance has the most important and the
biggest contribution.

10 failure modes from 16 initial events
were found for marine pollution. Sum of
failure number for these failure modes is
43. The values for these data are given in
Table 3. KS-3 which is named as Technical
Equipment Malfunction has the most
important and the biggest contribution.

13 failure modes from 13 initial events
were found for gas poisoning/asphyxia.
Sum of failure number for these failure
modes is 40. The values for these data
are given in Table 4. KS-2 which is named
as Cargo Vapor/Poisonous Gas/Toxic
Substance has the most important and the
biggest contribution.

9



Journal of ETA Maritime Science

© UCTEA The Chamber of Marine Engineers

885¥T00 _ TE-54_ LSTZTO0 _hﬂ-ﬂ. LSTZI00" 07 SZ-S%_ TEETHOO" 041?5. nne_wﬁoo _ [443.] hmu___ _— ___ 0Z¥OT00" 04 61-5% 68FESOD" _ 95N

0Z¥OT00'0[ Z1-51 0ZH0T00'0] TI-SX  88SHT00 m.mx LITTOF00°0] 8-SX

wars | hﬁ«n864 hﬂ««nnn_nm.ﬂ_ 996TZ100°0] ST-SX

En__.o ;_x
o«-nz_.Ez_.__

0zv0100°0|SE4 0ZROT0ID] ¥ESX srzr00'0] Tors

SETBT00'0] LE-SH

SETBT" oVu mmnuﬂs ‘0

aleipawaiug

S
1 Wana

areipawia .,__\._..H

anepawaly|

a3 doy

Figure 3. Fault Tree for Fire/Explosion

10



Arslan et al. / JEMS, 2018; 6(1): 3-16

14588 KS-43 |0,0012157

te| event

xs-aaionusn k5-42]0,00
an
KS-1710,0012157 Ks-2710,00413324 ma‘o.wmﬂ

Figure 4. Fault Tree for Marine Pollution

intermediate I 1
event 1

Figure 5. Fault Tree for Gas Poisoning/Asphyxia

11



© UCTEA The Chamber of Marine Engineers

Journal of ETA Maritime Science

Table 2. Monte Carlo Simulation Initial Event Contribution Rates for Explosion / Fire Accidents

No Initial Event Failure Contribution Importance Level Percentage Rate
1 KS-2 0.0001854863 100.0 50.00
2 KS-24 0.0000231858 12.5 6.25
3 KS-19 0.0000185486 10.0 5.00
4 KS-3 0.0000185486 10.0 5.00
5 KS-8 0.0000185486 10.0 5.00
6 KS-38 0.0000139115 7.5 3.75
7 KS-6 0.0000139115 7.5 3.75
8 KS-12 0.0000092743 5.0 2.50
9 KS-15 0.0000092743 5.0 2.50
10 KS-22 0.0000092743 5.0 2.50
11 KS-27 0.0000092743 5.0 2.50
12 KS-31 0.0000092743 5.0 2.50
13 KS-37 0.0000092743 5.0 2.50
14 KS-21 0.0000046372 2.5 1.25
15 KS-34 0.0000046372 2.5 1.25
16 KS-39 0.0000046372 2.5 1.25
17 KS-41 0.0000046372 2.5 1.25
18 KS-9 0.0000046372 2.5 1.25
19 KS-11 0.0000000000 0.0 0.00
20 KS-25 0.0000000000 0.0 0.00
21 KS-35 0.0000000000 0.0 0.00
22 KS-36 0.0000000000 0.0 0.00
23 KS-40 0.0000000000 0.0 0.00

Table 3. Monte Carlo Simulation Initial Event Contribution Rates for Marine Pollution

No Initial Event Failure Contribution Importance Level Percentage Rate
1 KS-3 0.0000607785 67.44 32.27
2 KS-24 0.0000398204 44.19 21.14
3 KS-1 0.0000335298 37.21 17.8
4 KS-32 0.0000125749 13.95 6.67
5 KS-33 0.0000104791 11.63 5.56
6 KS-42 0.0000083832 9.3 4.45
7 KS-43 0.0000083832 9.3 4.45
8 KS-17 0.0000062874 6.98 3.34
9 KS-5 0.0000062874 6.98 3.34
10 KS-29 0.0000020958 2.33 1.11
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Table 4. Monte Carlo Simulation Initial Event Contribution Rates for Gas Poisoning/Asphyxia

No | Initial Event Failure Contribution Importance Level Percentage Rate
1 KS-2 0.0000763745 90.0 43.902
2 KS-8 0.0000339442 40.0 19.512
3 KS-22 0.0000190936 22.5 10.976
4 KS-20 0.0000127291 15.0 7.317
5 KS-4 0.0000106076 12.5 6.098
6 KS-14 0.0000042430 5.0 2.439
7 KS-16 0.0000042430 5.0 2.439
8 KS-26 0.0000042430 5.0 2.439
9 KS-7 0.0000042430 5.0 2.439
10 | KS-18 0.0000021215 2.5 1.220
11 KS-30 0.0000021215 25 1.220
12 KS-10 0.0000000000 0.0 0.000
13 KS-13 0.0000000000 0.0 0.000

4. Discussion and Limitations

In this study, reports in between 2000
and 2014 of IMO (International Maritime
Organization) GISIS (Global Integrated
Shipping Information System), MAIB and
Maritime Safety Authority of New Zealand
and others were investigated. But the study
was limited due to the insufficient and
incomplete data in the reports published
by these organizations and other reviewed
organizations. Therefore, this is the
main limitation of this research work. In
addition, collecting data from legal sources
and filtering the issues with comprehensive
precision results in a small number of
comprehensive analyses of accident events.
This is another limitation because study
requires a larger sampling.

In this research, a total of 10 vessel
accidents involving the appropriate data
were analyzed and classified according to
the results. There are 4 type of accident
results. There are 5 fire/explosion
accidents, 2 marine pollution accidents, 2
gas poisoning/asphyxia accidents and 1
personal injury accident due to sudden fluid
flow. The most important and the biggest
contribution to occurrence of human error

in these types of accidents are negligence
of rules, lack of information, poor training
and fatigue. These results in the study are
similar to the previous studies. In the study
about of human error in marine incidents
conducted by Mokhtari and Khodadadi
Didani in 2013 [11], 1816 accidents were
investigated and 17 factors are known to
be effective in occurrence of human error
in these accidents. The four most important
factors of them are listed as follows
negligence, poor training, inadequate tools,
and lack of skill and experience. Another
similar study of human error was written
by Antao and Soares in 2006 [10]. This
study about collision of ro-ro vessels for
cargo and passengers shows that human
factor is the dominant factors towards the
accidental event. This contribution is a
change of almost 90% in the probability of
the occurrence of these terminal events for
groundings and collisions. Another study
about human error was written by Ugurlu
et al. [18] in 2015. According to the results
of study on collision and grounding in oil
tanker, the main reason for the accidents
originating from human error is as follows:
for collision accidents, Convention on the
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International Regulations for Preventing
Collisions at Sea (COLREG) violation
and the lack of communication between
vessels; and for grounding accidents, the
interpretation failure of the officer on
watch and lack of communication in the
bridge resource management.

5. Conclusion

Some of examinations of the reports
of the accidents that occurred during the
loading and unloading operations at the
tanker terminals are listed below:

e 10 ship accident reports were examined
in detailed. 4 of Malta, 2 of Norway, 1 of
Hong Kong, Chile and Man Island are
flagged. 1 flag of ship is not specified.

¢ When the root causes of the accidents
were handled one by one, the root causes
with the greatest number which had the
same number of repetitions are Risk
Assessment Deficiency and Cargo Vapor
/ Poisonous Gas / Toxic Substance.

It is seen that causes of the accidents
occurred in the vessels at the tanker
terminals are human errors which is the
most important factor and other factors. At
the end of this work, some suggestions for
reducing the number of similar incidents on
ships at tanker terminals are listed below:

¢ To increase awareness of human factor
on ship accidents, scientific studies
should be increased and supported
by the elements in the industry such
as companies and institutions. At this
stage, the idea that the accidents will
create a bad image for the companies
should be torn down and it should
be reminded that each accident is a
preventive element in future accidents.
e Standardization should be established
on the reporting of accidents so that
sea accidents can be assessed correctly
and their re-occurrence can be avoided.

Under these standards, information
about ships and accident should be
provided; accidents should be analyzed
by appropriate analysis methods;
possible root causes of the accidents
and their preventive activities should be
defined.

¢ In the case of work intensity, a correct
work plan should be made. This
should be done considering the level of
importance of the work, the size of the
job and other circumstances.

¢ To provide and enhance the knowledge
and experience of the seafarers about
the system, the necessary formations
should be provided. For this, the units
in the sector should work together.
Education departments or schools
should establish training programs on
these topics and increasing experience
ofthe seafarers by necessary simulations
must me aimed.
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Oz

Yapilan ¢alismada, icten yanmali motorlarda yaglayici tipi, kirletici cinsi, kirletici orani, ytik, devir ve sicaklik
parametrelerinin segman-silindir gémlegi cifti arasindaki stirtiinme katsayisi tizerine etkileri incelenmistir.
Silindir gomlegi ytizey durumu iki seviyeli olarak, diger parametreler ise li¢ seviyeli olarak secilmistir.
Deneylerde icten yanmali dizel motor segman-silindir gémlegi mekanizmasina benzer deney diizenegi
kullanilmigtir. Stirtiinme katsayisi 6lgtimleri ti¢ eksenli bir kuvvet sensérti yardimiyla yapilmistir.

Calismada L, ortogonal Taguchi istatiksel yontemi kullamilmigstir. Tiim varyasyonlar dikkate alindiginda 8748
deney yapilmasi gerekirken, deney sayist Taguchi yéntemi ile 18’e diistiriilmiistiir. Taguchi yonteminin yani
sira parametrelerin etkinliklerini belirleyebilmek amaciyla varyans analizi yapilmistir. Calisma sonucunda
segman-silindir gomlegi arasinda yaglayiciya yakit karistminin stirtiinme katsayisi lizerinde énemli etkiye
sahip oldugu gériilmiistiir.

Anahtar Kelimeler: Igten Yanmal Motorlar, Deniz Yaglari, Segman-Gémlek Cifti, Taguchi Metodu.

Experimental Investigation of Friction Coefficient Between Piston Ring-Cylinder Liner of
Internal Combustion Engines with Taguchi Method

Abstract

The purpose of this study was to investigate the effects of various parameter on friction coefficient between
piston ring and cylinder liners in an internal combustion engine. Fuel contamination type, fuel contamination
ratio, load, cycle speed and temperature parame-ters are chosen as three levels; cylinder shell surface condition
parameter is two levels. A tribotester device is manufactured for purpose of examining friction coefficient
between piston ring and cylinder liner. Friction coefficients were measured by a three-axis force sensor.
Taguchi (L) orthogonal array was used to obtain the best combination of working para-meters for the most
efficient reduction of friction coefficient. Numbers of experiments were reduced from 8748 to 18 by using
the Taguchi method. In addition, the analysis of variance was performed to determine the effect of each
parameter. Experimental results showed that mixed fuel oil into the lubricating system have been found as a
significant effect on friction behavior.

Keywords: Internal Combustion Engine, Friction Coefficient, Marine Lubricant, Piston Ring-Cylinder Liner Pair, Taguchi
Method.
To cite this article: Savas, 0., Elgicek, H. ve Aydin, Z. (2018). Taguchi yaklasimi ile igten yanmali motorlarda segman-silindir gomlegi arasindaki

stirtiinme katsayisinin deneysel olarak incelenmesi. Journal of ETA Maritime Science, 6(1), 17-25.
To link to this article: https://dx.doi.org/10.5505/jems.2018.98852

17



© UCTEA The Chamber of Marine Engineers

Journal of ETA Maritime Science

1. Giris

Icten yanmali motorlarda siirtiinme
kayiplar;, toplam kayiplarin yaklasik
olarak % 20’sini olusturmaktadir. Segman
-silindir gomlegi arasinda olusan siirtiinme
kayiplar1 ise bu kayiplarin 6nemli bir
oranini igerir [1, 2]. Piston grubu tizerinde
yapilan  ¢alismalarda  segman-gomlek
arasinda gelisen slrtinme kayiplarini
minimize etmek motorlarda maksimum
performans, maksimum yakit tasarrufu ve
minimum egzoz gazi salimimi sagladigini
gostermektedir. Segman-gomlek arasinda
olusan siirtiinmeyi en aza indirmek uygun
yaglayict secimi ve c¢alisma sartlarinda

yaglama ozelliklerini korumasiyla
mimkindir [3].
Malzemelerin  birbiri ile  temasi

sonucunda genel olarak; kuru, sivi ve siir
strtlinmesi olmak tizere ti¢ farkl stirtiinme
sekli gorilmektedir. Kuru siirtiinme
iki kuru yiizeyin temasi sonucunda
olusmaktadir. Temas eden yiizeylerin
bir smv1i tarafindan ayrilmasi sonucu
olusan siirtinme, sivi (hidrodinamik)
stirtiinme olarak tanimlanir. Bu siirtiinme
mekanizmasinda iki yiizey arasinda bir
kaygan yag filmi olusur ve parcalar birbirine
temas etmeden bu yag filmi {izerinde
hareket eder. Siv1 siirtiinmenin yetersiz
kaldig1 veya yag filminin bozuldugu durum
ise sinir siirtiinme olarak isimlendirilir.
Calisma sartlarina bagh olarak kullanilan
yagin oOzelliklerini kaybetmesi, yiik, devir
ve sicakliktaki istenmeyen kosullardan
dolay1 yag filmi kalinlig1 azalir. Yag filminin
incelmesi sonucunda, yag filmi baz
noktalardan parcalanarak kuru siirtiinmeye
sebep olur ve asinmayi1 hizlandirir. Yapilan
bir¢cok calismada hidrodinamik yaglamanin,
kuru yaglamaya gore asinma ve siirtiinme
kuvvetleri bakimindan daha iyi oldugunu
gbstermistir [4, 5].

Literatlirde yapilan calismalar
incelendiginde; Kapsiz ve ark.
L16ortogonal Taguchi deneysel tasarim
yontemi ile devir, yiik ve yaglayici tipinin

siirtiinme Kkarakteristigi lizerine etkileri
arastirilmistir. Calisma sonucunda
siirtiinme karakteristigi iizerine en dnemli
parametrenin devir oldugu belirlenmistir
[6]. Chaudhari ve Sutaria tarafindan
yapilan ¢alismada devir, yag viskozitesi
ve yukiin degisimi ile siirtlinme kayiplari
incelenmistir. Calismalar 60 N sabit yiik
alunda ve 300-1500 d/dak araliginda
gerceklestirilmistir. Elde edilen deneysel
calismalar sonucunda, devir sayisinin
artmas1  ile  slirtinme  katsayisinin
azaldigr goézlemlenmistir [7]. Grabonve
ark. tarafindan yapilan bir calismada ise
honlama acilarinin degisiminin tribolojik
ozellikler tizerine etkileri incelenmistir.
Calisma sonucunda, honlama agisinin
artmasi ile birlikte siirtlinme direncinin
arttig1 goriilmistiir [8].

Yapilan bu g¢alismada gemi dizel
motorlarinda  segman-silindir ~ gomlegi
arasinda siirtiinme katsayisina etki eden
faktorlerin arastirilmas1 amaglanmistir.
Deneyler icten yanmali motor diizenegine
benzer bir asinma test cihazi kullanilarak
yapilmistir.  Deneylerde  gemi  dizel
motorlarinda kullanilan yaglama yaglar1 ve
yag-yakit karisiminin silirtinme katsayisina
etkisi farkl ytik, devir ve sicaklik faktorleri
goz oOnilinde bulundurularak Taguchi
deneysel yaklasimi ile arastirilmistir.

2. Deneysel Calismalar

Deneyler icten yanmali dizel motorlari
segman-silindir gomlegi sistemine benzer,
lineer gelgit hareketi yapan asinma cihazi
lizerinde yapilmistir.  Sistemde lineer
hareket krank mekanizmas: ile 0,75 kW
giiciine sahip elektrik motoru yardimiyla
saglanmisti. Deney diizenegi {izerinde
devir sayisi, sicaklik ve uygulanan yiik
miktar1 ayn1 anda kontrol edilebilmektedir.
Sistem iizerinden siirtiinme Kkatsayilari
Kistler 9027C marka 1ii¢c eksenli bir
kuvvet sensorii yardimiyla alinmistir
[9, 10]. Deney numuneleri, Sekil 1a’da
goriildigi gibi 120x15 mm ebatlarinda
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honlu ve honsuz gomleklerden kesilerek
hazirlanmistir. Deneyler, Sekil 1b’de detayli
olarak tamimlanan deney diizeneginde
gerceklestirilmistir.

Yaglayici olarak gemi dizel motorlarinda
yaygin olarak kullanilan ticari marka
Mobilgard 570, Mobilgard 430 ve Mobilgard
300 yaglama yag1 kullanilmistir. Tablo 1’de
secilen yaglar ve 6zellikleri verilmistir.

Deneylerin yapiminda yaga yakit
karisimin etkisini belirlemek amaci ile
yaglara %1, %5 ve %10 oranlarinda
Intermediate Fuel Oil (IFO380) ve Marine
Diesel Oil (MDO) yakitlar1 karistirilmis
ve bu sekilde deney oncesi 6 farkli yag-

a-)

yakit karisimi hazirlanmistin.  Deneysel
calismalarda kullanilan yakitlarin viskozite
degerleri Tablo 2’de verilmistir.

Yapilan c¢alismada  segman-silindir
gomlegi arasindaki stirtinme katsayilarina
etki eden parametrelerin etkilerini ve
optimum deney parametrelerinin tespiti
amactile; silindir gomleginin ylizey durumu,
yaglayic1 tipi, kirletici orani, Kkirletici
cinsi, yiik, devir ve sicaklik parametreleri
belirlenmistir. Deneylerde, yaglayici tipi,
kirletici orani, kirletici cinsi, ytik, devir ve
sicaklik faktorleri 3 seviyeli olarak, silindir
gomleginin yiizey durumu ise 2 seviyeli
olarak belirlenmistir. Tablo 3’te deney

Sekil 1. a-) Segman-Gémlek Cifti Gériintiisti ve Olgiileri b-) Deney Diizenegi

Tablo 1. Deneylerde Kullanilan Yag ve Ozellikleri [11-13]

Yag Tipi Viskozite cSt, 40 °C Viskozite cSt, 100 °C Viskozite indeks

Silindir Yaglama Yag1

(Mobilgard 570) 229 21 104

Jenarator Sistem Yagi

(Mobilgard 430) 143 13,5-15,3 100

Ana Makine Sistem Yag1

(Mobilgard 300) 111 12 97
Tablo 2. Kirletici Olarak Kullanilan Yakit ve Viskozite Degerleri [14-15]

Kirletici Yakitlar Ozellik Deger

Intermediate Fuel Oil (IFO380) Viskozite cSt, 50 °C 380

Marine Diesel Oil (MDO) Viskozite cSt, 40 °C 6-11
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parametreleri ve seviyeleri verilmistir.
Deneylerin yapilmasinda ve sonuglarin
yorumlanmasinda  Taguchi  deneysel
tasarim yontemi kullanilmistir [16]. Tablo
3’te yer alan faktor ve seviyeleri dikkate
alindiginda tiim varyasyonlar icin toplamda
8748 adet deney yapilmasi gerekirken
Taguchi metodu ile daha az sayida deney

Tablo 3. Deneylerde Kullanilan Yag ve Ozellikleri

yapilmasi olanagl saglanmistir. Deneysel
recetelerin hazirlanmasinda secilen
faktor ve seviyelerin ve en az deney
sayisim oneren L, 2'37 ortogonal serisi
kullanilmisti. Bu sekilde deney sayisi
8748'den 18’e dusiirilmistiir. Tablo 4’te
L, 2'37 ortogonal serisi ve deney regeteleri
goriilmektedir.

Seviyeler
Siitun Parametreler
1 2 3
A Silindir Gomlegi ylizey durumu Honsuz Honlu
B Yaglayici Tipi Mobilgard 570 Mobilgard 430 Mobilgard 300
C Kirletici Oran1 % 1 5 10
D Yiik, N 50 75 100
E Devir, d/dak 40 60 80
F Sicaklik, °C 40 80 120
G Kirletici Cinsi IFO380 MDO IFO0380+MDO
Tablo 4. L,,2'3” Ortogonal Serisi ve Deney Receteleri
Deney | Yiizey Yaglayici tipi | Kirletici | Yiik, Devir, | Sicaklik, Kirletici Siirtiinme S/N
no durumu orani, N d/dak °C cinsi Katsayis1 x
% 103
1 Honsuz | Mobilgard 570 1 50 40 40 IFO380+MDO 12,80 -22,14
2 Honsuz | Mobilgard 430 5 75 80 70 IFO380 11,27 -21,04
3 Honsuz | Mobilgard 300 10 100 120 100 MDO 13,46 -22,58
4 Honsuz | Mobilgard 570 10 50 80 70 MDO 12,02 -21,60
5 Honsuz | Mobilgard 430 1 75 120 100 IFO380+MDO 11,62 -21,31
6 Honsuz | Mobilgard 300 5 100 40 40 IFO380 13,51 -22,61
7 Honsuz | Mobilgard 570 5 75 40 100 MDO 14,36 -23,14
8 Honsuz | Mobilgard 430 10 100 80 40 IFO380+MDO 12,58 -22,00
9 Honsuz | Mobilgard 300 1 50 120 70 IFO380 11,64 -21,32
10 Honlu Mobilgard 570 5 100 120 70 IFO380+MDO 12,56 -21,98
11 Honlu Mobilgard 430 10 50 40 100 IFO380 6,60 -16,39
12 Honlu Mobilgard 300 1 75 80 40 MDO 16,38 -24,29
13 Honlu Mobilgard 570 10 75 120 40 IFO380 8,12 -18,19
14 Honlu Mobilgard 430 1 100 40 70 MDO 11,95 -21,55
15 Honlu Mobilgard 300 5 50 80 100 IFO380+MDO 10,81 -20,67
16 Honlu Mobilgard 570 1 100 80 100 IFO380 10,53 -20,45
17 Honlu Mobilgard 430 5 50 120 40 MDO 10,76 -20,64
18 Honlu Mobilgard 300 10 75 40 70 IFO380+MDO 13,50 -22,61
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Segman-silindir ~ gomlegi  arasinda
slirtiinme i¢in harcanan enerjinin azaltilmasi
icin siirtinme Kkatsayilarinin disiirilmesi
gerekir.  Yapilan c¢alismada en disiik
siirtinme Kkatsayis1 istendigi icin sinyal-
giriltiic (S/N) oranlarini belirlenmesinde
Denklem 1’de verilen “en diisiik en iyidir”
performans karakteristigi kullanilmistir [16].

s "

Burada y, performans karakteristiginin
i. gdzlem degeri; n denemedeki test sayisi; y
gozlem degerlerinin ortalamasidir.

3. Sonuclar

Tablo 4'te, L, 2'3” ortogonal serisi deney
recetesi ve bu receteye gore alinan siirtiinme
katsayilarinin ~ ortalamast ve  Olgiilen
slirtinme Kkatsayilarinin her bir deney
recetesi icin hesaplanan Sinyal/Guritlti
(S/N) oranlar1 verilmistir.

Tablo 4’te deneylerden elde edilen

sirtiinme katsayillarinin  16,38x103 ile
6,60x10° degerleri arasinda degisim
gosterdigi  goriilmektedir  En  yiiksek

siirtlinme katsayisi gomlek ytizeyi honlu, %1
MDO ile kirletilmis Mobilgard 300 sistem
yaginin kullanildigi, 75 N, 80 d/dak ve 40
°C’'de yapilan 12. deney numunesinde elde
edilmistir. Minimum siirtiinme katsayisi ise
gomlek ytizeyi honlu, %10 IFO380 yakit ile
kirletilmis Mobilgard 430 yaglama yaginin

Tablo 5. Varyans Analizi (ANOVA)

kullanildigi, 50 N, 40 d/dak ve 100°C’'de
yapilan 11. deney numunesinde elde
edilmistir.

