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Editorlerin Sorumluluklari ve Yikiimlulikleri

AURUM editorleri, derginin yayimlanmasi kapsaminda yurttiikleri tim faaliyetlerde hesap verilebilirlik
ilkesi cercevesinde hareket etmekle yuktumltddrler. Editorlerin ana hedefi okuyucularin ihtiyaclarina
cevap vermenin yaninda AURUM'un akademik niteligini artirmaktir. Disiince ve ifade 6zgurligini
desteklemek ve yayimlanan akademik icerigin givenilirligini temin etmek baslica gorevleri arasindadir.
Yayimcilik sektériinde yasanan finansal zorluklar g6z 6niinde bulunduruldugunda, AURUM'u ticari
kaygilardan korumak, onun entelektiel ve etik standartlarindan 6diin vermesini 6nlemek editorlerin
sorumlulugundadir. Editorler, gerekli oldugu durumlarda diizeltme, tekzip ya da 6zir yazisi gibi
metinleri yayimlamayi pesinen kabul ederler. Dergi'nin okuyucuya karsi sorumlulugunun hassas
bir mesele olmasina binaen AURUM editérlerinin okuyucuyu herhangi bir arastirma ya da akademik
cahismanin finansal destekgilerini aciklama mecburiyeti bulunmaktadir. Finansal destekgilerin, akademik
bir calismanin lzerinde herhangi bir etkisi olmasi durumunda, okuyucu mutlaka bilgilendirilmelidir.
Editorlerin akademik bir calismayi kabul ya da reddetme sureci 6znel degerlendirmelere gore degil,
nesnel standartlar ¢cercevesinde, calismanin 6zgunligi ve AURUM'un arastirma alanlarina uygunlugu
baglaminda gerceklestirilir. Makale génderimleri tamamen demokratik esaslara gore yirdtillr ve yapisal
bir hata olmadikca tim basvurular degerlendirmeye alinir. Bir yazarin, calismasina iliskin AURUM'dan
kabul yazisi almasi halinde, bu hakki siireg icinde degisen/ goreve yeni baslayan editorler tarafindan
geri alinamaz. Yazarlara, editoryal dederlendirmelere itiraz etmesini saglayacak sureclerin isletilmesi
hakki verilir. Editorlerin, AURUM'da yayimlanacak metinlerin yayimlanmasina dair bir kilavuz hazirlama
mecburiyetine binaen AURUM, web sitesinde yer alan yazim kurallarinin arkasinda durmakla beraber bu
kilavuzda herhangi bir degisiklik yapma hakkini mahfuz tutar.

Liabilities and Responsibilities of Editors

AURUM editors are obliged to be accountable for all kinds of activities they engage within the context
of publishing the journal. Their main goal is set to respond the need of readers and authors while
enhancing the academic performance of the journal. It is their duty to support freedom of opinion and
ensure the reliability of the academic content. Considering the financial challenges in publishing sector,
the editors are obliged to exclude impacts of any commercial concerns on AURUM not to sacrifice from
its intellectual and ethical standards.

They accept in advance to publish any kind of corrections, refutations and excuses when required. The
responsibility towards readers is a sensitive issue where the editors should inform about the funder of
particular research or other academic work. If the financial supporters of particular research have any
impact on a scholarly work, the reader must be informed. Editors’ action to admit or reject a scholarly
work must be free of subjective criterion but based on objective standards related to its uniqueness/
originality and relevance to the research areas of AURUM. The process of receiving application shall
be fully democratic where all applications to be considered unless major errors are observed. Once an
author receives an acceptance of publishing from AURUM, his/her right cannot be withdrawn in case
of an editor change within the process. The authors shall be given an opportunity to initiate an appeal
process against any editorial discretion. As editors should offer a guidance of preparing the manuscripts,
AURUM stands behind its published ‘style guide’and preserves it's right to make revisions.



« AURUM Muhendislik Sistemleri ve Mimarisi Dergisi (A-JESA) yilda iki kez (Haziran-Aralik) yayinlanir.

« Yazarlar tarafindan ifade edilen goris ve gorisler nedeniyle ortaya ¢ikabilecek etik ihlallerin sorum-
lulugu derginin yayincisi, editorii ve yayin kurulu tarafindan tstlenmekle yUkimli degildir ve
dergide yer alan yazi ve makalelerin sorumlulugu yazara aittir.

« Dergiye gonderilen tiim makaleler en az iki uzman hakem tarafindan kor inceleme (tek kor yon-
temi) ile degerlendirilir.

« Dergi editorleri, hakemlerin gorusleri dogrultusunda istenen diizeltme ve 6nerilerin yapildigi maka-
lelerin yayinlanmasina karar verir. Yayin kurulu, génderilen makalelerde diizeltme yapma, hakem si-
reci olumlu olsa dahi makaleleri yayinlama veya yayinlamama hakkina sahiptir. Diizeltme yapilmasi
durumunda yayimlanmasina karar verilen makaleler son inceleme icin yazar(lar)a génderilir. Eserler-
deki hatalarin sorumlulugu ve dil kurallarina uygunlugu yazar(lar)a aittir.

« Yazar(lar), degerlendirme stirecinde gonderilerini geri cekebilirler. Ancak makale yayina kabul edilir
ve yayimlanirsa yayindan geri alinamaz.

- Dergiye gonderilen makaleler baska bir yerde yayimlanmamis veya yayinlanmak tizere degerlendi-
rilmis olmamalidir. Ayni anda birden ¢ok dergide yayinlanmak icin yollanmis olmamahdir.

» Makale islem Ucreti yoktur. Yazarlardan hicbir ticret istenmemektedir.
« TUm basvuru ve degerlendirme islemleri DergiPark sistemi lizerinden yapilmaktadir.

- Etik ilkeler ve yayin politikasi ile ilgili diger durumlar icin, litfen “Editorlerin Sorumluluklari ve So-
rumluluklan”bdlimimuzi ve Yayin Etigi Komitesi (COPE) gibi diinya ¢apinda kabul géren genel etik
yonergeleri kontrol edin.

« Etik kurul kararn gerektiren arastirmalar icin “Etik Kurul Kararlari” bolimimuizi okuyun.

Dergimize yollanan makaleler intihal kontroliinden gecirilmekte ve benzerlik orani yliksek ¢ikan maka-
leler reddedilmektedir.

ULAKBIM TR Dizin tarafindan alinan kararlar dogrultusunda, 2020 yilindan itibaren yayimlanacak
calismalar icin Etik Kurul izni gerekmektedir. Bu izinleri gerektiren calismalar asagidaki gibidir:

1. Anket, milakat, odak grup calismasi, gézlem, deney, goriisme teknikleri kullanilarak katilimcilar-
dan veri toplanmasini gerektiren nitel ya da nicel yaklasimlarla yirGtilen her tiirli arastirmalar,

2.insan ve hayvanlarin (materyal/veriler dahil) deneysel ya da diger bilimsel amaglarla kullanilmasi,
3. insanlar tizerinde yapilan klinik arastirmalar,

4. Hayvanlar Gizerinde yapilan arastirmalar,

5. Kisisel verilerin korunmasi kanunu geregince retrospektif calismalar.

Dergimize calismanizi yiiklerken, makale dosyanizla birlikte Etik Kurul belgenizi de yikleyiniz. Calisma-
niz etik kurul izni gerektiren calisma grubunda yer almiyor ise bu durumu belirten beyan formunu imza-
lamaniz ve ilgili durumu makale metninizde belirtmeniz gerekmektedir. Form DergiPark sisteminde bu-
lunmaktadir.

Ayrica;
1. Kullanilan fikir ve sanat eserleri icin telif haklari diizenlemelerine uyuldugunun belirtilmesi
2. Baskalarina ait 6lcek, anket, fotograflarin kullanimi icin sahiplerinden izin alinmasi ve belirtilmesi,

3. Olgu sunumlarinda “Aydinlatiimis onam formu”nun alindiginin belirtiimesi gerekmektedir.



2020 yil 6ncesi arastirma verileri kullaniimis, yiiksek lisans/doktora ¢alismalarindan retilmis (makalede
belirtilmelidir), bir dnceki yil dergiye yayin basvurusunda bulunulmus, kabul edilmis ama heniiz yayim-
lanmamis makaleler icin geriye dontik etik kurul izni gerekmemektedir. Calismanizin bu durumu tasidi-
gini litfen beyan formunda belirtiniz.

Calismanin Etik Kurul izni gerektirmedigine dair beyan formuna ulasmak icin liitfen TIKLAYINIZ. Etik
Kurul izni Gerektiren ve Yayina Kabul Edilen Calismalar

1. Etik kurul izni gerektiren calismalarda, izinle ilgili bilgiler (kurul adi, tarih ve sayi no) yontem bolu-
munde ve ayrica makale ilk/son sayfasinda yer verilmelidir.

2. Olgu sunumlarinda, bilgilendirilmis gonalli olur/onam formunun imzalatildigina dair bilgiye ma-
kalede yer verilmesi gereklidir.

« AURUM Journal of Engineering Systems and Architecture (A-JESA) is published biannually (June-
December).

- The publisher, editor and editorial board of the journal are not obliged to accept the responsibility
of the ethical violations that may arise due to the views and opinions expressed by the authors, and
the responsibility of the articles and articles in the journal belongs to the author(s).

« All articles submitted to the journal are evaluated by at least two expert referees by blind review
(single blind method).

+The editors of the journal decide on the publication of the articles for which the requested correcti-
ons and suggestions are made in line with the opinions of the referees. Editorial board has the right
to make corrections in the submitted articles, to publish or not to publish the articles even if the
re- feree process is positive. In the case of correction, the articles decided to be published are sent
to the author(s) for final review. The responsibility of the mistakes in the works and their compliance
with the language rules belong to the author(s).

« Author(s) can withdraw their submissions during the evaluation process. However, if the paper is
accepted for publication and published, then it cannot be withdrawn from publication.

« Articles submitted to the journal must not have been published elsewhere or evaluated for
publication.

«There is no article processing fee.
« All submission and evaluation process is conducted on DergiPark system.

- For other cases of ethical principles and publication policy, please check our“Liabilities and Respon-
sibilities of Editors” section and general ethical guidelines accepted worldwide, such as Committee
on Publication Ethics (COPE).

Articles submitted to our journal are subject to plagiarism check and articles with high similarity results
are rejected.



In line with the decisions taken by ULAKBIM TR Dizin, Ethics Committee Permission is required for studies
to be published as of 2020. The works that require these permissions are as follows:

1. All kinds of research conducted with qualitative or quantitative approaches that require data
collection from participants using questionnaire, interview, focus group work, observation, experi-
ment, interview techniques,

2.Use of humans and animals (including material / data) for experimental or other scientific purposes,
3. Clinical studies on humans,

4. Research on animals,

5. Retrospective studies in accordance with the law on protection of personal data.

When uploading your study to our journal, upload your Ethics Committee document along with your
article file. If your study is not among the group that requires ethics committee approval, you must sign
the declaration form indicating this situation and indicate the relevant situation in your article text. The
declaration form can be found on our DergiPark webpage.

Also;

1. Stating that the copyright regulations are complied with for the intellectual and artistic works
used

2. Obtaining and specifying permission from the owners for the use of scales, questionnaires and
photographs belonging to others,

3.In case presentations, it should be stated that the “informed consent form” was obtained.

Ethics committee approval is not required for articles that have used research data before 2020, produced
from master’s / doctoral studies (should be specified in the article), submitted a publication application
to the journal the previous year, accepted but not yet published. Please indicate in the declaration form
that your work carries this situation.

Studies Requiring Ethics Committee Permission and Accepted for Publication

1. In studies requiring ethics committee approval, information about the permission (name of the
board, date and number) should be included in the method section and also on the first / last page
of the article.

2. In case reports, the information that the informed consent / consent form was signed should be
included in the article.
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Editor'den

Altinbas Universitesi tarafindan basilan “Aurum Miihendislik Sistemleri ve Mimarlik Dergisi (A-JESA)”
adli uluslararasi dergi; genis kapsamda miihendislik ve mimarlik alanlarindaki 6zgiin bilimsel ¢calismalari
hakem sureclerinin olumlu olmasi halinde degerlendirmeye almaktadir. Stratejimiz, siki bir inceleme
sureci saglayarak yiiksek kalite standartlarinda bilim ve teknolojide yeni egilimleri gdsteren yayinlara
yer vermektir.

Yogun inceleme siireclerinin sonunda dergimizin 2022 yilina ait 6. cilt, 1. sayisini yayinlanmaktan biyik
mutluluk duyuyoruz. Yayin kurulu tiyelerine, bu sayinin hakemlerine ve yazarlarina derginin misyonuna
uygun bilimsel katki ve yorumlari icin tesekkir etmek isterim.

Prof. Dr. Osman Nuri UCAN
Bas Editor




From Editor

The scope of the Aurum Engineering Systems and Architecture (A-JESA) covers the novel scientific
papers on engineering, architecture, mathematics and natural sciences. Our strategy is to demonstrate
new trends in science and technology subject to high quality standards by ensuring a stringent peer
review process.

It is our great pleasure to publish Volume 6, Number 1 (2022) of the international journal, “Aurum
Engineering Systems and Architecture” (A-JESA) after serious review process. | sincerely wish to thank
members of the editorial board, reviewers and authors of this issue who have generously contributed
their time and knowledge to the work and the mission of the journal.

Prof. Dr. Osman Nuri UCAN
Editor in Chief
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ARASTIRMA MAKALESI / RESEARCH ARTICLE

EFFECTS OF NEOLIBERAL ECONOMY ON HOUSING MARKET IN TURKEY

ilkim GUVEN'
"Faculty of Art Design and Architecture, Malatya Turgut Ozal University, Malatya, Turkey
ilkim.guven@ozal.edu.tr, ORCID: 0000-0001-9203-8302
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Abstract

Housing could be defined as a shelter, a place where the needs of daily life are met, a living space for individ-
uals. In countries such as Turkey, where the neoliberal economic model is implemented, housing; It is seen
as a“commodity”in addition to its functions. Considering the house as a commodity makes it an important
economic subject. For this reason, the relationship between the economy and the housing market is im-
portant.

In this study, the short-term effects of the neoliberal economic model, which is one of the determinants of
the housing market in Turkey, between 2020:1 and 2021:9 were investigated. Changes in credit conditions,

annual interest rates, demographic situation, and exchange rates in the aforementioned period; evaluated
in the context of housing production and housing market within the conditions of the period.

In the study, the effects of the neoliberal economic model on the housing market; Credit conditions, annual
interest rates, demographics and changes in exchange rates were interpreted with the support of literature
review and statistical data. The main purpose of the study is to express that the continuity of any structure
that does not meet the social needs is not possible for the society.

Keywords: neoliberal economy, housing market, housing prices

TURKIYE’'DE NEOLIBERAL EKONOMIi’NiN KONUT PiYASASINA ETKILERI

Ozet

Konut; bir barinma araci, giinliik hayata dair ihtiyaclarin karsilandidi bir mekan, bireyler icin bir yasam alani
olarak tanimlanabilmektedir. Tiirkiye gibi neoliberal ekonomi modelinin uygulandigi tlkelerde ise konut;
sahip oldugu islevlerin yani sira bir “meta” olarak gériilmektedir. Konutun bir meta olarak ele alinmasi, onu
ekonomik anlamda 6nemli bir 6zne haline getirir. Bu sebeple ekonomi ile konut piyasasi arasindaki iliski
onemlidir.

Bu calismada Tiirkiye 6zelinde konut piyasasinin belirleyicilerinden olan neoliberal ekonomi modelinin
2020:1 ile 2021:9 arasindaki kisa dénemli etkileri arastinlmistir. Bahsi gecen donemde gecerli olan kredi



ILKIM GUVEN

kosullar, yillik faiz oranlari, demografik durum ve doviz kurlarindaki degisiklikler; donem kosullari icerisinde
konut Uretimi ve konut piyasasi baglaminda degerlendirilmistir.

Calismada, neoliberal ekonomi modelinin konut piyasasina olan etkilerini; kredi kosullari, yillik faiz oranlari,
demografi ve déviz kurlarindaki degisiklikler tizerinden literatiir taramasi ve istatistiki verilerin destedi ile
yorumlanmistir. Calismanin temel amaci, toplumsal ihtiyaglara karsilik gelmeyen herhangi bir yapilanmanin
devamliliginin toplum icin miimkiin olamayacagini ifade etmektir.

Anahtar Kelimeler: neoliberal ekonomi, konut piyasasi, konut fiyatlari

1. INTRODUCTION

Housing is an indispensable part of daily life. It is defined by various functions such as a means of
shelter, a commodity of production, a commodity for consumption, an investment or security, a tool
for establishing relations in society, or a “cultural artifact” in the formation of the urban environment
(Onver, 2016). The concept of housing becomes an economic, social, and spatial problem with the
onset of urbanization in Turkey in the 1950s (Demir and Palabiyik, 2005). In addition to the functions
it has, its perception as a commodity is a distinguishing feature. While housing is sometimes seen as a
consumption good and sometimes as an investment opportunity by its users; It can vary depending
on the social, economic, geographical and population factors of the countries (Tekeli, 1999). Housing is
a durable consumer good that provides shelter. For this reason, it can be seen as an investment good.
Housing is a source of wealth, both in terms of its value and its ability to be rented out. It is an important
asset not only for individuals but also for the national wealth of countries. The fact that housing takes
place in the market as a commodity that circulates in supply-demand relations, like all other goods and
services, has been widely discussed by various market theorists.

The use value of the house does not make it a “commodity” in the economic sense. However, with the
effect of capitalism, housing has become an important subject for economic relations due to the fact
that use value forms the basis of exchange value (Onver, 2016). For example, according to Polanyi, it
could be said that housing is not really a commodity, but as long as it is defined in this way, the concept
of housing will continue to be a wheel of the market (Polanyi, 1986). Every object included in the market
will be commodified. Because the market is a political project produced for the commodification of
labor and money, rather than a spontaneous phenomenon. For this reason, the relationship between
the market and politics becomes visible. According to the view that Polanyi also supports, it could be
stated that first pieces of land turn into commodities, then the masses who are deprived of these lands
are disciplined with poverty, and as a result of this upbringing, their labor is commodified, and finally,
money becomes commodified along with the need for money in return for all these labors (Polanyi,
1986). The organicity of this process cannot be mentioned. The process has been planned and executed
by the forces of capitalism from its first to its last stage. Turning the economy into a political project
with initiatives like this will bring the economy to the center of social relations, and this will not produce
good results for societies.

According to Cankaya, changes in housing prices could be largely explained by these macroeconomic
variables (Cankaya, 2013). In his study, Coskun stated that factors such as CPI (Costumer Price Index),
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GDP (Gross Domestic Product), housing demand, housing loan interest amount, rent and building cost
index and quality increase are determinants in housing price changes in Turkey (Coskun, 2016). Credit
conditions and annual loan interest rates, which are among these macroeconomic factors, are one of
the two main variables that this study deals with. At the same time, inflation, and changes in exchange
rates, which indirectly affect the housing market, and the decisions of the Central Bank of Turkey will
also be discussed among the factors affecting the housing market.

In neoliberal economies, the system has been established by state intervention, and if it is directed
in line with personal interests in this system, it becomes the state itself that presents the house as a
“commodity”. For this reason, the intervention of the state in the housing market could be discussed
under many topics. In this study, the effects of neoliberal economy on the housing market; loan terms,
annual interest rates, demographics, and changes in exchange rates. The aim of the study is to express
that the continuity of the structures that do not meet the social needs is not possible by making use of
the literature and statistics.

2. HOUSING-ECONOMY RELATIONSHIP

The market mechanism is one of the most important factors affecting economic life. In a system where
the market mechanism affects other items, it could be accepted that the market economy is effective.
Polanyi argues that this mechanism is different from other institutions in society (Polanyi, 1986), because
the market mechanism deals only with the economy while other institutions have different functions.
Hayek stated that the state, if there is competition, should also exist in a neoliberal political economy.
He also says, “A gained advantage is greater than the social costs” (Hayek, 2007).

The dominance of the market consumes natural resources, especially with the power to build housing
and other structures. From Polanyi’s point of view, this system is unsustainable and will have heavy costs.
The functioning of the free market economy; It is related to the affordability of all production elements
such as labor, land, and capital (Oskay and Citak, 2018). The development of the market economy and
the mentioned institutions is important for understanding the transformation in housing production
and settlement (Oskay, 2019). In this respect, understanding the housing supply, production and
consumption issues in Turkey is only possible with an understanding of the market economy.

Buying a house is an investment alternative for periods of economic uncertainty. Owning a home
is insufficient to explain the reasons for housing or housing. Because housing is an investment tool
simultaneously with all these features (Oztiirk and Fitdz, 2009).

Depending on the macroeconomic developments in Turkey, there are developments in the real estate
and private housing sector (Ozkurt, 2007). Opportunities for individuals or groups with financial
inadequacy to purchase housing are limited. They have to accept low standard housing. Therefore,
it becomes the duty of the public to ensure the standards of these groups or to make them live in
minimum standard housing. Public: it should make its economic, social and physical plans in an order
that will meet the housing demand (DPT, 1979).
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In the absence of any democratic control of the market, the neoliberal economy, beyond state planning,
becomes a passive population while active as “individuals, small entrepreneurs and businesses” (Dean,
2012). The neoliberal resettlement policy of Turkey has led to the transformation of housing into an
investment tool rather than a shelter. Neoliberal policies require hedging. For this reason, it is normal to
change the perception of housing as an investment tool. In the aforementioned process, the need for
features such as design and use of the house has decreased; housing began to be evaluated only on its
exchange value. This has happened with the process of politicization of real estate.

3. FACTORS AFFECTING THE HOUSING MARKET

While the housing market is one of the important parts of the economy, it has also been an indicator
of consumer spending and welfare (Bekmez and Ozpolat, 2013). Housing is therefore a tool for bor-
rowing. Considering the construction time realized as a result of the housing supply, data that changes
during the construction period are obtained in the short term. The fluctuations in housing prices could
have strong effects on the next period. This situation could also be summarized as follows: the effects
of macroeconomic components on the housing market may be larger than expected, as they lead to
chain consequences. Therefore, its impact on the economy may also increase. Neoliberal practices have
caused people in the society to break away from the idea of social housing. Encouraging practices for
housing, supported by the state, is a prominent policy in this sense. Because of this policy, while the idea
of the state as a housing need meeting institution or a supporter for housing has lost its importance,
the need for individuals to acquire property has come to the fore. These individuals are now customers
for the state.

With the effect of capitalism coming to the fore in the field of housing, the states provide land to the
construction owners in order to meet their housing needs, and construction companies rise in this way.
With this rise, the companies mentioned are able to convince the governments with the demand for the
development of large areas in the city. As large companies see the city as an object of making money,
cities have integrated into the capital-economic order and have become objects of consumption (ilgen,
2009). In this case, in addition to Polanyi’s view, it could be said that capitalism commodifies not only
the dwelling but the entire city. According to Harvey, capitalism’s view of cities as capital transforms the
urbanization process into a production process. Because surplus value could be created with urbaniza-
tion (Harvey, 2013). However, it would not be correct to suggest that this production process will always
yield positive results.

Housing is an important construction item for Turkey. When the total construction area in Turkey is com-
pared with the housing construction area according to the data of TUIK (See Table 1), it is seen that more
than half of the existing construction area is used for housing production. In this case, the interaction of
the house in directing the country’s economy and the country’s economy in determining the housing
market cannot be denied.
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Table 1. Comparison of total construction area and residential construction area in Turkey

3.1. Loan Terms and Annual Interest Rates

In the literature, it is known that there are strong connections between housing prices, loans and mac-
roeconomic variables, as a result of studies mostly conducted in industrialized countries (Goodhart and
Hofmann, 2008). For example, according to Ozkurt’s study on interest and inflation, the first of the sec-
tors that will be positively affected by the results of low interest rates and inflation is the real estate
sector (Ozkurt, 2007).

Housing production covers a wide area of the construction sector, and the financial sector is also active
as it works together with the housing sector. Housing has become an investment tool through the
developments in the field of finance. The use of housing loans has developed due to the fact that
the housing issue is provided through the houses acquired as property and it is seen as a tool for the
evaluation of savings (Onver, 2016). Credit terms and interest rates are important for determining
housing demand.Thereis arelationship between housing demand and loans that are suitable for middle-
income users and provide ease of payment (Gelfand, 1966). The effect of interest rates on the housing
market; depends on macroeconomic variables such as savings, production, national income. However,
the demand for housing is negatively affected due to high interest rates. Because while high interest
increases the savings of households, it decreases the demand for housing purchased for investment
purposes (Durkaya, 2002). The interest rate is effective on the decision of households who want to buy
housing from banks through housing loans (Lebe and Akbas, 2014). Banks and financial institutions
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give some privileges to people who have not saved enough to buy a house. These privileges serve not
only the housing demand but also the housing supply. With these functions, banks are involved in the
housing sector.

While these loan options provide a long-term payment opportunity in the purchase of housing, they also
affect the amount of interest rates and the amount of housing demand. The demand for housing may
increase due to the mortgage loan options encouraged during the contraction periods experienced in
the sector. When the interest rates decrease, the loan volume of the real estates also increases. As the
demand for housing increases, rent and housing sales prices increase (Sahin, 2011).

Turkey, which is a developing country, causes an increase in credit costs due to the combination of
low personal savings and high inflation. Financing programs for private residences, which began in the
80s, are a product of the commercial banking operations mentioned. Credit costs increase as banks
obtain their resources from short-term and high-interest deposits. Housing loans, which are expected
to be offered with low interest rates and long-term in this way, could be offered with a maximum
maturity of five years due to the problems caused by high interest rates (Demir and Palabiyik, 2005).
When the interest income and the effect of incentives on the houses purchased for investment
purposes are investigated, it is stated that the incentives applied to the housing purchases increase
the investment-oriented housing purchases, decrease the housing demand of the households, and
increase the employment. In addition, the decrease in the interest rate causes an increase in the demand
for investment housing, a decrease in the housing demand of the households and an increase in the
housing prices. The relationship between housing demand and macro-economy varies according to the
number of incentives given by the government (Jin and Zeng, 2007).

After the economic process experienced after 1980, the rate of competition increased and diversity
in the product and the customer began to be sought in order to increase the profitability rates. This
process led to an increase in housing loans. The most important variable at this point is interest rates.
The variable that increases the demand for housing is the long-term interest rate. Today, the decrease in
long-term interest rates increases the housing loans called mortgages (Oztiirk and Fitéz, 2009). First of
all, it should be noted that there is a causality running from interest rates to loans and from loans to CPI
and housing prices in the short term. There is a bidirectional causality between credit and CPI. There is
also causality from growth and housing prices to interest rates (Canbay and Mercan, 2020).

GDP ——  Housing Prices

Interest ——— > Credit Volume—— CPI

Table 2. Relationship between house prices and certain inputs
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Table 3. Repo Auction Rates According to CBRT (URL 7)

The interest rates announced by the central bank of Turkey are among the important factors that
determine the housing sales. With the lowering of the interest rates, the cash holders do not use their
money with interest but tend to buy houses, thus housing sales are expected to increase. Various
interest rate cuts were applied according to the Repo Tender Interest rates announced by the Central
Bank. However, when this table is compared with the table for house sales, it is seen that there is no
direct contrast or similarity relationship between interest discounts and house sales. This shows that the
government’s policy of lowering interest rates is not a strong enough policy for house sales. As Polanyi
emphasizes, this choice is a political and economic choice made by the state and shows the indirect
effect of the state on the housing market.

3.2. Demographic Factors

Population movements take place on the basis of economic activities, as they directly affect the demand
for goods and services and create labour supply (Lebe and Akbas, 2014). One of the demographic
factors that are effective in determining the housing demand is migration and urbanization. Economic
developments cause the current population to concentrate in cities. This situation is especially common
in Turkey. Due to the fact that the existing houses do not meet the needs, demand for housing occurs.
In other words, there is a positive relationship between urbanization and housing demand (Oztiirk and
Fitdz, 2009). High population and population growth increase the need for housing production. When
it is considered for Turkey, it is not possible to meet the housing need independently of the role of the
state that bears and distributes the costs (Ozkurt, 2007). This situation makes the state an important
subject in determining the housing market.
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The role of the aforementioned demographic factors in housing demand is important. Factors such as
the young population, the increase in marriage and birth rates are also expected to increase the de-
mand for housing. Population growth is expected to increase housing prices. The reason for this theo-
retical expectation is that the increase in population will increase the need for housing and the increase
in demand for housing and the increase in the equilibrium point of prices (islamoglu and Nazlioglu,
2019). According to Adams and Fuss, housing supply varies depending on housing prices, not on the
building’s own production cost. The increase in housing demand will also cause an increase in housing
prices (Adams and Fuss, 2008). However, Lebe and Yigit, in their studies on housing demand in Turkey,
revealed that the housing demand increased positively in the long run with per capita income, popu-
lation, number of married couples and industrialization, it was revealed that prices and housing costs
were negatively affected (Lebe and Yigit, 2009).

The demographics that have changed with government policies in Turkey in recent years also have an
impact on the housing market. Until the Regulation on the Implementation of the Turkish Citizenship
Law, which was made on September 19, 2018, citizenship was granted to foreigners who purchased
immovables with a value of 1 million dollars within the borders of the country. According to December
2020 data, after this change, a total of 7 thousand 312 foreign Turkish citizens became Turkish citizens
with an investment of 1 billion 880 million 500 thousand dollars in the last three years (URL 9).

It could be stated that the demographic structure of Turkey has undergone certain changes due to the
refugees and asylum seekers who were included in the borders of Turkey with the Syrian Civil War in
2011, and the Afghan migration, which has increased since 2018. According to the news of the BBC,
Mixed Migration Center, a research organization on immigrants in Australia, published in its report titled
“Unknown Direction: Afghans Advancing in Turkey”, in a survey conducted with a group of Afghans who
came to Turkey after 2018, “it is easier and faster to find shelters.” access (45.2%)" option is in the highest
rank after “meeting with family (48.7%)" option (URL 1). In this case, it could be said that one of the main
reasons for migration is housing access opportunities in Turkey.

According to the data updated by the Migration Administration on October 21, 2021, there are 1 million
232 thousand 448 foreigners living in Turkey with a residence permit. The majority of these foreigners
are in Istanbul (640 338), followed by Antalya, Ankara and Bursa (URL-2). Looking at the graphic pub-
lished by the Immigration Administration, it is seen that the number of foreigners in the country with a
residence permit has increased regularly until 2019. The breaking point of this graph was the year 2020,
which was included in the pandemic process.
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Table 4. Distribution of Foreigners in Turkey with a Residence Permit by Years (URL 2)

Turkey is a promising and developing country with a population of more than 70 million. Istanbul, which
is an international center especially for commercial and cultural events, has attractive opportunities
with metropolises such as Ankara and Izmir (Ozkurt, 2007). With the reciprocity law that has been
implemented in Turkey since 2013, it has become legal for foreigners to own property in Turkey.

3.3. Exchange Rates

The depreciation of the Turkish Lira against the US Dollar could be considered as one of the reasons for
the increase in house sales to foreigners. This situation shows the effect of the state on the economy
and indirectly on housing sales. According to 2021 Credit Suisse data, it was the currency that lost its
value the most against the Dollar after Nigeria (-19.4) with -17.9 (URL 5). The change in the mentioned
depreciation by months is shown in Table 5.

P

—— Average US Dollar Rate

Table 5. Distribution of Average US Dollar Rate by Month (URL 10)
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In order to understand the effect of exchange rate on house sales, the graph of house sales to foreigners
was examined. According to TUIK data, the amount of house sales to foreigners between March 2020
and September 2021 is as follows (URL 4).

