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RESEARCH ARTICLE

THE MODEL OF PRICING OF SMALL SCALE LNG BUNKER
TERMINAL IN TURKEY

Tansel ERKMEN!

"mmternational Logistics and Transportation, Piri Reis University, Tuzla,
Istanbul, Turkey,
terkmen@pirireis.edu.tr

Date of Receive: 08.06.2018 Date of Acceptance: 14.11.2018
ABSTRACT

Turkey has great potential in liquified gas bunkering industry. Early
application of liquified gas terminal investments is high likely to generate
substantial income for the shipping industry of Turkey and to its economy as
a whole. The marine shipping industry is facing challenges to reduce engine
exhaust emissions and greenhouse gases (GHGs) from their ships. LNG is a
potential solution for meeting these requirements. Progress in the marine
fuel industry has become critical to shipowners and cargo owners, since
fuel consumption accounts for much of the total cost of travel and can be a
significant part of total transport costs. LNG bunker in Northern Europe is
advancing, however, worldwide lack of supply is undermining the spread of
LNG bunkering. Therefore, providing security of supply in the Eastern
Mediterranean could represent an important milestone towards LNG supply
chain implementation.

Keywords: LNG Terminal Price, Marine Fuel, Bunker Alternatives,
Emission
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TURKIYE'DE KUCUK OLCEKLI LNG YAKIT TERMINALININ
FIYATLANDIRMA MODELI
oz

Tiirkiye'nin dogal gaz gemi yakiti tedarikinde biiyiik bir potansiyeli var.
Swilastirilmis gaz terminali yatirimlarinin erken uygulanmasinin, Tiirkiye
denizcilik sektorii ve bir biitiin olarak Tiirkiye ekonomisi icin onemli bir
gelir yaratmasi miimkiindiir. Gemilerin neden oldugu egzoz emisyonlarinin
ve sera gazlarmmin azaltilmasi talepleri denizcilik sektorii iizerinde ciddi
stkinti  yaratmaktadir. Deniz yakiti endiistrisindeki ilerlemeler, gemi
sahipleri ve kargo sahipleri igin kritik hale gelmistir, ¢iinkii yakit tiiketimi
toplam seyahat masraflarinin ¢ogunu olusturmaktadir ve bu durum, tonaj
maliyetlerinin onemli bir parcasidir. LNG bu gereksinimleri karsilamak icin
potansiyel bir ¢oziimdiir. Kuzey Avrupa'da LNG yakit tedariki ¢ok hizla
ilerlemektedir, ancak diinya ¢capinda arz eksikligi LNG tedarik zinciri’'nin
vayilmasini engellemektedir. Bu nedenle, Dogu Akdeniz'de yakit arz
giivenligi  saglayacak  terminal yatirimlari, LNG tedarik  zinciri
uygulamasina yonelik biiyiik bir eksigi kapatmaya yardimct olacaktir.

Anahtar Kelimeler: LNG Terminal Fiyati, Gemi yakiti, Gemi yakiti
Alternatifler, Kirlilik

1. INTRODUCTION

Increased environmental focus on the market today and the simultaneous
need for the maritime industry to become more responsible for its
environmental footprint is influencing the decisions that the shipment must
make in terms of fuel type selection. “In the International Energy Outlook
2016 [8] reference case, transportation sector delivered energy consumption
increases at an annual average rate of 1.4%, from 104 quadrillion British
thermal units (Btu) in 2012 to 155 quadrillion Btu in 2040.” This amount is
more than 50% higher than previously assumed and involves an annual CO2
(Carbon dioxide) emission of approximately 1100 million tones, equivalent
to about 4% of global CO, emissions. “In addition, marine vessels emit
large quantities of SO, (Sulfur dioxide), NOy (nitrogen oxides) and soot
PM10 (Particulate Matter), since the standard shipping fuel HFO (Heavy
Fuel Oil) contains at present about 2.7% Sulfur, which is very high
compared to other transport fuels. “Shipping emissions have been estimated
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to induce more than 60,000 premature deaths globally, of which about one
third in Europe [2]”. “Land based sources have achieved an enormous
reduction in air pollution over the last decades. In contrast, shipping
emissions have substantially increased over the same time span, along with
the gradual growth of marine transport [7]”. The combination of liquefied
natural gas bunkering and natural gas combustion engines for ships has been
presented as one of the three possible ways to comply with the standards
established by the International Maritime Organization (IMO) regulating the
control of dangerous pollutant in ship exhaust systems. The other two
options are continued use of heavy fuel oil (HFO) with exhaust gas purifiers
and combustion of low sulfur MGO (Marine Gasoil) / marine diesel MDO
(Marine Diesel oil) diesel in ship propulsion systems. “The global LNG
industry is approaching its 53th anniversary in 2017. It has proposed a huge
amount of new LNG capacity of 400 million metric tons a year, which, if
built, would be double 2025 [12]”. The growing shortage and price of oil
will favor the use of renewable fuels. For a ship, fuel may represent between
50% and 70% of the total ship ownership and ship management costs.
Heavy fuel oil , marine diesel oil and marine gas oil are all conventional
fuels. Ship-based fuels are a major part of oil consumption and all these
fuels are high in the emission rate. The marine fuel oil market consumes
about 300 million tons of diesel annually, and oil prices tend to follow price
developments. LNG potential as bunker fuel to help reduce ship emissions
1s remarkable. “The use of natural gas produces the following NOy, PM and
CO; reduction of engine exhaust emissions; carbon emissions of about 25%,
nearly 100% SOy, 85% NOy, 95% PM[13]”.
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Figure 1. Emission Control Areas (ECA)
Source: DNV GL

In Emission Control Areas, Figure 1. Emission control areas (ECA) for Tier
IIT and possible future ECA as indicated by DNV GL, sulphur limit in fuel
used on board is 0.1%. The explanation of ‘fuel oil used on board’ includes
use in main and auxiliary engines and boilers. In addition, there are new
rules on ship energy efficiency for owners / operators and cards to be
considered, where Liquefied Natural Gas (LNG) can play an important role.
However, the main developments of liquefied LNG infrastructure must take
place before it can be considered a viable alternative to conventional fuels.
As the maritime industry considers alternatives to HFO, a part of the market
will move to the MGO, partly to LNG and, where appropriate, liquid
biofuels. “Transportation and handling of LNG a cargo on land and sea have
been proven for many decades. With new emission regulations, the potential
applications for LNG is expanding. Especially attractive for marine vessels
travelling set routes such as ferries and tug boats. LNG as main propulsion
fuel is no longer a new invention and the technology is already classified as
proven. One of the main reasons for exploring LNG is its potential for
environmental benefits. “International regulators, such as the International
Maritime Organization (IMO) and the national environmental agencies in
many countries, have issued rules and regulations that drastically reduce
greenhouse gases and emissions from marine source [9]”. Offshore ships
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typically spend 5% to 6% of their running time on SOy Emission Control
Areas. Therefore, ship owners should consider new fuels and / or
technologies to develop the competitive advantage of short sea shipping.

2. LNG BUNKER CONSUMPTION

“LNG consumed as marine fuel will reach 1 million tones by 2020 and
rapidly grow to 8.5 million tons by 2025 [5]”. Europe and the United States
will rely primarily on the national production of natural gas for the making
of LNG as marine fuel. Asia Pacific will instead have to rely on LNG
imports at fixed prices in the Asia-Pacific market. Several other LNG
demand projections as marine fuels have been published and all vary in
hypotheses; world activity and shipping and shipping activities, absolute
fuel prices, relative Gross Domestic Product (GNP) and natural gas
compared to the cost of supplying LNG as fuel, The cost of LNG supply
infrastructures and the availability of LNG fuels.

9
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6 from global
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Figure 2. LNG Marine Fuel Consumption by Location
Source: IMO.org
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Figure 2. shows that the use of liquefied natural gas as ship fuel has recently
gained more attention in Europe, but also in Asia and the USA. “DNV GL
recently published the Maritime Forecast to 2050 which analyses the impact
of the changing global energy system on the shipping industry through to
2050. The report proposes that by 2050, “only 47% of energy for shipping
will be from oil-based fuels. The share of gas in the fuel mix will rise to
32% [3]”. The typical expectation is, from 0.7 to 66 million tons in 2025
depending on the scenario, from 8 to 33 million tons in 2020 according to
the scenario, 65 million tons in 2030. Europe and the United States depend
mainly on the national production of natural gas for the production of LNG
for marine fuels. Asia Pacific will instead have to rely on LNG imports at
fixed prices in the Asia-Pacific market. There have been several other LNG
demand projections as marine fuels and all vary global business
assumptions and subsequent shipping and naval activity, absolute fuel
prices, relative GNP and natural gas relative to the oil price, activity
Regulating specifically environmental issues, costs to equip conventional
ships to use LNG as fuel, cost of LNG supply infrastructure and LNG fuel
availability. LNG consumed as marine fuel will reach 1 million tones in
2020 and rapidly increase to 8.5 million tones in 2025. It is expected to meet
this demand must be established more than 40 small scale LNG terminals
across Sulphur Emission Control Areas (SECA) 2015, integrated by
terminals of medium size, tankers and combustion vessels. From an

economic and financial point of view, the following recommendations are
offered:

* The reference price for LNG bunkering infrastructures should be based
on an average internal rate of return on infrastructure investment below
12% to reach a competitive GNP price;

* Are coordinated investment efforts to avoid sub-optimization are needed
to establish “least critical" level of LNG bunkering infrastructure to
meet demand in 2015-2020;

* Business cases or plans for specific investment projects need to be
developed, partly as a result of cluster work in ports or similar;

* Local or regional port clusters should underline the development of the
local LNG market, including possible synergies with land demand;
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* The European funding scheme is necessary for the development,
construction and operation of LNG bunker vessels / barges at the initial
stage of the market.

3. LNG BUNKERING UNCERTAINTIES

There are some uncertainties that affect the decisions of ship owners and
bunker fuel suppliers in global LNG growth as marine fuels. Ship owners
face three alternatives to comply with regulations with uncertain timing for
global implementation. Regional Emission Control Areas (ECA) initiatives
will lead to greater use of LNG. This has happened in Scandinavia and
seems to be developing in the United States. However, the overall prospects
remain slow and there will be a clear choice of fuel, because the ship owners
will be able to opt for the flexibility in their navigation commands until
finally the time and implementation of Annex VI is established. Given the
considerable uncertainty about fuel differentials and fuel prices, a flexibility
strategy will be crucial. “About 80% of total LNG sales are made through
long-term LNG purchase and sale contracts; The rest is sold in spot and
short term. The world market size for bunker fuel equivalent to about 70%
of the global LNG market, a significant fuel LNG fuel change would require
such an increase in LNG supply [10]”. Future fuel price estimates contain a
large number of uncertainties. “However, the cost of infrastructure costs to
transport LNG from end-user import terminals is important if LNG is a
competitive fuel for shipping. In addition, the cost-benefit analysis of the
supply chain LNG is characterized by great uncertainties that make
companies more sensitive than the estimated return time. In addition, shorter
retrieval times are generally required when uncertainties are greater [1]”. “It
is expected that annual LNG demand will reach 8.5 million meters in 2020
and 14 million cubic meters in 2030 is expected to meet this demand needs
to be established more than 40 small scale LNG terminals across SECA in
2016, Integrated From medium-sized terminals, tankers and tanks.” From an
economic and financial point of view, the following recommendations are
offered,

* The price of LNG infrastructure should be based on an average internal
rate of return on infrastructure investments of less than 12% to obtain a
competitive GNP price;
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* Co-ordinated investment efforts are needed to avoid minimal
optimization to establish a critical level of LNG infrastructure to meet
demand in 2016-2020;

* Business cases or plans for specific investment projects need to be
developed, partly as a result of working in port groups or similar;

* Regional port or similar businesses should insist on the development of
the local LNG market, including potential synergies with land demand;

* A European funding scheme for the development, construction and
operation of LNG vessels / barges is needed in the initial market
launch.”

