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ABSTRACT

In the past year a brand new term, Development Peace, has been introduced by the Ministry of Environment and
Urbanization of Turkey (MEUT) to register the constructions contrary to development and finance urban regeneration
activities. Development Peace has been announced as a regulation in order to establish agreement between the owners of
the irregular constructions and the government by providing Construction Registration Deed (CRD) on condition that a
certain payment must be made based on the property value. The irregular properties except those constructed on private
land and on public land reserved for social facilities will benefit from the regulation. Development Peace covers all kinds
of constructions that are not in accordance with the Development Law. In May 18th, 2018 a temporary article explaining
this new regulation has been added to the Development Law No. 3194 in Turkey. The anomalous constructions are not a
newly discovered problem in Turkey and come from the past. The MEUT has taken the initiative and offered a solution
for the majority of the buildings in Turkey. The Development Peace, in addition to its many benefits for the people
owning irregular properties, will support urban regeneration projects with the income collected through its
implementation. While the government forgives the citizens involved in illegitimacy, the law abiding citizens might be
demoralized as the formers are getting rewarded. Development Peace-like regulations might have a pitfall such as
encouraging the people that have tendency to violate laws. Therefore, the government should take precautions instead of
authorizing irregular constructions. On the other hand, this new regulation covers all kinds of constructions no matter
how resilient they are against natural hazards (esp. earthquakes), which is the other flawed side of the regulation.

Keywords: Development Peace, Urban Regeneration, Construction Registration Deed, Irregular Construction, Turkey



1. INTRODUCTION

Development Peace is a new term introduced by the
MEUT to find solutions to the constructions contrary to
the development plans, unauthorized, or contradictory to
the appendices of the permits given (Ministry of
Environment and Urbanization, 2018a). In Official
Gazette (No. 30425 and Date: May 18th, 2018) Law on
Restructuring of Tax and Some Other Debts and Making
Changes on Some Laws (original title: Vergi ve Diger
Bazi Alacaklarin Yeniden Yapilandirilmasi ile Bazi
Kanunlarda Degisiklik Yapilmasina fliskin Kanun) has
been published and a temporary article (No. 16) has
been added to the Development Law No. 3194 by that
Law (Official Gazette, 2018a). The purpose of the
temporary article is to explain the content of the
Development Peace regulation. The information covered
in this study are mostly based on this explanatory
temporary article of Development Law.

In the booklet prepared by the MEUT to introduce
the Development Peace, the former Minister (Mehmet
Ozhaseki) stated their happiness for having the citizens
and the Government forgive eachother by means of the
Development Peace (Ministry of Environment and
Urbanization 2018a). In the booklet, the mutual
forgiveness are described by the term ‘“helallesmek™.
“Helallesmek™ is a term that does not have a direct
corresponding in English vocabulary and is used
between two or more parties in case they have rights on
each other and they forgive each other by paying some
compensation or without any compensation, disclaiming
any right.

The objective of the Development Peace is to
register the constructions that are contradictory to the
development plans, unauthorized, or contradictory to the
appendices of the permits given. In this way, it is aimed
to provide legality for the irregular constructions. These
constructions  will be registered by providing
Construction Registration Deed (CRD).

2. STATEMENT OF THE PROBLEM

The irregular constructions covered by the new
regulation include housings, commercial properties,
agricultural constructions, solar power plants etc. The
majority of these anomalous constructions consist of
housings. In Turkey, the housings contrary to the
development plans comprise over 50% of the housings
constructed, which corresponds 13 million individual
housing units. The residents in these buildings are
mostly low-income citizens. The housings incompatible
with the development plans were mainly constructed
between 1950 and 2000. The development-based issues
between the citizens and the municipalities resulted in
piling up the files in the courts and the municipalities,
for some reasons, are not able to manage to demolish the
buildings contradictory to the development plans. On the
other hand, the residents of the buildings in dispute are
not able to get water, electricity, and natural gas services
connected to their houses and are making use of these
services unlawfully. As the irregular residential and
commercial units are not registered, they cannot be
pledged as collateral and not be used as an economic
asset (Ministry of Environment and Urbanization,
2018a).
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3. THE SCOPE OF THE DEVELOPMENT
PEACE

The constructions, which are unauthorized or
contradictory to the appendices of the permits given, in
urban and rural areas will be in the scope of the
Development Peace provided that they had been
constructed before December 31th, 2017. Bosphorous
coastal band, Sultanahmet and Suleymaniye Regions of
the Historical Peninsula, and Gelibolu Historical Area
will be out of the scope. Figure 1 shows a view from the
Historical Peninsula, Istanbul (Emlaknews, 2018). The
area where the Development Peace will not be applied
has been surrounded and highlighted in Figure 2
(Ministry of Environment and Urbanization, 2018b).
The constructions built on another’s property and on
public land reserved for social service areas are also out
of the scope. If the CRD-given constructions are on the
land owned by municipalities, the owners of these
constructions can pay the market value of the property
of the municipality and gain the ownership (Ministry of
Environment and Urbanization, 2018a).

Fig. 1. A view of the Historical Peninsula, Istanbul
(Source: Emlaknews, 2018)

The condominiums that had been built in defiance of
development plans have property ownership problems
due to lack of occupancy permits. After getting the
CRDs, if all the owners in a condominium give consent
and cede the areas coinciding with public spaces (roads,
green fields, parks etc.), type conversion and apartment
ownership will be recorded without seeking for
occupancy permit at the directorates of land registry. In
that case, a payment must be made as much as the
amount paid while getting CRD.

Fig. 2. The area (surrounded and highlighted) excluded
from Development Peace in Historical Peninsula,
Istanbul  (Source: Ministry of Environment and

Urbanization, 2018b)

After these procedures, exchange operations of the
constructions will be legitimized, the property tax will




be collected on the basis of property type ‘building’,
which was being collected based on the property type
‘plot’ before, and tax loss will be avoided by this way.
Since the construction servitude and property ownership
will be provided, it will be feasible to perform banking
operations such as pledging the buildings as collateral
and getting mortgage loan (Ministry of Environment and
Urbanization, 2018a).

The constructions built on public land will be
provided with CRD under the condition that the owners
must apply to the Ministry of Environment and
Urbanization and pay the market value of the plot, on
which the construction built (Ministry of Environment
and Urbanization, 2018a).

4. FORMER PRACTICES BEFORE
DEVELOPMENT PEACE IN TURKEY

The activities against development and construction
laws are called as development crime. The laws about
shanty/squatter’s houses (in Turkish: gecekondu) can
also be related to development crime (Keles, 2015). The
term “gecekondu” is used for the illegitimate houses and
literally means “built overnight” (Tirker-Devecigil,
2005). The constructions that were built without the
required permissions and those that were not built in
accordance with the previously obtained construction
permission deeds are subject to punishment of fine or
partly/full demolishment. In Turkey, the situation in
which the owners of the anomalous constructions are
forced to pay certain amount of money or forgiven
without any payment is called as development (or
zoning) amnesty (Keles, 2015).

Indeed, the anomalous constructions must be
demolished in case of implementing the laws. However,
the demolishment attempts encounter resistance of
pressure groups in terms of subjectivity. On the other
hand, in terms of objectivity, it has been almost a
permanent rule that the anomalous constructions are
forgiven from time to time as the demolishment of those
constructions means loss of national wealth (Keles,
2015). Akalin (2018) states that development amnesty-
like regulations punish the cities instead of the people
committing crime towards cities.

The legal regulations before development peace
were mainly based on legalizing the gecekondu houses.
Whilst the recent regulation, Development Peace, is a
government declaration, the former regulations were all
enacted as laws. Since the gecekondu phenomenon
gained importance in 1940s, many laws had been
enacted whose numbers are 5218, 5288, 6188, 7367,
775, 1990, 2805, 2981, 3290, 3366 (Keles, 2015;
Official Gazette, 1948a, 1948b, 1953, 1959, 1966, 1976,
1983, 1984, 1986, 1987).

When the former regulations are compared to the recent
one, Development Peace, it will be noticed that the most
of the old practices targeted only gecekondu houses
whereas Development Peace comprises all types of
constructions (not only houses). Gecekondu houses
sooner or later gain legitimacy by government actions
(Bugra, 1998). The earliest regulations (e.g. Law No.
5218, 5228) were mainly about allocating land, based on
some conditions, to the citizens living in the
municipality. Some of the requirements to benefit from
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the past regulations were as follows (Official Gazette,

1948a, 1948b, 1953, 1966, 1983, 1984, 1986, 1987):

e To have been stayed within the boundaries of the
municipality at least one year (Law No. 5218),

e Not having any dwelling or any plot of land to build
a house (Law No. 5218),

e The worth of the plot to be assigned will be paid by
installments without any interest in ten years (Law
No. 5218),

e In the case of having more than one unauthorized
dwellings within the municipality boundary, the
provisions of the law are utilized for only one of
them (Law No. 5218),

e In order to get a plot that belongs to the
municipality, the person or his/her spouse must not
own any dwelling or plot (Law No. 5228),

e The people obtained plots from the municipality
must start constructing their houses in one year after
receiving the plots and after expiration of that one
year-period they must complete the construction
within two years (Law No. 5228),

e The people that are the owners of the dwellings,
which were built without any permit in areas not
suitable for housing or that were built in areas
suitable for housing, but not having required permits
are provided with housing units by the municipality
on condition that the owner of the illegitimate house
must demolish the anomalous structure and remove
the salvage before the allocation of the house by the
municipality (Law No. 6188).

e The plots in the gecekondu prevention zone are
primarily given to the citizens that became houseless
due to the rehabilitation and clearance of the
gecekondu houses and the citizens that do not have
any dwelling unit (Law No. 775),

e According to the provisions of this law, the citizens
which will be allocated with plots must be poor or
low-income, they and their spouses or their minor
children are required to not having any plot suitable
for building a house inside the boundaries of any
municipality (Law No. 775, Law No. 2805),

e The right holder, whose gecekondu is not preserved,
will be provided with plot in the same area or in
another gecekondu prevention zone (Law No. 2805),

e The dwellings contrary to the development law,
whether those that will be preserved or the ones that
will be preserved after rehabilitation, are subject to
payments such as permit fee, fine payment and
worth of the plot in order to be issued permanent or
temporary permit and residential usage license (Law
No. 2805),

e Bosphorus and Dardanelles, the places defined or
will be defined according to Law No. 2863, military
forbidden zones and security zones are out of scope
(Law No. 2981),

e In case of having a gecekondu on a private land,
consent of the owner of that private land must be
obtained in order to benefit from this law (Law No.
2981),

e The land owner can demand to sell the land to the
person who has gecekondu on that land according to
the market value determined by the court. The
gecekondu owner can make cash payment or (if the
land and gecekondu owners agree on it) payments
by installments (Law No. 3290),



e In the areas determined by rehabilitation
development plan or cadastral plan, the right holders
can be directly provided with title deed instead of
title assignment deed (Law No. 3366).

More detailed information about development
amnesty regulations in Turkey can be found in Akalin
(2018). As some of them listed above, the former
legislations, which were considered as development
amnesty, had regulations such as allocating plots to the
people letting them built houses or providing people
with firm houses on condition that clearing out the
gecekondu houses. On the other hand, the new
regulation, Development Peace, has a broader spectrum
since it comprises all types of constructions including
houses. Development Peace also differs from the past
practices with regard to its scope as given in Section 3
entitled “The Scope of the Development Peace”.

5. DEVELOPMENT AMNESTY IN OTHER
COUNTRIES

As irregular settlements like gecekondu is not a
phenomenon peculiar only to Turkey (Keles, 1978),
development amnesty is not as well. In other countries it
is not unusual to observe development amnesty
regulations. In South Cyprus, an amnesty regulation had
been announced as a one-off opportunity covering the
anomalous buildings built before April 8th, 2011. The
construction date must be validated by an oath of
architect/civil engineer. In addition to the property
owners, developers could apply to benefit from the
amnesty and in case they miss to apply, they would be
required to pay fine. The issued document within the
scope of the amnesty was Certificate of Completion and
all available problems of the buildings with irregularities
could be solved with this certificate (Koutsolambros,
2011).

Another amnesty regulation was prepared for the
buildings that had unregistered construction work in
City of Alameda, California, United States. The
construction works of the buildings without any permit
such as adding another room, remodeling Kkitchen,
plumbing work for another sink were considered within
the scope of the regulation. The unregistered dwelling
units were also covered by that program. The subject
properties would be inspected by a City Inspector in
order to make sure there is not any safety issues related
to the construction (City of Alameda, 2017).

In Township of Marlboro, New Jersey, United
States, a building/zoning amnesty program has been
announced that covers the buildings with irregularities
based on defined codes. The construction works
performed without required permits will not be subject
to any fine. The buildings that have unpermitted
construction works such as finished basements, fences,
outdoor kitchens, driveway stanchions etc. will be
covered by the amnesty program (Township of
Marlboro, 2019).

In Italy, the people done building violations can
benefit from two types of amnesty: formal building
amnesty (Sanatoria) and substantial building amnesty
(Condono). If anybody starts construction work without
a building permit, they need to file a Sanatoria to
regularize the ongoing work. In case of a construction
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work against building rules, this issue needs to be solved
by a government action, Condono law. The Condono
laws establish the types of building irregularities and
certain dates before which people should apply. In case
of buying or selling a property, it is must be made sure
that the permit or amnesty issues had been solved for
that property (Studio Legale Metta, 2019).

The most noticeable difference between Turkey and
other countries based on the established development
(building/zoning) amnesties is that in Turkey
development amnesty actions are taken by the central
government as laws or declarations, while in the other
countries, especially in North America, the development
amnesties are regulated as local government
(municipalities) programs and these programs mainly
cover the extra work done as additions to the existing
buildings.

Compared to the other countries, Turkey's amnesty
regulations for the irregular constructions are quite
comprehensive leading to expectations for similar
actions in the future and irresponsible behaviors.
Sustainable amnesty anticipation is a troublesome
situation  threatening the  sustainable  planned
development.

6. THE APPLICATION PROCEDURE FOR
THE CONSTRUCTION REGISTRATION
DEED

Applications will be made over e-government
gateway (www.turkiye.gov.tr) or by applying to the
institutions authorized by the MEUT. The applications
could also be followed on e-government gateway
(Ministry of Environment and Urbanization, 2018a). The
e-government gateway is an internet site that provides
access to all public services from a single source. This
internet site has been in use since 2006. The citizens can
perform queries on such as tax debt, traffic tickets based
on the license plate, criminal record, case file and many
others. On e-government gateway, under the menu
‘Newly Added Services’, there is a section titled
‘Development Peace Registration Operations’ (e-
government gateway, 2018). The citizens can make
registration  application or verify  construction
registration deed under this section (Fig. 3). In Fig. 3,
the page content has been given in English as well. In
case the citizens need help, the Environment and
Urbanization Provincial Directorates will be available
for any information and support needed.

® o veru Edenenser x % - 0 x

. 4 @ www turkaye gov.tr 1’

Imar Bary: Kayt lgiemiert (Development Peace Registration Operatoas)

Fig. 3. ‘Newly Added Services’ page of e-government
gateway (Source: e-government gateway, 2018)

The information needed to be entered over e-
government gateway are as follows (Ministry of
Environment and Urbanization, 2018c):



e-government gateway password

A valid phone number

A valid e-mail address

Address of the construction to be declared

If title deed is present for the construction, the block

and plot number for that construction

e Total construction area; areas of the residential and
commercial properties separately (m?)

e Number of residential and commercial units in the
construction

e Unit tax value of the land or plot (TRY/m?) (can be
obtained from the relevant municipality)

e The area of the plot of the construction; if available
the area in the land register, if not the declared area
(m?)

e Construction class (will be selected from the options
offered by the system)

e Specifying the contradiction to the development
legislation

e Pictures of the construction and the part having the

contradiction, one for each (in jpg, jpeg, or png

formats)

Applications has begun in June 2018 and will
continue until June 15th, 2019 (Posta Gazette, 2019). In
order to calculate the amount that the owners need to
pay to get CRD is calculated by summing up the value
of the plot and the cost of the building on that plot and
taking %3 of that sum for the residential units and %5 of
the sum for the commercial units. Value of the plots is
the market value calculated from Sales Comparison
approach. Cost of the constructions is calculated based
on the declaration entitled “Rules and Procedures to
Provide Construction Registration Deed” that is
published by MEUT. In this declaration, the fifth article
covers the unit cost price to calculate the approximate
costs of the constructions.

The unit cost prices are: 200 TRY/m? for the
ordinary agricultural constructions, 600 TRY/m? for one
to two-storey buildings and simple industrial
constructions, 1,000 TRY/m? for three to seven-storey
buildings and integrated industrial constructions, 1,600
TRY/m? for eight-storey or higher buildings, 2,000
TRY/m? for the luxury buildings, villas, shopping malls,
hospitals, hotels (Ministry of Environment and
Urbanization 2018d). The unit cost prices for the other
construction types, which have been added to the
declaration in 20 September 2018, are as follows:
2,000,000 TRY/MW for power plants, 1,500 TRY/m?
for ports, harbors, and shipyards, 150 TRY/m? for
retaining walls, fill areas, pools, sports areas, and other
constructions not having building characteristics
(Official Gazette, 2018b).

The deadline of the payments for CRD was first
announced as December 31th, 2018. The MEUT has
stated that in case of need, the period of application and
payment can be extended by the Cabinet of Ministers
(Ministry of Environment and Urbanization 2018a). As
indicated by the MEUT, the payment deadline had been
extended until June 30th, 2019, whereas the application
deadline is June 15th, 2019 (Posta Gazette, 2019).
Another update has been put into action with respect to
the payment deadline just before it expired. In
accordance with the presidential decree dated 1 July
2019 and numbered 30818, the applicants of CRD
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applied before 15 July 2019 will be able to make their
payments by 31 December 2019 (Ministry of
Environment and Urbanization, 2019).