Tablo 5te S/N oranlar1 kullanilarak
hazirlanmis olan varyans analizi (ANOVA)
tablosu verilmistir.  Strtiinme katsayisi
izerinde faktorlerin etkinligi siras1 ile
% 0,05 giiven diizeyi icin Kirletici cinsi,
silindir yiizey durumu, yaglayic tipi, ytk
ve Kkirletici oraninin oldugu gorilmektedir.
Sicaklik ve devir sayisinin 6nemsiz diizeyde
siirtinme katsayisi tizerinde etkili oldugu
goriilmektedir. Tabloda devir faktoriiniin
etkisi diisiik oldugu icin “pooling” yapilarak
hesaplara dahil edilmemistir. Bunun yaninda
Tablo 5’te strtlinme Kkatsayis1 tizerinde
kirletici cinsinin %34, silindir yiizey
durumunun %13, yaglayict tipinin %21,
kirletici oraninin %11, yiikiin %14, sicakligin
%6 ve devir sayisinin %3 oraninda etkiye
sahip oldugu goriilmektedir.

Sekil 2’de S/N oranlarina bagh olarak

kontrol parametrelerinin degisimi
verilmisti. S/N oranmin biytik oldugu
seviyeler parametrelerin optimum
noktalarint  gostermektedir  Buna gore

optimum parametreler; A2, B2, C3, D1, E3,
F3, G1 seklindedir. Tablo 6’da minimum
siirtiinme katsayisinin elde edildigi seviyeler
vurgulanmistic  Herhangi bir parametre
icin optimum deger o parametrenin tiim
seviyeleri icerisinde elde edilen en biiytik S/N
oranina gore belirlenmistir.

Degisim Kareler Serbestlik Kareler Teorik F, istatiksel F %
Kaynag Toplamy, S Derecesi,f | Ortalamasi F(hesap) F(tablo)
A Yiizey durumu 1 6,69 11,82 5,98 13
B Yaglayic tipi 2 5,24 9,25 5,14 21
C Kirletici oran1 2 2,92 5,16 11
D Yik 2 3,66 6,47 14
E Devir# 2 0,68 1,21 3
F Sicaklik 2 1,64 2,90 6
G Kirletici cinsi 2 8,73 15,41 34
Toplam 11,00 4,64
e 6 0,57 7

21



© UCTEA The Chamber of Marine Engineers

Journal of ETA Maritime Science

A1A2

B1B2B3

C1C2C3

D1D2D3

E1E2E3

F1F2F3

G1G2G3

-19.5

-20,5 -

S/N

-21

-21,5 4

-22 4

-22,5 -

Faktor ve Seviyeleri

Sekil 2. Parametrelerin Grafiksel Gésterimi

Tablo 6. En Diisiik Stirtiinme Katsayisi icin Onerilen Faktor Seviyeleri

LVARA

Faktorler Sl
1 2 3
A Malzeme Honsuz Honlu |  ----
B Yaglayici tipi Mobilgard 570 Mobilgard 430 Mobilgard 300
C Karigim orani [%] 1 5 10
D Yik [N] 50 75 100
E Devir [rpm] 40 60 80
F Sicaklik [°C] 40 70 100
G Kirletici cinsi IFO380 MDO IFO380+MDO
Tablo 7. Dogrulama Deneyi Sonuglari ve Tahmini Giiven Aralig
Nicelik S/N orani Siirtiinme katsayisi
Optimum sartlar A,B,C.D EF.G, A,B,C,D EF.G,
Ortalama deger, p -16,21 6,56 x10°3
a=0,05 i¢in giiven aralig -16,91<p<-15,52 7,02 x103<pu<6,10 x10°3
Dogrulama Deneyi -16,39 6,62 x1073

Taguchi yaklasimina gore deneylerin
dogru yapilip yapilmadigin1  kontrol
etmek amact ile oOnerilen optimum
sartlar dikkate alinarak dogulama deneyi
yapilmistir. Dogrulama deneyi sonrasinda
allman sonu¢ degerinin giiven araligl
icerisinde olmasi, yapilan deneylerin dogru
yapildigin1 ve kontrol altina alinmayan
faktorlerin etkisinin 6nemsiz oldugunu
gostermektedir. Tablo 7’de optimum
sartlar altinda gerceklestirilen dogrulama

deneyine ait %0,05 giiven diizeyi icin elde
edilen sonuglar verilmistir.

Tablo 7’de optimum deney sartlarina
gore yapilacak dogrulama deneyinde
alinan siirtlinme katsayr degerlerinin
6,10x10% ile 7,02x10° arasinda olmasi
gerekmektedir. Optimum sartlar altinda
yapillan deney sonucunda ortalama
stirtinme katsayis1  6,56x102 ve S/N
oranlt -16,21 degerinde olmas1 gerektigini
gostermektedir. ~ Tablo  7’de  ayrica
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dogrulama deneyinin S/N oraninin -16,39,
ortalama siirtinme katsayisinin 6,62x103
oldugu goriilmektedir. Dogrulama deneyi
sonuglarinin  6nerilen tahmini gliven
araliginin igerisinde yer aldig1 icin yapilan
deneylerin %0,05 giiven diizeyi i¢in dogru
yapildigini gostermektedir.

Yapilan deneyler sonucunda, silindir

gomleginin honlanmasi stirtiinme
katsayisinda 6nemli bir diisiis gdstermistir.
Ayn1  zamanda, slrtinme katsayisi

uygulanan yiikiin artmasi ile birlikte arttig
gozlemlenmistir. Elde edilen bu sonuglar
literatiirde yapilan c¢alismalarla uyum
icerisindedir [17, 18]. Artan sicaklik ile
stirtiinme katsayisi azaldigi tespit edilmistir.
Motor normal calisma sicakligt 80-90 °C
olarakdisiintildigiinde, diistiik sicakliklarda
(40-70 °C) yaglayict viskozitesini asiri
ylkselttigi ve yapiskanliga neden oldugu
disiiniilmektedir. Deneylerde kullanilan en
ytiksek sicakligin (100 °C) motor normal ¢a-
lisma sicakliklarina yakin olmasi ile en iyi
viskozite ve yag filmi sartlari ile minimum
siirtlinme katsayisini ortaya koymustur.
Sekil 2'de en disik siirtinme
katsayisinin  Mobilgard 430, ardindan
Mobilgard 570 ve en yiiksek siirtiinme
katsayis1 ise Mobilgard 300 yag1 ile
elde edilmistir Hidrodinamik yaglama
prensibine gore viskozitenin artmasina
baghh  olarak siirtinme katsayisinin
artmas1 gerekmektedir [19]. Ancak Sekil
2’de verilen grafikte viskozitesi en diisiik
olan Mobilgard 300 yaglama yaginin
daha fazla siirtiinme katsayisina sahip
oldugu gorilmektedir. Bunun muhtemel

nedeni yaga karisan Kkirleticilerden
dolay1 yag filmini incelterek smir
stirtinme mekanizmas1 gostermesinden

kaynaklandig1 6ngoriilmektedir.
Yaglayiciya IFO380 yakitinin
karismasi ile en diistik siirtiinme katsayisi
gozlemlenirken, yaglayiciya MDO
yakitinin karismasi sonucunda ise en
fazla siirtlinme katsayisi gozlemlenmistir.
Yaglayici igerisine karisan IFO 380 kirletici

oraninin artmasina bagh olarak siirtiinme
katsayilarinda azalma gozlenmistir. Bunun
muhtemel nedeni yaglayicl icerisindeki
[FO 380 ile siilfiir oraninin artmasi ve
viskozitenin artisidir. Yaglayici igerisine
karisan MDO Kirletici oraninin artisi ise
sirtinme katsayisinin  artisina  sebep
olmustur. Bunun muhtemel nedeni yaga
karisan MDO yakitinin yagin 6zelliklerini
bozdugu ve viskozitesini disirdigi ve
buna bagli olarak yiizeyler arasinda inceyag
filmi tabakasi olusmustur. Ortaya ¢ikan bu
olumsuz kosullarin siirtiinme kuvvetlerinin
artisina sebep olabilecegi diistiniilmektedir.

4. Genel Sonuglar

Yapilan bu c¢alismada i¢ten yanmali
motorlarda  segman-silindir = gomlegi
arasinda yaglama sistemlerine yakit
karisiminin stirtinme katsayilar1 tizerine
etkileri farkli gomlek ylzey durumu,
yuk, sicaklik ve devir g6z oOnilinde
bulundurularak arastirilmistir. L, 2'37
ortogonal serisine gore toplamda 18 adet
deney yapilmistir. Alinan sonuglar Taguchi
deney yontemi kullanilarak yorumlanmistir.
Calismanin 6zeti maddeler halinde asagida

siralanmistir;

1. Secilen kontrol faktorlerinden;
malzemenin ikinci seviyesi (Honlu),
yaglayict  tipinin  ikinci  seviyesi
(Mobilgard430)  karisim  oraninin

lciincii seviyesi (%10) yiikiin birinci
seviyesi (50 N) devirin liglincii seviyesi
(80 d/dak) sicaklhigin iiciincii seviyesi
(100°C) wve Kkirletici cinsinin birinci
seviyesi (IFO380) en diisik ortalama
siirtiinme katsayis1 degerlerinin elde
edilmesini saglayan parametrelerinin
optimum seviyeleriolarakbelirlenmistir.
2. Gemi dizel motorlarinda segman-
silindir goémlegi ciftinin yaglanmasinda
kirletici cinsi ve yaglayici tipi en etkin
parametreler oldugu gozlemlenmistir.
Kirletici cinsi ve yaglayici tipi ANOVA
analizleri sonucunda stirtiinme katsayisi
lizerinde %34 ve %21 oraninda etkiye
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sahip oldugu belirlenmistir.

3. Sirtiinme katsayis1 artan yik ile
artmistir ve yiikiin %14 oraninda etkiye
sahip oldugu gorilmistir.

4. Gomlekicytizey 6zelliklerinin degismesi
segman-silindir gémlegi cifti arasindaki
strtiinme katsayis1 lzerinde Onemli
etkiye sahip oldugu tespit edilmistir.

5. ANOVA analizi sonrasinda
parametrelerin etkinlik sirasi; Kirletici
cinsi, yaglayia tipi, ytk, yiizey durumu

ve Kkirletici oran1 seklinde oldugu
belirlenmistir.
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Oz

Bu calismada M/V Ince Inebolu gemisine ait kreynlerin ekonomik analizleri yapimstir. Analizler ECA
(Emisyon Kontrol Bélgeleri) géz oOniine alinarak farkl yakitlar icin tekrarlanmistir. Yakit fiyatlarinin
artabilecegi ihtimaline karsin degisken yakit fiyatlari da hesaba katilmistir. Bu analizler sonucunda kreyn
calistirimasinin dizel jeneratérden cektigi giic hesaplanarak, harcananyakit miktari tespit edilmistir. Buna ek
olarak, kreyn icin harcanan bu yakitin ne kadar NO, SO,, CO,, PM ve HC emisyonu olusturdugu hesaplanmigtir.
%25 jenerator ytikiinde kreyn calistirilmast sebebiyle, 1 yilda, calismanin yapildigi gemiyle benzer ézellikte
10 gemisi olan bir sirket atmosfere yaklasik 30-35 ton SO,, 38-42 ton NO, 1980-2090 ton CO,, 2.8-3 ton PM
ve 4.2-4.5 ton HC emisyonlari salmaktadir. Calisma sonucunda, dizel jeneratirtin %25 ytikte iken kreynin
calistirilmastyla IFO 380 ve IFO 180 yakitlarinda 60.000-70.000 $ arasinda, MGO igin 100.000-110.000 $
arasinda yillik calistirma maliyeti oldugu gortilmiistiir. Sonug olarak bu calismada gemi ytiklerinin kreynle
ylikleme-tahliye operasyonlarinin ekonomik analizi yapilarak kreynlerin kullanim maliyeti hesaplanmigs ve
loader kullanilmastyla karsilastirma yapilabilmesine imkdan saglanmigstir.

Anahtar Kelimeler: Dékme Yiik Gemisi, Emisyon, Kreyn, Maliyet Analizi.

Cost Efficiency and Emission Analysis of a Bulk Carrier Cranes Operation

Abstract

This study carries out economic analyzes of the cranes belonging to the M/V Ince Inebolu. Analyzes were
repeated for variable fuels considering ECA (Emission Control Areas), and variable fuel prices were included
into analyzes given the fluctuating fuel prices. As a result of these analyzes, the amount of fuel consumed has
been determined by calculating the power of the diesel generator from the operation of the crane. In addition,
this study calculated how much NOx, SO2, CO2, PM and HC emissions this fuel generates. Since a crane is
operated at 25% of the generator load, in a year, a company, with 10 ships with similar characteristics to the
vessel where the work was done, has released about 30-35 tons of SO2, 38-42 tons of NOx, 1980-2090 tons
of C02, 2.8-3 tons of PM and 4.2-4.5 tons of HC emissions to the atmosphere. The results demonstrate that
running the crane with the diesel generator at 25% load causes between 60.000USD - 70.000USD annual
operating cost for IFO 380 and IFO 180 fuels, and between 100.000USD -110.000USD annual operating cost
for MGO. As a result, this study calculates the cost of crane usage through the economic analysis of cargo

To cite this article: Baghan, V, Cakir, M. ve Sénmez, H. I. (2018). Bir dékme yiik gemisi kreyn operasyonunun maliyet etkinligi ve emisyon analizi.
Journal of ETA Maritime Science, 6(1), 27-36.
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27



© UCTEA The Chamber of Marine Engineers

Journal of ETA Maritime Science

loading and unloading operations of the ship by cranes, and thereby, enables a comparison with loader usage.

Keywords: Bulk Carrier Ship, Emission, Crane, Cost Analysis.

1. Giris

Kuru yiik gemileriyle kémiir, ¢cimento,
demir cevheri, alg1 tasi, Kire¢ tasi, ugucu
kiil, cakil ve tahil trtinleri gibi daha pek ¢ok
kuru dokme iriin tasinmaktadir. Gemiden
kiyiya veya kiyidan gemiye, giivenilir ve
cevre dostu dokme yiik transferi icin kuru
ylik gemileri genellikle kendi kreynlerini
kullanirlar.  Geminin daha ¢ok yik
tasiyabilmesi i¢in bu kreynlerin kompakt
tasarim ile gemi tizerinde az yer kaplamasi
gerekir. Tiim bunlarin yaninda, kreynlerde
yliksek performans, emniyetli c¢cok yiik
tasiyabilme kapasitesi, diisiik bakim onarim
masrafi, uzun servis émri, hafiflik ve diisik
yakit tiiketimi gibi 6zellikler istenmektedir.
Gemilerin seyir esnasinda ya da limanda
bulundugu sirada bazi  operasyonel
faaliyetleri gerceklestirebilmesi icin
elektrik enerjisine ihtiya¢ duyulmaktadir.
Bu ihtiya¢ gemi yardimci makinelerinden
olan dizel motorlardan saglanmakta
ve calistirlmast  sonucunda  6nemli
miktarda zararli egzoz gazi emisyonlarinin
olusmasina neden olmaktadir. 1978
protokolii ile yenilenen MARPOL 73/78
(Gemilerden Kaynaklanan Kirliligin
Onlenmesi Uluslararas1 Sozlesmesi) EK
VI kural 22 geregince gemilerde enerji
tiiketen makinelerin verimliligini arttirmak
hedeflenmektedir[1]. Yakit tiliketiminin
az olmasi, SO0, NO, CO,, CH,ve PM gibi
deniz tasimaciligindaki gemi kaynakl
emisyonlarin azalmasini saglamaktadir.
Gemi ana makinesi veya gemi yardimci
makinelerindeki enerji verimliligiyle elde
edilen yakit tasarrufu dogrudan emisyon
salimimini azaltmakla birlikte ekonomik
kazan¢ da saglamaktadir. Literatiirde gemi
kaynakli emisyonlar ve bu emisyonlarin
azaltilmasima yodnelik bircok ¢alisma
bulunmaktadir[2-6]. Geng vd. tarafindan
yapilan deneysel ¢alismada %50-90 motor

devirlerinde ve %25-100 tork degerlerinde
ultra diisiik stlfirli  yakiin  motor
emisyonlar1 lizerindeki etkileri incelenmis
ve NO_ emisyonlarinin makine hizi ve
yukiiniin artmasindan kaynakli ytiksek
sicakliklar sebebiyle arttigi, aym sekilde
CO, emisyonlarinin da 70.000 ppm’e
yaklastig1 ifade edilmistir [7]. Agnolucci
vd. Panamax tiirti kuru yiik gemileri i¢in
enerji verimliligi ve emisyon azaltma
uygulamalar1 i¢in tesvikler oldugunu, bu
nedenle gemi sahiplerinin daha verimli
gemilere yatirim yapmasi gerektigini
vurgulamislardir. 2007 yilindaki toplam
CO, emisyonlarinin %5’ini bu tiir gemilerin
olusturdugunu belirtmislerdir [8]. Seddiek
ve Elgohary yaptiklar1 calismada gemi
kaynakli emisyonlarin azaltilabilmesi i¢in
farkli yakit kullanilmasi, enerji verimliligi ile
yakit tasarrufu saglanmasi ve secici katalitik
indirgenme  yontemlerinin =~ miimkiin
oldugunu belirtmislerdir [9]. Deniz vd.
izmir iline yakin olan Candarh korfezine ait
7520 gemi icin yaptiklar1 calismada yillik
nakliye kaynakli emisyonlar1 NO_i¢in 631.2
ton/y1l, SO, i¢cin 333.6 ton/yil, CO, i¢in
33848.9 ton/y1l, HC i¢in 32.3 ton/yi1l ve PM
icin 57.4 ton/yil olarak tahmin etmislerdir
[10]. Benzer sekilde Deniz ve Kili¢ Istanbul
ili Ambarh limanina ait emisyon salinim
miktarlarin1  belirlemislerdir[11]. Talay
vd. [12] yaptiklar1 g¢alismayla gemilerde
CO, emisyonlarinin azaltilmasina yonelik
uygulanabilecek enerji verimliligi
yontemlerine yer vermislerdir. Genel
olarak gemi kaynakli  emisyonlarin
azaltilabilmesi i¢cin arastirmacilar biyodizel
yakit kullanilmasi [13-16] ve gemi
enerji verimliliginin arttirilmas1 [17-20]
yontemleri ~ lzerinde  yogunlasmistir.
Bashan ve Parlak [21] gemi yardimci
makinelerinden  biri olan  sogutma
sistemleriyle ilgili enerji verimliliginin
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ekonomik  analizini  gercgeklestirerek,
degisken devirli kompresor kullanilmasi

durumunda elde edilecek tasarruf
miktarlarim1  hesaplamislardir.  Kreyn
kullanarak  yiikleme veya  tahliye

operasyonlarinda geminin stabilitesinin
tekrar saglanabilmesi i¢in balast suyu
bosaltilmakta veya alinmaktadir. Balast
pompalar1 da ytiksek giic tliiketen gemi
yardimc1 makineleri arasindadir. Bashan
vd. [22] bir kuru yiik gemisine ait balast
pompasinin ekonomik ve ekolojik analizini
gerceklestirmistir.  Denizcilik  sirketleri
genellikle ekonomik nedenlerle ytikleme-
tahliye operasyonlarinda geminin kendi
tizerindeki kreynleri kullanmaktadirlar.
Kuru yiik gemileri, ¢cogu limanda harici
ytkleyici bantlarin (loader) olmamasi
sebebiyle bunlari kullanamamakta
veya pahali oldugu disiincesi ile tercih
etmemektedir. Gemilerde glinliik
raporlarda (noonreport) ana makine
ve yardimcl dizelin giinliik toplam yakit
tiiketim miktarlar1 bilinmektedir. Fakat
yardimci dizelin besledigi kreyn, balast
pompasi ve devredeki diger ekipmanlarin
her birinin enerji tiiketim dagilimlar:
bilinmemektedir. Bu durum, yardimci
makinelerin her birinin ne kadar yakit
tiikettigini ve emisyon salinimina ne kadar
etki ettigini belirlemeyi zorlastirmaktadir.

Bu calismada, yiiksek gilic tiiketen
yardimci makinelerin basinda gelen
kreynlerin  yakit tiketim miktarlar
belirlenerek, kreyn kullaniminin bant
ylkleyicilere gore avantajli olup olmadigi
arastirllmistin. ~ Ayni  zamanda kreyn
kullanimindan kaynakli salinan emisyon
miktarlar1 hesaplanmistir.

2.Kreyn Yakit Tiiketiminin Belirlenmesi

Gemide kreynlerin enerji ihtiyac
diger tim yardimc makineler gibi
jeneratorlerden saglanmaktadir.

Jeneratorleritahrik eden dizel motorlarinin
ylike bagh yakit tiketiminin hesabinda
%25 %50 %75 ve %100 ytkler i¢cin yakit

tiiketimi verilerinin yer aldig1 fabrika
test degerlerinden faydalanilmistir. Ara
degerlerdeki ytiklerde yakit tiiketiminin
hesaplanmasi i¢in OriginPro’da Egilim/
Regresyon tiirii 3. dereceden polinom
secilerek R?=1 tam uyumlu denklem
uydurulmustur. M/V  Ince inebolu
gemisine ait, makine modeli 5DK-20 x 440
kW olan Daihatsu marka bir jeneratore
ait yakit sarfiyat degerleri kullanilmistir.
110 kW igin yakit tiketimi 31.9 kg/h,
220 kW igin 50.8 kg/h, 330 kW i¢in 70.7
kg/h, 440 kW icin ise 91.4 kg/h ‘dir.
Asagida ara degerlerdeki yakit tiiketimini
hesaplayabilmek ic¢in jenaratér dizelin
ylike bagli yakit sarfiyatlarindan regresyon
analiziile bulunan denklem ve bu denkleme
gore cizilen grafik bulunmaktadir (Sekil
1). Sekil 1 iizerinde 54.48 (kg/h) olarak
gosterilen yer, jeneratoriin %25 ylkte
calisiyorken kreynin devreye girmesi ile
olusan yeni jeneratdor yiikiine karsilik kg/h
cinsinden yakit tiiketimini gostermektedir.
Ayni sekilde g/kWh cinsinden yakit
tiiketimi de Sekil 2’de gosterilen grafik
ve fonksiyonla bulunmustur. Tablo 2’de
M/V ince Inebolu gemisine ait ambar
kapasiteleri verilmistir.

Ambar yiikleme-bosaltma islemleri
yapilirken geminin emniyetli seyrinin
saglanabilmesi icin genellikle 1. ve
5. ambarlardan yukleme-tahliyeye
baslanmakta ve 3. ambara daha az yiik
alinmaktadir. Geminin stabilitesini
saglamak icin gerekli olan bu durum
Tablo 1’de gosterilen 3. ambarin yiikleme
kapasitesinin  neden az  oldugunu
aciklamaktadir. Geminin denizde emniyetli
seyri acisindan yiikkleme ve tahliye
operasyonlarinda stabilitenin saglanmasi
gerekmektedir. Her ambarin KG’si (Agirlik
merkezinin omurgadan yiiksekligi) ile
MG’si (Agirlik merkezi ile mastori arasi
uzaklik) farkli konumlarindan otiiri
degisiklik gostermektedir. Yiikleme ve
tahliye operasyonlarinda Tablo 2’de ki bu
degerlere dikkat edilmesi gerekmektedir.
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Tablo 1. Daihatsu 5dk-20]Jeneratir Yakit Sarfiyati
Fabrika Test Degerleri

Jenerator Yakit Sarfiyati Ozgiil Yakit
Giicii (kg/h) Sarfiyat1 (g/
(kW) KWh)
110 31.9 289.9
220 50.8 230.4
330 70.7 214.1
440 91.4 207.8
Tablo 2. Gemi Ambar Kapasiteleri
Kapasite Aglrhk.
Posta Merkezi
Ambar
No @) | me | MG | KG
(m) [ (m)
1 174-
Ambar | 208 12663.8 | 10819 | -68.32 | 10.64
2. 137-
Ambar | 174 14635.8 [ 12503 | -39.40 | 9.80
3. 103-
Ambar | 137 134711 3187 | -9.16 | 9.75
4. 66-
Ambar | 103 14532.1 | 12415 | 21.04 | 9.74
5. 32-
Ambar 66 12453.5[ 10639 | 50.56 | 10.19
Toplam 67756.3 | 49563
2.1. Kreyn Calhstirma Maliyetinin
Hesaplanmasi
Kreyn calistirma  maliyeti (@]

hesaplanirken, bir yiik gemisi i¢in n=1 ve
ayda 1 sefer kreynle yilikleme-tahliye yaptig1
disiinildiigiinde yillik b=24 alinmistir.
Yakit ortalama fiyatlar1 ise Busan, Hong-
Kong, Istanbul, New York, Panama, Singapur,
Tokyo, St. Petersburg gibi diinyanin cesitli
yerlerinden 20 farklh sehirdeki fiyatlarin
ortalamasi alinarak belirlenmistir [23]. Bu
ortalamalara gore yakit fiyatlar1 1 Eyliil
2017 tarihinde IFO380 icin 0.3445 $/kg,
IFO180i¢in 0.362 $/kgve MGO i¢in 0.567 $/
kg olarak kabul edilmistir. Kreyn ¢alistirma
maliyeti i¢cin asagidaki matematiksel model
kurulmustur.

