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Editorlerin Sorumluluklari ve Yikiimlilikleri

AURUM editorleri, derginin yayimlanmasi kapsaminda yurittiikleri tim faaliyetlerde hesap verilebilirlik
ilkesi cercevesinde hareket etmekle yukimliddrler. Editorlerin ana hedefi okuyucularin ihtiyaclarina
cevap vermenin yaninda AURUM'un akademik niteligini artirmaktir. Disiince ve ifade 6zgurligini
desteklemek ve yayimlanan akademik icerigin giivenilirligini temin etmek baslica gorevleri arasindadir.
Yayimcilik sektériinde yasanan finansal zorluklar géz 6niinde bulunduruldugunda, AURUM'u ticari
kaygilardan korumak, onun entelektiiel 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
calismanin finansal destekcilerini agiklama 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 6zginligi ve AURUM'un arastirma alanlarina uygunlugu
baglaminda gerceklestirilir. Makale génderimleri tamamen demokratik esaslara gore yirdtilir ve yapisal
bir hata olmadikca tim basvurular degerlendirmeye alinir. Bir yazarin, calismasina iliskin AURUM'dan
kabul yazisi almasi halinde, bu hakki slre¢ 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 cikabilecek 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 gorisleri 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 bagka bir yerde yayimlanmamis veya yayinlanmak tizere degerlendi-
rilmis olmamalidir. Ayni anda birden ¢ok dergide yayinlanmak icin yollanmis olmamalidir.

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

- Etik ilkeler ve yayin politikasi ile ilgili diger durumlar icin, litfen “Editorlerin Sorumluluklar 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” bélimumuizi okuyun.

Dergimize yollanan makaleler intihal kontroliinden gecirilmekte ve benzerlik orani ylksek ¢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, miilakat, odak grup calismasi, gézlem, deney, goriisme teknikleri kullanilarak katilimcilar-
dan veri toplanmasini gerektiren nitel ya da nicel yaklasimlarla yirdtilen her turli arastirmalar,

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

4. Hayvanlar Gizerinde yapilan arastirmalar,

5. Kisisel verilerin korunmasi kanunu geregince retrospektif calismalar.

Dergimize calismanizi yiiklerken, makale dosyanizla birlikte Etik Kurul belgenizi de yiikleyiniz. Calisma-
niz etik kurul izni gerektiren ¢alisma 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 dncesi 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 donuk etik kurul izni gerekmemektedir. Calismanizin bu durumu tasidi-
gini litfen beyan formunda belirtiniz.

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

1. Etik kurul izni gerektiren calismalarda, izinle ilgili bilgiler (kurul ad\, 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

Dergimizin 6. sayi 2. cildinde miihendislik ve mimarlik disiplinlerinin farkl alanlarindan ¢cok degerli aras-
tirma makalelerini begeninize sunmanin sevinci icerisindeyiz. Blockchain teknolojisinden, tedarik zinciri
yonetimine, bilgisayar oyunlarindan lojistik regresyona ve konut sirdirilebilirligine kadar ¢ok cesitli
konularda makaleler yayimlanmistir. Bu calismalara kakti sunan geng ve tecriibeli tim arastirmacilara,
bu degerli calismalari inceleyen bilimsel hakemlere ve dergimize emek veren tim gorevlilere cok tesek-
kir ediyorum.

Dergimizin ulusal ve uluslararasi dizinlerce degerlendirilmesi stirecinde ekip olarak istegimiz artarak de-
vam etmektedir.

Tum paydaslarimiza bilimsel arastirmalarin isiginda saghkli gtinler dilerim.

Prof. Dr. Osman Nuri UCAN
Bas Editor
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From Editor

We are in the joy of presenting invaluable research articles from different fields of engineering and ar-
chitecture disciplines in the current volume of our journal. There is a wide variety of topics, from block-
chain technology to supply chain management, from computer games to logistics regression and hous-
ing sustainability.

| would like to thank all the young and experienced researchers who contributed to these studies, the
scientific referees who reviewed these valuable studies, and all the staff who contributed to our journal.

In the process of evaluating our journal by national and international indexes, our enthusiasm as a team
continues to increase.

| wish all our stakeholders healthy days in the light of scientific research.

Prof. Dr. Osman Nuri UCAN
Editor in Chief
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DIPLOMA VERICIFATION USING BLOCKCHAIN TECHNOLOGY
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Computer Engineering, Graduate School of Science and Engineering
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Abstract

Blockchain technology is attracting attention from academies, industries, governments all over the world.
Expectations of increased potential have led to extensive exploration of the use of this technology in vari-
ous application platforms. Today, blockchain is considered to be a technological breakthrough that touches
all areas of social life, and is expected to lead to very significant changes, especially in a few application
areas. In the study; A certification diploma verification system has been developed using the decentralized,
open-source blockchain platform. Thanks to the integration of blockchain technology with the document
verification system, the centrality in the control mechanism can be eliminated and user initiative can be

eliminated. In addition, the task of verifying documents in existing systems is a time-consuming process.
Treatment can take up to several months, depending on the provider’s response. Thanks to the blockchain,
employers or institutions that want to verify documents will be able to perform their transactions without
spending time and money.

Keywords: Blockchain, Diploma Verification, Certification.

BLOCKCHAIN TEKNOLOJiSi KULLANARAK DiPLOMA DOGRULAMA

Ozet

Blok zinciri teknolojisi, diinyanin her yerinden akademiler, endustriler, hiikimetler tarafindan ilgi gérmek-
tedir. Potansiyelinin artacagi yontindeki beklentiler, degisik uygulama platformlarinda bu teknolojinin kul-
laniminin genis ¢apta arastiriimasina yol agmistir. Bugiin blok zinciri sosyal hayatin tim alanlarina dokunan,
ozellikle birkag uygulama alaninda ¢ok 6nemli dlctide degisimlere yol agmasi beklenen teknolojik bir atihm
olarak kabul edilmektedir. Calismada; merkezi olmayan, acik kaynakli blok zinciri platformu kullanilarak, bir
sertifikasyon diploma dogrulama sistemi gelistirilmistir. Blok zinciri teknolojisinin, belge dogrulama siste-
mi ile bitlinlestirilmesi sayesinde kontrol mekanizmasindaki merkeziyetcilik ortadan kaldirilarak, kullanici
inisiyatifi ortadan kaldirlabilir. Ayrica, mevcut sistemlerde belgeleri dogrulama gérevi uzun zaman alan bir
islemdir. Muamele, saglayicinin verdigi yanita bagh olarak birkag aya kadar sirebilir. Blok zinciri sayesinde
belge dogrulamasi yapmak isteyen isverenler ya da kurumlar, maliyet ve zaman harcamak durumunda kal-
madan islemlerini gerceklestirebileceklerdir.

Anahtar Kelimeler: Blok Zinciri, Diploma Dogrulama, Sertifikasyon.
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1.INTRODUCTION

The phenomenon of globalization that surrounds the world has brought some developments with it. This
wind, which made itself felt in many areas, showed its weight over time with the industrial revolutions
one by one. When the developments in technology are added to this, the world began to be described
as a small village. The use of computers and the development of the information sector have brought
economic and social life to a completely different dimension. Blockchain technology was first described
in the article “Bitcoin: Peer-to-Peer Electronic Payment System” published by Satoshi Nakamoto. This
new technology has aroused great interest in the world, studies have been made on it, it has been the
subject of articles, albeit in a small number, and it has started to be used in many sectors in the business
world with its qualifications.

Blockchain technology is receiving unparalleled attention from academies, industries, and governments
all over the world. Expectations that its potential will increase has led to extensive research into the use
of this technology in various application platforms. Numerous studies for various purposes have resulted
in the implementation of various blockchain systems. Today, blockchain has considered a technological
breakthrough that touches all areas of social life, and it is expected to lead to very significant changes
in a few application areas. Blockchain technology; It has the potential to increase efficiency from the
financial sector to energy markets, procurement processes, intellectual property management, the
public sector and many other platforms. It attracts the attention of many sectors and governments with
its fully automatic, transparent, safe and minimal intermediary infrastructure.

Finally, blockchain; uses asymmetric keys for encryption and authorization operations. Smart contracts;
automatically executes logic and conditions as business rules. Today, besides students who apply for
scholarships by issuing fake transcripts, it is seen that there are people whose diplomas are not real even
though they have been practicing professions such as “teaching and medicine”for years. This is not due
to the lack of a mechanism to check the diplomas that individuals certify their qualifications, but to the
fact that it is unknown whether there is a malicious intervention in this mechanism later on. It reveals
the need for a decentralized system with high traceability and monopolization of data.

Blockchain-based certification diploma verification system offers individuals securely encrypted digital
freedom. This technique can help users identify the data they want to share in divergent environments
and protect them from transactions such as fraud. In the study; a certification diploma verification
system will be developed using the decentralized, open-source blockchain platform.

1.1. Basic Concepts and Blockchain Terminology

“Data”; it is defined as the Turkish equivalent of the word “data’, which appears in English and Latin
languages, and the name given to the unprocessed piece of raw information. It would not be an erroneous
approach to define data as “raw information that does not make sense on its own, but makes sense if it is
processed and transformed into information”. The concept of “data”is of great importance within the scope
of blockchain technology. A database is a collection of data organized in a certain way and the structure
that holds the data together. Based on the aforementioned definition, a database can be defined as “the
mechanism that creates the data collection that is stored within certain standards”. (Usta, 2017)
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“Block”is an encrypted data set in which confirmation records of transactions performed within a certain
time are kept. By a different definition, a block is a list of transactions recorded in a ledger for a certain
period of time. The block records the time of transactions performed within the network managed by
the rules agreed and accepted by the network participants. Each block from the starting block in the
blockchain system to the last generated block contains the hash of the block just before it. As a result
of the quoted information about the block, it is understood that each of the blocks in the blockchain
system records the list of transactions performed in the network and the time of transactions. It would
not be an inaccurate approach to claim that each of the blocks in the aforementioned system has the
“done base” feature. At this point, as a result of the transition from the classical centralized database
mechanism to the distributed database system, as mentioned in the previous title, with the concept of
“block”.

Peer-to-peer refers to the distributed network structure that occurs with direct data sharing between
the participants within the scope of the “blockchain network’, without the need for a central server. In
blockchain technology, each participant in the network has its own synchronized copy, and as a result,
participants can view and approve transactions that take place on the network. The concept of “peer-
to-peer network” is referred to as a peer-to-peer network in some sources, and is expressed as “peer
to peer (P2P)" in English-sourced scientific texts. Considering the definitions related to the concept of
“peer-to-peer network’, it was understood that there is no central server in the mechanism and that
each participant is directly connected to each other. At this point, we can state that the concept of “peer-
to-peer network” is different from the network structures used today, and this difference is due to the
absence of a centralized structure.

-
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Figure 1: Peer-to-Peer Network Simulation.

Cryptography; It is closely related to the disciplines of “cryptology” and “crypto analysis” Microdots
include methods such as “merging words with photos” and other ways to hide information during
storage or transmission. Cryptography or encryption; it refers to the examination of secure information
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and communication methods that allow the sender and receiver of a message to view the content
of the message, using various software and mathematical methods. Cryptography ensures secure
communication in the presence of malicious third parties known as enemies. Cryptography converts
a plain text into output using an algorithm and key. An algorithm is considered secure if it cannot
determine any property of the key when fuzzy text is given to a malicious third party.

Encryption: Encryption is the process of converting the data into an unreadable format in order to
protect the confidentiality of the data during transactions such as “transport, reception, storage”
Encrypted data is decrypted by a process called “decryption”. Encryption and decryption require the
use of some kind of key. Likewise, the data can be read and understood by the desired recipients, even
if they seem confused.

Verification: Authentication is the process of ensuring that the alleged sender in a data string is actually
the real sender.

Integrity: Proper encryption also ensures message integrity. This means that messages are transmitted
correctly and are not intercepted or altered in the communication path. It is usually done by “hashing”
the data.

Blockchain technology; by its very nature, it is a decentralized technology. One of the main features
that make it so attractive to the broad public is that it is based on the standards of the P2P network.
Most networks do not have a single influence, but there is a consensus among users. Being a member
of a particular crypto currency community is not only exciting but also a responsibility. A node is the
name given to each computer in a blockchain network. Nodes are one of the most important parts of
the blockchain, as they are responsible for protecting the data of the blockchain. That is, the survival of
the node is very important in the operation of the blockchain. A node can be any device with storage
capacity and an internet connection. The role of a node in the blockchain; to support the network by
maintaining the block copy and, in some cases, processing transactions.

“Distributed ledger” refers to the technology in which activities such as executing, validating or
authorizing transactions in the blockchain system are kept in nodes, with the approval of all participants
in anindependent network, without the need for a central authority. The distributed registry is separated
from the centralized network registry by a colon. (Desphande, 2017) These points are that a change in
the information in one of the ledgers causes a change in each ledger at the same time, and the said
information is verified with a “cryptographic signature” In the light of the information explained and
in a simpler way, “messy registry”; it is a decentralized ledger where transactions performed on the
blockchain network are recorded. In the distributed ledger, trust comes from the process itself, not from
the status of any participant or from a central server. (Williams, 2016) The trust in the aforementioned
system arises from the operating process of the system. Information available in the system; it is kept in
more than one ledger, and a change in one of the ledgers is reflected in all ledgers.

Smart contract; a set of agreements and rules that govern a business. (Kirbas, 2018) In other words, a
“smart contract”is a contract whose implementation is automated. More broadly, a“smart contract” can
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be defined as digital programs based on the blockchain consensus architecture, whose structures are
self-executing and tamper-proof, which will automatically execute when the terms of the agreement
are met. Smart contract; it is prepared after the agreement of the contracting parties on the scope of the
contract, signed cryptographically and uploaded to the blockchain network.

“Hash”is an algorithmic treatment to convert data into a string of numbers and letters. With a different
definition, “hash”is the information obtained as a result of recording and summarizing every transaction
performed within the blockchain system by the system. Each block in the blockchain system contains
the hash of the previous block. (Seirawan, 2019) If we combine the aforementioned information with
the hash definition, we can state that each block actually contains the summary of the block before it.
It is a natural consequence of the feature of the system to claim that the order of the blocks cannot be
changed because each block contains the summary of the blockimmediately preceding it.

SHA 256 is a cryptographic data encryption method based on “secure cryptographic hash algorithm”.
SHA 256 algorithm;itis a cryptographic digest function and is used in digital certificate and data integrity.
While hash is one of the most critical issues for blockchain protocols, the blockchain protocol uses the
SHA 256 hash algorithm as its main hash function. Within the scope of the information explained, it is
understood that the SHA 256 algorithm encrypts the data and actually extracts an encrypted summary
of the data. When we consider the explanations for Hash and SHA 256, we see that SHA 256 is a type of
Hash function. (Cetin, 2018)

1.2. Definition of “Blockchain” and Types of Blockchain Networks

Blockchain; it is an open, distributed ledger that can record transactions between two parties in an
efficient, verifiable and permanent manner. In other words, “blockchain” refers to a digital global ledger,
flat data file, or simple database containing public, transparent, sequential and time stamped Bitcoin
transfer transactions. (lansiti, 2018) As can be seen, within the scope of the last definition, the transparent
and open registration system of blockchain technology has been emphasized.However, what should be
noted and criticized in this definition is that blockchain technology is defined as a method that includes
Bitcoin transfer transactions.

However, it is worth noting that Bitcoin is the first application of blockchain technology and that
blockchain technology can be applied in many areas. In other words, blockchain technology is not only
an application based on Bitcoin, but also a technology that can be used in many different applications.
Blockchain is a decentralized encrypted ledger of variable data records that is replicated and distributed
to each member of a peer-to-peer network. At this point, we see that each of the concepts of data,
database, peer-to-peer network, distributed registry, block and hash explained under the previous
headings of the study are included in the definitions made about blockchain. So, we can state that each
of the conceptual explanations made up to this point is actually a part of the definition of blockchain
technology. (Avunduk, 2018)

The main idea of the blockchain system is to create a database containing records of transactions shared
with network participants. Integrity is based on strong cryptography that validates and chains blocks
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in transactions, making the system so secure that it cannot be tampered with by a third party. Even if a
malfunction occurs in one of the participants in the network, the system continues to work with other
participants; security can be ensured because the transactions carried out in the system can be seen
by everyone; it is very difficult for anyone to modify the device; in the event that such a change occurs,
it will be noticeable to other participants; it will reduce the transaction cost; This is the “advantages of
blockchain technology”. (Fanning, 2016)

Blockchain technology is divided into different types of networks in different sources. Thefirst distinction;
it has been made as “completely permissionless blockchain networks” and “completely permissioned
blockchain networks”. Another distinction is expressed as wholly permissionless blockchain networks,
partially permissionless blockchain networks and wholly permissionless blockchain networks. Another
distinction related to the blockchain network structure is that it comes in the form of fully permissionless
blockchain networks, partially permissioned blockchain networks, and fully permissioned blockchain
networks. The final distinction is completely permissionless blockchain networks, partially permissionless
blockchain networks, partially permissioned blockchain networks, completely permissioned blockchain
networks. (Lai, 2018)

1.3. Application Areas of Blockchain Technology

The foundation of blockchain technology goes back to the period of 1990-2000, but the value of the
blockchain was not realized until the emergence of Bitcoin. Although the concept of blockchain has
been directly evaluated in the field of financial technologies due to the application of Bitcoin, which
is a crypto money solution, the blockchain is currently being applied and has many applications in
which it can be applied in the future. Today, it is conceptually accepted that blockchain stands out as a
technology with the potential to transform the foundations of social and economic systems. Although
blockchain technology is still in its infancy, it has worked flawlessly since its inception and has been
successfully applied in both financial and non-financial fields. (Crosby, 2016) Blockchain applications are
often designed with a specific purpose or function. With new platforms that are constantly announced,
there is a continuous development in the field of blockchain technology and the use of blockchain
technology is expanding.

In many ways, blockchain and crypto currencies are thought to fundamentally change the way
many traditional businesses study and profit. It is claimed that the transition is as important as the
differentiation that occurred with the emergence of the internet and is almost revolutionary. Most of
the blockchain applications today; it is focused on increasing the efficiency of business processes and
reducing the time and cost spent. These managerial processes will form the basis of new commercial
and strategic opportunities for the customer. Ultimately, it will have a profound impact on how people
relate to each other, their employers, organizations and governments. (Fuchs, 2019)

Blockchain is a suitable solution for emerging applications including “Internet of Things, Big Data,
Cloud, Edge Computing, ldentity Management” Accordingly, important studies continue in the
industry to evaluate the effectiveness of blockchain for various business applications, and efforts are
increasing to realize potential future needs. Blockchain; can solve problems such as security and privacy
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violations that may occur in learning environments, and can use training records to collect respect
awards. A blockchain-based distributed system can be used for training records, exam credentials,
learning records, and reputation rewards.In Devine, a similar reputation system in 2015, teachers added
blocks to the blockchain that house students’ educational achievements. Blockchain-based programs;
can improve the digital aspects of individual and academic education. Blockchain-enabled school
information centers can also be built to collect data on school systems. (Sharples, 2016)

Blockchain technology has a very important role in the healthcare industry. Thanks to the use of blockchain
technology, there are records containing all kinds of data including patients’ private information, medical
history and treatment processes. Records; it is seen as a protocol where users can access and protect
health data, guaranteeing security for a blockchain system. The technique used by healthcare providers
is not qualified to cover aspects of care. This is partly due to the fact that providers with old systems are
not able to keep the medical records of patients in a digital environment and transfer information. When
hospitals want to eliminate this extra burden by using a technology infrastructure, substantial resources
must be allocated to process medical requests and administrative records. (Casino, 2019)

Insurance companies provide health insurance to patients for a fee. Providers send payment requests
directly to insurance companies rather than patients. In this context, insurance companies; It has
become a central resource for patients to access personalized healthcare services. Blockchain, a digital
ledger technique that can securely host ever-growing lists of data records, has the potential to facilitate
the flow of information for medical records that change hands between multiple parties in healthcare
programs. Blockchain; it aims to establish a link between health services and to ensure safe access
to patient records. For example, a healthcare blockchain-enabled scenario is provided, in which an
emergency medical technician receives the information that a patient is having an acute period through
his interactive wristband. The message, along with the recorded encounter details, is forwarded to the
patient’s physician and hospital, which use the password security to access the blockchain healthcare
account. Blockchain, with its technical structure, allows a transaction to be carried out by a node. This
helps the claims settle properly. Blockchain claims adjudication process; it allows patients to make their
payments in the form of remittance to their providers. While this process is taking place, the security in
the blockchain is increased by limiting the data access of the blockchain through smart contracts.

Tokenization Example for lllustrative Purposes

Health Plan Identifier +
Memberid + .
o DOB+ Blockchain Data
Name Cryptographic Claim:
One-way {
: Name Hash Id: b7360523754¢4740882
Patient Facility Address Secure Identity patient: 0x5s4323e2fe3403...
. Organization (Tokens/Digests) provider: 0xa0532e954f232e...
National Povider Id (NPI) Crptbmanic 0x5s4323e2fe3403... health plan: 0xd874430eb5c648...
”'gﬂ:"my ————> 0xa0532e954f232e... type: 2345
. o 0xd874430eb5c648... service: 65789
" ame serviceDateGmtEpoch: 1470074743,
Provider . ity Address quantity:2
. Organization unitPriceCents: 15000
Cryptagraphic netCents: 30000
0':-":“ FHIR_Claim_Uri: “api.humana.com/
=) claim/b7360523754¢4740882"
Health Plan )

Figure 2: Blockchain Cryptography/Hash Security Concept.
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Blockchain technology; it allows patients to provide secure and long-term connections to their health
records. Broeder highlighted several problems that need to be solved for blockchain-related healthcare
applications. One of them is the problem of online patient access. Blockchain must document that it will
take action to resolve any difficulties that may arise from the need for unfinished legal variations. These
solutions include regulations to update the blockchain.Another blockchain put forward by Eckblaw is
presented on the concept of “MedRec”. MedRec; using blockchain technology, it allows sharing medical
records directly with a patient. MedRec, however, uses blockchain smart reconciliations to find “patient-
provider” relationship authentication and relevant medical record information.

Blockchain technique; by providing real-time contract tracking and the ability for users to determine
when reconciliations are complete, it can renew health care reconciliation management and reduce
costs by improving the health care system. Technical; it provides real-time tracking, eliminates mistakes
with smart reconciliation blockchain service, improves contract management. As a futuristic software
in healthcare, it can create positive effects on supply chain activities and outcomes by increasing
applied analytical productivity related to various digitized data about services. The result is increased
productivity, reduced costs in healthcare supply chain management, and improvements in quality
control positively impacting the quality of overall patient care. Blockchain technology; it is applied in a
wide variety of financial areas, including commercial services, payment transactions, money transfers,
exchange of financial assets, digital identity management, prediction markets. Since blockchain has an
important mission in the development of the global economy, it is hoped that it will benefit banking
services and society at large. Blockchain technology; it promises much more useful methodologies for
performing transactions such as “securities, digital payments, credit management schemes, general
banking services".

With the acceptance of this technique by the financial sector, cost savings will be achieved in areas such
as “central financial reporting, central actions, business operations”. Some of the world’s most important
banks have joined forces with blockchain company R3CEV to create a “blockchain” based system by
going to the consortium. Examples of these collaborating banks are “Goldman Sachs, Santander, Bank
of America”. (Casino, 2016) Blockchain technology, in the public sector; it has many uses such as “voting,
document management, digital identity-passport, social security system, tax system”. States are trying to
create opportunities for the adoption of blockchain technology in the public sector to“reduce cost”and
“increase efficiency”. In some countries such as Switzerland, Cyprus and Singapore, it is observed that there
are official blockchain steps. NATO and the American Ministry of Defense have also started to become
interested in “blockchain technology”. NATO aims to use blockchain technology as the basis of classical
applications such as “logistics”. The US Department of Defense aims to use blockchain technology for a
secure message program. Blockchain technology; it creates important expectations in the private and
public sectors, as it provides an opportunity to create the infrastructure for the development of peer-
to-peer areas required for digitized asset exchange without the need for an intermediary. Blockchain;
it has the power to fundamentally differentiate many industries and to ensure that controls are applied
regularly. (Unsal, 2018)Another area affected by blockchain technology is the real estate industry. The
real estate market is made up of parts that are quite complex and span many areas. There are many
sales and rental models such as real estate rental, daily rental, real estate sales, contract sales, land sales,
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timeshare. It is obvious that global real estate sales play an active role in the financial markets for the
country’s currency. Using blockchain technology on decentralized real estate platform; it reduces audit
costs, registration and loan costs, minimizes the use of files, and provides many advantages by ensuring
the payment ofimmovable property taxes. On the other hand, the system will not only eliminate cheating
in sales, but will also be a solution to problems that span many areas. Issues encountered in common
housing or collaborative housing structures implemented in different ways, especially in Europe, are on
the agenda. These problems are; room rental, joint ownership, organization of residences, real estate
crowd funding. With the blockchain technique, there is practical access to the residences. Likewise, with
smart contracts, many benefits such as checking the legal and physical properties of the land before the
transaction, paying the taxes of the parties, specifying the real rights, and deciding the situations that
will occur in the debt conditions are offered. With the blockchain structure, the buyer will go to his new
home; fast, safe, low cost, without the need for an intermediary. Benefits of using this technology; to
increase financial confidentiality, reduce costs, prevent fraud, and accelerate real estate transactions in
the international market. Blockchain technique has the potential to interfere with the basic operating
conditions of existing real estate processes. Restructuring real estate management, this technology is
revolutionizing many traditional business models. (Azmar, 2018)

1.4. Blockchain Applications In The World and Turkey

Various studies are carried out to develop the innovative infrastructure of blockchain technology.
Established by 22 member countries by the European Union countries in 2018 to establish the European
blockchain infrastructure and cooperation, EBSI has expanded to 30 member countries as of today.
With this declaration, member countries are to create a knowledge network by making technical
information and regulation studies about blockchain technology. Under the leadership of the European
Commission, countries such as Norway, England, Liechtenstein have also joined the EBSI, apart from
the European Union countries. Each member country creates its own blockchain node infrastructure
system and works on scenarios to ensure reliable data integrity of systems such as “cross-border trading
infrastructure, European identity studies, tax applications”.

The international financial system and payment systems are constantly open to technological
developments against digitalization. So much so that financial systems have gone through many
changes, from the clearing system to the cashless system we use today. Some countries in the world,
by adapting to the innovative interface of blockchain technology more quickly than other countries;
they work for the integration of other sectors. At the beginning of these countries are “Austria, China,
Japan, United Arab Emirates, Malta, Switzerland, United States of America, Estonia, England, Singapore”.
As in the world, blockchain applications are followed with interest by the public and private sectors.
Within the framework of the 11th Development Plan, Turkey has decided to start working on a variety of
instruments in the field of “finance” in order to implement a strong institutionally strong financial sector
that will cover the period of 2019-2023." With this in mind, it was decided to implement blockchain-based
digital money with the support of the central bank. In this context, a Blockchain Research Laboratory
was established in 2017 under the Mathematical and Computational Sciences Unit, the Information

1 https://bctr.org/avrupa-blokzininciri-altyapisi-ebsi-dereye-girdi, (December 29, 2021).
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and Information Security Advanced Technologies Research Center, and the National Electronics and
Cryptology Research Institute to manage the infrastructure of blockchain technologies.(Topgu, 2020)

With the studies, it is aimed to remove the difficulties in this field by creating a sustainable blockchain
ecosystem. The Interbank Card Center (BKM) is among the main institutions that carry out such test
studies. BKM is testing the virtual currency application called “Partridge’, abbreviated as BBN and its
abbreviation “Bye Bye Nakit". In 2018, under the leadership of the Turkish Informatics Foundation, the
Blockchain Turkey Platform was established as an independent body in order to increase the interest in
blockchain technology and to bring people who are considering working with the subject together on
a common ground. Courses involving blockchain and distributed systems technology are added to the
academic programs of many universities in the world, and laboratories are created for examinations.
Turkey’s first Blockchain center, Istanbul Blockchain and Innovation Center, was established at Bahcesehir
University. Processing blockchain into scientific programs; it will be useful in issues such as“development
of technology, transferring it, meeting the demand”. (Tiifekgi, 2018)

1.5 Application in Use

Throughout history, there has been a constant effort to verify valuable documents. It is an important
point that the content of the information is not changed. Encryption of data was done using simple
equipment until the 20th century. In ancient Greece and Spartans, it was carried out by writing a
message on a leather band wrapped around it with a wooden tool. Ribbon gained momentum with
the increase of first mechanical and then electromechanical possibilities. The concept of blockchain first
emerged in 2008 with an article written by Satoshi Nakamoto. Article; it envisaged that without being
dependent on an intermediary, a trust-based transformation could be made between spouses and that
these transactions could be kept in distributed ledgers. With the rapid developments in the field of
internet and mobile technologies, devices capable of connecting to the internet have started to take
place in every field. Smart environments aim to make life practical by controlling devices remotely and
mechanically.

Devices use different technologies to communicate by acquiring meaningful data about the state of
the environment or people; it creates informed models and shares data, and can even receive or send
information from external sources via wired or wireless internet telecommunications infrastructure. In
this context, smart environments include “smart offices, supply chain monitoring, industrial automation;
applications for the elderly and disabled; autonomous patient monitoring and assistance; “smart cities”
can be given as an example in the field of urban planning. The spread of the loT? paradigm and the
increase in physical loT mechanisms play an important role in the development of smart environments.
(Ryu, 2015)

Although basic technologies such as “different networks, innovative communication protocols, data
analytics, machine learning algorithms” attract great attention by various research communities;
The reliability and transparency of such environments and systems are key issues under discussion.

2 Internet of Things.
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Considering the processes such as processing sensitive data produced by devices in smart environments,
storing sensitive data, taking them instantly from the server, and transferring them over the network,
it is predicted that a centralized system that can be used in these environments will create significant
problems. Since devices in smart environments communicate with each other mainly through
“wireless connections’, the security requirements of these devices must be met. The need for security
in intelligent environments is equivalent to the need for security in all other computer systems: “Not
stealing information, not changing information, non-blocking of access to information”.

The aim of the study is to design and develop a certification diploma based verification model that
can be used in smart environments. Thanks to the model; records will be created between the actors
through a distributed structure. In order for the model to be dynamic, a smart contract infrastructure
will be developed, and access permissions will be defined for the actors, and it will be ensured that the
actors can access and reach each other securely.

Certification Diploma Verification Process to be Applied During Registration to the System

(1) The end user declares to a certain provider that he wants to use a certain service by sending a request
via mobile or web. The service provider asks the user for some personal information along with the
phone number. The end user sends the requested information to the relevant service provider.

(2) The Provider sends a one-time password to the phone number information it receives in order to
determine that the user is a real person and the person it claims.

(3) Ifthe user provides the correct password, the provider records the provided information and signs it
with its own private key. If the user provides incorrect information, a transaction failure notification
is sent to the user.

(4) The service provider node sends the signed record to the government agency node as a “trusted
third party” located in the network.

(5) government agency node; By decrypting the record with the public key of the service provider
node, it checks the compatibility of the user certification diploma information provided in the
record with the information on its server.

(6) The government agency servers send the result back to the government agency node, and the
result is forwarded by the government agency node to the service provider node.

(7) If the end user’s certification diploma verification result is correct, the service provider node performs
a profile creation for the end user. It sends a pair of key information belonging to the user to the user’s
phone. The information will be used in subsequent uses to be able to access the apparatus. If the
certification diploma verification result is incorrect, a “process failure notification”is sent to the user.

The primary step for the access control process is to define the required authorization information of
the providers for each service registered and active in the mechanism. Information will be recorded in
smart reconciliations. The user who has valid token information to use a service will be able to use the
relevant service he/she requests.




RAMAZAN KAZAN

Access control process; It starts with the user sending a request for the service that he/she wants to
access to the relevant service provider node. The provider needs to generate the access token and add it
to the smart contract. To create token information, three pieces of information are first combined. Then,
using the SHA-3 function, the summary information is calculated.

createToken: function (serviceNo, randomVal, tokenPeriod) {
var record = serviceNo + randomVal + tokenPeriod;
var hashedRecord = web3.sha3(record);
var signedRecordWithUserKey = web3.eth.sign(userKey,
hashedRecord).slice(2);
App.contracts.Profiles.deployed().then(function (instance) {
instance.addAccessToken(userKey, signedRecordWithUserKey, {
from: App.allAccounts[@],

gas: 500000
}).then(function (token) {
alert("Erisim Token basari ile olusturuldu: " + token)

}).catch(function (err) {
console.error(err);

3
Figure 3: Access Token Information Generating Function.

(1) A user, whose certification diploma verification has been completed and registered in the system,
selects the service he wants to use through the application and sends the service usage request to
the blockchain network. The user sends a request for information about a particular service to the
service provider via the web application. In the content of the sent request; user’s address, service
number, service provider’s address and token information.

(2) Smart consensus checks whether there is a valid token information with the information provided
by the requesting user.

(3) The result of the token check operation is notified to the service provider node.

(4) If a positive result is obtained from the smart reconciliation, the user will be provided with access to
the relevant service's information.

checkAccessControl: function () {
var hashedToken = App.getToken(userKey, serviceNo, SP);

var r = "0x${hashedToken.slice(0, 64)}"
var s = '0x${sihashedTokeng.slice(64, 128)}"
var v = web3.toDecimal(hashedToken.slice(128, 130)) + 27

App.contracts.Authenticator.deployed().then(function (instance) {
return instance.authenticateUser.call(hashedToken, v, r,
s).then(function (result) {
if (result == userKey) {
alert("Erisim token'i dogrudur. Kullanici istenilen bilgiye
erisebilir ")

}).catch(function (err) {
console.error(err);

¥);

5

}

Figure 4: Access Token Information Control Function.
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Certification diploma verification is one of the most basic requirements for ensuring the security of a
mechanism. In the examination, it is recommended to create a reliable profile of the user by the service
provider. During the registration stage, a prerequisite for the user will be added to the agreement by
the service provider in connection with the information requested from the user. The attached record
contains the open information of the user. This record can then be used by other nodes. Sensitive and
confidential information other than this information will be transmitted to the user over the phone.

With the proposed model, a two-stage process is designed for the certification diploma verification
processes of the users who will join the system. The communication in the first stage takes place
between the end user and the service provider. In the blockchain-based certification diploma verification
model proposed within the scope of the audit, 2-factor verification method is used. In the first stage,
certification diploma verification is designed via the mobile device owned by the user. In the second
phase, it is proposed to verify the user certification diploma information by “cross-examination” through
a government agency as a third trusted party.

Data centralization in classical systems leads to questioning of trust in data. Data held on a central
server or a distributed database is always open to manipulation. With the emergence of third parties
that provide “guarantee of trust’, the expenses of the parties increase. As a solution to the shortcomings,
with the development of blockchain technology, it is seen that decentralized applications and smart
contracts are becoming increasingly important in terms of trust in data.

The model proposed within the scope of the study also makes a contribution in terms of access control
mechanisms. It provides data sharing under a secure ecosystem on the blockchain. With the application
made within the scope of the study, it was ensured that the model that will use smart contracts has a
dynamic structure. As can be seen, the services offered by the providers are carried out through smart
contracts. Information query-like requests are controlled by the smart contract. The defined rules are
created by the service provider and recorded in the smart contract with token information. It saves some
information about both the user and the service as a summary of the generated token information.

The blockchain-based certification diploma verification model proposed in the study is likely to be
applied in various fields and business models.

Thanks to the certification and diploma verification that the model will provide together, a reliable
communication environment and cooperation development are foreseen.

As a business model that we commonly encounter today, a user who is a customer of a particular service
provider is provided with various campaigns, discounts or benefits in exchange for receiving another
service. For example, a customer belonging to an airline company can receive service at more affordable
prices if he stays in hotels with which the airline has a contract. Users who want to benefit from such
advantages must prove that they are the customer of the relevant service provider.

Showing the membership card or email printout are the most common methods; however, when such
methods are used, the service provider is required to verify the proof provided by the users. Checking
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the accuracy of information shared among service providers in an ecosystem requires intensive
telecommunication and time. This can be a challenging process.

With the model proposed in the thesis, any transaction made on the network will be instantly visible to
all nodes.

Therefore, secure data telecommunication and data integrity will be ensured.

2. CONCLUSION

As a result of technological developments removing spatial boundaries and reducing temporal
boundaries, the need for data to be unchangeable, verifiable and constantly accessible has emerged.
Technology provides wide technical application areas along with the blockchain structure that rises as
a value.

The method proposed in the study based on the blockchain structure. Blockchain technology has the
potential to affect social, economic and public areas. Blockchain can be used in the field of education
such as training documents and diplomas. The training data is added to the blockchain by the institution
providing the document. Blockchain provides a continuous public record against the loss of private
records against regulations in the institution.