7. THE RELATION OF DEVELOPMENT
PEACE AND URBAN REGENERATION

The collected fund from the regulation
‘Development Peace’ will be recorded as income in
State budget and will be used to be prepared for the risks
of earthquakes and other natural hazards, and finance the
urban regeneration projects. The municipalities
implementing urban regeneration projects will be
provided loan with zero interest provided that they
prefer 100% native construction materials (Ministry of
Environment and Urbanization, 2018a).

As of July 20th, 2018, the number of applications to
get CRD was 2,614,570. Among these applications, the
housings have the highest number (2,340,450). The
number of applications for the commercial properties,
agricultural constructions, and solar power plants were
223,428, 50,611, and 81, respectively. The number of
the irregular constructions that have been issued with
CRD is 133,064 and an income of 659,506,741 TRY has
been collected by providing CRDs. This income will be
used in favor of urban regeneration projects. The cities
having the highest number of applications have been
given in Table 1 (Ministry of Environment and
Urbanization, 2018e).

Table 1. The cities having the highest number of
applications as of July 20th, 2018

City Number of Applications
Istanbul 484,875
Izmir 242,604
Konya 156,613
Kocaeli 124,639
Bursa 123,039
Ankara 93,344
Gaziantep 76,605
Hatay 71,738
Antalya 70,739

Since the application deadline has been extended
until Junel5th, 2019, as of May 7th, 2019, the number of
applications to get CRD has reached 9,698,238 and 16.5
billion TRY has been collected corresponding the
applications (Posta Gazette, 2019).

The issued CRD will be wvalid until the
reconstruction of the construction or the urban
regeneration project. In case of the reconstruction the
constructions, the development legislation in effect will
be enforced and the CRD will not provide any acquired
right (Ministry of Environment and Urbanization,
2018a).

8. DISCUSSION AND CONCLUSIONS
In the booklet prepared by the MEUT to introduce

the Development Peace, the outcomes of the
Development Peace are given as below:



e The owners applied to take advantage of
Development Peace and obtained CRD will get
water, electricity, and natural gas services connected
to their constructions.

e There will be no need to worry for the owners
obtained CRD, relating to having their constructions
demolished by the municipalities.

e The decisions taken for the demolishment according
to the Development Law will be revoked and
uncollectible fines will be omitted.

e The owners obtained CRD will be able to use their
properties as an asset having economical value. This
is highly important benefit of the regulation, since
the irregular properties will gain formal
representation and their confined potential value will
be revealed as signified by De Soto (2000).

e In condominiums, apartment ownership for each
residential unit will be established at the directorates
of land registry by making the designated payments.

As pointing out the fact that the buildings
incompatible with the development plans comprise over
50% of the buildings in Turkey, Development Peace has
been announced by the MEUT as a solution to the
constructions that are contradictory to the development
plans, unauthorized, or contradictory to the appendices
of the permits given. The Development Peace might
seem as a problem solver as the irregular settlements and
constructions  will gain legality and the urban
regeneration projects will be financed by this way. The
government explains this regulation as mutual
forgiveness and making peace with the citizens that have
irregular constructions. However, the land where
irregular constructions exist is not merely under the
ownership of the government and the government
should not decide on these properties on its own. The
other citizens respectful to the laws also have rights on
these properties. While the government forgives the
citizens involved in infraction, the law abiding citizens
might be demoralized as the formers are getting
rewarded. Development Peace-like regulations might
encourage the people that have tendency to violate laws.
The government should take precautions instead of
authorizing irregular constructions. The municipalities
could benefit from the technologic advancements to
monitor anomalous constructions, record the changes in
the field, and create databases. Today there is a wide
range of opportunities for the municipalities to utilize in
their areas of responsibility such as satellite images,
aerial photographs, Airborne-LiDAR (Light Detection
And Ranging), Geographic Information Systems (GIS),
Unmanned Aerial Vehicles (UAVs, drones).

In a constantly developing world, instead of
temporary solutions, permanent approaches must be
developed. Development Peace and similar regulations
should not become a government policy. At first glance,
the Development Peace seems to give a chance to low-
income citizens to gain legitimacy for their irregular
settlements. As stated above, however, these group of
people are not the only beneficiaries of the regulation.
The constructions built contradictory to the development
plans or to the appendices of the permits given are
within the scope of the regulation. That means the multi-
storey buildings, commercial properties, industrial
buildings will benefit from the regulation as well. The
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profits of the owners of these properties are
incomparable with the payments that needed to be paid
by the owners to obtain CRD. In other words, the high-
income citizens most likely will make enormous gains.
Considering that the irregular constructions comprise the
majority of the constructions in Turkey, the income
expected from Development Peace regulation for the
purpose of financing regeneration projects could be
substantial. The question is that who will take the
advantage of the regulation? Is it the government and the
municipalities or the high-income owners that own high
value properties?

From valuation point of view, the commercial
properties cannot be valued as residential properties. In
the Development Peace regulation, as stated before, both
types of properties will be valued in the same way. The
only difference is the percentage to be paid by the
owners to get CRD. In valuation profession, the
commercial properties are appraised by income
approach instead of sales comparison approach as they
yield income. In case of valuing income generating
properties inappropriately, the gain from issuing CRD
for this kind of properties will be less than normal.

Earliest form (July 2018) of the declaration of the
MEUT entitled “Rules and Procedures to Provide
Construction Registration Deed” has been changed in
September 2018 and seems to be changed by the time of
progress. The Development Peace regulation has newly
put into action and it is likely to have further changes as
the deficiencies discovered.

The Development Peace might seem in favor of the
people occupying irregular constructions. While this
kind of regulations make certain parts of community
delighted, the law-abiding side of the society will be
demoralized. Although the Development Peace is the
most comprehensive action of the government with
respect to irregular constructions as yet, it may cause
expectations in the citizens such as the government
might put into action similar regulations in the future as
well. The government should develop policies to avoid
irregularity and not to encourage the people having
tendency to break the rules.

On the other hand, the rationale behind the urban
regeneration projects in Turkey is mainly declared as
constructing earthquake resistant buildings. However,
this new regulation covers all kinds of constructions no
matter how resilient they are against natural hazards
(esp. earthquakes). While promoting  durable
constructions, legitimizing vulnerable buildings at the
same time is another flawed side of the regulation and
needs further consideration.
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ABSTRACT

Road construction is mostly passed through mountainous regions or hilly terrains in Turkey like in all world. In hence,
roadway construction and widening are being constructed through blasting and excavation, leading to rock slope
instabilities and failures then poses threats to life and property. The reasons for failure sometime after construction are
likely due to the deterioration of rock masses in cut slopes. However, slope instability and failures mainly occur due to
adverse slope geomorphological complexities, joint discontinuities, weathering, man-made activities, unloading; and
several induced factors such as seasonal heavy rainfall events, snow coverage, etc. The objectives of this paper are
therefore to identify the most significant parameters influencing the behavior of cut slope rock masses with employing
SMR ,and to perform a preliminary slope instability assessment along roadway D340- 41.42, southwest of Turkey, where
slopes located in a region of Taurus’s rugged terrains with known complex geometry, then propose a suitable control
measures to mitigate potential failures of rock slope stability. In this study, 19 rock cuts are selected based on the
observed failure mechanisms, slope geometry and materials. A systematic site investigation incorporating relevant
engineering geological and geotechnical parameters were carried out in detail. Based on slope instability observations and
SMR results rating, concluded that these slopes were widely controlled by discontinuities (structurally controlled
failures). As well, SMR classification scheme was successfully used for failure classification in Taurus’s terrains. Finally,
slope flattening with various angles method, wire mesh, toe support by detached rock blocks and drainage ditches re-
design are proposed as a remedial measurement to protect road slope stability from failure.

Keywords: Slope Stability Failures, Rock Mass Classification, SMR Classification System, Roadway D340- 41.42, Turkey



1. INTRODUCTION

Stability assessment is of essential importance for
planning and construction of infrastructure, including
roads in hilly terrain (Basahel and Mitri, 2017; Lenka, et
al., 2018). Slope stability in hilly regions is easily
affected and frequent failures are present all over the
world. In Turkey, most road networks and some railway
tracks are passed through hilly terrains, such as Taurus’s
rugged terrains in the present study. So, these roadways
construction and widening are being constructed through
blasting and excavation, this blasting creates new
fractures in the rock slopes poses threats to life and
property.

In Taurus precarious, slopes are well known for their
instability due to the dynamic nature of slopes,
geomorphological complexities, joint discontinuities,
weathering, long period snowfall which sometimes
cause the roads to be completely closed, in addition to
heavy and sustained rainfall, and ongoing activity. This
constraint sometimes causing disruption of traffic along
this important hill route and creating recurrent economic
loss to the state exchequer.

To avoid these troubles, it is then very important to
assess engineering geological properties of the
lithological units with elaborated investigations for
stability of slopes, in hence, this paper highlights
utilizing SMR classification after (Romana, 1985)
developed for rock slope stability assessment, then
classify the rock mass of the investigated slopes into
different slope classes of Turkey, according their
vulnerability to failure along roadway D340- 41.42,
southwest of Turkey, where slopes located in a region of
Taurus’s rugged terrains known with complex geometry.

In order to examine cut slope and assess their
stabilities, a systematic site investigations incorporating
relevant engineering geological and geotechnical
parameters have been carried out in detail, this work was
accomplished with scan-line technique suggested by
(ISRM, 2007), during investigation all field observations
/ measurements, characterization of rock mass for all
slope instability analysis were recorded, Also, slope
instability modes were identified too. Finally, and to
mitigate the endangered cut slopes from failure, the
strengthening measurements and many remedial
solutions were proposed.

2. GEOLOGICAL DESCRIPTION

The studied roadway cut is located within the
Central Taurus Belt, it is a part of D-340 along a major
highway connecting between Konya and Alanya cities,
lying southwest of Turkey with coordinates (36°58'52"
N;32°27'32"E) and (36°44'54" N;32°27'55"E) (Fig. 1).

Geologically, roadway D340-42.41 region was
covered by shallow marine sedimentary rocks that
resulted from deposition of limestone, clayey limestone
and recrystallized limestones during the Early-Middle
Cambrian. Exposed lithological units along studied
roadway were belong to “Gevne group “varied from
Kusakdagi formation (Pk) to Dedebeleni formation (Jd)
with some Quaternary deposits and recent slope debris
(Q) (Fig. 2), ranged in age from Jurassic - Upper
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Jurassic (Dedebeleni formation) to Upper Permian
(Kusakdagi formation) (Turan, 1990).

The studied roadway was a problematic due to the
existence of lithological units with variable characters
which mainly comprised of micritic limestone, reefal
limestone, clayey limestone, mudstone, sandstone,
conglomerate; and Quaternary clastic  deposits
comprised of gravel-sand-silt and clay (Fig. 1)

However, during field studies the observed cut
slopes are located within four formations are: 1)
Kusakdagi formation (Pk) (Upper Permian) comprised
of bituminous - fossiliferous and reefal limestone beds
described in field with grey-black color, moderate -
thickly bedded, moderately to highly weathered, hard,
and moderately jointed, and thin abundant algal
limestone with interbedded of shale and quartzite. 2)
Beyreli formation (Tb) (Middle -Upper Triassic) was a
sequence layers varied from light gray, hard, slightly-
moderately weathered, well bedded sandy recrystallized
limestone, sandstoe, shale to light brownish colors of
mudstones and micro-conglomerates beds characterized
with moderately-highly weathered, highly jointed 3)
Camici formation (Jc) (Jurassic?) recognized by colored
with red clayey, thick and conglomerate - dominated
sandstones, mudstones. This conglomerate was reddish,
coarse grained with poor rounded shape, slightly-
moderately weathered and medium strong; and
Dedebeleni formation (Jd) (Upper Jurassic) dominantly
comprised of limestone and micritic limestone with soft
morphological clay and silt, claystone- clayey limestone
alternated with re-crystalized and little dolomitic
limestone, these units characterized with light gray to
white colored, limestone hard to extremely hard, highly
jointed.

Structurally, the study area is repeatedly affected by
folded, uplifted - thrusting and erosion activities through
Early Cimmerian Orogeny (Turan, 1990), thus, this led
to a rugged terrain like Taurus ranged in elevation
between (1052-1403 m) above sea level and form a
dendritic drainage pattern which was observed during
field studies too.

The researched roadway stretch was an extensively
deformed, this observed obviously by making up major
thrust fault namely “Gevne thrust fault” accompanied by
transional faults, then led to form deeply valley namely
“Gevne stream” as a weakness planes induced most of
slope instabilities exposed along this road.

Therefore, most of the observed failure modes
(planer, wedge, toppling) in the field were controlled by
discontinuities. In addition to several climatic factors
directly and indirectly widely induce road slope
instability such as seasonal heavy included rainfall
events and snow coverage on open spaces and Ssite-
specific roadway traffic (Trenouth and Gharabaghi,
2016).

These factors combined with the erosion and man-
made activity, water run-off and groundwater mainly
cause to slope instabilities. Briefly, the factors impact on
roadway lifetime are consecutive and myriad, could be
argued.



Turkish Journal of Engineering (TUJE)
Vol. 4, Issue 1, pp. 9-16, January 2020

Istamitnal

ANKARA Fa

<
'.
'.J'stl.m.s P L #5 _h'-..,.}
E 300 km
\
N
A 32°2?'0"E 32°2;5'0"E 32°39'0"E 32°3l5'0"E
I.Qll‘lllllll I‘I:Illll|llll;l
= : : - ﬁ' T—\ T T | T 1 T 1 T 1 -—|——-—l —I—-—l —r—l ) %
37°0'0"N"—‘:"7\~’F;IPKI—|I_LIHadin'I = : i ‘—I [ j; ————137°0'0"N
e R T — u__‘_|+| —',—1 — : I I.,f_’_’_

.;ml ] =
36°55'0"N [ ————————1 ..o
36°50'0"N 36°50'0"N

\ Lo
F X
= N
e N
= \\\%’4 v
OAL'()'"N - = ,” ”/o ‘,&‘ ’ oA
36°45'0"N s 36°45'0"N
==
32°26’0"E 32°2'5'0"E 32°3b'0"E 32°35'0"E
Dedebeleni Fm.(Jd) === Gevne Dam
- Camici Fm.(Jc) < Investigated-Slopes 0 2.5 5 10 15
Beyrell Fm.(Tb) @ Unstable slopes Km

B Kusakdagi Fm.(Pk) [] stable siopes

Studied road segment .
Gevne stream

Partially stable slopes

Fig. 1. Location and Geological map of study area, modified from Directorate of Mineral and Explorations (MTA, 1985).

11



Turkish Journal of Engineering (TUJE)
Vol. 4, Issue 1, pp. 9-16, January 2020

Slope debris (Q) or free
fall within Dedebeleni fro.
20

Combined failure
within Camici fm.

Legend

Dedebeleni fim. e Roadway D 340-41.42
= Camicifm : Slope slip fault
Beyreli fm. =~ Geological boundary

Kusakdagi fm. [ ] Observed failure at field

weak slip plane

e
Planar failure within
Kusakdagi fm.

\\'e;ée failure .
within Beyreli fm.

ee falling wedg

CA Y fouit wall >
] or shear zgne
SN0

Structully- controlled
failure

Fig. 2. Geological sketch showing discontinuity impact on failures modes observed along roadway D340-41.42.

3. APPLICABILITY OF ROCK MASS
CLASSIFICATION TO SLOPE STABILITY

In rock mass classification system, most of the
methodology is proposed to identify the quantitative
condition of road slopes (Saranaathan, 2015). In general,
the slope stability determination methods depending on
the material involved (Sonmez et al., 1998) . However,
many authors have applied geostatistics to investigate
slope stability assessment in a rock mass (Aksoy, 2008;
Harrison and Hudson, 2000; Liu and Chen, 2007;
Morales et al., 2019; Pastor et al., 2019; Tomas et al.,
2012) qualitative and quantitative methods have been
used to detect and predict rock slope stabilities, As is
well known, Rock Mass Classification calculated based
of RMR, is probably one of the most widely used
classifications (Pantelidis, 2009; Romana, 1997) is
mainly used and developed to perform slope stability
and examine failure of rock cut slopes, but largely
accepted, endorsed and used in current paper
classification system is slope mass rating (SMR)
(Romana, 1985; Romana et al., 2003) specifically
designed for calibration of slopes, which basically
modified from basic Rock Mass Rating (RMRuasic).

3.1. APPLICATION OF SLOPE MASS
RATING (SMR)

For evaluating the stability of rock slopes,
(Romana,1985) proposed a classification system called
the “slope mass rating” (SMR) system (Table 1). SMR is
basically obtained from Bieniawski’s rock mass rating
(RMR) by subtracting adjustment factors of the joint—
slope relationship and adding a factor depending on
method of excavation.