Yiikk ambarlar1 toplam
kapasitesi

' M (m3)

Kreyn grab yiik tasima : M (m?/h)
kapasitesi

Filodaki gemi sayis1 'n

Kreyn motoru yakit :m (kg/h)

tliketimi

Kreyn ytik yiikleme-tahliye :b

say1s1

:D ($/kg)
Kreyn motoru yakit 'm
tliketimi

(PG+K' PG) [(-2 x 107) ((PG+K)2 + (PG+KX PG)
+ (P)%) + (5 x 10°) (P, + P) + 0.1563]
(kg/h) (1)

Yakit ortalama fiyati

Kreynin calistirma
hesaplanmasi (C)

maliyetinin

C:M—;xnxmxbe (2)
M

Denklem (1) Bolim 2’de anlatildigi gibi,
miuhendislerin ve bilim insanlarinin, veri
analizi, grafik ¢izimi, regresyon analizi gibi
ihtiyaglarinin saglandigi OriginPro programi
yardimiyla elde edilmisti  Jeneratoriin
%25, %50, %75 ve %100 yiklerdeki yakit
tliketiminin regresyon analiziyle ara degerler
elde edilmis olup dogrudan kreyn motorunun
yakit tiketiminin hesaplanabilmesi icin,
kreyn devrede iken ve jenerator %25
yukte calisiyorken ki yakit tiiketimlerinin
farki alinmistiz. Bu nedenle sabit ortadan
kalkmistir  Denklemin derecesi, belirleme
katsayisi olan R?nin hassasiyeti bozulmadan
gruplandirilarak  bir derece azaltilmistir:
Denklem 2’de ise kreyn calistirma maliyeti;
kreynin ¢alisma saati, yakit tiiketimi, yiik
yukleme-tahliye sayisi, yakit ortalama fiyat1 ve
gemi sayisi carpilarak elde edilmistir.

Kreyn ylik tasima siiresi belirlenirken [HI
marka H300190-260B tipinde 125 kW elektrik
motoru, 55 kW yag sogutucu fan motoru
giiciine sahip kreynin c¢ekme (hoisting),
indirme (lowering), eksen etrafinda déonmesi
(slewing) ve orsalamasi (luffing) stireleri goz
oniine alinarak ortalama bir deger olan 8 dk/
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tur alinmistir. Kreyn operatdriine, gemi
stabilitesinin saglanmasi i¢in balast alma-
bosaltma hizina gore bu siire degiskenlik
gosterebilmektedir. Grabin emniyetli yiik
kaldirma miktar1 20 ton olarak kreyn
tireticisinin ~ teknik  bilgi formundan
alinmistir.

Sekil 3’te dizel jenerator %25 (110
kW) ve %50 (220 kW) ytikte calisiyorken
kreynin (130.5 kW) devreye alinmasi
durumunda degisik yakitlar i¢in ¢alistirma

ECAda [24] calisabilecegi ihtimali goz
ontine alinarak MGO (Marine Gas Oil)
yakiti hesaplamalara dahil edilmistir.
Bu maliyetlerin yani sira, bakim onarim,
yedek parca, sarf malzeme v.s. masraflari
da bulunmaktadir Bu ek maliyetler
hesaplamalara dahil edilmemistir. [IFO380,
[FO180 ve MGO yakitlar1 goéz Oniline
alindiginda kreynler ile ytkiin yliklenmesi
veya tahliyesinin g¢alistirma maliyetleri
Sekil 3’te goriilmektedir. Bant yiikleyici

maliyetleri hesaplanmistir. Geminin  kullanim fiyat, IFO yakit kullanilabilen
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A
Z 1000004 4
-
e
=
= 90000
@
E
= —=— IFO 380
© 800004 | o |FO 180
S —a— MGO
=
> 70000
::E o o === L ]
* . ) _ -
B -
aomo U r ] T T T U
240 260 280 300 320 340 360
Dizel Jeneratdor Gucii [kW]
Sekil 3. Degisik Yakitlarla Kreyn Calistirma Maliyeti
200000 -
L]
— 1800004 |[—=— %25 DG Yiki + Kreyn P
2 e %50 DG Yaki + Kreyn P
"5 160000 g
g (e
s 140000 - 3 /'/
£ 120000 - _ ./'/'/
b= o
2 100000 '
E—L ./_.s
= 80000 - /
s 2
>~ 0000 - i
¥
40000 T T T . T T T T T 1
02 03 04 05 06 07 08 09 10 11

Degisken Yakit Fivatlari [$/kgl

Sekil 4. Degisken Yakit Fiyatlarina Gore Kreyn Calistirma Maliyeti

32



Bashan et al. / JEMS, 2018; 6(1): 27-36

durumlarda 61.666 $’dan, MGO kullanilmak
zorunda olunan durumlarda 101.494
$’dan daha dustikse ekonomik agidan bant
ytkleyicilerin kullanimi daha avantajli
olacaktir.

Sekil 4’te yakit fiyatlarinin zamanla
degiskenlik  gosterebilecegi  ihtimaline
kars1 degisik yakit fiyatlarina gore kreyn
calistirma maliyetleri, dizel jenerator
%25 (110 kW) ve %50 (220 kW) yiikte
calisiyorken hesaplanmistir. %50 jenerator
ytki ve kreyn calistirilmasi 2 kreynin %25
jenerator yiikiinde ¢alistirilmasi durumuna
¢ok yakin olmasi sebebiyle jeneratorlerin
paralel durumdaki yeni yakit tiiketimlerinin
hesaplanmasina gerek duyulmamistir. Sekil

w S -
=] o -
L 1 J

|
i
4

L4
@
1

w
@

w

O

Kreyn Kaynak!i Emisyon Miktari [ton]
[ (5]
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i

4’'te gosterilen degerler 1 yilda 24 kez
(ayda bir yiikleme-tahliye) yapildigi kabul
edilerek hesaplanmistir.

Sekil 5’te dizel jenerator %25 (110
kW) ve %50 (220 kW) yiikte ¢alisiyorken
kreynin (130.5 kW) devreye alinmasi
durumunda kreynden kaynaklanan NO_ve
S0,, CO,, HC ve PM miktarlar1 Entec’den
aliman kuru yik gemilerinin limandaki
operasyon durumlarina ait emisyon
faktorii(EF) degerleri kullanilmistir [25]. Bu
emisyon faktorleri NO_i¢in 62 kg/tonyakit,
SO, i¢in 54 kg/tonyakit, CO, i¢in 3179 kg/
ton yakit, HC i¢in 4.5 kg/tonyakit ve PM i¢in
de 6.8 kg/tonyakit olarak alinmistir. Sekil 5,
Sekil 6 ve Sekil 7°de kreyn kaynakli emisyon
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miktarlart hesaplanirken kreynin %25
ve %50 yiikteki yakit tiiketimi bulunarak
kreynin g¢alisma saati ve emisyon faktori
degerleri ile ¢arpilmis ve ton’a cevrilmistir
(Denklem 3).

ﬁxmeF (3)
M

Ortalama bir denizcilik sirketinin
sister veya benzer 10 gemisinin oldugu
varsayllirsa, yiikksek giic ceken kreynlerin
%25 jenerator yiikiinde 1 yilda yaklasik 30-
35 ton aras1 SO, ve yaklasik 38-39 ton NO_
salinimina sebep oldugu gorilmistir.

2 a & &
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ana makinesinin ve dizel jeneratdriiniin
gilinlik toplam yakit tiiketimi hakkinda
bilgi  sahibidirler. Dizel jeneratdriin
besledigi herhangi baska bir yardimci
makinenin toplam yakit tiiketimine etkisi
¢ogu zaman bilinmemektedir. Bu durum
hangi makinelerin ne kadar enerji tiikettigi
ve hangi makinelerde enerji verimliliginin
gozetilmesi gerektigini zorlastirmaktadir.
Bu c¢alismada M/V Ince inebolu gemisine
ait veriler kullanilarak kreyn kullaniminin
degisik yakitlara ve degisken yakit
fiyatlarina gére maliyet analizi yapilmis olup
bu durumlarda kreynin emisyon salinimina
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Sekil 7. Dizel Jeneratér %25 ve %50 Yiiklerde Salinan HC ve PM Miktarlari

Sekil 6 ve Sekil 7 incelendiginde, filonun
(10 gemi) 1 yilda %25 ve %50 jeneratdr
yukleriarasinda kreyn kullanarak yiikleme/
tahliye yapmasi durumunda yaklasik 1980-
2090 ton CO,, 2.8-3 ton PM ve 4.2-4.5
ton HC emisyon salinimina neden oldugu

goriilmektedir.
Sekil 5, 6 ve 7 incelendiginde, kreyn
kullanimindan  kaynaklanan  emisyon

miktarlar1 goriilmektedir. Bant yiikleyici
kullaniminin  ekonomik olarak uygun
oldugu durumlarda, elektrik enerjisiyle
galismalarindan dolayr kreyn operasyonu
kaynakli emisyonlar salinmamis olacaktir.

3. Sonug ve Degerlendirme
Gemi isletmecileri genellikle geminin

etkisinin ne miktarda oldugu gosterilmistir.
Calisma sonucunda, dizel jeneratoriin
%25 ylkte iken kreynle ytikleme veya
tahliye yapilmasinin IFO 380 ve IFO 180
yakitlarinda 1 gemi i¢in yaklasik 60.000-
70.000 $ arasinda, MGO icin 100.000-
110.000 $ arasinda yillik ¢alistirma maliyeti
olusturdugu gorilmistir. %25 jenerator
yukiinde kreyn calistirilmasi sebebiyle
1 yilda ¢alismanin yapildigt gemiyle
benzer 6zellikte 10 gemisi olan bir sirket
atmosfere yaklasik 30-35 ton SO,, 38-42
ton NO_, 1980-2090 ton CO,, 2.8-3 ton PM
ve 4.2-4.5 ton HC emisyonlar1 salmaktadir.
Sonuclar incelendiginde hem ekonomik
hem de ekolojik nedenlerden otiirii yliksek
glic tiilketen gemi yardimci makinelerinin
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kullanilmasinin optimize edilmesi gerektigi
gortlmektedir.

Kisaltmalar

DG Dizel jenerator

EF Emisyon Faktorii

HC Hidrokarbon

IFO Intermediate fuel oil

IMO Uluslararasi denizcilik orgiitii
KG Gemi agirlik merkezi

MARPOL Gemilerden kaynaklanan
kirliligin 6nlenmesi
uluslararasi s6zlesmesi

MG Mastoriden uzaklik

MGO Marine gas oil

PM Partikiiler madde

Semboller

M Kreyn grab yiik tasima
kapasitesi (m3/h)

b Kreyn ytk yiikleme-tahliye
sayisl

D Yakit ortalama fiyat1 ($/kg)

G Kreyn ¢alismiyorken dizel
jenerator

G+K Kreyn calisiyorken dizel
jenerator

M Yiik ambarlarinin toplam
kapasitesi (m?)

m Kreyn motoru yakit tiiketimi
(kg/h)
Filodaki gemi sayisi

P Gig (kW)

Tesekkiir

Ince Denizcilik A.S. ve DPA & Teknik
Midir, Sayin Ahmet Yasar CANCAya ve
Makine Enspektorii Sayin Fatih SEKERCI’ye
analiz icin gerekli verilerin temininde
gosterdikleri destek ve katkilar igin
tesekkiir ederiz.
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Abstract

Highly competitive nature of port business environment puts heavy pressure on port operators on
performance related issues. In order to be competitive, after all the other strategic moves are exhausted,
what is left is to improve the performance of a port by means of increasing the number of vessels calling
the port. One way to achieve this goal is to minimize the time spent at port for each vessel. Using the
data envelopment analysis (DEA) method to evaluate its efficiency, this paper analyzes a port which
made investments in order to improve this issue with berthing time difference (BTD) as the output. The
results show that DEA method can be a valuable tool for port operators in evaluating the efficiency of
their investments.

Keywords: Port Efficiency, Port Investment, Port Time, Data Envelopment Analysis.

Yatirimlarin Liman Verimliligi Uzerine Etkisinin Degerlendirilmesi: Bir Performans
Gostergesi Olarak Yanasma Zaman Farki

Oz

Liman isletme cevresinin rekabetgi dogasi, liman isletmecilerine performans ile ilgili hususlarda bir baski
unsuru olusturmaktadir. Rekabetci avantaji elde etmek adina, stratejik olarak yapilabilecek hamleler
tiikendiginde, geriye kalan tek secenek limana ugrayan gemileri artirma yolu ile liman performansini
yukart cekmektir. Bu hedefe ulasmanin bir yolu her bir geminin limanda kaldigi stireyi minimuma
indirmektir. Bu ¢alisma, veri zarflama analizi (VZA) ile, bu hususu gelistirmek icin yatirim yapmis bir
limani, ¢ikti olarak yanasma zaman farkini (YZF) kullanarak analiz etmektedir. Sonuglar VZA'nin liman
isletmecileri tarafindan yatirimlarinin degerlendirilmesinde énemli bir arag olarak kullanilabilecegini
gostermektedir.

Anahtar Kelimeler: Liman Etkinligi, Liman Yatirimi, Liman Stiresi, Veri Zarflama Analizi.
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The maritime trade has always mirrored
the global economy and can almost be
deemed an indicator of it. The lingering
decrease in the world trade made the
already cut-throat port industry even
more competitive. The severity of the
circumstances becomes clearer in the
competition of ports in the same region
or even the same country [1]. While other
factors such as hinterland and proximity to
industry/consumeris on the same level, and
considering the port fees would be almost
identical, all that is left to make a difference
is the port efficiency. In order to gain a
competitive edge, slightest it might be, port
authorities plan, strategize and implement
both infrastructural and superstructural
investments, and as to compare with
their competitors, majority use the cargo
throughput figures. Port efficiency has been
thoroughly researched in the literature,
for multiple reasons including the above
mentioned ones. However, while cargo
throughput seemingly was the main focus
in most of such researches, it is merely
a fracture, when one considers the port
functions as a whole. While the cargo
throughput is an important performance
indicator in port authorities’ point of view,
time the vessel spends at the port is one of
the more important criteria when it comes
to port selection for shipowners. The time
spent at port not only means more costs
for the shipowner, but also can create
bottlenecks in the supply chain process
[2, 3]. Thus the expectations of the port
users regarding the port time results in a
pressure that is put on the port authority.
To overcome this pressure, port authorities
are forced to implement infrastructural
or superstructural developments besides
carrying out effective operational planning.

In the light of this information, this
study focuses on time spent at port
as a performance indicator. As Data
Envelopment Analysis (DEA) analyzes
efficiency by comparison with the best

practice, it has been increasingly used as
an efficiency measurement tool [4]. This
paper aims to evaluate the effects of port
investments and resource assignments on
average time that a vessel spends in port
between the actual berthing time and the
requested berthing time.

The majority of researches regarding the
port efficiency considers cargo throughput
as the sole output, only a small number of
researches considers different aspects of
portefficiency eg. [5, 6, 7, 8, 9]. Even when it
is considered as an output, port time related
outputs include the whole time that a vessel
spends in port without distinguishing the
waiting caused by parties other than the
port. This papers originality comes from
the fact that the authors chose to analyze
the time that the port actually has control
over, which can be seen as a true indicator
of performance.

The structure of the paper is as follows:
In the first section of this paper, the
related literature is reviewed based on the
different DEA methodologies and aims on
port efficiency. In the second section, the
applied methodology and the data used are
explained and finally in the third section the
results are discussed and some suggestions
are made on the matter of reducing port
time.

2. Literature Review

In today’s competitive port industry
conditions, the importance of port efficiency
is becoming increasingly obvious. Whilst
the usage of DEA method in port efficiency
measurement is becoming widespread,
researches are greatly varied not only
by their aim, but also with their sample,
methodological approaches and input/
output selections.

In this body of literature, the study of
Roll and Hayuth [10] appears to be the
initial attempt that applies DEA to the
port industry. However, as the data of the
study were hypothetical, the authors aim
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is only to point out the usefulness of DEA
for measuring the port efficiency. This
research can be considered as a kickstarter
for the application of DEA method in port
efficiency measurement researches with
differing aims.

The main aim in the majority of the
researches have been determining the
sources of inefficiency in order to indicate
possible improvements to be made
regarding port efficiency. Although these
studies approach the matter in the same
aim, their samples and input/output
selections for evaluating efficiency differs.
Among these researches, some of them took
it a step further and carried out benchmark
analysis as well [11, 12, 13, 14, 15]. By
doing so, the findings of these researches
have provided valuable information for the
inefficient ports by indicating the efficient
ports which they should emulate.

Apart from that, the relation between
the efficiency and the size of the terminal
have been important research question in
the literature. However, the related studies
revealed that the size is not a determining
factor for port efficiency aimed to explore
whether there is a relation between port
ownership and efficiency but it is found
that no relationship exists between them
[15, 16, 17].

The differences between the aims of
the port efficiency studies resulted in
various methodological approaches as
well. In his study, Itoh [18] focused on 8
major container ports in Japan and applied
window analysis in order to determine the
efficiency changes in 9 years period. Similar
to Itoh [18], Al-Eraqi et al. [19] performed
both standard DEA models namely CCR,
BCC and window analysis together in
their research and gained larger details on
performance analysis of main seaports in
the Middle Eastern and African countries.

So et al. [20] aimed to measure the
relative efficiency of major container ports
in the Northern Asia and identified the

sources and degrees of inefficiency. This
study distinguishes itself from the others
by applying super-efficiency model apart
from standard DEA models. By doing so,
the study makes a further investigation
on the efficient DMUs and measures how
much the inputs can be increased while
not become inefficient. In resemblance,
Ablanedo-Rosas and Ruiz-Torres [13] used
super-efficiency model and examined 29
Mexican ports by providing the ranking of
the efficient decision making units (DMUs).

Beside the above mentioned researches,
there have been some interesting studies
with their unique and/or pioneering
methodological approaches. Lin and
Tseng [6] applied slack variable analysis
to reveal the potential areas that needs to
be improved for altering the inefficiencies.
Following this, a sensitivity analysis is
conducted to identify the weights of the
inputs and outputs in terms of their effect
on the efficiency. Ng and Lee [7] evaluated
the efficiency of major Malaysian container
ports both with cross-sectional and panel
data analysis. Different from others, this
paper added a port (Port of Singapore)
which is not originally involved in the
sample in order to gain an advantage of
providing a reference point. To identify the
potential sources of inefficiencies, Min and
Park [8] proposed a hybrid DEA/simulation
model and measured capacity utilization
and throughput efficiency of selected
container ports.

When studies similar to this one that
focus on Turkish container terminals are
analyzed, it’s seen that they vary in sample
selections; methods applied and input/
output selections. Ates and Esmer [21]
linked DEA with Malmquist Total Factor
Productivity Index in order to analyze
the effects of 2009 global financial crisis
on 13 Turkish container terminals. With
a broader sample including 16 Turkish
container terminals, Ates and Esmer [22]
applied various DEA models, namely; CCR,
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BCC and super efficiency along with Free
Disposal Hull method, which is another
relative efficiency measurement tool. While
these two studies analyze TEU throughput
as the sole output, in the researches of
Giiner [23, 24], the scope of the efficiency
analysis was widened as the outputs also
include additional performance indicators
such as number of ships and total revenue.

The common ground of the reviewed
literature is that each of the studies
compares different ports as DMU’s and
rarely use other model outputs than TEU
throughput. This research differs in both of
the above mentioned matters by i) applying
the longitudinal data of a single port as
DMU’s, ii) analyzing BTD as an output
measure considering its importance as a
key performance indicator.

3. Methodology

DEA is one of the most commonly
used non-parametric mathematical
programming technique which is developed
by Charnes et al. [25]. It is based on an
efficiency concept which was originally
introduced by Farrel [26]. In this concept,
efficiency frontiers are constructed and
homogenous DMUs are used to estimate
relative efficiencies. Any unit on the
frontier is considered efficient and the
units positioned below the frontiers are
considered inefficient.

The most popular DEA models are the
CCR and BCC models. The original model
of DEA is CCR which is mathematically
modeled by Charnes et al. [25]. It assumes
constant return to scale relationship
between inputs and outputs. The BCC
model which is introduced by Banker et al.
[22] assumes variable returns to scale.

The initial CCR output - oriented model
(in envelopment form), can be stated as
follows:

Max@, +8[ZS; + S:]
r=1

i=1

Subject to

n
Z;{j.\‘fj +8, =x,:

J=l

i=1,2, ..., m;

z’ljyg +8, =0,Y,0, r=1,2,..s5s;
J=t

ﬁ.}.,S:,S'T >0,vj, j=1,2,.,n 0<€<<<1

where: m is the number of inputs, s is the
number of outputs and n is the number of
years (DMUs) used in the evaluation; 6,
is the radial efficiency factor showing the
proportional increase in output levels of
the year 0; 7\]. is the intensity factor showing
the contribution of year j in the derivation
of the efficiency of year 0; X, is the amount
of the ith input used by the jth year; Y, is
the amount of the r output produced by
the jth year; € is a small positive number to
ensure that the inputs and the output have
at least some weighting in the efficiency
measure; and S, S are input and output
slack variables.

The efficiency rating of the “0” year
is given by the index z,'=1/6", where 6
is the optimal value of the 6. Years which
z,=1are characterized as relative efficient
or benchmark years, while years for
which z'<1 are lie inside the frontier and
characterized as inefficient.

Note that the above original model (CCR)
uses constant return to scale, as pointed
out previously. Banker et al. [27] extended
the above original model to account for the
existence of variable return to scale. The
variable return to scale model (known as BCC
model) can be obtained through the addition
of a convexity constraint to model requiring
that the multipliers A add up to I[Z;'ﬂ A= l] .
DEA models should be developed
in consistency with the research aim. It
can be either input reduction or output
augmentation. If the main aim is to identify
elements that are over-using resources,
then input reduction should be the main
focus of the application. That means, the
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input oriented model is the appropriate
tool for the application. If the aim is output
augmentation, then the appropriate
analysis tool is an output oriented model
[28].

In light of this information, this
paper, incorporating data from Mersin
International Port (MIP) covering a 6
year period, applies both output-oriented
CCR and BCC models. MIP has undergone
considerable infrastructural and
superstructural investments throughout
this 6 year period. This fact makes MIP
a fitting selection for the analysis of
investments’ effect on efficiency. On top
of this, MIP is located in a competitor
heavy region with other ports which
share the common hinterland such as
Limak and Assan Port. In this competitive
environment, ports’ efficiency on reducing
“time spent on port” is considered as an
important indicator that shapes the port
users satisfaction and ship owners’ decision
making on port selection.

4. Specification of Input and Output
Measures

One of the more important points when
conducting a DEA analysis is determining
the input/output variables in accordance
with the aim of the research. The
specification of variables to be used in the
model is critical. Identifying misleading or
unfit input or output could lead to biased
results and thus inappropriate conclusions
[29]. This study, applying an output-
oriented model, handles “Berthing Time
Difference (BTD)” as the output. BTD is the
difference between the actual berthing time
and the requested berthing time by the
vessel. The purpose behind choosing BTD
as an output is the fact that BTD provides
more realistic port time measurement
as it only includes the time lost caused

by the port. In this context, the following
can be classified as inputs that may have
an effect on BTD as an output: number of
berths, berth length, draft (m), number of
tugs, number of quay cranes, storage area
(mz) and labour. However, the interviews
conducted with the operational managers
of MIP resulted in the exclusion of number
of berths, storage area and labour inputs
for container terminal operations and
storage area and labour inputs for dry bulk
terminal operations as the port had never
encountered any shortage or congestion
regarding these inputs. In light of this
information, the following table presents
input and output variables for both models.