4. LNG BUNKERING INVESTMENT MODELS & DECISION
PROCESS

There are several ways of quantifying, presenting and analysing LNG
investments for storage purposes; conceptual issues with regard to
investment analysis and considerations of practical models in this respect.
Three main mathematical models for retail LNG to bunkering is

* Asset/ Liability Models,

* Cash Flow LNG Bunkering Investment Approach

*  Hub price + cost/profit elements; What matters most is your future and
preferred risk management vision.

The investment strategy is the set of basic guidelines in which the

investment function operates. The asset/liability area plays a key role in the

development of general guidelines or investment strategy. The investment

strategy for the LNG bunkering storage process begins with the

development of the initial investment strategy. LNG Bunkering investment

decision requires;

* Framework and decision-making processes

* Risk and measure of reward

» Use of cash flow or asset/liability model

* Evaluation of alternative difficulties to investment modelling,
* Investment vehicles and hedging opportunities

» Different tools available for coverage - both oil and gas

*  Some also choose double fuel as a natural hedge

» It's important to work on contracts to fit your preferences

* Terms, prices, delivery terms and more
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* Inland and supply chain requirements

* International standards (IMO, ECA, etc.)

*  Other bunkering systems

* Duration and volume goals

* Requirements credit quality requirements

* Location requirements

* Liquidity constraints (short-term cash requirements)

* Parameters of the investment mix

e Cash flow characteristics (MGO versus LNG)

* Performance criteria (total performance, maximum performance).

* Asset / Liability LNG Bunkering Investment Approach; Asset/liability
models are a common tool in developing the investment strategy. Asset
and liability models are a key tool that investment decision makers can
use to measure the parameters associated with investment risk. These
include the duration and convexity, liquidity, and cash flow
characteristics. Below are some useful tips for proper use of these
models.

* Understand the strengths and weaknesses of the investment.

* Project cash flows, if properly adjusted. It gives us a general
understanding of the characteristics of cash flow and investment risk.
However, the cash flow model does not give us a good idea of credit
risk.

* Therefore, you need to understand the strengths and weaknesses of your
cash flow models and make sure you do not draw conclusions based on
a weak model.

* To have a realistic cash flow model, you need to get the buy-in from the
investment area in the investment hypotheses. If this is not achieved, it
can mislead LNG investment needs in that region and make it virtually
impossible to move from model results to supply.

Finally, avoid complications in the cash flow model. To understand what is
really driving the results, you should keep it simple. A complicated pattern
can confuse of the results.

4.1. Cash Flow LNG Bunkering Investment Approach

Cash Flow LNG bunkering investment model produces results in a number
of interest rate scenarios. In general, measure the present value of legal
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incomes in each scenario. A risk measure could be the relationship between
average and standard deviation. It is often useful to look at different worst
scenarios. Usually it can be seen a model in the worst cases that indicate the
riskiest environment for that particular responsibility.

4.2. Hub Price Cost /Profit Elements Approach

Cost/ Profit Elements model is the ability of a business to control its costs of
goods sold (COGS), along with fixed costs, while revenue optimization
contributes to profitability in generating profits. The investment evaluates
three levels of profit margin. The first is the gross margin, which is
equivalent to the regular gross profit divided by income. In this equation,
the key elements of the cost are COGS. These are the costs for the
manufacture or purchase of LNG fuel that you sell to generate revenue.
Their gross margin shows how their ability to add value to the sale of goods
and to pay reasonable prices on them. This is fundamental to the bottom
line. In addition to COGS, operating costs also include fixed or general
costs that are paid to operate independently of production or revenues.
Maintaining operating costs is important to give the LNG fuel terminal an
opportunity to use gross profit to cover costs and make money.

With converging prices and a more efficient market, market price definition
influences are needs. In this case, it would be necessary to foresee the future
bid and the demand for a forward price. In a conservative forecast, with a
higher bid than long-term demand due to large projects, a long-term price
reduction could occur. This is reflected in the low-priced scenario. The
forward price between two parties is usually the difference between the spot
price and the forward price. This long useful life for a forward contract
poses any risk to the contract issuer. As a supplier, it is important that the
forward price is also above the price of the balancing of the delivery costs,
in order to make the contract profitable. The current spot price in National
Balancing Point (NBP) is 11-12 USD / MMBtu. Meanwhile, the balance
price when recording the transport to Milford Haven is 6.8 USD / MMBtu.
Therefore, the forward price should be between these two figures. In the
low-priced scenario, the price in Europe is 8 at the lowest level. Therefore,
let us assume a forward price of 8.5 USD / MMBtu. “The LNG
infrastructure price should generally be based on an average internal rate of
return on infrastructure investments of less than 12% (corresponding to a
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recovery period of approximately 8 years) to obtain a competitive price of
LNG, Co-ordinated investment efforts are needed to prevent under-
optimization to establish a critical level of LNG infrastructure [14]”.
Business cases or plans for specific investment projects need to be
developed, partly as a result of working in port groups or the like,
Conglomerates of local or regional ports or similar should point to the
development of the local LNG market, including possible synergies with
land demand, The need for funds for the construction of the LNG terminal is
established after taking into account the financial resources required for the
implementation of the Project and the evaluation of the submitted national
and international regulations. The model establishes that LNG Terminal
revenue consists of three partitions;

* Fixed cost compensation includes all fixed costs of the LNG Terminal,
its infrastructure and the connection necessary to ensure the operation of
the LNG Terminal, including installation costs of the LNG terminal, its
Infrastructure and connection to the LNG Terminal Y gas transport
system is the carrying value of these activities;

* Regasification Rate Revenue; Revenue from fixed-cost compensation
and return on investment is included in the security component. The
safety component is collected, administered and delivered by the
operator of the natural gas transport system under the conditions set by
the national authorities.

* The Model provides for the pricing of services of an entity in natural gas
liquefying business, which establishes the calculation of an additional
natural gas supply safety component in addition to the upper limit of the
natural gas transmission price. The need for funds for the construction of
the LNG Terminal is established after taking into account the financial
resources necessary for the implementation of the Project and evaluating
the presented national and international regulations. The Model states
that the revenue from the LNG terminal consists from two partitions:

* Revenue from fixed cost compensation includes all the fixed costs of the
LNG Terminal, its infrastructure and connection that are necessary to
ensure the operation of the LNG Terminal which includes installation
costs of the LNG Terminal, its infrastructure and connection to the gas
transmission system and is the carrying value of these assets;
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* Revenue from Regasification tariff; The revenue from fixed cost
compensation and the revenue from return on investment shall be
included into the Safety Component. The Safety Component shall be
collected, administered and disbursed by the transmission system
operator for natural gas under the terms and conditions set by the
national authorities.

* According to the Model, the Price security supplement (Mp, Sec) is
calculated using the below mentioned formula:

Facost = fixed annual cost of the LNG Terminal, its infrastructure
which are calculated using the following formula:

Facost = Cmaint+ Cstatf + Ctax + Cadmint Cmas + Co+ Crerm + CpE, (1)

thousand LTL, here

Cwmainte = Maintenance, repair, technical management and operational
Ccosts,

Csur = Staff costs,

Crax = Tax costs,

Cadmin = Managerial costs,

Cms&s = Advertising and Trades costs,

Cpe = Depreciation (amortization) costs,

Co = other fixed costs,

Crerm = Costs of the LNG Terminal,

ROI; = Return on Investments in infrastructure part

FAPM, cost (t+1) = Forecast for expected tax expenses for the
calendar year.
Qp = Expected quantity of natural gas transmitted through gas

transmission pipes, thousand m’.
5. LNG BUNKERING RECOMMENDATIONS IN TURKEY

We believe that Turkey can be a driving force in the eastern Mediterranean
region, and it should involve a number of activities such as research,
development and concept design standards, and some early commercial
applications, especially when we have very promising and Building Industry
Well-structured naval. Turkish ship builders will gain a lot if they see LNG
fuel demand on the shipping market quite quickly. The feasibility of LNG
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bunkering terminal projects, large-scale terminals, will cover the cost of
construction in about 8 years, while small and medium-sized terminals will
cover construction costs in approximately 12 years at current rates. This
study will help future operators and ship owners in LNG bunkering business
and waterfront facilities in Turkey. Of course, it will not be a single solution
for ship owners to comply with the new rules. Some factors should be
considered to make a decision; the type and age of the ship, its route, its
secondary market, the financial strength of the owner, the competition
between the ship owners, crew qualification, potential loss of loading),
experience of LNG owners, availability of worldwide, regional and local
products, etc.
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Figure 3. shows an overview of the large-scale LNG import terminals in
Europe today, existing, under construction and planned and the services
provided at Europe’s existing LNG import terminals. “On the demand side,
the LNG market is becoming more diverse and more complex, with a total
of 40 countries now importing LNG. Most of the demand growth occurred
in Asia, where LNG imports grew by 19.6 MT [6]”. The transport sector is
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the main contributor to oil demand in Turkey, almost 40% of the current
budget deficit caused by oil costs. The ships will be impacted by the
regulations and competition among ship owners is strong. This will create a
new demand for shipbuilding. “Particularly ECA short-haul boats with fixed
routes will develop a high percentage of new construction and RO-RO and a
small percentage of new or existing oil tankers. Many land ships will also
operate with LNG, which should increase the amount of LNG fuel available
in the port to reach a certain scale. Obviously, this will create new
opportunities for the naval industry. More than 1,000 new LNG vessels will
be ordered over the next 20 years to comply with the new regulations [5]”.
The starting point for LNG supply depends on the region and therefore from
the availability of LNG or pipeline gas, import or export region, region
extension and door density, etc. The requirement to start and build the entire
supply chain is seen as a major obstacle to the development of LNG
bunkers.

There are a limited number of supply points for LNG liquefied gas in the
Mediterranean Sea, although LNG is already available in many places.
Further logistics are needed to transport it to the port, keep and retain the
ship. Each case must be considered separately, taking into account these
characteristics. Turkey has great potential to meet these needs if it acts
quickly and well planned. In the long run, some governments around the
world have larger LNG plans in the maritime sector. For example, “The
European Commission has launched an ambitious plan for the supply of 139
LNG landfill gas inland waterways and inland waterways for the period
2020-2025 [4]”. There is a steady increase in the number of ports that are
studying to invest in LNG as fuel in Europe. The main change brought by
Directive 2012/33/EU, namely the mandatory use of low sulphur marine
fuels in the Baltic Sea and North Sea designated as Sulphur Oxides
Emissions Control Areas (‘European SOx-ECAs’), took effect on 1 January
2015. Consequently, the Commission received Member States' first
reporting on compliance with the new sulphur requirements in the European
SOx-ECAs not earlier than 30 June 2016. The European Parliament and
Council a more stable and aggregated overview of the level of enforcement
at present-day. There are very few supply points for LPG liquefied gas,
although LNG is already available in many places. Further logistics are
needed to transport it to the port, keep and retain the ship. There are several
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advantages for the first engines in this industry of the shipping industry that
provide for supplying or using LNGs as fuel.

The effectiveness of LNG liquidity markets depends on the ability of
suppliers to optimize logistics and make it economically advantageous for
customers to convert their LNG stock. High-intensity capital infrastructure
is much more expensive than similar chains and, consequently,
infrastructure costs represent much of the energy cost compared to
competing energy carriers. In this relatively new market area there are
important investments in the supply chain such as charging plants, small
scale liquefaction plants, local terminals and storage facilities, distribution
trolleys and ships, bunker barges, operators and security personnel for
dealing with substances cryogenic.