R S, S S, S &
+° v - & o h o w4t L o

~ Distnibution of housing sales to foreigners

Table 6. Distribution of housing sales to foreigners by months

Although there is no direct harmony between the exchange rate and the graphics of house sales to
foreigners, it could be thought that sales to foreigners increased with the appreciation of the dollar.
Similarly, it could be thought that there is a relationship between the decline of the dollar in February
2021 and the decrease in housing sales. However, it cannot be said that this relationship is established
directly with the available data. In addition, these graphs alone cannot explain the fact that the
increasing dollar rate at the beginning of the pandemic process corresponds to the decrease in house
sales. For this reason, it is not possible to draw a direct conclusion.

4. DISCUSSION

It is known that microeconomic factors such as housing demand, housing supply, and changes in
construction costs affect the housing market. However, the main impact is experienced through
macroeconomic changes. The importance of the construction sector in terms of macroeconomics is
related to its multiplier effect. Because construction and housing production are the most important
sources of the economy. The construction sector surpassed the other 250 sectors and became very
effective in terms of employment and growth (Celik and Kiral, 2018). Changes in macroeconomics have
many and effective consequences on the housing market. Considering that these results are generally
negative based on the current instability of the macroeconomy, it is extremely dangerous to see the
construction sector as the most important economic base for housing, in particular. The idea that
focuses on only one sector is also dangerous when considered, but the construction sector is one of the
riskiest sectors to choose from. Since Turkey is still in a developing country class; Evaluating economic
development through the construction sector, housing production and housing prices would be a very
inadequate idea. According to OECD data, Turkey is the country with the highest score for the increase
in housing prices as of October 21, 2021 (OECD, 2021).
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Table 7. OECD (2021), Housing prices (indicator)

According to the data of Endeksa, in the last year, the rental prices of residences in Istanbul have been
24.4%, in Ankara 21.93% and in izmir 20.92% (URL-3).

Value Change 1 Year 2 Years & Years Mext Year Vinkst Chisnge 1'¥ear 2'ears 4'vars N3 e Ve Change 1'vear 2vears  4Years  NextYear

Table 8. Endeksa data of the rental prices of residences in Istanbul, Ankara, and izmir

Considering the effects such as economic crises, inadequacy of natural resources, climate crises and
pandemics that the world has faced in recent years; It is seen that the literature findings on the fact
that the functioning of the market is directed by the states have found a correct answer. The fact that
states consider the housing market as a political project for the sake of their economic interests in order
to achieve political dominance in the world creates a situation contrary to the existence of social life.
Because the free-market economy will disrupt the structure of society if there is no state intervention.
Hunger, poverty, and crime rates will increase. Human values will be damaged. These views are used as
a base in anti-capitalist discourses, and it is stated that this situation in the world will be a reason for
future bad scenarios.
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5. CONCLUSION

In this study, the effects of the neoliberal economy on the housing market in Turkey were evaluated
in the scale of urban economic development. While making these evaluations, the developments in
Turkey and in the world and the economic and economic concepts affected by these developments are
discussed. Looking at the housing industry and economy, it is possible to address this from many scales.
The scale used in this study is urban economic development.

Markets are not spontaneous systems. On the contrary, they are systems created by the state, with an
institutional orientation. The market is a political project in which labor and money are converted into
commodities. Despite this, all the structures that people have established should be evaluated as a
whole. Because people have to be considered together with the society, they live in. For this reason,
the concepts of human and economics are concepts that cannot be considered independently. Factors
such as the inadequacy of welfare state practices and the end of the class struggle have become the
factors that enable the commodification of housing. In this case, the increase in neoliberal policies on
the city accelerated.

Problems such as the weakness of the housing policy, the absence of a housing policy that supports
tenancy, not the owners, the absence of a penal sanction for vacant houses, and the absence of an upper
limit on real estate prices; strengthens the influence of the state on the housing market in the same way
as capitalism induces. It is also possible for the state to make improvements on the housing policy with
its own decisions, but it is understandable within the context of neoliberal economy that a financial
situation that has started to operate on the same side as large companies is not willing to provide social
housing or services for lower-middle-income citizens. Housing policies should be strengthened by the
state in order to minimize the damage to society caused by this situation created by the neoliberal
economy. Penal sanctions should be rearranged and inspections in the housing market should be made
convenient for the citizens.
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Ozet

Bu calismada enerji Uretimi ve cevresel faktorlerin degerlendirilmesi amaciyla kinetik mimarhgin uygulandig
konutlar arastinlmistir.  Yapilan arastirmalar sonucunda kinetik mimarinin, teknolojik gelismelerin
artmasiyla konutlarda kullaniminin artacagi, cevresel faktorlerin mimaride etkin bir sekilde kullanilacagi
ve kisisellestirilebilen mekanlarin, kullanicilar ile mimarlarin ilgisini cekecek bir tasarim yaklasimi olacagi
disunilmektedir. Bu calismada kinetik mimarligin, cevresel faktorlerin degerlendiriimesi ve enerji Gretimi

amaciyla tasarlanmis konutlarda ne sekilde uygulandigi arastiriimis; hareket amaclari, hareket prensipleri,
hareket yonleri ve hareketin mekanlarda yarattigi etkiler incelenmistir. Elde edilen veriler ile kinetik mimarhgin
konutlarda mekanlara nasil yansidigi analiz edilmistir. Calisma kapsaminda Domespace evi, Heliotrope Evi,
Dragspelhuset Evi, Sharifi-Ha Evi ve Girasola Evi ele alinmistir. DomeSpace, Heliotrope, Girasola Evi kiitlesel
olarak glinese gore donen ve enerji lreten yapilardir. Yapilan analizler sonucunda; kinetik uygulamalarin bu
yapilarda, i¢ mekan kullaniminda ve surekliliginde aksakliklara neden oldugu saptanmistir. Dragspelhuset ve
Sharifi-Ha Evindeki uygulamalarda ise yapilardaki mekanlarin, yapinin biitiiniinden ayri olarak hareket ettigi, bu
hareketle cevresel kosullara uyum saglandigi ve mekanlarin kisisellestirilebildigi gorilmastur.

Keywords: Kinetic architecture, housing, adaptation to environmental conditions, energy production

READING KINETIC ARCHITECTURE APPLICATIONS ON HOUSING SPACES

Abstract

In this study, houses, where kinetic architecture is applied, were investigated to evaluate energy production
and environmental factors. As a result of the researches, it is thought that the use of kinetic architecture in
residences will increase with the increase in technological developments, environmental factors will be used
effectively in architecture and customizable spaces will be a design approach that will attract the attention of
users and architects. How kinetic architecture is applied in houses designed for the evaluation of environmental
factors and energy production has been researched through architectural projects. Movement purposes,
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movement principles, movement directions, and the effects of movement in spaces were examined. With the
data obtained, how kinetic architecture is reflected in the spaces in the houses has been analyzed. Within the
scope of the study, Domespace, Heliotrope, Dragspelhuset, Sharifi-Ha, and Girasole Houses were examined.
DomeSpace, Heliotrope, Girasole House are structures that maseffesively rotate relative to the sun and generate
energy. It has been determined that kinetic applications cause disruptions in these structures, indoor use, and
continuity. In the applications in Dragspelhuset and Sharifi-Ha, it has been seen that the spaces in the buildings
move separately from the whole of the building, this movement adapts to the environmental conditions and

the spaces can be personalized.
Anahtar kelimeler: kinetik mimarlik, konut, cevresel kosullara uyum, enerji Gretimi

1. GiRisS

insan, yapi olarak hareketli bir varliktir, bu baglamda hareketlilik, hareket edebilme yetenegi, hareket
potansiyeli ve 6zglrligl insanlarin yasaminda énemli bir yer tutmaktadir. Kronenburg'e (2007), gore
insan istekleri dogrultusunda hareket ederek, genis alanlara yayilmis olarak yasamini siirdiiren, esnek
bir canhdir. Cevresine uyum saglayabilme ve hareket edebilme yetenegi sayesinde hayatta kalabilmistir.
(Kronenburg, 2007).

Mimari cogunlukla ¢evresindeki degisen ortama ve konumunun 6zel kosullarina tepki vermeden statik,
degismeyen ve kati bir unsur olarak algilanmaktadir (Kormanikova, vd., 2017). Ayni zamanda, mimarlik,
yasadigimiz mekanlari olusturarak insan hayatini merkeze alan bir meslek alani olmasi dolayisiyla
yasamin dnemli parcalarindan olan hareket etme istegi ile etkilesim icindedir. Bu istegin mekanlardaki
hareketlilik, esneklik ve degisebilirlik ogelerini tetikledigi dusinllmektedir. Konut, degisebilirlik,
esneklik, hareketlilik gibi bircok kavrami barindirmaktadir. Bu kavramlar ile ilgili olarak yapilan baz
tanimlamalara literatiir Gzerinden erisilmistir.

Degisebilirlik kavrami, 20. ylzyillda modern konut kullanicilarina yasayacaklari herhangi bir konutta
degisiklik yapmalari icin yardimci olabilecek ve konut tasarim ve Uretim siirecine aktif katilimlarina
olanak veren bir arag olarak gorilmustir. Degisebilirlik kavrami mimarlik alaninda dnemli bir tasarim ve
Uretim 6lciti olmustur (Deniz, 2004).

Esneklik kavrami ise degisik yonlerde biyime ve gelisme olarak tanimlanabilir. Konutta esneklik ise;
tasarimin kullanicilarin gelisen kosullar altinda degisen ihtiyaclarina karsilayabilme yetenegine sahip
olmasidir (Andic, 1999). Norberg- Schulz esnekligi iki anlamda kullanmaktadir. ilki, parca eklenmesi
veya cikarilmasi yolu ile bitinligini kaybetmeden binanin biyiimesi veya kiiciilmesidir. ikincisi
ise parcalarin ve aralarindaki iliskilerin degistirilebilmesidir. Buna hareketli bolmeler (stirme duvarlar,
katlanan duvarlar, perde ve storlar) ile mekan bolimlerinin veya mekan elemanlarinin ¢evreleme
bicimlerinin degistirilebilir olmasi 6rnek olarak gosterilebilir (Norberg-Schulz, 1963).

Hareketlilik kavrami cok yonli olan ve yasamin her boliminde kendini farkli bicimlerde gosteren, cok
sayida bilesenin bir araya gelerek olusturdugu katmanli bir butiinden olusmaktadir. Cevreyi harekete
gecirmek icin insanlar “ge¢misin kinetik estetiklerini tekrar” etmek amaciyla yeni teknolojik buluslari
kullanmaktadirlar Buglinkii teknolojik aletler gocebe yasam seklinin kendi kendisine yetebilme
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durumunu taklit etmektedir. insan hayatina teknolojinin dahil olmasiyla birlikte yasam sekilleri
farklilasmis, bu baglamda ginlik hayat teknolojiden bagimsiz olarak distnilemez bir hale gelmistir.
is hayatinin teknoloji sayesinde mobilize olabilmesi ve insanlarin teknoloji ile iliskilerinin artmasi ile
beraber, ydnetim, egitim, servis, iletisim ve edlence gibi dnceden birbirinden ayri olan islevler bir arada
distinilmeye baslanmistir (Brown, 2003). Bir araya gelen bu islevler nedeniyle var olan mekanlarin
karsilamasi gereken ihtiyaclar farklilasmis ve artmistir. Glnlik hayat rutinleri degiserek sosyal hayat
unsurlari ile 6zel hayat unsurlari birbiri icine girmis ve bu durum mekanlara da yansimistir.

Glnumuzde, mimarlk ve urlnlerinin sosyal ve glnlik yasamdan etkilendigi kabul edilmektedir.
Kronenburg (2003), mimarligin payinin insanin kimlik duygusuyla dogrudan baglantili oldugunu
belirtmektedir. Bu nedenle teknolojik, sosyal, ekonomik ve kdiltiirel olarak degisen bir diinyada, insanlar
yerlesik bir hayat kurabilmek icin hareketli, esnek ve degisken tasarimlara ihtiya¢ duymaktadirlar.

Hareketlilik, mekanlarin karsilamasi gereken ihtiyaclarin saglanmasi icin kullanilan tasarim
yontemlerinden biridir. Hareketin mimaride kullanilmasi genel olarak binalarin islevsel verimliliklerini
arttirmaya yoneliktir. Hareketlilik sayesinde mekanda yaratilan farkhliklardan daha cok bu hareketin
bina performansini arttirmaya yonelik potansiyelleri tizerinde calismalarin yapildigi gorilmektedir.
Kinetik uygulamalar, aslinda islevleri karsilamanin yani sira hareketin kendi icinde barindirdigi estetik
ozelligi de disari yansittiklarinda kullanicilar igin ilgi ceken bir unsur haline gelmektedir.

GUnumdiz yasam sartlari ve konut kullanim sekillerine bakildiginda, mekanlarin bircok islev igin farkli
zamanlarda kullanilmasi artik ihtiya¢ halini almistir. Mekanlarin hareketli olmasi, degisebilirlik ve
esneklik kavramlarinin konut tasarimina ve kullanimina yansimasina neden olmaktadir. Kullanicilar artik
konutlarindaki bir mekani calismak, uyumak, spor yapmak gibi farkli islevler icin kullanmakta, kinetik
mimarlik uygulamalari da bu esneklik saglayan ihtiyaca cevap vermektedir.

Kinetik uygulamalarin farkli ihtiya¢ ve islevlere cevap verdigi konut tasarimlarindan bu calisma
kapsaminda arastirilan drnekler insa edilme tarihlerine gore; 1988 yilinda New York'da insa edilen
Patrick Marsilli tarafindan tasarlanan Domespace evi, 1994 yilinda Almanya Freiburg-Vauban'da insa
edilen Rolf Disch tarafindan tasarlanan Heliotrope Evi, 2004 yilinda isve¢'te insa edilen 24H Mimarlik
tarafindan tasarlanan Dragspelhuset Evi, 2013 yilinda iran Tahran'da insa edilen Alireza Taghaboni ve
ekibi tarafindan tasarlanan Sharifi-Ha Evi ve 2013 yilinda Canberra'da insa edilen ve John Andriola ile
DNA Architects tarafindan tasarlanan Girasole Evi'dir. Yapilan calismada kinetik mimarlik uygulamalari
kapsaminda ele alinan 5 konut literatirde yer alan baslklardan yararlanilarak analiz edilmis,
glinimizde ve gelecekte konutlar icin degismekte olan ihtiya¢ kosullari icin neler yapilabilecegi ile ilgili
degerlendirme ve dnerilerde bulunulmustur.

2. KINETiK MiMARLIK KAVRAMININ GELiSiMi

Sozcuk anlamina bakildiginda kinetik kelimesi Yunancada hareket etmek anlamina gelen “kineo”
kelimesinden tiretilmistir. Kinetik mimari kavraminin, mimaride hareket veya hareketli mimari seklinde
yorumlandigi goriilmektedir (Yasa, 2010). Kinetik mimari, hareket kavramini temel almasindan dolayi
mimaride degisimi ve esnekligi de kapsayan bir tasarim yaklagimidir. Kinetik mimari terimi, hareket
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yetenegdi kazandiriimis olarak Uretilen yapilarin tasarimini ifade etmektedir. Bircok tanima sahip olan
kinetik mimari kavrami, degisebilen hareketlilik, konum ve / veya geometriye sahip binalar, yapi
bilesenleri ya da doniisen mekanlar ayni zamanda duyarli bina 6geleri veya etkilesimli alanlar olarak da
tanimlanabilir (Fouad, 2012).

Tarih boyunca binalarin performansi, kullanicinin degisen ihtiya¢ ve isteklerini karsilayarak degil,
zamana, dogadaki yipranmaya ve dayanma kabiliyetine bagli olarak degerlendirilmistir. 1970’lerde
Zuc ve Clark, Kinetik Mimari kavramini bir bicim olarak tanimlamislardir. Bu tanimda “bir bicim, denge
olusturan etkenlere tepki gostermeli,zamana bagli olarak duragan olmamalidir”. Yapilan bu tanimda, her
yapinin sabit olmamasi gerektigi elbette distiiniilemez ama teknolojide meydana gelen degisikliklere
uyum saglamak icin de bazi yapilarda serbest mimarinin de kullanilabilecegi aktariimaktadir (Zuk ve
Clark, 1970).

Surekli degisen ve gelisen fiziksel cevrede mimarligin en dnemli sorumluluklarindan biri de kullanicilara
yaratici, sosyal, cevresel ve estetik olarak yeteneklerini genisletme firsatlari sunan mekanlar olusturmaktir.
Kullanicilarile cevre arasinda karsilikli etkilesimin oldugu ortamlar esnek ve etkilesimli mimari kullanilarak
saglanabilmektedir (Asefi, 2012). Canlilarin ¢evresel etmenlere uyum saglamak icin kullandiklari hareket
etme yeteneginin, insan yapimi olan mimari mekanlarin da sekillendirilmesi siirecinde tasarimcilara
esin kaynagdi olarak goriilmesi gerekmektedir. Mimari mekanlarin zaman ve degisim karsisinda islevsel
olarak devamliliklarini stirdtrebilmeleri icin hareketlilik prensibiyle tasarlanmalar fikri bu yaklagimla
glindeme gelmistir.

Tongji Universitesi algoritmik tasarim laboratuvar direktérii olan Kostas Terzidis tarafindan “Hareketin
yapili cevreyle olan bitlinlesmesi ve bu durumun yapilarin estetigi, tasarimi ve performansi izerindeki
etkisi mimarlk alaninda buyik 6énem tasiyabilir. Sanal hareketin estetik degeri her zaman bir esin
kaynagi olsa da bu hareketin yapilarda fiziksel olarak uygulanmasi mimarligin gercekte ne oldugu
gercegini zorlayabilir” seklinde yorumda bulunmustur (Terzidis, 2003).

Korkmaz'a (2009), goére birincil olarak, kinetik mimarlikta yapi timiyle veya parcalar halinde bir
konumdan, baska bir konuma tasinabilir ve kullanilabilir. Bicim degistirebilen mimari olarak adlandirdigi
tur ise ikinci olarak gelmektedir. Bu tiire dahil olan yapilarda, kullanicinin mekanda bulundugu sirada
gerceklesen hareket, mekanin cok boyutlu hale gelmesini saglamaktadir. Cesitli mekansal ihtiyaglar ve
islevleri karsilayabilmek icin yapinin timi veya belli bélimleri hareket edebilmektedir (Korkmaz, 2009).
Mimari yapilardaki hareket alti gruba ayrilmaktadir. Bu hareketler; kayma, donme, daralma-genisleme,
acllma-kapanma, katlanma ve gerilme seklindedir. Hareketin, yapilarda yarattigi etki ve olusturulma
sekli sadece geometrik olarak degil ayni zamanda hareketin malzemesi, konumu, durumu ve kullanicilar
ile olan iliskisiyle de incelenmesi gerekmektedir.

Fox (2009), kinetik mimarlik uygulamalarinin bir yandan bina performansina deginirken bir yandan da
estetik fenomolojiye degindigini belirtmistir. Bu dogrultuda formu etkileyen etmenleri humanistik ve
pragmatik olarak iki kategoriye ayinr. Pragmatik uygulamalar ihtiyaglarin giderilmesi ile ilgilenirken,
humanistik uygulamalar, mimari cevredeki degisimlerin bizi fiziksel ve psikolojik olarak nasil etkiledigiyle
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ilgilenir. Kinetik mimarlik kavramini olusturan unsurlar, genellikle saglam, kalici ve degismez bir bicim
olarak kabul edilse de sadece farkl alanlari sinirlandiran tamamen statik bir kavram degildir. Yapidaki
hareketli unsurlar mimarhgin ve mimarlik tarihinin ayrilmaz bir parcasi olmasina ragmen bu konuda
sistemik bir bilgi mevcut degildir. Hareketli mekanlar ile ilgili bir siniflandirma Michael A. Fox ve Bryant
Yeh'e aittir. ikili, 1999 yilinda yayinladiklar “Intelligent Kinetic Systems” adindaki makalede kinetik
mimariyi, mekanik sistemlerin ve teknolojik yeniliklerin mimari Gzerindeki etkilerini esas alarak Ug
ana baslik altinda incelemistir. Bu basliklar; Yapisal Yenilikler ile Malzeme Teknolojisindeki Gelismeler,
Mimarideki Kinetik Tipolojiler ve Kontrol Mekanizmalaridir. Mimarideki kinetik tipolojiler; kinetik
mimariyi, hareketin kullanildigi mimari yapi ve yapi bilesenlerinin 6lcegine gore (g alt baslik altinda
incelemektedir. Bu bashklar; gomilu kinetik yapilar, kurulabilir yapilar ve dinamik kinetik yapilardir.
GOmula Kinetik Yapilar, mevcut bir konuma sahip olan ancak mimari bitlindn bir bélimiinde kinetik
yap! elemanlar bulunduran yapilardir. Kurulabilir Yapilar, konumu gegici olan ve kolayca hareket
ettirilerek tasinabilen yapilardir. Dinamik Kinetik Yapilar, mimari bitin icerisinde, kapilar, béltculer,
duvarlar, modiiler sistemler gibi kiicik 6lceklerde hareketli yapi bilesenleri bulunduran yapilardir. Diger
bir siniflandirma da kinetik yapilarin kontrol mekanizmalar Gizerinedir (Fox ve Yeh, 1999). Literature
bakildiginda yapilarin harekete baglamalarini saglayan etmenler; insan kontrolll, ¢evresel etmenlere
duyarli ve kullanicilar ile dogrudan etkilesimli olarak (¢ bashkta ele alinabilir. insan kontroliindeki
hareketli yapilarda, hareket kullanicinin karariyla baslatilir. Dolayisiyla, kullanici fiziksel temas saglayarak
yaply! etkilemektedir. Yapida kullanicinin kontrolu ile hareket ettirilen kapilar, pencereler, asansorler
ornek olarak verilebilir.

insan kontroliindeki hareketli yapilarda kontrol ve denetime yénelik etki, kullanicinin bedensel
temasiyla saglanir. Cevresel olaylara karsi duyarliligi olan bilesenlerin gerceklestirdigi hareket, yapidaki
havalandirma, aydinlatma, i1sitma ve sogutma icin kullanilan enerji tliketimini azaltmaya yoneliktir
(Moloney, 2011). Glinimuzde bu kontrol cesidiyle yonlendirilen yapilar anhk kullanici midahalesi
gerekmeden cevresel gliclere uyum saglayabilmesi icin bilgisayar teknolojileri ile desteklenmektedir.
Mekanlar, kurgulanan kontrol sistemi sayesinde “canlilar gibi bir davranis” sergilemektedir. Mimari bir
mekanin gergek bir iletisim 6zelligi oldugunu gdsteren, kullanicisiyla direkt etkilesimli olan yapilarda
dinamik bir iletisimden s6z etmek mimkindir ve yapiyr kullanan birey ile direkt etkilesimli olan
hareketli yapilar, kullanicisina farkl mekansal deneyimler sunma imkani da saglar.

Hareket edebilme yetenedi, insan hayatinin odagini olusturan bir kavramdir. Tarih boyunca insanlar
ihtiyaclaridogrultusunda hareketli elemanlari kullanmislardir (Fox ve Kemp, 2009). Ge¢mise bakildiginda
mimarideki kinetigin koklerinin pragmatik adaptasyona dayandigini sdylemektedir. Bir gg¢cmenin yemek
kaynaklarinin takibi icin hareketli olma durumundan Griin almak icin topografyaya sekil vermesine,
degisik iklim kosullarina uyum saglamasindan, dismandan kagmasina kadar bir¢cok senaryo, yasami
ve mekani harekete zorlamaktadir. Bu senaryolar mobiliteye ve uyuma her zaman ihtiya¢ oldugunu
gOstermektedir. (Fox ve Kemp, 2009).

Mimari agidan uyum saglama yetenegi ve hareketlilik, ilk zamanlarda madara veya kullibe bosluklarini
kapatan hareketli taslar, kiitlikler veya deriler olarak gériilmekteydi. Bununla ilgili bilinen en eski eserler
isvicre’nin Robenhausen bélgesinde, Ziirih'te ve Misir'daki tek parca olan ahsap malzemeden dretilmis
kapilardir (Sherratt, 2001). ilerleyen zamanlarda kale kapilari da Orta Cag'da savunma amacli hareketli
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olarak tasarlanmistir. Hareketli kapilarla beraber ayni zamanda hareketli kdpriilerin de Orta Cag'dan daha
eski zamanlarda, MO 14. ylizyilda Misir ve Babil'de kullanildigina dair kanitlar yer almaktadir. Herodot'a
gére Babil Kraligesi Nitocris MO 460'ta Firat Nehri'nin karsisina koruma amaciyla geri cekilebilir bir képrii
insa ettirmistir (Koglin, 2003).

13. yiizyllda Anadolu'da yasamis olan El-Cezeri (Bedilizzaman Ebii'l iz ibni ismail ibni Rezzaz El Cezeri),
zamanina gore ileri derecede teknoloji iceren mekanik parcalarla otomatik olarak calisan diizenekler
tasarlayan ve bunlari uygulanir hale getiren bir bilim adami ve sanatcidir. Kitab-il Hiyal adindaki
kitabinda renkli ve detayli cizimlerle anlattigi tasarimlari arasinda, filli saat, otomatik ylizen kayik ve
calgicilar, birbirine icecek ikram eden iki kisi, dort cikisli iki samandirali otomatik sistem, iki bolimlu
testi (termos), otomatik abdest alma ve su akitma, ikramda bulunma ve kurulama makinesi, su carki
kepce mekanizmasi motor-kompresér mekanizmasi, su carki su dolaby, sifreli anahtarlar bulunmaktadir.
El-Cezeri'nin calismalari, bugiin ki mihendislik ve mimarlik alaninda kullanilan kinetik sistemlerin
gerceklesmesine esin kaynagi olmus ve alt yapi saglamistir (Unat, 2002).

Ronesans donemi tasarimcisi ve diistinliri olan Leonardo Da Vinci hareketli (kinetik) mekanizmalar
Uzerine eskizler yapan tasarimcilardandir. Dogadaki canhlarin hareketini goézlemleyen ve bu
dogdrultuda taslaklar gelistiren Da Vinci'nin, hareketli araglar ve mekanizmalar tizerine pek ¢ok ¢alismasi
bulunmaktadir. Da Vinci'ye gore, “Alet tasarimi ve mekanik bilimi bitiin diger bilimler arasinda en yararli
ve en degerli olanidir. Bu bilim sayesinde nesneler hareket kazanarak is yaparlar (Suh, 2010).

Orta ¢ag sonrasinda mimaride hareketlilik kavrami yapi kabuklarini da etkilemistir. 18. yy. da hareketli
yap! kabuklarina da 6rnek olabilecek bazi 6geler; hareketli kapilar, pencereler, acilip kapanabilen tavan
vb. olarak karsimiza ¢ikmaktadir. Ayrica 18 yy. da ic mekanda kullanilan ayarlanabilen masa, Avrupa'da
bazi tiyatrolarda donebilen sahne mekanizmalari da bulunmaktadir.

Tarih boyunca yapilarda kinetik uygulamalardaki hareketlilik, daha ¢ok yapi elemani 6l¢egindeyken,
yap! 6lceginde kinetik uygulamalarin gorildigu ilk 6rnek 1903 yilinda Fransiz mimar M. Engere Pettit
ve Doktor Lucien Pellegrin’in ortak calismasiyla “Aycicedi Evi” olarak adlandinlan “Sanatoryum Evi”dir.
(Randl, 2008). Doktor Lucien Pellegrini cogu hastaligin tedavisi olduguna inandigi giines isigindan
dolayi bu evi sanatoryum olarak adlandirmistir.

Hareket ile ilgili egilim Avrupa'da devrimci tarzlarin yasandigi bir donemde resim, grafik tasarim,
edebiyat ve mimarlik alanlarinda da gerceklesmistir. Donmeyi amaclayan disavurumcu tasarimlarin
hicbiri ne kadar cizilmis ve aciklanmis olsa da yapilamamistir.

Sonug olarak, kinetik mimarlik, bir objenin teknolojik yeniliklerle geleneksel uygulamalarin tekrar
yorumlanarak o objeye hareket kazandirilmasi veya bir yapinin fiziksel degisiminin modern mimaride
tasarlanmasidir. Bu yeni bakis agisinda robot, mekanik ve elektronik bilimlerinin kullanimi temeldir.
Bu teknolojilerin kullanimiyla mimarlar striiktiirel olarak geleneksel ydntemlere eskisi kadar bagli
kalmamaktadirlar. Teknolojik gelismeler sayesinde duvarlar hareketli, catilari katlanabilir ve binalari
donebilecek sekilde tasarlayabilmektedirler. (Ramzy and Fayed, 2011). Bu calismada, farkli kinetik
mimarlik uygulamalarinin ele alindigi bes konut yapisi secilmis ve mekanlar tzerindeki etkisi okunmaya
calisiimistir.
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3. KINETiK MiMARLIK UYGULAMALARININ KONUT MEKANLARI UZERINDEN OKUNMASI

Bu calismada hareketli yapi 6rneklerinden DomeSpace evi, Heliotrope evi, Dragspelhuset evi, Sharifi-Ha
evi ve Girasole Evi incelenmistir. Bu 6rneklerin secilme nedenleri, islev olarak hepsinin konut kullanimh
olmasi, hareketliligin farkli yontemler ile uygulanmis olmasi, kinetik uygulamalarinin amaclarinin farkli
olmasi ve mekanlarda yarattigi etkilerin de bu baglamda degisiklik gdstermesidir.

3.1. DomeSpace Evi

20 y.y'da insa edilmis kinetik yapilara ilk 6rneklerden olan DomeSpace evi 1988 yilinda Mimar Patrick
Marsilli tarafindan tasarlanarak insa edilmistir. Marsilli daha sonra kendi sirketini kurarak Fransa'da
ve diinyada 130'dan fazla kubbe ev tasarimi yapmistir. Ufo gériinimind andiran bu yapi yenilikgi
bir tasarimdan 6te, stirdirilebilir yapr 6zelligi de tasimaktadir (Sekil 1). Yapilarda kullanilan ahsaplar
uluslararasi bir organizasyon olan Orman Yénetim Konseyi tarafindan verilen sertifikah Griinlerdir (Tan,
2008).

Bu yapida yalitim malzemesi olarak mantar kullanilmistir. Yarim kire seklindeki catida, dogal
aydinlatmanin i¢ mekanlara ulasmasini saglayan tavan pencereleri yer almaktadir (Sekil 2). Catida
bulunan giines panelleri, yapida gerekli olan enerjinin tiretiimesinde 6nemli rol oynamaktadir. Glines
1s1ginin emilimini en Gst diizeye ¢ikarmak icin yapiyr 360° déndiirmeye yarayan mekanik donanim evin
tabaninda yer almaktadir. Yapi dénerken ayni noktadan elde edilen gorintiler Sekil 3'te gosterilmistir.

Sekil 2. Cati pencereleri (URL 1)
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Kubbenin cephesinde oldugu gibi, ic mekanlarinda da ¢ogunlukla ahsap malzeme kullanilmistir (Sekil
4-5). Kinetik mimarhk uygulamalarinin ilk érneklerinden olan evde hareketlilik kavraminin, cevresel
etmenleri degerlendirmek ve enerji Giretmek amaciyla uygulandigi goriilmektedir.