Table 1. Input and Output Measures

. Container
Dry bulk terminal terminal
Output |y, - 1/BTD y,-1/BTD

x, - number of tugs | x, - number of tugs

X, - number of
quay cranes

X, - number of
quay cranes

Input | x, - maximum draft | x, - maximum draft
x, - berth length x, - berth length
X, - number of
berths
DEA method is an efficiency

measurement tool which postulates that
the efficiency would increase as the value
of output increases. As the model will
assume the lower the BTD is the higher the
performance would be, this data is included
in the model as 1/BTD. In addition to this,
operations with a greater BTD value than
20 days are considered as an indicator of
shipowner related delays. For this reason
such cases have been removed from the
data set. The BTD is calculated as an annual
average based on the below equation where
n represents the total number of vessel
calls.

Y ¥ (Actual Berthing Time — Requested Berthing Time)

Average BTD =

n
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Tug service is one of the more important
port service that would effect the berthing
performance of a terminal. Any shortage
or drawback in this service can result in
delays and decreasing efficiency. Between
the years 2011-2014, the number of tugs
in MIP were 4, whereas in the next year it
increased to 5.

Number of quay cranes is another
important matter in berthing performance.
As quay cranes’ responsibility is of the
highest order when it comes to handling
operation, the number of cranes directly
effects berth occupancy. Number of quay
cranes in MIP dry bulk terminal were 4
throughout the time period covered by
this study, while in container terminal the
number of quay cranes have increased from
12 to 16 with the equipment investments
made in May of 2015. In order to reflect
this change into the annual data number of
quay cranes have been weighted as number
of quay cranes multiplied by months.

Draft of a berth is a deciding factor in
limiting the size of the vessels that can be
berthed in that specific terminal. In MIP,
the maximum draft for dry bulk terminal
is 14 meters, while the container terminal
was treated to an upgrade from 14 meters
to 15.5 meters as a part of the new quay
building investment in 2014.

Berth length of a terminal is determinant

Table 2. Raw Data of Inputs and Outputs

in the size of the vessels that can call a
terminal. Berth length, along with number
of berths, are measures that decides berth
availability. In this model the number
of berth was not included in container
terminal analysis for two reasons: (i)
this input had not changed over the time
period that is covered by this study, (ii) port
representatives noted that there had never
been performance deficiencies caused by
number of berth number. However in the
dry bulk terminal, berth number decreased
from 14 to 12, as the previously shared
3 berths were assigned exclusively for
container handling in 2014. This change
of assignment affected the berth length as
well. The port’s total berth length was 2160
meters through the years of 2011 to 2013.
In 2014, the construction for expansion
of the container terminal berths left the
port with 1885 meters of berth length,
which was followed by the completion
of expansion, resulting in a total of 2385
meters in the year of 2015. Whereas in the
dry bulk terminal, the total berth length
was 2045 meters through the years 2011 to
2013, up until the assignment of 3 berths to
container terminals, reduced this number
to 1615 meters. Raw data for the above
mentioned inputs can be summarized in
the following table:

1/BTD NU¥32§ OF N%I\R’[gzgso F Nl:}né[g'?:so F BERTH LENGTH DRAFT
Years C B C B C B C B C B C B
2011 | 0,1914 | 0,3780 4 4 144 4 NI 14 2160 2045 13 14
2012 | 0,1279 | 0,2375 4 4 144 4 NI 14 2160 2045 13 14
2013 | 0,1678 | 0,1581 4 4 144 4 NI 14 2160 2045 13 14
2014 | 0,1781 | 0,0409 4 4 144 4 NI 12 1885 1615 15,5 14
2015 | 0,1675 | 0,0675 5 5 164 4 NI 12 2385 1615 15,5 14
2016 | 0,2138 | 0,0760 5 5 192 4 NI 12 2385 1615 15,5 14

*NI=Not Included, C=Container Terminal, B=Dry Bulk Terminal
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5. Results

In this section, related data from the
year 2011 to 2016 is evaluated by using
DEA-CCR and DEA BCC models. Table 3
shows statistics of container and dry bulk
terminals separately. DEA-CCR model
reflects the results with the assumption
of constant return to scale whilst DEA-
BCC model represents the results with
variable return to scale. In this study, as
DMUs consist of years of a single port,
CCR model, with its function on constant
return to scale, is essential for the overall
performance evaluation of the port and
proves to be more useful for this study
than BCC. Therewithal, with comparing
the results acquired through BCC and CCR
models would help identify overuse of port
resources (inputs).

Table 3. Statistics Summary of DEA Analysis

Container Dry Bulk

Terminal Terminal
Years CCR BCC CCR BCC
2011 1,00 1,00 1,00 1,00
2012 0,67 0,67 0,63 0,63
2013 0,88 0,88 0,42 0,42
2014 1,00 1,00 0,14 1,00
2015 0,78 0,83 0,23 0,89
2016 1,00 1,00 0,25 1,00

Analyzing the results presented in Table
3 shows that the implemented investments
of MIP, along with the shift in assignments
of two of berths have significant effect on
the efficiency. In container terminal, the
most efficient DMUs are the years 2011,
2014 and 2016 both according to CCR and
BCC models.

Between the years of 2011 to 2013,
there seems to be a varying degree of
decrease in the efficiency, due to do increase
in BTD levels, with no change in inputs.
The following year of 2014, is one of three
most efficient DMUs. However, the main
reason for its efficiency score stems from

the decrease in berth length input. The
implemented investments mentioned in
the previous section started to reveal itself
as increase in inputs in 2015. Albeit, when
analyzed in mere efficiency perspective, the
efficiency score decreased as the BTD levels
increased along with those increasing
inputs. In 2016, the increase in the quay
crane number provided positive outcomes,
achieving perfect efficiency and the lowest
level of BTD among the compared years.

When the findings regarding the dry
bulk terminal are analyzed, it is seen that
the most efficient DMU in the CCR model is
the year 2011. Whereas, according to BCC
model, along with 2011, years 2014 and
2016 also have perfect efficiency scores.
The year 2011, when compared with the
rest has the lowest BTD level and highest
level of inputs (except tug number). In
the following two years, even though the
input levels remained constant, BTD levels
increased gradually. These results, along
with the number of ship calls shown in Table
4 proves that there is indeed a decrease
of efficiency in each input performance.
Although this decrease of efficiency in the
dry bulk terminal should be considered as
an indicator of investment requirement in
said terminal, as the container terminal was
the main focus of investment, the number
of berths assigned to dry bulk terminal
was decreased to 12 from 14 as a result
of assignment of the said berths to the
container terminal in 2014. Consequently,
according to the CCR model, the year 2014
stands out as the least efficient DMU. On the
other hand, according to the BCC model,
in context with the decrease in inputs, a
higher score of efficiency was achieved. In
the years 2015 and 2016, the small increase
in the number of tugs, resulted in a similar
small increase in efficiency scores. The fact
that CCR efficiency scores are low while the
BCC efficiency scores are high is an indicator
that there is an overuse of resources in
these years, similar to the year 2014.
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Table 4. Annual Number of Ship Calls for
Terminals

Years Container Dry Bulk
2011 1361 1315
2012 1463 1280
2013 1538 1007
2014 1543 1083
2015 1437 765
2016 1479 767

Asitcanbe seen from Table 4, the shift of
inputs from dry bulk to container terminal
resulted in longer BTD and consequently
lesser ships calling the dry bulk terminal
of the port. On the other hand, said inputs
served the needs of the container terminal
and helped keeping a steady number of
vessel calls with minor fluctuations.

6. Conclusion and Discussion

DEA is a commonly used method in
port performance measurement studies.
Majority of the studies uses cargo
throughput as output while analyzing port
performance. However, aside from the
cargo throughput, another significant yet
understudied performance aspect which
has an important effect on port selection
is ship waiting time. In this study, BTD is
selected as the output, since it covers the
waiting time period that is fully related with
the performance of the port. Application
of this DEA to MIP allowed the authors
to investigate the effects of investments
on BTD, as MIP implemented various
improvements on related inputs through
the years.

Results show that, the container terminal
which had a high level of efficiency in 2011,
fell below this level throughout the process.
Following the investments that include the
increase of berth length, number of quay
cranes, number of tugs and draft level, the
needs arising from the increasing volume
of cargo flow were met and high efficiency

level was once again achieved.

However, in the dry bulk terminal, the
high level of efficiency that was present in
2011 could not be maintained and suffered
a significant decrease in terms of constant
return to scale in the last three years, after
the shift of assignments regarding length
and number of berths to the container
terminal. A crucial point that needs to
be emphasized is that, even though the
resources were used efficiently with the
limited means at hand through these years,
when compared with the year 2011 they still
fall short. This situation also indicates an
overuse of resources and has the potential
of causing maintenance and depreciation
costs. In order to cope with this problem,
two strategies could be recommended;
(i) investing on the inputs of the dry bulk
terminal in parallel with investments made
in container terminal, (ii) increasing the
already present inputs’ efficiency levels by
optimizing their usage.

As a result, BTD efficiency has a
significant role in service quality and
directly affects the future selection
decisions of port users. Especially in
regions with heavy inter-port competition,
this aspect of port efficiency comes out as
a mean to gain competitive edge, because
in the shipowners perspective, a port that
handles their vessel faster, is a better port.
In this regard, measuring port performance
in BTD aspect proves to be a guide light
for decision makers, helping with both
evaluating their current position and future
planning.

The mainlimitation of thisresearchisthe
number of DMU’s (years) which is caused
by the availability of the recorded data.
Another limitation is that, in similarity with
the other studies in the literature, this study
analyzed equipment based inputs solely on
quantity, disregarding their specifications
related with their performance.

For further researches, it is possible to
carry out thorough investigations by using
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differing methodologies. For instance,
super efficiency analysis, with providing
the possibility to compare efficient DMUs
against each other, offers a more detailed
analysis. Another research suggestion
might be the inclusion of more ports,
enabling the usage of panel data for the
efficiency comparison and benchmarking
analysis among them.
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Oz

Miisteri odakli ve siparige ézel calisan tersanelerin yasadiklari zorluklardan biri de tiretimin planlanmasi
ilerlemenin kontrol edilmesidir. Bu zorluk tiretimin kendi dinamikleri cercevesinde ilerlemesine ve
denetim dig1 yiirtimesine neden olmaktadir. Yiiksek stireg ici stok seviyesi bu tarz gemi ingaatinin icinden
ctkilmaz hale gelmesine sebep olan faktérlerden birisidir. Stireg ici stok seviyesinin yiiksek olmasinin
bir diger olumsuz tesiri de iiretim ortamindaki problemleri gizlemesi ve dolayisiyla da ¢6ziimiinti
zorlastirmasidir. Bu ¢alismada bahsedilen mantiga gore calisan tersaneler icin mevcut performans
degerlerine gére giincellenen bir planlama usulii ve geminin celik tekne kisminin iiretimi esnasinda
stireg ici stok seviyesinin agirt artmasini énlemeye yardimci olacak bir tiretim kontrol sistemi modeli
arastirmasi yapilmistir. Ortaya konulacak olan modelin bu tip tersaneler igin bir baslangi¢ uygulamasi
olabilecegi diistiniilmektedir.

Anahtar Kelimeler: Gemi Ingaati, Uretim Kontrol Sistemi, Planlama.

A Production Planning and Control Methodology Proposal for Shipyards

Abstract

One of the biggest troubles of the shipyards working customer-oriented and tailor-made manner is
planning and controlling of the production progress. This problem causes the production to proceed in
the framework of its own dynamics and out of supervision. In this type of shipbuilding, one of the most
complicating factors is excessive work-in-process level. Another negative effect of the excessive work-
in-process level is that it hides the problems in production stations, and therefore, makes it difficult
to solve these problems. A scheduling method, which is updated based on current performance, and a
production control system, which prevents the excessive increase of work-in-process level during steel
hull production, are investigated for the shipyards that work mentioned genre before. The model to be
introduced is thought to be a starting application for such type of shipyards.

Keywords: Shipbuilding, Production Control System, Scheduling.
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1. Giris

Gemi imalatinin zorlu yapisi, farkli ve
birbirileriyle etkilesimli faaliyetleriicermesi
iyi bir planlama ve ftretim Kkontroliini
mecburi kilar. Bu meselenin ¢éziimii icin
tersaneler ¢esitli proje yonetim usulleri ve
bilgisayar programlar1 kullanmaktadirlar.
Ote yandan baz1 tersaneler planlama
ve yapilan planla uyumlu bir imalat
gerceklestirmede zorlanmaktadirlar.

Uretimin sistemli olarak devam etmesi
icin ilerlemenin devaml 6l¢iilmesi gerekir.
Imalatin ilerlemesinin siirekli olarak
izlenebilmesi icin iiretim ortaminda
ihtiyact karsilayacak seviyede bir o6l¢iim
sistematigi  bulunmalidir  Bu  6l¢iim
sistematiginin kapsami ve sekli mamule ve
liretim stratejisine gore tespit edilmelidir.
Ayrica birim imalat icin performans
degerlerinin bilinmesi zaman tahlillerinin
yapilabilmesi icin zorunludur. Ote yandan
birim imalat performans degerleri zaman
icinde degisebilir. Dolayisiyla ortaya
¢ikan bu yeni performans degerleri
imalatin  baslangicinda yapilmis olan
temel planda da sapmaya neden olur. Bu
sapma, miktarina bagh olarak proje teslim
zamaninin iizerinde olumsuz bir tesire
sebep olacaktir.  Bahsedilen problemin

asilabilmesi icin mevcut performans
degerlerinin belli periyotlarla yeniden
tespit edilip planlamaya yansitilmasi

suretiyle yeni durum ortaya konulmali ve
sorunun asilmasi icin sapma miktarina
gore gerekli tedbirler devreye sokulmaldir.

Uretim esnasinda ham madde cesitli
islemlerden gecerek nihai triin halini ali.
Bu islemlerin yapildigi imalat yerlerinde
ve bu imalat yerlerinin aralarinda yari
mamul birikmeleri olur. Siire¢ ici stok
olarak isimlendirilebilecek, islem gormekte
olan veya islem gormek icin ara stoklarda
bekleyen bu yari mamullerin miktari iretim
sistemlerinin  performanslar1 iizerinde
onemlibirtesire sahiptir. Busebeple sisteme
giren hammaddenin iretim akisinda asiri
y1gilmalara ve tikanmalara sebep olmamasi

yani sira imalat yerlerinde bos kalmay1 da
onleyecek seviyede olmasini saglayacak bir
tiretim kontrol sistemi gereklidir.

ilerleyen boliimlerde ilk olarak literatiir
taramasina yer verilmistir. Bu kisimda gemi
insaatinda planlama ve tiretim Kontroli
ile alakali calismalardan bahsedilmistir.
Akabindeproblemintanimiyapilmistir. Daha
sonra problemin ¢éziimi igin gelistirilen
metodoloji verilmis ve her bir adimi kisaca
aciklanmistir. Bir sonraki kisimda onceki
bolimde ana hatlarindan bahsedilen
metodolojinin detaylar1 ortaya konmustur.
Bu bolim bir vaka c¢alismasi olmayip
problem taniminda 6zellikleri belirtilen bir
tersanede yapilan gozlemlere dayanarak
gelistirilen metodolojinin teferruati
anlatilmistir. Bu baglamda blok imalati
sirasinda elde edilen yar1 mamullerden
bahsedilmis ve basitlestirilmis bir blok
imalat stratejisi tanimlanmistir. Ardindan
blok tiretimi i¢in yeni bir plan giincelleme
yontemi ve iretim kontrol sistemine
yer verilmistir Bu kisimda oncelikle
blok imalatinin baslangicindaki verilere
bagh olarak ilk planin belirlenmesinden
bahsedilmistir. Akabinde giincel
performansin ilk planlamaya yansitilmasi
ile plan giincellemesinin nasil yapilacagi
anlatilmistir. Bunu takiben sistem icindeki
siire¢ i¢i stoku smirlandirmay1 amaglayan
liretim Kkontrol sistemi tanitilmistir. Son
boélimde ise ortaya atilan yeni yontemin
degerlendirmesine yer verilmistir.

2. Literatiir Taramasi

Gemi insaatinda planlama
mevzusundaki literatiire  bakildiginda
tersane alanin en iyi bicimde kullanilmasina
yonelik olarak yapilan galismalarin ciddi
agirligt oldugu goriilmektedir[1-3]. Ote
yandan montaj sirasinin planlanmasi da
kimi yazarlar tarafindan ele alinmistir[4-6].
Cho ve dig. blok imalatinda kaynak
faaliyetinin planlanmas1 icin bir sistem
gelistirmistir[7]. Sikorra ve dig. planlama
faaliyetinin daha ilk asamalarinda is
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miktarinin ~ tahmin  edilmesi  {zerine
calismistir[8]. Wang ve dig. panel blok
tiretim hatt1 optimizasyon ve cizelgelemesi
lizerine arastirma yapmistir[9]. Cha ve Roh
proses planlama i¢in simiilasyon ¢alismasi
yapmistir[10]. Seo ve dig. vaka temelli
muhakeme kullanarak blok montaji i¢in bir
proses planlama sistemi gelistirmistir[11].
Cho ve dig. blok imalati i¢in biitlinlesik
bir proses planlama ve cizelgeleme
sistemi tamimlamistir[12]. Dong ve dig.
gemi imalatinda esnek {iretimin etkisini
arastirmislardir. Bu baglamda diiz bloklarin
da egrisel blok ftretim hattinda imal
edilmesinin tesirini belirlemek amaciyla
blok iiretiminin bir kuyruk ag modelini
gelistirmislerdir. Bu sekilde darbogaz
etkisinin dlsecegini, diger faaliyetler
icin ileri planlama ve ¢izelgelemenin
gelistirilebilecegini belirtmislerdir [13].
Rose ve Coenen blok imalatinda is yuki
degisimlerini ve dis kaynak kullanimini
ayni anda asgariye indirmeyi amaclayan,
blok donatiminin da tesirini ihtiva eden
bir matematiksel model gelistirmisleridir.
Bu model sayesinde otomatik olarak blok
imalat planlar1 elde edilebilmektedir
[14]. Fuente ve Manzanares bir tersanede
uygulamaya konulmus kazanilmis deger
konsepti temelinde gelistirilen {iretim
kontrol sisteminin mevcut uygulama
durumunu anlatmislardir [15]. Dong ve
dig. gemi imalatinda esnek tiretim saglayan
bir kontrol politikas1 tasarlamislardir [16].
Lee ve dig. bir tersanenin is birligi ile bir
proje kapsaminda cizelgeleme sistemleri
arasinda hiyerarsik mimarinin, blok
montaji ¢izelgelemesinde kisitlarin, tersane
alanina gore cizelgelemenin, dinamik
montaj hatt1 ¢izelgelemenin ve adam-saat
kestirimi i¢in yapay sinir aglarinin bir arada
kullanildigi bir entegre tersane planlama ve
cizelgeleme sistemi ortaya koymuslardir.
Gelistirilen sistem s6z konusu tersanede
basarili bir sekilde uygulamaya alinmistir
[17]. Yoon ve dig. bloklarin kizak
montajindan once Dbirlestirilerek daha

biiyiik bloklarin insa edildigi gemi iiretim
metodunu kullanan tersaneler icin 6n kizak
montaj alanindaki is yilikiiniin optimize
edilmesi ve boylece darbogazin énlenmesi
icin blok montaj siras1 ortaya ¢ikaran bir
program gelistirmislerdir [18]. Rose ve
Coenen kompleks gemi tipleri imal eden
tersanelerde kizakta blok montaji igin
uygulanabilir ve optimize edilmis ¢izelgeler
kiimesi gelistiren bir metot sunmuslardir
[19]. Dong ve dig. gemi imalatindaki temel
faaliyetlerden biri olan donatim faaliyetinin
planlanmas1 ve kontroliinii iyilestirmek
icin CONWIP is serbest birakma politikasi
altinda iki agsamali esnek bir kuyruk modeli
gelistirmislerdir [20].

Bu ¢alismada gemi insaatinda onemli
yer tutan, geminin celik teknesini olusturan
bloklarin imalati ele alinarak tersaneler
icin bir cizelgeleme ve iiretim kontrol
usulli lizerinde durulmustur. Problem ile
alakali oOnerilen metodolojinin 6zellikle
iiretim planlama ve Kkontroliinde zorlanan
tersanelerde bir baslangic uygulamasi
olabilecegi diisiiniilmektedir.

3. Problemin Tanimi

Gemiblokuimalatiesnasindahammadde
olan sac ve profillerin kesilmesinden blokun
iretilmesine kadar gecen silirede cesitli
yart mamuller elde edilmektedir. Bu yari
mamuller farkli parcalarin birlesmesiyle
basitten karmasiga dogru ortaya cikar.
Farkli iiretim stratejilerine gore degisik yar1
mamuller ile karsilasilabilir.

Baz1 tersaneler f{retim planlama ve
kontroliinde zorlanmaktadirlar. Bu gibi
tesislerde genellikle tam bir iretim akisi
saglanamamisti. Ayrica her ne kadar
proje evvelinde bir ilerleme plani yapilsa
da bu plan ¢ok genel ve detaylardan
uzak bir icerigi haizdir. Bununla birlikte
bu tesislerde yapilan plana uyulmadigi,
plan izerinde genellikle giincelleme
yapilmadig1 ve iiretimin kendi dinamikleri
icinde ilerledigi gozlemlenmektedir. Yine
bu tesislerde tretim kontroli sadece
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giindelik problemlerin ¢6ziilmesi seklinde
yapilmaktadir. Hazirlanan ilk planin tiretim
devam ederken degisen performans
degerlerine gore glincellenmesi projenin
gelecegini izleyebilmek agisindan oldukga
onemlidir. Bu amagla iiretim sahasindaki
imalat yerlerinden devaml ilerleme
Olciimleri yapmak gerekir. Bahsedilen
tiirdeki tersanelerde projenin ilerlemesi
daha ¢ok aylik hak edis hesaplamalari
sirasinda irdelenir. Ancak bu usul yeterli
olmamaktadir.

Imalat sahasinda 6lgiim yapmanin ve
ilerlemenin izlenmesinin isinden c¢ikilmaz
bir hale gelmesinin miithim sebeplerinden
birisinin de smirsiz olarak iiretilen yari
mamullerden meydana gelen stoklar oldugu
diistintilmektedir. Siirec ici stok olarak ifade
edilen bu envanter, liretim sistemlerinde
bir ¢ok probleme sebep olmakla beraber
ayrica teslimat siirelerinin uzamasina da
yol agar [23, 24]. Bunun 6niine gecebilmek
icin lretim sistemine giren hammaddenin
bir yolla kontrol edilmesi icap eder.

Yukaridaki faktorler ele alindiginda
liretim planlamasinin mevcut performansa
gore glincellenmesini saglayacak bir plan
gilincelleme ve iretim sahasinda siireg
ici stok seviyesinin optimum seviyede
tutulmasini temin edecek bir tiretim kontrol
sistemini igeren bir yonteme ihtiyac vardir.

4. Metodoloji

Calismada problemin ¢ozimi icin
temelde iki bolimden miitesekkil bir
usul izlenmistir. Bu iki ana boliimden ilki
irtiniin ve Uretim mantiinin tanimina
yonelik olup bu kisimda blok iiretimine
ait detaylar yer almaktadir. ikinci béliim
ise ilk planin yapilmasini, daha sonra bu
planin yeni performans degerlerine gore
gilincellenmesini ve {retim sahasinda
stire¢ i¢i stok yigilmasini sinirlandirmayi
amaclayan iiretim  kontrol sistemin
tanimlanmasini icermektedir. Bahsedilen
metodoloji icin akis semasi Sekil 1’de
verilmistir.

2 Yar mamuller ve
f, imalat detaylarimin
= tammlanmasi
prid =

EE

i i}

s E

o= Blok imalat

g stratejisinin

= belirlenmesi

U

ilk planlamanin
yapilmasi

!

Meveut performansa
gore ilk planin
giincellenmesi

Uretim kontral
sisteminin
tammlanmas

K—)

Sekil 1. Problem Céziimiinde izlenen Metodoloji

Plan giincelleme ve tiretim
kontroli

Sekil 1'de verilen akis semasindaki her
bir adim kisaca asagidaki gibi agiklanabilir:
e Yar1 mamuller ve imalat detaylarinin

tanimlanmasi: Bu adimda gemi bloku

imalati esnasinda karsilagilan ara
mamiillerin isimleri ve kapsamlari
tanimlanir.