As aresult, it will have a strong structure against the situations where diplomas are stored in a distributed
structure, the closure of the diploma issuing authority or the loss of accessibility. Since the data is stored
with the blockchain structure, it is almost impossible to change it, and in this way the data is secured.

Storing diplomas on the blockchain brings the advantages of document forgery, accessibility, data
verification, and data storage in a redundant way, and it is a viable method. On the other hand,
considering the fact that it reduces the burden of data centers thanks to its distributed structure and
eliminates the communication problem, and eliminates printing costs thanks to its digital data, it is seen
that it will make a financial contribution. With this aspect, the thesis will also give an idea to the studies
to be done to see the cost contribution of blockchain applications.

The aim of the thesis is to provide the architecture of a secure certification diploma verification model
by taking advantage of the uniqueness of the blockchain. This is provided with the Smart Contract
infrastructure so that it can be more dynamic.

In this context, in this study, a secure communication infrastructure has been established between
actors in smart environments who do not trust each other.

Blockchain-based certification diploma verification model provides a secure communication model on
a decentralized body between actors in smart environments. At the same time, it can follow the actions
performed by the actors through a web application.
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In this study, a comprehensive literature search was conducted on blockchain technology, which
is developing and its usage areas are widespread. Information about smart contracts, blockchain
platforms, programming languages, which started to become popular with blockchain technology, was
given. A literature search was conducted on decentralized applications, whose reliability is indisputably
at the forefront compared to classical application solutions. After all this literature research, “DAPP"3
was developed, which includes a smart consensus developed with Solidity language, running on a
local Ethereum private blockchain. With DAPP, universities will be able to store the diplomas of their
graduates on the blockchain in an unchangeable, traceable and transparent manner. Employers will be
able to inquire about the validity of the diplomas presented to them by graduate students applying for
a job through DAPP. Diploma data does not allow any interference, as it is not kept in a centralized base
and is recorded on the blockchain. Thanks to this application; Unlawful gains and diploma fraud will be
prevented.

The proposed model is likely to be applied in different areas. Aiming to create a suitable infrastructure for
actors who do not trust each other, this model provides a secure and systematic exchange of information
between actors.Thanks to the“certification diploma verification”and“access control mechanism”features
that the model will provide as a whole, it is foreseen that a reliable telecommunication environment will
be created and cooperation will develop between service providers.

In the proposed model, another important issue is the need to increase the security in the system if the
institution that approves the certification diploma verification is not in the system as a formal entity. It
is not enough just to verify the end user’s certification diploma; therefore, it is important to use other
information together with a one-time password.
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Abstract

Pharmaceutical systems are care settings characterized by the wide range of activities and scenarios with
which they would be challenged. This causes interactions that result in unexpected scenarios associated

with a variety of dangers such as variations in demand, risks associated with supplier relationships, and so
on.... As a result, risk management appears to be a major issue for decision-makers. Today supply chain
management needs to be dynamic and responsive to create added value, and mitigates these risks by
using flexibility strategies to respond to change while remaining competitive. The goal of this research is
to look into the supply and demand strategies used by pharmaceutical companies to respond to disrup-
tions and avoid medicine interruptions for consumers. In this thesis the supply chain risk management
strategies are basically connected to an empirical study done in 32 Moroccan pharmaceutical enterprises.
Following that, the participants’ responses were based on a questionnaire structured through the liter-
ature seeks to bring more detailed information about these strategies. Accordingly, the results showed
that Moroccan pharmaceutical firms focus on some crucial activities such as supplier selection, flexible
control, supplier control, vendor verification, and inventory management to account for supply and de-
mand risk. Empirical studies in the field of pharmaceutical risk management are rare. Thus, the goal of
this work is address the scarcity of empirical studies in this field by outlining several key risk management
strategies used by pharmaceutical supply chain laboratories in the context of Morocco which are putting
more resources into these vital strategies. Most of the supply and demand techniques of these firms are
found to be proactive

Keywords: Supply chain risk management, Supply, Demand, Pharmaceutical firms.
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TEDARIK ZiNCiRi RiSK YONETIMi: FAS iLAC SEKTORU DURUMU

Ozet

Farmasotik sistemler, zorlanabilecekleri cok cesitli faaliyetler ve senaryolar ile karakterize edilen bakim or-
tamlaridir. By, talepteki degisiklikler, tedarikgi iliskileriyle iliskili riskler ve benzeri gibi cesitli tehlikelerle iliski-
li beklenmedik senaryolarla sonuglanan etkilesimlere neden olur. Sonug olarak, risk ydnetimi karar vericiler
icin 6nemli bir konu olarak gériinmektedir. Bugiin tedarik zinciri yonetiminin, katma deger yaratmak icin
dinamik ve duyarli olmasi gerekiyor ve rekabetci kalirken degisime yanit vermek icin esneklik stratejileri
kullanarak bu riskleri azaltiyor. Bu arastirmanin amaci, ilag sirketlerinin kesintilere yanit vermek ve tiiketi-
ciler icin ilag kesintilerini dnlemek icin kullandiklari arz ve talep stratejilerini incelemektir. Bu tezde, tedarik
zinciri risk yonetimi stratejileri temel olarak 32 Fas ilag isletmesinde yapilan ampirik bir calisma ile baglan-
tilidir. Bunu takiben, katimcilarin yanitlar, bu stratejiler hakkinda daha ayrintili bilgi getirmeyi amaclayan
literatr aracih@iyla yapilandirilmis bir ankete dayanmaktadir. Buna gore, sonuclar Fasli ilag firmalarinin arz
ve talep riskini hesaba katmak icin tedarik¢i secimi, esnek kontrol, tedarikgi kontrold, satici dogrulamasi ve
envanter yonetimi gibi bazi 6nemli faaliyetlere odaklandigini gosterdi. Farmasatik risk yonetimi alanindaki
ampirik calismalar nadirdir. Bu nedenle, bu calismanin amaci, Fas baglaminda farmasétik tedarik zinciri la-
boratuvarlari tarafindan kullanilan ve bu hayati stratejilere daha fazla kaynak ayiran birkac kilit risk yonetimi
stratejisinin ana hatlarini gizerek bu alandaki ampirik ¢alismalarin kithgini ele almaktir. Bu firmalarin arz ve
talep tekniklerinin cogunun proaktif oldugu tespit edilmistir.

Anahtar Kelimeler: Tedarik zinciri risk ydnetimi, Arz, Talep, ilac firmalari.

1.INTRODUCTION

Customer demands and requirements for quality and delivery in a fast and fierce global rivalry and
fluctuations in demand have increased the risk sensitivity of the supply chain. Due to the obvious
market environment’s dynamism, businesses are more vulnerable to turmoil. The supply chain
is subjected to different types of disruptions in terms of supply, procedures, changes in customer
preferences, and governmental, economical, and technical variables, all of which have a negative
effect on the organisation and the sustainability of movements. These interruptions get a serious
influence on a company’s capacity to keep operating and ship completed goods to markets. As a
result, successful supply chain risk management has become a necessity for businesses seeking to
reduce the impact of risks on their results and ensure the reliability of material flows across the supply
chain. Managers would need to be aware of the dangers in order to devise strategies to reduce or
minimize the disruption. Through interviews with medicine manufacturers, an essential part in the
supply chain, this research attempts to present a viewpoint of supply chain risk management in the
Moroccan pharmaceutical sector. Regardless of the fact that pharmaceutical manufacturers confront
a variety of risk management measures that have not been explored, research on them is almost
non-existent. The purpose of this work is to investigate the supply and demand tactics implemented
by pharmaceutical businesses in order to adapt to disturbances and avoid medication interruptions
for patients. At the same time, reduced disorders reduce business expenses and increase both price
and quality requirements, as well as the happiness of customers, due to the continuous supply of
medicines. Pharmaceutical companies employ a variety of risk management strategies, including
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supplier selection, multi-sourcing, quality, communication with suppliers and consumers, raw
material confirmation, inventory control, demand adjustment and forecasting. In conclusion, here
are the questions we focused on answering:

- What are the risk sources in the pharmaceutical industry?

- What supply and demand management measures are pharmaceutical firms doing throughout the
supply chain to limit the possibility and effect of risks?

- How do businesses put supplier management techniques into action? Customers demand?
inventories? What strategies do they use when it comes to planning?

2. RESEARCH METHODOLOGY

Although risk occurs at many levels of an organization, in many roles, and at almost every hierarchical
level, our research will concentrate on supply chain risks. Our research aims to better understand and
assess how businesses are structured and organized in order to deal with such risks. This work is written
to investigate how pharmaceutical firms adopt supply chain risk management in order to reduce the
occurance of risks in the supply chain. The case might employ a variety of ways to acquire data and
gather information. As a result, the research went with two means for data collection: semi-structured
interviews with pharmaceutical businesses, and the distribution of a questionnaire to laboratories.
Case studies are intended for a complicated and exploratory occurance that need a comprehensive
and in-depth examination. Supply chain risk management methods are nevertheless withinside the
investigation segment, and there’s a significant shortage of studies on this field to reduce the effect
at the business. One of the reasons why the research have selected a qualitative technique to take
a look at the shortage of studies withinside the sector of supply chain risk management, especially
research on SCRM is substantially weak. Thus, in order to provide and give a great deal of information
and data, and to get the response of (how) and (why) questions, a case study looks more appropriate
for this topic. Under this research method, an interview schedule was created to utilize in order to
acquire information associated with the key research issue. The interviews contained questions
derived from a thorough review of the literature. Meetings were scheduled and conducted with
managers who are knowledgeable on the subject, and who have been selected accordingly to their
awareness with and around the problem. In terms of the questionnaire, it is also seen as a tool for
collecting information about the company. It is well-known for its benefits in terms of gathering huge
numbers of people in a quick duration of time, with much less fees and with confined impact at the
accuracy and consistency of questionnaire results. Additionally, some questions were offered to the
respondents to gather information on topics such as : understanding of the idea of SCRM, import and
export raw materials and medicines, and the roles of responders in the organization and their majors
of operation validate the data’s credibility. When data gets repeated and managers provide equal
information, the interview was concluded.

The list of laboratories for this study was acquired from a database maintained on the website of
Morocco’s “ Pharmacy and medicinal products directorate “ The database contains information about
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40 Moroccan pharmaceutical labs. The 40 companies were contacted by phone for an appointment
and only 32 companies were reached. Face to face interviews were arranged with 12 companies and
20 remote phone interviews with the other companies. In order to gather relevant information, we
interviewed supply chain managers who were chosen based on their experiences and knowledge
on the area of risk management. Managers have a strategic and operational understanding of the
company’s supply chain, interruptions, and plans. Before beginning the interview or answering
the questionnaire, we clarify the aim and research question and assure the respondents that the
company’s identity as well as manager’s will be kept secret and confidential. On average, the interview
lasted 1 hour.

3. RESULTS AND DISCUSSION

3.1. Risk Sources in The Pharmaceutical Sector

There are several sources of supply chain risk related to supply risks (related to raw material flows),
demand risks (inaccuracy of forecasts, change in customer preferences), delivery risk, production risks
(production capacity, employee risks), natural disaster risks and technological risks. Several authors have
recognized that risks negatively affect the performance of the supply chain, whether at the financial,
strategic or operational level.

In order to determine the risks affecting the pharmaceutical industry, we asked respondents to indicate
in the questionnaire the level of criticality of the risks based on the three-point Likert scale: “Agree”;
“Moderately agree”; “Disagree”. The table and the figure below show the answers. The following risks are
the most cited in the literature, and have a strong relationship with the pharmaceutical sector.

Table 0.1: Risk Sources in the Pharmaceutical Sector

Risk Sources Agree Moderately agree Disagree
Medicine costs are falling 21 5 6
People have a low buying power 20 4 8
Raw material price increases 24 4 4
Supplier’s capacity to supply flexible amounts 20 6 6
Delivery performance is bad 24 4 4
Financial insecurity issues 23 4 5
Infrastructure risks 24 3 5
Information systems failure 19 8 5
Unexpected demand variations 21 8 3
Inventory failure 23 6 3
transportation risks 19 4 9
Regulatory problems 25 3 4
Uncertainty in the business environment 18 9 5
Reliance in suppliers 23 4 5




AURUM MUHENDISLIK SiISTEMLERi VE MIMARLIK DERGISI
AURUM JOURNAL OF ENGINEERING SYSTEMS AND ARCHITECTURE

Risk sources in the pharmaceutical sector
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The table as well as the figure show that the all risks mentioned constitute critical risks for pharmaceutical
companies in Morocco. Risk analysis shows that this industry faces different types of risk. Thus, the risks
that have a high number of “Agree”responses are: regulatory problems, risks of infrastructure failure, lead
time for delivery of raw materials, increase in raw material prices, dependence on suppliers, stock-outs
and financial instability issues. Therefore, pharmaceutical companies will need to pay more attention to
these risks by putting in place compliant plans and strategies to address these risks.

Respondents also “agree” that the two risks of “falling medicine prices” and “low purchasing power of
citizens” have a negative impact on pharmaceutical companies. Moroccan households support and
finance a significant portion of medicine expenses, ie a rate of 40% of medicine expenses.

Therefore, the “National Pharmaceutical Policy” exposed by the Ministry of Health seeks to reduce the
costly medical expenses of households for medicine by lowering their price. In addition, the 2025 plan
claims to develop the “compulsory health insurance” (CHI) system and to create the “Medical Assistance
Regime” (MAR) system as well as to address the lack of human resources (Ministry of health, 2018). The
medical coverage plans (Compulsory Health Insurance or Medical Assistance Plan) aim to increase the
number of target population. Less than 65% of the population is covered between CHI and MAR.

In order to compare the risk sources identified above, various articles were searched for
pharmaceutical supply chain risk management in the bibliographic databases such as Google
Scholar and Web of Science.... As a result, a survey paper was found addressing the similar subject
and covering 9 articles relevant to this work interest. A table detailed the characteristics of chosen
articles is given below. The total number of risks was 50, and they were derived from all selected
articles and classified into seven categories based on expert opinions (supply and supplier issues,
organization and strategy issues, financial logistic, political, market, and regulatory issues), as
shown in the Table 4 below.
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Table 0.2: Sources of risk in the literature

Risks

Category

Total/9

Supply and supplier issue

N

Partnership with supplier

Raw material quality

Ordering cycle time

Contract & agreements

Customization of supplier

Certificate of GMP

Flexibility of supplier

Fragmentation

Delivery reliability

Supply and Supplier issues

Environmental assessment

Technology level

Information systems

Good will

Technology development

Flexibility in delivering

Flexible quantities

Flexibility in product variety

Timely delivery

Quality management system

Customer services disruption

Inventory management

Operation issues

R&D

Skill of workers

Strategy

Planning issues

Information flow

Visibility on stock

Organization and Strategies issues

Organization & process

Mergers and acquisition

Time to market

Waste management

Production cost

Tax payable change

Currency rate

Financial risks

Tariff policies changes

Financial

Costs related to supply

Cash flow

Interest rate

Counterfeit

Transportation

Logistic

Market

Consumers taste

Market

Demand

Natural disasters and terrorism

Political issues

Political

Sanction

Regulation

Regulatory
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According to this sample of articles and the table above, the most critical factors addressed were
supply and supplier risks, additionally to the regulatory risks. It was also noticed the focus on inventory
management, planning issues, counterfeit operation issues, partnership with supplier and natural
disasters and terrorism. On the other hand, in the Moroccan pharmaceutical supply chain risks case,
the respondents identified the most critical 14 risk sources, as the table 3 shows for pharmaceutical
industry in Morocco. There appears that the regulatory problems, infrastructure failure, increase in
raw material prices, dependence on suppliers and inventory failure are the most important risks that
deserve attention. As a result, and by comparing the risks have mentioned in the both table 3 and table
4 above, the multiplicity of “sources of risk” found in the literature and in this work has been observed.
However, it appears that the most common important elements on the topic of “source of risk’, are
supply side issues, regulation and inventory management issues. These are the most commonly seen
descriptors in the literature on supply chain risk management, as recognized by respondents in the
Moroccan pharmaceutical business. This remains a large number of risk sources that have not been
appropriately treated.

3.2. Risk Management In The Pharmaceutical Supply Chain

Firms that do not have the capacity to prepare for and mitigate disruptions suffer in performance. Risk
management strategies among manufacturers are similar to those described in the literature.

Companies, in fact, do not have the capacity to handle all risks; instead, they focus on the most important
ones. As a consequence, pharmaceutical manufacturers efficiently deploy their resources in initiatives
that play an important part in strengthening the supply chain’s competitiveness. We asked respondents
how they thought the supply chain would handle environmental disruptions.

One respondent specified that: “the fight against disruptions is characterized by a series of measures
such as traceability, the choice of the right suppliers, the minimization of the dependence on the
supplier, the control of the constraints of the supply chain such as regulations and documentation
(import authorization issued by the Ministry of Health), working with carriers who have resources such
as insulated boxes and who follow traceability, and the use of recorders for control the temperatures of
the materials”. Indeed, another respondent stated that the return of the business to its initial operating
state depends on its size and presence in the market. Because, huge companies have the means to fight
against disruptions.

3.2.1. Supply Management

This part discusses techniques for pharmaceutical companies to handle supply risks. We asked managers
what techniques and strategies they employ for supply chain risk management and how they put
these strategies in a practical way in the business. We also recommended some ways to assist them in
answering the question.

3.2.1.1. The Selection of Suppliers

Moroccan regulation 17-04 relating to the medicine and pharmacy code requires that medicine be
manufactured by laboratories in compliance with the requirements of Good Manufacturing Practices
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(GMP) and Good Distribution Practices (GDP) which govern operations. of production and control to
ensure the quality of a product. Thus, GMP demands that raw materials be obtained and regulated
from certified and approved sources. Furthermore, in the pharmaceutical business, raw materials
must meet the standards listed in the pharmaceutical product’s marketing authorisation (MA) file. This
file is submitted to the Ministry of Health in order to validate or deny the medicine’s market launch.
Compliance with these guidelines is an important aspect of ensuring the quality of medications.

The disruptions created by unreliability of suppliers have a significant influence on the pharmaceutical
industry, which will cease production of the medicine. Furthermore, a company’s performance is
affected by the performance of its supply chain partners. The selection of the partner who will provide
the producer with raw materials and components is a strategic decision in the pharmaceutical business
since the medicine requires certified components. Supplier selection is viewed as a complex process
based on several variables and is viewed as a proactive step to get excellent products. Respondents
clarify that suppliers must fulfill Moroccan laboratories’ requirements and criteria, and they emphasize
the importance of supplier selection. Respondents frequently reported that they prioritize main supplier
factors such as quality performance, pricing, and lead time. According to one respondent, “suppliers are
chosen in priority for their quality according to the European and American pharmacopoeia, followed
by price, commercial conditions, and the entourage of the suppliers (that is to say knowing the supplier’s
relations, its weight in the market, quality, if it works with recognized companies, it has no problems in
terms of compliance with the laws)”. He continues, “The suppliers are chosen in accordance with ISO
and GMP (Good Manufacturing Practices).” The suppliers who are known for their performance in the
industry and who work with well-known pharmaceutical manufacturers are chosen implicitly by other
pharmaceutical manufacturers, as explained by the respondent:“we conduct a supplier prospection, we
examine their dossier, and we send them a preliminary supplier approval questionnaire to learn about
their process”. The supplier must have the necessary accreditations and licenses from the pharmaceutical
industry to demonstrate compliance with industry standards. Following that, he must have certificates
proving the conformity of his installations, as explained by one respondent: “Before selecting a supplier,
we evaluate the certifications of his foctories, installations, processes, and lines that must be certified”.
The suppliers of Moroccan laboratories accredit their suppliers. As an example, the supplier of the
second tier, who is a material manufacturer, is approved by the supplier of the first tier of the Moroccan
laboratory. One respondent explains, “There are agents who are our suppliers that provide approval to
their material suppliers.” The second-tier supplier is overseen by these agents in whom we have faith;
if the material manufacturers are qualified by these agents, they are thus qualified by us; and these
agents guarantee us of the supplier’s quality. We have suppliers who are EHF (environment, hygiene,
and quality) certified.

Some managers pointed out that suppliers are selected based on a procedure of selection contains : the
first stage is prospecting with multiple suppliers. The second stage is pre-selection to select suppliers
eligible for the specifications of the lab. The third stage of selection process is selection which entails
selecting according to three standards : quality, time, and low cost. The lab will then keep going to
monitor its suppliers, because following only this process is not enough to ensure supplier efficiency.
Other companies are bidding to select efficient supppliers based on quality and price criteria.
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3.2.1.2. Multi-Sourcing

Organization must sustain redundancy through resilient supply chain strategies that cannot prevent
harmful events throughout the supply chain. Multisourcing is considered as a redundancy technique as
well as a preventative method for avoiding supply risk. To minimize raw material losses, all respondents
emphasized the necessity of supplier diversity. Some authors also emphasize the significance of
multisourcing. Respondants, stated that it's necessary to maintain numerous suppliers for a single item.
The risk of raw material availability is that it can result from the risk of supplier machine outages or long
distance transportation. There is often a risk that the supplier is really the only source of the market and
that there are no other option. In this scenario an interviewee indicated that the firm has five months
in stock for this item and informs the supplier of the needs of the previous month in order to give the
delivery and shipping time deadline for the raw materials to avoid breaking this item.

3.2.1.3. Supplier Collaboration

Furthermore, collaboration between supply chain partners enhances risk response time by exchanging
information and knowledge. Respondents also emphasized the necessity of collaborating with
suppliers in risk management. The supplier shares information with the product’s procedures regarding
rising raw material prices, official requirements, raw material shortages at the supplier’s supplier, and
so on. Another type of inter-industrial partnership in Morocco consists of “contracting” or “training” the
production of medicine. Although, there is rivalry between these laboratories to lower high production
costs and leverage the capabilities of producers, a laboratory may outsource its production to other
laboratories known as formers or shapers.

3.2.1.4. Lead Time for Importing Raw Materials and Finished Products

Companies may be capable of trying to find their provider base across several nations in order to source
raw materials that fulfill their standards and reap the advantages of cheaper prices, better flexibility,
and high-satisfactory throughout nations, as well as open up new markets. Additionally, variables such
as extensive distances and varying general market circumstances raise insecurity, impacting supply
continuity owing to extended lead times and the likelihood of shipping interruption.

Excipients providers are available in Morocco, however active ingredients must be imported
considering the fact that they’re now no longer manufactured locally. Companies get their supplies
via providers (representatives of their suppliers), who get their raw materials from their producers
in other countries. Due to the lack of a domestic chemical sector capable of producing active
compounds, the Moroccan industry is reliant on imported raw ingredients and packaging, which
might cause problems in the case of delivery delays or broken stock. Other contributors indicated
that representatives of providers are positioned right here in Morocco in order that they may be
closer to Moroccan industrialists: “Before there were suppliers who are positioned internationally,
but now the suppliers have representatives who are assembled here in Morocco who may be able to
deliver raw materials and perform the function of middleman providers among us as a pharmaceutical
laboratory and the producer of raw materials. It is useful for them for the reason that they’ll be
capable of marketplace amount in bulk and for ordinary objects and it's also useful for us in phrases
of proximity, delivery prices and lead time”.
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Concerning imports and exports, according to our research, we discovered that imports seem to be more
essential than exports. Imports of raw materials, packaging, semi-finished goods, and final goods are
substantial (Figure 5). This reflects Moroccan industries’ reliance on raw resources. Despite the domination
of imports, there is a certain dynamic of national laboratories (Cooper, Galenica, Polymedic, Pharma 5,
Laprophan, Genpharma, etc.) for exports that are starting to broaden their network towards African nations
and certain European markets. According to economic studies on Morocco’s pharmaceutical industry, the
trade balance has recently indicated a deficit of 4.7 billion dirhams For the benefit of imports.

30
25
M finished product imports
20
B semi-finished products
15
W raw materials imports
10
m packaging items imports
5
finished product imports
0
b st \‘\c’ b ,‘3:‘ s
\C}\Q' ‘je,@\ @ .\es“” /}@\ semi=finished products exports
& ¢ &
£

Figure 0.2:number of firms perform imports/exports

3.2.1.5. Supplier Control

In the pharmaceutical industry, supplier control is performed by frequent supplier audits and assists
management in minimizing supplier risk.

Once raw materials are received, they are placed in quarantine, where samples are taken, inspected,
tested, and released for use. Validation includes checking suitability of the supplier's material and
packaging analysis report With the tests required by European pharmacopoeia industry standards.
Then, when the tests described by the supplier match the results of the lab tests, the raw materials go
into the manufacturing process for mixing and manufacturing of industrial batches. Finally numerous
experts agree with the fact that risk control as the fourth step in the risk management process, is critical
and significance. One of the respondents explain that the lab calculates performance metrics related to
the delivery times on a quarterly basic, and that the company accommodates acceptable delivery time
differences. Pharmaceutical laboratories subsequently provide these performance indicators to their
suppliers to encourage them to improve their performance, and whenever they ask the laboratory to
respond to complaints.
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3.3. Customer Demand Management

Demand satisfaction parameter differ from one industry to the next. Pharmaceutical firms must
consistently address the requirements of their consumers while also adopting to a changing
environment. In fact, we cannot sell the product without the permission of our pharmacist. There are
several ways available to meet the demands of customers. Variety of consumer demand planning,
medication modification tactics, inventory management, company customer complaint resolution,
reliability of delivery times, customer trust, and promotional approaches are used to control changes in
demand in the pharmaceutical industry.

Laboratories are distinguished by complicated procedures, they don't follow the same procedures as
their clients (wholesalers and pharmacists ). They are an important link in the supply chain that perform
multiple steps to meet customer needs, they are in charge of medication discovery, production,
warehousing, distribution ( from the site of manufacture to the wholesalers ), and raw material supply.
Their clients just manage inventory, collect, and ship customer orders, and do not face as many risks as
pharmaceutical firms.The last one face a variety of internal and external risks, including transport-related
risks, supply-related issues, information flow, shipping reliability, raw material labeling errors and risk,
customer service concerns, research and development issues,production cost management, planning,
medicine temperature control, and inventory management. In terms of new product development, this
industry needs to react rapidly and cost-effectively to patient needs and requirements. Furthermore,
substaintial research and development resources and costs are required in order to address or acheive
the patient requirements for new medicines. Therefore, it must assure inventory management of raw
materials and products to minimize warehouse stock and enhance forcasting. This supply chain delays
not only harms pharmaceutical companies, but also affects consumers (wholesalers and pharmacies),
which in turn can affect patients access to medicines and put their health at risk. Additionally, the
industryaccomplishesa GRCL procedure, which consists of risk identification, assessment, and control
due to the difficulty of the process. It carries out numerous supply chain operations in connection to
other supply chain partners, including, supplier audits, product improvement, quality control, supplier
qualifications and resolve clients complaints.

3.3.1. Demand Planning

Companies create demand calendars to suit shifting client requirements in order to be more flexible.
Furthermore, the forcast information customers provide to their suppliers allows them to calculate their
production capacity and expectations, as well as satisfy the manufacturing lead time. The majority of
respondents say that planning is done over a longthy period of time through cooperation amongst
the company’s departments ( internal pharmacist, production managers, planners,... etc ). Simetimes,
you forcast four years and then devide it into four months. The sales forcasting plan is converted into a
manufacturing forcasting plan, and finally into a purchasing forcasting plan.

3.3.2. Medicines Adaptation to Customer Demand

Angkiriwang, Pujawan, and Santosa (2014) defined flexibility as “the capacity to adjust to unanticipated
changes in the environment to accommodate a wide range of consumer demands while preserving
client satisfaction at a low cost . As a result, the corporation should be capable of addressing the
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expectations of consumers through product diversification, the development of lower-cost medicines,
the customization of medicines depending on patient segmentation, and the launch of innovative goods.
Enhancing medication for patients is a method to assist the business environment’s transformation.
As a result, medications are supplied to pharmacists, distributors, and doctors for prescription to
patients. Medical representatives or wholesalers play an important and cooperative responsibility
for the provision of medication information to laboratories, and their aim is to market medicines. The
information that pharmacists, sales representatives, or patients provide back to the lab is connected to
adverse reactions in order to identify continual improvements for the medicine. Furthermore, based
on the facts, the pharmaceutical business may anticipate the dosage forms of the goods (effervescent
tablets or capsules, for example), the dose of the medicine (take the medicine once a day rather than
twice or three times a day by the patient). Concerning doctors, according to one responder saying, a
doctor recommends pharmaceuticals for patients based on their quality, efficacy, and efficiency (patient
buying power or if the medicine is reimbursed).

Pharmaceutical businesses also are choosing a business coverage for the salling of their products via
way of means of applying: - The policy of verbal exchange with medical doctors as one respondent
explains: “The medical representatives provide an explanation for to the medical doctor the warning
signs of the product, its advantages, its effects, they display him medical information (diagrams,
medical pictures, drug check outcomes), innovations “ The verbal exchange policy additionally
includes sporting out medical promotions, organizing congresses, supplying samples, merchandising,
communication via the media, exhibits and fairs. - The Distribution policy, Relying on its plan, the
laboratory may select between a direct circuit in which it sells directly to pharmacies and an indirect
“Laboratory-wholesaler-pharmacy” circuit in which it supplies wholesale distributors who in turn
provide pharmacies. - The price policy, for example, consists on sustaining bulk discounts. . - Product
policy, include determining a product’s packaging, the proper galenic shape of the medicine (liquid,
spray, ointment, etc.), and so on. Pharmaceutical laboratories also have a customer service “after-sale”
that is necessary and complies with GMP (Good Manufacturing Practices) requirements, allowing
them to detect medication quality defects and implement remedial steps in response to customer
quality complaints. In reality, one person indicated that there is a pharmacovigilance service that
handles side effect reports. In addition, the product’s life cycle and storage conditions can be
enhanced. Similarly, the laboratory utilizes the medicine personalisation method at the trade name
and package levels.

3.3.3. Inventory Management

Inventory is essential for customer service that requires products to be available. Inventory is
calculated based on critical supply chain factors in order to create appropriate inventory and meet
delivery dates. “ What are the requirements for maintaining inventories ?” we questioned, based
on the respondents experiences, the inventory is essential to avoid shortages and also noted that
inventory represented extra expense and additional waste that had to be decreased. Furthermore,
the legislation mandates pharmaceutical companies to hold inventory for three months in order to
own appropriate supplies of medicines.
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Respondents agree to the same response on essential inventory holding criteria. Numerous variables are
found to obtain optimum quality of inventories, including inventories are also expensive, we shouldn’t
store them more, we must sell them, we keep budgets for stocks containing high-selling products, and
we keep medicine inventories based on storage conditions such as temperature, financial condition,
predictability of products, expiration date, seasonality of medicine sales, ... etc. For example, we hold
stock for items that are completely sold, and keep low inventories of items with low sales. Companies
calculate the quantity to be ordered depending on last year’s inventories. Inventory management
systems differ from an organization to the next and based on replenishment on a set or variable date,
and in a fixed or variable amount.

Two respondents indicated that inventories is handled using a first-in first-out (FIFO) technique. Orders
are likewise handled sequentially, with the initial orders being produced earliest. The order includes the
total amount, the order number, and the EDP system automatically advises the lots to create. According
to one respondent: “ In order to optimally handle demand uncertainty, orders are handled differently
in different market types. “Make to stock” for the commercial sector ( pharmacy and wholesaler ) and
“make to order” for the public sector ( hospital ) and export “. Many persons handle the inventories,
including the warehouse stock manager, the responsible pharmacist, the procurement manager, and
the supply chain manager.

Information about orders is collected by the sales departments of wholesalers, pharmacies, public and
private hospital laboratories and passed on to supply chain managers.

3.4. Supply Chain Risk Management Process

We asked professionals how they handle risk identification, evaluation, and management in general. In
conclusion, interviewees confirmed that they need to meet regularly to discuss and plan issues ( delays
with supplies, manufacturing issues ). According to one interviewee, managers are mindful of the risks
discovered through exchanging data ( emails, phones, ... etc). Briefly, among the methods mentioned
by interviewees for identifiying and evaluating information is the self-audit performed by a quality
manager or another responsible for ensuring a quality audit by conducting a guided tour of a workshop
to make observations and develop action plans. It has also been found that tools such as internet audit
are widely utilized by pharmaceutical companies. Other techniques utilized include brainstorming, the
GMP- mandated 5M approach ( for quality control ), benchmarking, DMAIC ( define, measure, analyse,
improve, and control ), Ishikawa, FMECA, and ( CAPA: corrective and preventive actions ). Issues are also
noted in order to keep track of previous incidents.

3.5.The Government’s Involvement In Supply Chain Risk Management

In order to assure the public health safety, the ministry of health regulates medicines and pharmacies.
The ministry should assure the regular supply of important items, as well as the quality and the safety of
medicines with traceability. Furthermore, the ministry of health makes sure:

a. They set medicine prices.

b. Control inventory and tackles medicine problem stocks in clinics, hospitals,... etc.
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¢. The establishment of a pharmacovigilance center. The purpose of which is to gather information
about the risks related with side effects after medication usage.

d. They organize an inspection that is a part of the pharmacy section of the department of
medicine and pharmacy of the ministry of health. This examination is intended to ensure
that the pharmaceutical industry is enforcing the requirements govering the production
of pharmaceuticals, from the presentation on the creation of industrial projects to the
pharmaceutical laboratory tests.

e. Theymake lawsto preventunwanted effects of medicines.They provide an advisory board on national
pharmacovigilance for withdrawal of medicines that may pose toxic risks to the pharmaceutical
sector.

Additionnaly, due to the unwanted consequences of some medicines, health authorities are starting
to enforce risk management strategies on the production laboratory. Internationally, there is the
international committee of harmonization ( ICH ) steering committee, and in November 2005,
a handbook named “ ICH Q9: Quality risk management “ was published to organize quality risk
management in the pharmaceutical sector. CIH Q9 recommends a guidance and explains a quality risk
management methodology related to risk treatment and risk evaluation. The ICH Q9 goal is to provide
a standardized and harmonized quality risk management program to simplify the international trading
among businesses using ICH Q9 ( OMS 2000 ).

4. CONCLUSION

This work’s purpose was to examine the supply and demand risk management tactics implemented by
Moroccan pharmaceutical producers.

According to the case studies, pharmaceutical firms are mostly adopting proactive tactics to reduce
medicines quality issues and attach a high value to all procedures. According to our research, supply
and demand risk management plans in Morocco are equivalent to the ones mentioned in the literature
and described in the preceding paragraph, but the detailed explanations to answer the questions how
and why about these techniques and practices don’t generally exist, not only in the literature but also
in the pharmaceutical field. According to the research, we can sum up that moroccan pharmaceutical
companies focus on certain critical functions which including selection of suppliers, versatile control,
supplier control, vendor verification and inventory management to take into account the risk of supply
and risk of demand.

This research focused to clarify supply and demand strategies in Morocco’s pharmaceutical industry,
but it has been observed that a pharmaceutical company has other strategies for supply chain risk
management such as quality control, preventive maintenance, production process management, new
product development, etc.
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APPENDIX
THE QUESTIONNAIRE

1-  What are your risk management strategies for the supply chain? (visibility, action plan, etc....)
2- How do you choose your suppliers ?

3- How do you carry out a supplier audit ? do you meet the requirements ?

4- |s it better to have several suppliers or to go with single sourcing ?

5- How do you keep coordination and communication with clients up to date ?

6- Do you plan? How do you handle time-sensitive orders ?

7- Do you keep stocks ?

8- Can the medication be improved ?

9- Do you have a risk management process in place ? what is an example ?

10- What steps do you take to manage risks ? what risk management precautions do you take ?
11- How do you choose risk management strategies (is it based on the effect and longevity of the risks) ?

12- How do you detect disruptions quickly (performance indicators, etc.) ? How can these disturbances
be overcome in order to achieve stability ?