Sekil 5. ic mekanlarda ahsap malzeme kullanimi (URL 1)

3.2. Heliotrope Evi

1994 yilinda Almanya Freiburg-Vauban'da insa edilen, Rolf Disch tarafindan tasarlanmis olan Heliotrope
Evi, glinesi izleyerek ve glines panellerinin verimli bir sekilde en yiiksek diizeyde calisabilmesi icin 180
derece donebilecek sekilde diisiiniismis olan bir enerji-arti evidir (Sekil 6). Bu ev enerji lretiminde
ilk 6rneklerden olan Freiburg-Vauban akilli sehri icin Uretilmistir. 6.6 kWH’lik enerji lreten, catiya
konumlanmis giines panelleri, evin enerjisini arti-enerji durumuna getirmekte ve glines enerjili termal
boru sistemi sayesinde evin su ve radyatorlerini 1sitmaktadir. Heliotrope Evi, tiikettigi enerjinin beg
katina kadar enerji Gretebilmektedir. Ayni zamanda yagmur suyu geri donistiirme sistemi ve kompost
sistemli bir tuvalet de bu ev icin tasarlanmistir.
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Sekil 6. Heliotrope Evi (URL 2)

Ana bir kolona monte edilen ev ahsap striiktir ile olusturulmustur (Sekil 7). Binanin striktiriinden
dolay ayni katta bulunan mekanlar arasindaki gecis spiral merdivenin bulundugu alandan yapilmakta
ve bu durum mekanlar arasinda siireksizlige neden olmaktadir (Sekil 8).

Sekil 8. Kat planinda mekanlar arasi stireksizlik (URL 3)

Binanin glinese gore 180 derece donmesi ile yasam alani ve yatak odalar yer degistirmektedir. Binanin
glinese gore hareketi ile sicaklik-sogukluk, aydinlik-karanlik degiskenligi mekanlara yansimaktadir (Sekil
9).
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Sekil 9. Yapinin dénmesi ile mekanlarin yer degistirmesi (URL 2)

3.3. Dragspelhuset Evi

2004 yilinda isvec'te insa edilen, 24H Mimarlik tarafindan tasarlanan Dragspelhuset Evi, kayarak hareket
eden konsol sayesinde farkli mevsimlerdeki degisken hava kosullarina uyum saglayabilmektedir. Plan
diizleminde gosterilen uzatilabilir olarak tasarlanan bu kisim halat ve makara sistemi ile manuel olarak
kullanicl tarafindan hareket ettirilir. Bu yapi isve¢'teki Glaskogen doga koruma alan’'ndaki Ovre Gla
golu'nan kiyisinda bulunan 1800’lerden kalma orijinal bir kulGibenin uzantisidir (Sekil 10).

Bu uzanti mekan, hava kosullarina veya ihtiya¢ duyulan alana gore degistirilebilen yasam ortamlari
yaratmaktadir (Sekil 11). Konsolun uzatilmasiyla mekan daha aydinlk ve ferah bir hale gelmektedir.
Yapinin hareketli kismi, yapiya fazladan bir ¢alisma, dinlenme gibi farkli islevlerin oldugu bir yasam alani
sunmaktadir.

Sekil 11. Hareketli mekanin agik ve kapali gorseli (URL 5)
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Yeni yasam alani manzaraya acilarak yapinin gevresi ile iliskisini arttirmaktadir. Yapinin kapali ylizeyleri
hareketin etkisi ile acilmakta ve binanin algilanma bi¢cimi hem ic mekanlardan hem de disaridan
degismektedir (Sekil 12). Evin organik sekli, ormanin ortamina dogal bir sekilde karismaktadir. isve¢'te
yaygin olan geleneksel cati ¢6zUmu (stikor veya shingled roof), cagdas bir sekilde kullanilmistir. Cati
icin Kanada sedir agacinin secilmesinin nedeni bu agacin bakim gerektirmemesidir. Evin tasarimcilari
yapinin orman icerisinde butlinleserek, ormanin bir parcasiymis davranmasini arzu etmis ve malzeme
secimini o yonde yapmislardir. Ahsabin eskimesiyle zamanla yapi orman icinde kamufle olarak dogayla
uyumlulugunu korumasi diistinilmustdr. Yapinin hareketli kismi, yapinin ana govdesi gibi ahsap
struktdr ile olusturulmustur. (Sekil 13)

Sekil 12. Mekanin hareketinin dis cepheye yansimasi (URL 6)

Maartje Lammers ve Boris Zeisser tarafindan tasarlanan eklenti, yapiyi cevreleyen iklime ve kullanicilarin
sayisina gore ayarlanabilmektedir. Yaz aylarinda hareketli mekanin, konsol ile bir uzanti olarak agilmasi
saglanmakta, Kis aylarinda ise bu hareketli mekan bir koza gibi geri cekilerek, orijinal sekline dénebile-
cek sekilde hareket edebilmektedir Ayni zamanda yapinin sabit kisminin Gzerinde bulunan giines pa-
nelleri sayesinde enerji de Uretilmektedir.

Sekil 13. Yapinin ahsap striktiri (URL 7)

Dragspelhuset evi, diger 6rneklerden farkli olarak dogaya uyumlu ve kamuflaj olabilme amaciyla
tasarlanmis bir yaz evidir.

3.4. Sharifi-Ha Evi

2013 yilinda iran, Tahran'da insa edilen, Alireza Taghaboni ve ekibi tarafindan tasarlanan Sharifi-Ha
Evinin konsepti belirsizlik ve esneklik kavramlari Gizerine kurgulanmistir. Sharifi-ha Evi'nin 2 bodrum
katinda spor, havuz, eglenme ve dinlenme alanlari yer alirken, zemin katta otopark ve temizlik
mekanlari bulunmaktadir. Birinci ve ikinci katlarda evin yasam alanlari, st katlarda ise yatak odalari
konumlanmaktadir. Cephede, donen kutularin yer degistirmesi ile acik/kapali hacim ve de ice/disa
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donuik olma durumu saglanmaktadir (Sekil 14-15) Esnekligi saglayan bu hareketlilik, degisen mevsimlere
ve farkli durumlara gére de diizenlenebilmektedir. Bu sayede iran kiiltiiriinde yer alan mevsimlik mekan
kavraminin (kis icin Zemestan-Neshin, yaz icin Taabestan-Neshin) saglanmasi icin odalar mevsimlere
gore yer ve yon degistirmektedir. Ayni zamanda mekanlardaki bu hareketlilik sayesinde yaz aylarinda
istenilen teraslar ile, seffafliga ulasilabilirken, soguk kis aylarinda hacim en aza indirilmektedir (Sekil 15).
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Sekil 15. Hareketli mekanlarin kesit gorinimi

Mekanlarda yaratilan bu hareketlilik sayesinde yaz-kis dizeninde sicaklik-sogukluga gore ortam
degismekte ve konfor diizeyi ayarlanmaktadir. Mekanlar, hareketlilik sayesinde, kullanicinin istegine
gore daha seffaf olmakta, agilmalar ile bu alanlara teras gibi yeni islevler ylklenebilmektedir. Bu
esneklik, kinetik mimarlik sayesinde saglanabilmekte ve yapinin kimligini olumlu yonde etkilemektedir.
Hareketlilik ile hem i¢ mekdnda degisiklik yaratiimakta hem de binanin disaridan algilanmasi
farkhilasmaktadir (Sekil 16). Diger 6rneklerden farkl olarak her katinda bagimsiz olarak hareket edebilen
kinetik mekanlar bulunan ¢ok katl bir yapidir.
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Sekil 16. Mekanlarin hareketinin dis cephede yarattigi ¢esitlilik (URL 8)

3.5. Girasole Evi

2013’ de Avustralya, Canberra’ da insa edilen, John Andriola ile DNA Architects tarafindan tasarlanan
Girasole Evi, glinisigina dogru hareket eden ve 360 derece dénebilen bir yapidir (Sekil 17). Yapi kdse
bir parselde yer almaktadir. Zeminde doénen bir platformla hareket kabiliyetini saglamaktadir (Sekil
18). Glinese gore donen yapi, manuel olarak kullanicilar tarafindan da kontrol edilebilen akilli bir ev
sistemine sahiptir ve 360 derece donusuini 10 dakikada tamamlayabilmektedir.

Yapida, esnek tasarimin yani sira ¢evresel faktorlerin de degerlendirildigi, evin ve garajin catisinda
yagmur sularinin toplandigi 120.000 litre kapasiteli bir su deposu bulunmaktadir. Cift camh oturma
odasi pencereleri, kuzeye bakarken kisin glinesin evi isitmasini saglamakta; yaz aylarinda ise, daha
kiicik pencereler ve isiy1 yansitan Low-E cam sistemi ile kendini korumak icin dénerek glinesten
uzaklasabilmektedir.

Sekil 17. Girasole Evi (URL 9)

Evin zeminini olusturan kinetik platform, 28 tekerlek tizerinde bir cerceveye bagl sekilde evin altindaki
iki adet sessiz motorun donmesi ile calismaktadir. Bu platformun calismasi icin harcanan enerji sadece
bir ampuliin yanmasi icin harcanan enerji kadardir. Yaz aylarinda giines enerjisi sistemi, bina sakinlerinin
kullandigindan cok daha fazla elektrik ve sicak su Ureterek, tasarruf saglamaktadir. Yapi ahsap struktir
kullanilarak olusturulmustur (Sekil 19). Yapinin 360 derece donmesiyle ayni noktadan bina cephesinin
gOruntisd, 10 dakika stiren donme hareketi boyunca farklilasmaktadir (Sekil 20).
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Sekil 20. Ayni noktadan farkli cephe gérinimleri (URL 12)

4. BULGULAR

GCalisma kapsamindaki konutlar; kinetik mimarlk uygulamalarinin hareket bashgi altinda ele alinan;
hareket prensibi, hareket amaci, hareket yoni ve hareketin mekanlarda yarattigi etkiler incelenerek,
karsilastirilmistir (Tablo 1). Bu karsilastirmalar sonucu elde edilen veriler cizelge aracihgiyla analiz
edilmistir.

DomeSpace Evi, Heliotrope Evi, Girasole Evi kiitlesel olarak gilinese gore donerek hareket eden ve
enerji Ureten yapilardir. Enerji Giretimini tasarim parametresi olarak ilk sirada tutan Heliotrope evinde,
bu amaci uygulamak icin secilen yontemin, kat planlarinda siireksizlige neden oldugu ve mekanlar
arasindaki iliskilerin genel konut kullanimindan farkli bir sekilde kuruldugu gorilmektedir. Domespace
evi ve Girasole evi de Heliotrope evi gibi enerji Giretimi amaglanarak tasarlanmasina ragmen, Heliotrope
Evi'nden farkl olarak 360 derece donmekte ve bu doniisiin sagladigi enerji Gretiminin yani sira acik plan
dizeninde tasarlanarak mekanlarda streklilik de saglanmaktadir. Yapilar bitiinsel olarak hareket ettigi
icin ic mekanlarda ayrica esneklik saglanamamaktadir. Domespace, Heliotrope ve Girasole evi yaptiklari
bitlnsel hareket sayesinde ic mekanlarda 1sik ve manzara farkliliklarini saglamaktadir. Bu dénme
hareketi ile mekanlarin konfor kosullari da sicaklik-sogukluk olarak diizenlenebilmektedir.
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Tablo 1. Kinetik mimarlik uygulamalarinin konut mekanlari Gizerinden analizi

Dragspelhuset Evi ve Sharifi-Ha Evi, cevresel kosullara uyum saglamak icin kinetik mimarlik
uygulamalarinin kullanildigi konutlardir. Mevsim degisimlerine gore kinetik uygulamalarin tasarlandigi
bu yapilarda, tek bir mekanin butiinden ayri olarak hareket etmesi ile mekanlarda islev degisiklikleri ve
esnekliksaglanmistir. Buevlerinbulundugukonumlardakihava sartlarinin eniyisekilde degerlendirilmesi
icin, mekanlarin hareketinin planlandidi, gerektiginde ylizey ve hacim artisi veya azalisi ile gerekli
konfor kosullarinin saglanabildigi gorilmektedir. Bu iki evde dogrusal hareketlerle mekanlar acilip
kapanabilmekte ve bu da kullanim alaninda artisi saglamaktadir.

Dragspelhuset evi ve Sharifi-Ha evinde mekanlarin hareket etmesi ile cephe farkhliklari ve yapilarin hem
ic mekandan hem de dis mekandan algilanisi degismektedir. Bu evlerde hareketli mekanlar mevcut
yerlerinde ice donik ve opak alanlarken, mekanlarin hareketi ile manzaraya donerek, daha seffaf ve
aydinlik mekanlara déniismektedirler. Boylece mekanlarin hareketi ile hem fonksiyonel hem de gorsel
degisiklik saglanmis olmakta, ayrica bu hareket ile diger 6rneklerden farkli olarak i¢ mekanda esnek
tasarima ve mekanlarin kisisellestirmesine de olanak verilmektedir.

5. DEGERLENDIRME VE ONERILER
incelenen orneklerde uygulanan hareketli mekan uygulamalari, kinetik mimarligin konutlarda farkh
amaclar icin, farkli yontemler ile kullanilabildigini gostermektedir. Hareketin bazen yapinin timinde
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bazen de yapinin bazi bélimlerinde saglandigi gorilmektedir. Yapilarda istenen 6ncelige gére bu
durum; enerji Gretimi, islevsellik, esneklik, uyumluluk gibi kavramlarla ele alinabilir.

Enerji Gretimi ve slrdrilebilirlik amaciyla yapilan konutlardaki kinetik uygulamalar genellikle gilinese
gore donebilmekte ve yapinin bitiiniine uygulanmaktadir. Domespace Evi, Girasole Evi 360 derece
donerek, Heliotrope Evi ise 180 derece donerek glinesi takip etmektedir. Bu donme hareketi ile ilk
amaclanan enerji Giretimi olmasiyla beraber mekanlarda manzara farklilasmasi da ikincil 6zellik olarak
ortaya c¢ikmaktadir. Mekanlar bu dénme hareketi sayesinde sicaklik-sogukluk, aydinlik-karanlik gibi
farkli konfor kosullarina da uyum saglamaktadir.

Mekanlarda cevresel faktorlerin degerlendirilmesi veya uyum saglanmasi da kinetik uygulamalarin
konutlarda kullanilmasini tetikleyen nedenlerden oldugu goriilmektedir. Dragspelhuset Evi ve Sharifi-
Ha evi, insa edildikleri bolgeler itibari ile mevsim dedisiklikleri ve 1si farki gibi nedenler dolayisiyla kinetik
uygulamalarin yapildigi konutlardir. Konutlarda yasayan kullanicilar bu hareketlilik sayesinde yasam
alanlarini mevsim kosullarina gore degistirebilmekte ve konfor duzeylerini ayarlayabilmektedirler.
Cevresel faktorlerin degerlendirilmesi ve uyum saglamak icin tasarlanan degisebilir mekanlar, yapinin
bltuninden bagimsiz sekilde hareket ettirilerek kullanicinin tercihlerine olanak saglamakta, ayni yapi
icerisinde esnek mekan kullanimina imkan vermektedir.

Konut kullaniminin 6zel ve kisisel olmasi nedeniyle kinetik uygulamalarin daha yaygin olarak konut
yapilarinda tercih edildigi gérilmektedir. incelenen &rneklere bakildiginda; 1988 yilinda yapilan
ve devam eden surecteki uygulamalarin daha cok enerji Uretmek amaciyla yapildigi, konutlarin
kisisellestiriimedigi ve hatta bazi kullanim zorluklarina da neden oldugu tespit edilmistir. 2000 yilindan
itibaren, konuta yiklenen barinma ihtiyaci disinda yazlik-kishk gibi ikincil konut diizeni, calisma ve
spor yapma gibi bircok islevin de eklemlenmesiyle birlikte kinetik uygulamalarin arttigi goriilmektedir.
Kinetik mimarinin daha giincel uygulamalarinda, teknoloji sayesinde gelistigi ve sadece enerji tGretimi
amaciyla degil, konut mekanlarini kisisellestirme amaciyla da yapildigi bilinmektedir.

Konut kullaniminin barinma disinda bircok islevi beraberinde getirmesiyle, farkl ihtiyaclar dogmakta ve
bu durum gliniimiiz kosullarinda her gecen giin degiserek artmaktadir. Bu nedenleilerleyen zamanlarda
kinetik mimarligin, yapi tasarimini etkileyen ana kararlardan biri olarak 6n siralarda disunilecegi
ongorilmektedir. Ayrica gliiniimiizde her seyin kisisellestirilmesi durumu, kullanicilarin evleri icin de
bu durumu istemelerine neden olacagi ve bdylece kinetik mimari ile konut yapilarinda kisiye 6zgu
mekanlarin tasarlanmasinin da yolunu acacagi diistinilmektedir. Yakin gelecekte tasarlanacak olan
konutlar icin, tasarim parametresi haline gelmesi dustnilen kinetik mimarlik uygulamalari, konut
sunum bicimlerini degistirerek, farklilasmaya neden olacak ve kullanicilar tarafindan arzu edilen bir
durum haline gelerek, kullaniminin teknolojik gelismeler ile yayginlasabilecegi 6ngoriilmektedir.
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Abstract

This paper aims to resolve the Internet of Things (IoT) based ZigBee sniffer for smart home and determine the
usage of energy or power with high spectrum allocation in future ZigBee Protocol with the help of clustering in
loT with data mining. The research work starts presenting an overview of the broadband network energy sector
and the challenges that face it. It is observed a change in the energy policies promoting energy efficiency,
encouraging an active role of the consumer, instructing them about the importance of consumer behavior,

and protecting consumer rights. Electricity is gaining room as an energy source. Its share will keep constantly
increasing in the following decades. ZigBee Protocol and smart meters’ deployment will benefit both the utility
and the consumer in the near future. New services and new businesses appear in this environment, focusing
on the energy management field and tools. They require specialization in fields such as computer science,
software development, and data science. This research has segmented the ZigBee Protocol according to the
similarities of their electrical load profiles, using the proportion of energy usage per hour (%) as a common
framework. This energy consumption segmentation aims to provide personalized recommendations to each
group to reduce their energy consumption and the associated costs, fostering energy efficiency measures and
improving consumer engagement. The desired segmentation is obtained by an iterative process, based on
computational clusters calculation (using a Python programming language) and finalized by a post-clustering
analysis applying visualization and statistical data mining technique to detect the energy consumption and
reallocate them to a more appropriate group. The K-Means clustering technique was tested and compared,
giving the best prediction of accuracy 98.46% for all energy load profiles with a high spectrum of 100GHz. The
solution from the K-Means clustering is the one that better adapts to the segmentation sought, which is used
as the base of the post-clustering stage to obtain the final energy consumption segmentation.

Keywords: Energy, Internet of Things (IoT), K-Means, ZigBee Protocol, Clustering, Consumption, Smart,
Monitoring.
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AKILLI VE GUVENLI EV iCiN SEYLERIN iINTERNETi TABANLI ZiGBEE SNIFFER

Ozet

Bu arastirmanin amaci, loT'de kiimeleme yardimi ile ZigBee Protokoliinde yiiksek spektrum tahsisli enerji
veya gli¢ kullanimini belirlemektir. Bu arastirma, genis bant sebeke enerji sektoriine ve karsi karsiya oldugu
zorluklara genel bir bakis sunmaya baslar. Enerji verimliligini tesvik eden, tiketicinin aktif rollini tesvik eden,
tlketici davranislarinin énemini anlatan ve tiiketici haklarini koruyan enerji politikalarinda bir degisiklik
go6zlemlenmektedir. Elektrik, enerji kaynadi olarak yer kazanmakta olup, dniimiizdeki on yillarda da payi
strekli artmaya devam edecektir. Bu enerji tiikketimi segmentasyonunun arkasindaki amac, enerji tiketimini
ve ilgili maliyetlerini azaltmak, enerji verimliligi dnlemlerini tesvik etmek ve tiiketici katihmini gelistirmek icin
her gruba kisisellestirilmis éneriler sunabilmektir. istenen segmentasyon, hesaplamali kiimeler hesaplamasina
(python programlama dili kullanilarak) dayanan yinelemeli bir strecle elde edilir ve eneriji tiiketimini tespit
etmek ve bunlari daha uygun bir gruba yeniden tahsis etmek icin gorsellestirme ve istatistiksel veri madenciligi
teknigini uygulayan bir kiimeleme sonrasi analizi ile sonuclandirilir. K-Means kiimeleme teknigi test edildi
ve karsilastirildi, 100GHz yiuiksek spektrumlu tiim enerji yiiki profilleri icin en iyi dogruluk tahminini %98.46
verdi. K-Means kiimelemesinden elde edilen ¢6ziim, nihai enerji tiiketimi segmentasyonunu elde etmek
icin kiimeleme sonrasi asamanin temeli olarak kullanilan, aranan segmentasyona daha iyi uyum saglayan
¢6zimdur. Bu metodolojilerin cogu, daha yiiksek enerji tasarrufu potansiyeline sahip kullanicilari belirlemeye
odaklandiklari icin 100 kWh cinsinden mutlak degerleri kullanir. Bu durumda, enerji tasarrufu tavsiyelerinin
ZigBee protokollniin belirli 6zelliklerine gore kisisellestirilmesine, uygun zamanda yeterli tavsiyeyi sunarak
tlketici deneyiminin iyilestirilmesine, enerji verimliliginin etkinligini artiran gerceklere, gelecege yonelik
tavsiyelerin hizmetine izin verir. ZigBee protokoli

Anahtar Kelimeler: Enerji, Nesnelerin interneti (IoT), K-Means, ZigBee Protokolii, Kiimeleme, Tiiketim, Akilli,

izleme.

1. INTRODUCTION

The Internet of Things can be defined as the network of physical devices embedded with electronics,
software, sensors, actuators, and connectivity, enabling them to exchange data with each other and
the internet using their unique identifiers as mentioned in (Becirovic and Mrdovic, 2019). Such an
infrastructure allows the development of applications and services that facilitate the lives of citizens
and workers around the world and bring us closer to the convergence of the physical and digital worlds.
Some successful examples include Nest and Ecobee for smart-heating, Phillips Hue for smart-lighting.
Smart things as a provider for multiple smart-home solutions, researchers in (Wu, et al., 2015) worked
for personal fitness trackers and personal assistants like Alexa from Amazon or Siri from Apple.
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Figure 1. A smart ZigBee used with several popular firms.

Despite the massive growth of IoT applications, the usefulness of the data originating from these systems
is still to be validated and proved, as mentioned in (Bouktif, et al., 2018). The volume of data generated
from a single sensor device installed in a house or a wearable device can be overwhelming for the device
itself. In most cases, it needs to be offloaded to a data-processing application from which users can
access it and connect it to a more meaningful use (Ge et. al., 2017). The rate of such devices integrated
into our everyday lives causes offloading information in the cloud. Therefore, it creates vast volumes
of data, as mentioned in (Bjornson et. al., 2015). Such data need to be communicated, processed, and
stored in real-time while accessing it in its raw format tends to be useless when compared with the
knowledge it can generate (e.g., information about a person’s lifestyle and diet compared with their
daily step count and trips as latitude-longitude coordinates) as mentioned in (Aslan et. al., 2017). As
a result, the need for a holistic solution on managing the data generated is still an open subject for
research in both academic and enterprise scopes. Similarly, multiple interfaces for communicating and
representing such data formats have been used, with none getting a clear step ahead of the others in
the path for a global standard, if and when this will be possible.

1.1. Problem Statement

In order to provide such a holistic solution, it is essential to be able to integrate the data generated
by all of these smart homes in a common base. We need to be able to process them, view them and
operate on them using a standard methodology and also be able to gain common knowledge with
security monitoring. This is the most critical step towards unifying the information from a fragmented
ecosystem that significantly reduces next-level applications and services development efforts. In this
dissertation, we study the possible solutions to the problems above in an environment filled with loT-
ZigBee devices. We focus our work on the following research problems:
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a. The representation of the loT-ZigBee environment and its metadata and semantics in a suitable rep-
resentation format can handle the complex relationships generated in such a densely populated
environment.

b. We focus on efficiently collecting and processing streaming loT-ZigBee data in real-time with mini-
mum processing time and latency. We use a modular system that can be extended to support addi-
tional data types and devices with limited interventions.

c. They are focusing on the extraction of knowledge from the collected and processed loT-ZigBee data.
Raw data are of limited value to end-users in most cases. The real value lies in the conclusions that
can be extracted from them.

Once we have achieved all objectives, we will be able to analyze loT-ZigBee data in real-time for smart
home with security generation offering the outcomes of our work to researchers that can then build
upon our work and generate a brilliant and connected environment.

1.2. Research Contribution

We contribute to the field of data analytics for the Internet of Things in smart home environments and
the post processing analysis of the loT-ZigBee data by providing a better understanding of the physical
surroundings with the help of solar system monitoring. We propose new and extensible methods to
store the information of loT-ZigBee installations and our findings allow for fast lookups across the whole
set of loT-ZigBee devices in the network. Processing the data generated in real-time becomes a more
streamlined workflow, using a standardized methodology that allows for changing the data analysis
from a single point. Data generated can be easily stored and retrieved from a specifically designed, reli-
able and efficient storage engine. Using the original and calculated data in a feedback loop also allows
us to build additional processing and analysis layers that generate more data and information resulting
in more accurate outcomes. The results of our work can be categorized in the following points:

i.  The first goal of our work was to setup a base set of infrastructures for bringing the physical
world with its digital representations for smart and secure home using ZigBee technology. We
wanted to be able to understand what it is where and how interacts with its environment as
well as what it observes in real time. Our work towards this direction was twofold:

ii. We have developed a graph-based schema to represent loT-ZigBee installations together with
their semantics and meta information. The schema is not based on the traditional relational
databases but builds on the ideas of graph theory and utilizes a new database model, a graph
database. Each entity that participates in real world interactions or can be observed by loT-
ZigBee device is represented as nodes of a graph, while the interactions themselves are the
vertices of the graph.

iii. We therefore build a web of entities and relations that are easy to visualize and traverse to find
answers to various queries that may arise inside a smart environment. Such queries can look for
the causes of events observed (e.g., what caused the rise of luminosity in room), the available
information for an area (e.g., what information is sensed for the building) or even the social
interactions and connections of individuals (e.g., which people use the same appliances).



AURUM MUHENDISLIK SiSTEMLERi VE MiMARLIK DERGiISi
AURUM JOURNAL OF ENGINEERING SYSTEMS AND ARCHITECTURE

iv.  For the analysis of the data we provide a template implementation for setting up a system that
can receive, process, and analyze an unbounded number of input data streams with no impact
on its operation using ZigBee with based K-Means algorithm. Such data streams can originate
from sources that range from single smartphones to city wide sensor installations.

v. The system is also capable of handling data streams that provide unbalanced volumes of
information with no performance drops. The calculation methodology itself is developed as to
be easily customized and extended, based on the data types and the calculations required in
every environment it is deployed to ZigBee. This processing engine is capable of identifying the
data from each of the sensing devices routing them to the appropriate processor without any
prior per-device configuration.

2. RELATED WORK

As we are now rapidly approaching 2030, it is as important as ever to address the skills that will enable
all citizens to make informed and well-thought choices as mentioned in (Zulkipli et. al., 2017). Also,
another ubiquitous fact should also come to mind: we cannot manage what we cannot measure. It is
necessary to monitor the impact of our current behavior or the effect of potential behavioral changes in
order to have a clearer picture with respect to e.g., our everyday smart and secure home. Furthermore,
environmental education, as part of the broader issue of science, is an important component of the EU
cultural heritage. In fact, EU considers environmental education one of the most prominent instrument
to influence human behavior towards more environmentally sustainable patterns (Stoyanova et. al.,
2020). Hence, associating environmental education and game-based learning will lead to students
taking over a leading role in the educational process, setting questions, investigating the possible
answers, and looking for alternative explanations to come up with a fitting model.

Several software products for monitoring sensor data exist. It is able to capture sensor data from
proprietary data formats or protocols and visualize them. Regarding visualization, discusses the most
common approaches with respect to feedback design in eco-conscious work for the past decade, from
the perspective of both ICT and psychology, providing insights to their strengths and weaknesses.
The researcher in (Servida and Casey 2019). presented an example of a typical engineering-focused
approach, that utilizes several skeuomorphic metaphors to enable smart home feedback creation on
smartphones. While such systems provide end-users and developers with powerful tools and front
ends, we believe they should also be paired with multiple approaches, offering multiple possibilities
to interact with the system. Examples of large-scale smart metering deployments that used loT portals
(for electricity and water) and other visualization tools to support the system and engage end-users to
participate as mentioned in (Kruger and Venter, 2019). Their findings support the notion that the use
of multiple approaches, with respect to visualization and feedback, serves such purposes well. We have
followed a similar line of thought while implementing our own user interfaces and will continue to
evolve our approach in future revisions of the system.
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Figure 2. An advance home automation system schema developed for home using Zigbee-
technology

In order to interact with an loT installation, an appropriate representation in the digital world is required.
Each installation comprises multiple elements that produce, consume or transfer data. Every element in
this ecosystem potentially has multiple relations with other ones creating a complex schema that can
be hard to understand or visualize as the scale of the installation increases as mentioned in (Yaqoob et.
al., 2019). To overcome this problem and simplify our interaction with this digital image representation,
formats more appropriate than the traditional relational databases need to be applied. At the same
time, these formats need to be easy to understand and be used by non-tech-savvy users like artists or
activists in their work with this, now accessible, living part of our environment.

In 2019 the number of Internet of Things (IoT) connected devices was 19.71 billion worldwide. By the
end of 2020 it will hit 26.66 billion as mentioned in (Ahmed et. al., 2015). In 2025, the number of devices
connected to the Internet will be 75.44 billion, the number will be risen 5 times in a decade. These
smart devices are capable of generating data on its own based on behavior or expected result and
share it over the Internet. This is what constitutes the concept of Internet of Things (IoT). loT is a massive
group of devices containing sensors or actuators connected together over wired or wireless networks
as mentioned in (Bradac, et. al., 2015).
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Besides all the benefits and positive characteristics that the wireless medium has brought to loT, there
are vulnerabilities. There are different forms of traffic anomalies and attacks. The most common security
threats are intruders, which is generally referred, as hacker or cracker and the other is virus. This comes
with the risk of personal data being broadcasted to the world and cause more cyber-attacks like phishing,
denial-of-service (DoS), Probe, Remote to Local (R2L) attack etc. Since these attacks are not common so
normal data flow has a pattern which can be more or less the same. However, when another entity
will try to distort or change the data, the pattern will change, and this is where the Intrusion detection
techniques comes into play in the context of internet and specifically in the context of Internet of Things
as mentioned in (Collotta and Pau, 2015).

To monitor and detect anomalies or any suspicious behavior, intrusion detection system (IDS) and
intrusion prevention system (IPS) are being used. As diverse environments and latest technologies are
prone to be maliciously attacked, machine-learning (ML) algorithms are able to detect, analyze and
classify intruders in network accurately and rapidly. Two types of intrusion detection system are there.
They are Anomaly based detection and Signature based detection. Anomaly based detection methods
detects the attacks that are unknown by observing the whole system and the entities in it such as traffic,
objects etc. Anything other than normal behavior is identified as a potential attack. Conversely to detect
specific patterns of the attacks that are known by investigating network data or traffic, signature-based
detection methods are powerful as mentioned in (Pascual et. al., 2014).

ZigBee provides several day-to-day advantages not only for consumer’s sector but for business sector as
well as mentioned in (Baliyan et. al., 2015). This technology allows us to view real time information that
was not available before. Business can improve their production efficiency by reducing material waste
and unforeseen downtime. Since Artificial Intelligence is used, it saves considerable human effort and
time. Sensors can be used to build infrastructure, detect damage to infrastructure. Automated traffic
control can help reduce road congestion and gadgets or sensors can be implemented on the outside to
recognize change in the environment and warn us for any impending natural calamity.
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Figure 3. The ZigBee support with the automation controller described Source.