Romana (1985) established a relationship to find
‘Slope Mass Rating ‘depending on the RMRuasic index
(Bieniawski, 1989) and a factorial adjustment factors
that depict the geometrical relationship between
discontinuities affecting the rock mass and the slope (F1,
F2, F3) (Table 2), slope excavation method (F4) (Table
3). It is completely depend on the geometrical
relationship slope and discontinuities orientation with

observed failure modes in field (Table 4). The final
calculation is of the form:

SMR = RMRupasic+ (F1.F2.F3) +F4 ..................
Where: (RMRupasic) is  evaluated according to
(Bieniawski, 1979) by adding the ratings of five
parameters (see Table 5). F1, F2, and F3 are adjustment
factors related to joint orientation with respect to slope
orientation, and F4 is the correction factor for method of
excavation:

i) F1 — depends on parallelism between joints and slope
face strikes. It is in range from 1.00 (when both are near
parallel) to 0.15 (when the angle between them is more
than 30°).

ii) F2 refers to joint dip angle in the planar mode of
failure, in a sense, is a measure of the probability of joint
shear strength. This value varies from 1.00 (for joint
dipping more than 45°) to 0.15 (for joints dipping less
than 20°).

iii) F3 reflects the relationship between slope face and
joint dip. Conditions are fair when slope face and joint
are parallel. When the slope dips 10° more than joints,
very unfavorable condition occur. The adjustment factor
for the method of excavation F4 depends on whether one
deals with a natural slope or one excavated by pre-
splitting, smooth blasting, mechanical excavation, or
poor blasting. Based on the SMR results, the studied
slopes are classified into different instability classes with
risks descriptions according to the following Table:

Table 1. Description of SMR classes (Romana, 1985).

Class SMR Descript- Stability Failure
ion probability
\ 0- 20 Very bad  *C. unstable 0
v 21-40 Bad unstable 0.2
i 41-60 Fair *P.stable 0.4
1l 61-80 Good stable 0.6
| 81-100 *V.good *C.stable 0.9
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*V: very; *C: completely; *P: Partially.
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Table 2. Adjustment ratings for F1, F2, and F3 (Romana, 1985, modified by (Anbalagan,et al., 1992))

Case of slope failure Very favourable  Favourable Fair Unfavourable Very unfavourable
P | oj-as| >30°

T  |oj-os-180| 30-20° 20-10° 10-5° <35°
W | aj-as|

PITIW F1 0.15 0.40 0.70 0.85 1.00
P |Bil <20° 20-30° 30-35° 35-45° >45°
W [Bj]

PIW F2 0.15 0.40 0.70 0.85 1.00
T F2 1.00 1.00 1.00 1.00 1.00
P Bj-Bs >10° 10- 0° 0° 0- (-10°) < (-10°)
W Bj-PBs

T Bj+ps <110° 110-120° >120° - -
P/T/IW F3 0 -6 -25 -50 -60

FAILURE: P planar; W wedge; T toppling. DIP DIRECTION: a j discontinuity; o s slope. DIP:

slope .

Bj discontinuity; fs:

Table 3. Adjustment factor F4 for the method of excavation (Romana, 1985).

Excavation method F4 value

-8

Presplitting +10  Normal blasting or mechanical excavation 0
Smooth blasting ~ +8  Deficient blasting
Natural slope +15

4. CASE STUDY

In this study, Slope Mass Rating (SMR) after
(Romana, 1985) was used to determine the slope
stability and examine their stability conditions, in order
to do this,19 road cuts have been chosen in the study
area along roadway D340- 41.42. A detailed field
investigation with seven scanlines, 10 m each has been
carried out in the different selected localities of the study
area.

This investigation involved record of both
quantitative and qualitative recording of various rock
masses parameters with an emphasis on collect the
required geological and geotechnical data/measurements
for finding both RMR and SMR. The methodology of
current study can be summarized by the following main
steps:

1- Determination of the six parameters related to
RMRupasic for each investigated slope, to find SMR
values.

2- Collection of field data related to discontinuities in
term of spacing, orientation (dip/strike) with respect to
slope, conditions of joints, ground water, Rock Quality
Designation (RQD %); and Rock strength of rock
material. Here, it is worth to mention that RQD % rating
was calculated by field survey wusing mean
discontinuities spacing (Palmstrom, 2005; Singh and
Goel, 1999) from this relationship; RQD % = (115 -3.3
jv), where jv is the volumetric joint count.

3- Based on the field investigations, investigate and
record, then finding Romana’s rating adjustments (F1,
F2, F3) and assess excavation method (F4) parameters,
to determine the respective Slope Mass Rating (SMR
values).

4- According to SMR values classify of the rock slope
stability into different instability classes with risks
consequently.

13

5. RESULTS AND DISCUSSION

As well as, this study was meant to assess then
classify the rock mass of the investigated slopes along
roadway D340- 41.42 into different slope classes
according their vulnerability to landslide employing
SMR classification. The carried - out investigation
involved 19 rock slopes (S1-S19) along this roadway
(Fig. 1).

Most of the investigated slopes comprise three sets
of discontinuities (J1, J2, J3) along dip with some
randomly oriented sets forming blocks of different sizes,
these joints, slope conditions; and related adjustment
factors (F1, F2, F3) were studied in detail, then
evaluated according to Tables 2,3. Joints - slope
measurements parameters at different locations were
given in Table 4 too. Most of the encountered failure
modes regarding to the geometrical relationship between
joints and slope were controlled by fracturing.

In this study, RMRuasic rating values and SMR
rating values were calculated too. RMRuasic rating values
ranges from 61 to 72 (Table 5), SMR rating values
ranges from 30.30 to 68.10 (Table 6). These ratings were
assigned to each parameter. From these results it was
found that, some slopes despite have a moderate to high
RMRuasic values with good quality of rock mass, but it
was remained unstable and prone to failure.

For example, in the Table 5, S3-S6, S7- S8 rock slopes
although, have medium to high values of RMRupasic (both
are 66), but have the lower SMR values in Table 6.
(30.30, 36.25 respectively).

Obviously, this may be due to effect of joints
orientation and excavation method (blasting) on the
slope instability which denoted in the previous equation
with (F4).

Accordingly, slope stability condition for all
nineteen (19) rock slopes were assessed and classified in
(Table 7) into five potential failure classes based on their
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Table 4. Slope — discontinuities orientation relationship with observed failure modes in field. (DD = Dip direction, DA =

Dip amount)
Rock slope Slope Bedding Joints orientation
No. orientation plane Observed failure in field
DD /DA J1 (DD /DA) J2(DD/ J3(DD/
DD /DA DA) DA)
S1-S2 089/41-68 210/34-35 222/70 355/80 098/90 Wedge J1&J3
S3-S6 087/30-37 180/30-35 280/82 030/83 140/87 Planar J1,Toppling J1,2,3
S7-S8 105/34 255/37 225/80 349/72 115/ 70 Planar j2
S9-S11 115/44 270/40 235/87 045/56 135/85 Planar J1; Wedge J1&J3
S12-S14 112/40 220/31-40 225/82 025/85 100/64 block failure, Rockfall
S15 - 517 095/55 310/20-40 188/83 030/90 125/75 Toppling J1,J2,J3
S18 - S19 110/87 230/40 230/65 045/65 - wedge J1&J2
Table 5. RMR classification based on estimated (RMRuasic) values parameters for the studied rock slopes
Rock slope No. > S1-S2 S3-S6  S7-S8  S9-S11 S12-S14  S15-S17  S18-S19
USC rating (R1) 12 8 11 13 12 10 12
RQD rating % (R2) 13 12 13 17 12 14 13
Discontinuities spacing Rating (R3) 8 10 9 8 10 8 10
Persistence 6 6 5 4 5 4 4
Discontinuities Aperture 1 ! 2 4 ! 8 L
condition Rough_ness 6 5 5 6 5 5 4
rating (R4) Infilling 6 4 5 4 3 6 5
Weathering 3 3 2 3 4 4 4
Total 22 21 19 21 18 22 18
Ground water rating (R5) 14 15 14 13 14 13 15
Discontinuities orientation (R6) 0 0 0 0 -5 0 0
RMRbasic 69 66 66 72 66 67 68
RMR* 69 66 66 72 61 67 68
Rock mass class Good Good Good Good Good Good Good

RMR description

RMR* = Y classification parameters (R1+R..+R5) + Discontinuity orientation adjustment (R6)

Table 6. Results of SMR Rating values for studied rock cut slopes.

Rock slope RMR Observed failure The factorial adjustment factors SMR**
No. basic F1 =) =) Fa rating
S1-82 69 Wedge J1&J3 0.85 0.85 -25 +8 58.93
S3-5S6 66 Planar J1, Toppling J1,2,3 0.85 0.70* -60 0 30.30
S7-S8 66 Planar j2 0.70 0.85 -50 0 36.25
S9-S11 72 Planar J1; Wedge J1&J3 0.85 0.85 -25 0 53.93
S12 -S14 61 Free rock falling 0.15 1.00 -6 +8 68.10
S15 - S17 67 Toppling J1,J2,J3 0.85 0.70 -25 0 52.12
S18 - S19 68 Wedge J1&J2 0.70 0.70 -50 0 43.50

0.70* is an average value for planar and Toppling, SMR** = RMRupasic+ (F1.F2.F3) + F4

Table 7. Slope stability assessment of roadway D340 - 41.42 slopes according to classes and SMR values in Table 6.

Rock slope  SMR**  Class No. Slope Stability Inferred failure from SMR Failure
No. value description Probability %
S1-S2 58.93 11 Fair Partially Planar along some joints 40
stable or many wedge failure
S3-S6 30.30 \Y} Bad unstable Planar or Big Wedge 60
S7-S8 36.25 \Y} Bad unstable Planar or Big Wedge 60
S9-S11 53.93 11 Fair Partially Planar along some joints 40
stable or many wedge failure
S12-S14 68.10 1l Good stable Some block failure 20
S15-S17 52.12 11 Fair Partially Planar along some joints 40
stable or many wedge failure
S18-S19 43.50 11 Fair Partially Planar along some joints 40
stable or many wedge failure
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SMR values in Table 6, and according to all obtained
results, the probability of failure for all studied slopes
have been computed as inserted in Table 7. and
compared to the observed values, then represented in
Fig. 3 too.
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Fig. 3 Failure Probability according to their SRM rating
values for the investigated slopes in the current study.

From this figure it was found there is a reverse
relationship between SMR rating values and probability
of failure (failure probability increases with decreasing
of SMR values). Furthermore, slope stability analysis for
nineteen investigated rock slopes have been explained in
Table 7 and Fig. 4, then categorized into partially stable,
unstable, and completely stable. slope stability analysis
was classified with taking into account multiple
considerations of anticipated conditions during field
study.
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Fig. 4 Slope stability analysis for the investigated slopes
in the current study.

Consequently, we can classify these failures modes
as a “structurally - controlled failures”. This can
reasonably be expected because the study area was
repeatedly affected by folded, uplifted — thrusting
through Early Cimmerian Orogeny. In addition to
impact of severe weather conditions such as climates
heavy rains, snow, etc..; and man-made activities,
therefore, field studies and obtained results have shown
that there is a positive correlation between joints - slope
parameters and failure modes (planer, wedge, toppling).

Also, in this study, we propose that slope flattening
with various angles method, wire mesh; and toe support
by detached rock blocks are suitable remedial solutions
to ensure slope stability of the studied roadway from
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failure. On the other hand, it is inferred that rock bolting
is not suitable for the cut slope of this study due to the
highly fractured nature of the rock mass. If any, as
shown in Fig. 5, re-design of roadside drainage ditch to
protect sensitive rock slopes from failure can be
optimized, where drainage is generally used to mitigate
larger rockslides and failures.

Drianage
ditch

Weathered
rock

Bench

(Equipment

access)
Drill and blast
rock excavation

Fresh rock

Drill offset

Reefal &Fossilferious Limestone
belong to Kusakdagi Formation

D340-41.42 Road |

Fig. 5 suitable proposed solution by Slope flattening
with various angles for investigated rock slope No.17

6. CONCLUSION

Utilizing SMR classification (Romana, 1985) which
we sought to test in this paper, an adjustment factors
(F1, F2, F3) and excavation method (F4) were
considered in this study. From this study, it was found
that SMR can be applicable to thickly-massive and
extremely rocks like massive limestone of this study,
because this rock will need to a heavy blasting, this
blasting creates new fractures in the rock slopes, So, the
effects of the new fractures on rock slopes with SMR
classification as (F4) factor can be estimated. Probably
some correction should be added for the block size
(relative to slope height).

Also, in this study, SMR was successfully used for
failure modes classification assessment in rocky and
hilly areas (like Taurus in present study). In hence, from
the current study we inferred that a detailed study should
be carried out where SMR is less than 40 (S3-S8 in
Table 5), and further studies need to be done to
determine the cause of the differences that occur.

Moreover, it was found that the preliminary analysis
with limited data RMR and SMR is more suitable. The
detailed analysis requires more data and a
comprehensive study of each layer.

Consequently, the geologist and geotechnical
engineers works at General Directorate of Highways in
Turkey are encouraged to use this classification in the
initial evaluation of rocky slopes instabilities conditions,
it is a practical, easy tool and it does not require much
time.
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ABSTRACT

Power transformers are one of the most important and expensive components of power transmission lines. Reducing costs
in the manufacture of power transformers has always been the subject of science. In this study, an ant/firefly hybrid
heuristic algorithm has been developed to optimize the materials used in power transformer tanks and therefore to reduce
tank costs. Based on this algorithm, an interface program has been created in Visual Studio Program. Using this power
transformer tank design computer program, the materials used in the tanks have been optimized. As a result of the
optimization, the materials used in the transformer tank, which is designed as a result, are saved between 5% and 15%.
By this study, it has become possible to reduce the manufacturing costs of power transformers.

Keywords: Power Transformers, Transformers Tanks, Hybrid Heuristic Algorithm, Optimization
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1. INTRODUCTION

Transformers are electrical machines that convert
electrical energy into voltages and currents at the same
frequency but in one or more circuits with the principle
of electromagnetic induction. Since power plants are
located close to the source used, they are often located
far from consumption centers. For this reason, electrical
energy must be able to be transmitted to remote areas
from where it is produced. The voltage value of the
alternating current produced in the alternators in the
power plants is between 0.4 kV and 35 kV. These low
voltages must be increased by 15 kV, 34.5 kV, 66 kV,
154 kV and 380 kV in order to transmit them to remote
consumption centers. Increasing the voltage value of the
alternating current to these values and lowering the
operating voltage of 220 and 380 volts in consumption
centers are made with expensive transformers. Reducing
production costs in these expensive transformers has
always been the subject of science. In this study, a
computer program has been developed by using hybrid
heuristic algorithms in the design of transformer tanks
which constitute an important part of transformer. Using
this computer program, design optimization of power
transformer tanks has been made.

2. POWER TRANSFORMER TANKS

The tank forms the outer frame of the transformer.
Oil cooling is used to prevent heating of the core, coil
and switch. Hence, it needs to be in a closed
environment. A power transformer tank is shown in Fig.

Primary bushing Secondary bushing

| £
Tank cover

-~
—
K- <z
—

Transformer tank

Fig. 1. Power transformer tank

This constitutes a closed environment tank. In order
to prevent heating of iron sheets from conductive wires
passing through the tank, the dimensions are determined
by leaving distances between the active part and the
sheet. Transformer tank can be of different shapes. It is a
gated structure in which the electrical circuits pass
through the tank and there is oil for cooling due to this
electricity. Due to the presence of oil in the tank, it has a
sealing feature. In addition, there are accessories such as
bushing, expansion vessel, radiator on the tank. It also
carries over supporting structures (Abi-Samra, 2009). In
oil transformers, the iron body with the windings is
placed in a container called a transformer tank. This
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container, made of sheet metal, is sealed in an oil-tight
state. After the moisture is removed from the active part
which is dried in the evacuated ovens, it is placed in the
tank (Kothmann, 1995). Then, the tank is filled with the
oil. Moisture must not get into the oil since the moisture
reduces the insulation strength of the oil significantly.
When the transformer container is slightly moistened, its
puncture resistance value immediately drops to half.
The dehumidified oil must be dried. The electrical
puncture strength of the oil, ready for boiling according
to standards and ready to be re-filled into the tank, shall
not fall below 125 kV/cm (Moser, 1986).

The construction of the tank changes according to
the size and shape of the transformer. Transformer tanks
are manufactured as straight walled, curtain walled,
corrugated walled, tubular and radiator from small to big
powers (Moser, 1987). Transformer tanks with large
forces, which are forced to be cooled, are also
constructed as thick-walled, flat-walled. Qil tanks are
made of 1 mm to 12 mm thick sheet metal according to
the size and cooling type of the transformers. The cover
and bottom parts of small and medium power
transformers are generally made of 5 mm to 12 mm
sheets. In transformers with large powers, the cover and
bottom parts are made of 18 mm and 72 mm sheets. The
thickness of the tank walls generally depends on the oil
height. The flat sheet thickness is 3 mm at one meter
height. Tank sheets are supported by various
constructions in order not to use very thick sheets in
higher walled flat tanks. Various reinforcement
constructions are available to support tank sheets. The
sheets forming the tank are generally welded together.
The base plate is also welded to the side plates of the
tank. The cover frame on the upper part of the tank is
attached to the front and side wall sheets by making
corner welding. The cover plate is either bolted to the
cover frame or welded.

All transformer tanks are tested for leaks. Domes on
the tank cover or sometimes on the side walls allow the
bushings to be attached. Doms are generally circular.
The diameters and heights of bushings vary according to
the electrical stresses and forces. Dom and bushings are
made to be mounted to the boiler. The flange is welded
to the hole drilled in the lid to secure the dome to the
tank. Radiators, oil-air and oil-water coolers are used for
cooling the tanks. In radiator cooling, the radiator is
generally mounted on the transformer. In cases where
the number of radiators is too high to be placed on the
transformer, it is made by placing on cooling benches
separately from the transformer. The number of fans is
determined according to the heat losses to be disposed
of. It provides the circulation of oil in the radiators with
pipes. These pipes are connected to the radiators from
the top and bottom of the transformer. Here, the oil
emerges from the top of the tank and passes through the
radiators to cool down, and then the cooled oil re-enters
the tank from the bottom. The pipes are placed in the
region where the oil is the hottest and the transformer is
cooled better. The oil expansion vessel is generally
located on the top of the lid. Two pipes go from the
expansion vessel to the boiler. One of them allows oil to
flow from the tank to the other tank. The other pipe
allows air to escape. There is an open hole in this
expansion vessel to allow free expansion of the oil in
case of sudden heating. This hole is bent downwards to
prevent foreign objects from entering the oil.