13- What actions are taken when an occurrence has been materializ
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Ozet

Ozellikle son yillar icerisinde artan interaktif medya Gretimleriyle birlikte etkilesim teriminin kullanimi da
biyiik oranda artmistir. Bu gelismelerin 1siginda multimedya, hipermedya, birlesik medya, bilgi otoyolu ve
dijitallesme gibi terimlerin kullaniminda da artislar gézlemlenmektedir. Tim bu terimler, Giretilen bir interak-

tif medya tasariminin yapisi olarak incelenebildigi gibi, bu tasarimin kullanici ile olan etkilesimi altinda da
incelenebilmektedir. 1980’lerin basinda gelistirilen CD-ROM teknolojisi ile birlikte daha ¢ok alana veri aktar-
ma imkani bulan tasarimcilar, pasif bir izleyiciyi aktif bir kullaniciya dénustiiren Tum Devinimli Video Oyunu
Uretimlerini arttirmislardir. 1974 yilinda Nintendo tarafindan gelistirilen “Wild Gunman” bu tarz oyunlarin
gelismesi icin ilk érnek olma 6zelligini tasimaktadir. Ozellikle kendi macerani se¢ konseptini benimseyen
tim devinimli video oyunlari, kullanicilar ile birebir girdikleri etkilesim sayesinde kisisel seviyede bir dene-
yim ortaya cikarmaktadirlar. Bu calisma; Ozgiir Kalender'in Yildiz Teknik Universitesi interaktif Medya Tasa-
rimi Yiiksek Lisans Programi biinyesinde Dog. Dr. Bahadir Ucan danismanliginda hazirladigi “Tim Devinimli
Video Oyunlarinda Arayiiz ve Anlati Tasarimi incelemesi” baslikli tezinden tiiretilmistir ve kullanici ile birebir
etkilesim icerisinde bulunan ve kendi macerani se¢ 6zelligi tasiyan tim devinimli video oyunlarinin etkile-

sim unsurlarina genel bir agiklama getirmek tizere diizenlenmistir.

Anahtar Kelimeler: Tim Devinimli Video Oyunlar, Etkilesim, Etkilesimli Film, Kendi Macerani Se¢ Oyunlari

INTERACTION ELEMENTS IN FULL MOTION VIDEO GAMES

Abstract

Especially with the increasingly interactive media productions in recent years, the use of the term in-
teraction has increased to a great extent. In the light of these developments, an increase is observed
in the use of terms such as multimedia, hypermedia, combined media, information highway, and dig-
italization. All these terms can be examined as the structure of an interactive media design produced,
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as well as under the interaction of design with the user. With the CD-ROM technology developed in
the early 1980s, the designers, who had the opportunity to transfer data to more areas, increased their
full-motion video game production that transformed passive viewers into active users. Developed by
Nintendo in 1974, Wild Gunman is the first example of the development of such games. In particular,
full-motion video games that adopt the concept of choose your own adventure, create a personal
experience thanks to the one-to-one interaction with the users. This publication was created by Ozgir
Kalender, prepared under the consultancy of Assoc. Dr. Bahadir Ucan. It is derived from his thesis titled
“Study of Full Motion Video Games: User Interface and Narrative Examples’, Yildiz Technical University
Interactive Media Design Master’s Program and it is designed to provide a general explanation of the
interaction elements of full-motion video games that interact with the user and have the feature of

choose your own adventure.

Keywords: Full Motion Video Games, interactivity, interactive Movie, Choose Your Own Adventure Games

1. GIRIS

Etkilesimin kavraminin gelisen yapisina baktigimiz zaman yiksek teknolojiler, teknolojik ilerlemeler,
hipermodernite ve fltlrizm kavramlarinin icerisinde bireysel secim 6zgirligd, kisisel gelisim, kendi
kaderini tayin etme ile birlikte halklarin poptlerlesmesi ve siyasi bagimsizlik gibi terimlerle de siki sikiya
bagl bir yapisi oldugunu gérmekteyiz. Bu kadar derinlesmis bir yapinin icerisinde etkilesim ve buna
bagl olarak etkilesimli medyanin anlamlarini tek bir madde altinda tam olarak belirleyememekteyiz.
Tim bu bilgilerin yaninda etkilesim teriminin glinimiizde medya topluluklari tarafindan en ¢ok
kullanilan popiiler sdzciiklerinden birisi oldugunu sdyleyebiliriz (Jensen, 1998).

Tum devinimli video (FMV: Full Motion Video), kullaniciya oyun oynarken bir anlatici tarafindan bilgi
saglayan bir anlatim tarzidir. U¢ boyutlu modelleme kullanmak yerine énceden kaydedilmis video
sahnelerinin birlestiriimesiyle olusturulan bir ara sahne yardimiyla hikayeler arasi gecis saglanmasi
temeline dayanir. Daha sonra bu teknik ayni isimle anilan bir video oyun tiirline déntsmustir. Bu
calismalarda kullanilan videolar, tipki bilgisayar ortaminda gelistirilmis tasarimlar gibi kullanicinin
kontrolinde hareket etmektedir. Video oyunlarinin ve sinemanin birbirine en cok yaklastigi yer tam
olarak burasidir. Bu ylizden bu oyunlara verilen diger bir isim de “interaktif film” olmustur. Bir FMV oyun
calismasindan bahsederken buinyesinde hem sinema hem de karakterleri kontrol etmek gibi bilgisayar
destekli video oyun unsurlarini barindirdigini séyleyebiliriz (Bakhsheshi, 2021).

2.TUM DEVINIMLi VIDEO OYUNLARINDA ETKILESiM UNSURU

Oyun bir seyin temsili ya da bir seyin miicadelesidir. Hirr bir irade ile kabul edilen, kendi zaman ve mekan
kavramlar icerisinde gerceklesen, eglenmek amaclh ve giindelik hayattan farkli bir yapi icerisinde
bulunan bilincteki kullanicilarin eslik ettigi bir eylem olarak algilanmalidir. Huizinga oyunlardan su
climleyle bahseder;“Oyunun bicimsel 6zellikleri arasinda en 6nemlisi, eylemin glindelik hayattan mekan
olarak ayrilmasidir. Kapali bir mekan glindelik cevreden ve maddi ya da duslinsel olarak soyutlanmis,
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ayrilmistir. Oyun, kurallarin gegerli oldugu bu cerceve icinde cereyan etmektedir” Bu goriis uzun zaman
oyunlarin oyuncularla olan etkilesimini anlatan bir yapiyi aciklasa da giiniimiz teknolojisinin oyunlar
Uzerine olan etkisi ile var olan glincelligini yitirmistir. (Huizinga, 2006, 31-50).

Video oyun tanimini basit ve tek yonlu bir sekilde yapmak zordur ancak en net sekilde agikladigini
diisiindigiim Frasca, bu terimi su sekilde sunmaktadir:

“Kisisel bilgisayarlar veya konsollar gibi herhangi bir elektronik platformu kullanan ve fiziksel
veya ag ortaminda bir veya daha fazla oyuncuyu iceren, metin veya gériintii arayiizii araciligi ile
kullanicilarla etkilesime gecen her tiirlii bilgisayar tabanli eglence yazilimidir” (Frasca 2001, 4).

Etkilesimli bir anlati tasarimi olan tiim devinimli video calismalari, kullaniciya kisisel deneyimleriyle
birlikte yapilandirmasi icin bazi acik icerikler, gorsel ve isitsel parcalar sunar. Kullaniciya sunulan bu
anlati yapilari iki katmandan olusmaktadir. Bu katmanlardan ilki kullanicinin icerige eristigi fiziksel ve
grafiksel arayiiz tasarimlaridir ve herkes tarafindan etkilesime gecilebilir durumdadirlar. ikincisi ise
icerigin kendisidir ve sadece anlik olarak hikaye ile etkilesime gecen kullanici tarafindan kisisel olarak
deneyimlenebilir. Kisisel deneyimlere odaklanan bu anlati yapilarini tasarimsal olarak destekleme
yontemleri teknolojinin gelistigi her gecen giin daha da etkileyici bir hal almaktadir.

Video oyunlarinin teknoloji ile olan bag: tartisilamaz bir gercektir. Her yeni oyun ve konsol tanitilirken
oyunlarin kullanicilar tzerindeki deneyimsel etkilerinin yaninda, performans, glic ve gorsellik gibi
gelismelerden daha siklikla bahsedilir olmustur. Ornegin Sega'nin 1988 yilinda urettigi Mega Drive
konsolunun (st kisminda Sega logosundan bile buyik bir sekilde Griiniin 16-bit yetenegine sahip
oldugu sergilenmektedir (Newman, 2004, 31).

Gorsel 1: Sega Mega Drive
Kaynak: https://en.wikipedia.org/wiki/Sega_Genesis

Kendi macerani se¢ temasi tasiyan ilk etkilesimli kurgu oyunu olan“Colossal Cave Adventure” 1976 yilinda
piyasaya surlildigi zaman, aslinda teknolojik imkanlarin el verdigi kadari ile daha karmasik sayilabilecek
kullanici arayiiz tasarimlarina sahip ve hikayesi olan oyunlar gelistiriimekteydi. Bu oyunlardan bir tanesi
de“Gun Fight"tir.
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Gorsel 2: Gun Fight oyunun arayiz tasarimi
Kaynak: https://www.giantbomb.com/gun-fight/3030-32574/

Fakat bu oyunlar etkilesimli bir kurgusal oyundan farkli olarak barindirdiklari hikayeleri ile oyunu
deneyimleyen kullanicilarini bitiinlestirmemektedir. Bu oyunlari oynayan kullanicilara tasarlanan grafik
arayliz araciligi ile, kontrol ettikleri karakterlerinin oyunda toplam kag kez o6liirse puani sifirlanmadan
oyuna devam edebilecegini gosteren can miktari, zaman gostergesi, o an oynadiklari oyunda
gerceklestirdikleri puan ve oynadiklari makinada o zamana kadar yapilan en ylksek puan gibi bilgiler
gosterilmekteydi. Gelisen teknolojiyle birlikte glinimiz oyunlarinda ileri diizey grafiksel tasarimlar
olusturulmaktadir. Kullanilan bu grafik kullanici arayiiz tasarim 6geleri oyunda kullaniciya aktariimak
istenilen hisleri ve deneyimin en verimli bir sekilde sunulmasina olanak saglamaktadir. Glinimuzde
gelistirilen oyunlara ve grafik kullanici araylzlerine baktigimiz zaman, 2008 yilinda Uretilmis “Dead
Space” tartismalara acik bir sekilde ancak bircok elestirmen tarafindan acik farkla en basaril arayiz
tasarimlarindan birisine sahiptir. Oyunu oynayan kullanici, oyun dinyasinin icerisinde gezerken
kendisini gercek hayattan kopartan ve hikayeye ortak eden bir grafik kullanici arayiizi ile etkilesim
halindedir (Kandelin, 2021, 13-14).

STASIS METER

Gorsel 2: Dead Space, karakterin sirtinda bulunan saglik ve durum gostergesi
Kaynak: https://medium.com/super-jump/top-5-best-video-game-uis-db941d6a9357
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Video oyunlari, kurallara dayali bir sekilde bulmaca odakh olabilecekleri gibi, tasarlanmis acik bir
diinyada serbest bir sekilde kesif yapilabilecek sekilde de anlasilabilir. Tek oyunculu ya da ¢ok oyunculu
fark etmeksizin kullanici tarafindan kontrol edilmeyen karakterlerle (NPC), oyunu oynayan kullanicilarin
kontrol ettikleri karakterler bir etkilesim halindedir. Bu durum oyuncu ve karakter iligkisinin tanimini bir
miktar derinlestirmektedir (Jenkins, 1998). Uzerine diisiiniilmeye, tasarlanmaya baglanilan ilk giinlerden
itibaren surekli ve hizla gelisen video oyun tasarimlari her zaman oldugu gibi yeni arayislar icerisinde
olmaya devam etmektedir. Strekli olarak kullanicilari sasirtan ve yeni seyler deneyen tasarimcilarin bu
serliveninde etkilesimli kurgu tasarimlari popdilerliklerini hi¢ kaybetmemistir. Hatta zaman igerisinde
gelisme gosterip, sinema ile bitlinlesen tamamen kullanici deneyimi odakli yepyeni bir tiire 6nctilik
etmistir. TUm bunlardan 6nce bu video oyunlarinin anlattigi hikayeler ve kullanicilarin aldiklar
deneyimleri anlamamiza yardimci olacak bir hikaye anlatim tarzi olan kendi macerani se¢ konseptinden
bahsetmemiz gerekmektedir.

Tasariminda 6nceden kaydedilmis video gorintuleri kullanan ve tim devinimli video oyunlarinin ilk
ornegi diyebilecegimiz tasarim 1974 yilinda Nintendo tarafindan gelistirilen “Wild Gunman” olmustur.
Oyun kabin seklinde biyik bir konsol aracihigi ve plastik bir silah yardimi ile oynanmaktadir.

Gorsel 7: Wild Gunman oyununun oynandigi konsol
Kaynak: https://www.arcade-museum.com/game_detail.php?game_id=10432

80'li yillarin baslarinda CD-ROM teknolojisinin tanitiimasi ve CD’lerin tasarlanan oyunlar icin daha fazla
data saklama alani sunmasi sebebiyle tiim devinimli video oyunlarinin tizerindeki popiilerlik artmaya
baslamistir. Bu popdilerlik ile beraber sayilari glinden gline artan tiim devinimli video oyun calismalari
video oyun diinyasi icin benzersiz kapilarin agilacadi bir gelecek sunmaktaydi. Bu yeni teknoloji lazer
diskler sayesinde video oyun dlinyasinda hareketlenmeler hissedilmeye, daha iyi grafikler, daha iyi ses
tasarimlari ve hatta oyun icerisine gémilmis video goriintiler tretilmeye baslanmistir. Teknolojinin
gelismesiyle birlikte ileri diizey animasyon c¢alismalari tizerine denemeler goériilmekteydi. Bu denemeler
beraberinde kitlesel kullanicilara fotogercekgi calismalari ve tiim devinimli video oyunlarini sunmaya
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basladi. CD-ROM teknolojisi, 1995 yilinda uluslararasi piyasaya agilan Sony Playstation ile birlikte buytk
yayllma saglamis ve beraberinde kaliteli tim devinimli video oyunlarin tretilmesini saglamistir (Wolf
2007, 86-87).

1992 yilinda piyasaya siirtilen “Night Trap” tim devinimli video oyunlari arasinda ciddi bir popilerlik
kazanmistir. FMV oyunlarinin bu dénem yapilan 6rnekleri yavas tempolu ve zayif mekaniklere sahip olsa
da gelisen lazer disk teknolojisi bu oyunlara gésterilen ilginin fazla olmasini saglamistir. Tim devinimli
video oyunlarini oynayan kullanicilar ile oyunlarin hikayeleri arasindaki etkilesimin beklenilenden dusiik
kalmasi sebebiyle bu tiir, ddnemin gelisen video oyun piyasasi ve yenilikleriyle rekabet edemeyerek
kullanicilar tarafindan yavas yavas terk edilmeye baslamistir.

Digital Pictures

5

Gorsel 11: Night Trap oyununun Sega cd kapagi
Kaynak: https://www.imdb.com/title/tt0105000/

Son yillarda yeniden canlanan tiim devinimli video oyunlari kitleler arasi popilerligini geri kazanmaya
baslamistir. Sam Barlow’un Urettigi Her Story ve Telling Lies, CtrlMovie'nin piyasaya strdigi Late Shift
ve BAFTA &dillerine aday olan The Bunker bu canlanan piyasanin en ¢ok konusulan drnekleri olmustur.
90'li yillarin basinda canlanan bu oyun tarzinin zamaninda yasadigi problemlerin ve disuk etkilesim
yeteneklerinin yeni déonem oyunlarinda da devam ettigi gozlemlenmektedir. 90'li yillardan farkli
olarak kullanicilar bu problemlere ragmen bu oyunlara ilgi gostermeye devam etmektedir. Sinema ve
gorunti yakalama alaninda stirdiirlilen teknolojik gelismelerin yaninda video oyunlarina erisimin cesitli
platformlar (Steam, Epic Games gibi) aracihdi ile kullanicilar icin basitlestirilmesi tasarimsal tiketimi
hizlandirmistir. Bunun etkileri sonucunda kullanicilar yeni ve farkli olan seylere daha fazla ilgi gostermeye
baslamiglardir. TUm devinimli video oyunlarinda aktorlerin 6nceden kaydedilmis gorintiler Gzerindeki
diyaloglarini deneyimleyen bir kullanici, oynama eylemini minimum diizeyde gergeklestirmektedir.
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Bu sebeple bircok elestirmen ve kullanici bu tarz uretimlerin bir oyun olmadigini savunmaktadir.
Tum bunlara ragmen tiim devinimli video oyunlarinin sayisi her zamankinden daha fazla bir sekilde
artmaktadir (Bogost, 2016; Koenitz 2018; Juul 2019).

GlnUmuzde tiim devinimli video oyunlarinin anlati tasariminda en ¢cok benimsedigi yapi kendi macerani
se¢ konseptidir. Kendi macerani se¢ konsepti, okuyucu, izleyici ya da oyunculara, tretilen triinin hikaye
akisi icerisinde sunulan secenekler araciligi ile hikayenin nasil devam edecegine karar vermelerini
saglayan bir yapidir. Kendi macerani se¢ konsepti, okuyucuya, oyuncuya bir bagimsizlik deneyimi
sunar ve kisinin aktif katilimini zorunlu kilar. Kendi Macerani Seg, 1980’lerde Bantam Books tarafindan
yayinlanmis uluslararasi boyutlarda popdiler bir kitap serisi ile ortaya ¢cikmistir. Toplam 38 dilde cevirileri
yapilan serinin 250 milyondan fazla basimi gerceklesmistir (Lodge, 2007). Dogrusal olmayan hikaye
anlatiminin kendi macerani se¢ tarzi bu kitap serisine dayanmaktadir. Temelde okuyucunun ya da
oyuncunun maceranin gidisine karar verdigi ve hikayenin akisini kendisinin belirledigi bir konsepttir.
Okuyucu hikayeye basladiginda bir sayfanin icerisindeki bir aksiyonu gerceklestirir ve karsisina minimum
iki secenekli olmak tizere farkli yollar ¢ikar. Okuyucu bu yollardan herhangi birini tercih ettiginde kitap
onu farkli bir sayfaya gotirerek hikayeye devam ettirir ve farkl finaller ile hikayenin sonuglanmasini
saglar. Okuyucular tarafindan ¢ok ciddi bir popllerlik kazanan ve ¢ok sayida basimi gerceklesen kendi
macerani se¢ kitaplar, cogunlukla bilimkurgu, aksiyon ya da fantezi tirlerinde yazilan bu kitaplarin
en popiiler olanlarindan bazilar “The Cave of Time (Zamanin Madarasi)’, “The Abominable Snowman
(Korkung Kardan Adam)” ve “Journey Under the Sea (Deniz Altinda Yolculuk)” olmustur. Alisilmisin
disindaki hikaye anlatim tarzi yazarlara biiyiik ve detayl bir diinya ve karakter gelisimi yaratmak zorunda
kalmadan yaratici, kiskirtici, eglenceli ve hatta varoluscu felsefi fikirlerden olusan hikaye tasarimlari
Ureme imkani vermistir (Cook, 2020, 419-420).

Tum bu gelismelere ragmen bugiiniin teknolojisi ile gelistirilen video oyunlarina baktigimiz zaman,
tim devinimli video oyunlarinin belirli bir sinir icerisinde kaldigini rahatlikla gorebiliriz. Kullanici
etkilesimi icin hikaye ve oynanabilirlik, sinirlari o kadar incedir ki, sunulan iki secenek arasindaki stireyi
gereginden uzun tutarsaniz oyunla etkilesim icinde olmaya calisan aktif kullanici bir anda pasif bir
kullaniciya dondisir ve siirekli tetikte bir sekilde bir filmi izledigini diisiinerek konudan soyutlasmaya
baslar. Bu oyunlar, karsilasilabilecek gunliik hikayeler ve gerceklige daha yakin hissettiren yapilariyla
birlikte hikayeleri geleneksel video oyun kiltiiriinden farkli aktarirlar. Ancak sinemaya olan aliskinhgimiz
bu durumu hemen fark etmemize engel olmaktadir. Tim devinimli video oyunlari icin, bir hikayenin
birden fazla yontem ve yol ile farkli sonuglara ulasmasi lzerine bir anlati bicimidir diyebiliriz. Bu anlati
bicimi kullanicilar icin hikaye Gzerinde bir kontrol imkani sunar ve tekrar eden denemeler ile birlikte
anlati Gizerinde tasarlanmis tim yollarinin kesfedilebilecedi genel bir hikaye sunar. Her ne kadar
cok sayida secenek ile birden fazla finale ulasilsa da kullanicilar icin ¢ok fazla bir etkilesim aksiyonu
icermemektedirler.

“Tim devinimli video oyunlari, yeni ortaya ¢ikan oynanis bicimlerini, davranissal cozimleri ve stratejileri
desteklemez. Bu oyunlarla ilgili yaygin olan sikayet, ¢cok sinirli hareket 6zgurligi sunmalarndir”
seklindedir (Lessard, 2009). Tim devinimli video oyunlari geleneksel oyun anlayisindan farkli tasarimlari
ile her ne kadar gosterisli bir oyun deneyimi sunsalar bile, dnceden kaydedilmis videolarin sinirlari
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asilamaz bir duvar olarak kullaniciy1 engellemektedir. FMV'den farkli olarak geleneksel video oyunlarinda
bilgisayar destekli animasyon tasarimlariyla olusturulan diinyalar, hikayenin ve kullanici etkilesiminin
tim potansiyelini ortaya ¢ikarabilmektedir.

Kendi macerani se¢ kitaplarindan giiniimiize, tim devinimli video oyunlari macerasi bilgisayar, akilli
televizyon, mobil telefon ve konsollar araciligi ile yepyeni bir tarz olarak hayatlarimiza dahil olmus ve
pasif izleyiciyi aktif bir kullaniciya, aktif bir oyuncuyu da daha pasiflesmis bir oyuncuya donistiirmeyi
basarmistir. Sinema ve video oyun arasinda kalan bu tarz gelisen teknolojiile birlikte varligini siirdirmeye
ve gelismeye devam edecek gibi goziikmektedir.

Tum devinimli video oyunlarinin ortaya cikis motivasyonu, sinema ve izleyici arasinda bulunan sinirli
iliskinin, gelisen teknolojinin beraberinde getirdigi imkanlarla birlikte birlikte genisletilmek istenmesidir.
Sinema ve izleyici arasindaki iliskide, seyirciye hikayenin tasarlanan sadece tek bir bakis agisi verilir. T4m
devinimli video oyunlari ve kullanicilari arasindaki iliskide ise, seyircinin etkilesim aracihgi ile hikaye ve
bakis acilan Gizerinde daha genis bir alanda hareket etmesi saglanmaktadir. Bu yapinin temeline inmek
icin Sinema kuramlari icerisinde yer alan temel yapi taslarina bakmamiz gerekir.

Sinemadan sonra gelen ve benzer gorsel imgeler kullanan tiim devinimli video oyunlari icinde benzer
iliskilerden bahsedilebilir. Arnheim’a gore, bu ham materyaller ve formlarin (6rnegin; yakinhk, benzerlik,
surreklilik, sekil-zemin iliskisi gibi) organize edilmis iliskisinin gorsel algiyr olusturdugunu, bu alginin
da sinemada da kullanildigini belirtir. Sinemanin gerceklik boyutu da kuramcilar tarafindan tartisilan
bir durumdur. Bu gerceklik Arhheim icin, gercekligin donustirilmis bir hali olarak tasvir edilmistir.
Bu yeniden retilmis gerceklik, kismi illizyon Arnheim'dan sonra gelen kuramcilar tarafindan da
incelenmistir. Kismi yanilsama, objektifin dniindeki diinyada Uretilen gerceklikte kamera hareketleri
temelli bir goriintl Gzerinden agiklanir. Ekran gibi iki boyutlu bir ylizey olmasina ragmen, Lumier
Kardesler'in trenin Gara Girisi filminde oldugu gibi trenin perspektif ve kamera aracihdi ile boyut
kazanmasi, fiziksel olarak uzaktan yakina gelmesi, gorsel bir tasarim olarak sunulur ve seyirciye kismi bir
illizyon yaratir (Arnheim, 1957, 60-61).

1992'de kurulan Interfilm sirketi, Sony ile ABD genelinde 42 sinema salonunun donatiimasi icin bir
anlasma imzaladi. Bu anlagma ile birlikte salonlarda yer alan koltuklarin kenarina yerlestirilmis kontrol
diigmeleri ile izleyicilerin canli olarak filmin olay 6rglisti hakkinda karar vermeleri saglandi. Filmin akisi
anlik olarak sinema salonundaki izleyiciler tarafindan belirleniyordu. Bu donemde toplamda dort adet
film izleyiciler Gzerinde denenmisti ancak cesitli sebeplerden dolayi basarisiz gorildi. Geleneksel film
elestirmenleri bu yeni gelisen tiire olumlu yaklasmadi ve secimleri dogrultusunda filmin hikayesinin
istedigi gibi gitmedigini géren halk durumdan memnun degildi. Tium bunlarin sonucunda, “ilk interaktif
film stidyosu” olarak adlandirilan Interfilm kapandi ve bu deneysel salonlardaki diigmeler kaldirildi
(Napoli 1998). 2016 yilinda isvicre'deki kiiciik bir stiidyo olan “CtrIMovie” tarafindan yaratilan bir tim
devinimli video oyun olan “Late Shift’, bugline kadar tretilen ilk basarili tim devinimli video oyun oldu.
Tipki Interfilm'in denemeleri gibi, secilmis sinemalarda ve festivallerde sunulan teatral versiyonunda
hikayenin akisina izleyicilerin cogunlugunun aldigi karar veriyordu.
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Gorsel 1: Late Shift sinema gdsterimi tanitim gorseli
Kaynak: CtriMovie Web Sitesi / https://ctrimovie.com/products/cinema-dci

Bu calismalar sirasinda sinema koltuklarinin yaninda bir digme bulunmamaktaydi. Seyirciler kisisel akilli
telefonlarina indirdikleri bir uygulama aracihgi ile basroldeki karakterin secimlerini yonlendirebiliyor ve
hikayeyi cogunlugun istedigi gibi deneyimliyorlardi.

Gorsel 21: Late Shift film gosterimleri sirasinda kullanilan uygulama araytizi
Kaynak: Google Play Store / CtrIMovie

Gelisen teknolojinin de etkisiyle birlikte etkilesimli calismanin gdsterimleri sorunsuz bir sekilde devam
etti (Martens, 2016, Late Shift: Your Decisions Are You). Late Shift oyununun popdulerligi ve diinya
¢apinda taninmasi Steam isimli dijital oyun platformu ve Android, I0S versiyonlari ile diinya genelinde
milyonlarca tiketicisinin kolay erismesi ile gerceklesmistir. Sinemanin artan Uretim ve yenilikci
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denemeleri ile birlikte tek dogrusalli gorsel Uretimler, formal ve gercekgci yapilarinin tasidigi etkiler ile
birlikte tim devinimli video oyunlarinin kullanicilariyla iliskisini gelistirmesine temel olmustur.

Etkilesimli calhismalar Uretilirken karsilagilan zorluklardan en 6nemlisi, anlatiimak istenilen hikayenin
dogrusalligini kiracak sekilde parcalara ayirmak ve bu parcalar birlestirmek icin kullaniciyr bu
dogrusalligi kirllmis hikayeye ait hissettirmenin yolunu bulmaktir. Tiim bu zorlugu olusturan ve yine tim
bu olusturulan zorlugun ¢ézimiini bizlere sunan sey yine etkilesimdir. Dogru bir sekilde kurgulanmis
olan hikayede kullanici hikayeye ait olmak ister ve hikayeyi kendi tercihleri dogrultusunda yeniden
yapilandirmak icin dnceden kurgulanmis olan karakterin kendisine biriintr. Ayni zamanda kullanici,
hikaye ile kurdugu baglantiyi koparmadan ve bu baglantiaraciligiyla elde edecegdi deneyimikisitlamadan
secimlerini gerceklestirebilmek icin iyi tasarlanmis bir grafik kullanici arayiiziine ihtiya¢c duymaktadir.

Kullanici arayiiz, kisaltiimig olarak Ul (User Interface) ve Kullanici deneyimi, kisaltiimig olarak UX (User
Experience) birbirleriyle yakindan iliskili ve benzer kavramlardir. Cogu zaman birlikte kullanilirlar ancak
ayni seyi temsil etmezler. Kullanildiklari alanlar geregi farkli seyleri temsil ederler ve farkli anlamlara
sahip olduklariicin birbirlerinin yerine kullanilmamalari ve birbirleriyle karistirlmamalari gerekmektedir
(Turunen, 2017, 12).

Teknik olarak icerige erismek icin kullanilan ekran da bagka bir arayliz olmakla birlikte, kullanici arayizii
kavrami, bir oyun oynanirken bu ekranda beliren grafiklerden olusan arayiiz tasarimidir. Buna grafik
araylizii denilmektedir. izlenilen bir televizyon programini baska bir programla degistirmek icin
kullanilan uzaktan kumanda ile yemek yenirken kullanilan basit bir catal gibi kullanicilarin etkilesimde
bulundugu diger yontemler de arayiizleri ifade eder. Kullanici arayiizii en basit haliyle, kullanicinin bir
hedefe ulasmasini saglayan bir arag olarak gorilebilir. Bircok yerde kullanilan Ul kelimesi, bir terim olarak
belki de en cok Bilisim Teknolojisi (IT) endstrisi icin kullanilmaktadir (Quintans, 2013).

Kullanici deneyimi tasarimi (UX tasarimi, UXD, UED veya XD olarak da anilmaktadir), kullanicilar
ile son Urlin veya web siteleri arasinda sonuca dayali, etkilesim tasarimlari olusturma sirecidir. UX
tasarimlari estetik tercihler, grafiksel tasarim ve gorisler yerine; arastirma, veri analizi ve test sonuglari
tarafindan yonlendirilmektedir. Bir bilgisayar araytiziiniin gorsel icerigine odaklanan kullanici araytizi
tasarimindan farkh olarak, kullanici deneyimi tasarimi, bir kullanicinin bir Girlin veya web sitesiyle ilgili
algilanan deneyiminin kullanilabilirligi, kullanishhg, arzu edilebilirligi, marka algisi ve genel performansi
gibi tiim yonlerini kapsamaktadir. (Barnes, 2010, 1). Kullanici deneyimi dogasi geregi izerine tek bir
tanim yapilabilmesi icin ¢cok zengin bir kavramdir ancak kisaca insan-bilgisayar etkilesimi Gizerinden
kullanicilarin bir yazilim ve araylz aracilidi ile elde ettigi tecriibeleri agiklar ve amaci kullanicilar ile
etkilesime gecilen {riin arasindaki baglantiyr kurmak, kolaylastirmaktir. Bu deneyim hem kullanici
araylizii tasarimi unsurlarini icinde barindirir hem de onu kullanma bicimlerini tanimlar. Ozetle kullanici
deneyimi, bir ya da birden cok olay lzerinden bir bilgisayar ile etkilesim icinde bulunan kisilerin, bu
olaylar tizerinden edindikleri tecriibeler butlntndn bir tanimi olmaktadir.

Kullanici odakli tasarim, kullanici beklentilerini (UR) derleyip calisan bir sisteme donustlirmekten ¢ok
daha fazlasidir. Sonuca ulasirken kullanicilarin nasil bir deneyim icerisinde olacaklari da diistinilmek
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zorundadir. UR ve UX birbirlerinden farkli seylerdir. UX, tasarlanan bir oyun veya uygulama icin zorunluluk
tasimaktadir. Kullanicilarin bir uygulama ile etkilesime gectiklerinde ilk alacaklari sey bir tiir deneyim
olacaktir. Bir ¢ocuk icin gelistirilmis egitim sitesinde profesyonel bir dil kullanip, ciddi ve mesafeli
davranilirsa bu cocugun yasadigi denegimi olumsuz etkileyecektir. Bir bankacilik sitesinde pastel renkler
kullanilir ve oyuncaklarla siislenmis bir tasarim sunarsaniz bu siteyi kullanan misteriler bu banka ile
olan para iliskilerini gerceklestirmeyecektir. Bu durum 6rnekleri UX tasarimi ile Ul tasarimin i¢ ice gectigi
yanliglardir. Ancak bu durum tasarimi yapan kisinin yaratici olamayacagi anlamina gelmemektedir. Ayni
bankanin cocuklara para biriktirmeyi 6greten bir sayfasi bahsettigimiz gibi bir tasarima sahip olabilir ve
bu durum genel musterilerini olumsuz etkilemek yerine gliven deneyimi yasatabilir (Lowdermilk, 2013,
48, 49).

Kullanici deneyimi, arayiiz kullanmanin goérsel olmayan bir deneyimini ifade etmektedir. UX, bir arayiiz
tasariminin ne dl¢tide sezgisel, eglenceli, verimli ve kolay kullanima sahip oldugunu dl¢mek ve tasarim
¢ozlimleri ile araylziin genel kullanilabilirligini artirmayr amaglamaktadir. Kullanici deneyimi fiziksel
ve somut olmamakla birlikte tiim Ul tasariminin bir parcasi konumundadir. Basarih UX tasarimlari,
kullanicinin etkilesime gectigi araylz tasarimi ile amaclanan hedefi gerceklestirirken, verimli oldugu
icin cogu durumda fark edilmemektedir. Tasarimin bir 6rnek olarak sunulmasi ya da kot bir UX tasarimi
olusturuldugunda varligi ortaya cikmaktadir. Ornegin bilgisayar oyunlarla ilgili gerceklesen, bu oyundaki
x karakteri ¢cok gugcli ya da oyunda z 6zelligi eksik gibi sikayetlerin cogunlugu kullanici denegimi ile
ilgilidir.

Oyun tasarimi cercevesinde gelistirilmis tim fikirlerin altinda yatan prensip kullanicilari gerek tek
baslarina gerekse ¢ok kisili ortamlarda eglendirmek olmustur. Video oyun tasarimlarinda bir¢ok ortak
nokta var oldugundan bir tasarimci bir sorun ya da fikir tizerinde calisirken var olan kaynak ve deneyim
havuzundan yaralanmaktadir. Bir video oyunun dretilme asamasinda, GUI tasariminin olusturulmasina
baslamadan 6nce oyunun hangi platform (PC, konsol, mobil cihazlar) icin hazirlandiginin biliniyor olmasi
bu Urlin icin sinirlamalarinizi 6grenmenizi ve tasarim kararlarinizi bu platforma goére gelistirmenizi
saglamaktadir. Bu sekilde bir kullanici bir oyunun arayiliz tasarimi incelendiginde gelistiricilerin tam
olarak istedikleri seyi asagi yular gerceklestirmis olduklarini bilmektedir. Oyunlar eglenceli olmasi
icin tasarlanmaktadir ancak bilgisayarlarin kétl yazilimlara karsi korunmasini saglayan bir programin
onceliginin korumak yerine eglenceli bir tasarim olmasi beklenmemelidir. GUI kapsaminda video oyun
tasarimlarinin ve oyunlastirmanin etki etmeyecegi yazilimlarin disinda kalan programlarin, kullanimi
kolay ve anlasilir bir sekilde tasarlanmasi gerekmektedir. Video oyun tasarimlarinin 6zl ise zaten bu tip
kurallari esnetmek olmalidir ve bu kurallar tamamen unutulmalidir (Turunen, 2017, 12-15).

Etkilesimin yapisal dogasini anlamak icin kullanicilarin etkilesime gectigi oyunlari hikayeleri
ile kiyaslamamiz gerekmektedir. Video oyunlari daha fazla etkilesime sahipken bulmaca ya da
sudoku gibi statik oyunlar ile daha az ya da hig etkilesime girilmemektedir. Gercekligi temsil eden
Uretimlerin cogu statiktir. Bir resim, heykel ya da bir fotografin sundugu gerceklik ile dinamik olan
Uretimlerin sundugu zamanda degiskenlik gosteren gerceklikler birbirinden farkhdir. Dinamik
olarak adlandirdigimiz bu calismalar (video oyun, film gibi), olusturulmus olan gercekligin sirah
ya da sirasiz degiskenligini daha derin bir sekilde aktarmaktadir. Gergeklik kavraminin en etkileyici
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noktasi, kullanicilarin olusturulmus bu gerceklik ile nasil etkilesime gectikleri, nasil degistirdikleri
ve Uretimdeki bu gercekligin neden-sonug iliskisini kapsayan yolun karmasikhgidir. Oyunlar
tasarlanirken olusturulan dlinyalarda dnceden belirlenen eksiklikler ve bosluklar kullanicilarin
oyunu oynarken olusturulmus hikayelerle daha yodun bir etkilesime gec¢melerine yardimci
olmaktadir. Bu sebeple oyunlarin kullanici etkilesimi odakl tasarlanmasi bitiin yapisal bitunlagin
icerisindeki en 6nemli faktor olmaktadir.