ZigBee makes our homes, offices, and vehicles smarter, more measurable and this in turn makes our life
more pleasing. Smart speakers like Amazon’s echo or Google home makes it very easy to set timers, get
information on the go or be it to play music. Through home security system, we can monitor our home
from other places remotely and can see what is happening on the inside and outside or talk to visitors as
mentioned in (Marino et. al.,, 2016). Smart lighting systems can reduce unnecessary operation if there is
no one in the house , and smart air conditioners will turn on when it knows you are on your way to your
home. This makes them prone to security risks like DDoS attacks, one of the most common issues, which
happens by setting the device’s password to its default password which are easily crack able by hackers.
Ransomware and Malware both relies on encryption to lock out the user’s devices completely and steals
the user’s data. Privacy remains among the largest issues of ZigBee as data is being transmitted, stored,
and processed and being harassed by large companies. Internet of things disconnection happens in
smart homes due to many reasons. It could be because of a high growth of ZigBee in the world. Other
reasons could be due to the movement of nodes, which could be a random walk to single or both
nodes of each link or could be periodic due to satellites and planets movements on orbits. It is good
to mention also that some cut offs occur due to nodes periodic power saving, like low power nodes in
sensors networks as mentioned in (Niaz et. al., 2017).
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Figure 4. Interest over time according to ZigBee predicted growth from 2019 to 2024 for terms Smart
device and Internet of Things

3. METHODOLOGY

The research is organized in various sections starting with a description and the philosophy of the
research from which the electricity consumption data and house information is taken and used as input
for the study; a remark is done in how consumer behavior can contribute to foster energy efficiency;
then the objectives and goals are defined. Moving to the more technical part, the procedure of cleaning
the raw data is explained to have the processed data in order to start the data analysis sought. First, an
explorationand visualization of the data was carried out to extract the first outcomes from the consumer’s
load profiles. The core of this research focuses on the smart home network segmentation according to
their electrical load profiles, various clustering methods are used and compared in order to find the
most adequate consumer segmentation. Then, the house features and household characteristics are
considered to find whether exists any relation between customer’s segments and their house properties
or not. The data generated has increased exponentially this last decade, this data could contain valuable
information, but it needs to be explored. The electricity market is also living a data boom, for instance
the electricity meter reading has moved from one read every month to host smart meters able to read
electricity consumption every smart home network; this implies that each consumer will have around
100 measurements per year. Store and manage this data are already a challenge itself, that is the reason
why smart home networks and computer science have increased their presence in the energy sector;
but also, the possibility to add value to this massive amount of data applying data mining and analytics
to extract hidden information or at least be able to separate the useful one to the less interesting. Big
data analytic tools are essential to add value to all this data, specifically in the energy sector could add
value in terms of energy balance, energy efficiency or energy prediction; that could be profitable for
both the consumer and the utility.
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3.1. Dataset Description

A dataset is composed of rows and columns, where, usually, each row represents an observation and
each column a different variable. The dataset is named as “Smart Home Dataset with weather Infor-
mation” which is freely available on KAGGLE. This data can be either qualitative (categorical) such as
gender, country, city; or quantitative (numeric) such as electricity consumption, height, price, distance.
Again, and as said before depending on the type of data the approach used to the analysis may vary,
because is no treated the same way numeric and categorical data. The size of this dataset is relatively
manageable due to mainly three facts. The dataset can be downloaded from the link: https://www.kag-
gle.com/taranvee/smart-home-dataset-with-weather-information.

i.  The number of sub-meters installed are a small amount accounting for different sub-smart
home networks.

ii. The measurements period is in most of the cases around year length.

iii. The data was aggregated hourly, fact that reduced the final number of observations and there-
fore the dataset’s size consisting of 124.89 MB.

iv.  Electricity consumption data for smart home networks with weather information.

v. Households and householder’s information based on smart home network usage.

3.2. Communication Via Smart Home Network

Communication via smart home network solves many problems that directly affected the data quality,
as if the smart home network is switched on, communication can be stablished interrupting the send-
ing and reception of data. Then, the data for this time period is represented by zeros as it was no con-
sumption; thus, altering the dataset values which need to be eliminated in order to perform an accurate
data analysis.

From the database server the Software as a Service (SaaS) company, in this case, access to the data
stored and proceed to upload it into the web-app platform for the visualization of each user. Finally, the
data used for the current analysis was obtained through an Application Programming Interface (API)
configured by this research in order to:

vi.  First, aggregate all the data hourly. The sub metering equipment is able to measure the con-
sumption in high-resolution frequencies, each 5-15 minutes according to the device. For the
aim of this study, the hourly aggregation is enough and a good starting point if a further deeper
study is sought in the future.

vii.  Second, all the household’s consumption data are in the same file, fact that facilitates the anal-
ysis procedure as reading one file is enough to analyses the data.

viii.  Hence, by using the “python programming” that permits the access to the database server a
“csv”file is downloaded, this file is the input data regarding electrical consumption that will be
used for the data analysis. This data is considered time series numerical as it records the electri-
cal consumption and time of it.
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Figure 5. Diagram that describes the functions of power system for maintaining the secure home
network.

The “csv” files have the characteristics that are easy to read by software prepared to conduct a data
analysis, for instance “MS Excel’, “Python” among others. “Python”is the programming language used to
carry out the current analysis.

3.3. Clustering Algorithm for Prediction

The K-means solution adopted was to cluster the data in 7 groups by using the python programming
language, but as said before the applying the algorithms could also be chosen. Due to the fact at this
stage is not possible to stablish big differences among spectrum allocation of smart home network. The
number of members assigned to each cluster, range from the minimum different number of clusters for
smart and secure home data; so, a distributed user’s allocation is also achieved; avoiding clusters with 1
to 5 members which could mislead the analysis. Table 3.1, as expected, the clusters with large number
of networks present a higher within cluster distance.
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Table 1. Number of members per each cluster defined by K-Means algorithm using ZigBee protocol.

K-Means Algorithm on smart and secure home Data using ZigBee Protocol
Cluster Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7
Number
Number of 9 17 8 8 37 8 35
members

Cluster 1: there are two peaks, morning, and evening both of them represents around 7% of the energy
usage. It is similar to the cluster 6, although this cluster one presents a higher proportional value be-
tween peaks that ranges from 3-5%, it could mean that some activity is done for smart home networks.

Cluster 2: Presents a not sharp morning peak and a low consumption percentage during day of around
3% similar to the night hours’ proportion; this means that there is no activity at home during the day.
Cluster 3: Presents a high morning peak, around 9% of the daily energy use is consumed in that peak
thatis around 8:00h. Then, there is no activity as the proportion of energy use in the afternoon decreases
down to 3%, similar at the night percentage, and there is a small evening peak of around 5% at the
dinner time.

Cluster 4: It presents two peaks prolonged in the morning (9:00) and in the afternoon (19:00), following
the schedule of a small business or local, also the night consumption proportion is so low. So, it seems
it is not a residential consumer.

Cluster 5: This cluster presents a flat profile, with the higher values during the day at lunch and dinner
time. It could mean that people stay home during the day.

Cluster 6: Presents two sharp peaks, one in the morning and other in the evening, that reach almost 7%
and 10% respectively. Then the energy usage during the rest of the day and during the night is so low,
constant at 2.5%, so no activity during these periods; it means that the households are not home during
the day; could correspond to working people with children.

Cluster 7: Presents a significant evening peak around 21:00h of almost 9%. There is also a small morning
peak, almost no noticeable which does not reach the 5% of energy usage. During the days it also
presents a continuous consumption of around 4- 5% until the evening peak.

4, RESULTS

The electrical consumption is analyzed in different levels of detail. The followed procedure starts
from analyzing the whole gross data and gradually moving towards a more detailed data analysis by
segmenting and grouping the data for a more accurate study. Two kinds of values were used to plot
the electrical consumption; the absolute units of power consumption [kWh] and the proportional
hourly energy usage in percentages (%) were used. When analyzing each consumer individually the
important values are the absolute units in terms of kWh; but to fairly compare various consumers’
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profiles is necessary to create a common normalized framework where to contrast the curves’ shape;
this can be done with the hourly percentages of energy consumption. As said before, depending on the
analysis’goal one parameter or another would be used with ZigBee protocol. So, although the possible
approaches to the consumption data an endless, below different representation ways are shown that
would be useful to know and better understand the consumer. This section uses various consumers
for the different representations, in order to see variety of load profiles and also test the validity of the
illustrations. Remark that, the scope of analyzing the features for each cluster would have been more
adequate if a larger sample with better data quality and more specific features were available. So, the
current process could not add any value to the research; but it is a procedure that could be followed

when a larger dataset would be available.
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Figure 6. The smart home energy consumption expressed in absolute time in terms of consumption
units (kWh), in graph bars for simulated and empirical consumption.
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Figure 7. The smart home energy consumption expressed in absolute time in terms of consumption
units (kWh), in graph bars for outdoor temperature and loT based ZigBee radiation.
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Figure 8. The smart home energy consumption expressed in absolute time in terms of consumption
units (kWh), in graph bars for spot price including security.
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Figure 10. The prediction of energy consumption for all four season in a year with respect to total load
(kWh), in graph bars for simulated and empirical consumption in smart homes.
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Figure 11. The prediction of energy consumption for all four seasons in a year with respect to home
temperature (C°), in graph bars for outdoor temperature and IoT based ZigBee radiation.
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Figure 13. The average weekday load variation for summer and other months with respect to hour
of day where curves expressed in hourly absolute load consumption units (kWh) for simulated and
empirical consumption using K-Means.
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Figure 14. The confusion matrix for average energy usage per week with minimum correlation
coefficient for multiple households.
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Figure 15. The confusion matrix for average energy usage per week with minimum correlation
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4. DISCUSSION

Energy management tools are not extended within the residential sector, since the energy consumed
is so small compared to business and industries, the savings obtained do not pay-off the investment.
However, there is room for providing such tools to residential consumers, for instance by creating
a community as ZigBee protocol are doing with the collaboration of public administrations and
electricity utilities. This research is an example of a public administration pioneer initiative to engage
the consumers and foster the energy efficiency among them, aiming to provide energy knowledge,
understanding and guidance to the user in order to reduce its consumption on average up to 10%.
Nonetheless, it was seen that providing the technical consumption data in kWh to the householders has
limited influence and effect, so is necessary to go beyond and translate the technical information into
call-to-action measures, guiding the user to smart energy choices (like a GPS), have a better response
from the householder. Also, the need of sub-metering devices to obtain the consumption data limits
the scalability, as the cost associated is significant. To be able to reproduce this kind of research in a
large-scale the access to the data from the utilities smart meters is necessary. So, the combination of the
smart meter deployment and the big data analytics are called to play an important on the energy sector.
The smart meters generate large amounts of raw data that need to be managed and, once analyzed can
be converted into useful information that benefits both the utility and the consumer, as aim to improve
the customer engagement and the quality of the service. Creating new business opportunities, mainly
related to data science and data analysis in response to the market needs.

Table 2. The comparison of proposed method of implementation with existing technique.

ARTICLE TECHNIQUE ACCURACY
Peng et al (2019) Support Vector Machine (SVM) 89.97%
Jaihar et al (2020) Convolutional Neural Network (CNN) 96.73%

Proposed ZigBee based loT Protocol with K-Means 98.46%
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Most of the home appliances features are common to each cluster, with energy usage data in the
broadband network, and not available data for the domestic hot water system. Also, it does not exist any
significant difference among the house properties and the sociological features in the different clusters,
in order to be able to affirm that one or some specific features are the cause of the load profile pattern.
Remark that, the scope of analyzing the features for each cluster would have been more adequate if a
larger sample with better data quality in ZigBee protocol and more specific features were available in
the result section of this research. So, the current process could not add any value to the research; but it
is a procedure that could be followed when a larger dataset would be available.

5. CONCLUSION

Smart home energy consumption prediction is the key to perform a proper analysis and extract reliable
conclusions from it. In this study, the dataset was the optimal in terms of quantitatively and qualitatively.
This Kaggle dataset utilized well as instance counting for thousands of users, would have been more
adequate to the purpose of the study than the small sample studied of only users. In addition to that,
the electrical consumption data from the sub-metering equipment presented some issues that difficult
the analysis at some point and demanded a pre-clustering stage for treating and cleaning the data. As
the communication between the sub-metering device and the server is done through the broadband
network of the consumer, when it is switched-off the consumption data is lost and counted as high
spectrum allocation like if it had been no consumption. So, when the possibility to access to the hourly
smart meter consumption data becomes a reality, the current study purposes will find a suitable
framework since the numbers of users could be much higher and the data quality should be almost
perfect as are the measures from the electricity utility to bill their customers. The methodology used in
this research is simplified compared to the procedures of the referenced papers, as larger datasets and
more complex parameters are used. normalize the electricity consumption considering the weather
and seasonal effects, although for the present study there was no temperature data available. The
K-Means clustering technique was tested and compared, giving best prediction of accuracy 98.46%
for all energy load profiles with high spectrum of 100GHz. The solution from the ZigBee Protocol based
K-Means clustering is the one that better adapts to the segmentation sought, which is used as the base
of the post-clustering stage to obtain the final energy consumption segmentation. This normalization
is advisable as it mitigates the electricity consumption correlated to the temperature; however, this
is more appropriate for aggregated daily consumption. But for instance, the electricity consumption
is not normalized with the temperature. Most of these methodologies use the absolute values in 100
kWh, as they were more focused on identify the users with higher energy savings potential. But for the
segmentation purpose, the decision to use percentages of energy usage fulfils the expectations sought.

6. REFERENCES
Ahmed, M.A,, Y.C. Kang, and Y.-C. Kim. 2015. Communication Network Architectures for Smart-House
with Renewable Energy Resources. Energies, 8, 8716-8735.

Aslan, J., K. Mayers, J.G. Koomey, and C. France. 2017. Electricity Intensity of Internet Data
Transmission: Untangling the Estimates. J. Ind. Ecole, p 1-14




FARAH SHAKIR MAHMOOD ALBAYATI, GALIP CANSEVER

Baliyan, A., K. Gaurav, and S.K. Mishra. 2015. A Review of Short-Term Load Forecasting using Artificial
Neural Network Models. Procedia Computer. Sci., 48, 121-125.

Becirovic, S., and S. Mrdovic. 2019. Manual loT Forensics of a Samsung Gear S3 Frontier Smartwatch.
In Proceedings of the 2019 International Conference on Software, Telecommunications and Computer
Networks (SoftCOM), Split, Croatia, pp. 1-5.

Bjornson, E., L. Sanguinetti, J. Hoydis, and M. Debbah. 2015. Optimal Design of Energy-Efficient
Multi-User MIMO Systems: Is Massive MIMO the Answer? IEEE Trans. Wire. Commun., 14, 3059-3075.

Bouktif, S., A. Fiaz, A. Ouni, and M. Serhani. 2018. Optimal Deep Learning LSTM Model for Electric
Load Forecasting using Feature Selection and Genetic Algorithm: Comparison with Machine Learning
Approaches. Energies, 11, 1636

Bradac, Z., V. Kaczmarczyk, and P. Fiedler. 2015. Optimal Scheduling of Domestic Appliances via MILP.
Energies, 8,217-232.

Collotta, M., and G.A. Pau. 2015. Novel Energy Management Approach for Smart Homes Using
Bluetooth Low Energy. IEEE J. Sel. Areas Commun. 33, 2988-2996.

Ge, X., J. Yang, H. Gharavi, and Y. Sun. 2017. Energy Efficiency Challenges of 5G Small Cell Networks.
IEEE Commun. Mag, 55, 184-191.

Jaihar, J, L. Neehal, S.V. Patel, V. Gautam, and K.P. Upla. 2020. Smart Home Automation Using
Machine Learning Algorithms. 1-4. 10.1109/INCET49848.2020.9154007.

Kruger, J.-L., and H.Venter. 2019. Requirements for loT Forensics. In Proceedings of the 2019 Conference
on Next Generation Computing Applications (Next Comp), Mauritius, pp. 1-7.

Marino, D., K. Amarasinghe, and M. Manic. 2016. Building Energy Load Forecasting using Deep Neural
Networks. In Proceedings of the IECON 2016-42" Annual Conference of the IEEE Industrial Electronics
Society, Florence, Italy.

Niaz, M.T., F. Imdad, and H.S. Kim. 2017. Power Consumption Efficiency Evaluation of Multi-User Full-
Duplex Visible Light Communication Systems for Smart Home Technologies. Energies 10, 254.

Pascual, J., P. Sanchis, and L. Marroyo. 2014. Implementation and Control of a Residential
Electrothermal Microgrid Based on Renewable Energies, a Hybrid Storage System and Demand Side
Management. Energies, 210-237.

Peng, Y., J. Peng, J.Li,and L. Yu. 2019. Smart Home System Based on Deep Learning Algorithm. Journal
of Physics: Conference Series. 1187.032086. 10.1088/1742-6596/1187/3/032086.

Stoyanova, M., Y. Nikoloudakis, S. Panagiotakis, E. Pallis, and E.K. Markakis. 2020. A Survey on the
Internet of Things (loT) Forensics: Challenges, Approaches and Open Issues. [IEEE Commun. Surv. Tutor,
22,1191-1221.

Servida, F., and E. Casey. 2019. loT forensic challenges and opportunities for digital traces. Digit.
Investig, 28, 22-29.



AURUM MUHENDISLIK SiSTEMLERi VE MiMARLIK DERGiISi
AURUM JOURNAL OF ENGINEERING SYSTEMS AND ARCHITECTURE

Wu, G, C.Yang, S. Li, G.Y. Li. 2015. Recent advances in “energy-efficient networks and their application
in 5G systems. IEEE Wire. Commun., 22, 145-151.

Yaqoob, I., .A.T. Hashem, A. Ahmed, S.A. Kazmi, and C.S. Hong. 2019. Internet of things forensics:
Recent advances, taxonomy, requirements, and open challenges. Future Gener. Computer. Syst., 92,
265-275.

Zulkipli, N.H., A. Alenezi, and G.B. Wills. 2017. 10T Forensic: Bridging the Challenges in Digital Forensic
and the Internet of Things. In Proceedings of the 2nd International Conference on Internet of Things, Big
Data and Security (IoTBDS 2017), Porto, Portugal; pp. 315-324







AURUM MUHENDISLIK SiSTEMLERi VE MiMARLIK DERGiISi
AURUM JOURNAL OF ENGINEERING SYSTEMS AND ARCHITECTURE

Cilt 6, Say11|Yaz 2022
Volume 6, No 1 | Summer 2022, 65-73

ARASTIRMA MAKALESI / RESEARCH ARTICLE

MOBIL UYGULAMALARDA HiBRIT SISTEMLERIN OLUSTURDUGU KULLANIM
KOLAYLIKLARININ iINCELENMESi

ismail GULER!
'Bilgisayar Miihendisligi B6Iimd, istanbul Aydin Universitesi, istanbul, Tiirkiye
ismailguler@stu.aydin.edu.tr, ORCID No: 0000-0002-0169-4038

GELIS TARIHI/RECEIVED DATE:11.06.2021 KABUL TARiHi/ACCEPTED DATE:26.04.2022

Ozet

Akill telefon uygulamalari, insanlarn saghkl yasam tarzlarini benimsemelerine destek olmaktadir. Dolayisiyla
davranis degisikliklerini kolaylastiran hibrit mobil uygulamalara dahil olan ikna edici tasarim stratejilerini
anlamakta fayda vardir. Arastirmamizin amaci, Hibrit mobil uygulamalarin Web ile Native uygulamalara gore
kullanim kolayliklarini géstermek icin yapilmistir. Hibrit mobil uygulamalar, Web uygulamalarinin 6zelliklerini ve
Native mobil uygulamalarini birlestirir. Web uygulamalar gibi HTML ve JavaScript gibi tasinabilir, platformdan
bagimsiz dillerde de uygulanirlar. Native uygulamalar gibi yerel cihaz kaynaklarina dogrudan erisirler. Hibrit
uygulamalara gecis teknolojinin hizli ilerleyisiyle birlikte son donemde buyik bir artis gostermektedir. Native
uygulamalara gore performans eksileri olmasina ragmen yazilim gelistiriciler tarafindan kullanim kolayliklari

sebebiyle daha cok tercih edilmektedir. Sonuglardan, hibrit uygulamalar icin kullanici araytiziiniin dinamik
yapisiyla gelistirilmesinin daha basit oldugunu ve hibrit uygulamalarda kullanildiginda mobil cihaz 6zelliklerini
performans bakimindan daha iyi kullandigi belirlenmistir.

Anahtar Kelimeler: Mobil uygulamalar, Hibrit sistemler, e-Business
EXAMINING THE EASE OF USE OF HYBRID SYSTEMS IN MOBILE APPLICATIONS

Abstract

Smartphone apps support people to adopt healthy lifestyles. Therefore, it is useful to understand the persuasive
design strategies involved in hybrid mobile applications that facilitate behavior changes. The aim of our
research is to show the ease of use of hybrid mobile applications compared to Web and Native applications.
Hybrid mobile apps combine the features of Web apps and Native mobile apps. Like web applications, they
are implemented in portable, platform-independent languages such as HTML and JavaScript. They directly
access local device resources such as native apps. Transition to hybrid applications has been increasing in recent
years with the rapid progress of technology. Although it has performance disadvantages compared to native
applications, it is more preferred by software developers due to its ease of use. From the results, it has been
determined that the user interface for hybrid applications is simpler to develop with its dynamic structure and
it uses mobile device features better in terms of performance when used in hybrid applications.

Keywords: Mobile applications, Hybrid systems, e-Business
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1. GIRIS

GlnUmuzde insanlar birbirleriyle baglanti kurabilmek icin genel olarak mobil iletisimi kullanmaktadir.
Mobil iletisim; kablosuz cihazlarla mekan ve zaman goézetmeksizin yeterli sayida baz istasyonunun
olusturdugu telsiz aglar (izerinden kurulan bir haberlesme seklidir. ilk mobil haberlesme sistemi
1991 yilinin sonlarinda Fransa, Almanya ve italya tarafindan Cenevre'de kurulmustur (Ozkan, 2007).
Son donemde teknolojinin hizli artisiyla birlikte mobil iletisimde de biyuk gelismeler gorilmekte
olup bunun en ¢ok ragbet goren kismi mobil yazilimlardir. Akilli telefonlar ve tablet bilgisayarlar icin
gelistirilen yazilimlara mobil uygulama denmektedir. Mobil uygulamalari kullandigimiz cihazlarda mobil
isletim sistemleri Gzerinden ¢alismaktadir ve en sik kullanilanlar Windows, IOS ve Android tabanliisletim
sistemleridir. 10S isletim sistemi kullanan cihazlar icin Apple App Store'dan, Android isletim sistemi
kullanan cihazlar icin Google Play Store’dan ve Windows icinse Windows Phone Store gibi magazalardan
istedigimiz uygulamay: istedigimiz anda zaman gdzetmeksizin mobil cihazlarimiza indirebilmekteyiz.
Bu uygulamalar, kullanicinin istegine bagh olarak ticretli veya lcretsiz olabilirler.

Web teknolojilerindeki gelismeler goz 6niine alindiginda mevcut seceneklere bakarak insanlar hem
mobil web sitelerini hem de uygulamalarini kullaniyorlar ancak mobil uygulamalar her zaman bir adim
onde oluyor. Mobil web siteleri HTML, JavaScript ve CSS standardi ile desteklenen tarayici temelli sayfalar
olup diger web sitelerine benzer yapilari vardir. Mobil uygulamalar ise daha kullanici dostu ve kullanimi
kolaydir. insanlar siirekli olarak URL yazmak ya da tarayicida sayfanin gériintiilenmesini beklemek yerine
mobil uygulamalara yoneliyorlar. Web standartlarindaki yeni gelismelerle birlikte mobil uygulamalar
Hibrit ve Native olmak Uzere iki ana gruba ayrilmaktadir (Charland ve Leroux, 2011). Bu yapilan ayrim,
uygulamanin kodlanmaya baslandigi ortam ve yapilisiyla ilgili bir gruplandirmadir.

Yazilim gelistiriciler hem veri hem de kullanicilar icin mantikli yaklasimlar distinmelidir. Yapilan
uygulamanin en iyi sekilde performans, test ve canli ortamda denenmesi gerekmektedir. Bir yazilim
ilk 6nce kodlamanin uygulanmasi ile baslar ve bunun hatasiz olmasi gerekmektedir. Hibrit ve Native
uygulamalar farkh platformlarda farkli yapilarla uygulanmaktadirlar.

2. HIBRIT UYGULAMALAR

HTMLS5, CSS ve JavaScript ile yazilan, Native ve Web platformlarini ortak kullanan mobil ¢oziimlere
hibrit uygulamalar denmektedir. Daha anlasilir sekilde aciklamak gerekirse Native uygulamalar icinden
ulasilan mobil web yazilimlardir. Native mobil uygulama 6zelliklerine ulasabilmesi icin bir ara tasiyici
kullanmaktadir. Tastyiciya en sik kullanilan PhoneGap 6rnek verilebilir (Yilmaz, 2010). Bunun disinda
bircok tasiyici bulunmaktadir.

Hibrid mobil uygulamalar, Web uygulamalarinin 6zelliklerini ve Native mobil uygulamalarini birlestirir.
Web uygulamalari gibi HTML ve JavaScript gibi tasinabilir, platformdan bagimsiz dillerde de uygulanirlar.
Native uygulamalar gibi yerel cihaz kaynaklarina (dosya sistemi, konum, kamera, kisi vb.) dogrudan
erisirler.

Uygulama gelistiriciler, mobil cihazlarin donanim &zelliklerini derinlemesine kullanmadan da uygulama
gelistirebilirler ve hibrit uygulama yontemi ile rahathkla istedigi gelistirmeleri yapabilirler. Hibrit
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uygulamalar cihazin ve isletim sisteminin tim 6zelliklerini, belirli bir platformda minimum performans
yuku ile kullanmaniza olanak tanir. Hibrit sistemler ile is yiiku gelistiricinin izerinden kalkmis olup tek
bir kez yazilarak butiin mobil cihazlarda calistirilabilir olmasidir. Bu 6zelligi ile son donemde ¢ok fazla
tercih edilir olmustur. Bununla birlikte, bir web uygulamasi olusturmak kodlarin platformlar arasinda
tasinmasini saglar. Bu da gelistirme siiresini ve maliyetini 5nemli 6lctide dusirebilir. Hibrit uygulamalar,
Native ve benzeri uygulamalari gesitli platformlara dagitmak icin ortak bir kod tabani kullanarak her iki
platformun en iyilerini birlestirir.

2.1. Hibrit Uygulamalara Talebin Artmasinin Sebepleri

Hibrit mobil uygulamalar, gelistiricilerin mevcut becerilerini web uygulamalar gelistirmede yeniden
kullanabilmelerinin bir yolunu saglar. Bu uygulamalar, platform saticilan tarafindan saglanan
programlama dilleri ve SDK'leri icermektedir.

Hibrit mobil uygulama gelistirme, bir kurum icin oldukgca ilgi ¢ekici gelmektedir. Kurum, iki ya da
daha fazla platform icin ayri ayri yazilimci ise almak yerine tek bir yazilimciyla HTML, CSS ve JavaScript
kullanarak her platforma hitap eden yazilimlar gelistirmeyi cazip gérmektedir. Maliyet agisindan ince
hesaplar dustinen firmalar bu sekilde hibrit mobil uygulamalara yonelmektedir.

2.2, Hibrit Uygulamalarin Pozitif Yonleri
i. Yazilim gelistiriciler mevcut web becerilerini kullanmaktadirlar.

ii. Birden fazla platform icin bir kod tabani bulunmaktadir.

iii. Gelistirme suresinin ve maliyetin dustrilmesi arti bir avantajidir.

iv. Responsivewebtasariminikullanarakcesitliformfaktorleriicin kolaycatasarimyapilabilmektedir.
v. Bazi cihazlara ve isletim sistemi 6zelliklerine erisim saglanmaktadir.

vi. Gelismis ¢cevrimdisi yetenekler bulunmaktadir.

vii. Uygulama, madazalar araciligiyla yerel olarak dagitildidi icin ve arama motorlari aracihgiyla

mobil tarayicilara dagitildigi icin gorinirligi artmaktadir.

2.3. Hibrit Uygulamalarin Negatif Yonleri
i. Karmasik Native islevlere veya 3D oyunlar gibi agir gecislere sahip olan bazi uygulamalar icin
performans sorunlari yaratabilmektedir.

ii. Hibrit sistemlerde Native bir kullanici araylziini taklit etmek ve gerekli alt yapiyr olusturmak
icin gereken zaman ve iscilik artar.

iii. Hibrit uygulamalar, butlin aygit ve isletim sistemi 6zelliklerini desteklememektedir.

iv. Apple, gelistirilen uygulamayi Native olarak degerlendirmez ise reddedilme riski ortaya
¢ikmaktadir.

Bu dezavantajlar 6nemlidir ve g6z ardi edilmemelidir. Hibrit yaklasimin her tiir uygulamaya uymadigi
gorulmektedir. Hedef kullanicilarinizi, sectikleri platformlari ve uygulamanin gereksinimlerini dikkatle
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degerlendirmeniz gerekmektedir. icerik tabanl olanlar gibi pek cok uygulamada avantajlar sakincalari
agirlastirmaktadir.

Hibrit uygulamalar, telefonunuzdaki diger uygulamalar gibi kolayca kurulabilmektedir. Telefonunuzun
bulundugunu platforma uygun magdazalardan licretliya da ticretsizindirebilirsiniz. Diger uygulamalardan
farki yoktur; mesaj yollayabilir, fotograf cekebilir, alisveris yapabilir ve cok daha fazlasini yapabilirsiniz.
Uygulamanizin hibrit olup olmadigi kolayca anlasilabilir degildir.

Hibrit uygulamalarda iki yaklasim bulunmaktadir (Charfi ve Mezini, 2005). Bunlar WebView ve Derlenmis
Hibrit uygulamalardir:

2.4.WebView Uygulamalari

HTML, CSS ve JavaScript kod tabani ile yerel bir uygulamada sarilmis olan dahili bir tarayicida calisir ve
bu WebView uygulamalari olarak anlandirilir. Bazi yerli API'ler bu tasiyici aracihigiyla JavaScript’e aciktir.
WebView uygulamalari icin en iyi 6rrnekler PhoneGap ve Trigger.io'dur.

2.5. Derlenmis Hibrit Uygulamalar

Hibrit uygulamalar icin kodlama bir kez yapilmaktadir ve desteklenen her platform icin yerel koda
cevrim yapilmaktadir. Genellikle C# ve JavaScript gibi platformlarda yazilir. Sonug olarak, her platform
icin hibrit bir uygulama derlenmektedir, ancak gelistirmede daha az 6zgiir kalinmaktadir. Ornek olarak
Xamarin, Appcelerator Titanium ve Embarcadero FireMonkey'dir (Duru, 2013).

3. NATIVE UYGULAMALAR

Native, bir platformun kiltiirting, dilini, sézlesmelerini ve normlarini olusturan teknolojileri, yani dilleri
ve cerceveleri ifade eder. Kullanicilarin belirli bir platformdaki uygulamalarla iletisim kurmak icin
kullandigi temel sembolleri, hareketleri ve etkilesimleri iceren soyutlama temel seviyesidir (Charland
ve Leroux, 2011). Ayni zamanda belirli bir platformdaki uygulamalarin kullanicilarla iletisim kurmak icin
kullandigi kelimeler, cimleler ve kavramlardir. Belli bir platformda bunlar daha kullanish ve tutarli olursa,
o platform icin yerel uygulamalar olusturmanin avantajlari o kadar ¢oktur.