In large transformers, buoys are placed in the
container to prevent oxidation and moisture absorption
of the oil in the expansion vessel by contact with air.
Moisture absorbers are placed between the vent and the
oil expansion vessel. In this way, the contact surface of
the oil is reduced and moisture is removed .

3. ANT/FIREFLY HYBRID OPTIMIZATION
ALGORITHM

The pheromones, which the ants actually use to find
the shortest path, are a kind of chemical secretion that
some animals use to influence other animals of their
own species. As the ants move, they leave their
pheromones that they have stored in the paths they have
crossed (Dorigo, 2004). They prefer the path where
pheromone is more likely to be the least. Its instinctive
behavior explains how they find the shortest path to
food, even if a pre-existing path is unavailable (Laptik,
2012). Considering that each ant leaves the same amount
of pheromone at the same speed. It may take a little
longer than the normal process if the ant recognizes the
barrier and chooses the shortest path. Each ant takes a
step-by-step decision-making policy starting from the
source node and creates a solution to the problem. On
each node, the local information is stored in the node
itself or the arcs that exit from this node are read by the
ant. The next step is to decide which node to use when
going randomly (Laptik, 2017). Natural behavior of ants
is given in Fig. 2.

Fig. 2. Natural behavior of ants

An ant hits the node from the node until it reaches
the destination node, completes its forward movement
and goes back to the motion mode. The optimization
potentials through the behavior of ants colony and
during the analysis has been realized that the ants are
able to find the shortest path to reach the food from the
nest that can be used in solving complex problems.
Fireflies usually emit a flashing light at short intervals.
The flashing rhythm of this light is part of the signaling
system that enables fireflies to meet and distinguish
fireflies from other light-scattering insects. The speed,
frequency and the time before fireflies respond to each
other have special meanings. The optimization method
developed based on this logic that determines the
survival patterns of fireflies is called the firefly
algorithm. Population-based heuristic algorithms are
selected to optimize multiple model functions. Natural
behavior of fireflies is given in Fig. 3.
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47 s et

st

Fig. 3. Natural behavior of fireflies
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Firefly herd optimization method has been
developed by observing and imitating the social
behaviors of fireflies. The main purpose of using this
method is to capture all local maxima. In multi-model
function optimization problems, the most important
difference between firefly herd optimization and
previous approaches is the dynamic decision area used
by the individuals in the herd who efficiently place
multiple peaks (Yang, 2009). Each individual in the herd
uses the decision-making area to select his neighbors
and determines his movement through the signal
strength he receives from his neighbors (Yang, 2012).
Meta heuristics studies have made possible improving of
optimization techniques that have the aim of providing
top quality solutions to complex systems. In the
generated hybrid algorithm, mathematical modeling of
ant and firefly colony behavior was performed. This
method has been used to solve the continuous and
discontinuous problems in the design of power
transformer tank, mimicking the natural behavior of ants
and fireflies. Hybrid optimization of generated ants and
fireflies; It is a hybrid optimization technique which is
used as a result of monitoring the paths used by ants and
evaluating the light intensity of fireflies.

4. OPTIMAL DESIGN OF
TRANSFORMER TANKS
HEURISTIC ALGORITHMS

POWER
USING

Power transformer tanks design algorithm improved
is shown in Fig. 4. The basic steps of the algorithm are
as follows:

Step 1. Enter the number of experiments, the
maximum number of generations and the number of the
population (N).

Step 2. Enter; tank internal length, tank internal
width, surface pressure, cover sheet material type, base
sheet material type, active part weight, oil level height,
reinforcement sheet length, effective areas, forces, force
branches, wall sheet thickness, maximum reinforcement
height, boiler vacuum value, reinforcement shape, type
of reinforcement material.

Step 3. Determine the tank model.

Step 4. Enter primary voltage, secondary voltage,
number of primary winding, number of secondary
winding.

Step 5. Generate N chromosomes for the initial
population.

Step 6. Set total number of bars, number of rows,
number of columns, depth of network embedding.

Step 7. Calculate suitability for each solution.

Step 8. If the maximum number of generations is
reached, identify and store the chromosome that is the
best fit in the experiment.

Step 9. Increase the number of experiments if
maximum number of generations is reached, but
maximum number of experiments is not reached.

Step 10. Start the experiment again.

Step 11. If the maximum number of generations is
not reached, go to step 5.

Step 12. Go to Step 18 if both the maximum
generation number and the maximum number of
experiments are reached.

Step 13. Divide the N number of chromosomes into
binary groups and cross.



Step 14. Apply mutation to N chromosomes.

Step 15. Select the best N number of chromosomes
for the next generation from the chromosomes obtained
by N number of chromosomes and N number of
mutations.

Step 16. Increase the number of generation by 1 and
go to Step 5.

Step 17. Calculate transformer tank parameters of
the 3N number of chromosomes.

Step 18. Identify the best chromosome.

Step 19. Calculate the average of the best
chromosome of each experiment.

Primary voltage
Secondary voltage

Boiler internal length
Boiler internal width
Surface pressure

Active part weight
Oil level height

Number of primary winding
Number of secondary winding

Cover sheet material tvpe
Base sheet material type
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Step 20. View results; cover sheet thickness, cover
plate length, cover plate width, base sheet thickness,
forcing the base plate, base sheet deflection, bearing
forces, wall plate thickness, reinforcement thickness,
reinforcement height, reinforcement top sheet thickness,
reinforcement top sheet width, strength moments,
reinforcement cross section, reinforcement weight.

Power transformer tank design program interface
improved is shown in Fig. 5.
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Fig. 4. Power transformer tank design algorithm improved
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DATA OUTPUT
Cover sheet thickness 30 mm.
Cover plate length 7.3 m,
Cover plate width 2 m.
Base sheet thickness 38 mm,
Forcing the base plate 142 Nimm?
Base sheet deflection 7.50 mm.
Bearing forces 135 kN
Wall plate thickness 75 mm
Reinforcement thickness 115 mm.
Reinforcement height 150 mm
Reinforcement top sheet thickness 11 mm.
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Reinforcement cross section 35 cmz2
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Fig. 5. Power transformer tanks design program interface improved

The variables of power transformer tank design
optimization are given in Table 1.

Table 1. Optimization of variables for power transformer
tank design

Transformer Tank’s Detail No-opt. Opt.
Cover sheet thickness (mm.) 32 30
Cover plate length (m.) 75 73
Cover plate width (m.) 25 23
Base sheet thickness (mm.) 40 38
Forcing the base plate (N/mm?) 144 142
Base sheet deflection (mm.) 7.70 7.50
Bearing forces (kN) 140 135
Wall plate thickness (mm.) 9 75
Reinforcement thickness (mm.) 13 11.5
Reinforcement height (mm.) 162 150
Reinforce top sheet thickness (mm.) 14 11
Reinforcement top sheet width (mm.) 162 150
Strength moments (cm?®) 340 325
Reinforcement cross section (cm?) 38 35
Reinforcement weight (kg.) 72 68

21

In the conventional method design, the thickness of
the transformer tank cover is 32 mm. In the generated
optimization, it is understood that 2 mm of the cover
thickness is unnecessary. In the design, the transformer
tank cover plate length is 7.3 m. In the optimization, it is
understood that 20 mm of the cover plate length is
unnecessary. In the design, the transformer cover plate
width tank cover plate length is 25 m. In the
optimization, it is understood that 20 cm of the cover
plate width is unnecessary. In the design, the thickness
of the transformer tank base plate is 40 mm. In the
optimization, it is understood that 2 mm of the base
sheet thickness is unnecessary. In the design, the
transformer tank wall plate thickness is 9 mm. In the
optimization, it is understood that 1,5 mm of the wall
plate thickness is unnecessary. In the design, the
thickness of the transformer tank reinforcement is 13
mm. In the optimization, it is understood that 1,5 mm of
the reinforcing thickness is unnecessary. In the design,
the transformer tank reinforcement height is 162 mm. In



the optimization, it is understood that 12 mm of the
reinforcement height is unnecessary. In the design, the
thickness of the top layer of the transformer tank
reinforcement is 14 mm. In the optimization, it is
understood that 3 mm of the reinforcing top layer
thickness is unnecessary. In the design, the top layer
width of the transformer tank reinforcement is 162 mm.
In the optimization, it is understood that 12 mm of the
width of the reinforcing top sheet is unnecessary. In the
design, the transformer tank reinforcement weight is 72
kg. In the optimization, it is understood that 4 kg of the
tank reinforcement weight is unnecessary. By this study,
it has been possible to optimize the material used in the
production of transformer tanks.

5. CONCLUSION

There is no power transformer boiler design by
using hybrid heuristic algorithms in the literature. In this
study, it is aimed to present a conscious engineering
approach to transformer boiler production which is
designed and manufactured according to the experiences
accumulated over the years. For this purpose, extensive
material analyzes have been performed to identify the
materials used in boiler manufacturing. The structure of
the power transformer tank has been examined in detail.
A firefly/firefly heuristic algorithm has been developed
to optimize the materials used here. Power transformer
tank design program interface has been created in Visual
Studio by using this improved algorithm. In this
optimization, wall sheet thickness, reinforcement
thickness, base plate thickness, base plate strength, base
plate deflection, bearing forces, wall plate thickness,
reinforcement height, reinforcement top layer width,
strength  moments, reinforcement  section and
reinforcement weight have been changed. The best
optimum design has been made considering the tensile
and yield strength of the materials used in the analysis of
power transformer tanks. As it is understood from the
values obtained, the materials used in transformer tank
are saved from 5% to 15%. By this study, it has become
possible to provide a reduction in the cost of transformer
tank production. Thus, manufacturing documentation of
the power transformer tank whose optimization has been
completed in the simulation environment can be
prepared and realized.
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ABSTRACT

Nanotechnology is one of today's most popular research areas. The reason for this is that, thanks to this technology,
production can be much better and much smaller. Investments in this technology increase each year and it is predicted that
the increase will continue. The fact that more nanomaterials are in our lives has become a necessity for further research
into this technology. Many studies have been done on nanomaterials for a long time, but most of them are those that
highlight the positive aspects of nanomaterials on humans. Until a few years ago, studies on the negative effects of
nanomaterials on living things, especially humans, are insufficient. In recent years, increasing use of nanomaterials
necessitated the examination of the effect on human health. As a result of research, some nanomaterials have been
determined to have negative effects on human health. These materials are especially risky for workers during production.
People and institutions working with nanomaterials need to take some security measures. These measures should be
determined according to the properties of nanomaterials. Taking the necessary precautions reduces the possibility of
exposure. The negative effects of nanomaterials on human health are still being investigated. However, thanks to its superior
features, its popularity is rapidly increasing and it is expected to continue to increase.

Keywords: Nanotechnology, Nanomaterials, Occupational Health and Safety, Ergonomics
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1. INTRODUCTION

Nanotechnology; it is the technology where the
substances are examined by going down to 1-100 nm
dimensions and the information obtained as a result of
these investigations are used for applications in various
fields (Ramsden, 2011; Allhoff et al., 2010).
Nanotechnology has an impact on human life on a large
scale. This change is clearly seen through many years of
work. For example; mobile phones used today have been
thought many years ago. However,due to technological
deficiencies at that time, if they were to be produced, their
size would have reached a building size (Ramden, 2011).
The effect of technology on the dimensions of products
can be clearly understood by this example. This is the
most remarkable innovation of nanotechnology.

Nanotechnology addresses many different areas and
continues to innovate in areas. Solar creams that do not
emit ultraviolet light through nanotechnology, lighter and
more robust tennis rackets, self-cleaning glass production
(Ramden, 2011), along with some other technologies
(ultrasonic, HC) to be successful in removing waste water
(Beth et al., 2018), increasing shelf life of foods by using
nanomaterials in the food industry (Gokkur et al., 2012 ).
Such developments add quality to our lives but do not
have the effect of changing our lives completely.
Intensive studies are being carried out on developments
that can be considered a revolution in
nanotechnology.Wars can cause great changes on earth.
Countries are investing in a lot of money to be successful
in the wars which are extremely important for
them.Nanotechnology can be very effective in the
military because it provides more efficient and light
products. In 2002, the United States established a research
center called the Military Institute of Nanotechnology at
the Massachusetts Institute of technology. (Allhoff et al.,
2010) the task of this research center is to make
innovations that will increase the productivity of the
soldiers at the time of the operation. A soldier weighs
45.it carries equipment and moving with this weight for a
long time can cause soldiers to get tired early and
decrease their productivity.Equipment produced using
nanotechnology is much lighter. Only for this reason
nanotechnology can be used for military purposes. But
nanotechnology will not only bring lightweight on
soldiers, it will have the potential to do innovations that
will affect the course of the war. Superior products, for
example, such as self-administered bullets, nano-sized
robots that can disrupt electrical or chemical systems in a
region, can play a major role in determining the end of the
war (Allhoff et al., 2010).

Nanotechnology is clearly known to bring benefits
and innovations in many areas. However, the use of
nanomaterials involves some risks and problems. In this
study, the risks and precautions to be taken in the use of
nanomaterials were investigated.

2. THE EFFECTS OF NANOMATERIALS ON
HUMAN HEALTH

With the development of technology, new materials
have been produced and used. Thanks to these materials,
many new and superior products can be produced.
However, changing materials can also cause some health
problems. Besides many superior properties of
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nanomaterials, it can cause serious health problems
especially if precautions are not taken (Buzea et al., 2007;
Esmaeillou et al., 2012; Geraci et al., 2015; Kuhlbusch et
al., 2018; Li et al., 2018; Liu et al., 2012; Mala et al.,
2018; Naqvi et al., 2018; Pietroiusti et al., 2018; Schulte
et al., 2008; Zalk et al., 2009).

As a result of the research, there are more than 1600
Nano-active products today. By 2020, 6 million workers
will be exposed to the ever-increasing nanomaterials (Li
etal., 2018). Fig. 1. shows the changes in nanotechnology
investments over the years. As shown in Fig. 1., the
investment in nanotechnology is expected to increase
over the years and will continue to increase. For this
reason, as time goes on, the risks of nanomaterials on
human health will increase.
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Fig. 1. Changes in Investments for Nanotechnology by
Years (Esmaeillou et al., 2012).

Studies to examine the effects of nanomaterials on
human health are basically two types; in vitro (in
laboratory) and in vivo (in living organisms). Studies
conducted in vitro laboratory environment. The advantage
is that getting quick results and low cost.It is also an
ethically more appropriate method because there are no
applications on living things. Some experiments that can
be carried out include the polyphase test, the apoptosis
test, the necrosis test, the oxidative stress test and DNA
damage tests (Kumar et al., 2017). In vivo is usually done
on animals such as rats or mice. Nanoparticles in dead or
alive organisms are determined by radio labels. The in
vivo method also determines the level of toxicity of the
nanoparticle by examining the organisms exposed to the
nanoparticles. Histopathology of living organs, cells or
tissues is used after exposure (Kumar et al., 2017).

As a result of researches, nano-sized particles are
observed to pose more risk to human health than macro-
sized particles. Nano-sized particles damage the lungs
through respiration. At the same time, these particles can
easily penetrate the circulatory system and reach the
nervous system and the brain (Ozdemir et al., 2015;
Unver, 2016). The effect of nanoparticles on human
health has been shown to depend on particle size. For
example, if the size of particles taken from the lungs is
less than 100 Nm, they can reach the alveoli in our blood
vessels (Koksal et al., 2014). As mentioned, the particle
size has a significant impact on human health. According
to particle size, the accumulation areas in the human body
(especially the respiratory system) are also different. Fig.
2. shows the accumulation zones of materials in the
respiratory system according to particle size.
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Fig. 2. Accumulation zones in respiratory system according to particle size (Geraci et al., 2015)

Many animals and plants were used to investigate the
damage of nanoparticles. For example, the effect of
titanium dioxide nanoparticles on water flea ,the effect of
silver nanoparticles on water lentils,the effect of zinc
oxide nanoparticles on mussels, the effect of zinc oxide
nanoparticles on offspring carp, as a result of many
researches have shown that nanoparticles pose a risk for
plants and animals. In light of these studies, the first
study to determine the negative effects of nanoparticles
on human health was carried out in 2009 (Ozdemir,
2015).