¢ Blokimalatstratejisinin belirlenmesi: Bu
adimda karar verilen iiretim stratejisine
gore hammaddenin gececegi asamalar
ve yarl mamullerinnasil imal edilecegi
tanimlanir.

e ilk planlamanin yapilmasi: Bu adimda
her bir imalat yerindeki is yiiklerine ve
atanmis performans degerlerine gore
ilk planlama yapilir. Boylece temel plan
elde edilir.

e Mevcut performansa gore ilk planin
giincellenmesi: Bu adimda temel plan
mevcut performans degerlerine gore
giincellenir ve projenin gelecegi izlenir.

o Uretimkontrol sisteminin tanimlanmast:
Bu adimda iretim sistemine giren
hammaddeyi kisitlayip sistemde
tikanmalar1 ve bos kalmay1 6nleyecek bir
tiretim kontrol mekanizmasi tanimlanir.

5. Uygulama

Bu kisimda problem ¢oézimi igin
gelistirilmis bir ©nceki bolimde ana
hatlariyla anlatilan metodolojinin

detaylarindan bahsedilecektir. Bu calismada
gelistirilen metodolojinin uygulanmasi igin
bir vaka ¢alismasi yapilmamis olup problem
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taniminda bahsedilen tiirde bir tersanede
yapilmis gozlemler baglaminda uygulama
icin gerekli adimlar tiim hatlariyla ortaya
konulmustur.

5.1.Yar1 Mamuller ve imalat Detaylarinin
Tanimlanmasi

Gemilerin celik tekne kismi 6nce bloklar
halinde insa edilmekte daha sonra ise kizak
tizerinde bu bloklarin birlestirilmesiyle
gemi ortaya cikmaktadir. Gemi blokunun

levhalarin kesiminden blokun tiretilmesine
kadar gecen imalat asamalarinda cesitli
yart mamuller elde edilmektedir. Bu yari
mamuller tretim kademeleri olarak da
isimlendirilebilirler. Uretim stratejilerinde
goriilen farkliik degisik tiretim
kademelerinin ortaya c¢ikmasina sebep
olmustur. Kimi yazarlar tiretim kademeleri
lizerine bazi tanmimlamalar yapmislardir
[21, 22]. Tablo 1’de bu liretim kademeleri
ve aciklamalari verilmistir.

hammaddesi olan profillerin ve sac
Tablo 1. Uretim Kademeleri ve Aciklamalari
Uretim Kademesi Agiklama Sekil
A, tek profil Hollanda profili, kdsebent, vs. pargalar.
B, tek sac Sacin kesilmesiyle.z e?de edilen pargalar. ’6‘:—)?‘{—\:“0‘ na‘j ” ] L::
Sadece kenar kesimi yapilan sac levhalar, Calelase =) & J

biikiime gidecek levhalar, nesting kesimi
nihayetinde elde edilen posta, tiilani, alin
lamasy, stifner, braket, kiremit, kapama,
vs. bu gruba dahil edilebilir.

C, kiigiik grup

Aile B veya B ile B kademelerinin
birlestirilmesiyle elde edilen yar1 mamul.

D, alt grup Cile C kademelerinin birlestirilmesiyle
elde edilen yar1 mamul.
E, diiz panel B ile B kademelerinin birlestirilmesiyle

elde edilen yar1 mamul.

F, elemanl diiz panel

Aile F kademelerinin birlestirilmesiyle
elde edilen yar1 mamul.

G, biiytik alt grup

CileE, CileF Dile EveyaDile F
kademelerinin birlestirilmesiyle elde
edilen yar1 mamul.
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Tablo 1. Uretim Kademeleri ve Aciklamalari (Devami)

Uretim Kademesi Aciklama

Sekil

H,, egimli tek sac

dahil edilir.

B kademesindeki yar1 mamul biikiim
islemine tabi tutulduktan sonra bu sinifa

H,, egimli panel
edilen yar1 mamul.

H, kademelerinin birlestirilmesiyle elde

K, blok G, EileB; G, File B; G, H,ile B

edilen mamul.

kademelerinin birlestirilmesiyle elde

5.2.Blok imalat Stratejisinin Belirlenmesi

Bu c¢alismada gemi bloku imalati
esnasinda A, B, C, E, F G, H1l ve K
kademelerinin kullanildig1 varsayilmistir.
Ele alinacak tretim stratejisine gore gemi
blokunu olusturan yar1t mamullerden B, C
ve Hlsmifina dahil olanlarin bir mahalde
diger kisimlarin blok imalat sahasi olarak
isimlendirilen baska bir yerde iiretildikleri
distinilmistir.  Ayrica G kademesi
imalatinin F tlizerine C'lerin teker teker
dizilmesiyle yapildigina karar verilmistir.
Egimli kisimlarda H2 imalati yapilmadan
H1 kademesinin teker teker yapiya dahil

edildigivarsayllmistir. Ote yandan A kademe
yar1 mamuliin C icin kullanilmayip sadece F
imalatinda gerektigi farz edilmistir. Yapilan
varsayimlara gore hammaddenin gectigi
asamalar Sekil 2’'de gosterilmistir.

5.3. ilk Planlamanin Yapilmasi

Bu calismada her bir imalat mahallinde
icra  edilen faaliyetler = detaylarina
girilmeyerek tek bir imalat aktivitesi olarak
ele alinmistir. Blok imalat1 sirasindaki yari
mamullerin uretildikleri kisimlar, buradaki
faaliyetler ile detaylar ve ilgili agiklamalar
Tablo 2’de verilmistir.

‘“

Blok
imalat
mahalli

m __.’-_’- "7_-’=

On imalat
mahalli

4 &
T [
Profil
-+ -
stok
Iy

Sekil 2. Blok Imalatinda Hammaddenin Gectigi Asamalar
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Tablo 2. Blok Imalatinda Yart Mamuller ve Imalat Detaylart

Yar1 Mamul (Uretim Faaliyet Faaliyet Detay1 Imalat Yeri Agiklama
Kademesi)
A Aimalati | Kesme A imalat yeri Varyasyon ¢ok az, is kolay
B B imalati Kesme, taslama, B imalat yeri Varyasyon az, is mekanize
markalama
. . . . Varyasyon fazla, is manuel,
C Cimalati | Montaj, kaynak, tas C imalat yeri is miktari fazla
E E imalati | Montaj, kaynak, tas E imalat yeri Varyasyon az 13 kolay ve
mekanize, is miktar1 az
F Fimalati | Montaj, kaynak, tas F imalat yeri Vary asyon az, Iy kolay ve
mekanize
G Gimalati | Montaj, kaynak, tas G imalat yeri Vary.asy(.)n gok, is manuel ve
zor, is miktari fazla
H, H, imalati | Pres H, imalat yeri Varyasyon az, is miktar1 az
K Kimalati | Montaj, kaynak, tas K imalat yeri Varyasyon gok, is manuel
ve zor
Her l?lr 1rpglat yerinin .g:lzelgesml D Giin sayis1
olusturabilmek icin burada tiretilecek yari imal ¢
mamullerin faaliyet bazinda sahip olduklari P, Imalat performansi [m/MH]
is miktarlarinin ve bu imalat yerlerinin w. Ilgili imalat yerindeki gtinliik
Uretim performanslarinin bilinmesi is goren sayisi [M]
gerekir. [s miktarlari, iiretilecek blokun yap1 T Giinliik calisma siiresi [H/D]
resminin tahlil edilmesi vasitasiyla hesap CX Giinliik k it D
edilebilir. Uretim performanslar: icin ise ap tinliik kapasite [m/D]
gecmis veriye ihtiyac vardir. Eger gegmisten L llgili bloktaki ig ytikii [m]

elde bir bilgi yoksa tecriibi olarak bir ilk
deger atamasi yapilabilir Bundan sonra
kapasitenin belirlenebilmesi i¢in her bir
imalat yerinde c¢alisacak is goren sayisinin
da tespit edilmesi gerekir. Denklem (1-
3)’de hesaplama parametreleri verilmistir.

Burada kullanilan notasyon asagida
gorilmektedir.
x:ABCE, Uretim kademeleri icin

EGHK kullanilan indis

n Blok sayis1

i=1,..,n Blok numarasi i¢in kullanilan
indis

m Metre

M Adam sayis1

H Glnlik ¢calisma saati

MH Adam saat

Giinlik mevcut adam saat denklem 1
kullanilarak hesaplanir:
W *T [MH/D] §8)
Giinlik metraj bazinda yapilabilen is
miktar1 denklem 2 ile hesaplanir:
Cap=P *W *T [m/D] (2)
llgili blokun ilgili kademesinin toplam
imalat zamani giin olarak denklem 3
kullanilarak hesaplanir:
L\ /(P*W,*T,) [D] (3)
Anlasilacag tizere dlglim birimi olarak
metre alimmistir ve yapilan is metraj
izerinden degerlendirilecektir.  Giinliik
kapasiteye bagli olarak toplam imalat
zamanlar1 belirlendikten sonra Sekil 3’teki
gibi ilk plan diyagramu cizilebilir.
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Sekil 3. Ik Planlama Diyagrami

Sekil 3’te her bir iiretim kademesinin
imalatcizelgesiikiasamaliolarak verilmistir.
Yamuklarin igindeki alan o blokun o
imalat yerindeki toplam is miktarini
gostermektedir. Sayet kapasite arttirilirsa
dogal olarak zamanin kisalacagi buradan da
goriilebilmektedir. Her bir imalat yerinde
onceki bloka ayrilan kapasite bir noktadan
sonra azalmaktadir. Bu asamadan sonra
pesindeki blokun da o imalat yerindeki
isleri yapilmaya baslanir. Bir zaman sonra

onceki bloka ait is bittiginden tiim kapasite
yeni bloka tahsis edilmektedir.

Anlagilacagr  tizere baz1 zamanlarda
birden ¢ok bloka ait is bir imalat yerinde icra
edilebilmektedir. Bu durum ¢oklu gérev olarak
isimlendirilebilir. Seklin en alt kisminda
bloklarin toplam imalat zamanlar1 ¢izelgesi
bulunmaktadir. Bu kisim bloklarmn ilk islem
gormeye basladiklar1 andan en son islem
gordukleri ana kadar gegen stireye gore tespit
edilmis nihai ilk plan yani temel plandr.
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5.4. Mevcut Performansa Gore ilk Planin
Giincellenmesi icin Bir C6ziim Onerisi
Uretim sahasindaki imalat yerlerinden
devamli olarak oOl¢iimler yaparak temel
planin iretim devam ederken degisen
performans degerlerine gore glincellenmesi
gerekmektedir. Buhusus projenin gelecegini
izleyebilmek agisindan son  derece
onemlidir. Problem taniminda bahsedilen
tarzdaki tersanelerde projenin ilerlemesi
aylik hak edis hesaplamalar1 yapilirken
degerlendirilmektedir. Diger zamanlarda
ise projeden mesul Kisinin tecriibelerine
gore gec kalindig1 tahmin edilen kisimlara
mildahaleler yapilmak suretiyle projenin
ilerlemesi saglanmaktadir. Bu sekilde

Onceki bloka ail is

yapilan uygulamada sistematik olarak
herhangi bir dl¢iim yapilmadig gibi temel
plan tlizerinde yapilan giincelleme de ¢ok
yetersiz kalmaktadir. Bu meselenin asilmasi
icin yar1 mamullerin iretildigi yerlerden
bazilarinin ginlik diger kisimlarin ise
haftalik olarak tahlil edilmesine karar
verilmistir.

Ginlik bazda ele alinacak imalat
yerlerinin neresi olacagina karar vermek
oldukca oOnemlidir. Ciinkii bu kisimda
islenecek glinlik miktar temel alinarak
ayrica iretim temposu da belirlenecektir.
Sekil 4’te giinliik olarak takip edilen iiretim
yerinde plan giincellemesinin nasil yapildig
goriilmektedir.

Sonraki bloka ail ig

mm

Cap
[m/D) =
[ === \ §
performans ortalamass
M IlIIIIIIIIIIPI IIIIIIIIIIIIIIIIIII]IIIIIIIIII\
.lLC:uj % Zaman
afta
| a | LY
| I\
(a) \
CapI e A
miD]
[m/D] [~ En sn hattanin \ §
performans onalamas:
LI I IIITIIITIIIIII]IYITITI!IIIITIIITITIIII[|1\
Zaman
[ \
| [\
(b) L]
Cap A
(D) \\
En son haftanm
periormans oralemas:

III[III]ITIIIIIII|II[I{IIII|I1II|IIIII[I1IIIIIII[lI\
f t’ Zaman

Oncewl perormiansia’a goe Gincel pa
50 Tatme zamanian

Tansa Gone
0 bilme Zaman

Sekil 4. Giinliik Imalat Takibi ve Plan Giincellemesi
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Buna gore Sekil 4a’da tarali kisim bir
giinde yapilan is miktarini ifade etmektedir.
Anlasilacagi lizere bir hafta 5 is glinti olarak
hesaba katilmistir. Her haftanin sonunda
o haftanin ortalama performansi tespit
edilerek bu yeni ortalama ile kalan islerin
miktarina gore tamamlanma siireleri
yeniden bulunup plan giincellenmektedir.

Sekil 4b’de en son haftanin performans
ortalamasi gecen haftaninkinden
daha yiiksek c¢iktigindan kalan isler bu
yeni performansa gore ¢izelgelenmis
ve dolayisiyla isin bitme zamam bir
oncekinden daha geriye cekilmistir.

Sekil 4c’de ise ortalama performans bir
onceki haftanin altinda oldugundan giincel
performansa gore isin bitme zamaninin
ileriye oOtelendigi goriilmektedir. Sekilde
planin sadece bir kesiti gériilmektedir. Ote
yandan bu mantikla zincir seklinde tiim plan
giincellenip projenin gelecegi izlenebilir
ve gerekli hallerde uygun midahaleler
yapilabilir. Ote yandan bir imalat yerinin
plani gilincellendikten sonra diger imalat
yerlerindeki planlar ile cakismalar ortaya
¢ikabilir Bu durumda uygun bicimde bu
cakismalar giderilmelidir.

Haftallk olarak ilerleme kontrolii
yapilacak kisimlarda ise haftanin sonunda
o hafta yapilan isin ¢alisma zamanina
bolinmesiyle elde edilen ortalama
performansa gore yukarida anlatilana
benzer olarak plan giincellemesi yapilabilir.
O haftada bitirilen isin odl¢limi, eger
miimkinse fiilen tamamlanan is miktarinin

tespit edilmesi yoluyla yapilir Bunun
miimkiin olmadig1 durumlarda toplam is
miktarindan gecmiste yapilan is ile kalan
isin toplami ¢ikarilarak hesaplanabilir.
Sekil 5’'te haftalik oOl¢limle Kkontrol
edilen bir imalat yerinin plan glincellemesi
gosterilmistir.  Dikkat edilirse bu kez
giinlik temelde kontrol yapilmadigindan
icra edilen is miktarlarinin bilgisi mevcut
degildir. Ancak, her hafta icin o haftada
tamamlanan is miktarinin  calisma
zamanina bdliinmesiyle elde edilen
ortalama performans degeri hesaplanir.

5.5. Gemi Blok imalatinda Siirec i¢i Stok
Dengelemesi icin Bir Uretim Kontrol
Sistemi

Uretim sistemi icinde yar1 mamullerin
olusturdugu stoklarin iiretimin
ilerlemesinin  izlenmesini  zorlastirdig:
disiiniilmektedir. Bu yar1 mamul stoklar:
slire¢ ici stok olarak da isimlendirilirler.
Uriiniin temin siiresinin de uzamasina sebep
olan dengesiz stire¢ ici stok seviyesinin
onlenebilmesi icin iiretim sistemine giren
hammaddenin bir mekanizma ile kontrol
edilmesi gerekir.

Sekil 6 incelenirse sisteme malzeme
girisi B lizerinden yapilmaktadir. O halde
B’den gecen hammaddeyi kisitlayacak
kontrol sistemi tanimlanmalidir. Bunun
icin Tablo 1’de verilen her bir imalat
yerinde yapilan isler géz 6niine alinmalidir.
Hammadde girisine en yakin ve faaliyet
kapsami olarak en zorlayici islerin yapildigi

/// . \ \

IITIT'TIT'ITI'ITIIITI

|'I[T'IIIT||

LI N It
Zaman

Oncoki poﬂmnnrm ' gore
igin bitme zamanian

Sekil 5. Haftalik Imalat Takibi ve Plan Giincellemesi
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diisiiniilen C ve G imalat yerlerinin detayl
olarak tahlil edilmesine ve bunlarin liretim
kontrol sisteminin temel 6geleri olmalarina
karar verilmistir.

Sekil 6’da her bir imalat yeri arasindaki
ticgenler ara stoku ifade ederler. Akis
diyagraminda A—F yolu hari¢ diger yerlerde
ara stoklar vardir. Burada gorilen imalat
yeri iligkileri ve liretim kontrolii Tablo 3'te
Ozetlenmistir.

Tablo 3. Imalat Yeri Iliskileri ve Uretim Kontrolii

Faaliyet Akis Yolu | imalatin Kontrolii
BosC U.retim. kontrol
sistemi ile idare
B-E Plan ile idare
B imalat B-H, Plan ile idare
B-G Plan ile idare
B-K Plan ile idare
H, imalati H -K Plan ile idare
C imalat1 C-G Plan ile idare
E imalat1 E-F Plan ile idare
A imalat1 A-F Plan ile idare
F imalat: F-G Plan ile idare
F-K Plan ile idare
Gorildigii  tGzere B imalatindan

sonra yart mamuller C, E, H,G ve K imalat
yerlerine ilerlemektedir. C'de yapilan is
miktar1 giinliik olarak tahlil edilerek, B'ye
serbest birakilacak C imalatiyla alakal
hammaddenin miktar1 buna gore tespit
edilmektedir. Baska bir deyisle C deki glinliik
tiretim bilgisi iki noktay1 etkilemektedir.
Bunlardan birisi B'nin 6ntindeki ara stoka
serbest birakilacak hammadde miktar:
diger ise B'de imal edilip C'nin 6niindeki
ara stoka gonderilecek malzeme miktaridir.
Her ne kadar B'nin 6niindeki ara stokta
zaten islemeye hazir bekleyen ham madde
mevcut olsa da Cnin iretim temposu
burada belirleyici olmaktadir.  Diger
kisimlara gidecek olan malzeme planla
uyumlu olarak islenir. Buna gore Sekil 7’de

T

— — Bilgi
— Malzeme

[=
[
s
=
=y
b
1=

Sekil 6. Uretim Kontrol Sisteminde Bilgi ve
Malzeme Akigsi

Cap \
[m/D]| 3

Sekil 7. B'nin Cizelge Detay1

gorilen tarali kisim C'nin temposuna gore
glnliik olarak zaman iginde ilk plandan
sapmalar gosterecektir.

Oteyandan G ‘de yapilan is miktarinin ise
sadece C imalatina gidecek yar1 mamuliin
degil sisteme girecek tim hammaddenin
lizerinde belirleyici olmasina karar
verilmistir. Boylece alt yiiklenicinin ay
sonunda istedigi miktarda hak edis elde
edebilmesi icin kendi i¢inde bir imalat
dengelemesi yapacagi da diisiiniilmektedir.
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6. Sonug¢

Zorlu bir proses olan gemi imalatinda,
planlamanin mevcut performans
degerleriyle  gilincellenmesi  iiretimin

takibini ve projenin gelecegini izleyebilmek
icin biiyiik 6nem arz eder. Bununla birlikte
bloklara ait faaliyet siirelerinin dogru olarak
elde edilebilmesi ise basarili bir dlgme
kabiliyetini gerektirir. Aksi takdirde sahsi
hiikiimlerle atanacak degerler her ne kadar
projenin baslangicinda mantikli olsa da, her
projenin kendi dinamikleri olacagindan,
gercek  verilerle giincellestirilmedikce
istenmeyen durumlara sebep olur.

Bu c¢alismada tersaneler icin blok
imalatinin ~ planlamasi,  yapilan  ilk
planin yeni performans degerleriyle
giincellenmesi ve {retim sistemi icinde
cesitli olumsuzluklara sebep olan asir1 siire¢
ici stok artmasini 6nlemek icin bir liretim
kontrol sistemi tizerinde durulmustur.
Ortaya atilan iiretim kontrol sisteminin
aylik hak edisleri etkilemesinden dolay1
alt yiiklenicileri de imalati dengelemeye
tesvik edecegi diisiiniilmektedir. Ote
yandan mevcut performans ile giincellenen
planlamanin haftalik temelde projenin
gelecegini  izlemeyi  temin  etmesi,
performans degerlerinin tespit edilmesi
ile aksaklik yasanan imalat yerlerinin
gorsellesmesini saglamasi ve tiim bunlar
sayesinde ileride biyilik sikintilara yol
acabilecek zaaflarin erkenden belirlenip
cesitli onlemlerin alinmasmi miimkiin
kilmasi beklenmektedir.

Tavsiye edilen sistemin faydasinin
sayisal verilerle ortaya konulamamis
olmasi bu c¢alismanin zayif yani olarak
goriilmektedir. Bununla birlikte dne
stirtilen plan giincelleme ve tiretim kontrol
sistemi heniliz gelistirme asamasindadir.
Bu bakimdan saglayacagi faydanin teorik
olarak olciilebilmesi i¢in calismalar devam
etmektedir.

7. Kaynaklar

[1]

[6]

Caprace, J.-D., Petcu, C., Velarde, M.
and Rigo, P. (2013). Optimization
of shipyard space allocation and
scheduling using a  heuristic
algorithm. Journal of marine science
and technology, 18(3):404-17.

Zhuo, L., Chua, KH.D. and Wee, K.H.
(2012). Scheduling dynamic block
assembly in shipbuilding through
hybrid  simulation and spatial
optimisation. International Journal of
Production Research, 50(20):5986-
6004.

Shang, Z., Gu, ]., Ding, W. and Duodu,

E.A. (2017). Spatial Scheduling
Optimization Algorithm for
Block Assembly in Shipbuilding.
Mathematical Problems in

Engineering, 2017.

Iwankowicz, R.R. (2016). An efficient
evolutionary method of assembly
sequence planning for shipbuilding
industry.  Assembly  Automation,
36(1):60-71.

Zhang, Z.Y, Li, Z. and Jiang, Z.B. (2008).
Computer-aided block assembly
process planning in shipbuilding
based on rule-reasoning. Chinese
Journal of Mechanical Engineering,
21(2):99-103.

Qu, S.P, Jiang, Z.H. and Tao, N.R.
(2013). An integrated method for
block assembly sequence planning in
shipbuilding. International Journal of
Advanced Manufacturing Technology,
69(5-8):1123-35.

Cho, K.K,, Sun, ].G. and Oh, ].S. (1999).
An automated welding operation
planning system for block assembly in
shipbuilding. International Journal of
Production Economics, 60-1:203-9.
Sikorra, ].N., Friedewald, A. and
Lodding, H. (2016). Early estimation
of work contents for planning the one-
of-a-kind production by the example
of shipbuilding. 3rd International

58



Kafal et al. / JEMS, 2018; 6(1): 47-59

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Conference on Mechanics and
Mechatronics Research.Jun 15-17,
Chongqging, Peoples R China.

Wang, C, Mao, P, Mao, Y. and Shin,
J.G. (2016). Research on scheduling
and optimization under uncertain
conditions in panel block production
line in shipbuilding. International
Journal of Naval Architecture and
Ocean Engineering, 8(4):398-408.
Cha, J.H. and Roh, M. (2010).
Combined discrete event and discrete
time simulation framework and its
application to the block erection
process in shipbuilding. Advances in
Engineering Software, 41(4):656-65.
Seo, Y, Sheen, D. and Kim, T
(2007). Block assembly planning
in shipbuilding using case-based
reasoning. Expert Systems with
Applications, 32(1):245-53.

Cho, KK, Oh, J.S,, Ryu, K.R. and Choi,
H.R. (1998). An integrated process
planning and scheduling system
for block assembly in shipbuilding.
Hallwag Publishers.

Dong, F, Parvin, H., Van Oyen, M.P. and
Singer, D.J. (2009). Innovative ship
block assembly production control
using a flexible curved block job shop.
Journal of Ship Production, 25(4):206-
13.

Rose, C. and Coenen, ]. (2016).
Automatic generation of a section
building planning for constructing
complex ships in European shipyards.
International Journal of Production
Research:1-12.

De La Fuente, R. and Manzanares, E.
(1996). A production control system
based on earned value concepts.
Journal of Ship Production, 12(3):153-
66.