Kullaniciyla etkilesime gecen bir oyunun bir ya da birden fazla amaci olmasi gerekmektedir. Rekabetgi
ya da yaratici unsurlar iceren oyunlarin bile bir amaci bulunmaktadir. Salen ve Zimmerman, Rules of
Play kitabinda bir oyunun olgulebilir bir sonucu olmasinin sart oldugunu belirtmektedir (Salen ve
Zimmerman, 2003, 80). Bu tanim kisitlayici oldugu kadar, ginimuz oyunlariigin gecerliligini yitirmistir.
Ornek olarak katilimcilarin her birisine farkh renklerde birer boya kalemi verilen ve belirli bir siire
icerisinde anlatilan bir sahnenin ¢iziminin yapilmasinin istendigi bir etkinlik diisiindigiimizde bunun
acikca bir oyun oldugunu anlayabiliriz. Kurallari ve hedefi bulunmaktadir, rol yapmayi ve Gretmeyi
icermektedir ve sonuclar katilimcilarin kararlarina gore degismektedir. Bu tip bir durumda sonug
Olcllebilir olmamaktadir. Baska bir 6rnek olarak Will Wright'in Maxis ve Electronic Arts ile birlikte
gelistirdigi Sim City oyunu verilebilir. Bu oyunda kullanicinin amaci bir sehrin belediye baskani olarak
sifirdan bir yerlesim yeri olusturup ekonomik olarak iflas etmeden onu yénetmektir ve oyunu oynayan
kullanici iflas etmedigi stirece oyun bir sonuca ulasmadan siresiz olarak devam eder. Glnimiizde
kullanicilarin etkilesime gectikleri oyun icerisinde olusturulmus sistem Uzerinde bir basari elde
ettikleri stirece oyunun amacinin bir sona ulagsmasina gerek duyulmamaktadir. Space Invaders ve
Breakout gibi erken dénem konsol oyunlarinin ¢cogu, oyunculara ulasilamaz hedefler vermekteydi
(Adams, 2010, 6, 7).

Bir oyunun GUI tasarimi, diger program tirlerinin cogundan daha karmasik bir yapisal bitiinlik
icermektedir. Cogu bilgisayar programi araglardir, bu nedenle tasarlanan arayuzleri kullanicinin veri
girmesine, siirecleri kontrol etmesine ve sonuclar gérmesine izin vermektedir. Ote yandan bir video
oyunu eglendirmek amaciyla tasarlanmis oldugundan GUI tasariminin 6grenmesi ve kullanmasi kolay
olsa bile, oyuncuya oyun icinde olan gerceklesen her veriyi aktarmaz ve kullaniciya oyun icerigi ile
ilgili her kontroli saglamamaktadir. Hikaye, karakter kontrolii ve oyuncu arasinda bir kdprii gorevi
Ustlenmektedir. Oyunu oynayan kullaniclya, etkilesime gecilen hikayeyi tamamlamasi bir yardimci
deneyimi sunar (Adams, 2010, 201).

Quintans Ul tasariminin glinimuz video oyun kullanicilari icin ne anlama geldigini s6yle aciklamistir;
“Neredeyse her sey kelimenin tam anlamiyla bir tik uzagmnizdadir. Karakter gelisiminize bakmak
istiyorsaniz karakter penceresini tiklamalisiniz. Bir esyayi karakterinize eklemek istiyorsaniz, o esyayi
karakterin 6n izlemesinin Gzerine suriklersiniz. Arayiiz hizl ve erisilebilirdir ve diinyadaki hemen hemen
her tiir 6genin benzersiz bir envanter simgesi vardir, bu nedenle bir esyanizi bulmak icin dizenli ve
Olceklenebilir olan envanterinize yarim saniye bakmaniz yeterlidir” (Quintans, 2013).

GlnlUmuzde video oyunlarinin anlati 6gesinin tim kitleler tarafindan kabul edilmis genel bir tanimi
bulunmamaktadir. Akademik calismalarda geleneksel anlati tarzlarinin ontolojik ve fenomenolojik
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farkhhklari konu alinmistir ve bu sebeple anlatimbilimin tanimsal yapisi karmagsiklagmistir. Bu noktada,
bir arastirmacinin deneyimi, baska bir arastirmacinin anlatisi ve bir tasarimcinin Urettigi diizey tasarimi
da bir kullanicinin anlatisi olarak tanimlanabilmektedir. Bu kesin olmayan zemin tizerinden oyunlardaki
anlati; hikayenin olay 6rgiist, kullanilan sesler ve mizik, yaratilan atmosfer, karakterlerin diyaloglari,
oyunu oynayan kullanicinin yapacagi secimler ve oynanis yapisindan olusmaktadir diyebiliriz. Anlati bir
oyunun genel butinligunid olusturmaktadir ve kullanicinin, etkilesime girdigi bu oyunun hikayesinin
bir parcasi olarak ait hissetmesini saglamaktadir (Koenitz, 2018, 1-2). Video oyunlari sunduklari hikayeler
ile oyunu oynayan kullanicilarin eglence amaclarini karsilamaktadir ve anlati tasarimi bir eglence unsuru
olarak bu oyun tasarimlarinin en 6nemli araglardan birisi olmaktadir. Kimi zaman kullanicilar oyunlarda
yer alan hikayelerin kurallarini uygularken bu hikayeler ile buttinlesmekte sikintilar yasayabilirler. Bunun
olmamasi icin oyun tasariminin ve anlati tasariminin sorunsuz bir sekilde butiinlesmesi gerekmektedir
(Adams, 2010, 22).

Klasik anlatida bir neden-sonug iliskisi iceren hikaye anlatimi aktardigi gerceklerin kronolojik bir
koleksiyonu olarak tanimlanabilir. Bir hikayede sunulan gercekler kontrollii olarak carpitilir, degistirilir
ya da kendi diinyasinin gercekliginde nesnellikten uzakta tutulur. Oyun ve film tasarimlarinda
gerceklestirilen kurgu ¢alismalarn bu yalan olmayan gercekler temasi lizerine tasarlanmaktadir. Oyun
tasarimcilari, oyuncular ve oyun teorisyenleri bir oyun icerisine yerlestirilen hikayenin nasil olmasi
gerektigi, oyuna ve oyunun akisina gercekten hizmet edip etmedigi, hikayenin nasil calismasi gerektigi
gibi konularda uzun yillar tartismiglardir. Rol yapma oyunlari, aksiyon ve macera oyunlari gibi oyunlarin
kesinlikle bir hikaye akisi icerisinde olmasi gerekmektedir. Pek cok oyuncu oynadiklari oyunun kaliteli bir
oynanisinin olmasinin yani sira iyi bir hikayesinin de olmasini istemektedir. Tek bir hikayenin etkilesime
gecilen oyunu daha iyi bir yere tasiyip tasimadigini ve aktarilmak istenilen tecriibeyi tam olarak temsil
edip etmedigi o hikayenin ne kadar zengin ve derin olmasiyla iliskilidir. Adams, kullanicilara sunulacak
olan bir oyuna hikaye entegre etmek icin dort temel neden oldugunu savunmaktadir. Bunlar su sekilde
siralanmaktadir;

1. Hikayeler, bir oyunun sundugu eglenceye 6nemli dlctide katkida bulunabilir.
2. Hikayeler daha genis bir kitleyi cekmektedir.

3. Hikayeler, oyuncularin uzun oyunlarla ilgilenmesine yardimci olmaktadir.

4

. Hikayeler oyunu satmaya yardimci olmaktadir

En genis tanimiyla hikaye, gerceklesmis ya da hayal edilmis olaylar dizisinin anlatiimasidir. Bu agiklama
ile birlikte bircok kisi her oyunun kendi bir hikayesi oldugunu fark edebilir, ¢linkii tasarlanan oyunlarda
gerceklesen aksiyon hikayeden sonra gelmektedir. Bu durum teorik olarak dogruluk tasimaktadir
ancak bir oyun tasarimcisi icin kullanish bir yaklasim olamaz. Ornegin Tetris isimli oyunun hikaye
olarak tanimi, sonsuz bir tekrarin icerisinde devam oyunu oynayan kullanicinin duygusal hislerinden
bagimsiz bir sekilde oyunu oynamasi sebebiyle ilgisiz ve yetersiz olacaktir. Tasarimsal acidan anlatmasi
gereksiz olabilecek kadar kétl bir hikaye sunulacaktir. Eger hikayeler kullanicilar ile etkilesime gecen
oyunlara dahil edilecekse, bunlar gercekten etkileyici ve iyi hikayeler olarak tasarlanmaldir (Adams,
2010, 155 - 158).
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3.SONUC

insanlar, diinya dedigimiz bu gezegende var olduklari andan itibaren hem birbirleriyle hem de doga ile
iletisim kurma ihtiyaciicerisinde olmuslardir. Bu iletisim, gelisen teknoloji ile birlikte dijitallesen diinyada
fiziksel ve grafiksel araylz tasarimlariyla butiinleserek giinimiz insanlari icin kullanici deneyimleri
sunan bir etkilesim unsurlarina déniismustiir. Kitlesel bilgisayarlarin yayillmasi ve CD-ROM teknolojisinin
devaminda dijital oyun platformlariyla birlikte sinirsiz data alani kullanimi beraberinde oyun sektoriini
bugiin gelistigi noktaya tasimistir. Hayatlarindaki hemen hemen her seyi dijital araylzler ile kontrol
etmeye ve sirekli yeni Urlinlerle etkilesim icerisinde olmaya alisan insanlarin tek bir yon tasiyan
gorsel calismalara olan ilgisi azalmaktadir. 1980’lerde adini duyuran tim devinimli video oyunlarinin
glinimuzde bu kadar yayginlasmasinin bir sebebi de budur. Kullanicilar artik tek yonlu ¢alismalar ve
hazir sunulan Uretimler yerine kendi tercihlerini yapabildikleri uzun soluklu maceralarin arayigsindadir.
Glnumizde oyun ve sinemanin birlestigi bu alanda insanlar, pasif birer izleyici olmak yerine, aktif birer
kullanici olmayi beklemektedirler.
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Abstract

Financial failure has been seen as the most critical threat to companies, investors and lenders for many
years. With the impact of globalization in recent years, as well as the reflection of technological advanc-

es and financial conditions, it is seen that national and international sectors are rapidly differentiating
and progressing. This difference and progress brings to the forefront the prediction of financial failures,
mostly for companies. In this study, the concept of financial failure, types of financial failure, measures
that can be taken to prevent financial failure, methods used to predict financial failure, financial technol-
ogy, financial technology process, financial technology players and Borsa Istanbul concepts are explained

conceptually.

In the study, it is aimed to predict the failures of companies with financial data using logistic regression
method. Ratios were created by collecting data from 27 technology companies traded in Borsa Istanbul.
Unsuccessful companies were identified with 2021 data and financial data for the last three years. The
data of the companies were primarily created according to 3-month periods, but as only the annual data
of some companies for the years 2018 and 2019 could be accessed, it was decided to use annual data. The
ratios determined for the years 2018, 2019 and 2020 were used as independent variables. When the ratios
with missing data were removed, analysis was performed with 60 different ratios. Fixed Assets/Tangible
Equity, Net Debt/EBITDA(Annual) and Total Debt/Equity ratios in predicting the financial failure of com-
panies 3 years in advance, EBITDA/Growth (Annual) and Short Term Debt/Total Debt ratios in predicting
2 years in advance and 1 year in advance, Return on Equity/ROE and Short Term Debt/Growth ratios were
found to be successful..

Keywords: Financial Failure, Causes of Financial Failure, Financial Technology, Borsa istanbul
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BORSA iSTANBUL'DA FAALIYET GOSTEREN TEKNOLOJi SIRKETLERINDE LOJiSTiK REGRESYON
MODELI iLE FINANSAL BASARISIZLIK TAHMINLEMESi

Ozet

Finansal basarisizlik, uzun senelerdir sirketler, yatinmcilar ve kredi verenler bakimindan en kritik tehdit olarak
gorilmektedir. Kiiresellesmenin son yillardaki etkisiyle, teknolojik ilerlemelerin ve finansal kosullarin da yansi-
masityla ulusal ve uluslararasi sektorlerin hizla farklilasmakta ve ilerlemekte oldugu gorilmektedir. Bu farklihk
ve ilerleme, daha cok sirketler bakimindan, finansal basarisizliklari tahmin etmeyi 6n plana ¢ikarmaktadir. Bu
calismada finansal basarisizlik kavrami, finansal basarisizlik ¢esitleri, finansal basarisizligin 6nlenmesi konusun-
da alinabilecek tedbirler, finansal basarisizhigin tahmininde kullanilan yéntemler, finansal teknoloji, finansal
teknoloji siireci, finansal teknoloji oyuncular ve Borsa istanbul kavramlari kavramsal olarak anlatilmistir.

Galismada finansal veriler ile sirketlerin basarisizliklarinin lojistik regresyon yontemi ile tahmin edilmesi
amaclanmstir. Borsa istanbul'da islem géren 27 adet teknolaji sirketine ait veriler toplanarak rasyolar olus-
turulmustur. 2021 verileri ve son g yildaki finansal veriler ile basarisiz sirketler belirlenmistir. Sirketlere ait
veriler dncelikle3 aylik donemlere gore olusturulmus fakat bazi sirketlerin 2018 ve 2019 yillarina ait sadece
yillik verilerine ulasilabilmesi sonucunda yillik veriler kullanilmasina karar verilmistir. 2018, 2019 ve 2020
yillarina ait belirlenen rasyolar bagimsiz degisken olarak kullanilmistir. Eksik verilerin bulundugu rasyolar
cikarildiginda 60 farkl rasyo ile analiz yapilmistir. Sirketlerin finansal basarisizliginin énceden tahmin edil-
mesinde 3 yil nceden tahmin etmede Duran Varliklar/Maddi Ozkaynak, Net Bor¢/FAVOK(Yillik) ve Toplam
Bor¢/Ozsermaye rasyolari, 2 yil énceden tahmin etmede FAVOK/Biiyiime (Yillik) ve Kisa Vade Bor¢/Toplam
Borg rasyolari ve 1 yil énceden tahmin etmede Ozsermaye Karliligi/ROE ve Kisa Vade Bor¢/Bliyiime rasyola-

rinin basarili oldugu sonucu ortaya ¢ikmistir.

Anahtar kelimeler: Finansal Basarisizlik, Finansal Basarisizigin Nedenleri, Finansal Teknoloji, Borsa istanbul

1.INTRODUCTION

Finansal sinirlarin globallesme ile kalkmasi, sirketleri 6ngériilemez bir ortama tasimis ve sirketlerin bu
sartlarda sektordeki mevcudiyetlerini stirdlirebilmek adina gereken secimleri yerinde yapamamalarina
sebep olmustur. Belirsizlik siirecinde makul karar veremeyen sirketler, finansal sorumluluklarini
karsilamada sikintiya girmekte ve kékeninde ekonomik problem ve iflas giderleri olan finansal basarisizlik
ile yliz ylize kalmaktadirlar.

2. FINANSAL BASARISIZLIK

Weitzel & Jonsson (1989)'a gore basarisizlik, sirketin ¢evresine uyumlanamamasi, ¢okus, durgunluk,
kiiculme, orgutsel olumlulik, iflas, sirket eylemlerinin sona erdirilmesi, kapanma ve bunun gibi
tanimlarla agiklanmaktadir. Basarisizlik, sirketin bulundugu ortamdan biitiiniiyle kopmasi ile olabilecegi
gibi, var oldugu konumdan geriye gitmesine de neden olabilir.

Genel itibari ile vadesi gelmis olan borcu 6deme gigligiu anlamini tagiyan bu terim, operasyonel
anlami bakimindan ise bono temerriidii ve iflas olarak iki temel hususa dikkat cekmektedir. Farkli bir
sOylem ile bir isletmenin git gide iflasin esigine siiriklenmesi, tasfiye edilmesi ve farkl ¢esit bir yol ile
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isletmeye kayyum atanmasi veya bosaltiimasi olarak vuku bulan bu slirecin beraberinde 6nemli zararlar
getirecedi asikardir. Bu nedenle finansal basarisizhigin tahmin edilmesi ve engellenmesi iflasta var olan
yuksek maliyetin engellenmesini saglamak tizere analiz edilmesi olduk¢a 6nemli bir husustur (CollG vd.,
2020: 226). Bir sirketin finansal yonden basarisiz oldugunun séylenebilmesi icin cok sayida ayri isaret
bulunmaktadir. Bu isaretlere 6rnek olarak asagida siralanmis olan maddeler gosterebilir (Selimoglu ve
Orhan, 2015: 24-25):

e iflas Etme,

e Borclarin 6denmesi noktasinda zorluk ¢ekilmesi,
e Sermayenin %50'sinin kaybedilmis olmasi,

o Sirket varliklarinin %10’unun kaybedilmis olmasi,
o Uc sene arka arkaya zarar beyan edilmis olmasi,
e Uretimin durdurulmasi,

e Borglarin varlik toplamini gegmesi.

Bagci ve Saglam (2020, 151), yayinladiklari makalede isletmelerin finansal basarisizliga ugrama sebepleri
olarak yukaridaki maddelere bir basamak daha eklemislerdir. “Sermayenin %50'sinin zarar edilmis
olmasi” maddesi de finansal basarisizlik nedenlerinden biridir.

2.1. Finansal basarisizlik cesitleri

Sirketlerde basarisizlik cesitli tiirlerde meydana gelebilir. Basarisizlik; gegici sebeplerle ekonomik
sorumluluklarin saglanamamasindan, sirket varliklarinin tasfiyesiyle iflasa neden olabilecek kadar kritik
sonuclarin meydana gelebilecegi bir asamayi temsil eder. Cok cesitli isaretleri iceren finansal basarisizlik
kapsaml bir faktérdir Finansal basarisizlik kavrami “Financial Distress” seklinde ingilizce olarak
ifade edilen ve Beaver (1966)'ya gore; isletmelerin finansal sorumluklarini karsilayamamasi seklinde
aciklanmistir. Diger bir deyisle; isletmenin bor¢larini 6deyememesi durumudur. Brigham ve Gapenski
(1999)'a gore finansal basarisizlik cesitleri; ekonomik basarisizlik, is yasamindaki basarisizlik, teknik
yetersizlik, negatif net degerde olma ve iflas seklinde aciga ¢ikmaktadir. iflasi da kapsayan finansal
basarisizhigin kavramsal cercevedeki yeri ¢esitli arastirmalarda bulunan aciklamalari icermektedir (Bagci
ve Saglam, 2020: 152).

2.1.1. Teknik basarisizlik

Yildiz (1999)'a gére Uretimin sonlanmis olmasi, borclarnin ileri bir tarihe ertelenmesi, ddemelerin
yapilamamasi, Uretim surecinin durdurulmasi, G¢ sene Ust Uste zarar raporu vermis olma, isletme
kurtarma kanunu uyarinca kurtarilmis olma, borg seviyesinin aktifleri ge¢gmesi, sermayenin %50'sinin
veya 2/3'Unlin yok olmasidir. Torun (2007)’ ye gore iki sene st Uiste zarar beyani vermis olma, borsada
islemlerin durdurulmasi, faaliyetlerin durmasi ve iflas etmis olmaktir.

2.1.2.iflas

Finansal problemlerle karsi karsiya kalan sonucunda iflasa giden isletmeler genel olarak bakildiginda
kisa vadeli yabanci kaynaklarinin 6denmesi konusunda nakit girislerinin yeterli olmadigi, 6zkaynak
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azhgi ve varliklarinin sorumluluklarini saglayamamasi probleminin oldugu gézlemlenmektedir (Akytiz,
2020: 23).

Bir sirketin iflas etmis olmasinin mutlak delili, mahkemelerce gosterilmektedir. Beaver ve digerlerine gére
(2010) iflas olmasi icin; 365 glin boyunca hukuki olarak iflas basvurusu yapmis olmak. Wu ve digerlerine
gore ise (2010) Bir sene icinde hukuki olarak iflas basvurusu yapmis olmaktir (Bagci ve Saglam, 2020: 152).

2.2. isletme ici Finansal Basarisizlik Nedenleri

Sirketlerde finansal problem ihtimali, sirketin kendisinden ya da ¢evresinden meydana gelebilecek
cok sayida unsurun yansimasiyla zamanla farklihga ugrayabilmektedir. Faaliyet gosterilen piyasanin
asil nitelikleri, finansal problem ihtimalinin sirketler icerisindeki cesitli sekillerde meydana gelmesine
sebebiyet verebilir. isletme ici finansal basarisizlik nedenleri lic baslik altinda toplanabilir.

2.2.1. isletme Sermayesi Yetersizligi

Sirketlerin finansal sorumluluklarini gerceklestirememesi kredi degerinin azalmasina neden olurken bu
sirketin ticari prestijinin de hasar gérmesine yol acar. Bu yonuyle sirketlerin maruz kaldigi basarisizlik
cesitleri lic basamakta degerlendirilebilir. Bunlar (Dizgil, 2018: 249-250);

+ Negatif veya az kar orani,
Sirketin teknik olarak nakit akisini yitirmesi,

isletme iflasi (6z sermeyenin negatife déniismesi) olarak ifade edilebilir.

2.2.2. Asiri Borglanma

Sirketleri asiri borglanmaya goturen en kritik sebep isletmede calisma sermayesi azligidir. Vadesi gelmis
olan sorumluluklarin yerine getirilmesi adina asiri bor¢lanma sirketlerin gidermesi gerekli olan en basit
¢ozlimlerdendir. Finansal unsurlar icerisinde sirketi bor¢lanmaya gotiiren 6nemli bir diger faktor ise,
faaliyet kaldira¢ oranindan yararlanmak istenmesidir (Nurcan, 2019: 11).

Kaldirag orani, sirketlerin borgla desteklenme ve sabit maliyetlerini saglama oranini dlciimler ve
bunun sirket karliligini ne derece etkiledigini gosterir. Sirketin kaynaklari icerisinde firmaya sabit yik
olusturan kaynaklarin mevcudiyeti finansal kaldiraca neden olmaktadir. Sirkete sabit ylk olusturan
kaynaklarin, butlin kaynaklar arasindaki orani yikseldikge, sirketin karliiginda finansal kaldirac etkisi
bulunmaktadir. Bu cizginin asilarak daha ¢ok borca girilmesi sirketin finansman giderini ve finansal
tehdidini ylikseltirken 6z sermayenin karlihgini da diisirmektedir (Nurcan, 2019: 11).

2.2.3. Yonetim Hatalan

Birtakim hususlarda sirketlerin basari gosterememelerinden yoneticiler mesul tutulmaktadir. Basari
gOsteremeyen bir idare anlayisi ve bunu devam ettiren idarecilerin sirketi basarisizliga suriklemesi
kacinilmazbirdurumdur.Buna nedenolarakise;idarecilerin egitimli olmamalari, tedbirlidavranmamalari,
dogru o6rgutlenmeme stratejileri, faaliyetler ve yanlislardan ders almamalari sirketlerde idare anlaminda
basarisizlik agciga ¢ikarmaktadir (Soba vd., 2016: 71).
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Sirketleri finansal basarisizliga gotiiren en kritik unsurlardan birisi olan idare hatalar sermaye yonetim
stirecini ve bor¢lanma tercihlerini de etkiledigi icin dikkat edilmesi gerekli olan hususlardandir. Sirket
idaresinin sermaye idaresi, alacak idaresi, alacak tahsil etme siireci, stok idaresi, yatinm tercihleri, kar
dagitim sureci gibi hususlarda yapacadi tercihler sirketi finansal anlamda basarili veya basarisiz bir
duruma gétirebilmektedir (Nurcan, 2019: 12).

2.3. isletme Disi (Cevresel-Dissal) Finansal Basarisizlik Nedenleri

isletme disi unsurlari teskil eden faktorler; “ekonomik cevre, hukuki cevre, toplumsal cevre ve dogal cevre”
dir. Sirketlerin ekonomik olarak basar gosterememe nedenleri: sermaye eylemlerinde meydana gelen
hizli ilerlemeler, issizlik, doviz kurlarindaki dalgalanmalar, enflasyon, finansal krizler, ekonomik resesyon,
sirketler arasi yansin fazlalasmasi seklinde ifade edilebilmektedir. iktisadi olarak meydana gelen ilerlemeler
sirketin basari ytizdesinin farklilikicermesine imkan vermektedir. Bu sebeple idarecilerin sirket disi unsurlari
izleyerek taktiklerini buna gore olusturmalari gereklidir (Bagci ve Saglam, 2020: 153). Sirket disi finansal
basarisizlik nedenleri icerisinde makroekonomik ve sosyo-ekonomik etkenler, siyasi ve hukuki etkenler,
sosyal-cevresel etkenler ve teknolojik etkenler olarak dort baslik altinda degerlendirilmistir.

2.3.1. Makroekeonomik ve Sosyo-Ekonomik Etkenler

Ekonomide meydana gelen krizler ve hiikumetlerin bunlara yonelik olarak gergeklestirdigi politikalar,
yuksek faizler ve almis oldugu tedbirler talep oranina etki ederek sirketleri finansal basarisizliklara ve
sonucunda da iflasa uzanan bir slirece gétiirmektedir. Bu da ayni zamanda s6z konusu llkede issizligin
ylikselmesine ve Uretim oraninin azalmasina sebebiyet vermektedir. Finansal durgunlugun sirmesi
ile enflasyonun 6niline gecmek icin gerceklestirilen kredi ve siki para politikalar sirketleri finansal
basarisizliga gotiren temel dissal faktorler seklinde ifade edilmektedir (Nurcan, 2019: 14).

Sirketlerin kazanmis olduklari karlarin, harcamis olduklari sermayeden esasen giderlerinden daha diisiik
olmasi sirketler icin ekonomik bir basarisizliktir. Bununla sirketler kimi zaman karsilasabilmektedirler.
Ancak daimi bir hal almissa cok riskli bir asamaya gecerek, sirketlerin iflas etmesine neden olabilmektedir
(Soba vd., 2016: 71).

2.3.2. Siyasi ve Hukuki Etkenler

Bir tlkedeki hukuk sistemi, 6zellikle ticari faaliyetlere dair sirket eylemlerinin diizenlenmesinde temel
hukuki zorunluluklart meydana koymaktadir. Sirketin uymasi gerekli olan hukuki mieyyideler icerisinde;
sirketin faaliyet icerisine giren iliskileri, uluslararasi iliskiler, kurulus faaliyetleri, bor¢ alacak iliskileri,
calisan ile iligkili iliskiler, sirketlerdeki idarecilerin kisi ve organizasyonlar ile alakali iligkileri, musteriler
ile alakali iligkileri ve hiikumet ile iliskili olan iliskileri yer almaktadir. Devlet politikalan sirketleri yalnizca
iktisadi olarak degil bununla beraber sirketlerin i¢ ve dis sektordeki yaris glcd, yatinmlar, toplam
talepleri noktasinda da etki etmektedir (Nurcan, 2019: 15).

2.3.3. Sosyal - Cevresel Etkenler

Sirketler toplumsal cevre ile birdir. Bu nedenle toplumun isteklerini 6ngdrerek gereksinim ve arzularini
giderebilmesi gereklidir. Halkin isteklerini 6ngoriirken gelir dizeyini, halkin kultirel yapisini, tiketim
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aliskanliklarini, adet ve ananelerini dikkate almalari ongorilerini olusturmada etkili olacaktir.
Dogal faktorlerin ne sekilde ve ne zaman meydana gelecegi belli olmayan yapisi ile sirketin finansal
basarisizligina yansiyan unsurlardandir. Kuraklik, depremler, don, sel felaketi, toprak kaymasi gibi olaylar
dogal icerikli durumlara 6rnek olabilir. Bu durumlar ile iliskili olarak sirketler dnlem almadiklari stirece
finansal basarisizlik ile yiiz yiize kalirlar (Bagci ve Saglam, 2020: 153-154).

2.3.4.Teknolojik Etkenler

Sirketler teknolojik gelismelerden etkilenmekte ve cogunlukla da teknolojiyi satin almaya
yonelmektedirler. Bu durum ise sirketleri disa bagh yapar ve daimi olarak ilerleyen teknoloji siirecinde ise
makinelerin eskimesi ¢cok olagan bir durumdur. Bu tehditler ve risklerden dolayi kiiclik ve az sermayeye
sahip sirketler icin AR-GE faaliyetleri oldukca buyik bir yik olmaktadir. Bu yiikii gégiisleyemeyen
sirketler rakipleriyle yarisirken problem yasayip ardindan iflasa striiklenmektedirler (Soba, 2016: 71-72).

2.4. Finansal Basarisizligin Tahmininde Kullanilan Yontemler

Finansal basarisizhgin tahmininde kullanilan yontemler temel olarak iki gruba ayrilabilir. Bunlardan birisi
tek degiskenli digeri ise cok degiskenli istatiksel yontemlerdir.

2.4.1.Tek Degiskenli istatiksel Yontemler

Finansal basarisizligin dngorilmesinde tek dediskenli istatistiki modeller, ilk adimda aciga ¢ikan
model olmasi itibari ile blylk 6nem tasimaktadir. Tek degiskenli analiz yontemleri, 1900'1U senelerin
basindan itibaren finansal basarisizligin 6ngorilmesinde tercih edilmistir. Formel olarak isletmelerin
risk derecelendirmeleri 1909 yilinda Moody’s in ve akabinde Standard&Poor’s sirketinin kurulmasi ile
olusturulmustur. Tek degiskenli faaliyetlerin en kritik drnegi Beaver'in gerceklestirdigi calisma olarak
ifade edilmektedir. Beaver, bahsi gecen bu calismada 1954-1964 seneleri icerisinde faaliyete ge¢mis 79
basarili sirket ile ve 79 basarisiz sirketi eslestirerek bu sirketlerin basarisiz olduklari sonra 5 sene geriye
giderek finansal tablo sonuclarina ulasmistir. Beaver tercih ettigi 30 finansal orani asagidaki ifade edilen
alti asil baslik altina toplamistir (S6ylemez, 2018: 64):

« Nakit Akim Oranlari
Karhlk Oranlari
Bor¢/Toplam Varlik Oranlari
Likit Varliklar/Toplam Varliklar Oranlan
«  Likit Varliklar/Cari Bor¢lar Oranlari

« Devir Hizlar

Tamari (1966) yalnizca finansal oranlar ile gerceklestirilen basarisizlik dngoérisinin yeterli olmadigini
dusinerek Risk Endeks Modelini olusturmustur. Tamari, sirketlerin finansal stirecine en fazla etki eden 6
varyasyon olusturulduktan sonra bu varyasyonlar 6nem diizeyine gére endeks puani olusturmustur. Bu
endekslerin dereceleri asagidaki gibidir (Nurcan, 2019: 25):
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Tablo 1. Tamari'nin (1966) Risk Endeks Modeli

Ozkaynak Sermaye + Yedekler / Toplam Borglar %25
Kar Egilimi %25
Cari Oran %20
Uretim / Envanter Degeri %10
Satiglar / Alacaklar %10
Uretim /Calisma Sermayesi %10
Toplam 100

Bu endekste finansal olarak en basarili sirkete 100 tam puan verilmektedir. Arastirma sonuclarina
gore 30 puan ve altinda alan isletmelerin %50'si finansal olarak basarisizliga ugramistir (Séylemez,
2018: 65).

2.4.2. Cok Degiskenli istatiksel Yontemler

Tek boyutlu modellerin yeterli olamamasi ile cok degiskenli modellerin tercih edilmesi daha saglam
ciktilar saglayacaktir. Buna ek olarak ¢cok boyutlu modeller daha net ciktilar verecektir.

Cok degiskenli diskiriminant analizi modeli

Diskriminant analizi, izerinden 6l¢iim alinan bir birimin sonlu sayida bilinen farkl kitlelerden birine
atanmasini gerceklestiren istatistiksel bir teknik olarak tanimlanir” Diskriminant analizinde, cogunlukla
dogrusal fonksiyon ile finans problemleri Gizerine ¢alisilmaktadir. Dogrusal fonksiyon ise asagidaki gibi
aciklanabilir (S6ylemez, 2018: 66):

Z=PB0+PIXT+P2X2+............ +BmXm (1)

Bu denklemde;
Xj = bagimsiz degisken (finansal oranlar),
Bj = diskriminant fonksiyonunun katsayisi,

Z = diskriminant degeridir.

Cok Degiskenli Regresyon Modeli

Finansal modeller, cogunlukla birden ¢ok nedenin sonucudurlar. Oldukca fazla oranda varyasyon
birleserek bir diger faktore etki edebilmektedirler. Bununla birlikte bu varyasyonlar kendi iclerinde
de birbirlerine etki edebilmektedir. Bu nedenle, bu tarz birden ¢ok varyasyonun tercih edilmesi
gereken durumlarda tekli regresyon analizi olagan olmamaktadir. Birden ¢ok badimsiz degisken
ile gerceklestirilen regresyon analizine “coklu regresyon analizi (multiple regression analysis)”
denilmektedir (Glingor, 2019: 52-53).

Bu yontem her girdi icin bir puan 6ngérilmesine dayali diskriminant fonksiyonunu olusturur. Bu puana
gore girdiler iki ana sinifa ayrilmaktadir ve bunlardan ilki basarili sirketler digeri ise basari gosteremeyen
sirketlerdir. Modelin temel formu asagidaki esitlikte gosterildigi gibidir (Aksoy, 2018: 26):
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Z=RO+B1X1j+B2X2j+...BnXn;j 2)

Bi(i=1,2,...,n) =diskriminant agirlik katsayilar
[B0=Sabit terim

Xi(i=1,2,...,n) = bagimsiz degiskenler

Logit ve Probit Modeli

Dogrusal bir olasilik fonksiyonu olan ¢ok degiskenli diskriminant ve regresyon analizlerinin degiskenlerinin
hesaplanmasinin ardindan, bagimli degisken degerinin 0-1 araliginin disina tasma olasilhig bir problem
seklinde agiga ¢ikmaktadir. Z degerinin, bagimsiz degisken veya degiskenlerin alacagi deger ne olursa
olsun 0-1 araliginda olmasi, birikimli bir olasilik fonksiyonunun kullanilmasi ile mimkiindir. Logit modeli,
birikimli bir olasilik fonksiyonu oldugu icin, meydana gelme olasiligi dahilinde problemin ¢6ziimiinde
secilebilecek bir model seklinde karsimiza ¢ikmaktadir (Glingér, 2019: 53).

3. MENKUL KIYMET BORSALARI VE BORSA iSTANBUL

Menkul kiymet borsalarinda alim satim gerceklestiren kisiler kar saglamak isterler. Kar amaci, daha
cok menkul kiymet piyasalarinin kdkenini meydana getiren hisse senetleri faaliyetlerinde hakim
olan bir faktordir. Yatinmina temettl almak icin hisse senedi alan kisi veya yatirnmini daha fazla
bir rakamla satarak sermaye saglamak icin faaliyete gecmektedir. insanlarin bu siirecte alim satim
tercihlerinin ortak bir siire¢ arz etmesi akabinde sektoriin genel meyli meydana gelir. Borsalar icinde
olduklari uluslarin politik ve finansal yapilarinin kritik bir barometresidir. Var olduklari uluslarin
finansal ve politik siirecinden etkilenirler. IMKB de isletmelere finansman olusturmak ve yatirimcilara
yeni bir ara¢ saglamak maksadiyla olusturulmus bir borsadir. Menkul kiymetlerin alim ve satimi
gerceklestiriimektedir. Kendine has kurallari ve denetim mekanizmasi olan bir organizasyondur
(Gondur ve Evlimoglu, 2007: 2).

Borsa piyasalarinda alici ve satici konumunda bulunan kisiler cogunlukla komisyoncularin aracilik
etmesiyle karsilasirlar. Satici konumunda bulunan kisinin arzi bu karsilagsmada alicinin istedi ile fiyat
belirlenir. Anlik stireclerde farkhlik gosteren dengesine gore rakamlar da dalgalanma gosterir. Ayri ayri
her borsanin kendine has prensipleri ve ilkeleri bulunmaktadir. Bununla birlikte borsalarda bir diizen
saglayici ve kontrol olusturan organizasyonlar bulunur. Tiirkiye'de Borsa istanbul, bir anonim sirket
olarak kendi yonetim kurulunun almis oldugu hikimler ile idare edilir. Bununla birlikte 6/12/2012
tarihli ve 6362 sayili Sermaye Piyasasi Kanunu ilkeleri ekseninde Sermaye Piyasasi Kurulunca kontrol
edilir (Giindogdu, 2015).