GUnumdizde 10S ve Android’in Native platformlarin basini ¢ektigi ve bunlar tizerinden bircok uygulama
yapildigi gorilmektedir. Bu platformlar, Greticiler, tasiyicilar ve kullanicilar tarafindan, farkh telefonlar ve
uygulamalar arasinda tutarllik olmasina ragmen ¢ok az olmasi durumunda ozellestiriliyor.

Yazilim gelistiriciler IOS uygulamalar icin Swift ya da Objective-C gibi nesne yonelik programlama dillerini
kullanmaktadir. Ayni sekilde Android icin ise Java ya da Android Studio kullanmaktadirlar. Yazilimcilar
tarafindan gelistiriimesi en az tercih edilen Windows uygulamalardir ve C# nesne tabanli programlama
dili aracihgi ile gelistirilmektedir (Elgazzar et. al., 2010).

4. HIBRIT UYGULAMALARIN GELISTIRILMESI
Hibrit mobil uygulamalar web siteleri gibi benzer sekilde HTML, CSS ve JavaScript teknolojileri kullanilarak
gelistirilmektedir. Hedef olarak bir mobil tarayici yerine, yerel bir tasiciyr da barindirilan bir WebView
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hedef alinir. Burada mobil cihazin donanim 6zelliklerine erismek gibi birtakim isler yapiimaktadir.
internetteki web sitelerinde oldugu gibi hibrit mobil uygulamalar HTML, CSS ve JavaScript gibi web
teknolojilerinin bir kombinasyonu ile olusturulmustur. En énemli fark, hibrit uygulamalarin mobil
platformun WebView'ini kullanan yerli bir uygulamada barindiriimasidir. Bu, onlarin ivmedlcer, kamera,
kisiler ve daha fazlasi gibi cihaz 6zelliklerine erismesini saglar. Bunlar, cogu zaman mobil tarayicilarin
icinden erismek icin sinirlandirilan yeteneklerdir.

GlnlUmuzde, ¢cogu hibrit mobil uygulama native kod ile olusturulmus eklentiler araciligiyla cihazin
Ozelliklerine erismek icin uygun bir JavaScript API destegi saglayan Apache Cordova’yr kullanmaktadir
(Jeong et. al., 2008). Apache Cordova baslangicta PhoneGap adli bir proje olarak basladi. Bugtinlerde ise
ek araglar iceren Apache Cordova'nin bir dagitim paketi olarak varhigini siirdiirmektedir. Bunun yaninda
yazihm muhendislerinin gelistirdigi bircok eklenti de bulunmaktadir. Eklentiler cihazin sensorlerine,
kisilere, kamera ve daha fazlasina erismek icin API'lar icerir. Bu eklentiler, Apache Cordova'nin loglarinda
tutulmaktadir.

4.1. Apache Cordova

Apache Cordova, Nitobi tarafindan orijinal olarak olusturulmus bir mobil uygulama gelistirme yapisidir.
Adobe Systems, 2011 yilinda Nitobi'yi satin aldi, PhoneGap olarak yeniden markaladi ve daha sonra
Apache Cordova adl yazihmin acik kaynakl bir strimini piyasaya sunuldu. Apache Cordova, yazihm
programcilarinin Android, iOS veya Windows Phone'daki gibi platforma 6zgii API'lere glivenmek yerine
CSS3, HTMLS5 ve JavaScript kullanan mobil cihazlar icin uygulamalar olusturmasina olanak tanir (Wargo,
2013). Cihazin platformuna bagli olarak CSS, HTML ve JavaScript kodunun bir arada calismasini saglar.
Cordova uygulamasi kendi icinde 3 katmana ayrilmaktadir.

4.1.1. WebView

Cordova 06zellikli WebView, uygulamanin tim kullanici arabirimini saglamaktadir. Hibrit uygulamalarin
gelistirildigi bazi platformlarda, WebView'i yerel uygulama bilesenleri ile birlestiren daha buyik bir
bilesen de olabilir.

4.1.2. WebApp

Bu kisimda, uygulama kodunuzun bulundugu bolimddr. Uygulamanin kendisi bir web sayfasi olarak,
varsayilan olarak index.html adinda yerel bir dosya olarak uygulanir ve CSS, JavaScript, resimler, medya
dosyalari ya da diger kaynaklara basvurulmasi bunun calismasi icin gereklidir. Web APP uygulama
madazalarina dagittiginiz yerli uygulama paketleri icinde WebView"i calistirir.

4.1.3. Plugins

Eklentiler, Cordova icerisinde ayrilmaz bir parcadir. Cordova ve yerel bilesenlerin birbirleriyle ve baglarla
standart cihaz APl'leriyle iletisim kurmalar icin bir arabirim saglarlar. Bu, JavaScript'ten yerel kodu
¢agirmanizi saglamaktadir.

4.2. lonic Platform
lonic Framework, css siniflarinin bir kiimesidir ve AngularJS ile Cordova’nin tizerine kurulmus Javascript
yonergeleri ve modullerinin bir kiitiphanesidir (Malavolta, Ruverto, Soru ve Terragini, 2015). lonic, hibrit
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mobil uygulamalari olusturma hedefi tasiyan bir HTML5 mobil uygulama gelistirme yapisidir. Hibrit
uygulamalar aslinda, bir uygulamada Native platform katmanina erisimi olan bir tarayici kabugunda
calisan kuglik web siteleridir. Hibrit uygulamalar, native uygulamalara gore 6zellikle platform destedi,
gelistirme hizi ve l¢lincl parti koda erisim gibi bircok avantaja sahiptir.

Web gelistiriciler lonic bir uygulamanin yapisini acikca gérmektedirler. Oziinde, bu sadece hibrit bir
uygulama kabugunda calisan bir web sayfasidir. HTML, CSS ve Javascript'i kullanabileceginiz anlamina
gelmektedir. Web sitelerinden tek farki, baskalarinin baglayacagi bir web sitesi olusturmak yerine,
kendine yeten bir uygulama gelistiriyor olmaktir.

lonic bir uygulamanin buytk kismi HTML, Javascript ve CSS ile yazilmis olacaktir. Gelistiriciler, 6zel
Cordova eklentileri veya native kodu kullanarak hibrit katmana da inebilirler, ancak milkemmel bir
uygulama olusturma gerekliligi sunamamaktadir.

5.SONUC

Bu makale, uygulama gelistirme yaklagimlarinin bazi avantaj ve dezavantajlarini agiklamakla birlikte
hangisinin yazilim gelistirici icin en iyisi oldugunu ana hatlariyla belirtmistir. Hibrit sistemler ve Native
uygulama arasindaki secim, bir uygulamanin amaclanan 6zellik kiimesine ve uygulamanin kapsamina
baglidir. Native bir uygulamanin her zaman en iyi secenek oldugunu sdylemek kolay bir ¢ikarim olabilir,
ancak bilgilendirici veya icerik dagitimi uygulamasi olusturuyorsaniz ve kiciik bir biitceyle calisiyorsaniz
Hibrit platform en iyi ¢c6zim{ sunmaktadir. Hibrit bir ¢c6ziimiin en biylk avantaji hata dizeltmeleri
veya glincellemeler icin Google Play, iTunes ve diger uygulama magazalarinda yeni uygulama striimleri
yayinlamaya hi¢ ihtiya¢c duymamasidir. Kullanici son glincellemelerden, hata diizeltmelerinden veya
glincellemelerden yararlanabilmesi icin sayfayl yenilemesi veya uygulamayi yeniden agmasi gerekir.
Her tlr uygulama gelistirme icin uygun yapilar, kitliphaneler, APl'ler, gelistirme ve hata ayiklama
araclari 6nemli rol oynamaktadir. Google Analytics’e entegre edilebilir ve kullanicilarin uygulamadaki
davraniglarini uygulama icinde arastirilabilir, kitleleri segmentlere ayirabilir ve kullanicilarin mobil web
sitesi uygulamalarinizdaki hareketlerini izleyebilir, hem de diger analitik islemleri gerceklestirmektedir.
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Abstract
The usage of industrial robots in manufacturing industries has revolutionized the traditional manufacturing
process into more diverse and sustainable modern manufacturing processes. This paper presents the design

and analysis of a 6-DOF robotic arm, which will perform a highly précised micro friction stir welding process.
Friction stir welding is a technology that is constantly evolving. It has played a vital role in connecting metals in
numerous sectors since its invention in 1991, and one of the outcomes of its development is micro friction stir
welding, which was invented in 2004. There are numerous advantages that a designed robotic arm possesses
over other traditional micro friction stir welding machines, which include high precision, sustainability,
flexibility, time, and cost-effectiveness, along with a small operation area. The robotic arm is designed in two
phases; the first stage is a design of links and revolute joints, respectively, and high-speed motor selection for
the end effector to operate at high torques with required precision and accuracy. In the second phase, the
designed model was analyzed using ANSYS software. In this phase, the transient and structural analyses are
performed to analyze the performance of the robotic arm under various conditions.

Keywords: Friction stir welding, Micro friction stir welding, Robotic arm.

YENi BiR ROBOT KOLUNUN TASARIMI VE ANALIZi iCiN YUKSEK HASSASIYETLI MiKRO KURGU
KARISTIRMA KAYNAGI

Ozet
Endustriyel robotlarin imalat sanayiinde kullanimi, geleneksel Giretim stirecini daha cesitli ve strdirulebilir
modern Uretim sireclerine donustlirmustir. Bu makale, son derece hassas bir mikro siirtinme karistirma

kaynadi islemini gerceklestirecek olan 6-DOF robotik bir kolun tasarimini ve analizini sunmaktadir. Strtiinme
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karistirma kaynagi devamli gelisen bir teknolojidir. 1991 yilinda icadindan bu yana bircok sektdrde metallerin
birlestiriimesinde hayati bir rol oynayan siirtiinme karistirma kaynaginin gelisiminin sonuclarindan biri de 2004
yilinda icat edilen mikro siirtinme karistirma kaynagidir.

Tasarlanan robot kol ile gerceklestirilecek micro sirtiinme karistirma kaynaginin, yiiksek hassasiyet,
strdardlebilirlik, esneklik, zaman ve maliyet etkinligi sayesinde diger geleneksel mikro strtiinme karistirma
kaynak makinelerine gore sahip oldugu bircok avantaj vardir.

Robotik kolu iki asamada tasarlanmistir. ilk asamada: sirasiyla uzuvlarin ve déner eklemlerin tasarimi ve ug
islevcinin gerekli hassasiyet ve dogrulukla ylksek torklarda calismasi icin yuksek hizli motor secimi, ikinci
asamada ise; tasarlanan model, ANSYS yazilimi kullanilarak analiz edilmistir. Bu asamada, robotik kolun
performansini ¢esitli kosullar altinda analiz etmek icin gecici ve yapisal analizler yapilir.

Anahtar Kelimeler: Strtiinme karistirma kaynagdi, Mikro siirtiinme karistirma kaynagi, Robot kol.

1. INTRODUCTION

Friction stir welding (FSW) is a solid-state welding process that joins two metals together without mel-
ting. Wayne Thomas of The Welding Institute created this process in 1991, and it has rapidly evolved over
the subsequent few decades (Fersini and Pirondi, 2007). When compared with all other welding proces-
ses, this method provided little deformation and good joint strength and can weld alloys that are either
impossible to weld or very difficult to melt. It operates at a much lower melting temperature of metals,
and it takes place in a solid state. This process eliminates cracking, porosity, second phase formation,
and embrittlement related to metal’s re-solidification. Since the operational temperature of this process
is low, it ultimately reduces the thermal stress development and distortion. FSW welding process is also
cost-efficient and energy-efficient as it does not require any additional filler material while joining the
metals, and shielding gas is not required in many cases. Unlike traditional fusion welding techniques,
this method lacks the arcs flash, fumes, spatter, and pollution. Friction stir welding can be used to weld
sheets ranging from 0.5mm to 6.5mm to their full penetration without having any defects like cracking,
porosity, or internal voids (Bharat et. al.,, 2014). The conventional FSW is the earliest demonstration of
the technique and is a mostly adopted technique in all industries. In this technique, a rotating tool con-
sisting of a probe and a shoulder is used. The tool is inserted into the two metals. The tool’s rotational
motion generates heat, and the resulting plastic deformation causes the diffusion of both the metals’
atoms to join. Micro friction stir welding (UFSW) is a kind of friction stir welding that is used to combine
materials with thick of less than 1000 um (1 mm) (Sen et. al., 2019). Manufacturers’ demands are increa-
sing daily for the micro joining of pieces to produce lightweight and small-sized products. The welding
of heavy metals has developed to much extent, but small and soft material is a challenge for present
science. FSW is an ideal way to produce cost-efficient parts and high-strength joints. The joining of small
parts is required in the electronic industry, where micro-scale welding is performed. Among these mi-
cro-welding technologies, soldering and brazing are two methods that cannot meet the requirements
in terms of reliability, elevated joint resistance, and durability of joints (Salih et. al., 2015). Micro-scale
friction stir welding is a recently proposed approach that can be used to connect microscale electrical,
microscale mechanical, and microscale electronic components (Padhy et. al., 2018).
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1.1. Robotics in Friction Stir Welding (FSW) And Micro Friction Stir Welding pFSW

Although the utilization of robots for friction stir welding (FSW) represents a few difficulties contrasted
with regular, sold FSW machines. Ongoing progressions in machine technology, along with nova
FSW methods have expanded the capability of FSW robots ultimately. FSW can be done on a variety
of machinery, including processing machines, specialized FSW machines, and template machines.
Nonetheless, modern robots have been used in the field of FSW because of the benefits of a broad
workspace, condensed construction, remarkable adaptability, and reasonable cost involved when
compared to machine instruments (Scialpi et. al., 2008). A significant portion of industrial robots
is articulated arm robots, which have a serial chain of links and typically six rotary joints controlled
by electric servomotors. There is high demand for the typical FSW machine because of the high force
necessary for FSW. As a result, FSW was initially unsuitable for such industrial robots. The TWI (the
welding institute) has developed the robots for FSW and also some conventional processes to simplify
the FSW. One of which is the development of stationary shoulder FSW. In this system, the probe is
made to rotate while the tool’s shoulder is kept stationary and it is in contact with the surface to keep a
constant contact force. This method provides a better-quality surface finish of FSW and low distortion
and heat dissipation (Backer and Jeroen, 2018.). The current development of robots has upgraded the
FSW welding speed to 3 m/min, as well as a sheet of 7 mm can be welded with this technique. The robots
used in friction stir welding can be split into two types. The first one is serial kinematics robots (SKR), and
the second one is parallel kinematics robots (PKR). At industrial work, SKRs are widely utilized. This kind
of robot consists of a set of serial links connected by motor actuated joints, often known as articulating
arms. They typically have six degrees of freedom, allowing them to set the tool or controlled element
in any position. FSW SKR offers greater flexibility, diversity, and cheaper investment costs (Backer and
Jeroen, 2016). Some types of FSW SKRs are the ESAB Rosio, ABB IRB-6400, ABB IRB7600, and KUKA KR
1000 Titan, among others. However, there is a weak point which is the lack of rigidity, which resultsin a
Jack of loading

The use of a force control unit; including a force sensor that can measure the real force and feedback it as
a referencing force to fix the input force, is a perfect option to deal with the problem (De Backer, 2014),
(Smith, 2000), a barrier to widespread implementation of friction stir welding (FSW) (Mishra, 2018) and
(Zimmer-chevret et. al., 2010).

Figure 1. (a) SKR, (b) PKR, (De Backer, 2014).
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For uFSW CNC controllable micro-milling machines have been tuned for uFSW at TWI since its invention.
This could appear that using adaptive load control to preserve surface quality would be ideal for thin
materials. In any case, outstanding results can be achieved without adaptive load management if the
machine is strong enough and has a configurable offset for the vertical z-axis on the x-y workspace (Joo
Teh et. al., 2011). KUKA is one of the companies that used the FSW robot for uFSW of welding with a
difference in the size and accuracy of the tool used and the vertical force. However, the use of robotic
arm technology for uFSW is very limited due to the lack of rigidity as the application demands high
precision and accuracy.

2. RESEARCH CONTRIBUTION

In the modern world, robots have made human work more manageable. Today the utilization of robots
is turning out to be more common than before. Robots have become one of the most significant parts
used in mechanical industries due to their ease of control, adequate working space, and high precision
since their introduction into the field of welding. There are no previous researches on the robots
specialized in performing the micro friction stir welding. This article aims to design a 6-DOF robotic arm
that must make the micro friction stir welding process viable. The design approach to obtain the goal is
based upon selecting appropriate links lengths, revolute joints, the weight estimations, and the material
of links along with the end effector (welding tool). The research would be beneficial for manufacturing
a pre-designed puFSW robotic arm, which can be used in industrial welding processes requiring high
precision. In addition, this research will be helpful for researchers interested in industrial robots for
welding by going over all previous scientific research and accurately summarizing the information
related to precision welding, which saves them time and effort.

3. METHODOLOGY

The proposed system is the micro friction welding robotic arm for achieving the goals and objectives
of micro friction welding. The main task of the following methodology is to design and analysis of the
robotic arm, which is discussed by the following phases shown in Figure 2.
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Figure 2. Methodology.

In the formulation phase, it will be decided how the complete design procedure will be taken and how
its parameters will be adopted, which software will be used to design the novel robotic arm for the
MFSW purpose. The design of the arm will be on the SOLIDWORKS 3D modeling software according to
the design parameters and dimensions. The conceptual phase decided the size factor of the roboticarm
for friction welding purposes and described the needs of the design. At the start, choosing the unit of
SOLIDWORKS is in meters, but according to design requirements and size of the design, it is decided to
go for the MMGS parameters. The initial segment of the robotic arm is a kind of synergistic robot that
takes after the development of a human arm. The second piece of the robotic arm is a fast-revolving
motor with reasonable force to give proper erosion power to create miniature welding, which is joined
to the instrument, the last piece of the robot. While in the configuration phase, the entire configuration
is about designing components, specification for the components, and the last is about the analysis of
the complete design. The operating direction of the design will be the six degrees of freedom, which
will be a primary specialty of the design. The use of MD25 and MD32 servomotors will provide a strong
base during the operating conditions of the design, and also the weight of the lower parts is also large
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than the upper parts near the drilling motor. That is why the highly torqued motors are used in the
design to provide the stability of the design system. In the elbow joint of the welding robotic arm, the
MD17 motor is used because of the less weight of the parts and the quick response to the targeted
axes. The servo motors are used in the friction welding robotic arm’s waist, shoulder, and elbow. The
descriptions of all these motors will be shown below in Table 1.

Table 1. The characteristics of motors in each joint.

Type 17series 25series 32series
Torque (related) 30Nm 85Nm 156Nm
peak torque 69NmM 200Nm 420Nm
max rotational speed 135°%/s 135°/s 85°/s
Weight 3.95kg 8.90kg 16.55kg
Rotational angle +360°

voltage of supply DC 48V

The next phase is the parametric phase, which will describe the major dimensions of every part used in
the robotic arm’s design and assembly. In addition, the movements of the arm or the freedom degrees
will be discussed and finalized. In this robotic arm for the micro friction welding, three types of mo-
tors are decided to be used there which are MD25, MD32, and MD17, whose dimensions are in series
110mm x 52mm X 25mm, 86mm x 45mm x 25mm and 70mm x 36mm x 21mm. These dimensions of
the servomotors are much attractive in explaining the design of the current robotic arm. The degrees
of freedom for that welding arm will be six; it can achieve maximum-targeted directions of movements.
The last phase is the detailed design phase. It deals with the complete design procedure and the design
of each component. The design of each component will be explained according to the design criteria.
The main part in the micro friction welding process, a DC motor with a rotational speed of up to 10,000,
is installed inside the cylindrical cage. This motor is 34B Series BLDC manufactured by Bodin Electric
Company model 3317.The last part of the robot component is the tool that can be designed in different
shapes and these shapes change depending on the type of welded metal. Three non-threaded tools can
be made with various pin shapes when utilizing aluminum, such as stepping pin, flat pin, and curved
pin. Each of the three pins has a height of (0.8 mm) an arch chambering with a radius of 0.35 mm. in this
article, the tool'’s shape is a curved pin tool.
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_—— MD25 servomotor

MD17 servomotor __—————

Connection to ey
power supply

Bodin /
WFSW tool /

Tapered cylinder pin /

MD32 servomotor

Figure 3. uFSW robot.

Figure 4. Curved pin tool.

After designing the model as per the proposed steps, the next step is to analyze the uFSW robot usin
ANSYS simulation software for structural engineering to determine the structural behaviors under
different specifications, without building test products or conducting crash tests in reality.

4, RESULTS
4.1. uFSW Robot Analysis

At first, the arm was simplified and remodeled because of the complexity of the original design. The
analysis was conducted on important parameters in principle work of the robot prank: (Rigid body
dynamics, Stiffness verification, thermal and stress structural analysis on the tool and tip of the robotic
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arm, and transient structural. Several steps must be performed to obtain results; these include pre-
processing in which the geometry is imported: material Assignment, meshing, solver setup (Boundary
conditions), and solutions. The results contours are obtained by selecting the solution we want to
perform.

4.1.1 Rigid body dynamic

ANSYS Rigid Body Dynamics leads to a deep understanding of the motion and stability of mechanical
systems earlier in the development cycle when informed engineering decisions are critical. So here
the overall motion behavior of the robot arm is studied, the first pre-processed in the geometry seven
components of the robot are selected as shown in Figure 5.

Figure 5. Robot components.

The rotational connection applied for: the base, the shoulder, the elbow and the motor joint. There
will not be any meshing in this process since the rigid body dynamic does not require the meshing
parameters because it is not fundamental to the FEA method, it just needed to get some basic factors
to develop the designed structure. Have three boundary conditions, first in the base component, the
second in the second servo of the robotic arm, and the last in the third servo motor. The result is shown
in the solution part directional deformation in (x,y,z). The graphs of deformation development according
to time steps are shown below.
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Figure 6. Deformation variation in (a) X-axis, (b) Y-axis (c) Z-axis with respect to time.

The graphs show the contour development of deformation in the structure of the micro friction welding
robotic arm. In the x-direction there will be zero maximum deformation due to the applied loading
conditions and the minimum deformation is also in the negative direction because the deformation
is compressive. The deformation in the y-direction and z-direction is in the tensile form due to the
maximum and minimum limits of the deformation. The illustration of visualizing the deformation
development is also needed to check the deformation development smoothness in the structure under
applied loading conditions.

Factor of safety in the design study is much important for getting the structure safety during the working
environment. The von mises stresses generated in the structure will be approximately same but the
deformation on different axis may vary. The factor of safety in the micro friction robotic arm according
to the rigid body dynamic analysis mathematically can the represented as;

Safety factor (N) for the robot body is calculated as follows.

N = Yield Strength of Aluminium alloy

1
max. Von mises stress )
N = 280 = 7.35
©38.091
and the safety factor for the tool is calculated as follows.
_ Yield Strength of titanum alloy 2)

max. Von mises stress
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4.1.2, Stiffness verification

This step aims to find the overall stiffness. Started with importing the robot model after the robot poses
adjusted accompanied by setting contact parameters between components, which increases the time
consumption. in this study the static structural will be used. All the processes in this part are the same
as the previous one, the only change is in the geometry part that the third component will be flexible,
not rigid and the mesh will be generated its type (tetrahedral- first order liner mesh)with patch conform
algorithm having element size 8 mm. In the analysis, the setting will be four joint loads.

o

am 0088 608,00 pmeri.
810 fmart

Figure 7. Directional deformation in the (a) X-axis (b) Y-axis (c) Z-axis.

To find the total stiffness of the Fobot the average value of directional deformation will be used but
first, some update is done a new process is an upload with the same component and variable but in
the analysis setting instead of joint, fixed support, and force was used. The force is 1000 N located in the
tip in the direction of the welding process the table below shows the directional deformation in (x,y,z).

Table 2. The Directional deformation.

Axis The average directional deformation
X 242732
Y 2.3938e %2
Z 0.30015
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To obtain the directional stiffness in the x-direction, an external force in the x-direction applied can be

expressed as: E, = (1000,0,0)7

The directional deformation in the X-axis result is shown in figure 7(a).
To obtain the directional stiffness in the Y direction, an external force in the Y direction is applied which
can be expressed as:

F, = (0,1000,0)"

The result of directional deformation in the Y direction is shown in figure 7(b)
Moreover, the same thing in the z-direction to obtain the directional stiffness in the z-direction, an ex-
ternal force applied which can be expressed as:

F, = (0,0,1000)"

The directional deformation in the Z direction is shown in Figure 7(c).
The stiffness formula; F

Where F is the applied force and § is the deformation.
X = 1000
S 2.427e7002

_ 1000
$ 7 2.3938¢-002

= 3044.146 N/m = 3.044146 N/mm

= 3086.7474 N/m = 3086.7474 N/mm

1000

Zs = 53001E = 33316675 N/m = 33316 N/mm

4.1.3. Thermal effect and stress structural analysis on the tool and tip of the robotic arm

This part focuses only on the effectiveness of the tool component and its ability to handle the challenge
of UFSW. Two types of analyses are studied: steady-state thermal and static structure. For the first part,
which started with importing the model, added the analysis parameter, such as the tool’s material,
then the mesh will be generated. The mesh type is foster mesh, the initial temperature is the room
temperature, and two convection coefficients are added to the tool body and tip. The fine mesh is
generated having an element size of 0.25 mm.
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Figure 9. (a) Total deformation (b) Equivalent stresses on tool.

Figure 9 (a) shows total deformation indicates that while keeping the top surface of the holder fixed,
deformation is observed on the tip, which is under an applied force. This also induces stress and strain
in the holder as shown in Figure 9 (b).

1966

48
031159Min

Figure 10. Total stress on the tool tip.

Also, in the tip shown in Figure 10, the maximum stress is on the top surface which is in contact with the
holder; this means that this area is the most vulnerable to fracture since it is common to find failures that
initiate from the regions that are closed to the fixed points.

The holder temperature simulation is shown below.
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Figure 11. Temperature variation of (a) Holder (b) Tool tip.

The holder gets heated due to conduction from the tip; however, the maximum temperature of the
holder is significantly less than the maximum temperature of the tip. As shown in Figure 11.

4.1.4.Transient structural

The transient analysis in the structural assemblies is much important because this process analyzes the
deformation, stresses, and many other factors by providing the motion study in the simulation software
by applying the time and step control settings. This process leads to a thorough grasp of the motion and
stability of mechanical systems. The analysis is done in the frictional point, which means the robot body
is not moving, so after the uploading of the robot geometry bonding connection is made between its
parts, so they remind constantly. In the next step, the mesh was done; the used mesh is foster mesh
with element size 8 mm. In total, the Statistics will be (nodes 55653, Element 30773). Three moments are
applied to the first joint, the second, and the beginning of the arm. The moment varies with time. The
boundary condition is added to the base of the arm, and a reaction force is added to the tip. In the last
part, the result is accomplished, which is the equivalent stress and total deformation.
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Figure 12. (a) Equivalent strain (b) Structural error
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The contours of the equivalent strain are shown in figure 12 (a) indicate that the maximum strain is
0.0003861 mm/mm, which can be considered very safe since the yield strength for aluminium alloy is
around 280 MPa. The given results are acceptable because the structural error shown in figure 12(b) is in
orders of magnitude lower than the required criterion of 1 micron. The error is considerably greater near
the joints, and that is understandable because those regions in specific are prone to stress concentration.
It is common in engineering that failures are generally found at the joints. There is compressive stress,
tensile stress in some regions, particularly in the lower parts of the robot body with compressive, and
the tip mount with the tensile. However, it is not visible from the Von-Mises Stress, since the Von-Mises
presents the absolute value of the stress at a certain point. The contour for von-Mises stress is shown
below in Figure 13.

Figure 13. Equivalent stress

Force convergence development with the time is shown in Figure 14.
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Figure 14. Force convergence in transient analysis.
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Force convergence is related to the residual force, which is the difference between external and internal
force. In graph 13 the force convergence is shown in the purple line, in the beginning of the process
there is no internal force so it starts from it is maximum until it becomes below the blue line which is the
force criterion line and that means the solution is valid and converged.

The factor of safety in each structure is the most important attribute to check the ability of that specified
structure before making the real structure. For that, purpose the von-mises stresses according to the
simulation software come under consideration. The maximum von-mises stresses in the structure will
be the same under the applied conditions in the design with similar parameters. The yield strength of
the aluminum alloy as mentioned before is 280 MPa and the titanium alloy is 930 MPa.

Thus, the safety factor (N) for the robot body can be calculated as follows:

N = 280 = 7.56
©37.032 7
Safety factor (N) for the tool can be calculated as follows:
N = 930 = 25.11
©37.032 7

The safety factor in two different types of structural analysis shows some separate results but without
exceeding the amount of safety factor range. The safety factor of aluminum alloy and the titanium alloy
in the transient structural study is more although both analyses have the same yield strength. However,
the nature of transient structural analysis and the rigid body dynamic analysis is the same for checking
the deformation and stresses in the structure. For structures according to the expert studies, the safety
factor should minimum of 1.2 otherwise; below this limit, structure will be considered unsafe for work.

5. DISCUSSION

In this study, a portion of the attribute’s parameters that affect uFSW robotic to stand on the possibility
of robot effectiveness in real-life are analyzed, yet before the utilization, it is mandatory to accomplish
more tests or investigation on that arm. As per the experiment results and the simulation, the robot
arm is completely satisfying the maximum distortion energy criterion, Von Mises criterion, and MSS
(Maximum Shear Stress) theory. For the factor of safety in the structure according to the transient
structural analysis on the robot body and the tool is shown in the safest region of working conditions.

6. CONCLUSION

This paper aims to design a robotic arm for micro friction stir welding. The research framework is built
with background study regarding the friction stir welding and micro friction stir welding processes. The
design parameters are determined at the beginning. A 6-DOF robot arm for micro friction stir welding is
designed using SOLIDWORKS.The components and motor selections are inspired by companies working
for assembly technology, where separate parts are collected from, and these parts are combined to
design the robot with the appropriate size and weight, which is different from traditional robots used
for friction stir welding.
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The design is analyzed through ANSYS software. The robotic arm is analyzed using transient and
deformation analysis, static structural and thermal effect, and stress structural analysis on the tool
and tip of the robotic arm. The material selection, meshing, the boundary conditions are given in pre-
processing steps. The analysis of the robotic arm and some of its properties depend on metals used for
design. Aluminum alloys are used due to their many important properties such as ductility, strength,
cost-effectiveness in this study. Titanium alloys are used in the pin’s design, which directly contacts the

workpiece for its hardness and high-temperature tolerance.

The above results show that this type of robotic arm can be pivotal due to its effectiveness under the
studied analysis. It completely satisfies the maximum distortion energy criterion, Von Mises criterion,
and MSS (Maximum Shear Stress) theory. However, in order to analyze the system more precisely and
check its long-term effectiveness in operation, a more experimental study is needed for the proposed
MFSW robotic arm.
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Abstract

In the current paper, different methods of repairing a pre-cracked reinforced concrete beam (RCB) were
reviewed and described briefly. Afterwards, near surface mounted (NSM) technique was used to simulate
reinforcement of a pre-cracked RCB using carbon fiber reinforced polymer (CFRP) laminated layer. To do this

end, Firstly, based on previous experimental and analytical studies the limitations of the dimensions were
specified and then using Minitab software, Taguchi L9 orthogonal array design of experiment (DoE) applied
to optimize the number of simulations and find the best dimensions for the reinforcement. Subsequently,
ABAQUS software used to analyze the flexural behavior of the NSM-CFRP Pre-cracked RCB. Finally, Force-
deflection curves were exported from the simulation results and the best reinforcing pattern was selected.

Keywords: Finite element modeling, Optimization, Reinforced concrete beams, Fiber reinforced polymers,
ABAQUS.