In cases where nanoparticles are small enough, they
can easily enter the cell and bind to DNA and cause some
genetic damage. Especially silver, aluminum oxide,
titanium dioxide, iron oxide, zinc oxide, such as
nanoparticles can lead to DNA damage has been
determined (Santos et al., 2013; Collins et al., 2017;
Dogan et al., 2018; Esmaeillou et al., 2012, Akyol et al.,
2018; Sekeroglu, 2013).
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2.1. Exposure Routes of Nanomaterials

Nanoparticles can enter the human body and cause
some health problems when certain conditions are met.
Nanoparticles can enter the human body through
respiration, through skin and through digestion.
Nanomaterials, which are extremely small and light, enter
the human body by breathing the most. The nanoparticles
that enter our body by inhalation can reach other organs
by the circulatory system except the lung and brain.
Nanoparticles entering the body through the digestive
tract can reach the stomach and intestinal tract and from
there with blood to other organs of the body. If the
nanoparticles enter the body via the skin, they can be
mixed into the lymph system (Unver, 2016). The ways in
which nanoparticles enter the human body are shown in
Fig. 3. As can be seen in Fig. 3., the nanoparticles can
spread through the body after entering certain ways into
the human body.
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Fig. 3. Schematic representation of the ways nanoparticles enter the human body (Buzea et al., 2007)
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2.2. Determination of Exposure

The popularity of nanomaterials is increasing due to
many extraordinary properties. As shown in Fig. 1.,
investments have increased from year to year and are
expected to increase further. In addition to the many
advantages of nanomaterials, it is known that they have
characteristics that may pose a risk to humans and the
environment. People interact intensively during the use
and production of these materials. In particular, people
who work in the production of nanomaterials are at
greater risk of exposure. Nanomaterials are also important
in the size, amount and in which way they enter the
human body. Knowing the nanoparticle size and amount
is important for the precautions to be taken and the
procedures to be applied after exposure. For this reason,
many devices have been produced to determine the
exposure risks of people in working environments. These
devices can determine the amount and size of
nanoparticles in the environment (Naqvi et al., 2018;
Pietroiusti et al., 2018). Fig. 4. shows the CPC device;

-

—&

N\

Fig. 4. CPC device (Babaarslan, 2014)

The CPC (Condensation Particle Counter) device
serves to determine the number of particles. The
operating principle of the device is based on the counting
of droplets formed by the concentration of alcohol vapor
and the optical detector. The device capacity is 1-1000 nm
and is better than other similar devices if operated in
single particle mode (Kuhlbusch et al., 2018). Fig. 5.
shows the mini-disk device. The main task of this device
determines the amount of nanoparticles. It also measures
the average diameter and surface areas of nanoparticles.
These features differ from CPC. It is a simple and
convenient device that is easy to use and does not work
with an extra resource.

N

Fig. 5. CPC device (Babaarslan,2014)

The OPC (optical Particle counter) shown in Fig.6. is
a different device used to determine the number of
particles. OPC measuring range 200nm - 20um
(Kuhlbusch et al., 2018).
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Fig. 6 . OPC device (Babaarslan, 2014)

Fig. 7 shows SMPs (Scanning mobility Particle
sizer). The task of the SMPs device is to determine the
size distribution of particles.Although many devices are
available in this function, it is the most widely used SMPs
device (Babaarslan, 2014). SMPs device capacity is 1-
1000mn. Although such devices have been developed for
years, there are still some deficiencies and studies are
continuing (Kuhlbusch et al., 2018). The disadvantage of
the SMPs device is that it is slow. It also performs
different scans for each different dimension (Babaarslan,
2014).

Fig. 7. SMPs device(Babaarslan,2014)

Fig. 8. shows the SEM (Scanning Electron
microscopy). SEM is based mainly on the study of the
interaction of electrons from an electron source with the
material to be studied. Some electrons come out of
interaction with the material to be studied. These are
secondary electrons and backscatter electrons. The
secondary electron is the result of the collision of the
incoming electron with the material to be studied. This
electron occurs at a depth of about 10 nm.The secondary
electrons that occur are collected and applied to obtain the
surface image. Another type of electron is the scattering
electron, which comes more deeply (at about 300nm
depth) than the secondary electron.It also has higher
energy than the secondary electrons. In addition to these,
X rays occur as a result of another interaction between the
electron and the material. X rays contain high energy and
influence from the surface of the material to 1000 nm
depth (Babaarslan, 2014). SEM devices achieve very
precise results, and these results depend on the imaging
capacity of the device. In general, their capacity is 0.1
nm-1 mm (Kuhlbusch et al., 2018).



Fig. 8. SEM device (Reddy et al., 2017)

3. RISK ASSESSMENT

Persons working with nanomaterials are at risk and
should be decided how to take measures. Devices such as
CPC, OPC, SMPS, SEM are used to determine the size
and quantity of nanoparticles in the environment.
Although these devices provide information about the
size and quantity of nanoparticles, they do not provide
information about the sources and chemical composition
of nanoparticles (Pietroiusti et al., 2018). Therefore, the
presence of devices does not eliminate the risk in the
environment while providing information about measures
to be taken.

To assess the risk of the working environment,
measurement can be carried out with the devices used to
determine the exposure of workers in respiratory zones
and in the environment. When the two measurements are
compared, it can be interpreted that the workers are
exposed to nanoparticles if the concentration of
nanoparticles in the respiratory zone is greater (Pietroiusti
et al., 2018).

As result of the processes, information about the
nanoparticles is obtained. Thus, the risk level and
exposure are determined. However, in some cases,
sufficient information cannot be obtained about the
characteristics of nanoparticles in the environment. In
these cases, other methods must be applied. Although
there are multiple methods,the most reliable is the control
banding method (Babaarslan, 2014). In this method, some
properties are determined as the force parameter and
some coefficients are assigned to these properties.In
addition to these parameters, some probability factors
have been determined and coefficients have been
assigned to these parameters. The risk matrix is formed
by collecting the coefficients of these two different
parameters. The risk level is determined by means of
charts from this risk matrix (the second parameter value
corresponding to the first parameter is read) (Zalk et al.,
2009).

There are some important problems when making a
risk assessment. For example, there are some situations
that need to be taken into account in the control banding
method. This is a matrix method used in this method. In
matrix methods, some values are assigned in case an
event or situation occurs. Therefore, the degree of
violence is determined as a result of these acceptances.
However, there are some uncertainties when determining
the degree of intensity. In these cases, what to do should
be considered and included in the evaluation.
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Calculations should be made based on the worst case that
may occur in unknown uncertainties.So the Unknown
should be considered the highest danger.

The risk assessment parameters in the control layers
method are intensity and probability (Unver, 2016).
Density factor score is mostly (70%) in nanomaterials and
the rest is the main material. Intensity factors; particle
shape of nanomaterials, surface chemistry of
nanomaterials, solubility of nanomaterials, particle
diameter of nanomaterials, the cancer-causing condition
of the nanomaterials, effect of nanomaterials on
reproduction system, effect of nanomaterials on dermal,
the risk status of the main material (toxicity), the cancer-
causing condition of the main material, the negative effect
of the main material on the reproductive system, the
muatajenlik of the main material, the dermal effect of the
main material, the negative effect of the main material on
asthma (causing asthma or worsening the situation) is
determined. Another parameter the probability parameter,
is the amount of nanomaterials used during the process (a
suitable estimation should be obtained if coulnd't a
precise result is obtained), the working environment is
dusty, foggy or in a condition that makes breathing
difficult, the number of people working in the
environment that is thought to be exposed, working time
factors.

3.1. Determination and
measures

implementation of

Considering the characteristics of nanomaterials, the
precautions to be taken against the risks that may occur
should differ according to other materials. During the
production of nanomaterials, significant problems can
occur in the aspect of employees. The procedures to be
applied as a result of the risk assessments and measures
to be taken are determined. Before making a risk
assessment in a place where nanomaterials are produced,
a pre-hazard analysis should be established to make the
risk assessment more healthy (Unver, 2016). In the
context of pre-hazard analysis,an analysis should be made
on the subjects such as materials to be used during
production,production methods,devices used ,workers
having sufficient equipment related to the work, whether
the company doing the job is sufficient in the work,
ventilation system adequacy, material production being
made by automatic or direct workers. It will be much
easier to make a risk assessment in light of the
information obtained as a result of this analysis. Fig. 9.
shows the the hierarchy of control measures;

Administrative PPE
controls

o /

Engineering

Replacing
Measures

Disposal

Fig. 9. Control Measures Hierarchy (Unver, 2016)

Control measures vary depending on the type of
nanomaterials or process. For this reason, control
measures can be examined under five headings. These
titles are presented below.



Disposal: Disposal is the first and easiest method. It
is to eliminate or reduce the amount of nanomaterials seen
at risk. After the production starts, the demolition process
can cause some problems. Therefore, it is the first step
before the start of the process.

Replacing risky material with another material that is
less risky or has no risk at all: The aim of this phase is to
change the risky materials to a less risky or non-risky
situation. For example, a volatile chemical is replaced
with another non-volatile chemical. Thus, it is prevented
from mixing the harmful chemical into the air and
breathing of the employees.

Improvement of the process: The main purpose of this
method with engineering measures is to protect
employees from environmental hazards with engineering
solutions. Expensive in the short run but cost-effective in
the long run (Unver, 2016). For example, in a working
environment where ventilation is inadequate, the
protection of workers from the air known to be at risk
with personal protective equipment (PPE) may seem less
costly than the installation of an engineering solution
ventilation system. But in the long run, process
improvement creates a less costly situation. In addition, it
can offer a more effective solution than PPE (Schulte et
al., 2008).

Administrative improvements: The aim of this
method is to raise awareness about risky situations of
employees and managers exposed to nanomaterials. In
cases where engineering measures are inadequate, this
method is applied. In this method, changes are made to
allow workers to be exposed to less (change of working
schedule, training and work rotation).

Personal protective equipment use: The use of
personal protective equipment (PPE) is at the end of the
step of measures that can be taken. In cases where all
other methods are inadequate , equipment such as gloves,
masks, protective clothing is used to prevent
nanoparticles from entering the body (Schulte et al.,
2008). The very small nanoparticles can easily enter the
human body through the skin. In order to prevent
this,polyethylene gloves were found to be more resistant
than cotton and polyester gloves (Unver, 2016).

Cotton aprons used in laboratories cannot provide
effective protection against nanoparticles. Therefore, it is
recommended that workers working with nanomaterials
use aprons containing polyethylene instead of these
aprons.

The presence of ventilation system is extremely
important in the environment where nanomaterials are
produced. HEPA filters should be used in ventilation
systems. (Pui et al., 2007). In the absence of ventilation
system, selection of respiratory protector is important.
Respiratory protector should be fully seated on the face
first and there should not be any gaps.

4. CONCLUSION

It is known that nanomaterials have many superior
properties and their use is increasing rapidly.But as a
result of the studies, these materials which have superior
properties can also have some effects on human health.
Some nanomaterials have toxic properties. For this
reason, it is inevitable that people working in production
facilities are exposed to nanomaterials that show this
toxic property. Very small nanoparticles can easily enter
the human body and cause serious disturbances.
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Therefore, it is not enough to apply ordinary work safety
rules during material production. Environmental
conditions and persons with the necessary equipment are
important in the Prevention of exposure. Nanomaterials
will continue to improve the quality of life with superior
features, if the necessary rules are clearly formulated and
implemented.
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ABSTRACT

Composite nanoparticles (nano powders) are nano-sized and can be synthesized with a wide range of organic, inorganic
materials and production techniques. Titanium dioxide is one of the most commonly used materials in the production of
composite materials. The reason why titanium dioxide is more preferred is that it has a minimum of any reactive step, it
does not interfere with the human body and is an organic material that does not contain by-products. The photocatalytic
properties of titanium dioxide can be improved by various methods. TiO: is the most widely used photocatalyst in air
purification. In this study, titanium dioxide based composite material was fabricated by hydrothermal method. The
electrical, optical and structural properties of the material were investigated with the contribution of three different
compositions of cadmium oxide (CdO) for produced in the experiments. For this purpose, SEM, U-V (Vis), I-V and FTIR
techniques were used for the characterization and obtained results evaluated.

Keywords: Composite Material, TiO2, CdO, Hydrothermal Method
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1. INTRODUCTION

Composite materials have been discovered and
continue to be explored for a wide range of uses
throughout human history. This process, which started
with the addition of straw to mud, continues to develop in
a wide range of areas from construction materials to
photovoltaic nanoparticles. However, the use of the first
composite word coincides with the early 1940s
(Kinsinger et al. 2011). The purpose of producing
composite materials is to gain new chemical and physical
properties such as optical, electrical or mechanical, etc. to
materials. There has been a rapid development in
composite material technology in the near future. This
rapid development has enabled them to be used
increasingly in many sectors. The most preferred sector is
the aviation industry (Akbulut et al. 2017).

Composite nanoparticles are nano-sized and can be
synthesized with a wide range of organic, inorganic
materials and production techniques. Titanium dioxide is
one of the most used materials in the production of
composite materials. The semiconductor property of
titanium dioxide is used and its photocatalytic property is
utilized. Inorganic metal based titanium dioxide (TiOz)
covers a wide range of catalysts, semiconductor films,
etc. from the chemical industry to photovoltaic and
semiconductor thin film applications. as used very often.
In photovoltaic applications, it has been possible to
synthesize titanium dioxide by using various additive and
production methods to improve optical absorption
capacity or electrical properties and researches continue
along this direction.

Titanium dioxide is more preferred because it has a
minimum of any reactive step, does not interfere with the
human body and is an organic material (Kinsinger,
Tantuccio, Sun, Yan and Kisailus 2011). TiOz is the most
widely used photocatalyst in air purification (Zhang et al.
2006) and TiO2 has been one of the most researched
semiconductors since the discovery of water separation in
the 1970s. TiO2 has wide application areas such as; TiO2
based catalyzes, cosmetics, dyes, antibacterial
substances, lithium-ion cells, dye-sensitive solar cells,
etc. are abundant. However, the white color and a
broadband range of intact TiO2 limit its application to the
UV part of the sunlight spectrum in depth. Only a small
proportion (~%?5) of solar energy can be used well by
copper TiO2 and most of the solar energy is wasted.
Therefore, it is necessary to reduce the recombination of
electron-hole pairs to extend the absorption edge of the
solar spectrum to the visible region and to increase the
photocatalytic activity of TiO2(Fang et al. 2017). Since
titanium dioxide is a good catalyst, it can interact with
different materials. The TiO2 semiconductor can be
combined with the cadmium oxide semiconductor, which
has a narrow bandgap and can absorb visible light. The
basic principle of this mechanism is based on the
excitation of the electron in the valence band (VB) to the
conductivity band (CB) by the absorption of light from
the narrow band hollow semiconductor, and from there
the passage of TiOz into the conductivity band. Thus,
electrons move towards the surface of TiO2 to form active
oxidized species. There are such many studies in the
literature.

There is a wide area of study with many different
contributions such as;
TiO2:FeS2,Z2r02:Ti02,Si02:TiO2, TiO2:CNSP etc (Rashid
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et al. 2018). Cadmium oxide is an important n-type
semiconductor with a direct band gap of ~2.5 V and an
indirect band gap of 1.18~1.20eV. Nonlinear materials
have promising applications in catalysts. CdO
nanoparticles are known to be highly reactive and have
been used in processes such as energy storage systems,
electrochromic thin films and heterogeneous catalyses. It
forms an important component in the synthesis of
nanoscience and nanotechnology. Nanomaterials
produced by chemical methods have proved to be more
effective by providing better control as well as providing
different sizes, shapes, and functionalization than those
produced by physical methods such as laser ablation, arc
discharge and evaporation. Metal oxide nanoparticles can
be produced by soft chemical methods such as co-
precipitation, sol-gel and hydrothermal synthesis
(Sayilkan et al. 2007).

In this study, cadmium oxide (CdO) nanoparticles are
added to titanium dioxide (TiOz), which is a good
semiconductor, to improve optical absorber and electrical
conductivity properties. For this purpose, using SEM,
UV-Vis, I-V and FTIR measurements of unadulterated
TiO2 sample produced by hydrothermal method and also
CdO: TiO2 (10:90) and CdO: TiO2 (20:80) composite
samples with two different ratios of CdO added into TiO2
were produced and characterized.

2. MATERIALS AND METHODS

Synthesis steps of TiOz; first, titanium isopropoxide
(Ti (OC3H7) 4) ethyl alcohol (ethanol (CH3CH20OH))
were put in a beaker, while hydrochloric acid (HCI) and
ethanol were added to each other in a separate beaker. The
mixtures were stirred for one hour on a magnetic stirrer
and the two mixtures formed were added, too. The
resulting new sample was again stirred in the magnetic
stirrer for half an hour. The solution was determined as
TiO2 and in the following process, two different doped
samples were obtained by adding 10% and 20% cadmium
oxide (CdO) calculated as molar ratios to the solution
prepared by the same experimental procedures. Thus, the
samples; TiO2, CdO: TiO2 (10:90), CdO: TiO2 (20:80)
were produced. These mixtures were subjected to the
hydrothermal ~ process, drying and annealing,
respectively, in accordance with the literature. As a result
of these steps, three powder samples in powder forms
were obtained.

SEM, UV-VIS, I-V and FTIR analyses of the three
physical and chemical properties of the powder samples
were performed to determine the physical and chemical
properties.

3. RESULTS

3.1. Scanning Electron Microscope (Sem)
Results

Fig. 1 shows SEM images of pure TiO2 and TiO2
doped with CdO as; CdO: TiO2 (10:90) and CdO: TiO2
(20:80), respectively. The SEM images of the samples
showed that the pure sample consisted of smooth
spherical structures. In CdO: TiO2 composites, these
spherical structures were not observed. In composite
samples, these spherical structures were disintegrated and



disrupted by CdO effect, and instead of these spheres
random particle structures of large and small dimensions
were formed. Based on these findings, it was found that
the structural properties of the samples varied depending
on the sample composition ratio.

10um
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Fig 1. SEM images of the specimens; a)TiOz, b)
CdO:Ti02(10:90), ¢) CdO:TiO2(20:80).