5.1. LNG Terminals in Turkey

Turkey has two Liquefied Natural Gas (LNG) terminals, the Aliaga and the
Marmara Ereglisi. The Aliaga has a capacity of 25 mcm of gas transfer per
day while Marmara Ereglisi has 18 mcm. BOTAS plans to increase
Marmara Ereglisi LNG Terminal’s daily capacity to 27 mcm by 2017.
BOTAS aims to increase Turkey’s energy supply security and diversify its
gas sources, and with this aim, the company is working on expanding LNG
storage and Floating Storage Regasification (FSRU) units.

Clearly, there will be only one solution for ship owners to comply with the
new rules. Many factors have to be considered to determine the best
solution; the type and age of the ship, its route, its secondary market, the
financial strength of the owner, the competition between the ship owners,
crew qualification, potential loss of Load space), experience of LNG
owners, availability of global, regional and local products, etc. The transport
sector is the most important contribution to oil demand in Turkey, almost
40% of the expenditure. The ships will be affected by the rules and the
competition between ship owners is convincing. This will create a new
question for shipbuilding. Particularly ECA short-haul boats with fixed
routes will develop a high percentage of new construction and RO-RO and a
small percentage of new or existing oil tankers. Many land ships will also
operate with LNG, which should increase the amount of LNG available in
the port to reach a certain scale. Clearly, this will create new opportunities
for the naval industry. More than 1,000 new LNG vessels will be ordered
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over the next 20 years to comply with the new regulations. The starting
point for LNG supply depends on the region and therefore from the
availability of LNG or pipeline gas, import or export region, region
extension and door density, etc.

5.2. The Major Obstacle of the Development of LNG Bunkers

The condition to start and build the entire supply chain is seen as a major
obstacle to the development of LNG bunkers. There are very few supply
points for LNG liquefied gas in the Mediterranean Sea, although LNG is
already available in many places. Further logistics are needed to transport it
to the port, preserve and preserve the ship. Each case must be considered
separately, taking into account these characteristics. Turkey has great
potential to meet these needs if it acts quickly and well planned. In the long
run, some governments around the world have larger LNG plans in the
maritime sector. For example, the European Commission has launched an
ambitious plan for the supply of 139 LNG landfill gas inland waterways and
inland waterways for the period 2020-2025 [4].

The Chinese central government, at the end of 2012, provided guidance on
how the development of green ports would be part of its strategy to improve
air quality under its twelfth five-year plan. Within the scope, ports will
accelerate the use of natural gas to replace heavy fuel oil with ships. “Figure
3 shows that 68% of the bunker LNG infrastructure set is based in Europe
primarily in the Scandinavian region according to Lloyd's register [11].
There is a steady increase in the number of ports reported that are studying
LNG as fuel in Europe. The main focus was on ports in Northern Europe,
guided by the 2015 deadline for the sulfur-dioxide monitoring zone (SECA).
However, there are other ports that are implementing bunkering facilities,
such as Rotterdam and Singapore, with further ports in Europe, North
America and Asia. There are very few supply points for bunker LNG, even
though LNG is already available in many places. The further logistics are
required to transport it to the port, store and bunker the ship. There are
several advantages to first movers in this segment of marine industry who
plan to supply or utilize LNG as fuel. Among the reasons for being first
investors to LNG bunkering facilities, include,

* Concerns about the potential supply shortages for ultra-low sulfur diesel
in between 2015 - 2020
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* A potential price spike due to high demand for ULSD and scrubber
installation cost
* Environmental stewardship
* Low cost and abundant supply of natural gas.
The feasibility of many emission reduction technologies depends to a large
extent on the different fuel prices and the relative differences. This fact,
together with the general importance of fuel prices for the profitability of
the maritime industry, makes it vital to monitor the fuel markets and
monitor their developments. Analysis of oil and gas trends is expected to
show that gas prices and oil and gas dissipation are a turning point that is
likely to increase the availability of spot gas in Europe. “According to new
standards, low sulfur fuel will be in high demand, which in turn will lead to
greater demand for alternative fuels. The future of marine fuels seems to be
a combination of fuel types combined with new propulsion technologies and
adaptive fuel systems and / or emission systems. The maritime industry will
face increasing demands for safety, security, environmental performance
and efficiency beyond 2020 [12]”. Fuel will remain expensive beyond 2020
and will drive demand for energy-efficient vessels. These will focus on
optimum energy utilization and will be designed and managed with
alternative fuels such as LNG, energy systems and lightweight construction.
Anticipating a growing global demand for natural gas, the Turkish
government should see LNG as a promising future for maritime industry.
The infrastructure needed for LNG bunkering of ships in Turkish sea and
inland ports using special LNG bunkering vessels needs to be explored
further. To enable LNG bunkering in Turkish ports, the country needs to
build a supply infrastructure before 2020. One quick and efficient method
would be distributing LNG via ship to ship bunkering with small vessels
LNG carriers, with short term LNG storage provided by port terminals.
Finding storage terminal in port location will be challenging task to face
with.

6. CONCLUSION

It should be known that great price differences in bunker fuels, and even
more so with LNG, can be seen among different countries’ fuel markets.
Eventually, there will be an LNG bunkering procedure that follows the same
pattern as that of heavy fuel oil, customers will expect a similarly
convenient bunkering, including an acceptable time frame and guarantees
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for the safety of crew and passengers. This is the next challenge to develop a
LNG storage system that includes all organizational, security and technical
aspects and requirements. Stronger environmental standards requiring
reduced SOy, NOy and particulate emission levels are pushing the shipping
industry to use cleaner energy sources. “Reducing technologies, such as
recirculation of exhaust gases, scrubbers and catalytic reduction, can
generally meet some of these standards. “LNG and biofuel blends will be
exploited beyond 2020 By 2020, marine fuels will reach 1 million tones by
2020 and will rapidly increase to 8.5 million tones by 2025 [12]”. Europe
and the US Will mainly be from the national production of natural gas for
the production of LNG for marine fuel. Asia Pacific will instead have to rely
on LNG imports at fixed prices in the Asia-Pacific market. The results of
these expectations, LNG demand will rise to 8 to 33 million tons in 2020
and 65 million tons in 2030. Controlling emissions and low LNG prices
should be the main engines for LNG development as fuel. Currently missing
bunker infrastructures and the regulatory framework for such operations are
the main challenge that needs to be tackled soon to make LNG a reliable
option for owners in their decision on future ships. Since LNG marine fuel
becomes more common, it is necessary to implement regulations and
standards along with technical and procedural developments. LNG fuel
standards are needed because they guarantee a level of safety and create
common reasons for operators, thus facilitating the expansion of the LNG
industry.

When deciding on a strategy to comply with emission laws, the important
compromise is the cost of low sulfur fuel compared to the cost of a
purification system. Regulations and profitability are the most significant
reasons for investing in new technologies, while the installation and
operation costs and maturity of the technology itself are the most important.
Industry will continue to introduce the technological innovations and
infrastructures needed to provide the growing LNG market, provided there
is an advantage over the costs of using LNG compared to alternative fuels.
In recent decades, market focus has focused on technical and commercial
issues, but now that technical solutions exist and markets are growing, the
industry is looking closely at strategic and regulatory issues. Because of its
low cost compared to conventional marine fuels and its ecological nature,
LNG is seen by the European Union as an attractive future fuel for ships.
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ABSTRACT

The main advantage of wire ropes is their ability to operate under high
tensile load and in this way to resist large axial loads. Different types of
wire ropes are produced according to increase their strength over the
traditional ones. For example compacted wire ropes are low stretch wire
rigging which increase the breaking strength and stretch of the wire ropes
compared to the traditional wire ropes. Outer wires are formed using a
special process called compacting. In this article, a three-dimensional
model of different external wire cross-section is examined. For this purpose,
a (1+6) wire strand model designed by using elliptical cross-sectional outer
wires are designed. Then finite element analysis results for stress,
displacement and contact pressure are presented.

Keywords: Wire Strand, Elliptical Wire Strand, Modeling Wire Rope,
Elliptical Outer Wire Composition, Wire Strand Finite Element Analysis
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KOMPLEKS SEKILLi ELiPTIiK DIS TELLER iLE TEL DEMET
oz

Tel halatlarin ana avantaji, yiiksek gerilme yiikii altinda ¢alisabilmeleri ve
bu sekilde biiyiik eksenel yiiklere karsi dayanikhiliklaridir. Geleneksel
olanlara gore mukavemetini arttirmak igin farkli tel halat tirleri
iiretilmektedir. Ornegin, sikistirilmis tel halatlar, geleneksel tel halatlara
kiyasla tel halatlarin kopma mukavemetini ve gerilmesini arttiran diisiik
gerilimli tel halatlardir. Dis kablolar sikistirma denen ozel bir islem
kullanilarak olusturulur. Bu yazida farkli bir dis tel kesitinin ti¢ boyutlu
modeli incelenmistir. Bu amacgla eliptik kesitli dis teller kullanilarak
tasarlanan bir (I + 6) tel demet modeli tasarlanmistir. Daha sonra sonlu
elemanlar yontemiyle elde edilen stres, uzama ve temas basincina ait analiz
sonuclart sunulmustur.

Anahtar Kelimeler: Tel Demet, Eliptik Tel Demet, Tel Halat Modelleme,
Eliptik Dig Tel Kompozisyonu, Tel Demet Sonlu Eleman Analizi

1. INTRODUCTION

Due to wire ropes capability to carry large tensile loads, wire ropes find
different usage area in the industry and daily life such as lifting, mining,
bridges, cranes, etc. Different configurations of the material, wire, and
strand structure provide different benefits for the specific lifting application,
including such as strength, flexibility, abrasion resistance, crushing
resistance, fatigue resistance, corrosion resistance and rotation resistance. In
the literature there are a number of studies on wire rope theory and its
numerical analysis. Costello et.al. studied various aspects of wire ropes
under specific conditions in his study [1]. Velinsky et.al. developed a theory
to predict the static response of a wire rope with complex cross sections in
[2]. A finite element model of a simple straight wire rope strand is presented
by Nawrocki and Labrosse [3] which allows for the study of all the possible
interwire motions. An accurate and general strand model using the FEM is
presented by Jiang et.al. which accounts combined effects of tension, shear,
bending, torsion, contact, friction and possible local plastic yielding when
loaded in [4].
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3-D wire rope modeling gives ability to conduct Finite Element Analysis
over a wire rope under certain loading conditions. Thus, one can have deep
information about the behavior of the wire rope under different scenarios. In
the literature search there exists a number of paper about modeling wire
ropes. A wire rope with an independent wire rope core (IWRC) model,
which fully considers the double-helix configuration of individual wires
considered by Elata et.al. in [5]. Parametric mathematical equations of
single and double helical wires within an IWRC is represented in [6].
Modeling issues of nested helical structure based geometry for numerical
analysis and the encountered problems and solution techniques are
mentioned in [7]. Lately a geometric model of spiral one or two-layered
oval nested wire strands (WS) are proposed by Stanova et.al. in [8].

During this literature search, it is observed that all kind of wire ropes are
composed using circular cross sectional wires. Only the compacted forms
are different because of the special process used to build them to reduce the
gaps between wires. In this paper this procedure will be investigated and the
reductions of gaps between wires are done using elliptic cross sectional
wires.