TAGUCHI YONTEMi KULLANARAK ONCEDEN CATLAYAN RCB UZERINDE NSM-CFRP
GUCLENDIRMESININ OPTIMIZASYONU: SAYISAL ANALIZ

Ozet

Bu makalede, 6nceden catlamis bir betonarme kirisin (RCB) onarimi icin farkli yontemler gézden gegirilmis
ve kisaca agiklanmistir. Daha sonra, karbon fiber takviyeli polimer (CFRP) lamine katman kullanilarak
onceden catlamis bir RCB'nin takviyesini simiile etmek icin ylizeye monte (NSM) teknigi kullanildi. Bu
amacla, oncelikle 6nceki deneysel ve analitik calismalara dayali olarak boyutlarin sinirlamalari belirlenmis
ve ardindan Minitab yazihmi kullanilarak, simulasyon sayisini optimize etmek ve en iyi boyutlari bulmak
icin Taguchi L9 ortogonal deney tasarimi (DoE) uygulanmistir. Daha sonra, ABAQUS yazilimi, NSM-CFRP
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Pre-cracked RCB'nin egilme davranisini analiz etmek icin kullanildi. Son olarak, simiilasyon sonuglarindan
Kuvvet-sapma egrileri disa aktarildi ve en iyi takviye modeli secildi.

Anahtar Kelimeler: Sonlu eleman modelleme, Optimizasyon, Betonarme kirisler, Fiber takviyeli polimerler,
ABAQUS.

1. INTRODUCTION

Concrete is one of the main materials of all constructions due to the high strength, specifically
compressive strength. However, low tensile strength of the concrete is the weakness of this artificial
composite. Therefore, strengthening is needed for concrete for the applications which require high
tensile strength such as structural partsin constructions and bridges like beams and columns. Commonly,
the reinforcement is in the shape of reinforcing bars and welded wire made by steel embedded inside
of the concrete.

Steel reinforced concrete beams are the most common version of reinforced beams which have a decent
tensile strength as well as appropriate compressive strength. Despite the high tensile strength of the
embedded steel inside the concrete beam, still cracking occurs in the bottom part of the beams and
with increasing the load they propagate and with progressing the crack propagations the beam failure
happens. Furthermore, based on the ACl code, different forms of reinforcements such as structural
steel, steel pipe, steel tubing, and high-strength steel tendons can be utilized to reinforce the concrete
in terms of increasing tensile strength (CONCRETING, 2017). Several other methods have been also
investigated in order to find the most economical reinforcing method of the concrete to reach to the
same tensile strength for the reinforced concrete. One of these methods is using short fibers of different
materials such as steel, fiberglass, etc.

first the theoretical foundations of deep beams reinforced with FRP are presented and then in order
to get acquainted with the studies done on deep beams reinforced with FRP and to find the existing
strengths and weaknesses, a number of research done on FRP-reinforced deep beams are provided.

In the case of FRP-reinforced deep beams, there are generally no regulations that specifically address
the FRP-reinforced deep beams. For ordinary beams in the existing relations of the regulations, the
following expression is used to calculate the shear strength of the reinforced beam:

Vo =Ve+ Vo + Ve (1
In this regard, is the shear capacity of concrete (including the bearing share of concrete shear, the effect
of grain lock and clamp and the lingual effect of beam flexural reinforcements), is the shear strength of

Stirrups and is the share of FRP materials in beam shear strength.

(Chaallal et. al., 1998) proposed the following relation for, according to the structure of ACI 318-99:
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(sinp + cos B)d )

Sfrp
In this relation, tensile strength of FRP materials and reduction coefficient of resistance for FRP

Virp = QprpAprpfrrp

materials, cross section of a pair of FRP strips, 3 angle of the fibers to the horizon (clockwise), d effective
beam depth and distance between FRP strips is along the axis of the beam. In addition, the average
shear stress between the FRP material and the concrete intended for the design should not exceed
half of the maximum adhesion stress. This model has two main drawbacks. It is assumed that all FRP
materials cut by shear cracking have reached their maximum tensile strength, which is conservative in
this assumption. Also, this modeling is not consistent with the experimental results in limiting the stress
level in FRP materials that are likely to separate.

(Triantafillou et. al., 1998) showed that it is almost impossible to accurately predict the contribution of
FRP materials to the shear capacity of the beam. The criteria presented by him are based on European
regulations.

0.9 ,
Vrp = EEfrpEfrppfrpbwd(l + cosB)sinf (3)

In the relation above, is the coefficient of elasticity of FRP materials. Also, , where is the thickness of the
FRP layer, is the width of the reinforced concrete beam and is the partial safety factor for the tensile
strength of FRP materials, the value of which is suggested for CFRP carbon reinforcement composites
is 1.15. The main weakness of this modeling is that no special difference is made for different shear
reinforcement designs such as cross-section twisting and gluing to side surfaces as well as failure modes
Smith-Teng modeling was performed on the assumption that individual FRP strips could be equated
with continuous plates. Therefore, these modeling can be used for both tape and FRP panels. Of course,
for FRP tapes, there are some restrictions on the maximum distance between separate tapes. In a general
reinforcement design, if the shear cracks are inclined at an inclination 6 with respect to the longitudinal
axis of the beam, the value of the share of FRP strips in the shear capacity of the beam is equal to:

hf?'p(cot6+cot B)sinf (4)
Sfrp

Virp = 2fprptrrpWerp

In this regard, is the average stress in the FRP strip, below which a shear crack has passed in the final
state. is the width of each of these strips, which is measured perpendicular to the position of the fibers
in the strip. , the horizontal distance of the strips from each other is 3, the angle of inclination of the
fibers, which is measured in a clockwise direction relative to the longitudinal axis of the beam on the
left side of the fibers.

Although, there are many different methods to reinforced and repair cracked reinforced concrete beams,
near surface mounting (NSM) FRP is one of the most common and effective technique which have been
used in different studies for different designs and crack patterns (De Lorenzis and Teng, 2007) (Soliman
et.al.,, 2011) (Al-Abdwais et. al., 2016) (El-Gamal et. al., 2016). In line with these studies, there is a lack of
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numerical study to investigate the effect of dimensions (length, width, and thickness) of CFRP layer on
the flexural behavior of pre-cracked RCB. In this paper, the aforementioned effect was investigated after
implementing Taguchi method as a design of experiment (DoE) technique to optimize the number of
simulations and find the most optimum parameters.

2. NUMERICAL MODELLING

ABAQUS V6.21 was utilized to simulate all the conditions and numerically analyze them. ABAQUS is
a famous finite element software which is very user friendly, and it can be employed for analyzing an
extensive linear and non-linear model. Various mechanical properties such as elastic modulus, stress-
strain, density, damage criteria include Hashin and inelastic damages for steel, concrete and FRP
materials were defined in property section of ABAQUS. It is worth noting that the damage criteria for
all materials were performed using concrete damage plasticity (CDP) model. For all loading sections
include elastic region and plastic region isotropic damaged plasticity theory is used (ABAQUS and
Manual, 2012). The CDP model and related parameters are shown in Table 1.

The experimental results from the literature were used to identify both compressive and tensile stress
vs strain chart of the concrete for the simulation. The relevant formula for compression and tension
are listed below, respectively. It must be noted that these relationships are credential for the uniaxial
loading.

Eo (1—d.)(e. — Sfl) (5)

Q
I

or= Eo (1- dt)(fr - E.gpl) (6)

Where in these formulas , ,, are the compressive stress, compressive damage variable and the elastic
modulus of the concrete, separately. Furthermore, for the second equation, , , , are tensile stress, tensile
damage variable, correspondingly. Moreover, is compressive strain and is compressive plastic strain,
respectively. Lastly, and are the strain under the tension and tensile plastic strain, respectively.

Table 1. CDP parameters of Concrete (Lee and Fenves, 1998).

Dilation Angle (V) Eccentricity (€) fb /fc, K Viscosity (p)

56 0.1 1.16 0.667 0.0001

On the other hand, another model progressed by (Bahij et. al., 2018) was performed in ABAQUS to
simulate the failure of the concrete. The aforementioned model has been modified by different
investigators (Lee and Fenves, 1998). The mechanical properties in plastic regions must be explained
using the different phenomena such as deterioration of material strain softening and hardening as well
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as volumetric expansion which subsequently decreases stiffness and strength of concrete. furthermore
the extensive information and other theories related to CDP model can be found in ABAQUS Analysis
User’s Manual (Manual, 2012).

Furthermore, the plastic behavior for strain and stress throughout the damage of concrete can be
attained by the Equations (7) and (8). Also, the degradation can be happened in the softening section
where stiffness is relational to the cohesion of the beam.

E
— = = (1-d
Eo Cman 7Y 7
p—p_ 49
(8)
s_p = £ _L
Eg

represents the concrete’s
strength, and also, d and f are damage parameter and the compressive or tensile strength of concrete.

In above equations C is cohesion, which is also proportional to stress, C

max

Moreover, damage compression for model elements and tensile parameters are determined by Equati-
ons (9) and (10), independently.

CTCEC_1

ef{ (%— 1)+chEC'1

d,=1-

Which o_is the stress in the compression mode, and o, is stress in the tension mode. E is the concrete
modulus elasticity, is the plastic part of the strain. The parameters include of b_and b, are suggested by
(Barbato, 2009) and which are set as 0.7 and 0.1, respectively.

The cracks under the reinforced concrete beams which happening when the beam is under the flexural
loading and bending, are the most common types of cracks. These cracks initiate in the bottom part of
the beam and propagate through the central regions and subsequently cause the failure of the beam.
The reason that these cracks starts from the bottom of the beam is low tensile strength of the concrete
and the tension appears at the bottom part of the beam when it is under the flexural loading. Therefore,
flexural loading was used in the current thesis to observe the behavior of reinforced beam after initiation
of the cracks.

In this thesis four-point bending experiments were numerically analyzed and simulated in ABAQUS,
where the schematic of the reinforced concrete beam with embedded steel bars and stirrups are shown
in Figure 3.1.Th dimensions of the beam have been shown in the figure where width, height and length
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were chosen based on the consistency with the other experimental and numerical works as 300 mm,
200mm, and 2400 mm, respectively.

Furthermore, as it is mentioned in the schematic, the beam has been reinforced using four long bars
which the diameters of them are 8 mm and series of stirrups via an interval spacing of 0.1 m c/c (Shown
in Figure 3.1). The elastic modulus of the commercial steel for different parts of the reinforcements such
as bars and stirrups has been chosen and stated as 200 GPa. Moreover, other mechanical properties of
the elements were defined and written in ABAQUS to provide the necessary information for the analysis.
Also, compressive strength (fc) of the concrete employed in this thesis was 30 MPa.

100mm 600mm F 600mm F 600mm

100 mm
o

= X -

Figure 1. Schematic of reinforced concrete beam under the four-point bending experiment with the
dimensions of the bars and stirrups inside the beam.

Based on the experimental results mechanical properties of the concrete which has used in the
simulation is listed below in Table 2. Two different criteria have been considered to achieve the best
results in numerical modeling. The first one was concrete damage plasticity (CDP) which is important
when we want to investigate the damage behavior of structure after yield point to see the behavior of
the plastic region and crack initiation and propagation. Also, the other important criteria are dynamic
mechanical behavior of the concrete which is very crucial to predict the behavior of the concrete based
structured after applying flexural load on them. The Dynamic behavior of concrete utilized for the
numerical analysis as well as damage behavior employed in ABAQUS is shown in Table 2.

Table 2. Dynamic mechanical properties and tensile damage behavior of concrete.

Tensile (CDP) Tensile Damage
Stress(Pa) in-strain(Pa) stress(Pa) damage(Pa) | in-strain(Pa)
3450652.112 0 3450652 0 0
2295713.038 0.00029 2295713 0.740058 0.00029
1884035.156 0.000549 1884035 0.868129 0.000549
1651583.006 0.000802 1651583 0.916419 0.000802
1496056.714 0.001052 1496057 0.940729 0.001052
1382096.603 0.0013 1382097 0.955019 0.0013
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Totally, nine reinforced concrete (RC) beams were modeled and simulated in this paper. The beams
have the dimensions of 300mm x 200mm x 2000mm with an embedded region consists of a series of
stirrups and four bars at the corners of the stirrups. The yield and elastic modulus of steel used in the
simulations were defined ad 450 MPa and 200 MPa, respectively. Furthermore, the interactions between
all the parts of the setup were defined and friction properties also was added between the concrete
and CFRP reinforcement material. Also, between supports and beam the encastre boundary conditions
were defined, so the beam can just deform and slip on the support, therefore, support will be fixed (see
Figure 2).

Figure 2. The interactions defined to the system between all the parts.

The design of the setup after meshing is shown in Fig 3. Afterward, in mesh module all the parts were
meshed one by one to discretize the parts for numerical solution. Although, low element size may give
better results, the low element size increases the number of the elements which subsequently increase
the simulation time. Therefore, we have tried to optimize the number of the elements and element
size to achieve a reliable result and compute the problem faster. In most of the cases of this thesis,
the approximate global size was defined as 0.05. Figure 3. demonstrates the system for the four-point
bending test after mesh.

Figure 3. Design of setup after mesh.
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3. RESULTS AND DISCUSSION

CFRP laminated reinforcements were used in the simulation in order to repair and decrease the crack
initiation and subsequently crack propagation in the tension part of the concrete beams. In order to
find the most optimum parameters for the FRP reinforcement, different optimization systems were
employed. To do this, Taguchi’s optimization method was used to optimize the dimension of the FRP
reinforcement covered bottom part of the beam. L9 orthogonal array was chosen from the various
types of Taguchi method in order to minimize the number of simulations. The parameters with the
levels for each of them have been listed in Table 3. Three parameters of width, length, and thickness of
FRP were used as the variables, and three levels for each of these parameters were selected to fill the
simulation sets.

Table 3. Dimensions of the FRP layer to repair the bottom part of the RCB.

Parameter Level T (mm) Level 2 (mm) Level 3 (mm)
Length 1400 1800 2000
Width 100 150 200

Thickness 0.5 1 2

After applying L9 orthogonal array Taguchi method, the experimental set of parameters were selected
as shown in Table 4. Minitab V20.4 was used to create the Taguchi analysis design with aforementioned
parameters and level sets. Also, the maximum load at failure was selected as the response factor of the
simulation sets.

Table 4. Simulation set numbers with respective parameters.

Simulation Set Number Length (mm) Width (mm) Thickness (mm)
1 1400 100 0.5
2 1400 150 1.0
3 1400 200 20
4 1800 100 1.0
5 1800 150 2.0
6 1800 200 0.5
7 2000 100 2.0
8 2000 150 0.5
9 2000 200 1.0

All the conditions were simulated using the same initial crack patterns and the load at failure of the
beam was exported from the ABAQUS software results, and subsequently the load vs deflection curves
were formed in Origin Pro 2021b software. The results of the simulations for each condition were extra-
cted from ABAQUS and can be seen in Figure 4.
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It can be seen the highest force at the failure value is related to the set 5 parameters with length, width,
and thickness of 1800, 150, and 2 mm, respectively. This can be attributed to the effect of covering all
the length of the beam at the bottom surface of the beam as well as the high effect of 2 mm thickness
on the increasing the strength of the pre-cracked RCB against the tension applied on the downside of
the beam in flexural loading. Also, it can be asserted that increasing the width of the CFRP layer is not
necessary after 150mm due to the blocking effect of the layer on the cracks throughout the length of
the beam which can cover all the cracks. Also, based on the results of the flexural loading simulation, it
can be concluded that covering all the beam length through the supports at both sides are not neces-
sary and even can decrease the effect of the CFRP layer. This can be due to the softening effect of the
polymer layer in the interaction points between the supports and beam where this layer can be torn in
the edge of the supports.

100

80

—m— Set 1
o Set2
A Set3

—v— Set 4
¢ Setb
<4 Set6
> Set7
® Set8

—*— Set9

201

4 6 8 10
Deflection (mm)

Figure 4. Force vs Deflection curves of different simulation sets.

The response factor was set as force at the failure in L9 orthogonal array Taguchi method and based
on the results of the simulations, the response table for means was exported and shown in Table 4.3.
Furthermore, the main effect plot for means was extracted from Minitab and demonstrated in Figure
5. As it shown in the curves, it can be seen that the effect of increasing length of the CFRP layer from
1400mm to 1800mm was very critical to increase the force at the failure value. However, after reaching
to the support part there is no need to increase the length up to the end of the beam.

Moreover, the effect of increasing the width and thickness of the layer became steady after reaching
to the middle level of 150 and 2 mm, respectively. This can be attributed to the covering the main
cracks along the beam with 150mm width. Also, the outside layer of the CFRP cannot affect too much
on propagation of the pre-defined cracks, therefore, increasing the thickness from 1 to 2 mm is not
necessary.
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Level Length Width Thickness

1 6799 7265 75.35
2 81.38 7838 76.86
3 80.20 78.55 77.36
Delta 1339 590 2.02
Rank 1 2 3

Table 5. Response table for means extracted from Minitab software for L9 orthogonal array Taguchi

method.
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Figure 5. Main effects plot for means in L9 orthogonal array Taguchi method exported from Minitab
software.

4. CONCLUSIONS

In this paper the effect of CFRP dimensions on the flexural behavior of the reinforced concrete beam
were investigated using numerical analysis. To this end, L9 orthogonal array Taguchi method was used
to set the parameters of each condition. Minitab V20.4 was used to create the Taguchi analysis design
with aforementioned parameters and level sets. The response factor was chosen as force to failure after
8 mm deflection and the main conclusions were as follows:

i. The highest force at the failure value is related to the set 5 parameters with length, width, and
thickness of 1800, 150, and 2 mm, respectively which can be due to the effect of covering all
the length of the beam at the bottom surface of the beam as well as the high effect of 2 mm
thickness on the increasing the strength of the pre-cracked RCB against the tension applied on
the downside of the beam in flexural loading.

ii. Also, it can be asserted that increasing the width of the CFRP layer is not necessary after 150mm
due to the blocking effect of the layer on the cracks throughout the length of the beam which
can cover all the cracks.
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iii. Furthermore, based on the results of the flexural loading simulation, it can be concluded that
covering all the beam length through the supports at both sides are not necessary and even
can decrease the effect of the CFRP layer.

iv. Moreover, the effect of increasing the width and thickness of the layer became steady after
reaching to the middle level of 150 and 2 mm, respectively. This can be attributed to the
covering the main cracks along the beam with 150mm width.
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Abstract

This research deals with one of the biggest housing problems in Irag; where economic, social
and political problems and the lack of organization have led to the emergence of slums in Iraqi
cities and where the great social changes have been destroying Iraqgi society. The appearance of
concrete blocks in Iraqi cities during the war which divided and divided cities and neighborhoods
into separate scattered pieces made the matter worse, as their numbers are estimated in the
hundreds of thousands. The damage caused by concrete blocks is close to the damage of informal
neighborhoods in cities. The research focuses both on the housing problems particularly in the
slum areas of the city of Karbala with the changes of the planning policies of the city by the
presence of slums and the existence of concrete blocks in Iraqi cities as an urban problem. Finally,
the research proposes a housing unit design as a solution for the problem of slums by using
concrete blocks.

Keywords: Karbala City, Iraqg, slum, concrete blocks, housing unit

KERBELA SEHRi GECEKONDULARI VE IRAK'TAKi BETON BLOKLAR UZERINE BiR
DEGERLENDIRME: BiR KONUT BiRiMi TASARIMI ONERiSi

Ozet

Bu arastirma; ekonomik, sosyal ve politik sorunlarin ve orguitlenme eksikliginin gecekondu
olusumlarina neden oldugu ve buyik sosyal degisimlerin topluma zarar verdigi Irak'taki en
bilylk konut sorunlarindan birini ele almaktadir. Savas sirasinda Irak sehirlerinde ortaya cikan ve
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sayllarinin yiizbinleri buldugu tahmin edilen beton bloklar, sehirleri ve mahalleleri bélerek daginik
parcalara ayirmis ve kentlerdeki durumu daha da kétilestirmistir. Beton bloklardan kaynaklanan
hasar, gecekondu mahallelerin sehirlere verdigi zarara yakindir. Arastirma, hem Kerbela sehrinin
gecekondu bolgelerindeki konut sorunlarina ve gecekondularin ortaya cikisi ile kentin planlama
politikalarinin nasil degistigine hem de bir kentsel sorun olarak Irak kentlerindeki beton bloklara
odaklanmaktadir. Sonug bolimiinde arastirma, gecekondu sorununa ¢éziim olarak beton bloklar
kullanilarak bir konut birimi tasarimi 6nermektedir.

Anahtar Kelimeler: Kerbela Sehri, Irak, gecekondu, beton bloklar, konut birimi

1. INTRODUCTION

The research has focused on the problem of slums, as it constitutes one of the most important
obstacles facing urban planning and has appeared to keep pace with the rapid urbanization of cities
and reconstruction, which dates back to its beginnings after the World War Il. The concentration of
government services in the main cities and the emergence of many modern industries contributed to
the increase in internal migration of individuals and the exodus from the countryside to the cities in
pursuit of job opportunities as well as the desire to urbanize. With this kind of endeavour, needy, poor
has resorted to the outskirts of the city with an agricultural or desert nature, so they set up random
gatherings in the form of human settlements that lack basic services necessary for human living. Where
the situation in Iraqi cities is no different from the rest of the countries, it has become suffering from the
phenomenon of slums that have spread very widely in the country, especially after 2003. This research
studies the situation of slums in the city of Karbala in particular, and how slums began to appear in the
city largely due to immigration from other cities in search of work or housing. The research focuses in
particular on Al-Ghadir neighbourhood (one of the slums in the city of Karbala) because it is the largest
and most expanding slum in the city. The phenomenon of the spread of concrete blocks in Iraq and
what led to the distortion of the urban design of Iraqi cities significantly and isolating society from each
other. The research consists of five main axes:

i. Thefirstaxis clarifies the concept of slums linguistically and terminologically and their relationship
with the corresponding terms to reach the final definition of slums.

ii. The second axis studies the situation of slums in the city of Karbala in particular and how they
began to spread in the city.

iii. The third axis presents the phenomenon of concrete blocks and how they began to spread in
Iraqi cities.

iv. The fourth axis in which the research presents a proposal to design a housing unit by concrete
blocks.

v. The fifth axis presents the conclusions and recommendations reached by the research through
the study of slums in the city and the design proposal put forward for a solution to this urban
problem.
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1.1 Problem Statement

The major Iraqi cities, including the city of Karbala, suffer from the phenomenon of slums that constitute
an imbalance in the urban and urban fabric of those cities, due to the natural growth of the population
and its high rates, and because of internal migration coming from the countryside to it. In addition
to the external migration from other Iraqi cities (Mosul and Samarra), which have suffered from the
war in recent years, as large numbers of residents of these cities have migrated to the city of Karbala.
What exacerbated the problem was the presence of hundreds of thousands of concrete blocks which
appeared after 2006 as one of the solutions proposed by the American forces to control the security
situation in Iraqi cities and not only divided the city of Karbala, but also separated its people from each
other, classifying them as distinct groups. They left negative social effects among the city’s residents,
which may be difficult to remove and it has deepened the separation in the city.
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Figure 2. Concrete blocks in Al-Mustansiriya University in the capital, Baghdad (https://www.
(alsumaria.tv/news/168713/alsumaria-news 74093
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1.2. Research Aim and Methodology
This research aims to:

a. Examine the concept of slums in the third world cities and develop an insight to the reality of
illegal settlements in Iraq.

b. Develop a proposal for the problem of both concrete blocks in Irag and slums in Karbala.

To achieve the objectives of the research, an“analytical”approach is adopted, which is sequenced
in three stages:

i. Building a comprehensive “theoretical” framework for slums and their spatial behavior.

ii. Applying the indicators that were extracted from the theoretical framework to the study area
which represents the slums located on the western side of the city of Karbala, namely Al-Ghadir
neighborhood.

iii. Creating a housing unit design with using concrete blocks to solve the problems of the
phenomenon of the spread of slums.

2. THE SETTLEMENTS OF TRANSGRESSORS: SLUMS

English dictionary describes the origin of the word “slum” from the word “settlement’, whose source
is defined by the resource dictionary “settle: settle, establish a colony, and settlement” meaning
a settlement, a colony or a small village, and “settler” refers to the colonized (Al-Baalbaki, 2004). The
Webster dictionary deals with the word settlement “a smaller than a town where a group of people has
come to live and make their home, where few or no people lived before” (Webster, 1975). As for the word
“tajawiz” in the Arabic language, it refers to the source of the verb “jawiz” permissible. Exaggeration on
the part of the addition, that is, transgression and cut off. As it was mentioned in Mujam al-Munajjid,
where it refers to the source “Jazz (Jazz Juza)” the place: He left it, permitted it and justified it, and the
place was permissible; he went beyond it (Al-Maalouf, 1981). Among the vocabulary synonymous with
the word “tajawiz” in the Arabic language is the singular “taada” and the singular “Istahl’, where the
meaning of “taada” comes as transcending something to another in the sense of transgression (Al-
Maalouf, 1981). As for the word istahl, it is something that was permissible, or the land was permissible,
meaning: He inhabited it without any right (Gibran, 1981). The concept of transgression came in the
English source “squat: ter - tted — tting” where the dictionary defines the source resource “squat” as
“whoever occupies land without right or without a wage he pays, or whoever occupies land (attending
to acquire it by laying hands)” (Al-Baalbaki, 2004). The webster dictionary deals with the word squatter
“one that settles on a property without right or title or payment”. It also defined it as “one that settles
on public land under government regulation with that purpose of acquiring the title” (Webster, 1975).
Abrams (1971) explains in his book The Language of Cities some vocabulary derived from the source
“squat” (Abrams, 1971). Several terms were released for slums, which are concerned with its conceptual
field. Including slums illegal violators of the law, and slums, which are called slums, which are known
for their ownership openly, either to the state or to other owners, and usually outside the scope of
government services (Hamza, 1980). While it is understandable for backward areas as one of the types
close to informal housing, as most of its residents are workers earners, small employees, farmers and
immigrants (Khattab, 1993). There are several types with different classifications according to the
educational or scientific status or others. The concept of residential slums is broad and unstable, and
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often symbolizes the lack of minimum basic services in residential communities in contemporary life.
Slums have several definitions, including the definition of the Arab institute for urban development
“as areas whose homes were built without a permit on land owned by the state or owned by others’,
and housing is often built outside the scope of government services. It has several features, including
overcrowding, deteriorating buildings, and lack of services and infrastructure. Slums are the opposite
of organized housing (Al-Naeem, 2004). The first is characterized by an irregular structure that is more
widely spread. It is scattered within small areas that lack the most basic elements provided by the urban
design of the city. As well as large numbers of families live in slums, as the housing unit that is supposed
to be inhabited by one family has become more than one family in small spaces. And in several axes,
the lack of job opportunities, learning, services, etc., this comes as a reason for isolation from urban
gatherings with social dimensions that may conflict with the customs and traditions of urban dwellers
as well as environmental, economic and other axes (Abdel Aal, 1999). It may encourage, to some extent,
the creation of an environment for crime, and this was confirmed by a study carried out by Pia Abdullah
Al-Ali, Chairman of the Board of Trustees of the Arab Institute for Urban Development. The absence
of law in the slums led to the spread of theft and crime, which negatively affected the neighboring
neighborhoods, as it became the center from which criminals start (Karrer, 1998).

The concept of slums differs from one region to another. Slums are known by several definitions, including
poor and crowded areas, and are described as distorting the planning system from an architectural
point of view regardless of whether they adhere to the laws of the state or not. It is also called by several
names such as hidden housing, deteriorating housing, violating housing and residential violations,
poor neighborhoods, chaotic housing, shantytowns, temporary housing, slums, and sewers (Safita,
2004). The United Nations ESCWA (2016) defines slums as areas where groups of housing units have
been established on land that the occupants do not have the right to legal claim or illegally occupy;
or unplanned slums and areas where housing does not comply with current planning and building
regulations (unauthorized housing). It was known as the neighborhoods that were built in the absence
or weakness of law and legislation, and with substandard standards. And many of them were built in
municipal lands where there are narrow roads and alleys for the passage of individuals only so that it is
impossible to provide social services due to the absence of suitable spaces to build a school, playground
or dispensary (Faour, 2004). Slum areas are neighborhoods that are mostly inhabited by the poor,
but they do not form a harmonious social fabric, because they started from the masses of oppressed
immigrants, and according to the modern urban systems in our contemporary world, the areas subject
to the laws of regulation considered official and organized areas. With regulatory provisions, whether
urban or rural, it is considered random or informal (Abu Al-Hayja, 2001).

2. Urban and Environmental Characteristics of Slums
Al-Dulaimi2002) ) described the characteristics of slums as:

i. The poor level of housing which is not subject to any kind of control; and some of them lack
basic services, such as water, sewage, electricity, and green or open spaces that lead the streets
as the only public spaces for the population.

ii. The streets are narrow and meander sometimes as a result of the random division, which leads
to the difficulty of transportation internal and to the traffic flow due to different street levels at
times.
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iii. The overlap of economic activities and markets with residential areas as most of them depend

on the street as a means of displaying and selling their products.

iv. Most of the housing units in slums are built from the raw materials available in the city, such as

clay, tin, and the waste of iron factories.

2.1. Al-Dulaimi (2002) described the characteristics of slums as:

The poor level of housing which is not subject to any kind of control; and some of them lack basic
services, such as water, sewage, electricity, and green or open spaces that lead the streets as the
only public spaces for the population.

ii. The streets are narrow and meander sometimes as a result of the random division, which leads

to the difficulty of transportation internal and to the traffic flow due to different street levels at
times.

The overlap of economic activities and markets with residential areas as most of them depend on
the street as a means of displaying and selling their products.

iv. Most of the housing units in slums are built from the raw materials available in the city, such as

clay, tin, and the waste of iron factories.

2.2. The Emergence of Slums

The reasons for the emergence of slums vary with different dimensions, which are mostly the lack of
housing units in cities within the urban design in line with population growth and immigration. Where
slums appeared in different periods according to the circumstances the country is going through, the
most important of which are internal migrations from the countryside and external migration from Iraqi
cities that suffer from war which is considered one of the reasons that have been diagnosed in urban
areas that suffer from this phenomenon, which is due to:

a.

Inefficiency in the application of legal articles related to urban planning, which are concerned
with addressing the problem.

Increases in population growth rates as a result of internal and external migration (Al-Wardi,
1965).

Problems related to the state’s procedures towards investments or financing for the housing
sector, as well as failure to follow up on the implementation of laws related to the protection of
state-owned land (Shawky, 1966).

The lack of a real tendency for those interested in the housing sector to provide low-cost housing
complexes for people with disabilities limited income (Al-Baldawi, 2008).

Failure to develop urban design for cities commensurate with the population growth of the city.

Sudden and forced migrations built by areas that create wars, disasters, or misfortunes security
situation.

Obstacles created by businesses in the banking sectors to lend, such as the Housing Bank or real
estate Bank.
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h. Poor living conditions associated with a low level of income and a poor level of services in the
countryside compared to the cities (ibid).

The research studied the situation in slums in terms of social, economic and cultural terms, where the
research reached:

i. Social dimensions: Social dimensions of the population, where slums are distinguished as the
place to which rural residents and immigrants from other cities go. Through the analytical study
of social characteristics, it is noted that these areas do not only shelter the unemployed and the
marginalized, but they also shelter the labor force that does not have jobs, along with social
groups that are relatively heterogeneous, and this results in new disparities in the areas of
slums. What is observed today in the cities of Iraq that received housing seekers from the same
governorate or from other governorates is that most of them live in slums. For reasons related
to the security situation, cities have been built with a large exodus from their original areas to
other areas, adding a new feature to the self-homogeneity of social groups (Al-Mahdi, 1997).

ii. Economic dimensions: Represented mainly by the income side where the majority of the
population of these areas is poor and has low incomes compared to other areas. This poverty
may be due not only to the factors of unemployment, irregular work and weak economic
resources, but also to the size of the family and the high number of unproductive individuals
within the same family due to their young age or old age (Al-Ajili, 2007).

iii. Cultural dimensions: The low level of education is generally observed in slums. The majority do
not read or write, and this is due to dropping out of school at a young age in order to work. In
addition, a few have university degrees because they are able to afford university costs. (ibid).