32

Turkish Journal of Engineering (TUJE)
Vol. 4, Issue 1, pp. 30-35, January 2020

3.2. Optical Analysis Results

Optical band intervals of pure TiO2, CdO: TiO2
(10:90) and CdO: TiO2 (20:80) samples were
investigated. The samples were pelletized and optical
measurements were taken. The transmittance method was
not used because the samples were not transmissible and
instead of this diffuse reflectance method was used.
According to this method, reflectance measurements of
the samples were taken and optical band intervals were
calculated. The Kubelka-Munk function developed for
this is expressed as follows (Morales et al. 2007);

_ (1-R)?
F(R) =~ (1)
Here, F (R) is the Kubelka-Munk function and

corresponds to absorbance and R is reflectance. The most
important feature of the Kubelka-Munk function is that
the samples with weak absorbance coefficients convert
the measured reflectance values into absorbance values.
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Fig 2. Reflection spectra of samples

Reflection spectra of pure TiO2, CdO: TiO2 (10:90)
and CdO: TiO:2 (20:80) samples are given in Fig. 2.
Variations of the reflection spectra with wavelength can
be seen in the figure. Looking at all three samples, around
400 nm is seen as the reflection limit. Reflection increases
with increasing wavelength. When the reflection
properties of the three samples are examined, it is seen
that they exhibit similar behaviors. As shown in the
figure, it has been observed that as the doping ratio
increases, the percentage of reflection of the sample first
increases and then decreases(He et al. 2002; Sun et al.
2009; Wojcieszak et al. 2015).

The relationship between absorbance and optical
band is expressed in the following equation.
ahv = A (hv-Eg)" 2)

The o value in this equation corresponds to the value
of F (R) / d (d = sample thickness). A is a constant, Eg is
a forbidden energy (optical band) range, n is a constant
and determines the type of optical transition. The



forbidden energy ranges (ohv) of the samples were
obtained from the (ahv)>-hv graph.
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Fig 3.Specimens (ohv)>-hv spectrum

(ahv)>-hv spectra were plotted to calculate the
forbidden energy range of the obtained samples and are
given in Fig. 3 (Lebukhova et al. 2017). Eg values were
obtained from linear parts of the(ohv)>hv spectra. Eg
values were calculated as 3.18 eV for pure TiO2 sample,
3.26 eV for CdO: TiO2 (10:90) sample and finally 2.87
eV for CdO: TiO2 (20:80) sample(A.Aadim et al. 2016;
Laatar et al. 2017; Kamil et al. 2018). The optical band
spacing of the composite materials produced varies
depending on the composite ratio of the material.

3.3. Electrical Conductivity Results

In order to determine the electrical characteristics of
the prepared samples, their electrical conductivity was
measured by 2-probe method and 1-V graphs were
obtained and the results were given in Fig. 4.

¢ |=====Pure TiO,
2,0%10” | o Cd0:Ti0,(10:90)
| m—Cd0:Ti0,(20:80)

1,5x106

I(A)

1,0x10°

5,0x107 -

e
00 T T T T T T T T
5 10 15 20 25 30 35 40 45 50
‘](‘7)
Fig. 4. Specimens I-V curves

The following equation was used to calculate the
electrical conductivity of the samples.

g =

|

®)

<~
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Where o is the electrical conductivity, | current, V
potential difference, d is the thickness of the sample and
A is the cross-sectional area of the sample (A= mr? r
radius of contact point).

The calculated electrical conductivity of the samples
are; 6,08x107 Qcm for pure TiO2 sample, 1,29x107 Q-
Iem for CdO: TiO2 (10:90) sample and CdO: TiO2
(20:80) for sample and 1,58x107 QtcmL,

Accordingly, it was observed that the electrical
conductivity of the samples varied depending on the ratio
of TiO2 and CdO in the material. The results obtained are
similar to the results of the previous study. (Nagashima et
al. 2012).

3.4. FTIR Results of Samples

Variations of FTIR spectra with the number of waves
for chemical structure analysis of the samples are given
in Fig. 5. Characteristic vibration bands were observed in
the FTIR spectrum of TiOz at 1200cm™ and 1700 cm™.
The presence of these bands confirms the chemical
structure of titanium dioxide. The change in peak
intensities indicated the presence of cadmium oxide but

also showed good addition.
100
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= Pure TiO,
m— CdO:TiO,(10:90)
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— T T 1 T T T T T T
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Fig 5.Specimen FTIR spectrums

When the curves given in Fig. 5 are examined, it is
observed that the permeability is maximum between 900—
1300 cmL. This increase can be said to be typical bands
of TiOz and similar results can be found in the literature.
(A.Aadim et al. 2016). In the figure, the wide vibration
bands observed in the range of 500-700cm™* were caused
by vibrations in the Ti-O-Ti bonds in the TiO2 mesh. 598
cm Ti-O vibration band and 1638cm™ Ti-O-Ti stretch
band corresponded to(Nithya et al. 2013; Mashkour et al.
2017).

4. DISCUSSION

In this study, cadmium oxide (CdO) doped titanium
dioxide (TiO2) composites and pure titanium dioxide
(TiO2) were produced as semiconductor materials. The
samples produced; additive titanium dioxide (TiOz) and
CdO: TiOz2 (10:90) and CdO: TiO2 (20:80) are composite
materials. Structural, electrical, optical and chemical,



properties of the three samples were analyzed by SEM, |-
V, UV-VIS and FTIR measurements.

When the SEM images of composite materials were
evaluated; The structure of pure TiO2 sample was
observed as spherical particles and these spherical
structures were determined to be uniform. In composite
samples, spherical structures disappeared and instead of
the particles of different sizes formed in varying sizes and
shapes depending on CdO contribution ratio. The
dielectric property was increased by adding CdO into
TiO2. The electrical conductivity of the samples was
calculated from the current-voltage (I-V) plots drawn by
electrical measurements. Accordingly, the electrical
conductivities were found as 6,08x107Qcm™ for pure
TiO2 sample, 1,29x107 Q1cm? for CdO: TiO2 (10:90)
sample and 1,58x107Qtcm? for CdO: TiO» (20:80)
sample. The forbidden energy ranges of the samples were
calculated from the absorbance spectrum. It was found to
be 3.18 eV for pure TiO2 sample, 3.26 eV for CdO: TiOz
(10:90) and finally 2.87 eV for CdO: TiO2 (20:80). FTIR
analyses were performed to examine the structural
properties of the samples and the average characteristic
band of the samples was around 1300 cm™™.
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ABSTRACT

In this study; the effect of the material model, axial load, longitudinal reinforcement ratio, transverse reinforcement ratio
and transverse reinforcement spacing on the behavior of reinforced concrete cross-sections were investigated. Squared
cross-section column models have been designed. The effect of axial load, transverse reinforcement diameter and transverse
reinforcement spacing on the behavior of reinforced concrete column models have been analytically investigated. The
behavior of the columns was evaluated from the moment-curvature relation by taking the nonlinear behavior of the
materials into account. The moment-curvature relationships for different axial load level, transverse reinforcement diameter
and transverse reinforcement spacing of the reinforced concrete column cross-sections were obtained considering Mander
confined model. Moment-curvature relationships were obtained by SAP2000 Software which takes the nonlinear behavior
of materials into consideration. The examined effects of the parameters on the column behavior were evaluated in terms of
ductility and the strength of the cross-section. In the designed cross-sections, the effect of transverse reinforcement diameter
and transverse reinforcement variation on the confined concrete strength and the moment-curvature relationship was
calculated and compared for constant longitudinal reinforcement ratio. The examined behavioral effects of the parameters
were evaluated by comparing the curvature ductility and the cross-section strength. It has been found that transverse
reinforcement diameters and transverse reinforcement spacing are effective parameters on the ductility capacities of the
column sections. Axial load is a very important parameter affecting the ductility of the section. It has been observed that
the cross-sectional ductility of the column sections increases with the decrease in axial load.

Keywords: Transverse Reinforcement, Nonlinear, Confined Concrete Strength, Axial Load, Moment-Curvature, Curvature
Ductility.
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1. INTRODUCTION

Understanding the nonlinear response and damage
characteristics of reinforced concrete buildings subjected
to significant earthquakes is essential for assessment of
seismic performance of existing buildings, as well as safe
and economic design of new buildings (Ucar et al., 2015).
In the reinforced concrete structures, that is known
reinforced concrete columns are one of the most crucial
elements under earthquake loads. Column mechanisms
are very critical to prevent total collapse in earthquakes.
The objective performance levels of reinforced concrete
structures could not be ensured due to the failure of some
critical reinforced concrete columns. Because of this,
determining the behavior of the structures should be
known well to design earthquake-resisting structures. In
the reinforced concrete structures, the structural behavior
can be changed according to the behavior of the
reinforced concrete members. Moment-curvature
relationship is one of the best solutions to evaluate and
represent the behavior of reinforced concrete cross
sections (Dok et al., 2017).

The moment-curvature relationships of critical cross-
sections of reinforced concrete members are essential for
non-linear analysis of reinforced concrete structures.
Realistic moment-curvature relationships can only be
obtained if realistic material constitutive models are
utilized for confined and unconfined concrete, and
reinforcing steel during the cross-sectional moment-
curvature analysis (Bedirhanoglu and Ilki, 2004). The
behavior of reinforced concrete elements are determined
by the cross-sectional behavior of elements. Cross-
sectional behavior depends on the material used, the
geometry of the cross-section and the loading on that
particular cross-section. The behavior of a reinforced
concrete cross-section under bending moment or bending
moment plus axial force can be monitored from moment-
curvature relationship (Ersoy and Ozcebe, 2012).
Moment-curvature relationship and stress-strain curves of
steel and concrete are calculated by selecting Mander
model (Mander et. al., 1988) and using the equilibrium
equations and conformity equations to be written.
Generally, the ductility is defined as the capacity of a
material, section, structural element, or structure to
undergo an excessive plastic deformation without a great
loss in its load-carrying capacity (Arslan and Cihanli,
2010).

Ductility of reinforced structures is a desirable
property where resistance to brittle failure during flexure
is required to ensure structural integrity. Ductile behavior
in a structure can be achieved through the use of plastic
hinges positioned at appropriate locations throughout the
structural frame. These are designed to provide sufficient
ductility to resist structural collapse after the yield
strength of the material has been achieved. The available
ductility of plastic hinges in reinforced concrete is
determined based on the shape of the moment-curvature
relations (Olivia and Mandal, 2005). Ductility may be
defined as the ability to undergo deformations without a
substantial reduction in the flexural capacity of the
member (Park and Ruitong, 1988). According to Xie et al,
(1994), this deformability is influenced by some factors
such as the tensile reinforcement ratio, the amount of
longitudinal compressive reinforcement, the amount of
lateral tie and the strength of concrete. The ductility of
reinforced concrete section could be expressed in the
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form of the curvature ductility (pg):
Hep = Q)u/q)y 1)

where @, ; is the curvature at ultimate when the
concrete compression strain reaches a specified limiting
value, @, ; is the curvature when the tension
reinforcement first reaches the yield strength. Theoretical
moment-curvature analysis for reinforced concrete
structural elements indicating the available flexural
strength and ductility can be constructed providing that
the stress-strain relations for both concrete and steel are
known. Moment-curvature relationship can be obtained
from curvature and the bending moment of the section for
a given load increased to failure (Olivia and Mandal,
2005).

In order to be able to understand the behavior of
reinforced concrete members, cross sectional behavior
should be known. Cross sectional behavior can be best
evaluated by moment-curvature relationship. On a
reinforced concrete cross section moment-curvature
relationship can be determined by some complicated
iteration methods. Making these iterations manually is
very difficult and not practical. Some spread sheet
programs can be used for this purpose (Caglar et al.,
2013). Usually it is desirable to design a reinforced
concrete member with sufficient curvature ductility
capacity to avoid brittle failure in flexure and to insure a
ductile behavior, especially under seismic conditions.
Firstly, information about stress-strain relationships,
confined concrete and unconfined concrete models,
moment-curvature relationship is given for a better
understanding of non-linear behavior (Foroughi and
Yiiksel, 2018).

In this study, squared reinforced concrete column
cross section models with equal cross-sectional area were
designed and the effect of the longitudinal reinforcement
ratio, axial force level and transverse reinforcement ratio
on the behavior of these models were investigated. The
behavior of the column models was investigated through
the relation of moment-curvature. In last decades various
stress-strain relationships for unconfined and confined
concrete were proposed by different researchers. A
concrete model proposed by Mander et al. (1988) which
is widely used, universally accepted and mandated in
Turkish Seismic Code (TSC, 2018) has been used to
determine the moment-curvature relationships of
reinforced concrete members based on the SAP2000
Software (CSI, Ver. 20.1.0). Moment-curvature relations
were obtained and presented in graphical form using
SAP2000 Software which takes nonlinear behavior of
materials into consideration. The examined behavioral
effects of the parameters were evaluated by the curvature
ductility and the cross-section strength. The stress-strain
curves and moment-curvature curves were drawn in
various models and were interpreted by comparing the
curves.

2. MATERIAL AND METHOD

In order to investigate the effect of longitudinal
reinforcement ratio and transverse reinforcement ratio,
column models with dimensions of 400mmx=400mm were
designed. A total of 14 models were designed for different
transverse  reinforcement  diameters,  transverse



reinforcement spacing and different axial loads of each
model. The parameters investigated in the stress-strain
relationships, confined concrete models, moment-
curvature relations and ductility of the reinforced
concrete column models are the transverse reinforcement
diameter, transverse reinforcement spacing and axial load
levels. The designed reinforced concrete cross section
models are considered to be composed of three
components; cover concrete, confined concrete and
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reinforcement steel. Material models are defined
considering the Mander unconfined concrete model, for
cover concrete, and the Mander confined concrete model
for core concrete. For all column models, C30 was chosen
as concrete grade and S420 was selected as reinforcement
for the reinforcement behavior model, the stress-strain
curves given in TSC (2018) were used (Table 1).

Table 1. Material parameters in property values (TS-500, 2000)

Standard Strength Parameters Value

Strain at maximum Stress of Unconfined Concrete (&co) 0.002

Concrete: C30 Ultimate Compression Strain of Concrete (gcu) 0.0035
Characteristic Standard Value of Concrete Compressive Strength (fcx) 30MPa

Yield Strain of Reinforcement (esy) 0.0021

Spalling strain in reinforcing steel (esp) 0.008

Reinforcement: S420 Strain in reinforcing steel at maximum strength (esu) 0.08

Characteristic Yield strength of Reinforcement (fyk) 420MPa
Ultimate strength of Reinforcement (fsu) 550MPa

The details of the cross-sections with different
transverse reinforcement diameters and transverse
reinforcement spacing for different cross-sections are
given in Table 2. As shown in Table 2, for the parametric
study; transverse reinforcement spacing were taken as
50mm, 75mm, 100mm, 125mm, 150mm, 175mm and
200mm. Diameters of the transverse reinforcement
diameters were taken as 8mm and 10mm.

Table 2. Details for the designed square column model
cross-sections

Longitudinal Transverse
No  peinforcement  reinforcement N/Nmax
C1 ®8/50mm
C2 ®B/75mm 0
C3 ®8/100mm 0.10
C4 822 ®8/125mm 0.20
C5 ®8/150mm 0.30
C6 ®8/175mm 0.40
C7 ®8/200mm
C8 ®10/50mm
C9 ®10/75mm 0
C10 ®10/100mm 0.10
C11 822 @®10/125mm 0.20
C12 ®10/150mm 0.30
C13 ®10/175mm  0.40
Ci14 ®10/200mm

The combined effect of Ny,,q, Vertical loads and
seismic loads, gross section area of column shall satisfy
the condition A; = Ngmax/0.40f., (TSC, 2018). To
investigate the effect of axial force on the cross-section
behavior, the models were investigated under five
different axial forces; N; = 0, N,=480kN, N5;=960kN,
N, =1440kN and Ns; =1920kN. Moment-curvature
relationships for the designed column cross-sections are
presented from the analytical results of different axial
load, transverse reinforcement diameter and transverse
reinforcement spacing. By using the Mander model, with
the consideration of the lateral confining stress, the c-¢
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relationships of the reinforced concrete columns are
obtained by using the SAP2000 Software. The
reinforcement diameters and reinforcement ratio used in
the cross-sections were determined by considering the
limitations given TS500 (2000) and TSC (2018). In all the
models the longitudinal column reinforcement was 8®22.
The monotonic envelope curve introduced by Mander et
al. (1988) was adopted in this study for its computational
efficiency. The following equation is used to calculate the
unconfined concrete strength ( f. ). The effectively
confined area of concrete at hoop level is found by
subtracting the area of the parabolas containing the
ineffectively confined concrete. Thus the total plan area
of ineffectually confined core concrete at the level of the
hoops when there are n longitudinal bars is;

_ S

A; 3

€Y

Incorporating the influence of the ineffective areas in
the elevation, the area of effectively confined concrete
core at midway between the levels of transverse hoop
reinforcement is:

n

(wh? s s
A, = (bcdc—z £ )(1_2_1)c><1 _2_dc> )

13

Where b; concrete core dimension to center line of
perimeter hoop in x-direction, d. ; concrete core
dimension to center line of perimeter hoop in y direction,
s’; clear vertical spacing between hoops. Therefore, the
confinement effectiveness coefficient (k.) , which
represents the ratio of the smallest effectively confined
concrete area (4.) to the net confined concrete core
area (A..), could be given by the following Equations.

A
k, =%

A, 3)

Ace = be dc(1 - pec)

Pec 1S ratio of area of longitudinal reinforcement to area
of concrete core.