2. WIRE ROPE MODELS

There are number of traditional type wire ropes are produced widely such as
WS, IWRC, Warrington IWRC, Seale IWRC with different wire
compositions are given in Figure 1. From this figure it can be seen that these
traditional wire ropes are composed by using circular shaped wires.
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6x7 FC =7 6219 FC 7%19 6x19 Seale FC

6x19 Seale WRC 6x19 Filler FC 6x19 Filler MWWVRC 6x31FC 6x31 MYRC

6x36 FC 6x36 MVRC 6x37 FC 6x37 MVRC 6x47 MVRC

Figure 1. Different Types of Wire Ropes

But this issue is started to change with newborn wire rope compositions like
compacted wire ropes. According to the producers of these type of wire
ropes, compacted form is low stretch wire rigging, which features more than
a 30% increase in breaking strength over traditional 1x19 wire, and 25%
less stretch. A cross section of this kind of compacted wire rope is presented
in Figure 2.

It is observed from the Figure 2 that these wires fill more space between
wires by leaving fewer gaps. Compacted wire ropes are built by swaging
process. Swaging is a metal forming process of reducing diameter of a rod
or tube by forcing it into a die with the help of reciprocating blow. This
process plastically deforms the metal and forces it to flow into die and
acquire die cavity shape.
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1x19 Compacted

Figure 2. Traditional and Compacted Form of a 1x19 Wire Strand

There are some benefits of compacting on wire ropes such as cutting force is
higher compared to the same rope diameter and have a long life. Since the
outer shape of the rope is rectangular and extend the life inclusive of the
drum reduces the frictional force.

Using the idea of reducing the gaps between wires in a wire strand for 3-D
modeling, elliptical outer wires are taken into account in this paper. First of
all the general model for the wire strand is created using elliptical helical
wires around a single straight center wire. Then its finite element analysis is
done.

3. CONSTRUCTION AND FINITE ELEMENT ANALYSIS OF THE
ELLIPTICAL WIRE STRAND MODEL

Classical structure of wire strand consists of a (1+6) wire where outer
circular wires are wound helically around the core circular wire. The
proposed model is built using elliptical cross sectional wires instead of
circular outer wires. This structure is modeled and meshed using
parametrical mathematical equations using Matlab code. A circular cross
section of a wire strand is shown in Figure 3-a, while Elliptical Wire Strands
(EWS) cross-section is shown in Figure 3-b and EWS meshed model is
given in Figure 3-c. Due to the shape of the EWS gap between the outer
wires and the center wire is more closer than the circular wire strand. Finite
Element Analysis (FEA) is done using the EWS model and the von-misses
stress distribution over the strand is shown in Figure 4. During the analysis
one end of the EWS is constraint with encastre boundary condition while
the other end displaced in the z direction. The stress distribution along the
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wire strand shows the general characteristics of wire strand. Displacement
distribution and contact pressure distribution over center and two outer
elliptic wires are shown in Figure 5-a and Figure 5-b respectively. The
contact pressure shows contact area along outer wires in Figure 5-b.

Circular Outer Wires .y =1 y

)
+ = i
a’ b i

(a) Circular Wire Strand o (b) Elliptic Wire Strand
cross-section Elliptic Outer Wires cross-section

(<) Elliptic Wire Strand

Figure 3. (a) (1+6) Circular Wire Strand, (b) (1+6) Elliptical Wire Strand
Cross-Section, (c) (1+6) Elliptical Wire Strand Meshed Model
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Displacement in z
direction
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Figure 4. Von-Misses Stress Distribution over an Elliptical Wire Strand
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Figure 5. (a) Displacement Distribution on EWS, (b) Contact Force Along
the EWS
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4. CONCLUSION

Wire strands are modeled with using circular wires around a single straight
wire in general. To build more compact wire strands with reduced gaps
between center wire and outer wires, elliptical outer wires are used in this
study. This structure is named as elliptic wire strand (EWS) and it is
modeled and meshed using parametrical mathematical equations using
Matlab code. The finite element analysis (FEA) of the proposed model is
run and the results show the general behavior of the wire strands. The
proposed study is going to be the generation for the other complex forms as
future works.
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ABSTRACT

This paper aims to reflect on the increasing need for the electronic cross-
country service provision, and provide certain solution suggestions to
address related issues, benefiting from the experience and expertise of the
coauthors. While the current state is being presented and suggestions are
being provided, examples from transportation and logistics areas are given,
with a particular focus on food supply chain and thus technology support in
agriculture and livestock management activities. Accordingly, the paper is
finalised with a specific suggestion on block-chain-based cross-country
information system for livestock supply chain management. The resulting
work is hoped to contribute to the development and provision of high
quality, user-oriented electronic cross-country services.

Keywords: Cross-Country Electronic Services, Information Systems for
Farmers, Agriculture and Livestock Management, Block-Chain, E-
Government
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ULASIM, LOJISTIK, GIDA TEDARIK ZINCiRI ALANLARINDA
ULKELER-ARASI ELEKTRONIK HIZMETLERE YONELIK
DUSUNCELER, ONERILER

0Z

Bu c¢alisma, ortak yazarlarin tecriibe ve deneyimlerinden yararlanarak,
tilkeler arast elektronik hizmet sunumuna yonelik artan ihtiyact
degerlendirmeyi ve ilgili hususlarda ¢oziim  oOnerileri  getirmeyi
amaglamaktadir. Mevcut durum ele alinirken ve oneriler getirilirken, ulasim
ve lojistik alanlarindan ornekler verilmekte olup, yiyecek tedarik zinciri ve
dolayistyla tarim ve hayvancilik yonetimi aktivitelerinde teknoloji destegine
ozel olarak odaklanilmaktadir. Buna dayali olarak ¢aligma, bir blok-zinciri
temelli, canli hayvan tedarik zinciri yonetimi icin onerilen iilkeler arasi
enformasyon sistemi onerisi ile sonuglandiriimaktadr. Ortaya ¢ikan
calismanin, yiiksek kalitede, kullanici odakli iilkeler-arasi elektronik
hizmetlerin gelistirilip sunulmasina katkida bulunmast iimit edilmektedir.

Anahtar  Kelimeler: Ulkeler-arast  Elektronik — Hizmetler, —Tarim,
Hayvancilik ve Cifigiler I¢in Bilgi Sistemleri, Blok-Zinciri, E-Devlet

1. INTRODUCTION

In today’s global world, it is no surprise that there is an increasing
awareness and recognition of the need for cross-country electronic services.
For instance, European Commission underlines the cross-country mobility
for businesses and citizens, “as one of the main objectives of the EU
eGovernment Action Plan 2016-2020” [1]. Here the key enablers, eID and
eDocuments are of vital importance, especially eIDAS Regulation coming
into full force (pp. 30-37). Accordingly, for instance, Europol's SIRIUS
portal already responds to the goal of “establishing an online information
and support portal at EU level to provide support to online investigations,
including information on applicable rules and procedures.” [2] (pp. 3-4)

However, there is still work to be done in order to diffuse the use of
electronic cross-country services [1]. in all areas, based on a life-cycle or
life event approach, similar to those adapted to national services. For
instance, an example recently experienced by the coauthors could be given
from the transportation area:
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For a train travel between Poland and Germany in September 2018 tickets
were bought using credit card at the Germany company website, before
departing from home, Ankara, Turkey. A mail was received, acknowledging
the completion of the online transaction. Meanwhile additional postal
service charge was being paid to receive the tickets, as the system did not
give the digital tickets. Before starting out the train trip from Warsaw
Central Train Station, the counters of the relevant company were visited and
it was confirmed that showing the mail version on the train would be
enough for the ticket control. However, on the train the Polish officials did
not accept these documents for already-bought tickets and forced to buy
new tickets, behaving in a very impolite, humiliating and even threatening
way in public space. Despite their pre-paid and pre-reserved/pre-bought
seats, the coauthors were treated as if they did not do so, experiencing a
very negative customer service that spoiled their trip. They were also told
that on German border the crew would change and they would ask the help
of the German team. But the German side on the train and in the arrival
station were also not very useful, and as of this paper is written, the issue
still remains unsolved, while a response being expected from the German
company headquarters at least for the return of the initial ticket payments.

As far as the coauthors are concerned, this example is a very good case of
how cross-cultural services could go terribly wrong. A number of solutions
to address the related issues could be to enable the issuing of electronic
tickets or other documents that are acceptable on both the departure and
arrival country sides. Or the online system should at least give proper
warnings to prevent such cases to happen in reality. Over all the companies
should assume full responsibilities for the whole trip, rather than splitting
them to be valid only for their sides until the border.

This paper, accordingly, aims to investigate further the related issues with
respect to electronic cross-country service provision, and provide certain
solution suggestions to address them. In accordance with the Journal theme,
while transportation, logistics, and supply chain areas will be underlined, a
specific attention will also be given to food supply chain and thus
technology support in agricultural & livestock management activities.
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2. INFORMATION SYSTEMS FOR AGRICULTURE AND
LIVESTOCK MANAGEMENT, AND THEIR APPLICATIONS IN
TURKEY AND EUROPE AS CROSS-COUNTRY ELECTRONIC
SERVICES

Since the development of agriculture, most of the food needed to feed the
population has been produced through industrialized agriculture. Although
industrialized agriculture has been successful in producing large quantities
of food, the future of food production is in jeopardy due to problems in
agriculture. Two of the most major problems in agriculture are the loss of
agricultural land and the decrease in the varieties of crops and livestock
produced. This is mostly caused by the use of wrong farming methods
which decrease the quality of community living in rural aspect. Second
significant problem is low level of environmental, farming literacy of
farmers and their lack of knowledge in farming technologies. In places
where economy is mostly based on agriculture, it is crucial to meet the
information needs of farmers and enable their farming capacity in
accordance with developments, fluctuating innovations with Industry 4.0
and farming sectors becoming digital as well for national development [3].
Agricultural productivity and yield can basically be enhanced through
information and technology [4].

Farmers and farmer groups are as vital as other stakeholders such as
authorities in municipalities, businessmen, traders, non-governmental
organizations, among others, in a rural community. Farmers have a capacity
and power to control their environment. They all need and share information
about politics, finance, market, technology and in relevant fields.

In their agricultural activities, farmers encounter problems such as
unfertilized crops and products which leads to the negative fluctuations in
the economy, dying plants due to the misuse of pesticides and wrong
irrigation methods. Routinely-faced problems in the agricultural working
field leads to the loss of motivation and efficiency in the professional-based
daily activities of the farmers. Among different professional groups, farmers
are one of the key groups who need agricultural information and
information about recent farming technologies in everyday life.
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As Turkey has been progressing well on national e-government systems ([5]
based on [6]), “E-Government-Gateway (EGG) provides various services
for Turkish farmers”, for instance enabling them access to services of
Ministry of Food, Agriculture and Livestock [7] (p. 21.) As a result of these
services, for example, it is practically possible to access to the records of a
cattle and check whether the information given in the “Feast of Sacrifice”
market by the seller about the age of an animal is true or not.

Such information systems are designed for and effectively work at national
scale. However, for cases where international transactions are involved it is
hard to find and give examples of such systems. As one recent controversial
case about animals imported from Brazil by Turkey before the 2018 “Feast
of Sacrifice”, there have been questions on “how the authorities allowed
those ‘infected animals’ to enter the country”, whereas the official rule is
stated to be that “all animals imported into the country are quarantined at a
specific site and tests are run on those animals for 21 days to make sure they
do not have any diseases before they are allowed to be sold on the market.”
[8] While this case raises serious public concerns on food security and
safety [9], issues on animal rights and the health conditions in the related
logistics operations are also highlighted by different parties (for example,

[10]).