Dong, F, Van Oyen, M.P. and Singer,
D.J. (2014). Dynamic control of the N
queueing network with application to
shipbuilding. International Journal of

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

Production Research, 52(4):967-84.
Lee, J.K, Lee, KJ., Park, H.K, Hong,
J.S. and Lee, ].S. (1997). Developing
scheduling systems for Daewoo
Shipbuilding: DAS project. European
Journal of Operational Research,
97(2):380-95.

Yoon, D.Y, Varghese, R. and Yang,
J.H. (2006). Genetic algorithm based
technique for erection sequence
generator in shipbuilding. Ships and
Offshore Structures, 1(4):289-99.
Rose, C. and Coenen, ]. (2016).
Automatic generation of a section
erection planning for European
shipyards building complex ships.
Journal of Manufacturing Technology
Management, 27(4):483-501.

Dong, F, Deglise-Hawkinson, J.R., Van
Oyen, M.P. and Singer, D.J. (2016).
Dynamic control of a closed two-
stage queueing network for outfitting
process in shipbuilding. Computers
and Operations Research, 72:1-11.
Odabasi, A.Y. (2009). Ders notlari.
Istanbul Teknik Universitesi.

0zkok, M. (2012). The effects of matrix
module structure on shipyard panel
line's throughput. Polish Maritime
Research, 19(3):65-71.

Biller, S., Meerkov, S.M. and Yan, C.-B.
(2013). Raw material release rates to
ensure desired production lead time
in Bernoulli serial lines. International
Journal of Production Research,
51(14):4349-64.

Hafezalkotob, A. Ketabian, H. and
Rahimi, H. (2014). Balancing the
Production Line by the Simulation and
Statistics Techniques: A Case Study.
Research Journal of Applied Sciences,
7(4):754-63.

59



© UCTEA The Chamber of Marine Engineers  Journal of ETA Maritime Science

This Page Intentionally Left Blank

60



Original Research (AR) Caliskan & Esmer / JEMS, 2018; 6(1): 61-74

Received: 24 October 2017  Accepted: 14 January 2018 DOI ID: 10.5505/jems.2018.82905

EMS
Journal of ETA Maritime Science OURNAL

Corresponding Author: Soner ESMER

Social Media Usage Patterns in Port Industry: Implications for Port
Promotion and Public Relations

Aylin CALISKAN?, Soner ESMER?

Yasar University, Faculty of Business, Turkey

2Dokuz Eylul University, Maritime Faculty, Turkey
aylin.caliskan@yasar.edu.tr; ORCID ID: orcid.org/0000-0001-7154-8629
soner.esmer@deu.edu.tr; ORCID ID: orcid.org/0000-0002-0614-7818

Abstract

While social media has been penetrating the daily lives of individuals, the businesses have started to
develop new strategical approaches for using social media tools, since they understand the importance
of this new area. This study aims to take a step on the gap about social media marketing in the port
industry. The focused sample is container ports located in Turkey, but to gain more meaningful insights,
a comparison is also made with the ports of Los Angeles, Rotterdam, and Antwerp. The post set on
Facebook, which covers the 8 months’ period, was analyzed through a social media analytics software,
and the most attractive topics and engagement levels were determined. It was found that the most
attractive posts of ports with high engagement levels do not include any statement, image, or video
about port service, infrastructure and superstructure, investments, or success stories. At the end of the
study, suggestions are developed by supporting with real cases for ports’ social media management.

Keywords: Social Media, Port Marketing, Public Relations, Promotion, Communication Tools.

Limancilik Endiistrisinde Sosyal Medya Kullanim Modelleri: Liman Tanitimi ve
HalKla iliskiler icin Cikarimlar

Oz

Sosyal medya bireylerin giinliik hayatlarina niifuz etmisken, isletmelerde bu yeni alanin 6nemini
kavradiklarindan beri sosyal medya araclarini kullanmada yeni stratejik yaklasimlar gelistirmeye
baslamiglardir. Bu ¢calismanin amaci liman endiistrisinde sosyal medya yénetimi konusundaki bosluga
bir adim atmaktir. Calismada odaklanilan érneklem Tiirkiye’de bulunan konteyner terminalleridir.
Daha anlamli sonuclar elde etmek amaciyla Los Angeles, Rotterdam ve Antwerp limanlariyla da bir
karsilastirma yapilmistir. Diinyadaki en biiyiik sosyal medya platformu olan Facebook’ta 8 aylik siireyi
kapsayan stire i¢in bir sosyal medya analizi yazilimi ile limanlar analiz edilmis, en dikkat ¢ekici konular
ve katilim seviyeleri belirlenmistir. Yiiksek etkilesim diizeylerine sahip limanlarin en dikkat ¢ekici
mesajlarinda liman hizmeti, altyapi ve listyapi, yatirimlar veya bagsari dykiileri hakkinda herhangi bir
aciklama, resim veya video icermedigi tespit edilmigstir. Calismanin sonunda gercek 6rnek olaylarla
desteklenerek limanlarin sosyal medya y6netimleri icin éneriler gelistirilmistir.

Anahtar Kelimeler: Sosyal Medya, Liman Pazarlamasi, Halkla Iliskiler, Promosyon, Iletisim Araclart.
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1. Introduction

Although marketing is an integral part
of a port process [1], it is still a virgin area
where only a limited number of attempts
have been made in port-related studies,
which constitute only 1.3 percentoftotal [2].
Early approaches to the marketing research
in portindustry belong to the Katty Bernard
[3] and Institute of Shipping Economics
and Logistics (ISL) [4]. Bae [5], Kounoupas
and Pardali [6], and Cahoon and Hecker
[7] are the studies conducted in the area
of market orientation in the port industry.
Customer satisfaction, as an indivisible part
of marketing science, was handled in the
studies of Brooks and Schellinck [8], Thai
[9], and Asfour [10]. Market positioning and
differentiated marketing offerings subjects
were handled by Pardali and Kounoupas
[11] and Bauk [12]. A popular subject of
marketing science, relationship marketing,
has been examined in the port studies of
Caliskan and Esmer [13, 37] and Bennett
and Gabriel [14]. Port business marketing
communication subject has been unable
to go beyond the publication of Katty
Bernard [3] titled “Marketing Promotion
Tools for Ports” prepared for the UNCTAD
monographs on port management. The
other well-known studies in marketing
communication area of port marketing
belong to the Pando etal. [15], Cahoon [16],
Parola et al. [17], and Notteboom et al. [18]
which had always referred to Bernard’s

study.
In B2B marketing, marketing
communication tools have critical

importance for the management [19]
since they help to develop and maintain
interactions with the actors in the
environment the company operates. Social
media, which enables users to create and
share content and allows two-sided, faster
and personalized interactions, have been
attracting the attention of B2B marketers
[20]. Itiswellknowninthe currentliterature
that traditional marketing communication

tools which consist of advertising, direct
mailing, organizing port days, personal
selling, attending international shipping
exhibitions, attaining representatives,
efforts for domestic networking, attending
domestic fairs, visiting schools, organizing
conferences, being a speaker at a
conference, and organizing press days are
used by port businesses to interact with
stakeholders in port community [3, 16, 17,
18]. Besides them, port businesses focus
on their websites in order to manage the
communication with stakeholders [18].
Using social media is a new emerging
communication tool for port businesses.
Mangold and Faulds [21] offered social
media as a hybrid component of the
promotional mix and as an integral part
of the businesses’ integrated marketing
communications strategy. Instead of solely
having a website that offers one-way
communication, traditional transactional
goals and promotion [6], with the help of
social media companies are more close to
achieving long-term relationships. Social
media is seen as a cornerstone of marketing
since it has changed the instruments and
strategies companies use to communicate
[5] with their stakeholders.

The aim of this research is to take a step
on the gap about social media marketing
in the port industry. The focused sample
is container ports located in Turkey,
but to gain more meaningful insights, a
comparison is also made with the ports
of Los Angeles, Rotterdam, and Antwerp.
Notteboom et al. [18] emphasize the need
of tailoring the content of communication
tools with diverse topics to attract and raise
the interests of the targeted stakeholders. In
order to explore the current communication
contents of ports and to enlighten if they
are tailoring the contents as Notteboom et
al. [18] offers, ports’ posts are analyzed and
summarized through this study. At the end
of the study, suggestions are developed by
supporting with real cases for ports’ social
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media management.

2. Social Media for Port Promotion and
Public Relations

As one of the 7 P’s in service marketing,
the promotional mix is used by ports with
the aims of communicating with customers,
letting them use the services continuously,
and developing the portimage. Promotionin
the portindustry can be defined as activities
performed with the aim of informing and
changing the attitudes and behaviors of port
users [22]. Promotion is seen as a key tool
of the non-price competition of ports [23].
Promoting is requisite for port businesses
to enable communication with customers,
prospects and other stakeholders, to
increase awareness, to affect attitudes
and behaviors towards the seaport, and to
increase economical transactions [3, 16].

Port industry stakeholders include
port users (i.e. ship agents, brokers, freight
forwarders), carriers (shipping lines, tramp
operators), employees and labour unions,
concessionaries (i.e. terminal operators),
port service providers (i.e. customs, pilots,
coast guard), shareholders, financial
institutions, regulators, local community,
and societal groups of interest [18, 24,
25]. Ports have to manage the relations
with all the stakeholders and monitor and
examine issues, claims, and complaints
raised by them [18, 26]. Close relations that
developed between ports and stakeholders
may help to dig critical clues and issues,
and will be benefited by ports in decision-
making processes and in developing plans
and operations.

With the help of social media, port
businesses can make this promoting and
communication process easier. Additionally,
social media would help port businesses to
display all of their promotional activities
on one platform. Reaching to the greater
mass can be achieved via social media
by exhibiting all the other performed
communication tools (i.e. advertisings,

sector reports, videos, images, social
responsibility projects, social activities, the
conferences or other professional platforms
that the port attended) in one social
media platform. For example, how can the
art contest in National Sovereignty and
Children's Day (23 April) that was arranged
by Evyap Port for children of employees be
heard better than social platform? Similarly,
is it more possible to know traditional
picnic days of Marport through their
websites? With the help of social media,
the promotional efforts of ports have more
potential to reach to a greater audience and
raise the ports social image.

With the aim of creating awareness and
positive feelings about their services and
business, ports can use two independent
business functions, marketing, and public
relations as a hybrid function through social
media. The aim of marketing publicrelations
(MPR) is to generate revenue while creating
a favorable image for the business. The
aim is to design public relations activities
according to support marketing activities
[27]. The aim is to stimulate consumer
acceptance and understanding, boosting
awareness, building trust, informing and
educating target audiences, protecting
and enhancing the image of the brand, and
giving customers reason to buy [28]. MPR
also encourages the intermediaries (e.g.
opinion leaders, consumers) to spread a
message about the company voluntarily
and intentionally [29]. Both commercial
and non-commercial messages can be
transmitted through ports’ social media
pages. Non-commercial messages, for
example, social responsibility projects that
are carried out, aim at developing public
relations and indirectly generating revenue
through targeting conscience of customers
and increasing positive perceptions of
them about the company. The basic point
here is that ports can use PR activities to
contribute to the achievement of marketing
plans through social media.
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3. Methodology

The aim of this research is to take a step
on the gap in the literature about social
media usage in the port industry. There
is not a definite way of analyzing social
media. Generally, qualitative methods are
used to capture more depth and grounded
understanding [30]. To capture the
dynamics of ports’ social media, several
steps were followed in this research;

1- Firstly the social media tools that are
used by container ports located in
Turkey were determined. The most
and least active ports were decided. At
the last step of this part, an exploratory
study was conducted to reveal the
content of posts shared by ports. The
posts (between March-October 2016)
in Facebook, Instagram, Twitter, and
LinkedIn were analyzed through
inductive content analysis, where
meaningful themes in each message
were extracted by the researchers.

2- Secondly, the most attractive topics
on Facebook were determined by
engagement stats and comparison was
made between container ports located
in Turkey and the top container ports
in the world. The main similarities and
differences were discussed.

3- Thirdly, important issues, suggestions
to increase the power of using social
media, and managerial implications
were discussed.

The focused sample of this study is 25
container ports located in Turkey (Figure
1). 60% of these ports are private, 28% are
commercialized, and 12% are public ports
(Figure 1). Most of the sample are private
ports and mostly operated by Turkish
origin companies [23]. 90% of total cargoes
in Turkey are handled by private ports [31].
Commercialization is a concept where the
ownership of ports belongs to the state
and the operation rights are transferred to

the private sector [32]. In the sample, we
have 7 commercialized container terminals
and 3 public ports which have not been
commercialized yet.

PRIVATE PORTS

13 APM Terminals g PUBLIC PORTS
2) Assan

3) Asyaport

4) Borusan 1) Gelebi

5) TCE Ege 2) Lam sk

6) DFWord 3 Mersn

7) Evyap Intemational Port 1) Canaldkeale
8) Gemport MIP) 2) Haydarpaga
%) Kumport 4 Port Akdeniz 3) Izmir

103 Limag 3y ort

11y Mardag &) ;ll?;lzn

123 Marport Ty Alport

133 Nemport

143 Yelpart

15) Rodapart

Figure 1. The Sample and the Management
Profiles

Even the sample comprises of local
coasts located in Turkey, 9 out of 25 ports
are operated by global terminal operators
(e.g. APM, TIL, GTL, DP World, Cosco
Pacific, PSA). 36% of the sample represents
the international context so it can be said
that the limitation about generalizability
of the results is reduced. Additionally,
the management profiles and investment
characteristics of the sample may help to
comment on the social media applications,
differences, and similarities.

4. Social Media Tools Used by Ports in
Turkey

There are available several platforms
in social media, to name a few, Facebook,
Instagram, YouTube, LinkedIn, and Twitter.
Facebook is the most popular social
network worldwide with 1.71 billion active
users according to the September 2016
statistics [33]. After Facebook, the most
popular social networks are Instagram,
Twitter, and LinkedIn with 500, 313, and
106 million active users, respectively [33].
So, it would be logical to expect that at least
some of the targeted customers are going to
be on social platforms.

In this part of the study, the social media
tools that are used by container ports in
Turkey are searched. The most active and
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less active ports are determined, and the
posts in all social platforms shared by ports
are analyzed through content analysis with
the help of Excel.

oriented toward work-related contexts and
primarily used by business professionals
as a networking tool. Industrial customers
and professionals usually use LinkedIn

Table 1. Social Media Tools Used by Container Ports in Turkey

Container Ports in

Ty Facebook

Instagram

Twitter LinkedIn YouTube

APM Terminals

s X X
[zmir

Assan Port

Asyaport

Borusan

Celebi Port of
Bandirma

TCE Ege

DP World Yarimca X X

Evyap port

Hopaport

Kumport

Limakport X X

PR <<

Limas Port

Mardas

Marport X

Mersin (MIP)

Nemport

Mo << <

Port of Akdeniz X

Port of Canakkale

Yilport X

Alport X

Rodaport

Samsun Port

TCDD Port of
Haydarpasa

TCDD Port of Izmir

X

In Table 1, the official accounts of ports
onsocial platformswere searched and listed.
According to the results (Table 1), Turkish
port industry mostly uses LinkedIn because
industrial customers are more reachable
through such kind of professional social
platforms. LinkedIn as a niche network is

for such several reasons as asking each
other for advice when making business-
related decisions, finding new partners,
developing a business-related network,
business collaboration and sharing new
developments about their businesses
[34]. Yilport has the highest followers
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(3060) among other ports in LinkedIn
platform and Mersin (MIP) follows Yilport
with 2040 followers. Even Hopaport,
LimakPort, Nemport, Port of Canakkale,
and Rodaport have LinkedIn accounts
and have followers (LimakPort has 1070
followers), it is observed that they have
not posted anything.

Secondly, container ports in Turkey
mostly use Facebook platform where
they can create profiles and encourage
others to become a fan of the page. They
share company, service, and equipment
information and host conversations,
publish photos and videos, and event
information on Facebook. Marport is
the most active user with 5067 posts
and followed by Port Akdeniz with 3616
posts. Apart from the ports in Table 1,
Celebi Port of Bandirma, Limak Port, Port
of Canakkale, and Alport have Facebook
accounts, but they do not use them actively
because only a few posts (4-72) had been
posted years ago (2011-2013).

Having a channel/profile on YouTube
allows companies to exhibit all company-
related videos in one place. Companies
can customize the channels on YouTube
to match their visual identity [34]. Even
numerous ports have informative videos
on YouTube, only six of them manage
their own YouTube channels. The most
active user is Asyaport with 20 uploaded
videos, 30361 views, and 81 subscribers.
APM terminals Izmir follows Asyaport
with 11 uploaded videos, 5832 views,
and 16 subscribers. TCDD Port of Izmir’s
one and only social media activity, which
belongs to the uploading one video on
YouTube, results in getting 2045 views and
3 subscribers.

Twitter termed as “microblog” social
media tool can be used by companies in
transmitting brand news, service/product
offerings, resolving customer problems
and responding to questions. The reactions
to the news or tweets sometimes are more

influential and meaningful rather than
the content of the news. On the Twitter
platform, it has been observed that
Marport is the most active port with 474
posts. Borusan Port follows it with 193
posts. TCE Ege’s one and only social media
act belong to have a Twitter account and
having just one post. Also, Alport is not an
active user with 2 posts on Twitter.

Image communication tools of ports
such as symbols, pictures, graphs [4] can
be shared on Instagram. Out of 24 ports, 8
ports have an Instagram account. Marport
is the most active user with 210 posts
following by APM Terminals Izmir with
85 posts. Mersin (MIP) and LimakPort
are not active users with 0 and 4 posts,
respectively.

An exploratory study was conducted
to reveal the content of posts shared by
ports. The posts (between March-October
2016) in Facebook, Instagram, Twitter, and
LinkedIn were analyzed through inductive

content analysis, where meaningful
themes in each message were extracted
by the researchers [36]. Deductive

content analysis method was not proper
for this analysis because there is not any
available categorical scheme developed
formerly. Posts covered 10 days’ period,
were examined manually and keywords
were determined (e.g. investment, news,
environment, safety, security, etc.). The
determined keywords were searched in
all posts. The same process was conducted
for the remaining posts that do not include
the previous key words. At the end of the
process, the issues that are shared by ports
on social media are determined and can be
seen in Table 2.

The contents of posts get beyond the
limits of revealing the port characteristics
such as infrastructure, superstructure,
operations, throughput numbers, etc.
The posts tend to reveal more messages
focusing on environmental issues and
social matters.
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Table 2. Post Contents of Ports on Social Media Platforms

¢ Images and videos of port

¢ Images and videos of ships

¢ Images and videos of workers

¢ Information about port products and services
e Special day greetings

¢ Social responsibility projects

e Social events (sports activities, festivals, fairs, visits,
etc.)

¢ Innovative solutions

¢ Training and education activities

¢ Prizes and certificates

¢ Messages about safety and security issues

¢ Information about maritime and maritime sector

e Media news

e Messages about environmental awareness and
sustainability

¢ New investments

¢ New handling equipment and services

¢ Market share information

¢ Cooperation news

¢ Incoming and outgoing cargoes

5. Similarities and Differences between
Turkish Ports and World Container Ports

In this part of the study, a comparison
between the social accounts of container
ports located in Turkey and the top
container ports in the world was conducted
to reveal the differences in most attractive
topics determined by engagement stats.
The top container ports were determined
from the Top 20 container terminals list
of UNCTAD- Review of Maritime Transport
2015. 9 container ports (APM, Assan,
Asya, Marport, DPWorld, Evyap, Hopaport,
Borusan, and Akdeniz) from Turkey
and 3 best container ports (Rotterdam,
Antwerp, and Los Angeles) in the world
had constituted the sample which was

determined according to the having
an official and active social account on
Facebook. Because having a social account
does not make any sense without being an
active user. Social accounts of ports were
analyzed through a social analytics tool
namely Keyhole. The focus analysis point
is to handle determined key performance
indicators which involve engagement stats
(like, share, and comment). The accounts
were examined for 8 months’ period
(March-October 2016). The aim was to
gather data from the social accounts of
ports and to make comparisons between
two samples and make the data useful
for digging insights to guide ports’ social
marketing strategy.

Table 3. Contents and Engagement Stats of Social Media Accounts of Turkish Container Ports (According

to the Highest Engagement Stats)

Port Topic Shares Likes Comments
ﬁ Inauguration video 124 170 7
Z o International Women'’s Day (8 March) 41 179 1
==
5 E News about investment plans and project details 54 140 4
F Pt
E World Day for Safety and Health at Work (28 April) 55 123 1
< World Environment Day (5 June) 10 161 0
Republic Day (29 October) 98 1540 7
% Victory Day (30 August) 0 595 0
; Eid al-Adha (religious festival) 0 526 7
é Commemoration of Atatiirk, Youth and Sports Day 31 323 0
< (19 May)
Professional sectoral fair attendance 2 301 0
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Table 3. Contents and Engagement Stats of Social Media Accounts of Turkish Container Ports (According

to the Highest Engagement Stats) (Cont’)

Port Topic Shares Likes Comments
e Democracy watch against coup attempt 8 272 3
§ News about gaining status of EcoPort 24 126 0
§ Job vacancy announcement 89 64 0
= Port video 15 84 0

<z: i} gl;(f)friznation about having the half of the Gemlik ship 13 618 1

5 ooc News about being a leader in market share on

ZCE e general cargo market 15 464 0

Investment news 5 59 0

A Inauguration video 226 212 5

g g Introducing video 165 138 9

E E News about starting commercial activities 123 104 3

= Statement about gender equality 3 110 1

& Turkish Maritime and Cabotage Day (1 July) 12 76 0

é § Movement/hour performance record 9 73 0

Indicators of calling ships and handled cargoes 13 56 1
Day of the Seafarer (25 June) 14 212 0
e Port photo with containers and a ship 13 187 0
§ Port photo with cranes and a ship 3 163 3
3:: Ramadan feast 1 162 2
= Iftar photos (the evening meal during Ramadan) 1 160 1
Port photo (entire port) 17 157 0
% II;I;\IAIIZ;);:;Ehe interview with the port 17 55 3
= Port photo 6 32 0
g Statement about ship traffic 10 25 0
Ramadan feast 6 144 4
% Turkish Maritime and Cabotage Day (1]July) 13 109 0
% New hand?ing equipment technology development 4 103 3
o news and its photos
; Social organization for port workers 1 125 2
2 News about.new service offerings and photos of one 16 117 3
process achieved

The Table 3 and Table 4 were constituted
according to the highest engagement stats
of posts. The topics with high engagement
average  (likes+comments+shares/post)
in Turkey port market are Celebration of

Republic Day, Celebration of Victory Day,
Celebration of Eid al-Adha, Inauguration
video and Celebration of Commemoration
of Atatiirk, Youth and Sports Day. The
topics with high engagement average
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(likes+comments+shares/post) in Port of
Los Angeles, Rotterdam, and Antwerp are
Video of a cruise ship, Photo of Vincent
Bridge taken by an employee, Photo of
Vincent Bridge taken by a student, Photos
and news about LA Fleet Week and Video of
a cruise ship.

According to the above lists that involve
posts with highest engagement average,
both in two samples, the posts included
social patterns such as photos with beautiful
scenery, social activities, and celebration
of special days are getting more attention
from the audiences.

shows the power of sharing attractive
photos and videos with high engagement
stats on social media accounts of ports.
Port of Antwerp realized this power and
posted the most beautiful port photos
regularly by giving the name of the owner
on Facebook by eliminating the posts on
Instagram shared by the public with the
#portofantwerp hashtag.

The main difference between two
samples is the given importance on the
celebration of special days. It has been
observed that the contents of Turkish
Ports’ posts are managed in accordance

Table 4. Contents and Engagement Stats of Social Media Accounts of Ports of Los Angeles, Rotterdam,
and Antwerp (According to the highest Engagement Stats)

Port | Topic Shares Likes Comments
. Photlo of Vincent Bridge from the view of the port by an 161 505 21
3 employee.