Sonradan degistirilen ismiyle Borsa istanbul (BIST) eski ismiyle de istanbul Menkul Kiymetler Borsasi
(iIMKB) isminden de anlasildigi lizere esasen bir menkul kiymet borsasidir. Borsa istanbul (BIST); “hisse
senetleri, hazine bonolari ve devlet tahvilleri, gelir ortakligi sertifikalari, 6zel sektor tahvilleri, yabanci
menkul kiymetler, gayrimenkul sertifikalari ve uluslararasi menkul kiymetlerin alim ve satiminin
yapilmasini saglamak amaciyla 26 Aralik 1985 giini kurulmus olup, 3 Ocak 1986 yilinda faaliyete
baslamistir”. Turkiye'de var olan tek menkul kiymetler borsasidir (Condur, ve Evlimoglu, 2007:4).
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4. ARASTIRMA YONTEMI

Bu calismada, 2018-2021 déneminde Borsa istanbul'da islem géren 27 Teknoloji firmasinin belirlenen
rasyolari kullanilarak Lojistik regresyon analizi yapilmistir. Lojistik regresyon teknidi, olasilik ve olasiliklar
orani (odds) kavramlarina dayanir. Olasilik, belirli bir tipteki sonug sayisinin ortaya ¢ikabilecek toplam
sonuc sayisina oranidir. Lojistik regresyonda olasiliklar orani, bir olayin gerceklesme olasiliginin
gerceklesmeme olasiligina orani olarak tanimlanir (Mertler vd., 2021: 134). SPSS 23.0 paket programi
yardimiyla Binary Logistic Regression analiz teknigi tercih edilmistir. Bu analizde bagimli degiskenin
iki degiskenli olmasi gerekmektedir (Tranmer & Elliot, 2008: 4). Bu kapsamda sirketler 6ncelikle
finansal acidan basarili veya basarisiz seklinde kodlanmistir. Bir sirketin finansal agidan basarisiz olarak
siniflandinimasi icin kullanilan 8lciitler sunlardir; son (¢ yilinda sirketin zarar aciklamasi, BiST'te islem
sirasinin kalici olarak kapatilmasi, isletmenin ézkaynaklarinin negatif degerde olmasi, isletmenin BIST
goOzalti piyasasina alinmasi, faaliyetlerini durdurmus olmasi ve iflasini agiklamis olmasi. Bu kriterlerden
herhangi birine uyan sirket, basarisiz olarak siniflandiriimistir.

Lojistik regresyonda modelin anlamliligi icin omnibus testi yapilmaktadir. Bu testte asagidaki hipotezler
olusturulur:

H,: Block 1 ile Block 0 arasinda anlamli bir fark yoktur.

H,: Block 1 ile Block 0 arasinda anlamli bir fark vardir.

Sig <0,05ise H, reddedilir ve modelin daha iyi oldugu sonucuna ulasilir. Daha sonramodelin anlamliigina
dair Cox & Snell ve Nagelkerke R? degerlerine bakilir. Cox & Snell R? ve Nagelkerke R2 degerleri, model
tarafindan bagiml degiskende aciklanan varyansin iki farkli yoldan kestirilmesini temsil eder ve ¢oklu
regresyondaki R? ile benzer sekilde yorumlanir (Field, 2005). Bir diger anlatimla her iki deger de lojistik
model tarafindan aciklanan varyans miktarini gosterir ve 1.00 mikemmel model uyumunu ifade eder.
Dolayisiyla daha buyuk degerler, daha iyi model uyumuna karsilik gelir (Hair ve ark., 2006).

Model uyumu igin ayrica Hosmer ve Lemeshow testi yapilmistir. Ki-kare uyum iyiligi testi olarak da
anilan test, lojistik regresyon modelinin bir biitiin olarak uyumunu degerlendirir. Ozellikle yordayic
degiskenlerin sirekli degiskenler oldugu durumda ya da kiiglik 6rneklemlerle calisildigi durumda,
geleneksel ki-kare testinden ¢ok daha gugcliidir. Bu anlamda da geleneksel ki-kare yontemi ile
hesaplanan Omnibus Testi'nin daha gliclii bir alternatifidir. Bu teste iliskin sonucun anlamli olmamasi
(p>.05), model-veri uyumunun yeterli diizeyde oldugunu gosterir. Bir diger deyisle, gézlenen ve model
tarafindan kestirilen degerler arasinda anlamli fark yoktur; model tahminleri, gdzlenen durumdan farkli
degildir (Garson, 2008). Su hipotezler olusturulmustur:

H,: Tahmin edilen degerler ile gézlenen degerler arasinda anlamli bir farklilik yoktur.
H,: Tahmin edilen degerler ile gézlenen degerler arasinda anlamli bir farkllik vardr.

p >0,05 ise modelin tahminlerin gdzlemlerden farklilasmadigi sonucuna ulasilir.

Bu calismada kullanilan veriler KAP'ta yayinlanan finansal tablolardan elde edilmistir. Borsa istanbul'da
islem goren Teknoloji sirketlerinin 2018-2021 déneminde 3 aylik periyotlarla yayinladigi veriler tek
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tek incelenmistir. Bu kapsamda bagimsiz degiskenler elde edilmistir. Calismada yer alan sirketler ve
borsadaki kisaltmalari asagida tabloda verilmistir.

Tablo 2. Calismada Yer Alan Sirketler

1 |ALCTL ALCATEL LUCENT TELETAS TELEKOMUNIKASYON AS
2 |ARDYZ ARD GRUP BILi$iM TEKNOLOJILERI AS
3 |ARENA ARENA BILGISAYAR SANAY{ VE TICARET A$
4 |ARMDA |ARMADA BILGISAYAR SISTEMLERI SANAYI VE TICARET AS
5 | ASELS ASELSAN ELEKTRONIK SANAYI VE TICARET AS
6 | ATATP ATP TICARI BILGISAYAR AGI VE ELEKTRIK GUG KAYNAKLARI URETIM PAZARLAMA
VE TICARET A$
7 | DGATE DATAGATE BILGISAYAR MALZEMELERI TICARET AS
8  |DESPC DESPEC BILGISAYAR PAZARLAMA VE TICARET A$
EDATA E-DATA TEKNOLOJi PAZARLAMA A$
10 |ESCOM ESCORT TEKNOLOJI YATIRIM AS
11 |FONET FONET BILGI TEKNOLOJILERI AS
12 |INDES INDEKS BILGISAYAR SISTEMLERI MUHENDISLIK SANAYI VE TICARET A$
13 |KFEIN KAFEIN YAZILIM HIZMETLERI TICARET A$
14 |KAREL KAREL ELEKTRONIK SANAYI VE TICARET A$
15 |KRONT KRON TELEKOMUNIKASYON HiZMETLERI A$
16 |LINK LINK BILGISAYAR SISTEMLERI YAZILIMI VE DONANIMI SANAYI VE TICARET AS
17 |LOGO LOGO YAZILIM SANAYI VE TICARET AS
18 | MANAS MANAS ENERJI YONETIMI SANAYI VE TICARET AS
19 |MTRKS MATRIKS BiLGI DAGITIM HIZMETLERI AS
20 |MIATK MiA TEKNOLOJI AS
21 |MOBTL MOBILTEL ILETI$IM HiZMETLERI SANAYI VE TICARET AS
22 |NETAS NETAS TELEKOMUNIKASYON AS
23 |PAPIL PAPILON SAVUNMA TEKNOLOJI VE TICARET AS
24 |PENTA PENTA TEKNOLOJi URUNLERI DAGITIM TiICARET A$
25 |PKART PLASTIKKART AKILLI KART ILETi$iM SISTEMLERI SANAYI VE TICARET A$
26 |SMART SMARTIKS YAZILIM AS
27 | VBTYZ VBT YAZILIM A$

Kaynak: (https://www.kap.org.tr/tr/Sektorler)

Bu calismada kullanilan bagimli degisken, yukarida belirtilen kriterlere gére Borsa Istanbul'da islem
goren Teknoloji sirketlerinin finansal agidan basaril veya basarisiz olma durumudur.Kullanilan bagimsiz
degiskenler ise sz konusu sirketlerin finansal rasyolarindan olusmaktadir. Oncelikle 81 rasyo elde
edilmistir. Fakat baz sirketin analizde kullanilmasi planlanan rasyolari hesaplamada kullanilacak verileri
aciklamamasi tizerine bu veriler 60!a distrilmustir. Kullanilan bagimsiz degiskenler asagidaki tabloda
verilmistir.
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5.BULGULAR

Bu calismada, 2018-2021 déneminde Borsa istanbul'da islem géren 27 Teknoloji firmasinin belirlenen
rasyolari kullanilarak Lojistik regresyon analizi yapilmistir. Oncelikle 2018 yili verileri kullanilarak 3 yil
onceden, sonra 2019 yili verileri kullanilarak 2 yil 6nceden ve son olarak 2020 yih verileri kullanilarak 1

yil dnceden tahminleme yapilmistir.
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5.1. 3 Yil Onceden Basarisiz isletmelerin Tahmini
2018 yili verileri kullanilarak 3 yil 6nceden basarisiz isletmelerin tahmini icin SPSS 23.0 programinda
lojistik regresyon analizi kullaniimistir. Tahminleme ydntemi olarak forward-conditional yontemi

kullanilmistir.

Modelin anlamliigi icin omnibis testi yapilmistir. 4. Adimda anlamh bir p degerine ulasildigi
gorilmektedir (p<0,05).

Tablo 4. 3 YIl Onceden Tahmin icin Modelin Uyumluluk Degerleri

Omnibus Tests of Model Coefficients
Ki-kare sd Sig. -2 Log olabilirlik Cox & Snell R? Nagelkerke R?

Adim 3,679 1 19,374 19,374*

Adim 1 0,161 0,241
Model 3,679 1 12,006°
Adim 7,368 1 5,780¢

Adim 2 12,006° 0,409 0,614
Model 11,047 2 ,000¢
Adim 6,226 1 -2 Log olabilirlik

Adim 3 5,780¢ 0,561 0,841
Model 17,273 3 19,374
Adim 5,780 1 12,006°

Adim 4 0,001¢ ,666 1,000
Model 23,053 4 ,000

a. 5 iterasyon yapilmistir

b. 7 iterasyon yapilmistir

c. 9 iterasyon yapilmistir

d. 22 iterasyon yapilmistir

H,: Block 1 ile Block 0 arasinda anlamli bir fark yoktur.
H,: Block 1 ile Block 0 arasinda anlamli bir fark vardir.

4.Adimda sig <0,05 oldugu icin H  reddedelir ve modelin daha iyi oldugu sonucuna ulasilir.

Modelin anlamliligina dair Cox & Snell ve Nagelkerke R? degerlerinin cok iyi diizeyde oldugu
goriilmektedir.

Son olarak model uygunlugu icin ayrica Hosmer and Lemeshow Testi yapilmistir. Boylece tahmin edilen
degerler ve gozlenen degerler arasinda anlamh farkhlik olup olmadigi incelenmistir. Su hipotezler
olusturulmustur:

H,: Tahmin edilen degerler ile gézlenen degerler arasinda anlamli bir farklilik yoktur.
H,: Tahmin edilen degerler ile gézlenen degerler arasinda anlamli bir farkllik vardr.

p >0,05 ise modelin tahminlerin gdzlemlerden farklilasmadigi sonucuna ulasilir.
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Tablo 5. 3 Yil Onceden Tahmin icin Hosmer ve Lemeshow Testi

Adim Ki-kare sd Sig.

1 9,398 8 310
2 4,086 8 ,849
3 2,551 8 ,959
4 ,000 8 1,000

p >0,05 oldugu icin modelin tahmin edebilirligi, gercek durum ile uygunluk géstermektedir.

Daha sonra modelin test edilesine gecilmistir. Elde edilen sonuclar asagida verilmistir.

Tablo 6. 2018 Degerleri ile Olusturulan Model Ozeti

95% Guven
B SE. | Wald sd Sig. | Exp(B) araligi
Lower | Upper
Adim 1 Duran Varliklar/Maddi Ozkaynak ,001 ,001 1,486 1 ,223 1,001 ,999 1,003
Adim 2 Duran Varliklar/Maddi Ozkaynak ,004 ,002 2,938 1 ,087 1,004 999 | 1,009
im "
Toplam Bor¢/Ozsermaye ,018 ,011 3,025 1 ,082 1,018 ,998 1,040
Duran Varliklar/Maddi Ozkaynak ,009 ,007 1,592 1 ,207 1,009 ,995 1,024
Adim 3 Net Borg/FAVOK(YlIIlk) ,060 ,079 ,585 1 A44 1,062 910 1,239
im "
Toplam Bor¢/Ozsermaye ,042 ,036 1,326 1 ,250 1,043 ,971 1,119
Sabit -14,103 11,209 | 1,583 1 ,208 ,000
Tahmin Sonuglari ise asagida verilmistir.
Tablo 7. 2018 Degerleri ile Olusturulan Modelin Tahmin Sonuglar
Dogru Tahmin Yiizdesi
Basarili Basarisiz
X Basarili 16 0 100,0
Basari
Adim 1 Basarisiz 3 2 40,0
Genel yiizde 85,7
X Basarili 16 0 100,0
Basari
Adim 2 Basarisiz 2 3 60,0
Genel yizde 90,5
. Basarili 16 0 100,0
Basari
Adim 3 Basarisiz 1 4 80,0
Genel ylzde 95,2

Duran Varliklar/Maddi Ozkaynak, Net Bor¢/FAVOK(Yillik) ve Toplam Bor¢/Ozsermaye kullanildiginda
basarisizlari tahmin basarisi %80’e ylkselmistir. Bir sirketin basarisizhigini tahmin etmede asagidaki
degiskenlerin belirleyici oldugu gorilmektedir:

. Duran Varliklar/Maddi Ozkaynak
o Net Borc/FAVOK(Yillik)

. Toplam Bor¢/Ozsermaye
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5.2. 2 Y1l Onceden Basarisiz isletmelerin Tahmini

2019 yih verileri kullanilarak 2 yil énceden basarisiz isletmelerin tahmini icin yine lojistik regresyon
analizi ve tahminleme yontemi olarak da forward-conditional kullaniimistir.

Tablo 8. 2 Yil Onceden Tahmin icin Modelin Uyumluluk Degerleri

Omnibus Tests of Model Coefficients
Ki-kare sd Sig. -2 Log olabilirlik Cox & Snell R? Nagelkerke R?

Adim 3,982 1 0,046

Adim 1 19,070° 0,173 0,259
Model 3,982 1 0,046
Adim 3,556 1 0,059

Adim 2 15,515 0,302 0,453
Model 7,538 2 0,023

a. 5 iterasyon yapilmistir

b. 6 iterasyon yapilmistir

H,: Block 1 ile Block 0 arasinda anlamli bir fark yoktur.
H,: Block 1 ile Block 0 arasinda anlamli bir fark vardir.

2.Adimda sig <0,05 oldugu icin H, reddedelir ve modelin daha iyi oldugu sonucuna ulasilir.

Modelin anlamliligina dair Cox & Snell ve Nagelkerke R? degerlerinin ise kabul edilebilir diizeyde oldugu
gorilmektedir.

Son olarak model uygunlugu icin ayrica Hosmer and Lemeshow Testi yapilmistir.

Tablo 9. 2 Yil Onceden Tahmin icin Hosmer ve Lemeshow Testi

Adim Ki-kare sd Sig.
1 6,805 8 0,558
2 6,494 8 0,592

p >0,05 oldugu icin modelin tahmin edebilirligi, gercek durum ile uygunluk géstermektedir.
Daha sonra modelin test edilesine gecilmistir. Elde edilen sonuclar asagida verilmistir.

Tablo 10. 2019 Degerleri ile Olusturulan Model Ozeti

95% Gliven
B S.E. Wald sd Sig. Exp(B) arahgi
Lower | Upper
Adim 1 Kisa Vade Bor¢/Toplam Bor¢ -0,079 0,046 2,937 1 0,087 0,924 0,844 1,011
Adim 2 FAVOK/Biiytime (Yillik) 0,003 0,003 | 1,282 1 0,258 1,003 0,998 | 1,009
Kisa Vade Borg/Toplam Borg -0,104 0,058 3,232 1 0,072 0,901 0,805 1,009
Sabit 6,2 4,139 | 2,244 1 0,134 | 492,86

Tahmin Sonuclari ise asagida verilmistir.
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Tablo 11. 2019 Degerleri ile Olusturulan Modelin Tahmin Sonugclari

Dogru Tahmin Yiizdesi
Basarih Basarisiz
. Basarili 16 0 100,0
Basari
Adim 1 Basarisiz 4 1 20,0
Genel ylizde 81,0
. Basarih 16 100,0
Basari
Adim 2 Basarisiz 3 40,0
Genel ylizde 85,7

FAVOK/Biyiime (Yillik) ve Kisa Vade Bor¢/Toplam Borg kullanildiginda basarisizlari tahmin basarisi %40'a
yukselmistir. Fakat bu oran oldukca diistiktlr. Dolayisi ile 2019 yili 6zelinde yasanan kur hareketliligi ve
bazi krizler nedeniyle bu yilki verilerin tahmin gliciiniin ¢cok diisiik oldugu yorumu yapilabilir. Duslkte
olsa basarisizligi tahmin etmede asagidaki degiskenlerin belirleyici oldugu gorilmektedir:

e FAVOK/Biyiime (Yillik)
o Kisa Vade Bor¢/Toplam Borg

5.3. 1 Yil Onceden Basarisiz isletmelerin Tahmini

2020 yili verileri kullanilarak 2 yil 6nceden basarisiz isletmelerin tahmini icin yine lojistik regresyon
analizi ve tahminleme yontemi olarak da forward-conditional kullaniimistir.

Modelin anlamliigi icin omnibis testi yapilmistir. 2. Adimda anlamh bir p degerine ulasildigi
gorilmektedir (p<0,05).

Tablo 12. 1 Yil Onceden Tahmin icin Modelin Uyumluluk Degerleri

Omnibus Tests of Model Coefficients
Ki-kare sd Sig. -2 Log olabilirlik Cox & Snell R? Nagelkerke R?

Adim 6,613 1 0,01

Adim 1 12,9442 0,294 0,457
Model 6,613 1 0,01
Adim 8,667 1 0,003

Adim 2 4,277° 0,553 0,86
Model 15,279 2 0,001

a. 6 iterasyon yapilmistir

b. 12 iterasyon yapilmistir

H,: Block 1 ile Block 0 arasinda anlamli bir fark yoktur.

H,: Block 1 ile Block 0 arasinda anlamli bir fark vardir.

2.Adimda sig <0,05 oldugu icin H  reddedilir ve modelin daha iyi oldugu sonucuna ulagilir.

Modelin anlamliligina dair Cox & Snell ve Nagelkerke R? degerlerinin iyi diizeyde oldugu gorilmektedir.

Son olarak model uygunlugu icin ayrica Hosmer and Lemeshow Testi yapilmistir.
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Tablo 13. 1 Yil Onceden Tahmin icin Hosmer ve Lemeshow Testi

Adim Ki-kare sd Sig.
1 10,428 8 0,236
2 0,546 8 1

p >0,05 oldugu icin modelin tahmin edebilirligi, gercek durum ile uygunluk gostermektedir.
Daha sonra modelin test edilesine gecilmistir. Elde edilen sonuglar asagida verilmistir.

Tablo 14. 2020 Degerleri ile Olusturulan Model Ozeti

95% Gliven
B SE. | Wald | sd Sig. | Exp(B) arahg
Lower | Upper
Adim 1 Ozsermaye Karliigi/ROE -0,157 0,084 | 3,504 1 0,061 | 0855 | 0,725 | 1,007
Ozsermaye Karlihgi/ROE -0,953 1,61 0,35 1 0,554 | 0,385 | 0,016 | 9,05
Adim 2 Kisa Vade Bor¢/Blyiime 0,071 0,702 | 049 1 0484 | 1,074 0,88 1,31
Sabit 2,562 4,624 | 0,307 1 0,58 | 12,964

Tahmin Sonuglari ise asagida verilmistir.

Tablo 15. 2020 Degerleri ile Olusturulan Modelin Tahmin Sonuglari

Dogru Tahmin Yiizdesi
Basarili Basarisiz
. Basarili 14 1 93,3
Basari
Adim 1 Basarisiz 1 3 75
Genel ylzde 89,5
X Basarili 14 1 93,3
Basari
Adim 2 Basarisiz 0 4 100
Genel ylzde 94,7

Ozsermaye Karliligi/ROE ve Kisa Vade Bor¢/Biiyiime kullanildiginda basarisiz sirketlerin tahmin basarisi
%100'e yukselmistir. Bir sirketin basarisizligini tahmin etmede asagidaki degiskenlerin belirleyici oldugu
gorulmektedir:

. Ozsermaye Karliligi/ROE
o Kisa Vade Bor¢/Bliylime
6. SONUC

Finansal basarisizlik biyikligu ne olursa olsun butiin sirketlerin karsilasabilecekleri bir sirectir.
Basarisizlik kavrami cesitli anlamlara gelebilen bir durumdur. Sirketlerin genelinin basarisiz bir stirece
girmesine, kisa ve uzun vadeli sorumluluklarini yapamamasina, kredibilitesini kaybetmesine ve
sonucunda iflas etmesine kadar olan durumlari igerir. Sirketlerde basari oldugu kadar basarisizlik siireci
de normal bir stire¢ seklinde goralir.
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Galismada finansal veriler ile sirketlerin basarisizliklarinin lojistik regresyon yontemi ile tahmin edilmesi
amaclanmustir. Borsa istanbul'da islem géren 27 adet teknoloji sirketine ait veriler toplanarak rasyolar
olusturulmustur. 2021 verileri ve son (g yildaki finansal veriler ile basarisiz sirketler belirlenmistir.
Sirketlere ait veriler 6ncelikle 3 aylik donemlere gore olusturulmus fakat bazi sirketlerin 2018 ve 2019
yillarina ait sadece yillik verilerine ulasilabilmesi sonucunda yillik veriler kullanilmasina karar verilmistir.
2018, 2019 ve 2020 yillarina ait belirlenen rasyolar bagimsiz degisken olarak kullanilmistir. Eksik verilerin
bulundugu rasyolar ¢ikarildiginda 60 farkli rasyo ile analiz yapilmistir. Sirketlerin finansal basarisizhiginin
dnceden tahmin edilmesinde 3 yil 8nceden tahmin etmede Duran Varliklar/Maddi Ozkaynak, Net Bor¢/
FAVOK(Y1llik) ve Toplam Bor¢/Ozsermaye rasyolari, 2 yil énceden tahmin etmede FAVOK/Biiyiime (Yillik)
ve Kisa Vade Bor¢/Toplam Borg rasyolari ve 1 yil 6nceden tahmin etmede Ozsermaye Karlihgi/ROE ve
Kisa Vade Borg¢/Biiylime rasyolarinin basarili oldugu sonucu ortaya ¢ikmistir.
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Abstract

The aim of this study is to determine the optimal shape and clearance of the web openings in order to both
increase the carrying capacity and decrease the weight of classic perforated beams by using evolutionary
topological optimization technique. The effects of the optimal shape and web openings has been obtained
by the application of the evolutionary topological optimization through finite elements method, and then
the obtained optimal beam has been compared with widely used perforated beams in the market by using
stress and displacement analysis. The designed beam seemed to have more advantages than the widely
used ones in industry with a less weight and higher carrying capacity. With the topology optimization, the
usual classic perforated beams’ geometry has been changed and stiffness was improved.

Keywords: Optimization, Castellated Beam, Cellular Beam, Perforated Beam, Evolutionary Optimization, To-
pology Optimization, Structural Optimization

EVRIMSEL TOPOLOJIK OPTIMiZASYON YONTEMIYLE
DELIKLi KiRiSLERIN BUKULMESININ BOYUT ANALIZi

Ozet

Bu calismanin amaci, klasik delikli kiriglerin hem tagima kapasitesini artirmak hem de agirhgini azaltmak icin ag
acikliklarinin optimal seklini ve acikhigini evrimsel topolojik optimizasyon teknigi kullanarak belirlemektir. Son-
lu elemanlar yontemi ile evrimsel topolojik optimizasyonun uygulanmasiyla optimal sekil ve ag acikliklarinin
etkileri elde edilmis ve daha sonra elde edilen optimal kiris, gerilme ve yer degistirme analizi kullanilarak piya-
sada yaygin olarak kullanilan delikli kirislerle karsilastiriimistir. Bu calismada tasarlanan kiris, daha az agirlik ve
daha yuksek tagima kapasitesi ile endiistride yaygin olarak kullanilanlardan daha fazla avantaja sahip goriini-
yordu. Topoloji optimizasyonu ile alisiimis klasik delikli kirislerin geometrisi degistirildi ve sertlik iyilestirilmistir.
Anahtar Kelimeler: Optimizasyon, Petek Kiris, Bosluklu Kiris, Evrimsel Optimazasyon, Topoloji Optimzasyon,
Yapisal Optimizasyon.
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1. INTRODUCTION

The great idea of increasing the height of the I-beam by making a hole has been used for about
hundred years (Tsavdaridis vd, 2015). The aim of this is to increase the stiffness by increasing the
moment of inertia (Srimari and Das, 1978). Research on beams has mainly focused on castellated
beams which have hexagonal web openings and cellular beams circular web openings as a result of
zigzag cut (Sharifi vd 2020). The use of cellular beams instead of castellated beams in constructions
began in the early 90’s. One of the biggest reasons for this change is aesthetic concerns (Weidlich vd
2021, Knowles 1991, Redwood 1968, Kerdal and Nethercot 1984, Hosain and Spiers 1970, Ward 1990).
The most noticeable features of perforated beams are its high weight-bearing ratio and aesthetic
appearance. In addition to the increased carrying capacity, the low weight means fewer loads on the
construction being manufactured. One of the benefits of the web opened in addition to the aesthetic
beauty it adds to the building is that it increases the useful floor height as building installations pass
through these spaces.

Parent Section

Profile Cut into Parent Section

Figure 1. Perforated beam manufacturing process

Almost all the perforated beams are manufactured by cutting the standard | profile in a zigzag shape
and then welding the two equal halves of the beam by sliding them a half step relative to each other.
(Figure. 1) In order to save on cost, time and labor, this method is the most frequently used technique
in the manufacturing area. However, manufacturing of complex shapes is difficult or impossible in this
method.
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2. BEAM OPTIMIZATION

In general, there are two kinds of optimization methods. These are deterministic optimization which
cannot be based on any assumptions and probabilistic optimization which is based on probability
(Lagaros vd, 2008). In this study, optimization of evolutionary bottom topology which is involved in
probabilistic optimization has been used for solving the optimization problem. In addition, there are
three types of design-based optimizations: sizing, shape and topological. (Figure 2)

(a)

(b)

(c)

138

Figure 2. Structural optimization (a)sizing optimization (b)shape optimization, and (c)topology optimization
(Tsavdaridis vd. 2015).

The design-based optimization aims to reduce manufacturing costs, especially in mass production in
which a small decrease in the unit cost results in huge savings (Belegundu and Chandrupatla). The aim
of sizing optimization is to decrease the weight into the lowest possible value under certain limit values.
In shape optimization, on the other hand, it is aimed to increase the performance of the work piece by
modifying its shape.

In topological optimization, the designer aims to design the most suitable work piece for manufacturing
(Lagaros vd, 2006). Structural topological optimization is closely related with determining the web
opened at the designable number and location to be used in this (Xie and Steven, 1993). Topology
optimization approaches often require additional post-processing to generate a manufacturable
topology with smooth boundaries (Rostami vd, 2021)

It is possible to find numerous studies in the open literature. However, studies on the topological
optimization of the web opening and location are rather lacking. Therefore, this study fills this gap, by
applying a new structure for the first time to the beams with a higher strength and lower displacement
values than widely used beams which can be manufacturing by castellation.

One of these few studies is the evolutionary structure optimization that Lagaros at all conducted.
The purpose of this work was to optimize the design of 3D steel structures with I-section beams. The
optimization problem has been formulated as a combined sizing, shape and topology optimization
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problem.While the number and size of the web opened of the beams constitute the topology and shape
design variables respectively, the cross-sectional dimensions of the columns and beams constitute the
sizing design variables (Hosain and Spiers, 1970)

An alternative approach is the perforated beam optimization by using harmonic optimization, which
was used in one of Erdal at all studies. The design problem of perforated beam is formulated as the
optimum design problem. Harmony search and particle swarm optimization methods are used to solve
the design problem. The design algorithms based on these two techniques select the optimum region
of a cellular beam subjected to general loading to be used in producing the optimum web opened
dimension and the optimum number of holes in the cellular crossover. This choice was made as design
constraints were provided and the perforated beam was made to have the lowest weight (Erdal, Dogan
and Saka, 2011)

Then Kingman proposed a beam web opened design based on the results of topology optimization
on standard | profiles. The nonlinear finite element analysis technique is used to determine the load
carrying performance of the optimized beam compared to conventional cellular beams. The optimized
beam has been found to perform well in terms of load bearing capacities and stress intensity. The
obstacles against the implementation of the topology optimization technique for the routine design
of the beam web opened are emphasized. In detail, a parametric topology optimization study was
performed to determine the optimal opening topology for large diameter beam sections which were
found in practice. Thereafter, an optimal web opened configuration is proposed which was generalized
on the results of the parametric study. With this optimal web opened configuration, a shape optimization
study is expected to be needed to maximize the efficiency of the beams (Kingman vd, 2013)

In 2015, Travdaridis at all focused on the application of the structural topology optimization technique
to design the perforated | profile as an intervention to replace traditional castellated beams containing
the elliptical sparse and finite element model, and to better understand the related mechanisms when
subjected to bending and shearing movements. Based on the results of parametric studies, optimal
network latency configuration is recommended. A finite element analysis is used to determine the
performance of the optimized beam compared to the traditional commonly used castellated beam.
It has been found that the optimized beam exceeds load carrying capacities, deformations and tensile
strengths. The obstacles against the application of the topology optimization technique for the routine
design of the beam mesh have been emphasized (Tsavdaridis vd, 2015)

In 2017 Ciftcioglu weight optimization of steel frames with cellular beams are carried out. Besides, the
behavior of optimum structural system under external loads was investigated by use of finite element
analysis (Ciftcioglu, 2017)

In this study a new perforated beam was designed with optimum web opening geometry and
dimensions, with a higher weight-bearing ratio, and easy to manufacture with a low cost. The stress and
displacement analysis for the perforated beam were obtained as a result of this study will be conducted
in the Ansys computer software by using through finite elements method, and then the results will be
compared to the analysis results of widely used perforated beams in the market.
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3. MATERIALS AND METHOD

3.1. Materials and Dimensions

An | sectioned of St 37 steel (200x100x3000 mm) was selected as a target material. | shaped profile has
been used as the work piece in the whole work (ozcedemir, access date: 24,19.2021). Approximately 3
meter spans have been selected as the profile width. The reason for the approximation of the spans is
that slight variations are observed in the beams of different types depending on the web opened and
the shape. For example, while the spans of standard I-profile in this study is 3 meters, the spans of the
cellular beam manufactured from IPE200 is 3.156 meters.

The optimization method used in this study is the finite elements method as Sigmund and Peterson have
announced (Sigmund and Petersson). Commonly used solid isotropic material Penalization technique
has been applied as well in order to facilitate the solution of the optimization problem (Rozvavy, 2009)

3.2. Modeling of Materials

All the work pieces in this study are modeled as 3d solid with 6 DOFs, because the computer analyze
results for the work pieces modeled as 2d Shell with 3 DOFs might give inconsistent results with actual
experiments as can be seen in the Vierendeel effect example (Kerdal and Nethercot, 1984) Also buckling
phenomenon is one of the most important issues in steel members due to their slender systems. In
general, I-shaped beams under load inside the plane, are prone to local and lateral torsional buckling,
depending on the web slenderness, flange slenderness as well as overall slenderness of the beam
(Hosseinpour and Sharifi, 2021)

Finite elements method based Ansys mechanical computer software has been used in modeling the
IPE profile to which topological optimization will be applied. Creation of all the nodes and elements
which form the mesh has not been left to the software and has been done manually. For the hoods, the
elements constituting the mesh are 47.2 X 5 x 5mm. The meshing was manually done by using 5x5x5
mm elements in the body of IPE 200 profile. The reason for this being done manually is that in the
evolutionary topological optimization applied, it is necessary to know each element’s address.

In this case, 13 holes calculated by the following equation were modeled on the workpiece in order to
apply evolutionary optimization. In other words, the border value is added.

_ (L - (ntotal- 2b)> (1)

2. Nigtal

Where (L) is castellated Steel | beam span, (b) and (e) are size of hole’s parameter and (n_total) is the
number of holes on work piece.

In the comparative analysis between the optimal perforated beam obtained and the other perforated
beams used in the market, finite elements method based Ansys workbench has been used and meshing
measuring was done by automatically entering 5mm limit.
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3.3. Optimization Algorithm

The optimization algorithm used in this study is based on stress values (Eq. 2). The strength applied to
IPE 200 profile is calculated as:

“:w @

Where, I represents the moment of inertia, h/ represents the distance from center of mass to the head
surface which where the stress reaches the highest value and M represents the bending moment. Using
this equation, force is applied on the work piece to allow the yield stress to be observed.

After calculating the maximum tensile and compressive stresses for each element by using the computer,
it is required to take the absolute values of these stress measurements because it provides simplicity
while making calculations with the limit values.

o, 0't<F1AO'C< Fl

If these three statements (Eq. 3) are satisfied, the element is deleted, and the loop starts again.
Thus, the optimization problem subjected to stress constraint is defined as:
Minimize: C = q"Kq

N
Subject to Q* — Z Qix; =0 )
i-1

Where is C the mean compliance, 9 is stress vectors, K is the global stiffness matrix and Qiisthe element
stress, Q" is the endorsed total beam stress, and N is the number of total elements. In additionally, Xi
indicates binary element variable that is equal to 0 in case of absence or 1 in case of presence of an
element. The constraint functions are as shown below.

g1=Mu_Mp=0 (5)
In order to ensure the safe bending capacity of the beam, the applied moment value ((M,,)) under

load should not exceed the plastic moment ((M,,)) capacity as shown in the 91 constraint function
mentioned above.

The following 92 constraint function defines that the shear force (Vsmax)) generated on the supports
should be less than the acceptable shear force ((Fs)).
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82 = Vsmax — |Ps| <0 (6)

The 93 constraint function states that the shear force (Vomax)) calculated at the web opening should
be smaller than the allowable vertical shear force (P, ).

83 = Vomax — va <0 (7)
he 94 constraint function states that the calculated horizontal shear force (Vpmax) should be smaller

than the allowable horizontal shear force (P, ).

84 = Vhmax — 1)yh <0 (8)

The Js constraint function states that the maximum moment value (M,,) occurring in any section
should be less than the safe body moment (M4 ).

85 =My —Mpay <0 (9)

The e constraint function shows the relationship between the external force (P, ) and external moment
(M) applied to the section body, and the plastic moment capacity (M) and force capacity (P,).

P, M
ge=P—u+M—p—1so (10)

The 97 constraint function shows the relationship between the applied axial load (P,) and the applied
moment (M,,) and the axial load capacity (P, ) and moment capacity (M,,). ¢ is the reduction coefficient.

—(P“ )+( M“) 1<0; % <0.2
877 \2¢p,) " \29M,) "=V gp, = i

The following equations can be written for cellular beams, ignoring the effect of applied load and
considering the vertical stability and the rate of change of bending moment.

Vivi = Vi
Mi = Ti X (HS — ZXO)
dM M;; - M

: (H - ZXO)
Vig = ax S - = (T — T X ———

S

horizontal equilibrium is;

S

Vh=Tis1 —Ti = Vi+1H_—2X0
S
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Stress calculations were made between L3and L4, therefore the optimal eye shape corresponding to this
range will be taken as reference [26].In order to determine the equation of the curves (which form the
reference shape) by using curve fitting method, the shape is moved to the coordinate plane. The equation
of the curve which forms the shape with R 2=9642 accuracy is calculated by using MS Excel program and
then it is modeled again on the computer. (Figure 4-6) Thus the optimal castellated beam is obtained
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XXXy

Figure 6. Castellated beam with optimal eye clearance and shape

4. COMPARISON OF WIDELY USED PERFORATED BEAMS AND OPTIMUM PERFORATED BEAM

The analysis, whose results are evaluated, is as follows (Figure 7) for all perforated beams.

L

Fixed (100X100 mm)

Roller (100X100 mm)

Figure 7. Analysis experimental design model for al perforated beams.

The simplest method for castellated beam analysis is the basic bending theory which takes the reduced
web section into account when calculating the stress and deflection in beams.

The results calculated with this method may deviate significantly from the actual value due to the fact that
it neglects local twist in the T-section. Vierendeel analysis is another widely used method. In this method,
stress values due to local bending at shearing force in the T-section are also taken into consideration in
addition to the stretching values due to bending [2].In total, 3 types of castellated beams were analyzed
for this comparison. And each beam is loaded up to the limit of yield. These are the beam with a circular
web opened —cellular beams, the beam with a hexagonal web opened —castellated beams, and finally the
perforated beam with optimal web opened which we have obtained. As can be seen in the graph below,
(Figure 8) the obtained optimal beam has the lowest internal stress value among these three.