Such issues and risks that emerge as part of international logistics and
supply chain operations could be addressed and mitigated, benefiting from a
cross-country information system. There are various examples of such
systems. For instance, STORK/STORK 2.0 and e-SENS projects, in which
Turkish institutions were also involved, developed an authentication and
authorization, as well as information and document sharing system across
different countries in Europe [11, 12]. In eSENS project, for instance, “a
cross-border farmer from a German border area can authenticate
himself/herself using his own e-ID to log in to the Dutch agricultural portal.
He can access all digitally available services, such as applying for European
agricultural subsidies, and can comply with agricultural regulations in such
matters as the registration of cattle.” (eSENS Agriculture Pilot, Figure 1,

[13])
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Figure 1. eSENS Agriculture Pilot Use Case Scenario (Source: [14])

3. A SUGGESTION FOR BLOCKCHAIN-BASED CROSS-
COUNTRY INFORMATION SYSTEM FOR LIVESTOCK SUPPLY
CHAIN MANAGEMENT

Based on the information provided above, combination of new technologies
such as Internet of Things (IoT) applications and block-chain mechanisms /
smart contracts could be utilized to support information systems for
agriculture and livestock management. These could enable smarter and
more secure and effective systems for such cross-country or intercontinental
operations. For instance, health situation of animals on the transport ships
could be monitored by a cloud IoT tool (please see, for example, [15]) as
part of a business transaction determined by predefined smart contracts
(Figure 2).
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Figure 2. Block-Chain-Based Smart Contract Structure for Cross-Country
Secure Live-Stock Supply Chain Management

Benefiting from such system, a specific constraint, for instance, could be not
to have more than 1 sick animal during the transportation. If more ill
animals are identified via health monitoring then the conditions of the
contract are not met and the animals are not accepted. Such systemic
solutions could prove to be very useful to address public trust, especially for
travels that last more than the quarantine period, which also happen due to
delays because of forced fares between ports that do not accept the ships
with troublesome cargo. These could at least stop controversies on where
and when responsibilities start and end.

Similarly, different contract terms could address other partners’ and
stakeholders’ concerns and requirements. As a result a smooth, effective
cross-country operation that addresses issues on food security and safety, as
well as animal rights, among others, can be ensured.
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The examples with respect to cross-country service provision in
transportation and logistics areas could also be increased. Customs and other
border transactions could also be added to these. Furthermore, examples
could be expanded, considering other life areas and activities. Transactions
of life and health insurance that arise when a citizen of a country visits
another country where and when s/he experiences health problems could be
given one example to the possible occurrences with respect to these
different life events. Such scenarios could be studied by cross-country teams
to provide reliable, working solutions to real life problems.

4. CONCLUSION

Cross-country services and transactions have become an inseparable part of
socio-economic life, and information and communication services would
play a significant part on developing and providing user-oriented, quality
applications across borders that integrate online and offline business
processes. Transportation and logistics, as well as food supply chain are
among the key areas with respect to these online cross-country services.
This paper has presented a current state analysis of and suggested solutions
to the related issues, providing selected examples relevant to these areas.
The analysis and suggestions come from coauthors’ experience and
expertise, and mainly provide a selective perspective at Turkey-level and its
relations with EU and overseas. Still it is hoped that the information and
ideas shared in this paper would be helpful for academicians and
practitioners who would work on electronic cross-country service
development in the future.
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ABSTRACT

6x25 Filler IWRC type ropes belong to 6x19 rope class. It is widely used in
6x19 wire rope class in almost all industrial sectors. Filler type rope has
good balance in both wear and fatigue resistance. Drilling lines, cranes,
lifting devices, bridges, oil drilling rig, elevators etc. are some of the usage
areas. 25 Filler wire strand (1-6-6f-12) consists of two layers of uniform-
size wire around a center wire with the inner layer and small filler wires are
laid in the holes of the inner layer. In this paper, three-dimensional meshed
model of 6x25 Filler IWNRC was created by using parametric equations.
Using the proposed three-dimensional model, a finite element analysis is
conducted by applying displacement boundary condition to one end and
encastre boundary condition is applied to the other end of the wire rope.
The results of the analysis show that the proposed model can be used in
analysis studies under different loading conditions.

Keywords: 6x25 Filler IWRC, Filler Wire Strand, Meshed Model
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A Complex Discretized 3D Wire Rope Model Creation and Its Numerical
Analysis: 6x25 Filler IWRC

KOMPLEKS AYRIKLASTIRILMIS 3D TEL HALAT MODELININ
OLUSTURULMASI VE SAYISAL ANALIZi: 6X25 FILLER IWRC
oz
6x25 Filler IWRC tipi halatlar 6x19 halat sinifina aittir. Neredeyse tiim
endiistri sektoriinde 6x19 tel halat sinifinda yaygin olarak kullanilmaktadir.
Filler tipi halat hem asinma direnci, hemde yorulma direnci a¢isindan iyi
bir dengeye sahiptir. Sondaj hatlari, vingler, kaldirma tertibatlari, kopriiler,
petrol sondaj kuleleri, asansérler vb. alanlarda kullanilmaktadirlar. 25
Filler tel demeti (1-6-6f-12), merkez telin etrafina sarili iki katmanl tekdiize
tellerden olusturulmus olup dolgu telleri bu iki katman arasindaki
bosluklara yerlestirilmistir. Bu yazida, 6x25 Filler IWRC'nin ii¢ boyutlu
sayisal orgii modeli, parametrik denklemler kullanilarak olusturulmustur.
Onerilen iichoyutlu halat modelinin bir ucuna enkastre diger ucuna ise yer
degistirme  simwr  kosullari  uygulanarak  sonlu  eleman  analizi
gerceklestirilmistir. Elde edilen analiz sonuglari, énerilen modelin farkl
yiikleme kosullarinda yapilacak analiz ¢alismalarinda kullanilabilecegini

gostermektedir.

Anahtar Kelimeler: 6x25 Filler INRC, Filler Tel Demet, Sayisal Orgii
Modeli

1. INTRODUCTION

During last decades importance of wire rope usage is increased in wide
variety of application area due to its flexible nature and advantages over
traditional solutions. With the diversification of the areas of use, the rope
manufacturers focus on research and development activities to produce
ropes of different characteristics and types to meet the needs in these areas.
There is a need to analyze new designs and productions in engineering field
and to report their results. For this purpose, it is necessary to design and
manufacture test equipments. In addition test samples needed for the
analysis and to perform rope tests under different conditions. The time
required to make the required tests, as soon as possible, number of staff
needed and the creation of the samples is going to result high costs. In
addition there can be difficulties in developing remedies for the problems
that may arise during production. One of the best solutions is to use high
performance computer technology. The existing high-processor PCs and
advanced software allow for the three-dimensional modeling and analysis of
such structures.
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Researches on modeling and analysis of ropes have been investigated
comprehensively. A generalized mathematical model that completely
describes the geometry of the wires. The specific model for a 33-mm 6x19
Seale, independent wire rope core (IWRC) was presented by showing the
paths and the geometric properties of the wires within the given models in
[1]. An accurate wire strand (WS) model is generated using the finite
element method (FEM) which accounts tension, shear, bending, torsion,
contact, friction and possible local plastic yielding and compared the results
with available theoretical and test results in [2]. The nested helical structure
(NHS) for wire ropes using 3D solid modeling is presented where the mesh
problems using CAD softwares are taken into account and a solution
procedure is proposed for the solution in [3]. A new technique of modeling
IWRC is presented and the numerical results of the IWRC model compared
with the literature in [4]. The single-lay wire strands and double-lay wire
ropes models are presented using CATIA 5 in [5]. The development of a
finite element model for the numerical simulation of the multi-layered
strand under tension are represented in [6]. A more difficult complex helical
structures in three-dimensional form which is called triple helical structure
is presented and then it is generalized to more complex form of n-tuple
helical structures in [7]. The response of a multi-strand wire rope, which is
called independent wire rope core (IWRC), subjected to axial tension and
axial torque is represented and it is showed that the torsion stress of a
double-helix wire can be neglected when the rope is subjected to axial
tension while axial torsion is restrained in [8]. A beam finite element model
(FEM) presented for efficient analysis of the mechanical behavior of a three
layered 19-wire strand using two-noded elastic plastic beam elements in [9].
Three-dimensional modeling approach and finite element analysis of wire
ropes are explained and wire-by-wire results are gathered by using the
proposed modeling and analysis method under various loading conditions in
[10]. In addition a lot of study conducted on the experimental analysis. The
response of prestressing strands to axial tensile load is investigated both
theoretically and experimentally in [11]. Calculation of irregularity of stress
distribution between a core and wires of the steel rope in case of different
rates of wire twisting is investigated in [12]. Theoretical and experimental
determination of bending over sheave fatigue lifetimes of rotation resistant
steel wire ropes has been conducted in [13]. Discard lifetimes of 6 x 36
Warrington-Seale steel wire ropes subjected to bending over sheave (BoS)
fatigue have been determined theoretically and experimentally and
presented in [14]. Characterize the mechanical behavior of the wire rope in
service along with monitoring the evolution of its damage in order to
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facilitate the determination of the conditions of use reliably is presented in
[15]. These experimental analysis can be supported and enhanced by the
contributions of the numerical analysis results.

As a result of the literature review, it has been observed that finite element
analysis (FEA) of the wire ropes are increased in last decade. Many studies
have focused on modeling simple wire rope strands. Recently, more efforts
have been focused on IWRC type rope models. Generalization of the rope
structures to the n-tuple wire rope structures in focused in [7]. In addition,
SEALE type rope model is included in a few studies. However, Filler type
wire rope model is not mentioned. For this reason, in this article the design
and analysis of a common type of 6x25 Filler type wire rope model is
discussed.

2. FILLER IWRC WIRE ROPE STRUCTURE

Filler wire rope is one of the most used rope type in the industry. Most
common identification of this class of wire ropes are known under the name
of 6x19 class wire ropes. Beyond this class of wire ropes 6x25 Filler IWRC
1s analyzed in this paper. The core is an 7x7 IWRC which is surrounded by
6 Filler strand which is composed by using (1-6-6f-12) wires. In Figure 1
the general structure of the 6x19 Filler IWNRC is presented.

The construction of the Filler IWNRC, shown in Figure 1, done by using the
parametric mathematical equations of both single and double helical wires
as mentioned in the literature [1,3,4,7]. The wire radiuses are labeled as R1-
R4 for IWRC in Figure 1. The core inner wire strand of the IWRC is
composed by using a straight wire which is nested by 6 simple helical wires.
But the outer strands of the IWRC includes both single and double helical

wires. The single helix geometry centerline (xs, yS,ZS) of the outer strand
of the IWRC is obtained by the following formula,

X =K CGS(QS )9 Y:=F Sln(as)ﬂ Z = tan(as)gs : (1)

where r, shows the radius of the center wire of the outer strand and ¢,

shows the helix angle of the outer strand. The outer strand single helical of
the IWRC is surrounded by six double helical wires and its centerline

(xd, yd,zd) is defined in parametric form as,
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x,=x.(6)+r,cos(6,)cos(8.)—r,sm(,)sin(f )sin(c,). (2)
v, =y.(60.)+r,cos(8,)sin(b,) +r,sin(f,) cos(& ) sin(e, ).

z, =z, —r;sm(d,) cos(c,).

where r, shows the radius of the double helical wire and 6, is the rotation

angle of the double helical wire around the single helical wire. The relation
between the rotation angles given in [7]. Using the Equations (1) and (2)
centerlines of the single and double helical geometries can be obtained.