It is possible for rectangular reinforced concrete
members to have different quantities of transverse
confining steel in the x and y directions. These may be
expressed as,

C))

The lateral confining stress on the concrete (total
transverse bar force divided by vertical area of confined
concrete) are given in the x and y direction as,
fix szfyh ’ fly = Py fyh 5)

Effective lateral confining stresses in the x and y
directions are,
f’lx:keflx ’ f’ly:kefly ’ f,l:flke (6)

To determine the confined concrete compressive
strength /', a constitutive model involving a specified
maximum strength surface for multiaxial compressive
stresses is used in this model. f'; is the effective lateral
confining stress.

’ , 14 7.94f", '
flec =f'col —1.2544+2.254 |[————— -2
fleo fleo

The longitudinal concrete stress (f;) is given by the
following relation as the function of the longitudinal
concrete strain (e.). In the following equations, f. and &,
represent the concrete strength and the corresponding
strain value, respectively.

()

!
f_ fccxr X_EC
c = 4 -
r—1+x" Ecc

®
Where €. longitudinal compressive concrete strain.
The calculation of £, is not sufficient to obtain stress-
strain curve of confined concrete. Therefore, the
corresponding strain at maximum concrete stress (&)
has to be calculated too. In addition, the maximum unit
strain value ‘e’ in the concrete must be calculated at the
first hoop fracture occurring in transverse reinforcement.

Ece = €co [1+5<;§Z—1)]

Where f;, and &.,; the unconfined concrete strength
and corresponding strain, respectively (generally ., =
0.002 can be assumed), and

€)

L (10)
r=—="
Ec - Esec ,
_ 7 _ fcc
Ec = 5000y f'co MPa,  Egoc =" (11)
cc

E.: modulus of elasticity of concrete
E..: secant modulus of confined concrete at peak stress

Maximum concrete compressive strain (fracture
strain €.,,) is defined as the fracturing of the confining
reinforcement. Maximum concrete compressive strain for
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confined concrete is given (Paulay and Priestley, 1992);

1.4 ps fyw Esu

£eu = 0.004 + i
cc

(12)

ps: ratio of volume to transverse confining steel to
volume of confined concrete core

&£5,,: Strain in reinforcing steel at maximum strength

fyw: Yield strength of transverse reinforcement

] S &

Effectively ——|| | . T L
confined core

Ineffectively i
confined ~
core “
A —f%-\ ﬁ A
Cover— -—I;il ____________ ! _.T.; .
concrete | ,}_b{n-s‘z’Z —l‘ i
| be |
Section B-B

Fig. 1. Effectively confined core for square hoop
reinforcement (Mander et al., 1988)

3. NUMERICAL STUDY

The computed results for the models are summarized
in the following Tables. When the calculated values of the
designed models were examined, the following results
were obtained. The values given in the tables are prepared
according to the different confining reinforcement
diameters and spacing for the column models. Effective
lateral confining stress in x and y direction and
compressive strength of confined concrete and &, and
&y Vvalues are given in Table 3. The obtained c-¢
relationship of the longitudinal concrete stress (f;) as the
function of the longitudinal concrete strain (&.) is
summarized in Fig. 2. The o-¢ curve shown in Fig. 1 for
different transverse reinforcement spacing has been
prepared according to 8mm (Fig. 2a) and 10 mm (Fig. 2b)
transverse reinforcement diameter.
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Table 3. The calculated fiy, fiy, fix: fiys fi's fec » &c@and & values to Mander models

No Hoops spacing(mm) fix: fiy MP2)  fi., fi,,, fi(MPa)  f.. (MPa) e &u
C1 ®8/50 3.838 2.767 40.91 0.0080  0.0302
C2 ®8/75 2.558 1.698 35.69 0.0059  0.0240
C3 ®8/100 1.919 1.168 32.81 0.0048  0.0203
C4 ®8/125 1.535 0.845 30.98 0.0041 0.0178
C5 ®8/150 1.279 0.648 29.73 0.0036  0.0160
C6 ®8/175 1.096 0.503 28.83 0.0033  0.0146
C7 ®8/200 0.959 0.396 28.15 0.0030 0.0135
c8 ®10/50 5.961 4.341 47.48 0.0106 0.0391
C9 ®10/75 3.974 2.666 40.45 0.0078  0.0315
C10 ®10/100 2.980 1.836 36.41 0.0062  0.0269
cl1 ®10/125 2.384 1.344 33.79 0.0052  0.0237
c12 ®10/150 1.987 1.020 31.96 0.0045 0.0214
C13 ®10/175 1.703 0.793 30.62 0.0040 0.0195
Cl4 ®10/200 1.490 0.626 29.60 0.0036 0.0180
45 50
40 45
35 40
30 35
. _.30
& 25 —0c1 & 25
S 20 —C2 S —C8
=15 C3 =20 —C9
- —Ca 15 C10
5 C6 5 —C12
—C7 C13
0 0
0 0005 001 0-0158 0.02 0.025 0.03 0.035 0 0.005 0.01 0.015 80.02 0.025 0.03 0.035 0.04
C C
(@ (b)

Fig. 2. Stress-strain relationships for different transverse reinforcement spacing according to Mander model

The moment-curvature relationships obtained from
the analytical results are presented in graphical form. Fig.
3 shows the moment-curvature comparisons for different
transverse reinforcement spacing and different axial loads
in the designed cross sections. In Fig. 3, moment-
curvature relationships are given for different transverse
reinforcement spacings according to the transverse
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In the column models designed from the analytical
results, while the axial load is fixed in Fig. 4, the moment-
curvature relationships are compared with respect to the

diameter and spacing of different transverse
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Fig. 3. Moment-curvature relationships of the columns for different load axial
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Fig. 4. Moment-curvature relationships of the columns for different hoops spacing
Moment-curvature relationships for the designed

column cross-sections are presented for different axial
load level, transverse reinforcement diameter and

ultimate moment (M,,), yield curvatures (@,), ultimate
curvatures (@,,) and curvature ductility (ug) values are
calculated from the moment-curvature relationships

transverse reinforcement spacing. Yield moment (M,),

(Table 4 and Table 5).

Table 4. Calculation results of bending moment-curvature (transverse reinforcement ®8)

. Axial Load Level M, @, M, Dy,
KesitNo N/ N GNom)  A/m)  (kN.m) (1/m)
0 165.03 0.0088 243.32 0.4060 46.1
0.1 218.78 0.0101 290.0 0.3258 32.3
C1 0.2 278.27 0.0116 317.0 0.2574 22.2
0.3 322.15 0.0132 337.54 0.2070 15.7
0.4 345.35 0.0153 357.52 0.1913 12.5
0 164.56 0.0088 240.58 0.4063 46.2
0.1 220.07 0.0101 278.43 0.2688 26.6
C2 0.2 275.65 0.0116 291.10 0.1870 16.1
0.3 312.53 0.0132 334.72 0.1669 12.6
0.4 342.07 0.0157 350.88 0.1418 9.0
0 164.41 0.0088 239.42 0.4064 46.2
0.1 222.45 0.0101 272.42 0.2141 21.2
C3 0.2 271.35 0.0116 309.77 0.1524 13.1
0.3 321.69 0.0134 333.42 0.1375 10.3
0.4 341.57 0.0159 348.16 0.1122 7.1
0 161.15 0.0087 234.96 0.3293 37.9
0.1 218.33 0.0101 271.76 0.1834 18.2
C4 0.2 272.56 0.0116 310.29 0.1361 11.7
0.3 313.68 0.0133 263.84 0.1215 9.1
0.4 339.80 0.0161 345.20 0.1050 6.5
0 155.18 0.0087 232.37 0.2975 34.2
0.1 221.70 0.0101 272.26 0.1704 16.9
C5 0.2 282.77 0.0117 308.54 0.1226 10.5
0.3 318.12 0.0134 329.95 0.1099 8.2
0.4 338.59 0.0161 343.63 0.0837 5.2
0 154.09 0.0087 229.66 0.2671 30.7
0.1 226.30 0.0101 270.75 0.1438 14.2
C6 0.2 275.13 0.0116 308.07 0.1135 9.8
0.3 319.52 0.0134 329.25 0.1012 7.6
0.4 337.90 0.0159 341.98 0.0804 5.1
0 156.52 0.0087 227.42 0.2481 28.5
0.1 223.78 0.0101 272.11 0.1390 13.8
C7 0.2 273.01 0.0116 308.02 0.1087 9.4
0.3 315.11 0.0134 328.22 0.0955 7.1
0.4 336.94 0.0158 338.0 0.0765 4.8

43



Turkish Journal of Engineering (TUJE)
Vol. 4, Issue 1, pp. 36-46, January 2020

50
e C1
45 —_—2
3 40 C3
> 35 e C4
s s
& 2 —cr
L 20
2
S 15
8 10
5
0
0 0.1 0.2 0.3 0.4

Axial Load (N/N,,)

Fig. 5. Influence of axial loads on the ductility (transverse reinforcement ®8).

Table 5. Calculation results of bending moment-curvature (transverse reinforcement ©10)

: Axial Load Level M, Dy M, Dy
Kesit No N/Nppy (kN.m) (/m) (KN.m) (/m) Mo
0 16553 00089 24381 04120 463
0.1 23202 00102 30010 03671 360
c8 0.2 26502 00114 33607 03207 289
0.3 32650 00131 35716 02994 229
0.4 34953 00151 35102 02547 169
0 16506 00088 24385 04058  46.1
0.1 22398 00101 29133 03423 339
co 0.2 280.96 00116 31839 02635 227
03 31820 00132 33832 02145 163
0.4 34566 00153 35820 01990  13.0
0 16466 00088 24170 04061  46.1
0.1 21357 0010 28182 03048 305
C10 0.2 26811 00115 31314 02169 189
0.3 31668 00133 33615 0185 139
0.4 349.44 00150 35159 01693 106
0 16450 0.0088 24029 04062  46.2
0.1 22467 00101 27625 02557 253
ci1 0.2 27835 00117 31092 01825 156
0.3 31289 00132 33379 01619 123
0.4 34162 00158 34944 01378 87
0 16438 00088 23958 04063  46.2
0.1 22488 00101 27102 02208 219
c12 0.2 27350 00116 31035 01505 138
03 32098 00134 33176 01450 108
0.4 34209 00161 34422 01193 74
0 17062 00088 23627 03608 410
0.1 22034 00101 27289 02076  20.6
c13 0.2 27050 00116 30837 01477 127
03 31840 00134 33142 01344 100
0.4 33895 00161 34502 01084 6.7
0 15074 00087 23402 03232  37.1
0.1 21922 00101 27109 01780  17.6
C14 0.2 27178 00116 30952 01380 119
03 31348 00133 33044 01210 9.1
0.4 33836 0.0160 34385 01041 65
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Fig. 6. Influence of axial loads on the ductility (transverse reinforcement ©10).

In this part of the study, the moment-curvature
diagrams are obtained from the SAP2000 Software by
changing the transverse reinforcement diameter,
transverse reinforcement spacing and axial load level.
When the analysis results are examined, it is observed that
the variation of the axial load and transverse
reinforcement have important effect on the moment-
curvature behavior of the reinforced concrete cross-
sections. As a result, axial load is a very important
parameter affecting the ductility of the section. As it shall
be seen from moment-curvature relations, ductility
decreases with the increase of axial load (N/Ny,q = 0)
ratio where the transverse reinforcement is constant.
However, when the axial load is small in the same cross-
sections (transverse reinforcement is constant), the
ductility in the cross-section is high. As it can be seen
from the moment-curvature graphs, it is observed that the
cross-section ductility decreases when the transverse
reinforcement spacing is increased under a constant axial
load. It is observed that the cross-section ductility and the
curvature increase significantly with the reduction of the
transverse reinforcement spacing. It is observed that the
ratio of transverse reinforcement is effective on cross-
section behavior of reinforced concrete cross section. The
increase in transverse reinforcement diameter increases
the ductility of the cross section and the maximum
moment bearing capacity.

4. CONCLUSION

The following results were obtained from the stress-
strain and moment-curvature analyses of the square
columns:

The stress-strain relationship graphs of confined
compressive strength and corresponding axial strain, of
the core regions of the reinforced concrete columns are
investigated based on the numerical study. The following
results were obtained from the comparison of the columns
with different characteristics of the examined factor in the
study. The models were examined according to the
conditions given in the TSC, (2018). Concrete stress-
strain graphs were obtained by using Mander confined
concrete  models.  Although  the longitudinal
reinforcement diameters and reinforcement yield
strengths used in the models are constant, the effect of the
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use of different transverse reinforcement diameters and
transverse reinforcement spacing on the lateral effective
strength was investigated.

. It has been found that for all models, transverse
reinforcement diameters and transverse reinforcement
spacing are effective on the lateral load bearing capacity.

. The transverse reinforcement  spacing
densification has a greater effect on the ductility and the
bearing capacity (moment capacity) of a cross section.

. The increase of the transverse reinforcement
ratio increases the ductility and the maximum bearing
capacity of a cross section.

. The  moment-curvature  relationship s
determined according to the cross-sectional analysis of
reinforced concrete columns by using SAP2000. The
moment-curvature relationships are compared according
to transverse reinforcement diameters, transverse
reinforcing spacing and the axial load levels of reinforced
concrete columns.

. The result is that the axial load is a very
important parameter affecting the ductility of the cross-
section. The relationship between axial load and ductile
behavior is generally inversely proportional (Figs. 3 and
4).

. The increase in the axial load level causes the
curvature values to decrease (brittle behavior), although
it usually increases the moment capacity of the cross
section.

. It has been observed that the cross-sectional
ductility increases with the decrease in axial load.

. In cases where the axial load is small,
reinforced concrete sections have a ductile behavior.

. As the diameter of the transverse reinforcement
increases, the moment capacity of the cross section
increases as expected.

. Significant reductions in ductility capacities
under increasing axial force have been observed.

. The effect of axial load on cross-sectional
behavior appears to be more explicit in cross sections
where the transverse reinforcement spacing is minimum.

. If the analysis results are compared, yielding
and ultimate moment capacities of the sections increase
when decrease of the transverse reinforcement spacing.

. Moreover, the more ductile behavior for
reinforced concrete cross sections is observed due to



increment of curvature ductility on reinforced concrete
square columns with the increase of transverse
reinforcing ratio.

. Additionally, according to the analysis results,
the increment of transverse reinforcement ratio affects the
yielding and ultimate moment capacities of the members
for each type of concrete material.

. In order to see the actual behavior of the
column sections, the transverse reinforcement ratio,
transverse reinforcement spacing, and axial load ratio
should be taken into consideration in the analyses.
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ABSTRACT

Coastline boundaries are constantly changing due to natural or human-induced events that take place in the world. Therefore
it is necessary to correctly observe coastline boundaries. Remote sensing is one of the most frequently used methods to
monitor the changes in coastal areas. In this study, it is aimed to solve the problem of choosing the right method for coastal
change observation. This paper introduces a spatial pixel-based and object-based image classification approach to recognize
changing areas in coastline. The coastline boundary changes occurred in a part of Yamula Dam Lake in Kayseri province
were examined using three multispectral Landsat 8 satellite images of March, August and November 2016. Firstly, image-
to-image registration processing was performed to register the three satellite images. Then, each satellite image was
classified into two information classes either ‘Lake’ and ‘Other Field’ by using pixel-based Artificial Neural Networks
(ANNS) and object-based K-Nearest Neighbor (KNN) method. Classification accuracies for ANNs method were obtained
99.97%, 99.90% and 99.80% respectively in March, August and November. As for the accuracies of the classification for
the KNN method, in March, August and November were obtained 99.99%, 99.93% and 99.92% respectively. The change
images were formed for March-August and August-November pairs by using the obtained classification images. The post
classification comparison method was used to determine the changes in coastline boundaries. At the end of the study,
seasonal changes from water to land and from land to water were detected. According to the result of the changes there is
a 5,67 km? increase from March to August and a 3,14 km? decrease from August to November in Yamula Dam Lake.

Keywords: Artificial Neural Networks; k-nearest Neighbor; Change Detection; Landsat 8
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1. INTRODUCTION

Remote sensing is a frequently preferred surveying
method because it is useful and reliable in many
disciplines. The remote sensing technique is one of the
most successful methods in land cover and land use
determination, planning, monitoring and mapping with
different time intervals. It is also used for determination
of emerging deformations and management of natural
resources such as the determination of water beds,
investigation of water pollution, determination of mineral
and oil resources (Lillesand et al., 2014).

Coastlines are permanent intersections where
established seas and lakes or rivers (excluding situations
such as floods) meet sections of land. Coastlines are one
of the features identified by the International Geographic
Data Committee (Karaburun and Demirci, 2010).
Coastlines also have boundaries, which change according
to meteorological phenomena, natural environment and
human-induced effects. Efforts to identify changes in
coastal boundaries at different times have a major impact
on the management, conservation and sustainability of
coastal resources. In recent years, there has been an
increase in the utilization of remote sensing to monitor the
changes in coastline management, coastline or coastal use
(Ozpolat and Demir, 2014). Kuleli et al. (2011)
determined coastline change in Yumurtalik and Gediz
Ramsar wetland between 1989 and 2009 by using Digital
Shoreline Analysis System, which is a statistic-based
method. They used Landsat satellite images while doing
this work. Prabaharan et al. (2010) investigated changes
in the Vedaranniyam coastline, India. They utilized
Landsat-1998, IRS 1C LISS 111-2003 and IRS-Cartosat1-
2008 satellite images to detect the changes. Guney and
Polat (2015) used images of Landsat MSS of 1975,
Landsat TM of 1987 and Landsat ETM of 2000 to
determine coastline changes. They observed coastline
changes by utilizing post classification comparison
technique. Erener and Yakar (2012) used Landsat TM
obtained in 1987, Landsat ETM+ obtained in 2000 and
Landsat ETM+ obtained in 2006 and determined the
water level changes from 1987 to 2006. Wang et al.
(2013) used satellite images for determining the effect of
coastal change on erosion by utilizing five different times
and taken from three type satellites which are Landsat 5
TM, Landsat 7 ETM+ and HJ-1A. Shetty et al. (2015)
used Landsat 5 TM images obtained from IRS 1C /1 D
in 1991, from IRS P6 in 2001, 2005 and 2009, from
Landsat 8 OLI in 2013 satellite images and observed that
sand was carried by erosion during the 46-year period
(Shetty et al., 2015).