120000
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20000
0

Stress (MPa)

Max Stress
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98985
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64379

Figure 8. Von Mises stress levels for cellular, castellated and topology optimized beams at yield load
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As is known, shear fracture is a brittle fracture type which is bluntly inconvenient. For this reason, in
this study, it is aimed to develop design methods that will prevent crunching of perforated beams.
The aim of the study is to produce perforated beams that reach the bending load before the shear
strength and exhibit sufficiently ductile behavior. For this, it is thought that by changing the shape and
numbers of the web opened on the beam, the stresses can be prevented from spreading by spreading
over several holes instead of one. For both investigated beams at yield loading level, Von Mises strain
is generally more uniform in stress distribution with some high localized stress concentrations in the
beam optimized for openings due to the angles resulting from the openings. In contrast, stresses in
the cellular tends to significantly increase in support and therefore in connection. The stresses of both
investigated beams loaded at the yield limit show that the stress distribution is generally more uniform,
despite some high localized (Figure 9) stress concentrations in the optimized beam due to the angles
resulting from the openings. In contrast, stresses in the cellular tends to significantly increase in support
and therefore in connection.

When we look at the displacement values, the castellated beam with web opened has better
resistant results (Figure 10) in both vertical displacement and horizontal displacement with
Vierendeel effect.

(b)

Figure 9. Von Mises stress plots for cellular (a), castellated (b) and topology optimized beams
(c) atyield load
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The last comparison subject is economy, in other words load bearing capacity per unit weight. As clearly
seen, (Figure 11) the optimal beam has the highest economic value. Nowadays, the most important
factor is the production cost since it determines the market share.

E -
E
£ 800 H 5
g 600 E 15
§ 100 g 1
5 2 0,5
g 200 2 0
=] 0 2 -
Max Displacement a Max Displacement
M Castellated 445 H Castellated 1,37
M Cellular 706 M Cellular 1,67
m Optimal 385,89 B Optimal 1,22
Figure 10(a). Displacement occurring in the Figure 10(b). Displacement occurring in the
horizontal axis (Vierendeel effect) vertical axis
— 17200
E 17000
) 16800
‘E’ 16600
] 16400
& 16200
w 16000
= 15800
€ 15600
5 15400
S 15200
15000
Economic Factor
B Castellated 16384,19
H Cellular 15848,37
H Optimal 17158,78

Figure 11. Comparison of Perforated beams based on economic factors

5. RESULTS AND DISCUSSION

In this study, the problem of optimal sizing for perforated beams in order to have the optimal web
opened has been solved under the geometric and behavioral constraints such as where (approximately)
should the web opened be.

Evolutionary optimization algorithm among topological optimization methods has been used in order
to obtain the minimum weight of the optimization problem and the most optimal measures.
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Comparison of the results has revealed that the obtained perorated beam with optimal web opened has
performed better than other widely used beams in terms of load capacity, displacements under load
and internal stresses that occur under load.

In addition, it has been seen that the load capacity that the beam can carry per its weight has also
increased, so that it provides a better economic factor for the structures it will be used in.
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Abstract

Sentiment analysis is considered as the process to extract the overall expression, opinions, or feelings
from reviews about something such as products, services, or movies. A pre-processing is considered
as a crucial phase in sentiment analysis for text mining because it allows us to analyse the reviews
according to its intended meaning by removing all of the appendages which are the words that do
not affect the semantic from sentences. And therefore, the number of features will decrease and thus
accuracy will increase. Accordingly, we have decided to evaluate our experiment in identifying the best
influencing technique of pre-processing for several features through making a comparison between
the features and by combining them together to reach the best result based on features number for
each pre-processing technique and classification accuracy. this comparison was done by using three
algorithms for classification SVM, NB and DT after applying tools for feature selection and feature ex-
traction with three techniques for tokenization. We concluded that there are some of these techniques
that have a negative effect like lemmatization and the part of them is not due to any difference, other,

which is a little part, have an effect

Keyword: Sentiment analysis, Pre-processing Techniques, Machine Learning Approach. Feature Selection.
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FiLM DUYGU ANALIZi iCiN ON iSLEME TEKNIKLERI:
EN iYi OZELLIK SETiNi BELIRLEMEK iCiN KARSILASTIRMALI BiR CALISMA

Ozet

Duygu analizi, Uriinler, hizmetler veya filmler gibi bir sey hakkindaki incelemelerden genel ifade, gorus
veya duygulari ¢cikarma siireci olarak kabul edilir. Bir 6n isleme, metin madenciligi icin duygu analizinde ¢ok
onemli bir asama olarak kabul edilir, ¢linkli semantigi etkilemeyen kelimelerin tiim eklerini cimlelerden
cikararak yorumlaramaglanan anlamina gore analiz etmemize izin verir. Bu nedenle 6znitelik sayisi azalacak
ve dolayisiyla dogruluk artacaktir. Buna gore, her bir 6n isleme teknigi icin 6zellik numarasina dayali olarak
en iyi sonuca ulasmak, 6zellikler arasinda bir karsilastirma yaparak ve bunlari bir araya getirerek birkag 6zel-
lik icin en iyi 6n isleme teknigini belirlenilmistir. Bu karsilastirma, ti¢ tokenlestirme teknigi ile 6zellik secimi
ve ozellik ¢ikarimi icin araclar uygulandiktan sonra siniflandirma igin ¢ algoritma (SVM, NB ve DT) kulla-
nilarak yapildi. Bu tekniklerden lemmatizasyon gibi olumsuz etkisi olan bazilarinin oldugu ve bunlarin bir
kisminin herhangi bir farkliliktan kaynaklanmadigy, kiigiik bir kisminin etkisinin oldugu sonucuna varilmistir.

Anahtar Kelime: Duyarlilik analizi, On isleme Teknikleri, Makine Ogrenimi Yaklasimi. Oznitelik Secimi.

1.INTRODUCTION

Over the last period of time, sentiment analysis became the most important process in blogs and
microblogging for finding information that indicates user’s opinions about a product or a service. But
comments are not truthful all the time. According to [Boschetti vd.], the noise can reach 40 %as a total
percentage in a dataset, meaning that data does not contain any useful data for the analysis. Actually, it
is considered as an unstructured data on the Internet —especially in our case on Movies Review— which
have the most amounts of noise. User probably make mistakeson spelling and use some abbreviations
and slag. But usually it is not essential for all terms tocontain benefit or a meaning. so sometimes can be
ignored orreplaced it to get more accuracy.

There are some studies denoting the effective role of pre-processing technique that contains two
phases. The first phase is data cleansing phase which includes some tasks such as removing URL
and removing punctuation and usernames, the second phase is considered as processing phase and
sometimes is considered as transformation phase for text and this phase includes tasks like lemmatizing,
normalization, stop words removal, and stemming in order to prepare the texts which was to be
classified. pre-processing step is possible lead to weaknessin the total meaning of the sentence e.g.
more of exclamation mark(!!!!) refer to surprise or suddenly according to [1] in this case the meaning
indicate to strong emotion and during remove it is possible that it affected in the general meaning
of the sentence so the accuracy is to be reduction.

The aims in this study benchmark to collect frequent pre-processing techniques from studies have been
recover before accordingly (Symeonidis, Efffrosynidis and Arampatzis) and compare some steps of pre-
processing with others and concatenate them together to examine them to test and find their influence
on the number of features and test the accuracy of sentiment classification to reach the best way to get
the least number of feature and the highest accuracy. We performed our experiment by different steps
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involving feature extraction, feature selection and classification. Feature selection depends on a bag
of word that were tokenized with three different types of split technique such as bigram, unigram and
trigram in which term frequency and inversed document frequency (tf*idf) methods are being used, as
a way to convert each document to avector that contains the weight for each feature in the document.
The selected features are chosen according to the most used features in domain for Information
Retrieval.

Feature extraction contain three category which are: filter, wrapper, and embedded methods based on
(Parlar and Ozel) we apply Filter methods depending on statistical measures such as Chi square .

The final step of sentiment analysis text classification to determine the polarities of the reviewed
document. Machine learning is one of the most commonly approaches which used in sentiment
classification. Beside lexicon based and linguistic method (Pang and Lee), The most commonalgorithms
in machine learning are Naive Bayes (NB), Support Vector Machine (SVM) and decision Tree (DT).
Sentiment classification depends on the classification model that was learned from the training.

In conclusion, our work aims to obtain the most suitable technique for sentiment analysis to reach to
the best way to reduce the number of feature and that give high accuracy

This paper is planned as follows. Section Il is a previous work on pre-processing techniques, Section lll
denotes the common pre-processing technique, Section IV explains methodologythat was used in
the study of sentiment analysis, in this section we discussed some of thetechnique such as feature
extraction and feature selection methods in sentiment analysis .Section V offers and discusses our
experiment results. Finally, it provides our conclusions withthe suggestions for future work.

RELATED WORK

There are some various studies that have covered the pre-processing methods and had proposedin
literature the extraction of unstructured data from text.

Some of them worked on pre-processing techniques separately and examined theirimpacts onaccuracy,
however there were no focus on examining the impacts of the techniques when concatenating them
together.

In (Krouska, Trousas, Viryou), some of the pre-processing techniques were applied on three different
dataset in twitterand determined the performance for each dataset by using four different classification
algorithms which are (NB, SVM, KNN, C4.5) to evaluate theirimpacts on classification accuracy, Afterword
they determined the effect of pre-processing on classification for twitterdataset.In their experiment they
tried to improve the accuracy so they applied feature selectiontechnique and display their work as bag
of word(Bow) by using NGram Tokenization to compare word (unigram, bigram, trigram) and applied
some of selection attribute. Finally, theyreached that the sentiment analysis accuracy was improved
and the performance of unigram and trigram became better compared to the other representations
results and feature extractionimproved the classification accuracy in comparison with using all created
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attributes. The weakness in this study was that their work did not go deeper in studying the best choice
of algorithm to feature extraction such as Infogain and Chi square.

The orientation of this paper (Haddi, Liu, Shi) is to be about how to reduce the noise from the online
textso we can apply some role of pre-processing techniques to prepare the text for classification On
two datasets which are about movie reviews. pre-process steps have been split into threeprocesses,
the first one denotes to data cleansing and processing which was contain severalsteps such as space
removal, replace abbreviation, stemming, stop words removal and negationhandling. The second one
was transformation such as feature selection which wasimplemented by using tf-idf technique. The
third and the last process is called filtering in whichsome functions were applied to select the effective
features in text such as chi-squared thatwas used to remove irrelevant features and finally we reach
that chi-squared improved theclassification accuracy. They also used an SVM classifier to denotative to
improve theclassifier’s performance.

According to (Boschetti vd.) They display 15 pre-processing techniques and make a compression
between them to examine each in them how can effect on number of features and accuracy. they
apply it in Twitter datasets. And employed with three machine learning algorithms such as Linear
SVC, Naive Bayes and Logistic Regression. In conclusion they reach to that there were some of them
affect as positivity such as stemming and remove number and replace repetition of punctuation,
and some of them affect as negativity such as spelling correction and negation handling. So, we
take this paper as a big reference for us but we addition some of technique to improvement the
sentime classification such as feature selection like tf-idf and feature extraction to reduction the
dimensionality of matrix

They apply some of Pre-processing techniques that are stopword removal, lowercaseconversion, and
stemming to know their impact on various of aspect such as classification accuracy , text domain,
text language ,and dimension reduction were also explored by (Uysal and Gunal) . theyapplied their
experiment on two domain such as e-mails and news with two language Turkish and English. And
evaluated it with micro-F1 score by using SVM classifier. They show that the researcher must tend to try
all possible combination to reach to the best result of accuracy

2. FREQUENT TECHNIQUES OF PRE-PROCESSING

The 8 pre-processing steps which were applied will be defined in detail. Their arrangement inthe
implementation is very important so we are going to present them by the recommended order. We
will display it briefly to explain some information about each technique such as thebenefit of applying
the technique and we will give examples for each one and we will mentionrelated situations that used it
before and the correct arrangement that it must be in.

2.1. Remove Url and Usermention

On social online text, most sentences contain a URL but specially in movie's review it is rare, but we
remove it because it doesn’t indicate any sentiment if there are any in the review.
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When a user mention an actor name, film name and/or a hashtag symbol it does not add any addition
or change in the meaning of the sentence because it does not denote any emotions or sentiments,
Although it does not express any sentiment, it is sometimes used to know what thesubject of a text is
about, is it a person , a place or an event, for example, @earthquake, @0bama. Some research prefer to
replace user-mention with tags “AT_USER" as, e.g [15] ,but this case is far from our study. In our work, we
remove the URL tag if found and we also removed user mention and hashtag symbols. This technique is
almost use in all of the texts. So,it should be done before any other technique.

2.2. Replace Abbreviation

Recently, the use of blogs or microblogs have become more common thatit has led toalot ofunstructured
data and their writing contain a great deal of abbreviation. As this abbreviation are frequently used
to refer to sentence or phrases. Therefore, it must be replaced to understandits meaning correctly. We
manually used a list that contains 1539 words and phrases, and all of them have their replacements. We
present Some examples like “BTW’, “CYA” and “LYLC", some of them indicate to sentiment like “LYLC" refer
to“love you like crazy”

And the other are neutral so that “BTW" refer to “by the way” and” CYA” meaning “see you".So this step
must be applied first before removing any noise data .This study [10]used this technique for Sentiment
classification and analysis

2.3. Remove Stopword

Stopwords are works on words with high frequencies in sentences like (of, is are). In our case,we used
movie review as dataset so it was possible that we would see “movie” word very frequently, therefor, in
our case we considered “movie” word as a Stopword.

we considered it unnecessary to examine them, because they don't contain a lot of valuable data for
Sentiment classification. therefore, it is better to remove them to reduce the number offeatures. the
usual stopwords provided by [11]

2.4. Stemming

itis the used method to remove the ending of a word with the purpose of spoting their root form or stem.
Because of this the dimensionality will be reduced by merging many similar words with each other. In
our work use porter stemmer that was provided by [12] as a method that usually produces good results.

For example: stemming for root word “like” includes:(likes, liked, liking)

2.5. Lemmatizing

Another method to reduce the number of features was to analyze a word and remove its ending.
Accordingly, producing its base form or lemma as it is found in the dictionary. Lemmatizationis also a
method of integrating many words into one. In our work the wordNetLemmatizer is used

For example:'Caring’-> lemmatization ->care
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2.6. Replacing repetition of punctuation

We have identified three punctuation signs, which are the exclamation marks, question marks and
stop marks. The presence of these sign indicates extreme emotions and has an effect on the total
meaning of a sentence. So, in our work we replaced those marks with its the suitable expressions.
for example, exclamation marks “I!I” were replace with the word “shocked”. Whereas, possible it may
denote negative or positive emotion depending on the sentence meaning, also question marks “???”
sometimes expresses negative emotions. This technique must be applied before removing punctuation
technique. In study of [14], this technique is used to organize the language and simplify the vocabulary
to represent feeling.

2.7. Remove punctuation

One of the most used symbols as it is used to split the document into sentence or phrases. So, in NLP,
the punctuation-removal considered as the most important step in pre-processing step. Therefore, we
preferred to remove it because it does not refer to any sentiment, for example: How we will arrive to
the garden? In this example the punctuation doesn'’t carry any expression or emotion so in our work
we remove it as a way of data cleansing.

3. MOTHODOLGY:

We implemented our experiment on movie review which have been published in1. it consists of the
labels which divided to positive, and negative. We chose to examine the comparison between some
pre-processing steps to study their impact on the number of feature and classification accuracy by
implementing tf-idf and chi-squared to extract and select the features and we used three different
classification algorithms. with the predefined classes of positive, negative.

3.1. Pre-processing technique

Table 1: Applied technique for pre-processing

Technique 1 Without pre-processing

Technique 2 Data cleansing (remove URL, remove punctuation, and remove user-mention)

Technique 3 Data cleansing, Stemming, Stopword Removal

Technique 4 Data cleansing, Stemming, Stopword Removal, Replace abbreviation and repeat punctuation
Technique 5 Ejiiallzaﬁr:)sliqng, Lemmatizing, Stopword Removal, Replace abbreviation and repeat
Technique 6 Data cleansing, Stemming, Replace abbreviation and repeat punctuation
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3.2. Movie review data set

This corpus benchmark to movie review. which contains 2000 reviews: divided into 1000positive and
1000 negative review. it used in[16]

3.3.Tokenization

As an preliminary stage in pre-processing, most of the researches consider applying tokenization , e.g.
(Krouska, Troussas, Viryou)

Tokenization by (Basile vd) is a task which split the sentence to words, based on the technique that was
used if it was to be unigram ,bigram or trigram. (Atkinson, Salas and Figueroa) defined tokenization as
a type of lexical test which divided content into words, expressions, or other important components
called tokens. Basically, the tokenization process is a usual technique for Natural Language Processing
(NLP)

3.4. Feature selection and extraction

There are some ways to evaluate the features in a bag-of-words representation. We chose to use Term
Frequency-Inverse Document Frequency (TF.IDF) as a technique for feature selection thatwasimproved
in (), it presented by TEIDF = flog(N/df), where fis the numberof occurrences in the document, N is the
number of documents, and df is the number of documents that contain this feature (Na vd.), we used
Term Co-occurrence (unigrams, bigrams or tri-grams) to recognize the data

Feature extraction: the selection of suitable features to reduce the problem of dimensionality.This can
be done by using the following methods:

Based on [19] chi (x?) method that achieves a high performance and accuracy,

chi squared (x?) statistic is a test that measures how expectations compare to actualobservational
data (or model results).

3.5. Algorithms of machine learning approach

Three classification algorithms were applied in our work, were to be as Decision Tree (DT),the Support
Vector Machine (SVM) and Naive Bayes (NB).

3.5.1. Naive Bayes

The algorithm which consider as simplest algorithm to probability classification. It uses BayesTheorem
to predict the probability that a certain feature set belongs to a particular label.

__ p(label) *p(features |label)

p(label|features) S (features) . ©6)
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P(label) is the Previous probability of a label. P (features| label) is the Previous probability to classify
a special feature set as a label. P(features) is the Previous probability that a given feature set

happening.

3.5.2. Support vector Machine

SVM classification algorithm consider as most popular machine learning algorithms for linearproblem
and consider as the simplest and faster algorithm

3.5.3. Decision Tree Classification Algorithm

Decision tree may be a graph with branches representing each result that can be reached through a
decision. The details created by the call tree model that are human clear, and the callis simply
explained.

4. FRAMEWORK

Collection \
Data
A
Data Preparation

Pre-processing Techniques

vivvy
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Figure 1: Sentiment analysis framework

5. DISCUSSION AND RESULT

After describing the specific pre-processing techniques that was used, machine learningalgorithms and
evaluation measures, we present and discuss the results of the experiment on the dataset to see the real
impact of text pre-processing steps on number of features and accuracy. Consider Table 1 that shows
all techniques of pre-processing which we used. Next, we discuss the best way and worst way. For each
algorithm in order to reach the smallest number of features by three type of tokenization is shown in
Table 2.
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Figure2: Comparison the number of features for apply technique by three algorithms with unigram
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We have concluded that SVM and DT algorithm are closer to each other in their result, using stemming
is the better than lemmatizing with this algorithm in order to reach the smallest number of features, as
shown by using technique 4 and 5, and stopword-removal it was affectednegatively when removed as
shown by using technique 4,6.

Table 2: worst and best technique for each algorithm

Worst Best
SVM Technique 1,2 Technique 3,4
NB Technique 6 Technique 2
DT Technique 1,2 Technique 3,4
Uni-gram
0.54
0.52
0.5
0.48
0.46
0.44
0.42

SVM NB DT

= B Techniquel M Technique2 M Technique3

H Technique4 m Technique5 m Technique6

Figure5: Accuracy percentage for pre-processing techniques which applied in all three machinelearning
algorithms by using unigram on movie datasets

Bi-gram
0.53
0.52
0.51
0.5 I
0.49 .
0.48
0.47
SVM NB DT

B Techniquel M Technique2 MTechnique3

B Technique4 m Technique5 mTechnique6b

Figure6: Accuracy percentage for pre-processing techniques which applied in all three machinelearning
algorithms by using bigram on movie datasets
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Tri-gram

0.515

0.51
0.505
0.5
0.495
0.49 I
0.485
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Figure7: Accuracy percentage for pre-processing techniques which applied in all three machinelearning
algorithms by using trigram on movie datasets

5 pre-processing techniques for the three-algorithm that was obtainable from Table 1. From our
experiment we noticed that there is no significant correlation between accuracy and numberof features.
technique1 and technique 2 led to increase the number of features with SVM andDT and technique 6
with DT in addition to there are high performance achieved. The techniquesthat greatly reduce feature
such as 3 and 4, provided better results of accuracy.

Next, we discuss the average for f-measure of each of the techniques. These numbers are presented in
Table 3.

Table 3: F-measure for each technique in three different type of tokenization

Unigram Bigram Trigram
UM Teq1l Teq2| Teq3| Teq4 Teq5 | Teq6 | Teql Teq2 | Teq3 | Teg4 Teq5 | Teq6 Teq1 Teq2 | Teq3 | Teq4 Teq5 | Teq6
0.40 0.40 033 | 033 040 | 033 0.38 0.38 | 035 035 037 | 036 0.36 0.36 0.35 | 035 0.36 | 035
NB 0.37 0.32 033 | 033 0.38 | 0.33 033 0.33 | 033 033 033 | 036 0.33 0.33 0.36 | 0.36 033 | 036
DT 0.40 0.39 033 | 033 040 | 033 0.38 0.36 | 033 033 0.36 | 0.36 0.36 0.36 0.35 1035 0.36 | 035
6. CONCLUTION

Our study covered what is the effect of different pre-processing techniques on the number of feature
and accuracy. The framework contains of two stages, The first stage is to be pre- processing data which
divided to two phases, the first to be a data cleansing including remove punctuation, remove user
name and mention and remove URL. The second phase was appliedseveral text processing techniques
including: replacing the abbreviation words and repeat punctuation, removing stopwords, lemmatizing,
and stemming.

The second stage text classification using Support Vector Machine (SVM), Decision Tree (DT)classifiers
and Naive Bayes (NB) by applying three type of n -gram (unigram, bigram, trigram)after feature selection
approaches, (TD-IDF) and feature extraction (chi squared). We have been estimated the classifier’s
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performance by calculate the average of precision, recall and F-score. The text processing techniques
were all applied on movie review data set.

In Our works show that, In the sentiment analysis there was some of techniques that was provided
better results of classification for movie review dataset that was used. The recommended techniques
are technique 3 which contain Data cleansing, Stemming, StopwordRemoval, and technique 4 which
include Data cleansing, Stemming, Stopword Removal, Replace abbreviation and repeat punctuation.
The non- recommended techniques 1 which is no pre-processing and technique 5 which indicates
to Data cleansing, lemmatizing, stopword removal, replace abbreviation and repeat punctuation. in
conclusion there was some of pre- processing techniques are an effective for sentiment classification.
And also according to special experiment we noticed that there is no significant correlation between
accuracy and number of features

7. FUTURE WORK
In the future we plan to test the more machine learning algorithms with different feature selection
methods. We will make effort to incorporate more of these techniques to achieved better results.

Moreover, another future aim will to be a test those techniques on different datasets dataset such as
twitter and make more of comparison between reminding techniques
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Ozet

Madencilik, ge¢misten glinimiize uzanan tarihsel slire¢ boyunca insanligin gelisimi icin dnemli bir
faaliyet alani olmustur. Anadolu topraklarinda gerceklestirilen madencilik faaliyetlerinin de tarihte ayri
ve Ozel bir yeri vardir. Buglin, madenler ve madencilik hayatimizin bir¢ok alaninda yine 6n plandadir.
Feldspat mineralleri yerkabugunda en bol bulunan mineral gruplarindan birisi olmasina ragmen ticari/
ekonomik anlamda feldspat kazanimi/iiretimi yapilan kaynak kayag sayisi sinirlidir. Tirkiye'nin son yil-
larda artan ihracat hacminin madencilik sektori ihracatina olumlu katkilari olmustur. Bu olumlu katki,
madenciligin dnemli alt kollarindan biri olan feldspat madenciliginin ihracat rakamlarinin miktar ve
deder yoniinden artmasini saglayan faktorlerden biri olarak degerlendirilebilir. Turkiye, diinya feldspat
Uretiminde son yillarda ilk sirada yer almistir. Feldspat minerallerinin ekonomik anlamda 6nemli rezerv
bolgeleri ve madencilik alanlarinin bulundugu iller basta Aydin, Mugla ve Bilecik illeridir. Bu ¢calisma-
da, feldspat madenciliginin genel bir degerlendirmesinin yapilmasi ve temel noktalarda bilgi verilmesi
amaclanmistir.

Anahtar kelimeler: Madencilik, Maden ihracati, Endistriyel Mineraller
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A GENERAL ASSESSMENT OF THE FELDSPAR MINING IN TURKIYE

Abstract

Mining has been an important acvitiy field for the development of humanity throughout the historical
process from past to present. Mining activities carried out in Anatolian lands have a unique and special
place in history. Today, mines and mining are still at the forefront in many areas of our lives. Although
feldspar minerals are one of the most abundant mineral groups in the earth’s crust, the number of
source rocks in which feldspar is obtained/produced commercially/economically is limited. Turkiye's
increasing export volume in recent years have made positive contributions to the export of the min-
ing sector. This positive contribution can be considered as one of the factors that increase the export
figures of feldspar mining, which is one of the important sub-branches of mining, in terms of quantity
and value. Turkiye has taken the first place in world feldspar production in recent years. The provinc-
es where feldspar minerals are economically important reserve regions and mining fields are mainly
Aydin, Mugla and Bilecik. In this study, it is aimed to make a general assessment of feldspar mining and
to provide information on the basic points.

Keywords: mining, mineral export, industrial minerals

1. GIRiS

Anadolu topraklari, diinya madenciliginin basladigi yer olarak, baska bir ifade ile madenciligin besigi
olarak bilinir. insanhgin/medeniyetlerin gelisimi ve ilerlemesi agisindan madenlerin giinliik hayat
icerisindeki yeri gbz 6niine alindiginda, bu noktada Anadolu topraklarinin insanlik tarihine yaptigi
katki oldukc¢a 6nemlidir. Bununla birlikte madencilik faaliyetlerinin Anadolu lizerinden baska bolgelere
yayildigi degerlendirilir. Bir bagka dnemli husus ise, insanliginin ortaya koydugu en eski metal eserlerin
Anadolu topraklarinda bulunmasidir (Yalgin, 2016). Antik ¢caglardan itibaren Anadolu'da ayr ve 6zel
bir yeri olan madenlere olan ilgi glinimiize kadar devam etmistir. Bunun sonucu olarak, madenlerin
Uretilerek ticari ve glinliik hayata dahil edilebilmesi icin, gerekli olan madencilik faaliyetleri de 6n planda
olmustur.

Madencilik sektortiniin, Turkiye'de 2021 yili gayrisafi yurt ici hasila (GSYH) icerisinde pay1 %1,33'dir
(Tablo 1). Bunun disinda, madencilik faaliyetleri sonucu uretilerek ticarete konu edilen madenlerin
bircok endstri kolunun ana hammaddesi oldugu veya hammaddeden ug (irline uzanan asamalardaki
vazgecilmez yerleri g6z ardi edilmemelidir. 2016 yilindan itibaren her yil bir 6nceki yila gore artis
gOsteren cari fiyatlarla toplam yurt ici hasilanin parasal degeri gibi madencilik sektori parasal degeri
de artmis ve bu artis madenciligin ytzde olarak payini ylkseltmistir. 2016 yilinda 21.549.569 TL ile
madencilik/GSYH orani 0,82 iken, 2021 yilinda 96.725.267 TL ile madencilik/GSYH orani %1,33 olmustur.
Madencilik sektoruiniin parasal degeri, 2021 yilinda 2016 yilina gore yaklasik %350, GSYH icerisindeki
orani ise yaklasik %62 artis gostermistir (MTA, 2022).
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Tablo 1.2012-2021 yillarinda madenciligin GSYH'deki yeri (MTA, 2022)

Yil Madencilik ve Tas Ocakgiligi (TL) GSYH (TL) Madencilik/GSYH (%)
2012 17.236.605 1.581.479.251 1,09
2013 19.591.329 1.823.427.315 1,07
2014 19.535.981 2.054.897.828 0,95
2015 19.375.648 2.350.941.343 0,82
2016 21.549.569 2.626.559.710 0,82
2017 28.159.268 3.133.704.267 0,90
2018 38.087.784 3.758.773.727 1,01
2019 48.154.599 4.311.732.766 1,12
2020 59.220.307 5.048.220.067 1,17
2021 96.725.267 7.248.788.983 1,33

Glnumizde, madencilik yapildigi yore/ilce/bolge icin istihdam ve kalkinmaya olan katkisi ydoniinden
onemli bir faaliyet alanidir. Madencilik sektériinde 2020 yili itibariyla calisan sayisi 131.161, isyeri sayisi
ise 6.268dir. Kamu isyerlerinde calisan sayisi 13.393, 6zel sektér isyerlerinde ise 117.768'dir. isyeri yoniiyle
68 kamu isyeri faaliyet gosterirken, 6zel sektor icin bu sayr 6.200 olmustur (MAPEG, 2022a). Bilimsel
calismalar dikkate alindiginda, bir maden ¢alisani ek olarak 12 kisiye kadar istihdam saglamaktadir. Bagka
bir anlatim ile, madenlerde calisan her bir kisi dolayl olarak 12 kisi icin daha is olanagdi olusturmaktadir
(Demirdag ve ark., 2018). Calisanlara yonelik servis hizmeti veya maden nakliyesi gibi tasimacilik hizmeti
yapanlar, isletmede calisanlarin yiyecek-icecek ihtiyaglarini karsilayanlar veya maden isletmelerinin
mali-teknik islemlerini siirdirenler diger istihdama 6rnek olarak verilebilir (Demir, 2022). Bilimsel
degerlendirme ve calisan sayilari g6z 6niine alindiginda, istihdam agisindan yaklasik 1,5 milyon kisinin
madencilik sektoriinden dogrudan etkilendigi dustindlebilir.

2. FELDSPAT TANIMI VE REZERVLERI

Feldspat, esas itibariyla bir mineral grubunun genel adidir. Kendiicerisinde mineral tiirline ve 6zelliklerine
gore pek cok minerali ihtiva eder. Yerkabugunu olusturan bircok kayacin bilesiminde fazla miktarlarda
bulunan feldspat mineralleri, genel olarak iki grup altinda siniflandiriimaktadir. Bu gruplar, alkali
(potasyum) feldspatlar ve plajiyoklaz (sodyum) feldspatlardir. Kimyasal bilesimlerine dikkate alinarak
yapilan siniflamada ise (¢ ug bilesen lzerinden degerlendirilir (Sekil 1). Bunlar: Ortoklaz (KAISi,O,),
albit (NaAISi308) ve anortittir (CaAIZSizog). Ortoklaz ve albit karisim serileri alkali feldispat grubunu
olustururken, albit ve anortit karisim serileri ise plajiyoklaz grubunu olusturur. Alkali feldspatlar; ortoklaz,
sanidin, adularya, mikroklin ve anortoklaz olarak, plajioklazlar ise, anortit oranina (diistikten ylksege)
gore albit, oligoklaz, andezin, labrador, bitovnit ve anortit olarak siniflandirilir (Celebioglu ve Tiireli, 2001).
Feldspatlar parlak bir vitra goriinim sunar. Renkleri beyaz, krem, kahverengi, pembe, kirmizi, gri, yesil ve
mavimsi gibi bircok renkte ve renksiz olabilmektedir (Sekil 2). Sertlik dereceleri, mohs sertlik skalasinagore
6-6,5; yogunluklar ise 2,5-2,76 g/cm? arasinda degisir. Feldspatlarin, yerkabugunda yaygin bir mineral
olmasindan dolay! ekonomik/ticari anlamda birden ¢ok/cesitli kaynaklardan Uretilmesi ve ekonomik
olarak yeterli miktarda feldspat minerali iceren kayaclarin dogrudan sanayide kullanilmasi mimkdndr.
Feldspat kaynagi olan kayaclarin ¢esitliligi nedeniyle dlinya feldspat rezervlerini rakamsal net degerlerle
belirtmek pek miimkiin olamamaktadir. Bu nedenle, literatiirde rezerv agisindan kesin rakamlarin yerine
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yaklasik degerler kullaniimaktadir. Tlrkiye, maden rezervlerinin zenginlik siniflandiriimasinda feldspat
acisindan ¢ok zengin kategorisinde yer almaktadir (DPT, 2001)(MMO, 2009, 2010). Bu calismada, feldspat
verileri izerinden degerlendirme yapilarak, nefelinli siyenit ve feldspatoidler kapsam disi tutulmustur.

KASi3Og
Ortoklaz ve Mikrolin

KAISH0,

Alkali feldspat

Anortoklaz

Albit  OligoKlaz Andezin  Labrador Bitovnit Anonit

¥ ¥
NaAlSi;0q (Na, Ca) AlSi30q l (Ma, Ca) AlSi;Ogl
(MNa, Ca) AlSisOs  (Na, Ca) AlSiz0p  CaAl,Siy0,
Plajiyoklaz  ———

Sekil 1. Alkali feldspatlar ve plajiyoklaz feldspatlarin siniflandiriimasi (MMO, 2010)

Sekil 2. Plajioklaz alt grubu feldspat mineralinin el 6rneginin yakin plandan gérinima (Aydin)
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Ulkemizde Cine-Yatagan-Milas (Mugla) bélgelerindeki biyiik sodyum feldspat (6zellikle albit) rezervleri
ve potansiyeli disinda, Usak ilinde sinirlari icerisinde de albit rezervleri mevcuttur. Sodyumlu (Na)-
potasyumlu (K) karisik feldspat rezervleri ise Bilecik-S6git, Manisa-Demirci-Gordes ve Kirsehir Masifinde
bulunmaktadir. Kirsehir Masifi ayrica ¢cok 6nemli bir potasyum feldspat potansiyeline sahiptir (MMO,
2009). Ozetle, yerkabugunda en yaygin bulunan mineral gruplarindan birisi olan feldspat minerallerinin
yapisinda yer aldigi her kayactan ekonomik/ticari anlamda kazanilmasi mimkiin olamamaktadir. Bu
nedenle, ticari/ekonomik feldspat tretimi/kazanimi belli kayaclardan yapilabilmektedir.

3. FELDSPAT MADENCILiGINiN GUNCEL DURUMU

3.1. Maden Ruhsat Siireci ve Sayilar

Turkiye'de madenlerin milli menfaatlere uygun olarak aranmasi, isletilmesi, Gizerinde hak sahibi olunmasi
ve terk edilmesi ileilgili usul ve esaslar, basta 3213 sayili Maden Kanunu olmak tizere maden mevzuatiile
diizenlenmistir. Maden Kanununun 2’'nci maddesinde, bes ana grup altinda (1., L., lIl., IV. ve V. grup) sayilan
madenlerin bir bolumu (agrega, tugla-kiremit kili vb.) icin dogrudan isletme ruhsati diizenlenirken, bir
bolimi (metalik madenler, komir grubu madenler, dogal taslar vb.) icin ruhsatlandirmanin ilk asamasi
arama ruhsatidir. isletme ruhsat safhasina gecen arama ruhsatlari veya dogrudan isletme ruhsati talebi
uygun bulunulan alanlar icin isletme ruhsati son asama degildir. Bir madenin Uretilip ekonomiye
kazandirilmasi icin ilgili madene yoénelik isletme izninin alinmasi zorunludur (kamu projelerinde
kullanilacak madenler icin kamu kurum ve kuruluslan tarafindan alinan hammadde Uretim izinleri,
ruhsat olarak degerlendirilmemektedir). Feldspat mineralleri, Maden Kanununun 2'nci maddesinde
sayllan maden gruplari icerisinde IV. grup (a) bendi madenler icerisinde sayilmistir. Bu madenler icin,
madenciligin ilk asamasi arama ruhsatinin alinmasidir. Arama ruhsat dénemleri; 6n arama, genel arama
ve detay arama dénemleridir. Bu donemler sirasiyla, bir, iki ve dort yildir ve toplam arama ruhsat siresi
yedi yill gecemez. Arama ruhsat donemi sonuna kadar isletme ruhsati talep edilmesi (ve talebin uygun
bulunmasi) halinde, teknik ve mali olarak kanuni yikimliliklerinin yerine getirilmesi sartiyla isletme
ruhsat asamasina gecilmektedir. isletme ruhsati alinmasindan sonra, Maden Kanununun 7'nci maddesi
geregi alinmasi zorunlu izinlerin alinarak, Maden ve Petrol isleri Genel Miidiirliigiine (MAPEG) ibraz
edilmesi halinde isletme izni diizenlenmektedir.