The next step is to construct the 25 wire Filler Strand and to wound it
around the IWRC. The 25 wire Filler strand is composed by a single helical
wire as a core and two lays of outer double helical wires. Wire radiuses for
the Filler strand is labeled as R5-R8 in Figure 2. First layer has 6 double
helical wires while the second layer has 12 double helical wires. There
exists 6 double helical wires between the first and the second layers. Figure
2 shows one of the Filler strand which is wound helically around the IWRC.
A sector of this Filler strand is defined in Figure 2. Two new important
lengths to properly define the centerline of each double helical wires within
the Filler IWRC is represented by r, and ry in this sector view. Using these

lengths, r, and ry, one can find the centerline of each double helical

structure within the Filler strand in the similar way of double helical wires
defined for IWRC in Equation 2. The wire radiuses and pitch lengths are
given for the 6x25 Filler IWRC in Table 1.
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Outer Wire Strand
Core Wire Strand of IWRC

_——————
-

(1-6-6f-12)

R5: Single helical core wire
Filler Strand

R6: Double helical wires
in first layer
R7: Double helical filler wires
between first and second layer
RE: Double helical filler wires
in the second layer

Figure 2. (1-6-6f-12) Wire Filler Strand Radiuses and a Sector of Filler
Strand
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Table 1. Wire Radiuses and Pitch Lengths for 6x26 Filler IWRC

Labels Radiuses Pitch lengths

R1 0.343mm -

R2 0.305mm 35.74mm
R3 0.292mm 88.48mm
R4 0.267mm 35.82mm
RS 0.483mm 82.89mm
R6 0.445mm 33.07mm
R7 0.191mm 33.18mm
R8 0.406mm 45.88mm

3. THREE-DIMENSIONAL MESHED MODEL AND STRESS
ANALYSIS

Using the Equations (1) and (2) double helical geometries are prescribed for
each wire within the IWRCs and Filler Strands. It has been presented in [3]
that the discretized meshed model of wire ropes are very difficult most of
the time. For this reason a Matlab code is developed to model which uses
the proposed parametrical equations to generate meshed model of each wire
within 6x25 Filler IWNRC. This code generates 199 wires which constructs
the whole model of the 6x25 Filler IWNRC in 3D and gives a text output.
This output file can be imported by using Abaqus/CAE and the FEA is run
on this 3D meshed model. The benefit of this code is that it only takes a few
minute, depending on the length of the wire rope you need to generate, to
produce the meshed model of the wire rope. So any changes on the wire
radiuses or the helix angles can be re-meshed within a few minutes again.

The last step is the FEA of the proposed model of the 6x25 Filler IWRC.
The numerical analysis of the proposed model is conducted using
Abaqus/CAE. The length of the model is 20mm. Encastre boundary
condition is applied to one end while the displacement boundary condition
is applied to the other end. Only 0.43125mm displacement is applied for the
analysis. In the proposed model total number of nodes, Total number of
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elements and number of linear hexahedral elements of type C3D8R are used
as 360855, 272384 and 272384 respectively. Von-misses stress and strain
distribution on the 6x25 Filler IWRC are represented in Figure 3 and Figure
4 respectively. The results are represented for selected strands and wires
along the model to see the distributions over the wires inside the 6x25 Filler
IWRC. From the Figure 4 and Figure 5 it can be observed that the stress and
strain distributions along the wires on the model shows the general
characteristics of the wire ropes. Meanwhile it can be obtained that the
stress and strain values are increasing at the contact areas as expected. At
the same time due to contact center wires of each strand becomes more
important for the whole model.

S, Mises
(Avg: 75%)

+1.166e+02
+5.829e+01
+0.000e+00

Figure 3. Von-Misses Stress Distribution Along Filler IWNRC

scale Factor: +1.00

LE, Max. Principal
(Avg: 759%)

+2.25%e-03
+2.065e-03
+1.871e-03
+1.677e-03
+1.483e-03
+1.28%e-03
+1.095e-03
+9.010e-04

I// /umﬂ///
il

Figure 4. Logarithmic Strain Components Along Filler INRC on Selected
Wires
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4. CONCLUSION

6x25 Filler IWRC is one of the most popular design along the class of 6x19
wire ropes in the industry. The most important issue that manufacturers
work on is undoubtedly to produce more durable wire ropes which can work
under the desired conditions. One of the way to achieve this is to do
research and development on the design of wire ropes. Instead of expensive
and long-term testing, it is possible to improve the products through
numerical analysis studies in the industry. For this purpose three-
dimensional modelling and analysis of 6x25 Filler IWRC ropes are
discussed in this paper. The parametric mathematical model of the rope has
been converted into a ready-made design by means of an intermediate
program code written using Matlab. Then the finite element analysis of this
meshed model performed under the displacement boundary conditions. The
results show that the core wires of the strands are important for the rope and
the elongation and stress distribution are increasing towards the center of
each IWRCs and Filler strands. This study shows that the three-dimensional
model of the 6x25 Filler IWRC can be build easily using the proposed
Matlab code correctly and gives expected FEA results. It is thought that the
present study will guide the other researchers to do more complicated
analysis in the future.
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ABSTRACT

An efficient, effective and sustainable freight transport network is a crucial
determinant for economic growth and development. This network needs to
be structured as resilient as practicable and also quickly adoptable and
adaptable to meet the needs of transport users and provide alternative
optimal routes, if it is affected by disruptive events. This paper presents a
route selection model which supports transport planners to decide rapidly
on an optimal transport route in case of disruption in a multimodal freight
transport network. An integrated method based on Fuzzy Analytic
Hierarchy Process and Fuzzy Goal Programming is developed to support
the decision of route selection.

Keywords: Multimodal Transport, FAHP, FGP, Disruption, Decision
Support

-121-



Yasanur KAYIKCI

KESINTIYE UGRAMIS KOMBINE YUK TASIMACILIGI AGI ICIN
BiR BUTUNLESIK FAHP-FGP ROTA SECIiMi YAKLASIMI

0Z

Ekonomik biiyiime ve gelisme icin verimli, etkin ve siirdiiriilebilir bir yiik
tasimaciligi agi ¢ok énemli bir belirleyicidir. Bu agin, uygulanabilir oldugu
kadar esnek olmasi ve yikict olaylardan etkilenmesi halinde kombine yiik
tasimaciligi operatorleri ve nakliyeciler gibi ulastirma kullanicilarinin
ihtiyaglarint karsilamak ve alternatif en uygun ulagim hatlarini saglamak
icin hizla benimsenmesi ve uyarlanabilmesi gerekmektedir. Bu c¢aligma,
kombine yiik tasimaciligt aginda meydana gelebilecek bir kesinti
durumunda, en uygun tasimacilik giizergdahint hizli bir sekilde secmek icin
ulasim planlayicilarini destekleyen bir rota se¢im modeli sunmaktadir.
Bulanik Analitik Hiyerarsi Stireci ve Bulanik Hedef Programlamaya dayali
biitiinlegsmis bir yontem, rota se¢im kararini desteklemek igin gelistirilmistir.

Anahtar Kelimeler: Kombine Tasimacilik, FAHP, FGP, Kesintiye
Ugrama, Karar Destek

1. INTRODUCTION

A well-functioning transport system and infrastructure are important to the
economic growth and development. A competitive and sustainable
multimodal freight transport network is therefore necessary for companies
to plan and execute both domestic and international transport operations.
Multimodal transport offers an advanced platform for more efficient,
effective and sustainable freight transport network [1] by enabling technical
and economic advantages of long distance, high safety and speed of
connection, large transport capacity and low costs/tariffs [2]. Multimodal
transport is defined as a transport system which integrates at least two
different transport modes in a transport chain [3]. A multimodal freight
transport network includes different combinations of transport modes such
as: rail-road, inland waterway- road, sea-road, sea-rail and so on. Any
disruption within a transport network caused by natural disaster (hurricane,
flood, tornado, earthquake), traffic condition (road constructions, accident,
high traffic jams), weather condition (snow, ice, drifting, wind), technical
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problem (traffic signal control problem, system failure), wear and tear (road
damage from trucks), political issues (changing policies, customs issues) or
human factor (strike and lock-out) may affect the system reliability and
efficiency and risk overheating [4,5]. These problems may occur at any
level and affect all transport modes, furthermore, prevent the goods to be
delivered to the final delivery point on-time. Therefore, it is an important
goal for decision makers, mostly transport network planners or operators, to
offer cost effective, swift, time efficient alternative freight routes for
transport users in case of a disruption.

Based on this need, this study proposes an optimal route selection approach
using an integrated Fuzzy Analytic Hierarchy Process (FAHP) and Fuzzy
Goal Programming (FGP) methods. FAHP is used to determine weights of
each selection criteria, whereas FGP is used to calculate the optimal route in
terms of weights of each goal. Finally, a real-world case is included in this
study to present the practicality of the proposed approach. The numerical
example is solved using LINGO 13.0 software package.

2. MULTIMODAL TRANSPORT NETWORK: RESEARCH FOCUS

Multimodal freight transport, also known in the literature as intermodal
transport, combined transport or integrated transport chain, refers a multi-
unit transport chain in which transport of goods are moved by the
integration of at least two or more different transport modes among road,
rail, sea, inland waterway, short-sea shipping and air based on a single
multimodal freight transport contract. The goods are carried by using
advanced and standardized transport units (mostly trailer, semi-trailer or
container), which are received from a departure terminal (origin) in a
country by right of Multimodal Transport Providers (MTPs) in transport
means (e.g. vessel, train) to a delivery terminal (destination) for delivery in
another country [6]. Until end of journey, transport goods are not handled
and transport units do not change. Often an MTP or a consortium of MTPs
(such as liner shipping provider and railway freight provider) is responsible
for the performance of the complete haulage contract from Origin to
Destination (O-D) [7].
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Direct link Corridor Hub-and-spoke Connectedhubs Static routes Dynamic routes

Figure 1. Six Transport Options from Origin to Destination in a Transport
Network

There are different types of transport network seen in Figure 1. in order to
define routing between O-D: direct link, corridor, hub-and-spoke, connected
hubs, static routes, and dynamic routes [8], where the dotted lines refer
operationally related routes in the freight transport network. In dynamic
routes, two alternative routes are shown. In all other network configuration,
the routing is predefined [8]. In the literature, freight consolidation systems
are mostly designed as hub-and-spoke networks, with hub being a freight
consolidation facility. Locations of hubs are determined and spoke nodes are
allocated to these hubs [1]. The hub-and-spoke system is a process whereby
the main legs (main-haulage) by carrier haulage between the ocean port and
the hub are operated by rail or sea/inland waterways, meanwhile the initial
leg (pre-haulage) and final legs (end-haulage) are usually operated by road
[9] and these are often offered or arranged by an MTP or an MTP
consortium. This concept is a typical illustration of the multimodal transport
networks.

Because of its complex nature, multimodal transport networks are
characterized by dynamically changing conditions and various modes of
transport running on simultaneously. The objectives of relevant interest such
as the minimization of cost, time, risk or maximization of service level,
reliability, are conflicting goals. Thus, in general, there is no single optimal
solution, but rather a set of optimal trade-off solutions, from which the
decision maker must select either the most appropriate solution, or the best
compromise solution. It is usually assumed that the route selection in
multimodal transport network is a multi-goal multi-criteria decision problem
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which needs to consider both qualitative and quantitative factors evaluating
potential routes. Many experts solve this problem based on the mathematical
programming models [10] where often the quantitative factors are taken into
considerations. In this study, an integrated FAHP and FGP is proposed as a
solution methodology, as this method is suitable to process both qualitative
and quantitative factors in route selection problem, using FAHP, decision
makers can consistently integrate multi expert opinions and effectively
determine appropriate weights. With the objective functions of FGP,
decision makers can effectively set the upper and lower limits to find the
optimal route for each condition.