3. KARBALA CITY

Karbala, the city of golden domes, is one of the most important ancient Iraqi cities whose roots go back
to the era of the Babylonian civilization (3rd millennium BQ). It is a destination for millions of Shiite
Muslims visitors in the Islamic world throughout the year due to the presence of the shrines of Imam
Hussein and Abbas bin Ali on its land. The city of Karbala is located about 105 kilometers southwest of
Baghdad, on an area of 52,856 square kilometers, and is characterized by soft land purified of gravel.
It is about thirty kilometers west of the Euphrates River, and is located on the edge of the Badia in the
middle of the sedimentary region of Irag, and on the transportation line linking Iraq with the Arabian
Peninsula. Karbala’s climate is hot in summer and relatively cold in winter. Palm groves and fruit trees on
three sides surround it. It is watered by the Husseiniya River branching from the Euphrates River. On its
northwest is the city of Ramadi, in its east is the city of Hilla and the ruins of Babylon, and in its west is
the western desert, which includes Lake Al-Razzaza. The city of Ain al-Tamr (Shathatha) and the famous
fortress of al-Ukhaydir, and to the south of it is the city of Najaf al-Ashraf (Al Tohme.2018).

3.1. Slums in Karbala City
Slums are described schematically as settlements, where they may possess some communal components
and architectural functional characteristics of residential neighborhoods, with a difference in the
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organization of basic services that are available in the slums. As slums spread around many governorates
of Iraq, including Karbala, this can be seen clearly in the vicinity of cities and green spaces around
residential neighborhoods. The slums contain crowded dwellings that reach the point of overcrowding
due to the lack of planning. There is no doubt that it lacks services and means of livelihood, as it is in the
regular official neighborhoods, as it is considered illegal. In turn, it is difficult for the local government
to supervise administratively or provide municipal or regulatory services to it (Krista E, 2013). Thus, it
will be affected by the negative factors affecting the environment, economic, social, security and other
slums, and it may be difficult at the present time to take a decision to remove them for several reasons,
including the resort of its residents to deal violently with the implementation of orders. On the other
hand, the situation is exacerbated by the rapid increase in unplanned construction, as the primary
statistics diagnosed by specialists indicate that there are more than 4,000 families living in informal
.Karbala Municipality, 2011( neighborhoods inside and outside the updated urban design of the city in
This number indicates also to the security crises that lead to displacement. 75,000 housing units is the
total housing deficit that caused the housing crisis, which according to the local government in Karbala
This in turn was one of .amounts to 23,000 housing units that must be created over the next five years
.(the reasons for the rise in land prices in particular and real estate in general (Al-Ajili, 2007
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Figure 3. Karbala City slums’ aerial view (Google earth map, 2021)

The emergence of slums contributed to change the map of the city of Karbala and generated pressure
on services and the environment, which are among the basic necessities of human livelihood. According
to the researcher Al-Saadoun (2011), the lack of access to clean water for the residents of slums for
human and domestic uses forces them to buy water from tank vehicles, which is one of the reasons for
decreasing sources of water in the city of Karbala.

The housing units in slums are characterized by different patterns that depend on a number of factors.
In the study area, randomness, irregularity and homogeneity are observed in the scattered housing
units. The majority of the housing units are of the block type. A small percentage of the houses built
with mud are scattered. One tin house can be distinguished on the edges. Most houses contain one
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room and a small kitchen. As for the others, they contain two rooms, a kitchen, and bathrooms. The
general attraction of the residents in those neighborhoods is that the cost of the housing unit is very
low compared to the organized residential neighborhoods. In addition, the rent is very low and can be
provided by people with limited income. A large part of housing units does not possess the real estate
status in the official state institutions represented in the real estate departments, which exacerbates
the problem and works to confuse the routine work of transferring ownership in a difficult situation
from the residents by titling these lands in the future as they belong to the state real estate registration
departments. In addition, it was found that some of the properties belong to owners who are not
residing in Iraq at the present time.

Figure 5. A house in Karbala City (photo credit: A. Kadhim)
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This neighborhood suffers from a deterioration in social services (health and general) in terms of the
apparent lack of services and the exacerbation of health problems, especially children, due to the
deterioration of the environmental situation in the area. The residents of these areas are displaced
people coming from other governorates due to war conditions and searching for work.

3.2. Karbala Slums: A City within a City

The slums in the city of Karbala (Al-Ghadir neighborhood) take an urban form different from the city
in general. The closest description to this situation is “a city within a city’, which is defined as “a city
surrounded by another city or territory which is in a form of an enclave” (Donald Eric van Ruiten, 2014:
13). With its social, political and economic situation, Al-Ghadir neighborhood represents a small city
within the city of Karbala.

Most of the residents of slums in general in the city of Karbala, in terms of their social standing, belong
to the clans. The research indicates that people live in the form of clan gatherings within the slums,
which was not present in a civilian city like Karbala in the past. And the difficult conditions in which they
live inside these slums forced them to gather as tribal and clan groups for the sake of assistance and
protection. Most of the slum dwellers have dropped out of school, which made it difficult to integrate
into society from the reality of social or cultural life. All these reasons made the slum community largely
isolated from the community of the city of Karbala, a community which doesn’t belong to the city.
From an economic point of view in slums, most of the residents are from the poor class whose monthly
income does not reach the level that provides basic needs. This is what made the economic situation
for them separate from the city, as the markets mostly sell used things only and the spread of random
markets widely on the sidewalks and in the streets. Unemployment spread widely in the community, as
most of the residents work in simple handicrafts for very low wages, even those who owned a job in the
past had lost it because they left their previous cities. All this led to the spread of unemployment, crime
andillegal businesses in the slums. There is also a clear absence of the rule of law in slums, as the law that
applies in Karbala does not include or apply in slums. This helped the emergence of law and customs
of the tribe in controlling slums. From a political point of view in slums, the residents of these slums are
usually exploited by politicians with false promises by appropriating the lands in which they live or by
giving them legal status to reside there for political gain, which has helped to increase the spread of
these slums. In addition to the emergence of political figures from these neighborhoods, which have
been largely prevented from changing the reality of these slums, they have a political representative
in the central government. Consequently, there is a small government in these neighborhoods that
manages the political situation for them and exploits them for political gains, and this is one of the most
important reasons that separate these slums from the city in general. All these circumstances helped to
form a city within the city of Karbala, a separate city in terms of social, political and economic status. The
residents of this small city (slums) live as if they are surrounded by another city that refuses to accept
their presence.

4. CONCRETE BLOCK IN IRAQ: FROM WAR TO RE-USE
The process of encircling the official institutions with concrete blocks began in 2004 by the American
forces, whose forces and some of their columns were stationed near those departments. The aim was
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to protect American soldiers from being targeted by car bombs. At that time, the Americans set specific
specifications for some concrete blocks, and production companies were required to adhere to them to
reduce losses during the bombings. The barrier industry suddenly rebounded, and more than a hundred
factories appeared in Baghdad and the central and southern cities, especially between 2005 and 2006,
when the demand for them increased and their use expanded from official departments and ministries,
to include residential neighbourhoods and adjacent areas, which were isolated from each other due to
the sectarian differences in their populations (The official Iragi media network, 2019).

Figure 6. Blocks at al-Salihya/Baghdad (sourse: https://www.inp.plus/index.php?s=news&id=74093)

These concrete blocks take different sizes according to their different use:
i [First type: Tm X 4m, often used to surround and isolate areas
ii. Second type: 80cm x 2m, used at checkpoints at city entrances and main roads

These two types and others are still spreading densely in Iraqi cities without stopping. A new view of
the city that Iragis have not known for years, appeared after the removal of concrete blocks from most
streets, official departments and residential areas, which became one city not divided into separate
parts. More than 170,000 concrete blocks have been removed from the capital by various security and
government agencies; But the largest share was held by the Baghdad Operations Command, whose
commanders and senior officers in the field continued the process of removing concrete blocks from
most areas. Lieutenant-General Jalil al-Rubaie, Baghdad Operations Commander, said that the Baghdad
Operations Command began to gradually raise the concrete blocks about two years ago, but a major
decision The Iraqgi Minister, Adel Abdul-Mahdi, by opening the Green Zone to the citizens increased the
pace of work. Rahim Al-Shammari, a researcher in security affairs, confirms that the number of concrete
blocks removed from the capital is equivalent to half the number that was produced in the past years.
Al-Shammari said that the raised concrete blocks are equivalent to 50 percent of the existing ones in
Baghdad, and that the largest percentage of them surrounded residential and commercial areas in the
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capital, while there is still a large percentage surrounding other important areas. After the concrete
blocks greatly distorted the city, state institutions tried to put a solution to this distortion by painting
on them and making them more acceptable to the people. Dean of the college of fine arts Al-Sabti
rejected the government’s previous step by instructing the painters to color these barriers and turn
them into photo murals in an attempt to “beautify the prison wall”. He said that “Although | was assigned
by an institution to choose a group of young students to paint on concrete blocks, | was not convinced
of the idea, as he prepared it the last medicine” Al-Sabti obliged to work to make the young people
benefit financially, and he wanted to give an indication that there is an artistic place. Speaking to the
“Official Iragi Network’, an expert in military and security affairs, Major General Abdul-Karim said that
“There were 85,000 blocks, and their number increased to reach about two and a half million blocks!.
Whoever wanders in Iraqi cities today sees the official buildings of state institutions have returned to the
daily scene with the beauty of their scenery. And years ago, they were sheltered behind high concrete
blocks, until the streets surrounding these buildings became like suffocated corridors that suggest
the presence of danger everywhere. Even though many of those walls were covered with colors and
pictures that some tried to decorate, they remained as they were. Deaf concrete pieces filled the place
with dark visual pollution, which represented an exceptional case that the capital and other cities have
experienced since terrorism began to strike everything related to Iraqi lives (Skypressiq. 2019).

Figure 7. Concrete block dimensions

5. A HOUSING UNIT DESIGN PROPOSAL

According to the research, the expansion of slums in the city and the corresponding deformation of the
urban facade of Karbala due to concrete blocks requires an architectural solution which aims to provide
adequate housing for residents of slums and to use concrete blocks for this purpose. After studying the
slums in the countries that suffer from them and considering the effectiveness of the solutions that were
developed to reduce this problem and studying the current situation of the city of Karbala, the research
reached a proposal of a quick-established housing unit using the concrete blocks spread in the country.

Putting forward a proposal to design a housing unit in any city requires taking into account the social,
economic and environmental aspects of the place, in order to provide comfort to the occupants of
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housing units, in accordance with the standards and requirements for building in the city. From the social
aspect, there are families with an average of 5 members in the houses. It is evaluated that the families in
these areas tend to have high privacy in terms of the design of the general layout of the housing unit, as
the design has been gradual from private to semi-public. From the economic aspect, most of the slum
dwellers are unemployed and with low incomes, which forced them to build settlements randomly
in slums. They were unable to afford the costs of buying low-cost units because of their prices, which
are considered impossible and expensive for them. Environmentally, Iraq is one of the very hot areas;
so, it was taken into consideration that the residential units which are adjacent to each other provide
great isolation from the hot external surroundings. And the use of internal combustible materials
maintains a moderate heat level in the architectural space. The housing unit was designed according
to the requirements of the Ministry of Construction and Housing for a family consisting of 5 people,
with dimensions of 10 by 20 meters, that is, an area of 200 square meters. The plan of the housing unit
consists of the main spaces, which are:

a. Kitchen

b. Two bedrooms
c. Living room
d. Guest lounge

e. Bathroom

H
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Figure 8. housing unit plan design
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The construction by concrete blocks is similar to the ready-made casting system. To build a housing
unit requires 82 concrete blocks. The concrete blocks will be wrapped by materials that make it more
heat-insulating, providing environmental comfort for the residents. The concrete blocks were designed
to be a foundation and a concrete wall, and this saves from the costs of building in the residential areas
proposed by the research.

Figure 9. House unit design proposal, front view
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Figure 10. House unit design proposal, back view

The walls of the housing units are designed in three layers: concrete blocks, insulated glass wool (a
fibrous insulating material made of boron silicate glass with important components such as silica sand,
recycled glass, stabilizing agents and melting agents), and the outdoor finish layer which consists of
gypsum boards (plasterboard or drywall which wall panels are made of a mixture of gypsum, silicone,
fiberglass and covered with a layer of treated cardboard).
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Figure 11. Finish layers
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Figure 12. Interlocking concrete blocks

The concrete blocks are installed with each other to form a connected wall, which was originally designed
to be a strong reinforced wall to meet the security challenges. This feature provides high durability for
the residential units that will be established by the concrete blocks.
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Figure 13. Housing block proposal

One residential block consists of 28 housing units adjacent to each other, which provides a humorous
and appropriate environment for Irag’s hot climate. Each residential block contains a public middle

space that can be green spaces or areas for different social events.

Figure 14. Housing units on site
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Figure 17. Housing block proposal (3D)
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Figure 18. Housing block proposal (3D)

6. CONCLUSIONS

The research reached conclusions after studying the slums and how they arose in the city and examining
the social, economic and political reasons that helped their emergence. Finding a solution to the
problem of slums that has spread in the city of Karbala can be done by knowing the reasons that led to
their emergence, which came almost surprisingly in the city where the law was previously applied, and
slums could not grow so easily in the city. On the other hand, the following governments did not put
forward real housing projects that could provide adequate housing for low-income citizens. It can be
said that the housing projects presented by the Ministry of Construction and Housing were not up to the
level of ambition, as they were not taken advantage of by those with low incomes. This is what caused
a large increase in slums, where low-income people did not find housing for them other than slums.
There are many terms to describe the phenomenon of slums, so it was called by several names such as
informal gatherings, illegal gatherings, and they are called shantytowns, irregular cities, shanty towns.
One of the main reasons for choosing to live in slums is due to the presence of empty plots of land, as
well as its proximity to basic services such as water, electricity and transportation routes from the city
centre. The residents of these slums hope that the state will give them the right to own the land in which
they live, and this is what they sometimes demand. Slums in the city of Karbala are built of brick or clay
and tin. They pose a threat to the city at the infrastructural level represented by encroachment on water
and electricity services and others; at the social level characterized by security consequences by crimes
of all kinds; at the environmental level represented by the unhealthy residential environment; and at
the economic level represented by the increase in unemployment rates. Most of the residents of slums
are from outside the governorate, so the role of government institutions and civil society organizations
must be activated in preparing immigration controls to cities from inside or outside, in a way that suits
the governorate’s absorption of numbers.
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To build housing units with concrete blocks provides a fast and efficient solution to the problem of
slums by considering the very big urban problem of Iraqi cities with huge numbers of concrete blocks
scattered in the country. Their numbers are estimated at about two and a half million blocks. Building
with concrete blocks can provide work for slum dwellers, where they can be trained to build housing
units using concrete blocks, and this would reduce unemployment rates in slums. The necessity of
collaboration between state institutions, housing companies and citizens can generate a new kind of
social interaction and economical relation. Besides it can create a balance in urban growth between the
city and the countryside, abolish the administrative boundaries between the city and the slum areas and
serve the slum areas as if they are part of the city. It isimportant to hold continuous seminars to educate
people about the reality of slums and to find design solutions to them. The government and security
institutions should find alternative means for the concrete blocks due to the problems they cause at the
social level of the city. The phenomenon of slums is a product of social, economic and political reasons.
Therefore, in order to solve the problems of slums, a cooperation should be established between state,
private sectors, institutions, and citizens, in coordination with the academics specialized in this field.
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Ozet

Genisletilmis gerceklik teknolojisi; sanal gerceklik (SG), artirilmis gerceklik (AG) ve karma gergeklik (KG)
olarak gruplanabilecek alanlarin Ust bashgr olmaktadir. Genisletilmis gerceklik, bittinlyle sanal bir
evren Uzerinde SG gozliigu aracihigiyla kavranabilen bir evreni betimleyebilecegi gibi tablet ya da mobil
telefonlar Gzerinden gercek ve sanalin birlesebildigi bir evrene de isaret edebilmektedir. Genisletilmis
gerceklik teknolojisi pek cok alanda faydalanilabilen bir uygulama alani olabilmektedir. Egitim ve saglk
6zelinde pandemi sonrasi yeni deneyimlere duyulan ihtiyacin artmasiyla birlikte bu tir yeni teknolojileri
yonelik deneyim ve yaklasimlar da hiz kazanmistir. Bu makalede, dis hekimligi egitiminde genisletilmis
gerceklik teknolojisinin arastirmalarina ve uygulamalarina yonelik bir derleme makale calismasinin
yapilmasi hedeflenmistir. Genisletilmis gerceklik teknolojisi, dis hekimligi egitiminde kullanimi tizerinden
degerlendirilmeye calisiimistir.

Anahtar kelimeler: Dis hekimligi egitimi, sanal gerceklik, artirlmis gerceklik, genisletilmis gerceklik.

EXTENDED REALITY TECHNOLOGY AS AN INNOVATIVE METHOD IN DENTISTRY EDUCATION

Abstract

Extended reality technology can be grouped as virtual reality, augmented reality and mixed
reality, considered as a top title. Extended reality can depict a universe that can be comprehended
through virtual reality glasses on a completely virtual universe or a universe where real and
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virtual can be combined via tablets or mobile phones. Extended reality technology can be an
application area to be used in many fields. Due to the increasing need for new experiences after
the pandemic in the field of education and health, experiences and approaches to such new
technologies have also gained progress. In this article, it is aimed to conduct a review article
study on the research and application of extended reality technology in dentistry education.

Keywords: Dentistry education, virtual reality, augmented reality, extended reality.

1. GiRiS

1.1. Genisletilmis Gerceklik Teknolojisi

Genisletilmis gerceklik teknolojisi; SG, AG, KG gibi kavramlarin ortak ismi olarak nitelendirilebilir.
Genisletilmis gerceklik, yeni bir gerceklik algisi olarak diistintlebilir.

Tarih boyunca insanlik, gordiklerini kaydetmek ihtiyaci hissetmistir. Bu ihtiyac dogrultusunda magara
duvarlarina resimlemeler yapmistir. Resimler lizerinden aktarma anlayisi fotograf ve video gibi ani
yakalama ve kaydetme siireclerinin ortaya cikmasini saglamistir. Ancak, fotograf ve video gibi statik
araclari kullanarak goriintiiye bicim vermek yeterli gelmemistir. Bunun Uzerine insan beyni Uzerinde
baska bir gerceklik algisi olusturabilecek araglar gelistiriimeye baslanmistir. Genisletilmis gerceklik
teknolojisi insandaki merak ve kesfetme duygusunu besleyen yeni bir mecra olarak 6ne ¢cikmaktadir.

Bilgisayar teknolojisindeki ilerlemeler sonrasi boyut degistiren genisletilmis gerceklik teknolojisi ve
bu teknolojiye dair araclar farkl bilim alanlarinin gereksinimlerine déniik uygulanir olmustur. Egitim
ve saglk, bu alanlardan olmaktadir. Pandemi sonrasi olusan kosullar saglik egitiminde yeni araclarinin
gelistirilmesinin bir zorunluluk halini almasina neden olmus ve tim dijital mecralarda oldugu gibi
genisletilmis gerceklik teknolojisi uygulamalarinda da cesitlilik gérilmesini saglamistir.

1.1.1. Artirllmis Gergeklik

AG, fiziksel ortamda bir teknolojik gere¢ lizerinden deneyimlenebilen bir teknoloji araci olarak
tanimlanabilir. AG ile bir deneyim saglanmasi, bu sebeple cep telefonu ya da tablet gibi bir elektronik
cihaz vasitasiyla miimkiin olmaktadir.

AG; oyun, egitim, mimarlik, tasarim, saglik gibi pek c¢ok alanda farkh ¢ozimler gelistirmek icin
kullanilmaktadir. AG ile geleneksel egitimdeki tek diize anlatim modellerini gelistirmek ve 6grenciye
hem gorsel hem isitsel anlamda hitap edebilecek nitelikte uygulamalar sunmak mimkuin olmaktadir.

1.2.2. Sanal Gergeklik

SG teknolojisi glinimizde SG gozlik setleri ile birlikte deneyimlenen bir sanal evrenin temsilidir.
“Metaverse” olarak nitelendirilen yeni gerceklik bicimlerinde islev ve kimlik kazanmasi, gelecek yillarda
aktif kullanimiin artmasi 6n gorilmektedir. Bu baglamda kullanici, SG g6zIugi ile etrafini kusatan Gg
boyutlu bir diinyada kendini bulmaktadir. SG tizerinden saglanan bu yeni gerceklik algisi, farkl arastirma
alanlarina ilham vermistir ve SG, pek cok sektorde etkin sekilde uygulanmaya baslanmistir.
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2. SAGLIK ALANINDA GENISLETILMi$ GERGEKLIK UYGULAMALARI

Saglik, yapilacak olasi hata ve yanlislarin 6limcil sonuglara yol acabilecegi bir alan oldugundan egitim
ve uygulamalarin bu alanda titizlikle yuratilmesi bir gereklilik olarak gortlmelidir. Bu nedenle saghk
ozelindeki teknolojiler ve uygulamalar, olasi hatalarin 6niiniine ge¢meyi hedeflemektedir. Goriintileme
teknolojilerinde ilerlemeler ve yenilikler bu amaca yénelik olmaktadir. Ultrason, EKG, MR gibi cihazlar
Uzerinden tani koyma bicimleri gelisme gostermektedir. Mevcut goriintiileme teknolojilerine ilaveten
yeni teknolojiler ve deneyimler olusturulmaya devam etmektedir. Yeni ilerlemeler ile birlikte AG, SG ve
KG teknolojilerinin saglikta uygulamalarina donuk arastirmalar yapilmaktadir (Dogan, vd. 2021).

Saglik alani gibi pratik becerilerin 6nem kazandigi disiplinlerde genisletilmis gerceklik teknolojisinin
kullanimi ayr bir deder kazanmaktadir. Visual3d Medical, HoloForge Interactive gibi firmalar KG
tizerinden hologram bazli tibbi ve cerrahi uygulamalar gelistirmektedir. Ornegin, HoloLab firmasi
genisletilmis gerceklik teknolojisi tizerinden sundugu ¢6ziimlerle 6ne ¢ikarken apoQlar Gizerinden yapay
zeka ve genisletilmis gerceklik teknolojisi birlikteliginde yeni ¢oziimler tretilmektedir. Medivis firmasi
ise 6zel olarak cerrahi merkezli ileri seviyede gorsellestirme uygulamalari gelistirmektedir (Dogan, vd.
2021).

Genisletilmis gerceklik teknolojisi lizerinde uygulamalar yapan firmalarin sayisi artmakta olup bu alanda
arastirmalar diizeyinde de ilginin yogunlastigi ifade edilebilir.

2.1. Dis Hekimligi Egitimi

GUnumizde uygulanan dis hekimligi egitim planlari ve programlari; geleneksel, entegre ya da bunlarin
bileskesi olarak cesitlilik gostermektedir (Perry, vd. 2017), (Akaltan, 2019). “Geleneksel model’, klinik
oncesi temel bilimler anlatimi ve temel bilimler 6grenimi sonrasinda uygulamali bir egitim seklinde
yurutilen bir yapiya isaret etmektedir. “Entegre model” ise alanlar ve konulara gore farkl disiplinleri
bulusturmaktadir (Bridges, vd. 2016).

Entegre model; ders vermeye dayali egitim ve kendi kendine yonlendirilen 6grenme ile problem veya
vaka ¢oziimlemeye dayali 6grenimi esas alan kii¢lk egitim gruplarini birlestirir. Cogunlukla problemi
merkeze koyan egitimde ders sayisi cok az olmakta veya hi¢ ders olmamakta; bunun yerine gercek hayati
temel alan problem veya senaryolar ile 6grenci yonetimindeki kiiglik gruplar ile egitim yiritilmektedir
(Lu, vd. 2014). Dis hekimligi egitiminde; 6grenci merkezli dgrenimi benimseyen, geleneksel program ve
planlardan uzaklasan, daha entegre ciktilar ve yeterlige dayali modellerin dnemini vurgulayan 6neriler
yayinlanmaktadir (Bridges, vd. 2016), (Manogue, vd. 2010), (ADEA, 2011), (Akaltan, 2019).

Bu oOneriler dogrultusunda dis hekimligi egitiminde ve ders programlarinda 6zellikle uygulamaya
donuk becerilerin gelistirilmesi ve kuvvetlendirilmesi noktasinda teknoloji merkezli yontemlere ihtiyag
duyulmaktadir. Yeni ve farkli gériintiileme teknolojileri tizerinden tanimlanan, pratik egitimde yardimci
ya da ana rol tslenebilecek deneyimlerin 6grencilere kazandiriimasi gerekliligi 6ne ¢cikmaktadir.

2.2. Dis Hekimligi Egitiminde Genisletilmis Gerceklik Teknolojisi
Dis hekimligi saglk alanlarinin biiyiik oraninda oldugu gibi hekimlik becerilerinin deger tasidigi ve bu




128

GULFEM OzZLU UCAN, BURAK KEREM APAYDIN, BAHADIR UCAN

becerilerin kazanilmasinda pratik yapmanin roliiniin yatsinamayacagi bir meslek olarak gortlmelidir
(Clancy, vd. 2002). Bu yonde 6grencilere pratiklik kazandirmasi icin gelistirilen dental simdlatorlerin asil
amaci herhangi bir tehlik unsuru olmadan (hasta haklari gézetilerek) 6grencileri ayni hasta senaryolari
ve tedavi prosediirlerini iceren bilgiler sunarak gercek bir hastaya miidahale edermiscesine bir deneyim
kazandirmaktir.

SG simulatorleri birtakim 6nde gelen Universitelerde dis hekimligi egitiminde kullanilmakta ve
faydalarindan séz edilmektedir. 2004 yilinda Columbia Universitesinde, Le Blanc ve ark. dis hekimligi
2. sinif 6grencileri ile yaptiklari arastirmada, 6grencilerin bir boliimiine 110 saatlik geleneksel preklinik
laboratuvar egitimi; bir diger gruba ise bu egitime ek olarak 6-10 saatlik simulasyon klinigi egitimi
vermistir. Sene sonunda yapilan degerlendrimelerde similasyon egitimi alan 6grencilerin daha basarih
dereceler kaydettikleri gdzlemlenmistir (Le Blanc, vd. 2004).

Gray ve ark. 2003 yilinda Philadelphia Temple Universitesinde birinci sinif dgrencileri ile yiirittikleri
bir arastirmanin neticesinde dental hasta simulatorlerinin 6grencilerin kavrama ve vakaya yaklasim
becerilerini kuvvetlendirdigini belirtmislerdir (Gray, vd. 2003), (Uzun, 2006).

Quinn ve ark. 2003 yilinda yayinladiklari makalelerinde Dublin Dis Hekimligi Fakultesindeki Simulasyon
kliniginden ve 6grenciler lzerindeki yararh etkilerinden bahsetmis, kullanilan simulasyonun gercek
hasta klinigini birebir olarak yansitmasa da geleneksel preklinik laboratuvari ile birlikte kullaniminin
ogrencilerde temel beceri kazandirma hizini arttirdigini vurgulamislardir (Quinn, vd. 2003).

Lackey (2004) makalesinde Tennesse Universitesindeki SG simiilasyon klinigindeki bir yillik deneyimini
degerlendirmis, simulator cihazini ilham verici ve kuvvetli potansiyeli olan bir cihaz olarak gormustir
(Lackey, 2004), (Uzun, 2006).

SGve AG teknolojileri, icerik ve yontem olarak iyilestirildikce egitim ve cerrahi alanda daha cok uygulama
alani bulmaktadir. Genisletilmis gerceklik cihazlari teknolojilerindeki gelisme kullanicilarin tibbi bilgi ve
verileri gorsellestirilmis materyaller ile birlestirmelerine olanak tanimaktadir. Bu sekilde daha dogru
bilgiye ulasmak, bilgi gtivenirliginiartirmak ve riskleriazaltmak miimkiin olmustur. SGve AG uygulamalari
beyin ve kafa cerrahisi alanlarinda etkin bir yontem olarak 6ne ¢cikmaktadir (Casap, vd. 2005). Kullanicilar,
“Kask Monteli Ekran (KME)”ile tibbi bilgiyi ve gorselleri cerrahi amacli kullanabilmektedir. KME kullanimi
ile cerrahi riskler azaltilmaktadir (Ozlii Ucan ve Ucan, 2021).

Huang (2018) calismasinda EPED ltd.sti. tarafindan tasarlanan CDS-100 similatoriintn dis hekimligi
egitiminde etkili bir 5grenim araci oldugunu belirtmistir. Caismada ayrica gercek zamanli geri bildirimin
onemine deginilirken navigasyon bazli AG teknolojisinin daha faydali sonuclar verebilmesi icin yliksek
kaliteli tibbi gortintiilemenin gerekli oldugunu vurgulamistir (Huang, vd. 2018).

Huang (2018)’a gore gelecek yillarda dis hekimliginin her biriminde AG ve SG teknolojisi 6grencilerin
pratik deneyim saglamalari noktasinda uygulanabilecektir. Geniletilmis gerceklik teknolojilerinin egitim
ve staj slireclerinde cerrahi riski azaltan ve guvenligi artiran yapisi kullanim yayginligi 6n goriisiiniin en
onemli dayanagi olmaktadir.
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Ayoub ve Pulijala (2019) makalesinde dis hekimligi pratiginde, maksillofasiyal boélgede ortaya cikan
acil durumlari simiile eden bir 6grenme ortami olusturmak icin sanal gerceklik kullanmistir ve SG
teknolojileriyle stajyer hekimlerin bilgi ve uygulama becerilerini gelistirmeyi amacladiklarini ifade
etmistir. Yu ve ark. 2011 yilinda yaptiklari calismada sanal, sanal cerrahi odakli bir yapida uygun
similasyon ortamlari ile desteklenmis ve olusturulan model test edilmistir (Yu, vd. 2011). Test grubu
olusturulan sanal ortama dahil edilmis, dokunsal geri bildirim tespiti yapilmis ve sanal gercekligin
egitim olanaklarina ciddi anlamda katki sagladigini bildirmislerdir (Elledge, vd. 2016), (Yu, vd. 2011).
Sanal gercekligin 6grenmeyi ve uygulamayi kolaylastirmak icin klinik egitiminde standartlarin 6tesinde
bir yontem olarak yenilik¢i ve faydaci bir yoni oldugu belirtilmistir. SG odakli yontemlerin 6grencileri
cesaretlendirdigi gorilmustur (Ayoub ve Pulijala, 2019).

Huang vd (2018) makalesinde genisletilmis gerceklik teknolojisinin maksillofasiyal cerrahide basarisizlik
riskini azaltabilecegini belirtmistir. AG ve SG similatorlerindeki dogrudan geribildirim ve objektif
degerlendirme islevleri gelecekte dis hekimligi klinik uygulamalarinda da 6nemli bir ara¢ olabilecektir.
Bu anlamda toplumsal fayda getirebilecek bu teknolojiler, sadece egitim amach degil klinik uygulama
sureclerinde de yararli olabilecektir (Huang, vd. 2018).