Feldspat mineralleri icin isletme izni talep edilen alandan analiz yaptinimak (izere, MAPEG tarafindan
gérevlendirilen heyet liyelerince, belirlenen sartlarda ve sayida numune alinir. Oncelikle, bu numunelerin
alinacadi kaynak kayaclarin; feldspat minerallerinin ticari olarak kazanilabilecegi/iretilebilecegi;
pegmatit, altere granit/granit kumlari, aplit, nefelinli siyenit-siyenit, alaskit, feldispat filonlari, feldispatik
kumlar, gnays, sist gibi kayaclar olmasi gereklidir. Bunun disinda, numunelerin kimyasal analizleri
yaptirilarak (X-RF) toplam alkali oraninin (Na,0+K,0O) en az %5 olmasi sarti aranir. Bu noktalarda teredddit
olusmasi halinde, numune alinan kayag icerisindeki mineral kompozisyonu (XRD) analizi istenerek
mineralojik dagihmina bakilir.

Turkiye'de feldspat isletme izinli maden ruhsatlari degerlendirildiginde, Mugla, Aydin ve Bilecik illeri
on plana ¢ikmaktadir (Sekil 3). Bu iller, daha 6nceki bolimlerde de deginildigi gibi feldspat rezervleri
acisindan 6nemli bolgelerdir. Mugla ilinde 6zellikle Yatagan ve Milas ilceleri 6ne cikarken, Aydin ilinde




BEHZAT GOKCEN DEMIR, ALI KORAY OZDOGAN, AKIN AKBULUT

Cineilcesiilk siradadir. Bu bolgeleri Bilecik ili, S6g it ilcesi izlemektedir. Tlrkiye'de yiirtrlikte olan feldspat
isletme izinli ruhsat sayisi 2021 yili sonu itibariyle 194'dir. Ruhsat sayisi bakimindan ilk G¢ sirayi sirasiyla,
67 ruhsat ve %34 orant ile Aydin (Cine: 46), 47 ruhsat ve %24 orani ile Mugla (Milas:35), 22 ruhsat ve %11
orani ile Bilecik (S6gut:13) almaktadir (MAPEG, 2022b). Madencilik faaliyetlerinin yogunlastigi bolgeler
(Cine, Milas, S6gt) ve veriler (ruhsat sayilari) dikkate alindiginda, feldspat mineralleri agisindan rezerv
alanlan ile madencilik alanlarinin benzerlik gosterdigi goriilmektedir.

Sekil 3. Hatipkisla koyi (Aydin) cevresinde bulunan bir feldspat/albit maden ocaginin gériinima

3.2. Feldspat Uretimleri

Madencilik faaliyetleri sonucunda dretilen tlvenan feldspat mineralleri, kalitesine gore kirhp
boyutlandirildiktan sonra satisa sunulmaktadir. Ozellikle sektérde &ncii olan sirketler, kurduklari
flotasyon tesislerinde zenginlestirme islemi sonucunda daha kaliteli Griin elde etmekte ve bu riinlerin
bir kismini i¢ piyasaya sunarken bir kismini da ihracata konu etmektedir (MMO, 2010). Ulkemiz feldspat
Uretimleri, 2019 yili disinda 2017-2021 yillarinda genel olarak 10 milyon ton seviyesi Gizerinde olmustur
(Tablo 2). 2019 yilindan sonra Uretim miktarlar artarak devam etmistir. 2021 yili Giretimi bir 6nceki yila
gore %28,7 oraninda artig gostererek 13 milyon ton seviyesine gelmis ve son on yilda en yuksek Giretim
seviyesi olan 2013 yilina (13.764.126 ton) yaklasmistir (MAPEG, 2022c¢). 1998 yilinda 1.089.483 ton,
1999'da ise 1.369.734 ton olan Uretim miktarlari (DPT, 2001) g6z 6niine alindiginda, son yirmi bes yilda
Turkiye feldspat tiretiminin bir milyon ton seviyelerinden on milyon ton seviyelerine gelerek yaklasik on
kat artis gosterdigi anlasilmaktadir.

Tablo 2. Tiirkiye 2017-2021 yillan feldspat Gretim miktarlarn (MAPEG, 2022¢)

il 2017 2018 2019 2020 2021
Uretim (ton) 10.273.573 11.474.040 9.447.810 10.050.911 12.936.959




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

2016, 2017, 2018, 2019 ve 2020 yillarinda Turkiye, diinya feldspat Uretiminde diinyada ilk sirada yer
almistir. 2020 yili diinya feldspat tretim verileri incelendiginde ilk bes (lke sirasiyla Turrkiye, Hindistan,
Cin, Italya ve iran'dir (Tablo 3). Bu iilkeleri, 1.105.344 ton ile Tayland, 903.385 ton ile Meksika takip
etmektedir. 46 (kirk alti) feldspat Uretici tlkenin yer aldigi 2020 diinya feldspat lretiminde Turkiye'nin
payl %32,53 olmustur. Tuirkiye'den sonra iretimdeki tilke oranlari, Hindistan %20,06; Cin %7,93; italya
7,12; Iran %6,18 seklinde olmustur. 47 (kirk yedi) feldspat Uretici ulkenin yer aldigi 2019 yili oranlari
ise, Tiirkiye %31,71; Hindistan %14,43; Cin %8,22; iran %8,11 ve italya %7,38 seklindedir. 2020 yilinda,
2019 yilhina gore Tirkiye ve Hindistan'in Gretimdeki payi artarken, ilk bes siradaki diger tlkelerin payi
dismistir. Ayrica, 2020 yilinda 2019 yilina gore ilk U¢ sira ayni kalsa da, dérdiinci ve besinci siradaki
tlkeler (iran ve italya) yer degistirmistir. Tiirkiye'nin 2019 ve 2020 yillari Giretim miktarlarinin her iki
yilda da ikinci ve liclincii sirada yer alan iki tilkenin toplamindan fazla olmasi dikkate deger 6nemli bir
noktadir (Reichl ve Schatz, 2019, 2020, 2021, 2022)

Tablo 3. 2020 yili diinya feldspat tiretiminde ilk 5 {ilke (Reichl ve Schatz, 2022)0

Ulke Uretim miktar (ton)
Tirkiye 10.050.911
Hindistan 6.200.000
Cin 2.450.000
italya 2.200.000
iran 1.910.505

3.3. Feldspat ihracat Rakamlan

2021 yih Tiirkiye toplam ihracati olan 225,4 milyar USD icerisinde, %2,6 payi olan madencilik sektoru
ihracati bir onceki yila gore %39,9'luk artisla 5,93 milyar USD olarak gerceklesmistir. Madencilik
sektoriiniin mal gruplarina gore 2021 yili oransal paylari ise; %36 metalik cevherler, %35 dogal taslar,
%19 endustriyel mineraller, %6 ferro alyajlar ve %4 diger madenler seklindedir. EndUstriyel minerallerin
2020 yil ihracati 12,48 milyon ton karsilhidi 831,19 milyon USD, 2021 yili ise 15,58 milyon ton karsilig
1,10 milyar USD olarak gerceklesmistir. Feldspat mineralleri, yer aldigi endustriyel mineraller ihracati
icerisindeki payi (deger olarak) 2020 yilinda %24,3; 2021 yilinda ise %25,8'dir. Madencilik sektériinde
yasanan olumlu gelismeler ve llkemizin son yillarda Gretim miktarinda birinci sirada yer almasi
feldspat madenlerinin ihracat degerlerini de artirmistir. 2021 yilinda feldspat ihracatimiz bir 6nceki
yilin ayni dénemine gore miktarda (ton) %39,12 ve degerde (USD) %40,74 oraninda artis gostererek
7.853.063 ton karsiligi 284.155.760 USD olarak gerceklesmistir. Benzer sekilde, 2020 yilinda ortalama
35,77 USD olan birim fiyat 2021 yilinda 36,18 USD'ye yiikselmistir. 2021 yili feldspat ihracatimizda
124.783.513 USD ile ispanya ilk sirada yer alirken, bu tilkeyi 84.980.118 USD ile italya, 10.680.358 USD
ile Rusya Federasyonu izlemektedir. Bu tlkeleri ise Polonya, Amerika Birlesik Devletleri ve Bulgaristan
takip etmektedir (iMiB, 2021a, 2022a). 2022 yilinin ilk sekiz ayinda feldpsat ihracati, 5.711.693 ton
karsihgr 231,84 milyon USD olarak gergeklestirilmistir. 2021 yilinin ilk sekiz ayinda feldspat ihracatinin
5.173.435 ton karsiligi 185,60 milyon USD olarak gerceklestirildigi g6z 6niine alinirsa 2022 yili feldspat
ihracat rakamlarimiz bir 6nceki yilin ayni dénemine gore miktar ve deger olarak artis gostermistir
(iMiB, 2021b, 2022b).
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Tarihsel agidan 6rnek secilen 1995-1998 yillarinda, toplam feldspat ihracat rakamlari miktar olarak (ton)
1995 yilinda 736.000 ton, 1996 yilinda 770.000 ton, 1997 yilinda 1.128.000 ton, 1998 yilinda ise 1.355.000
ton seklinde gerceklesmistir (DPT, 2001). 1995-1998 yillarinda artarak devam eden feldspat ihracat
rakamlari, gecen 20-25 yillik zaman zarfi sonunda 2021 yili itibariyle 1995 yilina goére miktar olarak
yaklasik on kat artis gostermistir. 1997 ve 1998 yillarinda, Turkiye'nin ihracat yaptigi tlkeler arasinda
italya ilk sirada, ispanya ikinci sirada yer alirken, 2021 yilinda siralama birinci ispanya ve ikinci italya
seklinde olmustur (DPT, 2001)(IMiB, 2022a).

4.SONUCLAR

Madencilik, eski medeniyetlerden glinimize kadar insanligin gelisimi icin 6nemli bir faaliyet alani
olmustur. Anadolu bu gelisimicerisinde, ilk sirada ve 6n planda yer almistir. Bugtin de, madencilige gerekli
onem verilerek madenlerin yasam icerisinde istihdama ve kalkinmaya sagladig katki unutulmamahdir.
Bu istihdam ve kalkinmada feldspat grubu endistriyel hammaddelerin dnemli bir pay: vardir.

Feldspat mineralleri, yerkabugunda kaya¢ yapici mineraller icerisinde en yaygin bulunan mineral
gruplarindan birisi olmasina karsin ticari/ekonomik anlamda uretilebildigi/kazanilabildigi kaynak
kayac sayisi kisithdir. Feldspat minerallerinin madenciligi icin ilk asama arama ruhsat asamasidir. Arama
ruhsatindan sonra kanuni yukimlilikleri yerine getirilen ve isletme talebi uygun bulunan alanlara
isletme ruhsati diizenlenir. isletme ruhsatindan sonra liretim ve satis icin feldspat isletme izninin alinmasi
zorunludur. Feldspat rezervleri ve madenciligi agisindan 6ne ¢ikan bélgelerimiz Aydin, Mugla ve Bilecik'tir.
Aydin ve Mugdla illerimiz 6zellikle sodyum feldspat rezervleri agisindan dnemli bir yere sahiptir.

2019 yilinda bir 6nceki yila gore diistis gosteren Tiirkiye feldspat tretim miktari 2020 yiliile birlikte tekrar
artisa ge¢mistir. Feldspat Uretiminin, izinler sonrasi en ¢cok Mugla, Aydin ve Bilecik illerinde yapildigi
gozlenmektedir. Turkiye, diinya feldspat tiretimi siralamasinda son yillarda ilk sirada yer almistir.

Maden ihracati miktar ve degerlerinde son yillarda yasanan artislar, feldspat madenlerinin ihracatina
da olumlu yansimistir. 2021 yilinda feldspat ihracatimiz bir dnceki yila gére miktarda (ton) ve degerde
(USD) artis gostermistir. 2022 yilinda ilk sekiz ay ihracat rakamlari ise 2021 yilinin ayni dénemine gore
daha fazladir.

KAYNAKLAR
Celebioglu, N.F. and K. Tiireli. 2001. Feldispat Grubu Mineralleri. Mavi Gezegen, 4, 60-63.

Demir, B.G. 2022. Isparta ili Mermer Sahalarinin Jeolojik Ozelliklerinin, Ekonomik Potansiyelinin ve Cevresel
Etkilerinin Arastirilmasi. Doktora tezi, Siileyman Demirel Universitesi, Fen Bilimleri Enstitiist, Isparta.

Demirdag, S., R. Altindag, N. Sengiin, and D. Akbay 2018.“Isparta Yerel Ekonomik Kalkinma Vizyonu
2018, Isparta ili Mermercilik ve Dogal Tas Sektori Analizi”. ISBN: 978-605-9454-27-8, Stileyman Demirel
Universitesi, Isparta.



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

Devlet Planlama Teskilati (DPT). 2001. “Endustriyel Hammaddeler Alt Komisyonu Toprak Sanayii
Hammaddeleri | (Seramik Killeri-Kaolen-Feldspat-Pirofillit-Wollastonit-Talk) Calisma Grubu Raporu”.
DPT:2611 - QiK:622, Ankara.

istanbul Maden ihracatcilan Birligi (IMiB). 2021a. “2020 Calisma Raporu”. https://www.imib.org.tr/
uploads/docs/1624356739_Imlb-2020-calisma-raporu.pdf (erisim tarihi: Eyltl-Ekim 2022)

istanbul Maden ihracatcilar Birligi (iMiB). 2022a.2021 yili Calisma Raporu”. https://www.imib.org.tr/
uploads/docs/1649940652_Imlb2021calismaraporuweb-1.pdf (erisim tarihi: Eyltl-Ekim 2022)

istanbul Maden ihracatcilan Birligi (IMiB). 2021b. 2021 Yili Tiirkiye Geneli Aylik Bazda Uriin Gruplarina
Gore Maden ihracat Verileri. https://www.imib.org.tr/links/istatistikler/202112.html (erisim tarihi: Eylil-
Ekim 2022)

istanbul Maden ihracatcilan Birligi (IMiB). 2022b. 2022 Yili Tiirkiye Geneli Aylik Bazda Uriin Gruplarina
Gore Maden ihracat Verileri. https://www.imib.org.tr/links/istatistikler/202208.html(erisim tarihi: Eyliil-
Ekim 2022)

Maden Miihendisleri Odasi (MMO). 2009. “Feldispat Raporu”. https://www.maden.org.tr/resimler/
ekler/80ebff16ccaadb4_ek.pdf?tipi=48&turu=X&sube=0 (erisim tarihi: Eyltl-Ekim 2022)

Maden Miihendisleri Odasi (MMO). 2010. “Feldispat Raporu”. Oda Yayin No:169, ISBN:978-9944-89-
905-5, Ankara.

Maden Tetkik ve Arama Genel Miidiirliigii (MTA). 2022. Madenciligin GSYH icindeki Payi. https:/
www.mta.gov.tr/v3.0/bilgi-merkezi/maden-dis-ticaret (erisim tarihi: Eylul-Ekim 2022)

Maden ve Petrol isleri Genel Miidiirliigii (MAPEG). 2022a. Madencilik Is Kolunda Faaliyet Gosteren
isyeri ve isci Sayilari. https://www.mapeg.gov.tr/Custom/Madenistatistik (erisim tarihi: EylGl-Ekim 2022)

Maden ve Petrol isleri Genel Miidiirliigii (MAPEG). 2022b. 31.12.2021 Tarihli Ruhsat Listesi

Maden ve Petrol isleri Genel Miidiirliigii (MAPEG). 2022c. Maden Uretim Degerleri. https://www.
mapeg.gov.tr/Custom/Madenistatistik (erisim tarihi: Eylul-Ekim 2022)

Reichl, C. and M. Schatz. 2019.“World Mining Data 2019". ISBN:978-3-901074-46-2, volume:34, Federal
Ministry for Sustainability and Tourism, Austria.

Reichl, C. and M. Schatz. 2020.“World Mining Data 2020". ISBN:978-3-901074-48-6, Volume:35, Federal
Ministry for Agriculture, Regions and Tourism, Austria.

Reichl, C. and M. Schatz. 2021.“World Mining Data 2021". ISBN:978-3-901074-50-9, volume:36, Federal
Ministry for Agriculture, Regions and Tourism, Austria.




262

BEHZAT GOKCEN DEMIR, ALI KORAY OZDOGAN, AKIN AKBULUT

Reichl, C. and M. Schatz. 2022.“World Mining Data 2022" ISBN:978-3-901074-52-3, volume:37, Federal
Ministry for Agriculture, Regions and Tourism, Austria.

Yalcin, U. 2016. Anadolu Madencilik Tarihine Toplu Bir Bakis. MT Bilimsel, 9, 3-13.



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

Cilt 6, Sayi1 2 | Kis 2022
Volume 6, No 2 | Winter 2022, 263-289

ARASTIRMA MAKALESI / RESEARCH ARTICLE

ESKi ESERLERIN ONARIM VE GUCLENDIRILMESINDE YAPILMIS
UYGUN OLMAYAN YONTEMLER

Y. Hazel YILDIRIM
Mimarlik-Yapi Lisansiistii Egitim Programi, Yildiz Teknik Universitesi, istanbul, Tiirkiye
yasemin.hazel@gmail.com, ORCID: 0000-0002-3904-3716

Ali Osman KURUSCU
Mimarlik-Yapi, Yildiz Teknik Universitesi, istanbul, Tiirkiye
alosytu@gmail.com, ORCID: 0000-0002-4402-0711

GELIS TARIHI/RECEIVED DATE: 30.05.2022 KABUL TARIHi/ACCEPTED DATE: 13.10.2022

Ozet

Asirlar boyunca dogal ve yapay etkenlere maruz kalan tarihi yapilarda bu etkilere bagh olarak zamanla bir-
cok hasar olusmaktadir. Bu hasarlar; olustugu yere, bicimine ve yapinin genel 6zelligine gére degismekte
olup yapilarin zarar gérmesine, yikilmasina ve yok olmasina yol acar. Ozellikle koruma ve miidahale asama-
sinda bu hasar bicimlerinin dogru bir sekilde yorumlanmasi gerekmektedir. Bilingsiz ve yanlis tadilat, onarim
ve gliclendirme girisimleri, yapilarda ciddi sorunlara neden olabilmektedir. Bu ylizden bu calisma kapsamin-
da tarihi yapilarda uygulanan onarim ve iyilestirme metotlari incelenmis olup bu baglamda diinyadan 6r-
nek tarihi yapilarda uygulanan onarim ve giiclendirme yontemlerinde yapilan uygun olmayan midahaleler
anlatilmistir. Bu arastirmada, hasarlara miidahale ederken hasar nedenlerinin belirlenmesi gerektigi, bircok
disiplinin bir arada calisarak tercih edilen yapisal gliclendirme ve onarim uygulamalarinin bir¢cok analiz, de-
ney ve testlerden gecmesi gerektigi gosterilmek istenmistir.

Anahtar kelimeler: Onarim ve Gli¢lendirme Yontemleri, Parthenon, Pisa Kulesi, Santa Maria Miracoli Kilisesi,
San Marco Can Kulesi

UNSUITABLE METHODS MADE IN REPAIR AND
STRENGTHENING OF HISTORICAL BUILDING

Abstract

Historical buildings, which have been exposed to natural and artificial factors for centuries, cause many
damages over time due to these effects. These damages; it changes according to the place where it occurs,
its form and the general characteristics of the building and causes damage, collapse and destruction of the
structures. Especially in the protection and intervention phase, these damage forms need to be interpret-
ed correctly. Unconscious and incorrect repair and strengthening methods can cause serious problems in
buildings. Therefore, within the scope of this study, the repair and improvement methods applied in histor-
ical buildings were examined and in this context, the mistakes made in the repair and strengthening meth-
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ods applied in exemplary historical buildings from the world were explained. In this research, it is aimed to
show that the causes of damage should be determined while intervening damage, and that the decisions
of structural reinforcement and repair methods should be taken after many analyzes, experiments and tests
that the structural reinforcement and repair methods preferred by many disciplines working together.

Keywords: Repair and strengthening methods, Parthenon, Pisa Tower, Church of Santa Maria dei Miracoli,
San Marco Bell Tower

1. GIRIS

insanlik tarihinin baslangicindan bugiine kadar binlerce yillik tarih icinde insanin dogrudan ya da
dogda ile birlikte yarattigi degerler kiltirel ve dogal miraslara tarihi yapi olarak adlandiriimaktadir
(Ozden & Gérglilii, 2006). Binlerce yillik tarihi gecmisi ile korunmasi gereken farkli yiiz yillara ait cok
cesitli yap1 malzemesi ve yapim sistemi ile insa edilen tarihi yapilar bircok olumsuz kosul, dogal afetler,
sismik hareketler, hizli kentlesme ve insanlarin miidahaleleri ile ylz yiizedir. Bu kosullara maruz kalan
tarihi eserlerde hasarlar meydana gelmektedir. Tarihi yapilarin olasi hasar nedenlerinin bilinmesi ve
glclendirilmesi icin yapilacak miidahaleden 6nce, yapinin ge¢misinin, catlak ve deformasyonlarinin,
tastyici elemanlarin yiik tasima mekanizmasinin, malzeme karakteristiklerinin ve mukavemetlerinin, ylik
dagihimlarinin, temel, zemin 6zelliklerinin, yapim tekniklerinin baglayici elemanlarinin striiktirel agidan
aksakliklari, yapi malzemesindeki sorunlar gibi faktorlerin belirlenmesi gerekir. Bu durumun belirlenmesi,
hasar nedenlerinin teshis edilip arastirlmasi ve analizlerin yapilmasi icin, farkh disiplinlerden uzmanlar
arasi bir calisma olmalidir (Déndiiren, Sisik, & Demirdz, 2017). Restorasyon miidahaleleriyleiyilestirilmeler
yapilmasina ragmen kokli mithendislik analizleri yapiimadig icin tekrarlayan deformasyonlar olmakta
hatta bazen yeni hasarlar olusmaktadir.

Tarihi yapilarin gliclendirmesi veya onarimi yapilirken mimari 6zelligi ve tarihi doku 6zglnliguniin
korunmasi esastir. Koruma ve onarim uygulamalari, miidahale edilecek yapinin korunmusluk durumuna,
bulundugu cevreye ve yapida kullanilan malzemenin nitelikleri ve 6zelligi, hasar tiirii ve nedenine gore
cesitlenmektedir.

Bu calismada, ilk olarak tarihi yapilarda uygulanan onarim ve glclendirme metotlari anlatilmis ve
sonrasinda diinyadan 6rnek yapilarda uygulanan iyilestirme ve gliclendirme yontemlerinin etkinligi
degerlendirilmis ve bu asamada yapilan uygun olmayan ydntemlerden bahsedilmistir. Makale
kapsaminda incelenen yapilar hem diinya tarihinde 6nemli bir yer elde etmis hem de zaman igerisinde
yapilan mudahaleler ile modern koruma ve restorasyon calismalarinda 6ncli olmus yapilardir. Bu
yapilarda deneme-yanilma yontemi ile onarim ve midahaleler yapilmistir. Tarihi eserlerde uygun
olmayan onarim tekniginin dogurdugu sonuclari goésterdigi icin koruma, onarim ve glglendirme
konularinda birer ders niteliginde yapilardir. Ayrica arastirilan bu eserlerde uygulanan onarim ve
gliclendirme yontemlerinden olan zemin saglamlastirma, temel saglamlastirma, yenileme ve yeniden
yapim vb. kavramlarin gelismesinde katkida bulunmus eserlerdir.

Bu degerlendirmeler is1ginda giiclendirme ve onarim metodu se¢iminde hangi konular dikkat edilmesi
gerektigi gosterilmek istenmistir.
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2. TARIHi YAPILARDA GORULEN HASAR TURLERINE UYGULANAN ONARIM VE GUCLENDIRME
METOTLARI

Bu makale kapsaminda tarihi yapilarda gorilen hasar tirlerine uygulanan onarim ve glglendirme
metotlari basit onarim, esasl onarim, yenileme, yeniden yapim ve tasima basliklari altinda incelenmistir.

2.1. Basit Miidahale

Tarihi yapilar surekli bakim saglanmamasi sonucunda yapilar harap olmakta ve zarar gérmektedir.
Kaltar varliklarini korumak icin yapilacak miidahaleler ve kosullari Kiltlr ve Turizm Bakanhidi, Kulttr
ve Tabiat Varliklarini Koruma Yiksek Kurulu tarafindan alinan 660 sayili ilke kararari ile basit onarim
tanimi yapilmistir. Bu yasaya gore “Basit onarim” geleneksel ve anitsal yapilarin bozulan, yok olan cephe
Ogelerinin, kaplama, siva gibi ayrintilarinin 6zgilin bicimlerine uyularak, ayni renk ve dokuda malzeme
kullanilarak yenilenmesi islemi olarak tanimlanmaktadir.

2.2. Esasli Miidahale

Esash Onarim; basit onarimi asan midahalelerde uygulanan yéntemdir. Bu onarim tiirinde yapinin
rolovesi alinarak olusturulan restitlisyon ve restorasyon projeleri ile ilgili diger belgelerin icerikleri
ve Olcekleri kapsayan detayli onarim bicimidir (Kultlir ve Turizm Bakanhgi, 1999). Esash Midahale;
Saglamlastirma, Bitliinleme ve Yenileme olarak ti¢ asamada incelenecektir.

2.2.1. Saglamlastirma

Onarim sirasinda yapilan midahalelerin derecesi, saglamlastirmadan yeniden yapima dogru artar.

Tarihi Yapi Malzemesi ve Tasiyici Sisteminin Gii¢lendirilmesi
¢ Siva, Derz ve Yapi Malzemesinin Saglamlastiriimasi

Tarihiyapilar, insa edildikleri cografyanin sartlari ve geleneklere bagli olarak ¢esitli yapi malzemelerinden
olusmaktadir. Ozellikle eski eserler kerpic, tugla, tas, ahsap gibi dogal kokenli malzemelerden
yapilmaktadirlar. Zamanla dogal ve yapay etkiler sonucu bu malzemelerde bozulmalar meydana
gelmektedir. Bu yapilarin dogru olarak onarilmasi ve yasayabilmesi icin mevcut 6zgliin malzemelere
uygun olan onarim malzeme ve sistem tercih edilmelidir (Croci, 1998).

Siva ve derzlere midahale: Zaman icerisinde, ¢esitli etkilere maruz kalan duvar yiizeylerindeki sivalar ve
derzler yipranmaya baslar. Eski eserlerde bu durum yapisal sorunlar yaratabilir. Yapiya ait har¢ ve sivalarin
kimyasal iceriklerinin ve fiziksel 6zelliklerinin bilinmesi tretilecek yeni malzemelerin 6zgiin ve diger yapi
malzemeleri ile uyumlu olmasi icin zorunludur. Bu malzemeler tizerinde yapilmasi gerekli olan malzeme
ve numune testleri g6z ardi edilmemesi elde edilen veriler isiginda siva ve derz yenilemesi yapilmalidir.
Yeni olusturulan harg 6zgiin olaniyla benzer 6zellik ve niteliklerde degilse derz ve siva yenileme islemi
yap! malzemlerinin bozulmasini neden olabilir.

Ahsap 6gelerin saglamlastiriimasi: Ahsabin ylizeyine yangin, mantarlasma vb. etkilerinin azaltilmasi
icin koruyucu, nitelikte maddeler sirtlerek, piskurtilerek ya da emprenye edilerek saglamlastiriimasi
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saglanmaktadir. Ayrica yapi yuklerini karsilamasi ve sistem stabilitesi arttirmak icin ahsap elemanlara ek
baglantilar ve takviyeler yapilmaktadir.

Tas 6gelerin saglamlastiriimasi: Tas ylizeylerinde ya da derin olmayan catlaklarda koruyucu, yapistirici,
doldurucu nitelikte c¢esitli kimyasallar ve harclar sirilerek, puskurtilerek, emprenye edilerek veya
enjeksiyon yontemi ile saglamlastiriimasi saglanmaktadir. Bu onarim yontemlerinde 6zgulin tasin rengine
ve yapisina uyum saglayabilecek malzeme secimi yapilmalidir.

Kerpic malzemenin saglamlastiriimasi: Kerpi¢ malzeme ¢amur harc ile sivanarak korunmaktadir. Bu
yontemle kerpi¢ hava kosullarina karsi korunmus olmaktadir.

¢ Kismi Degistirme ve Tamamlama

Ciddi hasar durumlarinda (Derin ¢atlak, ayrilma, parca kayiplari, malzemenin bozulmasi vb. gibi) en etkili
yontem zarar gérmuis malzeme, parca ve elemanin kademeli olarak kaldirilarak ayni ya da daha genis
alanda tekrardan yapilmasidir. Bu yontem, binanin tarihi degerine gore detayli degerlendirilmelidir
(Croci, 1998).

» Takviye ve Giiclendirme
Enjeksiyon Yontemi

Enjeksiyon ile onarim; yapiya 6zgiin mekanik 6zelliklerini kazandirabilmek igin, yapi icine uygun fiziksel
ve kimyasal 6zellikte sivi malzemenin enjekte edilmesi uygulamasidir. Enjeksiyon uygulamasi ile yapi
icerisinde bulunan bosluklarin ve catlaklarin doldurularak yapi kesitinin strekliligini saglamak ve
tekrar tek parca seklinde bir yapi elde etmek amaclanir. Boylece yapi tizerindeki yukler kesintisiz olarak
temellere aktarilir ve olasi gécmeler engellenmis olur (Unal, 2019).

Sekil 1: Kagithane Tarihi Camasirhane Binasi’ nda enjeksiyon yontemi ile duvardaki ¢atlaklarin ve
bosluklarin doldurulmasi (Yazarin Fotograf Arsivi)



AURUM MUHENDISLIK SiISTEMLERi VE MIMARLIK DERGISI
AURUM JOURNAL OF ENGINEERING SYSTEMS AND ARCHITECTURE

Dikis Yontemi

Tarihi yapida olusan catlaklar 10 mm den blyiikse ve yapida kullanilan tas veya tuglalarda parca kopmasi
ya da diisme mevcut ise dikis yontemi basvurulur. Bu ydntem bir cesit duvar gliclendirme metodudur.
Dusey catlaklarda, catlaga yakin tas ya da tuglalar cikarlir ve dikis elemani olarak adlandirilan celik
elemanlar eklenir, tas yada tugla duvarin bosluklari uygun goriilen harg ya da enjeksiyon ( grout ) ile
birlikte uygun olarak doldurulur (Gavrilovic, ignatiev, Kremezis, & Laszlo, 1983).

L/

Dikis Elemani

Sekil 2: Tarihi yapilarda dikis ydntemi (Gavrilovic, ignatiev, Kremezis, & Laszlo, 1983).

Destekleme

Duvar, kemer, tonoz, kubbe gibi tasiyicilar; zemindeki problemler, deprem gibi etkiler sonucunda
eksenlerinden ayrildiginda, catlaklar olusabilir. Bu sorunu gidermek, hareketi durdurmakicin bu bélgeler
masif, ya da ucan payandalar ile desteklenerek saglamlastirma yoluna gidilir. Bu duruma 6rnek olarak
Mimar Sinan'in Ayasofya’nin kubbesini payandalar ekleyerek desteklemesi verilebilinir (Mahrabel, 2006).
Mimar Sinan olasi depremlere karsi ana kubbeyi de bu sekilde saglamlastirma yoluna basvurmustur.

Sekil 3: Ayasofya Camii ‘sine eklenen payandalar (URL-1).

Kusaklama

Baglanti cubuklari-gergi uygulamasi (Tie-bars): Blyik acikli yapilarin stabilitesinin bozulmasina neden
olan en biyuk etken, mesnetlerin agiklik yoniinde acilmasidir. Tarihi yapilarda gergiler, tasiyici sistem ile
birlikte calismasi saglananarak acikliklar gecen yapi elamanlarinin yanal itme kuvvetlerinin azaltiimasina
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katkida bulunan genellikle metalden veya ahsaptan yapilan elemanlardir. Gergiler kemer, tonoz, kubbe
ya da iki duvar arasinda kullanilabilir. Bu uygulama sayesinde yapilarin diisey ve yatay yikler altindaki
davranisini iyilestirmektedir (Arslan, 2006) (Kliciikdogan, 2007).

Sekil 4: Kagithane Tarihi Camasirhane Binasi gergi uygulamasi (Yazarin Fotograf Arsivi)

Cemberleme- Sikistirma (Confinement): Cemberleme; dagilma tehlikesi gosteren disey tasiyici
elemanlarin metal cemberlerle sarip sikistiriimasiyla uygulanan bir yontemdir (Mahrabel, 2006). Metal
halkalarla uygulanan ¢cemberleme, ¢ok fazla basing nedeniyle kolon ve ayaklarda catlama, ezilme,
parcalanma gorildigi yerlerde uygulanabilir.

Sekil 5: Cemberlitas cemberleme yontemi (URL-2).
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Kesit Genisletme

Kesit genisletmeislemlerinde yapinin ya da yapi elemaninin yiizeyine yeni bir kiitle veya bir malzemelerle
eklemeler yapilarak yukiin daha genis alanlara dagitiimasi veya mukavemetinin arttirilmasi saglanir. Bu
miidahale icin geleneksel ve cagdas yontemler gelistirilmistir.

Puskiirtme yontemi ve celik hasir donati kullanilarak giiclendirme: Bu yéntemde duvar, kubbe,tonoz
vb. yapi elaminin i¢ ve dis yiiziine icinde donati olan giiclendirme bantlan eklenir ya da yapi elamaninin

tim icinden ve disindan Uizeri harcla ortuli bir donati hasiri ile kaplanir (Kiigiikdogan, 2007). Piskirtme
yontemi ile uygun olan harc ve donati entegre olur. Bu ydntem, 6zellikle yapilara ek yiik verdigi icin ve
depremlerden etkilenmesini arttirdigi icin kullanilmasi dnerilmektedir.

Sekil 6: Celik hasir ile gliclendirme yontemi (Kuiglikdogan, 2007).

Ek kiitle eklenmesi: Yapinin veya yapi elemanin tabanina ek kiitle yapilarak agirlik merkezinin glivenlik
sinirlan icinde kalmasi saglanir. Sivas Divrigi Ulu Camii’ nin minaresinde diiseyden baslayan ayrilmalara
¢6zlim olarak kesit genisletilmistir. Kaide cevresinde yapilan ek bir kiitle ile taban alani genisletilmis;
diiseyden ayrilan minarenin yikilmasi dnlenmistir (Kiiclikdogan, 2007).

Sekil 7: Sivas Divrigi Ulu Camii ek kiitle eklenerek kesit genisletme (URL-3).
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FRP_(Lifli Polimer) kullanilarak gliclendirme: Tarihi yapilarda kullanilan malzeme 6zelliginden dolayi
stineklilik oldukca duisiik mertebededir. Tarihi yigma yapilarda cekme elemanlari olmadigindan ¢cekme
gerilmeleri bakimindan da dayaniksizdir. Bu nedenle yapiyi gliclendirmek icin yapiya stineklik katacak
ve cekme gerilmelerini karsilayacak eleman secilmelidir. Bu elemanlardan en énemlilerinden biri lifli
polimer (FRP) elemanlardir. Uretiminde karbon, bazalt, cam elyaf, aramid elyaf gibi lif turleri kullanilr.
FRP sistemi izgara, serit, kumas, halat biciminde Uretilmetedir (Degirmenci & Saribiyik, 2015). ICOMOS,
Mimari Miras Koruma Bildirgesi’ nde de belirtildigi lizere tarihi yapilara uygulanan miidahaleler 6zgiin
yapltya olabildigince zarar vermeden kaldirilabilir ya da yenilenebilir tekniklerle yapilmasi gerektigi
vurgulanmistir. Bu kapsamda FRP sistemi ile gliclendirme yontemi degerlendirildiginde tarihi yapilarin
onarimi i¢in tercih edilmemelidir.

Sekil 8: Frp 1zgara sistemi (Yazarin Fotograf Arsivi)

Sekil 9: Hasanpasa Gazhane Binasi'nda uygulanan frp 1zgara sistemi (Yazarin Fotograf Arsivi)

Celik levhalarla giiclendirilmesi

Bu yontem ozellikle duvar glglendirimesinde kullanilan bir yontemdir. Duvarlar celik levhalarla
kusaklanir ya da duvarin catiya veya déseme diyaframlarina monte edilerek kullanilan ¢elik levhalarla
glgclendirilir. Bu yontem duvari dikey kuvvetlere karsi gliclendirmesine karsin yatay kuvvetlere karsi
gliclendirilmesinde yardimci olmaz (Croci, 1998) (Mahrabel, 2006).
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Sekil 10: Celik levha ile gliclendirilmesi (Croci, 1998)

On germe ile giiglendirme

Tarihi yapilarda olusan hasarlar ve ekstra deprem ve toprak hareketleri meydana geldiginde gerilme
mukavemeti gerekir. S6z konusu gerilme mukavemeti, harici baglantilar ile elde edilebilir. Ozel
paslanmaz celikler, recine cubuklar, karbon elyaf lifler, polimerik lifler veya diger sentetik ipler kullanihr
(Croci, 1998) (Mahrabel, 2006).