3. RESEARCH METHODOLOGY

This study is integrated FAHP and FGP to find the optimal route for
multimodal transport. A procedure is given in Figure 2. First, FAHP is used
to obtain the relative weights of route selection criteria based on different
freight conditions. It includes these steps: (1) determine the route selection
problem, determine the possible routes (2) identify the selection criteria and
construct the FAHP hierarchy, (3) perform the pairwise comparisons,
decision makers are interviewed to obtain their opinions by using linguistic
variables, (4) calculate weight for each criterion, (5) check consistency if it
is not less than 0.10 then the expert is asked to revise his opinion until a
consistency is met, (6) determine weights for main goals.

-125-



Yasanur KAYIKCI

FAHP FGP

Determine the route
selection problem
v
Identify the route
selection decision
criteria

Formulate the main
goals of road selection
with weight numbers

-Goal 1: Min Cost

7 -Goal 2: Min Time
" th . -Goal 3: Min Risk
Perform e.palrw1se <« -Goal 4: Max Service
comparisons -Goal n
v

| Weight calculation

Find the
Consistency optimal )
check CR<0.1 multimodal Alternative
. route evaluation
freight
route

Determine weights for
main goals

Figure 2. Proposed Route Selection Model by Integration of FAHP and
FGP in a Multimodal Freight Transport Network

Second, FGP is utilized to process quantitative evaluation using weight
numbers as coefficients of an objective function to determine the optimal
route among given alternatives. It includes these steps: (1) Formulate the
main goals of road selection with weight numbers that includes cost
minimization, time minimization, risk minimization and service
maximization. (2) solve FGP and evaluate the potential routes, (3) filter
potential routes. Finally, one of these potential routes can be selected as
optimal route.

3.1. The Fuzzy Analytic Hierarchy Process

The AHP model, firstly suggested by Saaty [11], is one of the commonly
used Multi Criteria Decision Making (MCDM) methods. AHP can
effectively address both qualitative and quantitative data to solve problem
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hierarchically. Therefore, the problem is completely broken down and the
relevant sub-criteria are listed with respect to the hierarchical level in
relation to the overall objective/goal to the sub-objectives. However, the
conventional AHP method may not accurately reflect human judgment. For
this reason, AHP with fuzzy extension, namely FAHP approach, using fuzzy
set theory and hierarchical structure analysis has been proposed to solve
MCDM problems. The basic concept of FAHP [12] is presented as follows:

Step 1: Development of hierarchical structure for the decision-making
problem with an overall goal or objective at the top, criteria and sub-criteria
at various levels and the decision alternatives at the bottom of the hierarchy.

Step 2: Construction of the fuzzy judgment matrix, M(@ij ), by using
Triangular Fuzzy Numbers (TFNs) with pair-wise comparison as in
Equation (1):

{111.!1] ':1'1: ﬂ‘--:I.i*!
5 e A 1
N ; . 2.1” — QL) -
Ma="* ; T TIF| P S (1)
Gpg Gpz - 1 1 1
= = (1,1,1)
Lyn Qan

The judgment matrix M is an 7 ¥ " fuzzy matrix containing fuzzy numbers
dij (2):

G ;={1h2L3tet 5t 6L 7lifi+] (2)

1, ifi=j

Where @i = @3] . and all %7 are TFNs @i = (Lijomijoug;)

[ 1,2,3,4,5,6,7, or

Let X = {fry. 2. . %,} be a set of objectives, whereas G = 1. Gz -+ Gm}
be a set of goals. According to the model of fuzzy extent analysis, each
object is taken and extent analysis for each goal, #:, is carried out
respectively. Resulting in ™ extent analysis values for each object can be

. . 7L 7= FYi P —
obtained  with  Mgi- Mgio-- Mgt t=L12-.n  where all the
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Wi =
MG =12~ M) oo TENS representing the performance of the object *: by
reference to each goal 9: .

Step 3: The value of fuzzy synthetic extent of the  th object for M goals is
determined as:

Si=). "Tfflz“‘z”‘ "] (3)
it
™
gl
To obtain 7=1 the fuzzy addition operation ™ extent analysis values for
a particular matrix is applied such as

i Iﬁ;{_ = (m L i m;, iuj) “4)
PR

And to obtain k=15=1 [ the fuzzy addition operation of
MG =12,.,m)

values is applied such as

S5 (5 gm ) g

i=1j =1 i=1 i=1 i=1

And then the inverse of the vector above is calculated, such as

ZZM"[ - (oo ) ©)

The degree of possibility of M, = M; s defined as:

VM, = M) = sup [mlnl(.u..d EINTEN (}})] (7)

yex

-128-



An Integrated FAHP-FGP Approach for Route Selection in a Disrupted
Transport Network

When a pair ¢ ¥)exist such that ¥ =¥ and i, )= k7,0 the equality
equation V@1, 2 M) =1 Since My = (1. myuy) and Mz = (z.mzu;)
are convex fuzzy numbers and can be presented like that:

VM, = M)=1if my 2m, (8)

Vﬁﬁj. 2 H:] = hgti(ﬁiﬂ N !ﬁ:} =y (d) ©)

Where, @ is the ordinate of the highest intersection point D' between ##s
and ##: | seen in Figure 3. When M1 and Mz, the ordinate of D is given by
the following equation:

I, —ug
{:nlz _u:]_ {7”1 - E:I.]
To compare Miand Mzboth values of V@ 2 M) and VO 2 M) are
required.

F{!q: = | 1] = hgtz(EIE n !ﬁ:} =

(10)

pg ()

!
!

(2]

» =

Iz Malyd uzgmy; Uy

Figure 3. Intersection Point @ between two TENS, M, and M;

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

V(i = H,_, H:, - qu] = VI(M =1 1] and

e e I 11
VM =M;)and (M =M, )] =minV(M =M,)i =1,2,B, ... k. (D

Assuming that
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d(A) =minV(5 = 5),k=12...mk #1i (12)
Then, the weight vector is obtained as follows:
w = (d Uy d @A oo d A,)) (13)

Where 4: = L2, ....n) are ™ elements.

Step 5: After normalization, the normalized vectors are defined as:

w=(d04,),dUy). .....dU,)) (14)
Where W is a non-fuzzy number.
Wi
N'r"r’i =
The normalized weight vector is calculated as Zw;,

3.2. Fuzzy Goal Programming

Route selection problem with varied preferences is a typical decision-
making problem involving multi criteria and objectives. Therefore, it often
has conflicting sourcing goal subjects like cost, time and service quality. To
maximize the utility function and fulfil the decision maker’s aspiration
levels FGP [13,14] was implemented in solving this decision-making
problem. Furthermore, the decision makers can define linguistic priorities
with setting membership functions on goal values by considering the fuzzy
logic.

A FGP can be formulated as follows [13]:

Max Subject to & € F. (F s a feasible set), £ =0 | (15)

Where is the extra continuous variable, £x(X) is the linear function of the

1, (2 (X))

k th goal, £ is 1 X N vector of decision variables and is the

fuzzy membership function of % th objective.

The preference-based membership functions are expressed as follows:
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forzkngklkzilzw'"kl (16)
forzkmﬂﬁk:k=k1+1w-:ff (17)

Where !+ and % are, respectively, the lower and upper tolerance limits for
the k th fuzzy goal. {(glx — 1) as well as (4sk — g1k) are the tolerances

which are subjectively chosen. £ and % represent the fuzzified versions of

= and = . g« is the aspiration level of the ¥ th goal. £x(X) £ g indicates

the ¥ th fuzzy goal approximately being essentially greater than or equal to
the aspiration level Zx, whereas Zy(X) = gx is to be understood as
essentially less than or equal.

4. IMPLEMENTATION OF FAHP-FGP IN A REAL-WORLD CASE

Over the past decade freight transport volume between Turkey and the EU
has grown rapidly and has generally been coupled with growth in gross
domestic product. A white goods producer company based in Turkey that
produces refrigerators and washing machines wants to transport the products
from its factory in Bursa to a customer in Austria. The company works with
different MTPs for each possible multimodal route. Transport units can be
either semi-trailer or complete unit. The shipper wants to select an optimal
multimodal route as the normal operation route by road route is disrupted at
this moment because of cross-border road construction problem. The
company established an expert group to decide on selection criteria and
alternative routes with conducting a variety of rapid appraisals and surveys
including brainstorming, semi-structured interviews. According to expert
suggestions, the final hierarchy of selection criteria and routes are listed in
Figure 4. The criteria which are considered during the selection of the
optimal multimodal route include freight cost, transport time, risk of
multimodal route and service level of MTP.
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Level I: Selection of the optimal multimodal route

Goal

Level 2: Freight Transport Route Service
Criteria Cost Time Risk Level
Level3:. Route 1 Route 2 Route 3 Route... Route n
Alternatives

Figure 4. Hierarchy of Route Selection Problem

The expert group prioritized these criteria with three customers’ freight
conditions; respectively with slow (Casel), normal (Case2) and fast (Case3)
transport by using FAHP method. By applying formulas from Equations (1)
to (14).

S1=(0.2031,0.3008,0,4716), S2=(0.1525,0.2161,0.2720),
S3=(0.1623,0.2167,0.2957), S4=(0.1875,0.2665,0.3786),
V(S1=52)=1,V(52>S1)=0.45,V(S3>S1)=0.52,V(S4>S1)=0.84,
V(S1=S3)=1,V(52>S3)=0.99,(S3>S2)=1,V(S4>S2)=1,
V(S1=54)=1,V(52>S4)=0.63,V(S3>54)=0.69,V (S4>S3)=1,
d'(Cost)=1,d'(Time)=0.45,d'(Risk)=0.52,d'(Service)=0.84,
w'=(1,0.45,0.52,0.84)T, w=(0.36,0.16,0.19,0.30),CR=0.095.

In this calculation, a set of linguistic values is used

I=(very low=VL,low=L,medium low=ML,medium=M,medium
high=MH,high=H, very high=VH

in order to denote the importance weight of each criterion. TFNs
corresponding to these linguistic values are:

VL=(0.0,0.0,0.1), L=(0.0,0.1,0.3), ML=(0.1,0.3,0.5),
M=(0.3,0.5,0.7),MH=(0.5,0.7,0.9),H=(0.7,0.9,1.0).
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Table 1. shows the fuzzy expert evaluation of selection criteria for slow
transport.

Table 1. The Fuzzy Evaluation of Criteria for Casel

# Cost Time Risk Service Weight
Cost (1.1.1) (1,1.11,1.43) | (1.43,2,3.34) | (0.7.09.1) 0.36
Time (0.7,09.1) | (1.1.1) (0.9.1.1) (0.5,0.7.0.9) | 0.16
Risk (0.3.0.5.0.7) | (1,1,1.11) (11.1) (1,1.11,1.43) | 0.19
Service | (1,1.11,1.43)| (1.11,1.43,2) | (0.7.0.9,1) (1.1.1) 0.30

The consistency ratio of expert judgments is checked. The ratio of

consistency (CR ) should not be greater than 0.10 | Else, expert should re-
enter the judgments. First of all, the consistency index should be calculated

. . A . . . .
with Equation (18), where ~™#=* is main value of comparison matrix, and
MmN is number of columns.

E(‘lﬂ max ﬂ-}
_ el 18
CI ey (18)
Consistency ratio is calculated by using Equation (19), where Rl is the
random index.