% Photo of Vincent Bridge from the view of the port by a 105 458 18
Z student.
§ Photo and news about LA Fleet Week 104 360 24
& Crane photo from the view of crane operator and
. 42 307 16
> possessed crane number in port
o
~ Statement emphasized the importance of port as the
. h 45 287 8

largest trade gateway in Americas and a photo of port

Video of cruise ship (Harmony of the Seas) at the port 788 1197 139

. 5 Video of cruise ship (Harmony of the Seas) at the port 32 286 13

S g The photo and news about the arrival of cruise ship

£m 68 168 35

o E Harmony of the Seas

&

2 Photos of sky with the view of the port 24 252 6
Canal investment photos 59 223 15
Interesting news and photo about a safety helmet

5 belongs to the port which was found in south Dorset 90 154 13

§ coast in England

% Photo of port 11 262 5

= Photo and 1r}format10n of NYK Blue Jay containership 26 220 9

= that had arrived at the port

4

e Inauguration of Kieldrecht Lock by King of Belgium 90 150 13
Call for votes for the most sustainable port award 22 176 17

The main similarities between two
samples are the announcement of
investments, the importance and success
stories of ports. Also, the other similarity

with the culture of the local community.
Posts that are unrelated to port industry
(e.g., the celebration of religious festivals,
the celebration of days special to Turkey
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such as Victory Day and Republic Day) were
taken high reactions from audiences. At this
point, Turkish ports’ social media content
appears differently from other ports in
the world and raises the question why
the Turkish case stands as an exception.
Here, one cannot ignore the role of Turkish
culture, customs, Islamic traditions and
social values on social media marketing
strategies of Turkish ports.

Itis also important to mention that ports
of Los Angeles, Rotterdam, and Antwerp
are under public ownership and they are
highly active on social media. However, it
is seen that public owned ports in Turkey
(e.g. Izmir Alsancak) are not active on social
media.

6. Discussion and Implications for Port
Managers

It has been found essential to underline
some important issues that discovered
during the research process of usage of
social media tools of ports. Firstly, it has
been observed that active ports in social
media use more than one social platforms.
It would be beneficial for ports to find the
right social platform to focus more. Building
such success measurement criteria (i.e.,
engagement level of customers) would be
helpful for ports since it would give hints
about whether to focus more on a platform
orleave it. For instance, on YouTube account
of DP World Yarimca, the port video has
573 views, but on Facebook account, the
same video has 25000 views, 212 likes, and
226 shares. So, it can be concluded that the
Facebook account is more proper for DP
World Yarimca with the aim of reaching a
large audience.

Secondly, it has been discovered that
tailoring the post content helps ports to
reach a wider audience. For example, even
the reaching population is rather small
than Assan Port, APM Terminals Izmir’s
creativeness and the way of sharing of the
desired image is better than Assan Port. For

instance, they celebrate the International
Women’s Day on 8 March with a picture
taken in port with port’s smiling women
employees. The post took 179 likes and
41 shares while Assan Port’'s Women’s Day
celebration post (doesn’t contain any port
specific logo, image, or something else)
just had 24 likes. As the professionals in
social media announce every time that “The
content is the king in social media”, it has
been seen that it is also crucial for ports to
utilize an opportunity from the power of
social media through innovative and novel
content creating.

As we discussed earlier, the benefits of
social media to the port industry are set
forth as promotion and increased public
relations. The results in the previous
section had raised the question of does
social media really represent a beneficial
tool for port businesses in a promotional
manner? Because it has been observed that
the most attractive posts of ports with high
engagement levels do not include the port
service, infrastructure, and superstructure,
investments, or success stories. There is
a paucity of the social media literature in
terms of measuring the success or benefits
of social media. Most of the studies focus on
the engagementrates and follower numbers
as success indicators as it is handled in
this research either. Return expectations
of ports would be increased customers,
business volume, profitability, etc. However,
it is not possible to make a relationship
analysis quantitatively between the social
media data and return expectations. It is
hard to measure the direct effects of social
media on port economic gains besides
there is no study that conducts this kind
of measurement in the literature. Also,
Michaelidou et al. [35] found in their study
that uncertainty whether or how social
media could help brands is one of the main
barriers in B2B sector to use SM.

To measure the benefits and trends
of social media and to develop proper
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strategies, data mining tools can be used
by ports. Although it is easy to reach
stakeholders via social media and to
initiate a relationship with them, like any
other relationships it takes time to reap
the benefits and needs great effort to
make it worthwhile [34]. To shorten this
process and to measure the benefits more
accurately ports can use data mining tools
with the aim of measuring engagement,
checking competitors, tracking campaign,
analyzing brand, building competitive
intelligence, caring customer, launching
services, ranking influencers. Sentiment
analysis can be done in order to reveal
the feelings of people about the port and
services.

Besides the promotional effects of social
media, we focus on the public relations
benefits for ports. During the analysis
process, it has been observed that ports
utilize an opportunity from the power of
stakeholders to reach larger mass to create
the required positive image. Every post
ports make on a social media platform is
an opportunity for them to reach a larger
audience through spreading with the help
of sharing of followers. Workers, media,
news companies, schools, logistics clubs,
other partners in the logistics industry,
academicians have the ability to share the
posts of ports if they find it remarkable, or
interesting. At that point, the aim is more
than classical advertising. Word-of-mouth
is sincerer than the formal advertising
content. For example, crane videos of Port
of Akdeniz are shared even by metallurgy
and materials engineers, students, and also
grab and machine companies. Also, APM’s
postaboutthe maritime weekin a university
is shared mostly by students, the port video
of Asya Port is shared by real estate agents
to promote the local area, Hopa Port’s post
about ship traffic in the port is shared by
academicians, professionals, and again by
real estate agents. Additionally, it has been
discovered that ports increase their social

image and visibility through sponsoring
and promoting events on Facebook. Events
can be promoted and people can be invited
to attend the event easily, without any
expense, and in a less time-consuming
way on Facebook. For example, Port
of Los Angeles promoted the event for
Lobster Festival and Music Weekend on
Facebook and thousands of people declared
their willingness to attend. Also, Port of
Rotterdam organizes business events
(e.g., meeting organization for informing
shippers and logistics service providers
about the latest developments in the port of
Rotterdam) and publish through Facebook.
With the help of sponsoring different
events, the visibility can be increased on
social media. For example, recently, the
North Sea Jazz Festival which will be held
in 2017 is sponsored by Port of Rotterdam.
The event page on Facebook is opened as
‘Port of Rotterdam North Sea Jazz Festival’
and thousands of people are invited to the
event through this page, and hundreds of
people share this event on the social media
platform. Thus, Port of Rotterdam increases
its visibility, raises the awareness, and
successfully manages its marketing public
relations.

7. Conclusion

To port industry, social media marketing
is just a new communication channel
for their voice and content. However,
the benefits of being more accessible,
more familiar and recognizable for
stakeholders and the easiness of the way
to achieve these benefits through social
media have been recognized by the port
industry. Ports cannot design interesting
equipment, entertaining services but
some niche strategies can be determined.
Besides attracting new customers, the
main aims would be raising awareness,
building a public image, sharing values,
and so on. As the marketing department of
Port of Hamburg indicates, isn’t it a good
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outcome for a port to have a positive image
worldwide, standing for professionalism,
efficiency, and innovation?

In this study, exploratory research
was conducted to gain some insights into
social media marketing efforts of ports.
Firstly, the general tendency of ports in
using social media tools was searched and
the results indicate that LinkedIn is the
most preferable in terms of the account
number of ports, but Facebook is the most
actively used social platform by ports in
Turkey.  Through content analysis, the
content of ports’ posts was listed. Secondly,
to get meaningful information about most
attractive topics in port environment, a
social analytics tool was used to list the
posts with high engagement levels both for
container ports in Turkey and Port of Los
Angeles, Rotterdam, and Antwerp. The main
similarities and differences between two
samples were discussed. It has found that
the most attractive posts of ports with high
engagement levels do not include the port
service, infrastructure, and superstructure,
investments, or success stories.

According to the top container ports list
ofthe report of UNCTAD Review of Maritime
Transport, this study only found three ports
on social media platform (the accounts
were managed in their native languages).
Most of the ports in the top list belong to
the Far East countries, and they may have
social accounts, but they could not be found
because of researchers’ limitation in Far
East languages. In the future, these ports’
social media efforts can also be examined
and broader insights can be gained. The
limitation of measuring the direct effects of
using social media on return expectations
of ports can be reduced by interacting
directly with port managements and by
developing case studies. In the future, the
social media use can be examined in the
scope of competition between terminals in
the same ports as well.
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Oz

Yalpa dengeleyici sistemler miirettebatin verimli ¢calismasint saglamak ve kargo emniyeti agisindan
bircok gemi tiirtinde tercih edilmektedir. Ozellikle biiyiik acili yalpa hareketleri, denizde yorgunluk ve
kusma gibi etkileri artiracagindan gemide calisan veya seyahat eden insanlarin hareket kabiliyetini
olumsuz etkilemektedir. Bu durumla beraber farkli gemi tiirleri icin, yalpanin azaltilmasi amaciyla, seyir
durumlari ve operasyonel ozellikleri dikkate alindiginda dengeleyici sistem gereksinimi dogmaktadir.
Yalpa dengeleyici sistemler farkli gemi tiirleri icin segilirken bircok kriter degerlendirilerek tercih
gergeklestirilir. Bu ¢alismada gemiler icin én dizayn asamasinda yalpa dengeleyici sistem se¢imi
yaptlirken bir sistematik olusturma amaglanmis, 6rnek bir balik¢i teknesinin yalpa hareketini azaltmak
icin dengeleyici sistem secim kriterleri ve alternatifleri uzman goriisleri ve literatiir incelenerek
belirlenmistir. Kriter-alternatif iliskisine ait agirliklandirmalar alaninda uzman 3 farklh grup Gemi
Insaati ve Gemi Makineleri Miihendisi ekibi tarafindan yapilarak, hibrit bulanik AHP-TOPSIS yapisi
kullanilmig ve en iyi alternatif belirlenmistir.

Anahtar Kelimeler: Yalpa Dengeleyici Sistemler, Bulanitk AHP-TOPSIS, Seyir Giivenligi.

Roll Motion Stabilizing System Selection Criteria for Ships and Hybrid Fuzzy Ahp-
Topsis Application

Abstract

Roll motion stabilization systems are preferred on many types of ships to ensure crew efficiency and
cargo safety. In particular, since large roll motions increase the effects of fatigue and vomiting at
sea, they adversely affect the mobility of travelling or working people on board. With this situation,
when the navigation conditions and operational characteristics for different ship types are taken into
consideration, the need for roll stabilizing system will arise. Roll motion stabilization systems are
preferred by considering various criteria when chosen for different ship types. In this study, it is aimed
to create a systematic procedure for selecting the roll stabilization system in the preliminary design
for ships. In order to reduce the roll motion of a fishing boat, roll stabilizing system selection criteria
and alternatives have been determined based on expert opinions and literature review. The weightings
regarding criterion-alternative relationship are decided by three expert groups of Naval Architecture
and Marine Engineer, and the best alternative is determined through hybrid fuzzy AHP-TOPSIS structure.

Keywords: Roll Stabilization Systems, Fuzzy AHP-TOPSIS, Navigation Safety.
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1. Giris

Gemi hareketleri icerisinde yalpa
hareketi diger hareketlere gore daha kritik
oneme sahiptir ve her durumda basariyla
soniimlenmesi gerekmektedir. Bu nedenle
dengeleyici sistemlerin 6nemi her gecen
glin daha da artmaktadir. Dengeleyici
sistemler aktif ve pasif sistemler olarak
literatlirde yerini almaktadir [1]. Yalpa
hareketinin soniimlenmesi amaciyla ilk
pasif sistem 1870 yilinda, ilk aktif sistem
ise 1891 yilinda uygulanmigtir [2]. Ozellikle
aktif sistemler, pasif sistemlere kiyasla
kontrol edilebilen mekanizmalar olduklar:
icin farkli gemi tiirleri icin cogunlukla tercih
sebebi olmaktadir [3].

Dengeleyici sistemlerle ilgili olarak
arastirmacilar  yillar  boyunca farkh
gemi tirlerine aktif ve pasif sistemleri
kullanarak  uygulamalar  yapmislardir.
Webster ve Dogan [4] c¢alismasinda yalpa
hareketinin dengelenmesi amaciyla ¢
farkli gemi tipi icin aktif tank sistemlerinin
kullanimin1  degerlendirmistir. ~ Baitis
[5], Van Amerongen vd [6] ve Ferreiro
vd. [7] farkli deniz sartlarinda diimen
ile  yalpa  dengelenmesi  hakkinda
incelemelerde bulunmuslardir. Gawad vd.
[8] dengeleyici sistem olarak pasif tank
sistemlerini 6nermis, bu mekanizmanin
krittk ~ durumlarda  fin  dengeleyici
sistemlerle  birlikte  kullanilabilecegini
vurgulamislardir. Jones vd. [9] bir balikei
teknesi i¢in yeni kontrol yontemlerini
kullanarak daha kapsaml bir tank sistemi
onermislerdir. Marzouk ve Nayfeh [10]
pasif ve aktif tank sistemleri {izerine
inceleme yapmis, dengeleyici sistem olarak
aktif olani 6ne ¢ikarmislardir. Ma vd. [11]
diimen ve fin dengeleyici kanat sisteminin
bir arada kullanildigi bir mekanizmay1
onermislerdir. Su [12] dengeleyici sistem
olarak aktif fin sistemlerini incelemis,
verimliligini  simiilasyon  sonuglariyla
gostermistir. Ayob and Yaakob [13] kiitle
hareketiyle dengeleme iizerine ¢alisma
yapmislardir. Zihnioglu vd. [14] aktif fin

dengeleyici kanat sistemi iizerine deneysel
calismalar yaparak yalpa soniimii agisindan
kullandiklar1 mekanizmanin verimliligini
ifade etmislerdir.

Yalpa  hareketinin soniimlenmesi
amaciyla, arastirmacilarin yaptigi
calismalardan da anlasildigl iizere tank
sistemleri, fin dengeleyici kanat sistemleri,
diimen sistemleri ve agirlik hareketi
uygulamalar1 yapilmistir. Bu sistemler
icerisinde tank sistemlerinin yiiksek hacme
sahip olmasi kanat ve diimen sistemlerini
tercih asamasinda oOne ¢ikarmaktadir.
Kanat sistemleri kendi i¢inde aktif ve pasif
olarak ikiye ayrilmaktadir. Aktif kanat
sistemlerinin, diimen sistemine gore
maliyet ve diisiik hizlarda etkinliginin az
olmasi olumsuz bir yon olarak diisiiniilse
de, kanat sistemlerinin orta ve yiiksek
hizlarda yalpa hareketinin genligini % 90
mertebesine kadar azaltabilme 6zelliginin
olmasi, diimen sistemlerinde bu oranin %
75 mertebelerinde olmasi aktif sistemler
ile ilgili yalpa hareketinin azaltilmasi
lizerine literatiirde ¢ok sayida g¢alismanin
yapilmasina neden olmustur [3].

Yapilan biitin c¢alismalarda teknik
acidan degerlendirmeler yapilmakta ve
nihai amacin yalpa hareketinin genliginin
azaltilarak daha giivenli bir seyir saglama
oldugu goriulmektedir. Bu noktada farkh
bir bakis acisina ihtiya¢ dogmaktadir. Kimi
zaman en verimli ekipman olarak aktif
sistem tercihi yapilsa dahi 6rnegin maliyet
kriteri bu tercihi kisitlayabilmektedir.
Bu calismada aktif ve pasif dengeleyici
sistemler ve onlara bagh kriterler,
literatiirde bulunan ¢alismalardan ve
alaninda uzman 3 farkli grup Gemi Insaati
ve Gemi Makineleri Miihendisi ekibi
tarafindan belirlenmis (bu uzmanlarin
ikisi ilgili alanda doktora derecesine sahip,
digeri ise tersanede 7 yil tecriibeye sahip
ve teknik midiir diizeyinde), bulanik AHP-
TOPSIS hibrit yapisi kullanilarak, bir balikei
teknesi icin en uygun dengeleyici sistem
uzmanlarin verdigi cevaplar dogrultusunda
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yapilan agirhiklandirmalar neticesinde

belirlenmistir.
2. Dengeleyici Mekanizma
Kriterleri

Yalpa dengeleyici sistemler farkli
gemi tirleri icin secilirken belli kriterler
dogrultusunda karar verilmektedir.
Bu noktada teknik olarak performans
kriteri yapilan c¢alismalarda o©ne c¢iksa
dahi farkli opsiyonlarinda detayli olarak
degerlendirilmesi gerekmektedir. Ornegin
bir savas gemisi icin hizli ve giivenli
manevra kabiliyeti one c¢ikarken, yik ve
yolcu tasiyan gemiler distnildiiginde
dengede kalabilmek yeterli olabilmektedir.
Bu sistemler secilirken one cikan kriterler
literatlir incelemesi ve uzman gorisleri
dikkate alinarak belirlenmis ve asagida
ifade edilmistir [21].

ilk Yatirim Maliyeti: Dengeleyici sistem
secimi agisindan maliyet kriteri, geminin
dizayn asamasinda dikkatle irdelenmesi
gereken parametrelerinden bir tanesidir.
Farkli gemi tiirleri icin degerlendirildiginde
geminin amacina uygun olarak secilen yalpa
dengeleyici sistem maliyet acisindan biiytik
bir etki olusturabilmektedir. Ozellikle
aktif dengeleyici sistemlerin pasif olanlara
kiyasla hayli pahali oldugu bilinmektedir.

Secim

Bakim Gereksinimleri: Pasif
dengeleyici sistemler hari¢ olmak tiizere
diger aktif dengeleyici sistemlerin

periyodik olarak bakima ihtiyac1 vardir
bu durumda her gemi icin farkli olmak
lizere ek bir maliyet ve zaman gereksinimi

dogurmaktadir. Dolayisiyla geminin
calisma amact dogrultusunda sistem
secimi yapilirken bu kriterin dikkatli

degerlendirilmesi gerekmektedir.

Yalpay1 Azaltma Oram (Dengeleyici
Sistemin Verimliligi): Geminin yapisina
ve Ozelliklerine bagl olarak farkli gemiler
icin degerlendirildiginde bu parametrede
one cikmaktadir. Ozellikle aktif dengeleyici
sistemlerin  bu noktada c¢ok daha
basarili oldugu bilinmekte ve literatiirde

vurgulanmaktadir. Bu nedenle minimum
yalpa durumu beklenen gemilerde bu kriter
one cikmaktadir.

Miirettebatin Performansi-Yolcularin
Rahathigi: Bu kriterde gemi tiirlerine
ve yapilan operasyonun durumuna gore
degerlendirilmesi gereken bir kriterdir.
Clinkii kimi zaman miirettebatin hareket
kabiliyeti kimi zamanda uzun seyahatlerde
yolcularin rahathgr kritik 6neme sahip
olabilmektedir.

Dengeleyici Sistemin Calisabilecegi
Hiz Araligi: Yalpa omurgasi ve tank
sistemleri her hizda calisabilmektedir.
Ancak dimen sistemleri ve fin yalpa
dengeleyici sistemler diisiiniildiigiinde
disiik hizlarda performanslarinin iyi bir
etki birakmadigi, 6zellikle 10-12 deniz mili
ve lzerinde verimlerinin yiiksek oldugu
vurgulanmaktadir [21].

Su Altindaki Giiriiltii Durumu: Aktif fin
dengeleyici sistemler ve diimen sistemleri
calisirken su altinda giirtltiiye sebebiyet
vermektedir. Ancak diger pasif sistemler
icin bu durum gecerli degildir.

Ekipmanlarin Fiyatlar:: Elbette aktif
dengeleyici sistemler pasif sistemlere
kiyasla ekipman fiyati acisindan hayli
yuksek maliyetlere sahiptir ve bu durum
dizayn asamasinda tizerinde dikkatle
diigiiniilmesi gereken bir durumdur. ilk
yatirim maliyetinden sonra periyodik
bakim ihtiyact duyan sistemler agisindan
bu kriter 6nem arz etmektedir.

Dengeleyici Sistemin Hiz, Gii¢ ve
Diren¢ Uzerindeki Etkisi: Yalpa omurga
ve fin dengeleyici sistemlerin hiz kaybina
neden oldugu ve diren¢ olusturdugu
bilinmektedir. Elbette bu durum toplam
gilicte diisiise neden olacak ve seyir
sartlarini olumsuz etkileyecektir.

Kargo Tasima Kapasitesine EtKisi:
Herhangi  bir  dengeleyici  sistemin
eklenmesi kargo tasima kapasitesini
etkilemektedir. Ciinkii gemiye eklenen bir
agirlik stabilite limiti ile direk baglantili
olarak geminin genel tasima kapasitesi
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tizerinde etki yapmaktadir. Dolayisiyla
bu nokta dizayn asamasinda detayli bir
sekilde degerlendirilmelidir.

Dalga Sartlar:: Dengeleyici
sistemler farkli deniz durumlarinda
kullanilmaktadir. Ozellikle tank sistemleri
ve fin dengeleyicisistemler yiiksek genlikli
dalgalarin olustugu deniz durumlarinda
olumsuz bir sekilde etkilenmekte bu
yizden de geminin c¢alisacagl deniz
durumu degerlendirilerek dengeleyici

sisteme karar verilmesi onem arz
etmektedir.

Liman Yanasmalari: Bir¢cok gemi
tizerindeki ekipmanlar dolayisiyla

hareketi agisindan sinirlamalara maruz
kalir. Dolayisiyla bu durum uygulanacak
dengeleyici sistem acisindan kisitlamalar
getirebilmektedir.

Biitiin bu kriterler farkli gemi tiirleri
icin degerlendirilip, o gemi tiri i¢in hangi
kriterler o6ne c¢ikiyorsa o gereksinimi
saglayan dengeleyici sistem uygulanabilir.
Elbette kriterlerin birbiri arasinda ve
belirlenen alternatif dengeleyici sistemler
tizerindeki etkisinin, belli degerlere
bagli olarak, alaninda uzman Kisilerin
yardimiyla belirlenmesi kararin dogru
verilmesi agisindan  uygulanabilecek
birgcok yontemin oOniini agacaktir. Bu
amagcla belirlenen alternatif ve kriterler
asagida Tablo 1 ve 2’de ifade edilmistir;

Tablo 1. Dengeleyici Mekanizma Alternatifleri

ALTERNATIiFLER

A1: Yalpa Omurgalar

A2: Yalpaya Ters Etki Olusturan Tank Sistemleri
A3: Aktif Fin Sistemleri

A4: Diimen Sistemleri

Tablo 2. Dengeleyici Mekanizma Se¢cim Kriterleri

KRITERLER
C1: ilk Yatirim Maliyeti

C2: Kargo Tasima Kapasitesine Etkisi

Tablo 2. Dengeleyici Mekanizma Se¢im Kriterleri
(Devamt)

KRITERLER

C3: Miirettebat Performansi ve/veya Yolcularin
Rahatlig

C4: Dengeleyici Sistemin Hiz, Gii¢ ve Direng
tizerindeki etkisi

C5: Bakim Gereksinimi

C6: Yalpay1 Azaltma Durumu

C7: Su Altindaki Giirtltii Durumu

C8: Ekipmanlarinin Fiyatlari

C9: Diisiik Hizda Calisma Durumu
C10: Yiiksek Hizda Calisma Durumu

C11: Liman Yanasmalari

C12: Dalga Sartlar1

Yukarida ifade edilen kriterler ve
alternatifler alaninda uzman Kisilerin
gorisleri dogrultusunda sekillenerek,
dengeleyici sistem sec¢imi problemi
icin Bulamik AHP -Bulanik TOPSIS
yontemlerinden olusan hibrit yap:
kullanilmis 20 m uzunlugunda bir balike1
teknesi [22] icin hangi dengeleyici
sistemin kullaniminin daha uygun olacag:
asagida degerlendirilmistir.

3. Hibrit
Uygulamasi

Hibrit Bulanik AHP-TOPSIS yapisi
arastirmacilar tarafindan farkli konular
ozelinde kullanmilmistir.  Ertugrul ve
Karakasoglu [15] ¢alismasinda tesis yer
secimi icin, Kutlu ve Ekmekgioglu [16]
hata tirleri ve analizi i¢cin, Aikhuele
vd. [17] ise gemi ana makinesi ariza
teshisi icin bu yonteme ait hiyerarsik
yapiyl kullanmislardir. Bu c¢alismada
belirlenmek istenen yalpa dengeleyici
sistem icin belirlenen secim Kriterleri
ile alternatifler arasindaki iliski asagida
Sekil 1’ de gosterilmistir;

Bulanik Ahp-Topsis
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Allternatif 3 Allternatif 4

Sekil 1. Alternatif ve Kriterlere Ait Hiyerarsik Yapi

Yukarida bahsedilen hedefe ulasmak
icin kullanilan hibrit yontemin detaylari
asagidaki gibi verilmistir.