The algorithms used in remote sensing studies to
detect change can be separated in two types of method.
The first is the unsupervised change detection approach.
This method is based on the principle of the determination
in land use and land cover changes obtained from satellite
images taken on different dates and converting to single
or multi-band image. The second method is the
supervised change detection approach. This approach
needs training and test classes as supervised classification
for the determination in land use and land cover changes
(Kesikoglu et al., 2013). For this reason, this approach is
more challenging but, despite this, it allows us to achieve
a more effective result in determining the direction of
change.
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The accuracy of the change detection process depends
on the image classification process. Therefore, the
selection of which classification method is used in change
detection studies is important. There are many image
classification methods used in literature such as
membership function and, decision tree (DT) (Im and
Jensen, 2005), random forest (RF) (Rodriguez-Galiano et
al., 2012), support vector machine (SVM) (Duro et al.,
2012, Kesikoglu et al., 2019), maximum-likelihood (ML)
(De Giglio et al., 2019). In this study, we used two
approaches: artificial neural networks (ANNs) and k-
nearest neighbor (KNN). ANNs have a system that
simulates the human brain. ANNSs has been successfully
used to classify satellite images in recent years (Pradhan
and Lee, 2010; Chebud et al., 2012; Hassan-Esfahani et
al.,, 2015). KNN is a nonparametric discriminatory
analysis. The use of KNN method in image classification
goes to 1990s (Denoeux, 1995) and it uses various image
classification studies (Franco-Lopez et al., 2001;
McRoberts et al., 2002; Yu et al.2006).Shiba et al. (2003)
compared Case Slicing Technique as a new classification
approach with K-Nearest Neighbor, C4.5 Learning
Algorithm and Naive Bayes methods. Case Slicing
Technique improved accuracy of the classification. Isa et
al. (2005) used ANNs to classify the type of cervical
cancer in its early stage and compared different ANNs.
Zhang et al. (2017) used Spot-5 images to compare pixel-
based and object-based classification method in the Heine
River basin. They observed that object-based
classification gave better results. Al Fugara et al. (2009)
used Landsat 7 satellite images to compare pixel-based
and object-based classification in the Klong valley of
Malaysia. As a result of the work, object-based
classification gave better results than pixel-based
classification.

In this study, we aim to identify the changes at the
Yamula dam coastline by using Landsat-8 satellite
images obtained in March, June and November of 2016.
In this context, we selected two-classification method and
compared classification accuracies to obtain better results.
ANNs and KNN methods were used for classification of
satellite images and post classification comparison
method was used to determine the coastline change. The
study also briefly describes the planning of the work and
the steps before the change is determined. It is aimed to
contribute to the selection of the correct method in coastal
line studies.

2. STUDY AREA

The Yamula Dam Lake is one of the most important
dams due to producing electric energy and irrigation in
Central Anatolia Region, Turkey (Kesikoglu et al., 2017).
The dam is located 25 kilometers northwest of Kayseri
and lies on the Kizilirmak River. The only water source
that feeds the Yamula Dam is the Kizilirmak River. The
river originates from Kizildag mountain in Sivas and
flows into the Black Sea. The dam started holding water
on December 27, 2003 (Yamula Baraji, n.d.). Landsat-8
satellite images of the year 2016 used in this study were
chosen to include the Yamula Dam Lake and the change
of coastline of the lake. The satellite image of the dam
lake is demonstrated in Fig 1.


https://www.sciencedirect.com/topics/earth-and-planetary-sciences/support-vector-machine
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Fig. 1. Location map of study area

3. MATERIALS AND METHODS 2016 and November 4, 2016. None of the winter

season satellite images were evaluated due to the cloudy

In this study, Landsat 8 satellite images owning to weather in December, January and February for the year

the spring, summer and autumn seasons were used. These 2016. Landsat 8 OLI/ TIRS bands and their properties are
images were from March 5, 2016; August 26, given in detail in Table 1.

Table 1. Landsat-8 OLI / TIRS satellite image bands and features (“What are the band designations”, 2017)

Sensor Spectral Bands Wavelength(um) Resolution(m)
Band-1 Ultra Blue 0.43-0.45 30
(Coastal Aerosol)
Band-2 Blue 0.45-0.51 30
Band-3 Green 0.53-0.59 30
Band-4 Red 0.64-0.67 30
OLlI Band-5 Near Infrared (NIR) 0.85-0.88 30
Band-6 Shortwave Infrared (SWIR-1) 1.57-1.65 30
Band-7 Shortwave Infrared(SWIR-2) 2.11-2.29 30
Band-8 Panchromatic 0.50-0.68 15
Band-9 Cirrus 1.36-1.38 30
TIRS Band-10 Thermal Infrared 1 10.60-11.19 100*30
Band-11 Thermal Infrared 2 11.50-12.51 100*30

3.1. Artificial Neural Networks (ANNSs)

ANNSs is based on model of the biological brain. It is
inspired from learning capability, structure and s ‘/
processing method of biological brain. ANNs consist of @/W{
simple linear or nonlinear computing elements called :

"neurons”, which are interconnected in complex ways and
are usually arranged in layers (Sarle, 1994). There are
numerous links between these elements. Information is

distributed via links. Results are acquired through a Fig. 2. Neurons structure of the ANNs (Haykin, 1994)
learning process.

> f
Output

I I
; Sum Activation
w, Function

The structure of the neuron is demonstrated in Fig. 2,
where X1,X2,X3.... Xn, are inputs and w1,wz,Ws.... Wn, are the
weights of these inputs. The weights determine the
influence of inputs on the cell. The addition function
calculates net data entering the cell. This can be
mathematically identified as given in Eq. (1) (Haykin,
1994).
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The activation function can be identified as given in
Eq. (2).

y=F(x) @
All artificial nerve cells come together to form ANNs

composed of three layers as shown in Fig. 3: input layer,
hidden layer and output layer.

Output Layer

|

Input Layer

Fig. 3. Layers of the ANNs

The input layer receives the data from the outside and
transmits it to the hidden layer. The hidden layer
multiplies incoming data with weights and weighted data
are collected. The results of the transfer function
transmits output layer. Then, the output layer sends the
result to the outside (Haykin, 1994).

3.2.K-Nearest Neighbor (KNN) Algorithm

K-Nearest Neighbor is one of the simplest and easiest
methods to implement for image classification. Unlike
other algorithms as ANNs, KNN does not need to train a
dataset. Since the output value is only related to the partial
number of neighboring samples, errors arising from the
number of unstable training examples can be avoided in
this algorithm. Due to these advantages, the algorithm has
recently been used in many areas such as text
classification, data processing and earthquake prediction
(Sang et al., 2011).

The KNN algorithm process is defined as follows. A
stable database (D) based on the measured results is
established. K is set to the nearest neighbor number. Since
K strongly influences the output values, there is no special
way to set it. The value is usually determined
experimentally. M (m1, mz ... mn) which is the feature
vector are computed and generated for each point. The
distances between each point of M' and D collection are
(M): dist (M, M). The commonly used Euclidean
Distance is shown in the Eq. 3 (Sang et al., 2011).

d(M',M) =3 (m —m,)? ©)

According to the calculated distance, the nearest K
point, D, is selected and a new data is collected according
to the above equation (Dx). The output value of M is used
the following equation according to Dx is calculated.
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3.2.Post Classification Comparison

The most commonly used change detection
techniques are image differencing, image rationing,
principal component analysis, change vector analysis and
post-classification comparisons (Kesikoglu, 2013).Image
differencing, image rationing, change vector analysis and
principal component analysis are used for unsupervised
change  detection, whereas post-classification
comparisons are used for supervised change detection
process.

In this study post-classification comparison is used in
change detection analysis. In this approach, satellite
images belonging to two different times are classified and
recorded independently. Then, the classified images are
compared with each other. Thus, the direction and amount
of change are determined (Tabarroni, 2010).

4. APPLICATION AND RESULTS

The direct use of raw images obtained from satellites
in change detection studies is an obstacle for producing
meaningful results because these images contain non-
systematic errors. These errors arise from the height and
position of satellite (Sertel et al., 2007).The geometric
correction process with image registration must be
performed in order to correct these errors (geometric
distortions) in the images. The process followed in the
study is demonstrated in Fig. 4.

‘ Landsat-8 Satellite Images ‘

!

‘ Image to Image Registration ‘

/\

Pixel Based Image Classification

‘ Object Based Image Analysis ‘

Neural Network in Envi Software

v
JO ‘ Image Segmentation ‘
Trainingand Test Areas ‘ v
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Saon Classify Images with K-Nearst
‘L Neighbor in eCognititon
Classify Images with Artifical Software
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Fig. 4. Coastline change detection diagram

First of all, "Image to Image Registration" process
was performed for satellite images. Satellite image for
March were selected as reference and the other images
were registered in that image. In the "Image Registration™
process, image mapping was done by using ground
control points (GCPs) that were known in the image. 30
well-distributed GCPs were used during implementation



and it was noted that the root mean square error (RMSE)
value was less than 0.5. Furthermore, the images were cut
based on the specified study area after registration. Blue

v
7

,/}?/

Py
‘/: g
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bands of the each registered images are demonstrated in
Fig. 5.

Fig. 5. Registered images for (a) March, (b) August, (c) November

Our study area was divided into two classes; ‘Lake’
and ‘Other_field’. It was chosen 2454 pixels for training
and 2501 pixels for testing to use in satellite images of
different dates in the study. Due to the fact that the
selected train and test areas represented the right classes
in each images, a single train and test data was used. The
selected training areas were used to classify the images
with both ANNs and KNN classification algorithms. The
test data were used to evaluate the accuracy of the
classification process.

4.1. Pixel-based classification of the Landsat 8
data

Pixel-based image classification, using an ANNs
classifier, was performed using ENVI, which is image
analysis software. While classification was being done,
parameters such as number of iterations, learning rate,
training RMS output value and momentum related to
ANNSs were used. Since pixels are considered separately
in pixel based classification, it is important to evaluate all
pixels. Therefore, multispectral bands (bands 2-7) were
used for doing classification. The training was stopped
when the specified RMS output value was reached. The
learning rate is a variable used for changing weight values
of the ANNs. Momentum used to reduce error and to
provide a correction for changing weights is a number
value from 0 to 1 (Kesikoglu, 2013). In this study, the
number of iterations was 1000, the RMS output value was
0.1, the learning rate was 0.2 and the momentum was 0.9.
After that, the multispectral images were divided into two
classes as ‘Lake’ and ‘Other_field’. Classified images are
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shown in Fig. 6.

4.2. Object-based classification of the Landsat 8
data

The KNN approach is similar to the supervised
classification because samples are chosen as supervised
classification. However, the selected samples are not as
independent as selected in the supervised classification.
The first step of object-based classification is
segmentation. There are various segmentation types such
as chesshoard, quadtree, multi-resolution and spectral
difference. Before using this method, training and test
data in the ANNs was integrated into the eCognition
software. Then, multi-resolution segmentation method
was applied to the remaining areas. The scale parameter
was 50, the shape parameter was 0.1 and the compactness
parameter was 0.5 for the multi-resolution segmentation.

Prior to the classification, instead of pixels, objects
(segments) formed by combining pixels are used in
object-based classification. When classifying these
objects, an input parameter is required, unlike pixel-based
classification. This parameter was Normalized Difference
Water Index (NDWI) (McFeeters, 1996). The reasons for
choosing this parameter are that, NDWI is an
internationally accepted index to extract water areas and
it distinguishes water from other field easily. For this
reason it has been sufficient to use two bands (band 3 and
5) required for NDWI method in object based
classification. NDWI formula is given in Eq. 5.

GREEN-NIR

NDWI =t en=nir (5)



Classification was then carried out using the KNN
according to the training data selected in the ANNs
method. The multispectral images are divided into two
classes as ‘Lake’ and ‘Other field” by using KNN.
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Classified images are demonstrated in Fig. 7.
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Fig. 7.Classification images of Yamula Dam Lake classified by KNN for (a) March, (b) August, (c) November

The image classification accuracies are presented in
Table 2. Results obtained with KNN classification was
observed at 99.99% overall accuracy for March image,
99.93% overall accuracy for August image and 99.92%
overall accuracy for November image. Results obtained
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with ANNS classification was observed at 99.97% overall
accuracy for March image, 99.90% overall accuracy for
August image and 99.80% overall accuracy for
November image.
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Table 2. Results of accuracy analysis for classification

ANNs KNN
Month Overall Accuracy Kappa Coefficient Overall Accuracy Kappa Coefficient
(%) (%)

March 99.97 0.9991 99.99 0.9998

August 99.90 0.9969 99.93 0.9983
November 99.80 0.9938 99.92 0.9955

Although the results are close to each other, the KNN method are used to determine the change map. Change
method seems to give better results. For this reason, the detection maps are shown in Fig. 8.
thematic maps obtained from KNN
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Fig. 8.(a) Map of changes by KNN method from March to August (b) Map of changes from August to November
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Fig. 9.The graphic of lake area from March to August and November in Yamula Dam Lake

According to the obtained findings (Fig. 9), lake area changes in the amount of water coming to the Yamula
has a 5,67 km? increase from 65,82 km? to 71,49 km? dam as it affects the occupancy rate of the Kizilirmak
between March and August; a 3,14 km? decrease from River. Therefore, due to the effect of the precipitation
71,49 km? to 68,35 km? between August and November. regime in Sivas on the siudy area, the precipitation regime

In Kayseri the total precipitation was 430 mm in in Sivas was also taken into consideration. The melting
2016. Whereas August is the driest month, April is the snow sometimes causes the flow of Kizilirmak Rivers to
rainiest month. The precipitation in August was 6 mm rise. This situation leads to an increase in the amount of
while it was 54 mm in April. The precipitation increased water coming to the Yamula Dam Lake. Thus, the
after August illustrated in Fig. 10 (a). increase in the amount of incoming water is seen in Fig.

In Sivas, total precipitation was 500 mm in 2016. 8, which leads to the expansion of the Yamula Dam Lake
Whereas August is the driest month, May is the rainiest boundaries. The highest rainfall in Sivas province in 2016
month. The precipitation in August was 6 mm while, it took place in April and May according to the Sivas annual
was 60 mm in May. The precipitation increased after areal rainfall graphic. It also affected the increase in water
August illustrated in Fig. 10 (b). boundaries of the Yamula Dam. After August, a decrease

The annual spatial precipitation in Sivas causes in the dam lake boundaries was observed.

53



F € Altitude: 1057m Climate: Csb *C: 10.5

mm: 385 m

01 02 03 04 05 06 07 08 09 10 1 12

Turkish Journal of Engineering (TUJE)
Vol. 4, Issue 1, pp. 47-56, January 2020

C | Altitude: 1288m Climate: Dsb *C: 9.0 mm: 424 mn

01 02 03 04 05 06 08 09 10 1 12

(b)

Fig. 10. (a) Kayseri annual areal rainfall (“Iklim Kayseri”, 2017) (b) Sivas annual areal rainfall (“Iklim Sivas”, 2017)

5. CONCLUSION

Water is vital for the survival of livings. Rivers, lakes
and dams form natural and artificial water resources. It is
seen that both natural and human-induced effects are
increasing or decreasing day by day in water resources.
Therefore, determining the changes occurring in water
sources is of great importance. Yamula is one of the most
important dams in Turkey in terms of irrigation and
electricity generation. In this study, both pixel-based and
object-based classification methods were used to
determine the water areas in the dam and the results were
evaluated. While in the pixel-based classification method
training data is selected pixel-by-pixel, in the object-
based classification training data object by object is
selected. For this reason the segmentation phase that
forms the objects is very important. At the segmentation
stage, pixels having similar reflection characteristics are
grouped so that instead of working with a large number
of pixels, segments consisting of pixels having these
common characteristics are formed, at which point the
heterogeneity between the segments is minimized.
Therefore, object-based classification gives higher
accuracy.

In this study, since the test area was a small area and
only two classes were created, high accuracy was
obtained by both methods. Different results were
obtained as a result of using both algorithms. However,
increase in the lake area until August and decrease after
this month was detected in result of both algorithms. As
the KNN method gave better results, the classification
images obtained from this method was used to determine
seasonal variations. The seasonal change information was
obtained by using post classification comparison method
on the classified Landsat 8 satellite images. It is seen that
post classification comparison method used in this study
produced meaningful change results in satellite images of
different months.

The results of the study show that there is both an
increase and decrease in Yamula Dam Lake. A lot of
studies about the Yamula dam have been reviewed. As a
result of the news, it was determined that the changes in
the dam were not human-origin but climate-related. The
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change in the dam area was results from snow melting,
rainfall and evaporation. It was detected that the increase
until August was both snow melting and rainfall. The
decrease in the lake area after August was results from the
decrease in rainfall. Moreover, the evaporation which was
caused by the increase of the air temperature negatively
affected the lake area. In the context of this study, it has
been was observed increase in the amount of the water in
the Yamula Dam Lake until August and decrease in the
amount of water in the Yamula Dam Lake after August
In addition, KNN method gave better results than ANNs
method to identify Yamula Dam Lake.
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