_a

CR =—
RI

(19)

After the consistency check the weight of criteria according to three cases
are determined as seen in Table 2. For the Case 1, cost is ranked as prior
criterion, as the freight can be transported slowly therefore the route can be
mainly cost efficient whereas for the Case 2, the prior criterion is risk and
for the Case 3, cost and time are ranked as prior criteria.

The expert group determined ten potential multimodal routes according to
the existing rail route, road route and sea route within O-D shown in Figure

5. There are number of sea ports (¥4™) and railway terminals (£47) in this
transport network.
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Table 2. The Weight of Criteria According to Cases

Goals Casel Case2 Case3
Cost 0.36 0.25 0.31

Time 0.16 0.15 0.31

Risk 0.19 0.39 0.18
Service 0.30 0.21 0.21

CR 0.09% 0.088 0.077

Seaport
Railway Terminal

Disruption i
Node

Origin/Destination

N\ Transport Unit
A .-‘
wrai Halkall :
P R » Road Route e ..."‘.ndlk
0

<— — Rail Route @
<— Sea Route N

)2

-

-

F

Figure 5. Multimodal Transport Routes between O-D in case of a
Disruption

The main legs of transport network are operated via using sea and/or rail
transport modes where all transport units are carried by using two types of
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transport: RoRo vessel and RoLa train. RoLa (rolling road) train services
are specially designed wagons to carry wheeled cargo by rail route to/from
the ports/terminals, whereas RoRo (roll-on/roll-off) vessels are specially
types of ships designed to carry wheeled cargo by sea route to/from the
ports. The initial (pre-haulage) and final legs (end-haulage) are operated by
road route. The values of cost and time frame of each route are offered
directly by MTPs that provide the transport services for those paths. The
transport unit cost of semi-trailer is Euro and the time shows the total
traveling time per day. Risk and service values are generated according the
expert consensus. The higher score of risk means the higher average risk for
route. The higher score of service means that MTP can provide a better
average service for selected route. Table 3. denotes the route table according
to each route and selection criteria.

Table 3. The Route Table for Multimodal Transport between O-D

Trans.
# | Multimodal Route Modes Cost | Time | Risk | Service
1 |0—t;—t,—-D rail 2800 | 6.5 10 6
2 | 0—1y—-v,-t;—-D sea-rail 3800 7 6 8
3 |0—t,-t;—tg—D rail-rail 3500 | 8.5 8 8
4 |0—t;—tg-D rail 3200 | 10.5 6 6
5 |0—1y-v,-t;—tg— D | searailrail 2900 7 10 8
6 | 0—1y—1g—ty—tg— D | sea-road-rail | 3100 9 6 4
7 | 0—v -1, —ty—tg— D | searoad-rail | 3050 6 8 6
8 |0—wm-v,—t;,—-D sea-rail 3000 8 4 6
9 |0—t;-tg-D rail 2900 9 6 8
10| 0—py-vy,—tg—-D sea-rail 2950 | 85 6 4

There are four goals for the route selection, including cost, time, risk and
service. Table 4. summarizes the lower and upper bound of the goals for the
route selection. To determine the optimal multimodal route, the goals are
formulated with FGP according to Equations (15) to (17) as detailed in the
appendix. This problem is presented and solved by using LINGO 13.0
software package to obtain the solutions seen in Table 5.
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Table 4. The Goals for Route Selection

Lower Upper
Constraints Goals bound bound Difference
Gy Minimize Cost 0 3000 3000
G, Minimize Time 0 10 10
G Minimize Risk 0 8 8
Gy Maximize Service 6 10 4

Table 5. Result from Casel, Case2 and Case 3

5
g 5
z | B 4| 7| 3
Route O = & & a
# Target goal 3000 10 8 10
Casel | Weight 036 | 0.16 | 0.19 | 0.30
10 O—1y-v,—tg—D 2950 | 8.5 6 4 8.83
6 O—1yy-w—-t;-tg—D 3100 9 6 4 9.83
8 O—vy—v,—t;—-D 3000 8 4 6 11.50
4 0—t;-tyg—-D 3200 | 10.5 6 6 14.53
Case2 | Weight 036 | 0.16 | 0.19 | 0.30
8 O—v,—v,—t;—-D 3000 8 4 6 8.87
10 O—1y —v,—tg—D 2950 | 8.5 6 4 13.25
6 O—1y vy —t;—tg—D 3100 9 6 4 13.75
4 O—t,—tyg—D 3200 | 10.5 6 6 16.53
Case3 | Weight 031 | 031 | 0.18 | 0.21
10 O—1y—v,—tg—D 2950 | 8.5 6 4 10.58
6 O—1y vy —t;—tg—D 3100 9 6 4 10.58
4 0—t;-tyg—-D 3200 | 10.5 6 6 11.06
8 O0—v;—-v,—t;—-D 3000 8 4 6 12.37

The result gives a list of possible routes. According to result of Case 1, slow
transport, the prior route is the route 10 which uses sea and rail routes.
Transport cost is 2950 Euro, time period is 8.5 days, risk scale is 6 and
service level is 4. The result of Case 2 shows that the prior route is the route
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8, which is composed of sea and rail routes. Transport cost is 3000, time
period is 8 days, risk scale is 4 and service level is 6. The result of Case 3
denotes the route 10 as prior route which is the combination of sea and rail
routes. Transport cost is 2950 Euro, time period is 8.5 days, risk scale is 6
and service level is 4.

5. EVALUATIONS AND CONCLUSION

The aim of this study is to develop and adapt a route selection methodology
by integrating FAHP and FGP techniques that can evaluate criteria in
decision-making and optimization on a multimodal transport route for
transport users in case of any disruption. The main contribution of this
research is to use pre-selected qualitative and quantitative criteria in order to
solve a real-world case problem by applying FAHP-FGP techniques. The
proposed method is accurate, flexible and efficient system, and support the
transport network planner or operator to decide on an optimal route rapidly
if any disruption occurs throughout transport network. According to needs
of transport users or freight conditions, decision maker can evaluate other
alternative routes and decide on an optimal one. This proposed approach can
be applied in different transport scenarios with using other transport modes.
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APPENDIX

Max=0.36*C1+0.16*%C2+0.19*%C3+0.30*C4; (ForCasel)
C1<(3000—(6.7%X1-26.7%X2—16.7%X3—6.7%X4+3.3%X5-3.3%X6—1.7% X7+
3.3%X9+1.7%X10))/3000; (ForG1:MinimizeCost)
C2<(10—(65%X1+70% X 2+85%X3+105%X4+70% X 5+90% X 6+60* X 7+80% X8
+90%X9+85%X10))/10; (ForG2MinimizeTime)
C3<(8—(—25%X1425%X2+25%X4—-25% X 5425% X 6+50% X 8+25%X9+25% X 10)
)/8; (ForG3:MinimizeRisk)

C4<((40%xX1420%X2+20% X 3+40% X 4+20% X 5+60% X 6+40% X 7+40% X 8+20%
X9+60*X10)—10)/4; (ForG4:MaximizeService)

X14+X2+-+X10=1,Xj=0 or 1: j=1,2,...,10.
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Yaz1 Yapist: Yaz1 su sirada hazirlanmalidir: Baslik, Yazarlar, Ozet, Anahtar Kelimeler, Baslik (Tiirkge), Ozet

(Tiurkce), Anahtar Kelimeler (Tiirkge), Ana Metin, Ek (varsa), Referanslar.

Bashk: Baslik; agik, net, anlagilir olmali ve 15 kelimeyi gegmemelidir.

Oz (Abstract): Yazi, 100-200 kelimelik, arka plan, amag, yontem, bulgular ve sonugtan olugan yapilandirilmis bir

Ozeti icermelidir.

Sayfa Sayisi: Dergiye gonderilecek yazilarin boyutu, kaynakga dahil asgari 2000 kelime veya 5 sayfa, azami 7000

kelime veya 25 sayfa arasinda olmalidir.

Anahtar Kelimeler: Yaziy: siniflandirmaya yarayacak, anahtar gorevi yapan 3-5 kelime yer almalidir.

Birimler: Yazinin uluslararas1 alanlarda da kolay izlenebilir ve anlasilabilir olmasi i¢in Uluslararast Birim

Sistemine (https://www.britannica.com/science/International-System-of-Units) uygun olarak hazirlanmasi gerekir.

Referans: Referanslar dipnotlar ile degil metin i¢inde agilacak parantezlerde yer alan referans numarasi ile ([2]

gibi) yapilmalidir.

Referans Listesi: Makalenin ana metninden sonra sadece yazida gonderme yapilan eserler yer almalidir.

Gonderme yapilan eserler, ana metin igerisinde atif yapildiklar1 siraya gore listelenmelidir, yani ilk atif yapilan

eser [1], ikinci atif yapilan eser [2] olmali ve bu sekilde devam etmelidir. Bir referans listesi 6rnegi asagidadir.

Ornekler:

[1] Berndt, T. (2002). "Friendship Quality and Social Development", Current Directions in Psychological
Science, vol.82, no.3, pp.114-140. (Tek yazarh makale)

2] Rother, M. and Shook, J. (1999). "Learning to See: Value Stream Mapping to Create Value and Eliminate
Muda", The Lean Enterprise Institute, vol.22, no.4, pp.3-4. (Cok yazarh makale);

[3] Okamoto, G. (1999). Smart Antenna Systems and Wireless LANs, Boston: Kluwer Academic
Publishers. (Tek yazarh kitap)

[4] Author, A. (Year). "Title of document", Retrieved frgm http://WWWWWWWWWWWWWWWWW
wwwwwwww wwwwwwwwwww (Access Date: 00.00.0000). (Internet kaynaklar)
[5] Lastname, F.N. (Year). Title of dissertation (Doctoral dissertation). University Name, Institute Name,

City. (Retrieved from Name of database). (Yaymlanmus tez)

[6] Bergmann, P. G. (1993). Relativity, In The New Encyclopedia Britannica, (Vol. 26, pp. 501-508).
Chicago, IL: Encyclopedia Britannica.(Ansiklopedi)

[7] Author, A. A. (Year, Month Day). "Title of article", Title of Newspaper. Retrieved
from http://www.someaddress.com/full/url/ wWwwwwwwwwwWwWwWWWWWWWWWWWWWWWWWWWWW
WWWWW WWWWWWWWWWWWWWWWWWWWWWwwwwww (Gazete makalesi)

[8] Onacan, M.B.K.,, Uluag, M., Onel, T. and Medeni, T.D. (2018). “Selection of Plagiarism Detection
Software and Its Integration Into Moodle for Universities: An Example of Open Source Software Use in
Developing Countries”. Ricardo Queirds (ed.), Emerging Trends, Techniques, and Tools for Massive
Open Online Course (MOOC) Management, IGI Global, 250-265, pp. 255. (Kitap boliimii)

Notasyon ve Kisaltmalar: ilgili bilim alanmin standart notasyon ve kisaltmalari kullanilmali, yeni notasyonlar ise

metin iginde ilk gectigi yerde tanimlanmalidir. Gerekli durumlarda, notasyon ve kisaltmalar ek olarak konulabilir.

Denklem ve Formiiller: Denklem ve formiiller ardisik olarak numaralandirilmali ve bu numaralar saga dayal

parantez iginde yazilmalidir. Metin iginde denklem ve formiillere parantez iginde yazilan numaralar ile atifta

bulunulmalidir. Metin arasinda verilmesi uygun olmayan kapsamli formiiller sekil olarak hazirlanmalidir.

Sekiller ve Tablolar: Sekiller ve tablolar, ardigik olarak numaralandirilmalidir. Bunlara metin iginde "Sekil 1"

veya “Tablo 17 seklinde atifta bulunulmalidir. Her bir sekil ve tablo i¢in uygun bir bashk kullanilmalidir.
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