Degerlendirmeler yapilirken literatiirde
var olan dilsel ifadeler kullanilmistir.
Calismada bu tip ifadeleri kullanarak
dengeleyici sistem i¢in alternatifleri ortaya
koyma amaciyla, bilinen 5 temel ifade olan
“kesinlikle 6nemli,” “cok giicli diizeyde
onemli,” “gerekli derecede 6nemli,” “zayif
derecede 6nemli” ve “esit derecede 6nemli”
dilsel ifadeler kullanilmistir [18].

Uzmanlar dilsel ifadeleri kullanarak
kendi dustincelerini ortaya koyarlar. Eijk’
k degerlendiricinin i’inci alternatifin j'inci
kritere gore bulanik performans degerini
ortaya koymaktadir Tim uzmanlarin
degerlendirmeleri Ei].k= (LEi].k, MEijk, UEijk)
seklinde ifade edilir Burada uzmanlarin
kararlar1 kendi bilgi ve tecriibelerine
dayanilarak ortaya konuldugundan
farkliliklar olusabilmektedir.

Hiyerarsik sistem icerisindeki tiim
kriterlerin icinde oldugu karsilastirma
matrisleri  olusturulur. Bu asamada
Buckley’in  [19] oOnerdigi geometrik
ortalama metoduyla ikili karsilastirma
matrisleri asagidaki gibi hesaplanir:

1
E, =(E,®E;®..QFE)

(1)

Bulanik sentetik karar matrisi (f{‘.)
asagidaki gibi gosterilir.
l

R =(E;®F,®..QF,) (2)

Tim kriterlerin agirliklar: (W,) asagidaki
gibi elde edilir.

w,=R ®(R ®R, ®..BR )" (3)

Alternatiflerin performanslarmln
ortaya konulmasinda ise “¢ok iyi” “iyi,’
“orta iyi,”, “orta,” “orta zayif”, “zayif,”’, “cok

zaylf,” dilsel degiskenleri kullanilmistir.
Uzmanlarin kendilerine ait gortsleri bu
sekilde ifade etmeleri beklenmektedir [20].
Bu asamada her bir alternatif verilen dilsel
degiskenler kullanilarak her bir kritere
gore degerlendirilmektedir.

i, =6 0% 6..05) )
Bu asamada, kriterlerin ayni
Olcekte degerlendirilmesi icin dogrusal
Olceklendirmeli normalizasyon teknigi
kullanilmaktadir.
R=[f]., (5)
[—J ~ ] jeB; (6)
(5
d a J e C:
— e (7
¢, =maxc, eferj € Bise; (8)
1
a/ =maxa, egerje Cise; 9
1
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Sonraki asamada ise bulanik AHP’den
elde edilen kriter agirliklart kullanilarak,
agirhik karar matrisi hesaplanir.

v

[\N/'ij]mxn i=1,2,..m, i=1,2,..,n, (10)
Burada v, =, ()w, . olarak ifade edilir.
Pozitif (A") ve negatif (A7) ideal

¢oziimlerin ortaya konularak ve pozitif ideal

¢6ziim ve negatif ideal ¢oztimler asagidaki

gibi hesaplanir:

A=V
[miniVij /i€l /iel,..,

Ve Vi, V= {[max V, /j€]],
m} (11)

A={V V0, Voo, V3 = {[min V, /j €],
[max V, /j€],],/i€1,.,m} (12)

Pozitif ideal ¢oziime ve negatif ideal
¢oziime olan wuzakliklarin  o6l¢iilmesi
sonucunda alternatiflerin birbirine olan
uzakliklar1 hesaplanir.

Pozitif ideal ¢6ziime olan uzaklik (S,):

,}Z (v -v

Negatif ideal ¢6zlime olan uzaklk (S,):

S =2 Oy

Bir sonraki asamada pozitif ideal sonuca
olan yakinlk (C,’) hesaplanir;

i=1,.,m (13)

i=1,.,m (14)

. S;
G (S +5)) (15)

Sonuc olarak, en iyi alternatif en ytiksek
C. degeri olarak hesaplanir.

Bu hesaplamalar gergeklestirilerek, ilgili
kriterlerin agirliklandirmalar1 (W) ve en
iyi bulanik olmayan performans degerleri
(BNP) Tablo 3’te, bunlara bagh olarak elde
edilen alternatif siralamalar1 (CC) ise Tablo
4’te gosterilerek sonuca ulagilmistir.

Tablo 3. Dengeleyici Mekanizmanin Secim Kriterlerinin Agirliklar

Kriterler w w w BNP
C1 ilk Yatirim Maliyeti 0,123 0,125 0,120 0,123
Cc2 Kargo Tasima Kapasitesi 0,118 0,118 0,114 0,117
c3 x)‘fcrst]t{i?;gfsnf"m ve/veya 0,091 0,093 0,097 0,094
c4 B:gfféi?f:zi‘rﬁfé?:t]i‘; Glig 0,094 0,097 0,097 0,096
C5 Bakim Gereksinimi 0,077 0,080 0,083 0,080
Cé6 Yalpa Azaltma Durumu 0,068 0,068 0,070 0,069
Cc7 Su Altindaki Giiralti Durumu 0,051 0,047 0,046 0,048
C8 Ekipmanlarinin Fiyatlar: 0,105 0,104 0,102 0,104
Cc9 Diisiik Hizda Calisma Durumu 0,045 0,041 0,040 0,042
C10 Yiiksek Hizda Calisma durumu 0,066 0,065 0,068 0,066
C11 Liman Yanasmalari 0,075 0,073 0,073 0,074
C12 Dalga Sartlari 0,087 0,089 0,089 0,088
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Tablo 4. Dengeleyici Mekanizmanin Alternatiflerinin Agirliklart

d+ cc

Al 2,952 5114 0,634 1
A2 4,199 4,697 0,528 3
A3 4,246 4,767 0,529 2
A4 5,090 3,975 0,439 4
4. Sonuclar sistemlerin kullanildig: calismalar

Yalpa dengeleyici sistem secimi  bulunmaktadir [24,25,26]. Bu c¢alismada
icin belirlenen kriterlerin agirliklari, ise teknik analizlerden farkl olarak, ifade
uzmanlarin  vermis oldugu cevaplar edilen kriterler ve alternatifler 1s1ginda,
dogrultusunda  sekillenerek kullanilan dizayn asamasinda farkli gemi tirleri
hibrit yontem neticesinde Tablo 3'te i¢in ¢alisma sartlar1 ve operasyonel

detayli olarak ifade edilmistir. Kriterlerden
yola c¢ikarak maliyetle ilgili olanlarin
secim asamasinda onemli olgiide etkili
oldugu anlasilmaktadir. Bunlara ilaveten
dengeleyici sistemin teknik olarak etkisi de
yadsinamayacak diizeydedir.

Uygulamada kullanilan balike1
teknesinin her tiirlii deniz sartinda dengeli
ve gilivenli bir avlanma gergeklestirmesi
bunlara ek olarak da miirettebatin
operasyon Kkabiliyetinin yliksek seviyede
olmas1 beklenmektedir. Ayrica balik¢ilik
yonetimini desteklemek acgisindan da
bu konu kritik 6nem arz etmektedir
[23]. Biitin bu gereksinimlerle beraber
degerlendirildiginde, bu sartlari
saglayabilecek sistemin Tablo 4’te ifade
edildigi tlizere en iyi alternatif olarak,
yalpa omurga sistemleri oldugu (0,634)
uzmanlarin  gorusleri  dogrultusunda
belirlenmistir. Diger alternatifler ise
uzmanlarin  gorusleri  dogrultusunda
uygulanabilir olmakla beraber, se¢cim
konusunda ekonomi  kriterinin = ¢ok
etkili olmasi sebebiyle ilk sirada tercih
edilmemistir. Ekonomiye dayali kriterlerin
etkili olmadigi bir g¢alismada diger
alternatiflerin ilk siralarda tercih sebebi
olacag diistintilmektedir.

Literatlirde, balik¢1 teknesinin yalpa
hareketinin dengelenmesi amaciyla,
arastirmacilar tarafindan teknik agidan
degerlendirmeler  yapilarak alternatif

ozellikleri dikkate alinarak en uygulanabilir
dengeleyici  sistemin  belirlenebilecegi
vurgulanmaktadir. ~ Yapilan  uygulama
daha sonra yapilacak c¢alismalar icin
hiyerarsik bir yapr sunmakla beraber,
goriislerine basvurulan uzman sayisinin
artirlmasiyla  ve  DEMATEL, VIKOR,
Choquet Integral gibi farkli yontemlerin

kullanimiyla,  arastirmacilarin ileride

yapacagl calismalarda farkli gemi ttrleri

icin  en uygun dengeleyici sistemin

belirlenebilecegi 6ngoriilmektedir.
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Table 1. Sample Table

Turkish Male Seafarers BMI < 25,0 BMI 25 - 30 BMI = 30 Number of
(n=131.152) Participants
16-24 Ages Group 74,1% 22,5% 3,4% 34.421
25-44 Ages Group 44,1% 43,3% 12,6% 68.038
45-66 Ages Group 25,6% 51,1% 23,4% 28.693
All Turkish Male Seafarers 47,9 % 39,6 % 12,5% 131.152
Turkish Male Population*1 47,3 % 39,0 % 13,7 % -
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Calismalar derginin web adresinden
(http://wwwjemsjournal.org)  online
olarak gonderilmelidir. Basili ya da CD
icerisinde veya posta, faks vb. yollarla
gonderilen yazilar kabul edilmemektedir:

6.

Makalenin ana  bashg, Tirkce
¢alismalarda sirasiyla Tiirkce
ve Ingilizce, Ingilizce yazilmis
makalelerde ise Ingilizce olarak

yazilmali ve 12 punto biytkliginde
ortalanmis olarak ayarlanmalidir. Ana
basliktan 6nce 6nk sonra 6nk bosluk
birakilmalidir.

Makalede yer alan birincil basliklarin
ilk harfleri buytik olacak sekilde sola
dayali ve numara verilerek 10 punto ile
kalin yazilmalidir. Alt basliklar ise ayni
sekilde 10 punto ile kalin yazilmahdir.
Biitiin basliklarda ve alt basliklarda
lacivert renk kullanilmalhdir.

1. OrcaFlex Program
1.1. Axis Team

Tablo bashgi tablonun istiinde sekil
bashgl seklin altinda yer almalidir
Tablo basligi ve sekil bashigindan dnce 2
nk sonra 3 nk bosluk birakilmali ve sola
dayali olarak sadece “tablo” ve “sekil”
yazisi kalin olacak sekilde yazilmalidir.
Tablo, sekil ve denklem basliklarindaki
kelimelerin  ilk  harfleri  biyiik
yazilmalidir. Baslik ve igerik “cambria”
formatinda, 9 punto buyikliginde
yazilmalidir. Calisma i¢inde yer alan
tablo, sekil ve denklemler alinti
yapilmis ise kaynaklar1 belirtilmelidir.
Kaynaklardan 6nce 2 nk sonra 3 nk
bosluk birakilmahdir. Tablo ve sekiller
tek siituna (burada ki siitun ifadesi
makale yazimindakiniifade etmektedir)
sigmayacak biiyiikliikte ise iki siitunu
da kapsayacak sekilde verilmelidir. iki
siitunu da kapsayan sekil ve tablolara
sayfanin en iistiinde veya en altinda
verilmelidir. Toplam sekil ve tablo sayisi
10 adeti gegmemelidir
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Tablo 1. Ornek Tablo

(n=131.152)

Turkish Male Seafarers BMI < 25,0

BMI 25 - 30

BMI = 30

Number of
Participants

16-24 Ages Group 74,1%

22,5%

3,4%

34.421

25-44 Ages Group 44,1%

43,3%

12,6%

68.038

45-66 Ages Group 25,6%

51,1%

23,4%

28.693

All Turkish Male Seafarers 47,9 %

39,6 %

12,5%

131.152

Turkish Male Population*1 47,3 %

39,0 %

13,7 %

10.

11.

12.

13.

Makaleigerisinde ondalik kesirler virgtl
ile sayilar ise nokta ile ayrilmalidir.

Ornek:
Ortalama yas: 28,624
Katilimci sayisi: 1.044 kisi

Calismaya sayfa numaralar, alt
bilgi ve iist bilgi eklenmemelidir. Bu
dizenlemeler dergi yonetimi tarafindan
yapilacaktir.

Yazarlar calismalarini dergimize
gondererek calismalarina ait  telif
hakkin1 dergiye devrettiklerini kabul
etmis sayilirlar Bir c¢alismanin ayni
anda iki yere birden degerlendirme
amagh gonderilmesi akademik etik
cercevesinde uygun degildir.

Calismalarin orijinal olmasi, daha dnce
bagka bir yerde yayimlanmamis olmasi
gerekmektedir. Kongre ve sempozyum
bildirileri bir kitap¢ikta yayinlanmis ise,
bu durumda, telif hakk ilk yayinlanan
yere devredilmemis olmasi kayd ile,
JEMS tarafindan yaymnlanir Bu tip
bildirilerin daha 6nce yayinlandig yer ile
ilgili dergi editorliigiine bilgi verilmelidir

Calisma icinde yer alan atiflar parantez
icinde numara verilerek yapilmaldir
[1]. Atiflarda oldugu gibi kaynaklar da
parantez icinde numaralandirilmahdir.
Kaynaklar APA formatinda
gosterilmelidir.
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JEMS PUBLICATION ETHICS AND MALPRACTICE STATEMENT

Journal of ETA Maritime Science is an
independent publication with regards to
scientific research and the editor decide its
publication policy. The statement signifies
the ethical behavior of the publisher, the
editor, the reviewers and the authors.
The ethics statement for JEMS is based on
COPE Code of Conduct and Best Practice
Guidelines for Journal Editors and COPE
Best Practice Guidelines for Journal Editors
available at www.publicationethics.org.

A. DUTIES OF PUBLISHER:

Editorial Autonomy

JEMS is committed to ensure the
autonomy of editorial decisions without
influence from anyone or commercial
partners.

Intellectual Property and Copyright

JEMS protects property and copyright
of the articles published in the Journal and
maintains each article’s published version
of record. JEMS provides the integrity and
transparency of each published articles.

Scientific Misconduct

JEMS always takes all appropriate
measures in respect to fraudulent
publication or plagiarism the publisher.

B. DUTIES OF EDITORS:

Decision on Publication and Responsibility

The editor of JEMS keeps under control
everything in the journal and strives to
meet the needs of readers and authors.
The editor also is responsible for deciding
which articles submitted to journal ought
to be published in the journal, and may be
guided by the policies subjected to legal
requirements regarding libel, copyright
infringement and plagiarism. The editor
might discuss with reviewers while making
publication decision. Editor is responsible

for the contents and overall quality of the
publication. Editor ought to provide a fair
and appropriate peer-review process.

Objectivity
Articles that submitted to journal are
always evaluated without any prejudice.

Confidentiality

Any information about a submitted
article must not be disclosed by editor
to anyone other than editorial stuff,
reviewers, and publisher.

Conflicts of Interest and Disclosure

The Editor of JEMS does not allow any
conflicts of interest between the parties
such as authors, reviewers and editors.
Unpublished materials in a submitted
article must not be used by anyone without
the express written assent of the author.

C. DUTIES OF REVIEWERS:

Evaluation

Reviewers evaluate manuscripts
without origin, gender, sexual orientation
or political philosophy of the authors.
Reviewers also ensure a fair blind peer
review of the submitted manuscripts for
evaluation.

Confidentiality

All the information relative to submitted
articles is kept confidential. The reviewers
must not be discussed with others except if
authorized by the editor.

Disclosure and Conflict of Interest

The reviewers have no conflict of
interest with regard to parties such as
authors, funders, editors and etc.
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Contribution to editor

Reviewers give helps the editor in
making decisions and may also assist the
author in improving the manuscript.

Objectivity

The objective judgment evaluation
is always done by them. The reviewers
express their views clearly with
appropriate supporting arguments.

Acknowledgement of Sources

Reviewers ought to identify relevant
published study that has not been cited
by the authors. Reviewers also call to the
editor’s attention any substantial similarity
or overlap between the manuscript and
any other published paper of which they
have personal knowledge.

D. DUTIES OF AUTHORS:

Reporting Standards

A submitted manuscript should be
original and the authors ensure that the
manuscript has never been published
previously in any journal. Data of the
research ought to be represented literally
in the article. A manuscript ought to
include adequate detail and references to
allow others to replicate the study.

Originality

The authors who want to submit their
study to the journal must ensure that their
study entirely original and the words and
sentences getting from literature should be
appropriately cited.

Multiple Publications

Authors should not submit the same
study for publishing any other journals.
Simultaneous submission of the same study
to more than one journal is unacceptable
and constitutes unethical behavior.

Acknowledgment of Sources

Convenient acknowledgment of the
study of others has to be given. Authors

ought to cite publications that have been
efficient in determining the study. All of
the sources that used process of the study
should be remarked.

Authorship of a Paper

Authorship of a paper ought to be
limited to those who have made a
noteworthy contribution to study. If
there are others who have participated
process of the research, they should be
listed as contributors. Authorship also
includes a corresponding author who
is in communication with editor of a
journal. The corresponding author should
ensure that all appropriate co-authors are
included on a paper.

Disclosure and Conflict of Interest

All sources of financial support should
be disclosed. All authors ought to disclose
a meaningful conflict of interest in the
process of forming their study.

Fundamental Errors in Published Works

If authors find out a remarkable error
in their submitted study, they have to
instantly inform it. Authors have a liability
to cooperate with editor to provide
corrections of errors.
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JEMS YAYIN ETIGI VE AYKIRI EYLEM BEYANI

ETA Denizcilik Bilimi Dergisi, bilimsel
arastirma ile ilgili olarak yayimlanan
bagimsiz bir yayindir ve yayin politikasini
editor belirlemektedir. Bu bildirge dergi
imtiyaz sahibi, editdor, hakemler ve
yazarlarin etik davranislarini icermektedir.
JEMS’in etik beyani, COPE Code of
Conduct and Best Practice Guidelines for
Journal Editors ve COPE Best Practice
Guidelines for Journal Editors esaslarina
dayanmaktadir ve bu kaynaklar www.
publicationethics.org ~ web  adresinde
licretsiz olarak paylasilmaktadir.

A. DERGI IMTiYAZ  SAHIBININ
SORUMLULUKLARI:

Editoryal Bagimsizlik

JEMS, herhangi bir kimse veya ticari
ortaklarimin etkisi olmadan editoryal
kararlarin bagimsizliginin saglanmasini
taahhiit etmektedir.

Fikri Miilkiyet ve Telif Hakki

JEMS, dergide yayimlanan makalelerin
miilkiyet ve telif haklarini korur ve her
makalenin yayimlanmis versiyonunun
kaydini saglamaktadir. JEMS, yayimlanmis
her makalenin butiinliigiini ve seffafligini
saglamaktadir.

Bilimsel Suiistimal

JEMS, hileli yayin veya yayinci intihali
ile ilgili olarak daima uygun tedbirleri
almaktadir.

B. EDITORUN SORUMLULUKLARI:

Yayin ve Sorumluluk Karari

JEMS editori, dergideki her seyi kontrol
altinda tutmaktadir ve okuyucularin ile
yazarlarin ihtiyaclarina cevap vermek igin
caba gostermektedir. Editor ayrica,

dergiye gonderilen makalelerden
hangilerinin dergide yayinlanacaginin ve

hangilerinin onur kirici yayin, telif hakki
ihlali ve intihal ile ilgili yasal gerekliliklere
tabi politikalarla karar verilmesinden
sorumludur. Editor, yayin karari verilirken
hakemler ile miizakere edebilir. Editor,
icerik ve genel olarak yayin kalitesinden
sorumludur. Editor adil ve uygun bir hakem
siireci saglamalidir.

Tarafsizlik

Dergiye gonderilen makaleler
daima, herhangi bir 6nyargi olmaksizin
degerlendirilmektedir.

Gizlilik

Dergiye gonderilen bir makale ile ilgili
herhangi bir bilgi, editor tarafindan yayin
kurulu, hakemler ve dergi sahibi disinda
herhangi bir kimseye ifsa edilmemelidir.

Cikar Catismalar: ve ifsa Etme

JEMS editorii yazarlar, hakemler ve
editorler gibi taraflar arasindaki herhangi
cikar ¢atismalarina izin vermez. Dergiye
gonderilen bir makaledeki yayimlanmamis
materyaller, yazarin sarih bir yazih
onayl olmadan herhangi biri tarafindan
kullanilmamalidir.

C. HAKEMLERIN SORUMLULUKLARI:

Degerlendirme

Hakemler yazarlarin kokeni,
cinsiyeti, cinsel egilimi veya siyasal
felsefesine bakilmaksizin eserleri
degerlendirmektedirler. Hakemler
ayrica, dergiye gonderilen metinlerin

degerlendirilmesi icin adil bir kor hakemlik
siireci saglamaktadirlar.

Gizlilik

Dergiye gonderilen makalelere iliskin
tlm bilgiler gizli tutulmaktadir. Hakemler,
editor tarafindan yetkilendirilmis olanlar
disinda baskalar1 miizakere etmemelidir.
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ifsa Etme ve Cikar Catismasi

Hakemlerin; yazarlar, fon saglayicilar,
editorler vb. gibi taraflar ile menfaat
catismasi bulunmamaktadir.

Editore Destek

Hakemler, karar verme asamasinda
editorlere yardim ederler ve ayrica
metinlerin iyilestirilmesinde yazarlara
yardimci olabilmektedirler.

Tarafsizlik

Objektif bir karar degerlendirmesi,
daima hakemler tarafindan yapilmaktadir.
Hakemler, uygun destekleyici iddialarla,

actk  bir gsekilde gortslerini ifade
etmektedirler.

Kaynaklarin Referansi

Hakemler ayrica, kendi bilgileri

dahilindeki yayinlanmis diger herhangi
bir makale ile dergiye gonderilen metin
arasinda herhangi 6nemli bir benzerlik
veya Ortiisme ile ilgili olarak editora
bilgilendirmelidir.

D. YAZARLARIN SORUMLULUKLARI:

Bildirme Standartlari

Dergiye gonderilen bir metin 6zgiin
olmalidir ve yazarlar, metnin daha dnce
herhangi bir dergide yaymlanmamis
olmasint saglamalidirlar.  Arastirmanin
verileri,makaledetamolarakbelirtilmelidir.
Dergiye gonderilen bir metin, baskalarinin
calismay1 tlretmesine izin vermek {izere
yeterli detay ve referanslari icermelidir.

Ozgiinliik

Calismalarin1  dergiye  gondermek
isteyen yazarlar, ¢alismalarinin tamamen
6zgln olmasini saglamalidir ve literatiirden
elde edilen kelimeler ile climleler uygun
bir sekilde alintilanmalidir.

Birden Fazla Yerde Yayin
Yazarlar, ayni calismay1 herhangi bir
baska dergide yayinlanmak iizere

gondermemelidirler. Ayni  ¢alismanin
birden fazla dergiye es zamanl
gonderilmesi etik olmayan bir davranis
teskil etmektedir ve kabul edilemez.

Kaynaklarin Referansi

Baskalarinin ¢alismalariyla ilgili olarak
uygun referanslar verilmelidir. Yazarlar,
calismalarinin  belirlenmesinde  etkili
olmus yayinlara referans vermelidirler.
Calisma stirecinde kullanilan kaynaklarin
tlmii belirtilmelidir.

Makale Yazarhig1

Makale yazarligl, c¢alismaya kayda
deger katkida bulunan kisilerle smirh
olmalidir. Arastirma slrecine Kkatilan
baskalar1 var ise, bu Kkisiler katkida
bulunanlar olanlar listelenmelidir. Yazarlik
ayrica, derginin editord ile iletisim halinde
olan yazismadan sorumlu olan bir yazar
icermelidir. Yazismadan sorumlu yazar,
tim yardimci yazarlarin makaleye dabhil
olmasini saglamalidir.

ifsa Etme ve Cikar Catismasi

Finansal destek ile ilgili tim
kaynaklar agiklanmalidir. Tim yazarlar,
calismalarinin olusturulmasi siirecinde yer
alan ¢ikar ¢catismasini ortaya koymalidirlar.

Yayinlanmis Calismalardaki Temel Hatalar
Yazarlar gondermis olduklari
calismalarinda dikkat cekici bir
hata bulduklarinda, bu hata ile ilgili
olarak derhal dergiyi bilgilendirmek
zorundadirlar. Yazarlarin, hatalarin
diizeltilmesini saglamak tizere editor ile
birlikte ¢alisma ytikiimliiliikleri vardir.
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