Tibbi gorintuler, hasta takip sistemleri ve kayitlariyla birlikte KME ve AG, hekimlerin basarili bir ameliyat
sureci gecirmelerine katki saglayacaktir. Hastalar ve hekimler arasinda guvenilir bir iliski kurulmasinda,
hekimlerin bilgi ve deneyimlerinin yani sira glincel teknolojilerin yarar saglamasi beklenmektedir
(Huang, vd. 2018).

3.SONUCLAR

Dis hekimligi egitimi, tim hekimlik ve saglik alanlarinda oldugu gibi tedbirli bicimde sirdirilmesi
gereken bir egitim sirecini kapsamaktadir. Hekimligin tim branslarinda oldugu gibi olasi hatalar ve
dikkatsizlikler bambagka olumsuzluklar dogurabilmektedir. Dis hekimligi egitiminde hastalar tizerindeki
pratiklerin artirllmasi bu anlamda ciddi deger kazanmaktadir.

Genisletilmis gergeklik teknolojisi destegiyle gelistirilecek dis hekimligi egitiminin 6grencilerin gercek
hastalar ile karsilastiklarinda olasi hatalarin azalmasi ve preklinik becerilerinin artmasi yoniinde yontem
olarak egitim siirecine dnemli dl¢lide katki saglayabilecegdi soylenebilir.

Geleneksel egitimle birlikte desteklenen similatorler, sanal ve artirilmis gerceklik ortamlarinin yapilan
arastirmalarin buytk bélimunde pratik egitime olumlu katki sagladigr goruisu 6ne ¢cikmaktadir.
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Ozet

Bu calismada tas dolgu dalgakiranlarda cesitli egimler icin farkli dalga yukseklikleri ve su derinliklerinde
dalgakiran kesitleri hazirlanmistir. Hazirlanan kesitler cekirdek tabakasi, cift sira filtre tabakasi ve cift sira
dizenli yerlestirilmis koruma tabakasindan olusmaktadir. Dalgakiran kesitlerinde Hudson bagintisi

kullanilarak koruma tabakasindaki blok agirliklari ve kullanilacak elemanlarin se¢imi yapilarak maliyetler
hesaplanmistir. Maliyetler arasindaki farklar yapi egimi, su derinligi, dalga kinlma durumu ve dalga
yuksekligi gibi parametrelere bagli olarak degerlendirilmistir. Yapi egimindeki artis stabilite Gzerinde olumlu
etkiye sahipken, proje dalga yuksekligindeki artis olumsuz etki géstermektedir. Su derinligi ve proje dalga
yuksekligi yaninda dalgakiran egimi de maliyetler izerinde dnemli bir etkiye sahiptir. Ayrica, ayni tasarim
kosullarinda dalgakiranlarin kafa kismindaki koruma tabakasi agirliginin gévdedekinden daha yuksek
oldugu gorilmektedir. Buradan dalgakiranlarin kafa kisminin daha hassas oldugu anlasiimaktadir.

Anahtar Kelimeler: Tas Dolgu Dalgakiran, Dalgakiranlarda Maliyet, Koruma Tabakasi Agirhgi, Hudson
Bagintisi, Antifer Blok.

COST ANALYSIS OF RUBBLE MOUND BREAKWATERS FOR RUBBLE OR ANTIFER ARMOR LAYER

Abstract

In this study, rubble mound breakwater sections were prepared for different wave heights, slopes and water
depths. The designed breakwaters consist of a core layer, a double filter layer and a double regularly placed
armor layer. Weight of armor layer were selected by using the Hudson Equation for designed breakwater
sections and costs are calculated. The differences between the costs are evaluated depending on parameters
such as structure slope, water depth, wave breaking condition and wave height. While increase in slope
of the building has a positive effect on the stability, increase in the project wave height has a
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negative effect. Besides water depth and project wave height, slope of breakwater has also a
great impact on costs. Furthermore, it is seen that weight of armor layer in the head section of
breakwater is higher than trunk section under the same design conditions. Thus, it is understood
that head section of breakwater is more sensitive.

Keywords: Rubble Mound Breakwater, Cost of Breakwaters, Weigth of Armor Layer, Hudson

Equation, Antifer Block.

1. GIRIS

Muhendislik calismalariyla amaglanan emniyet, ekonomi ve estetik dengesinin korunmasi; distik
maliyetli guvenli yapilarin tasarimini gerektirmektedir. Boyutlarn disiindldiginde maliyet ve
stabilitenin dengelenmesi kiy1 koruma yapilarinda oldukga dnemli yer tutar. Kiyi koruma yapilari olarak
tasarlanan dalgakiranlar, deniz vasitalarina barinak ve liman islevlerinin yuritiilmesine olanak saglayan
korunakli su alanlari olusturmak icin tasarlanmaktadir (Yiksel ve Cevik, 2009). Eski donemlerde, koylar
gibi dogal korunakh alanlar liman islevlerini karsilarken, zamanla yerini dalgakiranlarla olusturulan
limanlara birakmistir. Boylelikle Sekil 1" de goriildugu gibi; etrafini cevreleyen dalgakiranlar sayesinde
deniz vasitalarinin kolayca yanasabildigi ve gemilerin ellecleme yapabildigi kiy1 yapilari olusturulmustur
(Ozbahceci, 2015).

Dalgakyran Govdesi
Dalgakyran
Kurb / _— Kafasy
N
Liman
Tali Dalgakyran
/
/
Liman

Sekil 1. Geleneksel liman yerlesimi (Yuksel ve Cevik, 2009).

Liman dalgakiranlari sinifinda yer alan tas dolgu dalgakiranlar, cesitli blyuklik ve sekildeki taslarin
rastsal dizilimiyle; ocak artigindan olusan c¢ekirdek tabakasi tizerinde yer alan bir ya da iki sira kaplama
tabakasindan olusmaktadir (asagiya bakiniz-Sekil 2). En blyuk dalga istatistigi verileri kullanilarak
boyutlandirilan bu yapilar, ekonomik dmiirleri gdz dniine alinarak tasarlanmakta ve insa edilmektedir
(Yuksel ve Cevik, 2009), (Tas, 2006).
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Koruma Kronman
Tabakasy \—\ Duvary
YSS L —
= Liman Tarafy
Filtre Koruma Tabakasy
Cekirdek
Topuk
Yastyk Tabakasy

Topuk On Koruma

Sekil 2. Tas dolgu dalgakiranlardaki yapisal tanimlar (BS 6349-7, 1991).

Dogru projelendirme ve uygulama saglkli yapr émriini etkileyen 6nemli parametrelerdir (Naimi
ve Ozdemir, 2020). Deniz yapilari hic hasar olmamasi ya da az hasar olmasi durumlari ele alinarak
tasarlanmaktadir. Hasarin olusmamasi durumuna gore yapilan tasarimlar stabiliteyi arttirdiklarindan
ekonomik c¢oziimlemeyi kisitlamaktadirlar. Ancak belli bir hasar durumu varsayilarak yapilan
tasarimlar ekonomik sonuc verebilmektedir (Kabdash, 1992). Hasar, yapinin tamaminda ya da tabaka
elemanlarindaki yer degistirme seklindedir (Naimi ve Hrizi, 2019). Koruma yapilari dalga etkisi karsisinda
tanimlanan stabilite parametresine gore siniflandirilabilmektedir. Stabilite parametresi; 1'den kiiclk ise
kesonlarvekiyiduvarlari, 1-4 arasinda stabil dalgakiranlar, 3-6 arasinda S sekilli ve basamakli dalgakiranlar,
6-20 arasinda kaya egimli kiyilar, 15-500 arasinda cakil kiyilar, 500'den buyuk oldugu durumlarda kumul
ve kum tepeleri olarak siniflandiriimaktadir. Stabilite parametresine gore siniflandirilan yapilar tasarim
kosullari altinda davranislarina gore kendi iclerinde statik veya dinamik olarak stabil yapilar seklinde
siniflandinimaktadir. Kesonlar ve geleneksel dalgakiranlar statik stabil dalgakiran sinifinda yer alirlar.
Statik stabil yapilarda hi¢ hasar olmamasi ya da ¢cok az hasar olmasi istenir (Van der Meer, 1988).

Tas dolgu dalgakiranlardaki stabilite hesabinda kullanilan ¢ok sayida tasarim denklemi bulunmasina
ragmen en yaygin olanlari Hudson ve Van Der Meer’ e aittir (Ozbahceci ve Bilyay 2007), (Turan, 2000).
Kafa kisimlari, dalgakiranlarin en hassas oldugu kisimdir. Bu kisimdaki koruma tabakasinda tas
kullanilmasi durumunda hesaplanan tas agirhgi oldukga yuksektir. Ocaklardan bu oranda tas ¢ikarmak
ve ingsaat alanina tagimak yiksek maliyet getireceginden beton bloklarin avantaji gorilmektedir (Tas,
2006). Tas dolgu dalgakiranlarda beton blok kullaniminda, bloklar ¢ekirdek tabakasinin tzerine iki sira
halinde kaplanmaktadir (Hales, 1981). Bloklardaki yiiksek denge katsayisi hacimsel olarak kazang saglar.
Prefabrik beton bloklarin, yapiya yakin bir yerde dokiilebilmesi ve depolanabilmesi maliyet agisindan
onemlidir (Tas, 2006).
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Maliyet analizleri icin cesitli acik deniz dalga yukseklikleri ve su derinlikleri icin dalgakiran kesitleri
hazirlanmistir.  Kesit hesabinda stabilitenin belirlenmesinde yaygin olarak kullanilan Hudson
bagintisindan yararlanilmistir. Hazirlanan dalgakiran kesitlerinde ¢ekirdek tabakasinin tst kotunun
+0,5m oldugu kabuli ile cift sira filtre tabakasi kullanilmistir. Yatayla 1/1,5 egime sahip, ylksekligi 0,5m
ve genisligi 8m olan cekirdek tizerine diger tabakalar yerlestirilmistir. Filtre tabakalari izerinde koruma
tabakasinin cift sira yerlesimi ile dalgakiran kesiti tamamlanmistir. Filtre ve koruma tabakalarinda
1/1.5, 1/2, 1/2.5 ve 1/3 egimleri icin kesit hesaplari tekrarlanmistir. Olusturulan kesitlerden maliyetler
hesaplanarak, ¢esitli parametrelere bagl degisimler irdelenmistir.

2. MATERYAL VE METOD
2.1. Koruma Tabakasi Elemanlarinin Segimi

Tas dolgu dalgakiranlarin koruma tabakasinda tas veya yapay beton bloklar kullanilabilmektedir.
Koruma tabakasinda tas kullanimi ancak belli stabilite degerine kadar tercih edilmektedir. Tas dolgu
dalgakiranlarda ocak tasi kullanilarak olusturulan kaplama tabakasi tilkemizde maksimum 12-15 ton
kategorisinde tasarlanmaktadir. Bu durum ocak tasinin belli miktarin izerinde temini ve tasinmasinin
glcligiinden kaynaklanmaktadir. Yaygin olarak bu kategoride tas kullanimi yerine, beton blok koruma
tabakasi planlanmaktadir (Yiksel, ve Cevik, 2009). Geleneksel dalgakiranlarda prefabrik beton blok
kullanimina 20. ytzyilhin sonlarinda baslanmistir. Sekil 3’ te bazi tipleri goriilen yapay beton bloklarin
kullanimiyla dalgakiranlardaki maliyet azaltilmis ve kullanim émri arttinlmistir (Tas, 2006). Ayrica beton
bloklarin kullanimi stabiliteyi ylkselttiginden guivenlik ve ekonomi tizerinde olumlu bir etkiye sahiptir
(Hales, 1981).

%

L

CUBE(Modified) TRBAR SVEE
CUBE BLOK AKMON GAMMA-L

Sekil 3. Yapay beton blok tipleri (Yiksel vd., 2016).

Ulkemizde yapay beton bloklardan genellikle antifer bloklar tercih edilmektedir. Antifer bloklar,
birbirlerine kilitlenme 6zelligi olan materyallerdir. Bu 6zellik diisiik malzeme agirliginda biyuk stabilite
sunmaktadir. Bu durum dalgakiranlarin yapim maliyeti agisindan avantajhdir (Yuksel ve Cevik, 2009).



AURUM MUHENDISLIK SiSTEMLERi VE MiMARLIK DERGiISi
AURUM JOURNAL OF ENGINEERING SYSTEMS AND ARCHITECTURE

Sekil 4'te plan gortinlst ve kesit alani verilen antifer bloklarda; a antifer blogun taban genisligi, b blogun
st kisminin genisligi, r dort kenarindaki oyuklarin yaricapi, h blogun yiiksekligi, s dort kdsesindeki pah
kirma 6lcusu olarak tanimlanmaktadir (Yagci ve Kabdash, 2003).

[ b ]
a § g -
F ] -
S v f)%
L
D) &
L J_
A :

Sekil 4. Antifer blok oblik, plan goriinis ve kesit alani

2.2. Dalgakiranlarda Stabilite Hesabi

19. ylizyilda baslayan tas dolgu dalgakiran calismalarinda onceleri blok agirliginin hesabinda gézlem
ve deneyimler kullaniliyorken, daha sonralar yapilan calismalarla 20’yi askin baginti dnerilmistir. Tas
dolgu dalgakiranlarin koruma tabakasinin tas agirliginin belirlenmesinde, hidrolik model deneylerinin
etkisinde bulunan tasarim denklemleri kullanilmaktadir (Turan, 2000). Dalgakiranlarin 6n tasariminda
genellikle Hudson (1959) ve Van der Meer (1987)" e ait bagintilar tercih edilmektedir. Ayni tasarim
dalgasinda ikisinden elde edilen sonuglar farklilik gdstermektedir. Hudson bagintisi kolay kullanilabilir
olmasi nedeniyle uzun siire kullanilmistir (Ozbahceci ve Bilyay, 2007).

Hudson bagintisini sorgulayan Van der Meer, diizensiz dalgalar ile yaptigi deneylere dayanarak kendi
bagintilarini 6nermistir. Van der Meer'in 6nerdigi bagintilarda daha fazla degisken bulunmasina ragmen
Hudson bagintisinin kullanimini bitirememistir (Ozbahceci, ve Bilyay, 2007). Van der Meer, kirilan ve
kirlmayan dalga kosullarini ele almasinin yaninda; bu dalga kosullarinda yapiya gelen dalga sayisi, dikligi
ve yapinin gecirimini irdelemesiyle de avantaj saglamistir. Ayrica yapidaki hasar parametresini icermesi
bakimindan da énemlidir. Ancak uygulanan yapi sevinin artmasiyla stabilitenin arttigi sonucunu vermesi
yanlis bir varsayim olarak gorilmektedir (Turan, 2000).

Van der Meer'in 6nerdigi bagintilar,

Kirllan dalgalar icin:

_ 62P018[ ] -0.5 (1)
ﬁDn';() qm
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Kirllmayan dalgalar igin:

HS S 0.2 5
= 1.0p~013 [—] [cotad?, @)
ADys50 VN

seklindedir. Burada N, stabilite katsayisi, boyutsuz kiyr benzerlik parametresi, ADpyso bloklarin %50'si-
nin nominal ¢capl, P permeabilite katsayisi, S hasar seviyesi seklinde ifade edilmektedir (Van der Meer,
1987).

Daha oncesinde de belirtildigi gibi stabilite hesabi birkac farkli ifadeyle bulunabilmektedir. Ancak en
yaygin kullanilan ifade Hudson (1959) bagintisidir,

H3Y;

=— > (3)
KpS3coto

burada, W koruyucu tabaka tas agirhgi, H yapi 6niindeki proje dalgasi, tasin 6zgul kitlesi, suyun 6zgul
katlesi, stabilite katsayisidir (boyutsuz). Hudson’ un ampirik formala 1/1,5'dan 1/5’ e kadar degisen ko-
ruyucu tabaka egimlerinde gecerlidir.

Hudson bagintisinda dalga &zellikleri ve dalgakiranlarda tasarlanan béliime goére farkhlik gosteren K
katsayisinin se¢imi oldukca énemlidir (Turan, 2000). Tas dolgu dalgakiranlarin koruma tabakasinda tas
kullanilmasi ve diizensiz dalga kosullarinda, Hudson bagintisinda kullanilacak denge katsayisi degerleri
govde kesiti icin Tablo 1'de, kafa kesiti icin Tablo 2'de verilmektedir.

Tablo 1. Dalgakiran gévdesi icin K degerleri tasarim dalgasi H=H, , (CERC, 1984).

1/10

Hasar D=%0-5
Kirillan Dalga Kirllmayan Dalga
Piirtizli Diizensiz 2.00 4.00

Tas Sekli | Yerlestirme

* E§im Acilari 1,5 < cotB < 3,0 icin verilmistir.

Tablo 2. Dalgakiran kafast icin Ko degerleri tasarim dalgasi H=H, (CERC, 1984).



AURUM MUHENDISLIK SiSTEMLERi VE MiMARLIK DERGiISi
AURUM JOURNAL OF ENGINEERING SYSTEMS AND ARCHITECTURE

H S
Tas Sekli | Yerlestirme asar Yap1 Egimi Coto
Kirilan Dalga Kirilmayan Dalga
1,90 3.20 1,50
Piriizlii Diizensiz 1.60 2.80 2.00
1.45 2,55 2.50
1.30 2.30 3.00

Tas dolgu dalgakiranlarin koruma tabakalarinda antifer blok kullanilmasi, koruyucu topuk yapilmasi
durumlarinda, cesitli dalgakiran egimleri icin dlizensiz dalga kosullarinda; Hudson bagintisinda

kullanilacak denge katsayisi degerleri govde kesitiicin Tablo 3'de, kafa kesiti icin Tablo 4'te verilmektedir.

Tablo 3. Govde kesiti icin Onerilen denge katsayilari (K, katsayilari) (Yalginer vd., 1999).

GOVDE KESITI (Hasar %0-5)
Kinlmayan Dalga Kosullar Kinlan Dalga Kosullan
Cot 0 . .
Antifer Antifer
1.5 5,00 4,00
2.0 7,00 5,50
2.5 8,00 6,50
3.0 9,00 7,50

Tablo 4. Kafa kesiti icin 6nerilen denge katsayilari (K, katsayilari) (Yalginer vd., 1999).

KAFA KESITI (Hasar %0-5)
Kinlmayan Dalga Kosullan Kinlan Dalga Kosullan
Cot 0 . .
Antifer Antifer
1.5 4,00 3,50
2.0 5,50 4,50
2.5 6,50 5,50
3.0 7,50 6,50
3.UYGULAMA

3. 1. Kesit Alanlarinin Belirlenmesi
Tas dolgu dalgakiranlarda 3-7m arasindaki ardisik dalga ytikseklikleri ve 4-20 m arasindaki ardisik su
derinlikleri icin kesit alani hesabi yapilmistir. Alan hesabi su derinliginin proje dalga yiiksekliginden
blyuk oldugu degerler icin yapilmaktadir. Su derinligi ve yapi egimindeki degisim beraberinde kesitte
degisimi getirmektedir. Her tabaka icin kesit alani degerleri ayr ayri bulunarak dalgakiran maliyetlerine
ulagiimaktadir. Cekirdek tabakasinin egimi, kirilan ve kirilmayan dalga kosullari icin sabit 1/1,5 olarak
alinmistir. Filtre tabakalar ve koruma tabakasi icin edim degerleri 1,5-3 arasinda ardisik 0,5 farkla
degismektedir. Yapi egimi bu tabakalarin her birinde ayni degere sahip olacak sekilde tasarlanmistir.

Sekil 4'te tas dolgu dalgakiran kesiti tabakalarina ait kotlar ve egimler verilmektedir.
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Sekil 5. Tas dolgu dalgakiranlarda kesit tabakalarinin kotlari ve egimleri

Hudson bagintisi kullanilarak govde ve kafa kesiti icin koruma tabakasi agirligr hesabi yapilmistir. Denge
katsayisi degerleri, verilen cizelgelerden dalga kosulu ve yapi egimi icin okunmaktadir. Dalga kuvvetine
karsi dalgakiran stabilitesi icin 13t tastan daha buyuk degerlere ihtiya¢ oldugu durumlarda; ayni proje
dalga yiiksekligi, yapi egimi ve dalga kosulu icin hesaplanan antifer bloklar tercih edilmistir.

Tas dolgu dalgakiranlarda, koruma tabakasinda tas kullanilmasi durumunda koruyucu tabaka
yuksekliginin hesabinda Denklem (5)'ten, antifer blok kullaniimasi durumunda ise Denklem (6)(7)' den

yararlanilmaktadir (Yuksel Proje, 2007).

3 |W (5)
h’t = 2 b
¥s

I (©)
08]/5

he = 2a %)

Koruma tabakasi yuksekligi, cesitli yapi egimlerindeki 3-7m arasindaki ardisik dalga yuksekliklerinde
kirlmayan dalga kosulundaki 4-20m arasindaki ardisik su derinlikleri icin dalgakiran kesitlerinden
elde edilen blok agirliklari kullanilarak hesaplanmistir. Kirilan dalga kosulundaki dalgakiranlarda ise
hesaplanan dalga kirilma derinligi ve kirllma yuksekligi degerleri kullanilarak koruma tabakasi yiksekligi

belirlenmistir.
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3. 2. Maliyet Hesabi

Tas dolgu dalgakiranlarda maliyetler, kesitlerden elde edilen degerlerin Tm uzunlukigin dénustirilmesi
ve uygun birim fiyatlar ile carpilmasiyla hesaplanmaktadir. Koruma tabakasinda tas veya antifer blok
kullanimina gore hesaplama sekli degismektedir. Antifer blok kullaniminda %56 bosluk orani alinarak
maliyet hesaplanmaktadir. Antifer bloklarda maliyet hesabinda kalip ve tasima maliyetleri de hesaba
dahil edilmektedir. Kalip maliyetlerinin hesabinda, 10 adet kalip kullanildigr varsayiimistir. Antifer blok
kalibi, blogun dort kenarini sarmaktadir. Antifer bloklarda kalip maliyeti, Sekil 4’ te verilen kesit alani ve

plan goriintsiinden yararlanilarak Denklem (8)(9)'dan hesaplanmaktadir (Frens, 2007).

a=1.076

08)/5

a=1.076

08)/5

Ancak hesap kolayhg acisindan antifer bloklarin dikdértgen prizma oldugu varsayilmistir. Tablo 5’ te
verilen birim fiyatlardan ilgili kesitler icin gerekli degerler alinarak maliyet hesabi yapilmistir.

Tablo 5. Maliyet hesabinda kullanilan birim fiyatlar (LYDB, 2021).

L Olgii | Birim
Tabaka Adi Poz No Isin Cinsi Birimi Fiyat
(TL)
Cekirdek Tabakasi| 741.010.002| (0-04) ton taglarla anrosman yapilmasi1 | Ton 22,19
Ikinci Tabaka | 741.010.003| (04-2) ton taslarla anrosman yapilmas: | Ton 23,85
Ugiincii Tabaka | 741.010.006( (2-4) ton taslarla anrosman yapilmasi Ton 274
Koruma Tabakasi | 741.010.007| (4-6) ton taslarla anrogsman yapilmasi Ton 31,84
Koruma Tabakasi | 741.010.009| (6-8) ton taglarla anrogman yapilmasi Ton 33,55
Koruma Tabakasi | 741.010.010| (8-10) ton taglarla anrogman yapilmasi Ton 36,58
Koruma Tabakasi | 741.010.012] (10-12) ton tasglarla anrogsman yapimasi | Ton 40,51
Koruma Tabakasi | 741.010.013| (12-15) ton taslarla anrosman yapilmasi | Ton 44,89
Koruma Tabakasi | 740.800.006 | Sactan antifer beton blok kalibi yapilmasi| M 43,39
Koruma Tabakas | 740,300,010 ntifer beton bloklarm tasmmastve 5| 7)o,
yerine konmasi (Karadan)
Koruma Tabakast | 740.260,052| ST demirsiz bz::;n farmatag ile 300 1 s | 38083
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Tas dolgu dalgakiranlarda, gesitli yapi egimleri ve kirilan dalga kosulunda su derinligine gére maliyetin
degisimi govde kesiti Sekil 6'da, kafa kesiti icin Sekil 7’ de verilmektedir.

Maliyet(TL)
160.000
—1/1,5 Egim
140.000 |
——1/2 Efim
120.000 |
e 1/2,5 EGim
100.000 |
e 1 /3 Efim
80.000 |
60.000 |
40.000 |
20.000 |
0 1
2 3 4 5 6 7 8

Su Derinligi(m)

Sekil 6. Kirllan dalga kosulundaki govde kesiti su derinligi-maliyet grafigi

Maliyet(TL)
160.000
—1/1,5 Egim
140.000 |
—1/2 Egim
120.000 |
—1/2,5 Egim
100.000 |
= 1/3 Egim
80.000 |
60.000 |
40.000 |
20.000 |
0 ! . . . .
2 3 4 5 6 7 8

Su Derinligi(m)

Sekil 7. Kinlan dalga kosulundaki kafa kesiti su derinligi-maliyet grafigi

Kirlmayan dalga kosulundaki dalgakiranlarda maliyet hesabi, su derinliginin proje dalga yiksekligin-
den buyik oldugu degerler icin yapilmistir. Su derinligi olarak 4-20 m arasindaki ardisik degerler alin-
mistir. Kirnlmayan dalga kosulundaki su derinligine gére maliyetin degisimi ¢esitli yapi egimlerinde kafa
kesiti icin Sekil 8'de, gdvde kesiti icin Sekil 9'da verilmektedir.
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Maliyet (TL)

275.000
= 3m Proje Dalga Yiiksekligi
4m Proje Dalga Yiiksekligi
225.000 5m Proje Dalga Yiiksekligi
6m Proje Dalga Yiiksekligi
7m Proje Dalga Yiiksekligi

250.000

200.000

175.000
150.000
125.000
100.000
75.000
50.000
25.000

0
4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Su Derinligi (m)

(a) 1/1,5 egim

Maliyet (TL)
275.000
——— 3m Proje Dalga Yilksekligi

250.000 ——— 4m Proje Dalga Yiiksekligi
225.000 5m Proje Dalga Yitksek]
—— 6m Proje Dalga Yilksek]

200.000 — 7m Proje Dalga Yilksekligi

175.000
150.000
125.000
100.000
75.000
50.000
25.000
0

a4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20
Su Derinligi (m)

(b) 1/2 egim

Maliyet (TL)

300.000
275.000 = 3m Proje Dalga Yiiksekligi
— 4m Proje Dalga Yiiksekligi
250.000 5m Proje Dalga Yiiksekligi
225000 6m Proje Dalga Yiiksekligi
200.000 ——— 7m Proje Dalga Yiiksekligi
175.000
150.000
125.000
100.000
75.000
50.000
25.000

0
4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Su Derinligi (m)

(€) 1/2,5 egim
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Maliyet (TL)

325.000
300,000 —— 3m Proje Dalga Yiksckligi
25000 P D Yok
250.000 —— 6m Proje Dalga Yilkseklizi
225.000 == 7m Proje Dalga Yiiksekligi
200.000
175.000
150.000
125.000
100.000
75.000
50.000
25.000
0
4 s 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Su Derinligi (m)

(d) 1/3 egim

Sekil 8. Kirllmayan dalga kosulundaki kafa kesiti icin su derinligi-maliyet grafikleri

Maliyet (TL)
275.000
250,000 3m Proje Dalga Yiiksekligi
———— dm Proje Dalga Y tiksekligi
225.000 Sm Proje Dalga Y iksekligi
200.000 6m Proje Dalga Y tiksekligi
142 175000 7m Proje Dalga Yiiksekligi
150.000
125.000
100.000
75.000 —
50.000 e B —
25.000 o
0
4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20
Su Derinligi (m)
(a) 1/1,5 egim
Maliyet (TL)
275.000
250.000 3m Proje Dalga Yiiksekligi
4m Proje Dalga Y tiksekligi
225.000 5m Proje Dalga Yiksckligi
200.000 6m Proje Dalga Yiiksekligi
175.000 = Tm Proje Dalga Yiiksekligi
150.000
125.000
100.000
75.000
50.000 //
25.000
0

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Su Derinligi (m)

(b) 1/2 egim
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Maliyet (TL)

275.000
250000 = 3m Proje Dalga Yiiksekligi
4m Proje Dalga Yiiksekligi
25000 5m Proje Dalga Yiiksekligi
200.000 6m Proje Dalga Yiiksekligi
175.000 == Tm Proje Dalga Yiiksekligi
150.000
125.000
100.000
75.000
50.000
25.000
0
4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20
Su Derinligi (m)
() 1/2,5 egim
Maliyet (TL)
300.000
275.000 = 3m Proje Dalga Yiiksekligi
e 4m Proje Dalga Yiiksekligi
250.000 $m Proje Dalga Yiiksckligi
225.000 = 6im Proje Dalga Yiiksekligi
200,000 = Tm Proje Dalga Yiiksekligi
175.000
150.000
125.000
100.000
75.000
50.000
25.000

0
4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Su Derinligi (m)

(d) 1/3 egim

Sekil 9. Kirllmayan dalga kosulundaki gévde kesiti icin su derinligi-maliyet grafikleri

4. TARTISMA VE SONUC
Blok agirliklarinin belirlenmesinde goézlem ve deneyimlerin kullanildigi donemlerde imalati yapilan
dalgakiranlar miihendislik agisindan uygun degildir. Planlanan yapilarda dalga etkisiyle olusacak hasarin
tam tahmini olanaksizdir.

Tas dolgu dalgakiranlarda stabilite hesabinda kullanilan bagintilarin  olusturulmasinda hidrolik
model deneyleri kullanilmistir. Cesitli parametrelerin yapi tzerindeki etkisi distiniilerek olusturulan
bagintilarda yine de bazi belirsizlikler mevcuttur. En yiksek faydanin saglanabilmesi icin bagintilarin
nasil olusturuldugu incelenmelidir. Hudson bagintisinin diizenli dalga deneyleri sonucunda, Van der
Meer bagintisinin ise dlizensiz dalga deneyleri sonucunda olusturuldugu unutulmamalidir.
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Tas dolgu dalgakiranlarda govde ve kafa kesitinde hesaplanan blok adirliklarinin, ayni proje dalgasi
yuksekliginde egim arttikca azaldigi goézlemlenmektedir. Ancak proje dalga yilksekligi arttikca blok
agirhgr da artmaktadir. Bu durumlar goz o6nine alindiginda egimindeki artisin stabilite Uzerinde
olumlu, proje dalga yuksekligindeki artisin ise olumsuz etki gosterdigi gorulmektedir. Ayrica ayni
tasarim kosullarinda kafa kismindaki koruma tabakasi agirhginin gévdedekinden yiiksek oldugu
gozlenmektedir. Buradan dalgakiranlarin kafa kisimlarinin daha hassas oldugu anlasiimaktadir. Kafa
kisimlarindaki hassasiyet sebebiyle blok agirliklarindaki artis antifer blok kullaniminin tercihi dolayisiyla
maliyetin artmasina sebep olabilmektedir.

Hesaplamalar sonucu ulasilan maliyetlerden kirilan dalga kosulunda koruma tabakasinda antifer blok
kullanimiyla maliyetlerde belirgin bir artis oldugu goriilmektedir. Su derinligi 5m degerini gectikten
sonrasinda farkli egimlere ait maliyetlerin belirgin bir oranla arttigi ve birbirine yakin degerler aldig
gozlemlenmektedir.

Kirllmayan dalga kosulundaki kafa ve govde kesitindeki tim proje dalga yiksekliklerinde, 1/1.5 yapi
egimindeki maliyetler dogrusala yakin bir artis gdstermektedir.

Yapilan calismadan hareketle proje dalga yiksekligi ve su derinligi yaninda egim faktorinin de
maliyetler tizerinde buyuk bir etkiye sahip oldugu anlasiimaktadir.
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