Sekil 11: Mihrimah Sultan Camii ana kubbe eteginde uygulanan ¢cekme ¢emberi
(istanbul Vakiflar Miidirliigi, 2011)

Sabitleme-Ankrajlama

Ankeraj, bir elemanin veya tim striktirin sabit bir striiktiire veya zemine sabitlenmesidir (Croci, 1998).

(e1)

(e2)

? » kazk

Sekil 12: Pisa Kulesi zemin sabitleme yontemi (Croci, 1998)
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Zemin Saglamlastirmasi

o Temel Alt1 Zemininin Islahi

Yer alti suyunun seviyesindeki degisiklikler, sikisabilir tabakalarin varhigi ve bunlarin farkli kalinlk veya
ozellikte olmasi, zemindeki mukavemet kaybi gibi olumsuzluklarin giderilmesi icin temel zemininin
1slah edilmesi gerekir (Sarag, 2003).

Jet Grout Uygulanmasi

Meydana gelen oturma ve deformasyonlarin kontrol altina alinabilmesi, deniz kenarindaki yapilar
icin dalga etkisi ile zemin oyulmalarinin énlenmesi icin kullanilir. Bu teknigin esasi, delici bir takimin,
istenilen derinlige kadar 4X capinda delik delmesi ve daha sonra otomatik tesislerde hazirlanan harcin,
Ozel aletlerle alttan yukariya dogru istenilen seviyeye kadar zemini kesip ¢akil ve kumu biinyesine alarak
yiksek basincla (yaklasik 320 — 440 atmosfer basingla) zemine enjekte edilmesi ve bu suretle kolon
olusturulmasi ilkesine dayanir (Sarag, 2003) (Togrol, 1994).

Sekil 13: Jet Grout Uygulanmasi (URL-4)

Zemine Enjeksiyon Uygulanmasi

Zeminlerin gegirimliliginin azaltiimasi ve kayma mukavemeti parametrelerinin arttirilmasi amaciyla
kullanilan temel zemini iyilestirilme yonteminden biridir. Zemine ve kayaya enjeksiyon yapilarak
bosluklar tamamen ve ya kismen doldurulur (Sarag, 2003).

Yer Alti Suyunun Diizenlenmesi

Tarihi yapilarn olumsuz yonde etkileyen bir etken de yer alti sulardir. Uzun siire su etkisinde kalan eski
ederlerin temellerinde bozulmalar meydana gelebilir. Ozellikle asit yagmuru veya siilfat etkisine maruz
kalan yerlerde temeller daha erken bozulmaktadir. Temelde olusan bozulmalar farkli gerilmeler ortaya
cikararak tastyici sistemde hasarlar meydana getirir. Bunun icin yapinin etrafina sularin ortamdan hemen
uzaklastirabilecek diizgiin drenaj sisteminin yapilmalidir. Drenaj kanallarinin tasidigi sulari sizdirmamasi
baglantilarinin diizglin yapilmasi gereklidir. Ayrica diizglin bir drenajla taban boélgesindeki kapiler su
yiikselmesinin ve ¢iceklenmenin dniine gegilmis olunur.
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Temelin Gii¢lendirilmesi

Temel gii¢clendirmesi, bir binanin temel yiklerinin daha derin ve saglam seviyelere dagitiimasidir. Bu
yapilan islemde, mevcut yiklerin tamamen veya kismen zararsiz bir sekilde tasinacagi yeni temeller
yaratilr (Karakus, 2012).

o Geleneksel Yontemler

Geleneksel temel takviye yontemleri ile temelin genisletiimesi ve/veya derinlestirilmesi yoluyla temel
davraniginin iyilestirilmesine calisilir. Bu yontemin esasi, kazi yapilarak mevcut temel altina ilave beton
kitle olusturmaktir. Temel altindaki zemin tamamen bosaltilarak temel alt kisminin derinlestirilmesi veya
genisletilmesi ile olusturulan bosluk hacminin saglam ve stabil bir malzemeyle yeniden doldurulmasi
saglanir.

¢ Temel Yiiklerinin Derinlerdeki Saglam Zemine Aktarilmasi

Ayaklar

Cevredeki insaat nedeni ile veya yiklerin artmasi yiiziinden meydana gelebilecek oturmalar 6nlemek
icin yapilan geleneksel temel takviyesi, bazen temeli derinlestirilerek bir ayak olusturulmasina
donusturebilir. Kuyu ydntemi buna 6rnektir (Sarag, 2003).

Alttan Destekleme ve Takviye Kaziklar

Temel takviyesinde kaziklar, duvarin iki yaninda olmak tzere cift imal edilir. E§er binanin icinde kazik
yapilamiyorsa bu kez disarida yapilan kaziklara duvar konsol olarak tasitilir.

Yerinde dokme kaziklar: Yapimi sirasinda fazla sarsintiya yol agmadiklari igin temel takviyesi islerinde
yaygin olarak kullanilirlar. Yer alti su seviyesini altindaki kumlu zeminlerde yikanma olmamasi icin delik
delme isleminin dikkatle yapilmasi gerekir (Sarag, 2003).

itme (_burgulu ) kaziklar: 20~60 cm capinda ve 0.50~1.50 m parcalar halinde zemine itilerek sokulur.
Zeminde bosluk oranini azaltilmasinda kullanilir. Kazik zemine itilerek sokulduktan sonra ucu mevcut
yaplya bir baslikla baglanmaktadir. Zeminde 6rselenme azdir. Tagima kapasitesinin belirlenebilmesinden,
sismik hareketlerin oldugu ve zor zemin sartlarinda da uygulanabilmesinden dolayi tercih edilir. Burgu
saylisi arttikca ylksek tasima kapasitesine ulasir (Sarag, 2003).

Mini kaziklar: Temel gliclendirmeleride cesitli caplarda kaziklar kullaniimaktadir. Capt 300 mm ile 600
mm arasinda olan kaziklara kiiclik capli kaziklar, capi 300mm ile 75 mm arasi olan kaziklara da mini
kaziklar denilmektedir. Mini kazilar kii¢lik capli kaziklar olup kazik gereksinimi olan ve tasarim yukleri
3 tondan 500 tona kadar her turlt zeminde kullanilabilir. Gliniimiizde kiguk ¢capli 6zellikle mini kazik
yontemi uygulama kolayligindan dolayi yaygindir. Uygulama zemin delinerek enjeksiyonile doldurularak
olusturulan kazik sistemidir. Bu ydntem oturma ve zemin kabarmasi nedeniyle hasar gérmus yapilarda
temelin giiclendirilmesi ve oturmalarin durdurulmasi amaciyla tercih edilip uygulanan kaziklar Tip 1 ve
Tip 2 olmak Uzere iki gruba ayrilirlar (Sarag, 2003).
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Tip 1: Mini Kazik: Genelde bu tipte yuki daha kararli veya saglam bir tabakaya aktaracak sekilde
tasarlanirlar. Ozellikle sevin kaymasi muhtemel en kritik kayma yiizeyinde kazik kayma yiizeyinde kazik-
zemin temasi s6z konusu olmaktadir (Sarag, 2003).

Tip 2: K6k Kazik: Agacin kdklerine benzeyen ti¢ boyutlu bir kazik agi 6rgiisi zeminde kilitlenme sayesinde
stabilizasyon saglamaktadir (Sarag, 2003).

Sismik Yalitim

Sismik yalitimin temel ilkesi yapilarin kuvvetli yer hareketlerinin 6zellikleri g6z dniine alinarak yapi
rijitliklerini bir noktada azaltarak periyotlarin uzatiimasi soniim oranlarinin artiriimasi ve boylece yapilara
depremde daha az yiik etkimesinin saglanmasi seklinde 6zetlenebilir.

Sekil 14: San Francisco Sanat Miizesi Sismik Yalitim Uygulamasi (URL-5).

Sistemin Stabilizesini Artirici Ek Miidahaleler

* Bolgesel Miidahaleler

Bolgesel miidahaler cogu zaman yapinin bitliniinde uygulanan gliclendirme yontemiyle benzerelik
gOsterir. Bolgesel uygulma dogrudan yapi elemanin tagima glictinii artirici bir calismadir.

Yapilarda pencere ve kapi bosluklarin kapatilmasi: Eski eserlerde pencere ve kapi bosluklarinin tugla ya
da tag ile 6riilerek kapatiimasi sistem stabiletisini ve rijitiligni artiran midahelelerden biridir. Bazen ¢elik
cerceve kullanilarak da uygulama yapilabilir (Mahrabel, 2006).

Yapilardaki ayrilamalar icin yapilan miidahaleler: Yapi elemanlarinda sismik etkiler (deprem) yetersiz
baglanti ya da baglantilarin yeterli dayanimda olmamasi sonucunda, genis diisey kiriklar veya ayrilmalar
olusabilir. Bu ayrilmalarda o bolgeye tas veya tugla ekleyerek ya da celik sistem ile miidahale edilebilinir
(Mahrabel, 2006).
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e Acil Miidahaleler

Gegici Takviyeler ve Yapinin Desteklenmesi: Agir hasar almis ve kismi gdé¢meler yasamis tarihi yapilarda
yikimlarin ilerlememesi ve yapinin kalan kisimlarinin da hasar gérmemesi ve tehlikeyi minimuma
indirmek icin uygulanmaktadir. Devrilme, diisme egiliminde ya da yana yatma durumu yasayan

elemanlar icin gegici destek, payandalar, ara baglantilar vb. takviye elemanlari kullaniimaktadir. Ahsap
ve celikten yapilmis takviyeler en ¢ok tercih edilen yontemlerdendir. Bazi acil durumlarda yapinin
devrilmesini engellemek ve desteklenmesini saglamak icin is makineleri de kullanabilinir.

Yapinin Askiya Alinmasi: Bazi hallerde kubbe, tonoz, kemer ve yigma yapilarda duvaralar gibi elemanlar
bir kalip-iskele sistemi yontemi ile askiya alinir. Bu sekilde yiklerin temellere iletilmesi 6nlenir. Kaliplar,
tastyici elemanin formuna uygun olacak sekilde tasarlanir. iskeleye mesnet noktalarinda verilecek ters
yuklerle tasiyici sisteme ters sehim verilerek yapi yikleri iskeleye iletilmis olur.

2.2.2. Biitiinleme

Bitlinleme; bir bolimi hasar gérmis ya da yikilmis olan yapi 6gelerinin saglikli ve givenilir veriler
1siginda (resim, belge vb.) ilk tasarimlarindaki butiinlige kavusturacak bicimde geleneksel veya
¢agdas malzeme kullanarak tamamlama islemine denmektedir. Bu uygulma ydntemi yikilan kisimlar
tamamlanarak yapi kullanil hale gelir ve daha fazla hasar almasi engellenmis olur.

Uluslararasi komitelerinin de sdyledigi gibi yeni yapilan kisimlar 6zgilin olandan ayrilabilmesi icin farkli
bir dokuya sahip malzemelerden yapilmasi daha uygun bir uygulama olacaktir (ICOMOS, 1999).

2.2.3. Yenileme

Dogal afetler, bakimsizlik, zamanla degisen yasam bicimi ve ona bagl istekler nedeniyle bircok tarihi
yap! 6zgiin islevinden uzak ilk yapihs amacindan farkli durumlarda olabilmektedir. Ulkemizde ilk
tasarima ait yeterli veri bulunamayan 2. grup yapilarda, yeni bir i¢ diizenleme yapilmasina izin verilebilir.
Dis cephesi ayni kalacak sekilde ic mekanda degisikler yapilabilinir fakat tarihi aniya saygi duyularak
yapilacak calismalar daha uygun calismalar olacaktir (Kiltiir ve Turizm Bakanligi; 1999) (ICOMOS, 1999).

2.3.Yeniden Yapim

Zamanin yipratici etkilerine karsi yok olan tarihi bir kimlige sahip olan yapilarin birebir replikasinin
yapilmasi durumudaur. Tarihi agidan bir deger tasimaz, bir yapim teknigini siirdiirme, gelenegi yasatma
bakimindan bu yontem kullanilabilinir. Yeniden yapimda teknik verilerin, fotograf, rél6ve, restitlisyon ve
belgelerin var olmasi gerekmektedir (ICOMOS, 1999).

3. TARiHi YAPILARIN ONARIM VE GUCLENDIRME YONTEMLERINDE YAPILAN HATALARIN
ORNEKLERLE iNCELENMESi

3.1.Parthenon

Parthenon Tapinadi diinya mimarlik tarihinin ve Yunan kiltiriiniin en 6nemli simge yapilarindan
biridir. Parthenon, Atina'da bulunmaktadir. MO 447-432 yillari arasinda yapilmistir. Yapi ilk olarak Roma
doéneminde (MS 267) blyiik bir yanginda istila sonucu zarar gérmistir. Cellanin tiim i¢ ylzleri, ¢atisi
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ve revaklari yok olmustur. 6. yy ‘da Hristiyan kilisesi haline getirilmis ve dogu kdsesine bir altar ilavesi
yapilmistir. Osmanli Devleti doneminde yapinin ash oldugu gibi korunarak bagimsiz bir minare eklenerek
camii olarak kullanilmis daha sonra mihimmat deposu olarak kullanilmistir. 1687 yilinda Venedik-Tiirk
savasl sirasinda barut mihimmat deposu olarak kullanilan yapi, Venedik saldirilari sirasinda yapinin
icindeki barutun ateslenmesi sonucu ikiye ayrnimistir. Cellanin kuzey ve giiney tarafindaki 14 siitun
¢okmustir (Toganidis, 2007).

1835 yilinda ilk restorasyon girisimi Alman Mimar Leo von Klenze tarafindan yapilmistir. Klenze'nin
planlamalariyla Akropol'de Osmanli hakimiyeti sirasinda olusmus dini ve sivil mimari 6geler tamamen
ortadan kaldinlmistir. Ayrica bu calismalarda Parthenon’nun yan duvarlarin kismi restorasyonunu
gerceklestirilmis ve kuzey cephesinde 2 stitun dikilmistir. Cella duvarlarinda bulunan yikilmis kisimlar tugla
kullanilarak destek amach doldurulmus, tapinak situnlardaki zayif boliimler, demir kasnak ve kenetler
kullanilarak gticlendirilmis ve bazi stitunlar ayaga kaldinlmistir (Toganidis, 2007) (Jokilehto, 2002).

Sekil 15: Parthenon Tapinagi'nin 1890 yilindaki durumu ve 1922-1930 yillari arasinda gecirdigi
onarimlar sonrasi goriinimu (Balanos, Massin, & Lévy, 1938)

Parthenon'da ikinci kapsamli restorasyon calismasi 1898-1902'de baglamis ve 1922-1933'te Nikolaos
Balanos tarafindan gerceklestirilmistir. Balanos'un 6zellikle Parthenon, Erectum ve Nike Tapinak'inda
gerceklestirdigi restorasyonlar, rekonstriiksiyon anlayisiyla ele almasi ve bunu yaparken pratikte sectigi
yontemlerin yanlis olmasi uluslararasi cevrelerden ciddi elestiriler almasina neden olmustur. Parthenon'da,
sttun siralarini ayadga kaldirirken parcalari dogru yerlerinde ve gercek pozisyonlarinda birlestirmemis
hatta akropoliste var olan iki farkli antik blogun malzemelerini farkli tapinaklarda kullanmistir. T4m bunlari
uygularken parcalar kesmis, delmis ve birlestirme asamasinda da demir kenetli baglar kursun icine
yerlestirmeden kullanmistir.. Bu demir kiris baglantilari mermerlerin icine gdmmdisttir. Ayrica Parthenon'da
kuzeydeki sutun siralarinin onariminda arsitravlar timiyle mermerle tamamlarken sttunlardaki eksik
bolimler icin cimentodan yeni tamburlar olusturmustur. Balanos’'un savunarak kullandigi bu yontemlerin
zararlari ileriki yillarda ortaya ¢ikmis olup birlesimlerde kullanilan demir donatilar ve cimentodan yapilmis
tamamlamalar 6zglin malzemenin bozulmasina neden olmustur. Zamanla, 6zgiin malzemede catlaklara
neden olmustur. Acik derzlerin olusmasi ve atmosferik nemin niifuz etmesiyle ic demir takviyeleri asinmistir.
Asinmis demir elemanlarin genislemesi mermer dokuda catlamaya neden olarak bloklarin parcalanmasina
sebep olmustur (Toganidis, 2007) (Jokilehto, 2002) (Lambrinou, 2016).
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Sekil 16: Nikolaos Balanos'un akropolis restorasyonunda kullandigi demir kenet uygulamasi ve
atmosferik etkenlerden dolayi genislemesi ve mermer dokuda c¢atlaklar olusturmasi (URL-6)

Balanos'un Parthenon'da uyguladigi, cimento ve demir kullanarak rekonstriiksiyon girisimine bircok
uluslararasi komite karsi ¢ikmis. Ozellikle 1931'de Uluslararasi Miizeler Orgiitii tarafindan Atina'da
diizenlenen, “1. Uluslararasi Tarihi Anitlar Mimar ve Teknisyenleri Kongresi, arkasindan yayinlana Atina
Kartasi ve Giovannoni katkilariyla modern koruma ilkeleri anlatiimis. Bu koruma ilkelerinin Parthenon'da
da uygulanmasi gerektigi sdylenmistir (Tarhan, 2019).

Parthenon'da 1984 yilinda u¢linci kapsamli restorasyon calismasina baslamistir. 1981 yilinda meydana
gelen siddetli deprem dogu yakasinin kdselerini etkilemis ve yetkilileri 6nlem almaya mecbur birakmistir.
1986-1991 yillarinda 1981 depreminde adir hasar géren dogu cephesinde ilk calismalar baslamistir. Bu
calisma kapsaminda eski restorasyonlarla birlestirilen bazi parcalarin ¢atladigi, bazilarinin ise birlegsim
yerlerinden ayrildigi tespit edilmistir. Bu sorunlar ve Balanos'un yapmis oldugu yanlis miidahelerden
dolayi yapi kapsamli bir restorasyon calismasi yapilmasina karar verilmistir. Restorasyon ¢alismasi Mimar
Manolis Korres tarafindan yaritilmastir. Calismalar Akropolis Anitlarini Koruma Kurulu'nun bilimsel
g6zetimi altinda olmustur (Toganidis, 2007) (Lambrinou, 2012).

Yapida cesitli calismalar yapilmistir. Bunlardan biri yanls sttunlarin yoniini degistirmek icin 6zel
aletler tasarlanarak giiney cephesinde uygulanmalar yapilmistir. Yurltilen restorasyon projesinin
ihtiyaclarindan biri de eksik parcalarini tamamlamasi asamasidir. Yapida pentelik mermeri kullaniimig
fakat yapilan testler ve analizler sonucu glinimizde 6zgiin malzemeye benzer 6zelliklere sahip
dionysos mermerinin kullanilmasinin en iyi secim olacagindan restorasyon calismasinda bu malzeme
kullanilmistir. (Toganidis, 2007) (Lambrinou, 2012).

Bu suirecte yanmis mermerin catlaklarindan gegebilen 6zel derzler gelistirilmistir. Bu harg ile kolonlarin
stabilitesi arttirldiktan sonra diger elemanlar sokiilmis ve konservasyona devam edilmistir (Toganidis,
2007) (Lambrinou, 2012). Pasli demir ¢ikarilarak yerine titanyum takviyeler kullaniimistir. Bu malzeme
korozyona demirden 500 yUz kat daha dayaniklir. Yapida titanyum takviyesi daha dnce restore edilmis
veya yerinde korunmus olan sundurmanin tim bélimlerinde, sira sttunlar, situn basliklar, kuzeybati
antanin tag bashgi, tag bloklar ve bati frizinin destekleri vb. bélimlerde kullaniimistir (Toganidis, 2007)
(Kourkoulis, Papageorgiou, & Mentzini, 2010).
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Sekil 17: Parthenon’da titanyum takviyesi kullanilmasi (Mentzini, 2017)

Kuzey cephesi ve siitunlar bélgesi programi en kapsamli ve zor olan restorasyon calismasidir ¢cliinki
1930'larda Balanos tarafindan restore edilen sacak ve sekiz sttunun sokilerek restorasyonunu
icermektedir. Yaklasik 185 parcayi iceren bir calismadir. Paslanmis metal kelepgeler diibeller kaldiriimis,
onceki midahalenin ¢cimento dolgulari yerine yeni mermerler yapilmis ve mimari elemanlar, 6zellikle
sttunlar belirlenen metodolojiye gore dogru konumlarina getirilmistir (Lambrinou, 2012).

3.2. Pisa Kulesi

Pisa Kulesi, italya'’nin Arno Nehri kenarinda bulunan Pisa sehirinde bulunmaktadir. Bu sehre ait Pisa
katedralinin can kulesidir. Pisa Kulesi (st Gste bindirilmis yuvarlak 6 stitun dizisinden meydana gelen 56
metre ylksekliginde bir kuledir. En Gstteki canlarin bulundugu 8. kat silindir bicimindedir (Encyclopaedia
Britannica |, 2020).

1173 yilindainsasina baslanan kulenin birbirini takip eden savaslar nedeniyle yapimi pek cok kez kesintiye
ugramis yaklasik 200 yil sirmiistiir. Daha dérdiinci kati yapilirken giineye dogru egilmeye baslamistir.
insaat devam ettigi sirada kulenin giiney tarafina daha uzun siitunlar ve kemerler eklenmistir. Fakat
dordiincl kata ulasildiginda gliney tarafindaki kemerler kuzeydeki kemerlerden iki santim daha uzun
olmustur. Pisa Kulesi'nin insaati savaslardan dolayi durmus yaklasik 100 sene sonra kuleye doért kat daha
eklemeye baslanmistir. Ust katlarin bir tarafini digerinden daha uzun insa edilerek denge saglanmaya
calisildiysa da bu durum kulenin daha da egilmesine sebep olmustur. 1319 yilinda kulenin yapimina
yeniden baslanarak yedinci kat, canin yer aldidi sekizinci kat ise 1372 yilinda yapilmistir (Barsali, 1999)
(Puzrin, Alonso, & Pinyol, 2010). insaatin sonunda, kulenin diseyden 30 saptidi diistintilmektedir. Pisa
Kulesi'nin egimine ¢6zlim getirmek uzmanlar yillar icinde ¢esitli girisimlerde bulunmuslardir.

1838 yillinda Mimar Alessandro Della Gherardesca, kulenin ¢evresine gomiilii temel basamaklarini ve
sutun kaidelerini ortaya ¢ikarmak icin 3 m genisliginde bir hendek kazilarak yliriime yolu uygulamasini
yapmistir. Bu ylriime yoluna catino denmektedir. Catino giiney tarafinda su seviyesinin altinda
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kaldigindan, kazi suyun iceriye dolmasina neden olmustur. Buna takiben kule, yarim derece daha
egilmistir (Jamiolkowski, 2001) (Puzrin, Alonso, & Pinyol, 2010) (Melis & Gatley, 2018).

1934 yilinda The Department of Civil Works of the Town of Pisa (Pisa Kasabasi insaat isleri Dairesi
) tarafindan kulenin temeline ulasmak ve Pisa Kulesi'ni dik hale getirmek icin kulenin cevresinde
300'den fazla delik agarak enjeksiyon uygulamasi yapmistir. Temel kaidesinin cimento enjeksiyonu ile
saglamlastiriimasi distiniilmus ve bu calisma sirasinda su yaltimi da yapilmistir. Ayrica, catinonun zemini
ve duvarlarina 80 cm kalinliginda mermer kapl bir beton levha konulmustur. Fakat bu uygulma kulenin
agirthginin artmasina ve daha fazla egilmesine neden olmustur. islemlerin tamamlanmasindan sonra da
egilme devam etmis olup egilme hizinin 1945 yilindaki egiminin 1990'da iki katina ¢iktigi hesaplanmistir
(Barsali, 1999) (Puzrin, Alonso, & Pinyol, 2010).

Yapinin egilmesinin nedenleri arastinimis bu arastirmalar sonucu egilmenin ana sebebi temeldeki
yumusak ve kumlu zeminde olusan ¢okmeler oldugu ortaya ¢ikmistir. Kule temelleri zeminin 3 m
altinda, deniz seviyesinde ve kuzey ydndeki yeralti su seviyesi giiney yoniindekinden daha yuksektir.
Kulenin temeli sadece ti¢ metre derinlikte olmasi, yogun bir kil karisimi izerine insa ediliyor olmasi ve
yumusak zeminin kuleyi dik tutacak kadar gii¢li olmamasindan dolayi kulenin agirhig en zayif noktaya
dogru egilmesine neden olmustur (Jamiolkowski, 2001).

1990’ yillarda kule egiminin 5,5° oldugu saplaninca ilk olarak kule kapatildi, canlar kaldirildi ve
restorasyon ¢alismalarina baslandi. 1992 yilinda binanin gecici olarak stabilize edilmesi amaciyla kulenin
etrafina ikinci kata kadar plastik kapl celik kablolar insa edildi. Mayis 1993 ile Subat 1994 arasinda kule
tabaninin kuzey kenarina yaklasik 600 ton kursun kiilce agirliklar yerlestirildi. Bu agirliklarin kullanilmasi,
egimi neredeyse bir in¢ (2.56cm) azaltmistir (Burland, Jamiolkowski, Squeglia, & Viggiani, 2013).

Sekil 18: Pisa kulesi ¢elik kablo ve kursun kilge agirlik uygulamasi
(Burland, Jamiolkowski, Squeglia, & Viggiani, 2013)
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1995 yillarin baslarinda restorasyonu denetleyen komisyon, géze hos gériinmeyen denge agirliklarini
yer alti kablolariyla degistirmeye calismistir. Bu calisma esnasinda kulenin egiminde énemli bir artisa
neden oldugu icin proje iptal edilmistir (Burland, Jamiolkowski, Squeglia, & Viggiani, 2013) (Burland,
Jamiolkowski, Squeglia, & Viggiani, 2003). Bu uygulama kisaca temel gliclendirme ve zeminin sivi
nitrojen dondurulmasini icermektedir. Kulenin temeli etrafina betondan bir halka yerlestirmis ve betonu
delerek yaklasik 12,2 m asagidaki siki kum katmanina bu halkayr ankrajlarla baglamislardir. Ankrajlarin
yerlestirilmesi sirasinda zemin 6rselenmis ve kulenin egiminde ani bir artisa neden olmustur. E§imin
tam tersi yonden daha cok kursun kiilce yerlestirilip operasyon terk edilmistir (Jamiolkowski, 2001).

Bir siire herhangi bir islem yapilmamis fakat 1999 yilinda zemin bosaltma yontemi uygulanmasi karari
alinmistir. Kulenin kuzey kisminin altina dikkatli bir sekilde zemine egik sondaj kuyulari aciimis ve bu
deliklerden azar azar toprak ¢ikarma islemi yapilmistir. Bu sekilde kulenin alti bosaltilmis kulenin kuzey
tarafinin oturmasi saglanarak ve egim de azaltilmistir. islemler 2001 yilinda bitmistir. Kulenin bugiinki
egimi 3,97 derecedir (Jamiolkowski, 2001) (Burland, Jamiolkowski, Squeglia, & Viggiani, 2013).

3.3. Santa Maria dei Miracoli Kilisesi-Venedik

S. Maria dei Miracoli kilisesi, Venedik'te 1481 -1489 yillari arasinda insa edilmistir. Kilise olarak tasarlanan
yapidahasonrayapimasamasinda 1485 yillinda manastiradonustirilmustir (Howard, 1989). Cephelerin
kendine 6zgu yarim daire bicimli bir alinligi bulunmaktadir. Cephede renkli mermer uygulamasi vardir.
Bu kilisenin benzersiz bir 6zelligi binanin mermer kaplamasidir. Yapida cesitli tiirde ve renkte mermer
kullanilmistir Bu yiizden yap1 mermer kilise olarak da bilinmektedir (Fasinna, 1992).

XIX yiizyilda yapida iki dnemli restorasyon projesi gerceklestirilmistir. ilk asamada kilisenin hem icindeki
hem de disindaki bozulmus mermerlerden birkagi onarilmis ya da degistirilmistir. Yeni mermerler
Portland cimentosu ile sabitlenmistir. ikinci asamada kilisenin cati ve kubbesinde biiyiik bir restorasyon
gerceklestirilmistir. Ozellikle nem sorunu oldugu icin yatay bir nem gecirmezlik uygulamasi yapilmistir
(Fasinna, 1992) (Fasinna & Stevan, 1990).

Gecen ylzyillar sonrasinda . S. Maria dei Miracoli Kilisesi’nin mermer cephelerinde bozulmalar meydana
gelmistir. Yapinin mermer cephelerinde meydana gelen ¢lriime mekanizmalarini anlamak i¢in 1980-
1990 yillar arasinda detayli bir arastirma yapilmistir. Bilgisayar ortaminda mikroklimatik arastirma
calismasinin yani sira mermer levhalarn destekleyen tugla duvarlar da incelemeye alinmistir. Binanin
yapisiyla ilgili nem ve tuz icerigi arastirmalarina 6zellikle 5nem verilmistir. Oncelikli olarak kanala bakan
cephe olan sol cephe en cok hasarli cephe olmasindan dolay: ilk arastirmalar bu cephede yapilmistir.
ikinci asamada daha iyi durumda olan sag cephe incelenmistir. Yapilan arastirmalar sonucunda kilise ve
zemini arasindaki mesafenin arttigi tespit edilmis ve bunun nedenin de yliksek nem oldugu saptanmistir.
5 m derinliginde sondaj yapilmistir. Bu sondajlarda ylksek su miktari bulunmustur. Mermer levhalarin
bozulmasininin nedenleri ise;

- Yapilanilk restorasyon calismasinda doseme kaldinimadan miidahele edildigi icin, tugla bolimlerde
nemin buharlasmasi engellendiginden eski yiiksek nemin olmasi ortadan kalkmamasi,

- Oluklardan ve cevreden dis mermer plakalara strekli su sizmasi,
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- Ogzellikle mermer levhalar tugla duvarlara sabitlemek icin 1880’lerde (19.yy yapilan) yapilan
midahalede kullanilan Portland cimento uygulanmasinin yapiya oldukca biytk zarar verdigi tespit
edilmistir. Portland ¢cimentosu kullaniminda gérilen en biyiik sorun tuzlanma olayidir. Bu yapida da
mermerlerin bozulmasi, tuzun varligina baglanmaktadir. Tuzun olusmasi, malzeme biinyesine giren
suyun kuruyarak buharlagmasi ile ylizeyde ciceklenme denilen yiizey erozyonu olusmasina sebep
olmustur. Mermerlein bozulmasindaki en bulyiik etkenin bu olayin oldugu saplanmistir (Fasinna,
1992) (Fasinna & Stevan, 1990).

Sekil 19: Koruma isleminden 6nce Miracoli'nin tuz birikintileri ve yiizey kiri iceren dis gérinimi
(Fasinna, 1992).

1990l yillarda baslayan calismalar ile hasar kaynaklarini belirlemek ve en iyi dizeltici 6nlemleri
belirlemek icin Venedik sanat eserleri mifettisligi laboratuvari tarafindan tasin korunmasi Gzerine bir
arastirma programi baglatiimistir. 1990'dan 1997'ye kadar kilise binasinin hem i¢ hem de dis cephesinin
mermer kaplamasi ve taslarini tuzdan arindirilmis ve temizlenmistir. ilk olarak mekanik temizleme
yapilmistir. Sonra tim mermer kaplama c¢ikariimis ve paslanmaz celik tanklarda damitilmis su ¢ozeltisi
icinde temizlemistir. Sivalardan temizlenmistir ve saglamlastiriimistir (URL-7).

Sekil 10: Miracoli'nin mermerlerinin tuz birikintileri arindirma islemi (URL-7)
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Restorasyonun diger bir asamasi da yapinin i¢ kisminda yapilmistir. Sunak kismi ve eski ahsap sapelde
detayli onarim ¢alismasina yapilmistir. Demir destekler, celik desteklerle degistirilmistir. Tavan temizlenme
calismasi yapilmistir. Cepheye su gegirmez bir gll pencere yerlestirilmis ve kilise siralarinda kapsamli
onarimlar yapilmistir. Canlarda yapilan islemlerden sonra restorasyon galismasi sona ermistir (URL-7).

3.4.San Marco Can Kulesi

San Marco Can kulesi italya, Venedik'te San Marco meydaninda yer almaktadir ve San Marco Bazilikas’
nin ¢an kulesidir. Aziz Mark'in Can Kulesi olarak da bilinmektedir. Kule 98,6 metre yiksekligindedir ve
Venedik'teki en yliksek yapidir. Yillar icinde bir cok hasar alan ve restorasyon geciren ¢an kulesi 1902
yilinda olusan catlaklar sonucu ¢6kmistiir. 1902-1912 yillan arasi tekrar yapilmistir (Garozzo, 2017).

Kulenin insaati onuncu yuzyil baslarinda baslamis ve kulenin yiiksekligi yavas yavas yikseltildigi icin
zaman icinde dlizensiz bir sekilde devam etmistir (Garozzo, 2017) (Fradeletto, 1912). Tarih boyunca, ¢can
kulesi devamli dogal afetlerden 6zellikle firtina ve yildinmlardan zarar gormustir. 1388, 1489, 1548,
1562, 1565, 1567, 1582 yillarinda yildinmlar diismis ve her seferinde yapi tekrar onarilmistir. 18 Mart
1776'da, Padua Universitesi'nde astronomi profesorii olan fizikci Giuseppe Toaldo, Venedik'te ilk olan bir
paratoneri yapiya kurmustur (Gattinoni, 1912).

1885 yilinda San Marco Meydani'nda yapilan kazilar, temelin durumu ve yapinin saglamhg: konusunda
endiseleri artirmistir. 1892 ve 1898'de mihendisler ve mimarlar tarafindan yapilan inceleme raporlari,
kulenin tehlikede olmadigi konusunda rapor verilmistir. Bu raporda sadece restorasyon ¢alismasi ncelikle
yipranmis tuglalarin degistirilmesini icermektedir (Donghi, 1913) (Fradeletto, 1912) (Gattinoni, 1912).

Temmuz 1902'de, Loggettanin (¢an kulasi altindaki yapi) ¢atisini onarmak icin ¢alismalara baslanmistir.
Logetta 15yy'da insa edilen, Saint Mark meydanin daki ¢can kulesine bagli kapali bir dis galeridir. Logetta
catisinin kuleye dayandigi yerdeki kiris degistirilerek yerine yenisinin konulmasi sirasinda kule saftinin
titredigi gozlemlenmistir. Kulenin kaymasini gozlemlemek icin catlaklara cam yerlestirilmistir. Bunlarin
bircogu ertesi giin kirkk bulunmustur. Daha sonra kulenin kuzey tarafinda, tugla saftinda biyik bir ¢catlak
olugmustur. Catlaklara al¢i ile miidahalede bulunulmaya calisilmistir. Teknik bir komisyon kurulmasina
ragmen yapiya yonelik herhangi bir tehdit bulunmadigi séylendiyse de 14 Temmuz 1902 yilinda San
Marco ¢an kulesi cokmustir (Donghi, 1913) (Fradeletto, 1912) (Gattinoni, 1912) (Marchesini, 2002).

Sekil 21: San Marco can kulesinin ¢okmesi ve tekrar insa edilmesi (Fradeletto, 1912)
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Kulenin ¢okus nedenleri siralandiginda; ilk neden olarak kule temelinin yetersiz olmasi oldugudur.
Kulenin temeli, karsilikli iki kat mese kiristen olusan bir platform Uzerine insa edilmistir ve bu platform
Uzerindedir (Marchesini, 2002) Kulenin temeli, yapinin agirigini desteklemek icin yeterli degildi. Yapilan
calismalarda San Marco meydaninin sik sik sular altinda kalmasi yapiyi olumsuz etkilenmis olabilecegi
ve bunun temeli dogrudan etkiledigi belirtilmistir. Kulenin ¢okmesinin diger nedeni, yillar boyu yapinin
yildinm, firtina, yangin, deprem vb. gibi afetlerden kaynakli uzun hasar ge¢misinin olmasidir. Tim bu
felaketler, kule temelinin yapisal biitiinligind, ic yapisi ve dis duvarlarina biyuk zarar vermistir. Yapinin
uzun tarihi boyunca strekli restorasyon ve yenileme calismalari gecirmis olmasi yapiyr zayiflatmistir.
Kuleyi onarmak icin yapilan her girisimde farkli malzemeler ve yapim yéntemleri kullaniimistir (Donghi,
1913) (Fradeletto, 1912) (Gattinoni, 1912).

Kulenin yeniden yapilmasi icin ¢alismalara 1902 yilinda baslanmistir. Ama yeniden yapilmasina karsi
cikan bir grup da vardir. C6kmenin ardindan, Can Kulesi'ni yeniden insa etmek icin ¢ok disiplinli bir
danisma komitesi kurulmustur. 25 Nisan 1903'te yapim isine baslanarak dokuz yil sonra kule 1912 yilinda
tamamlanmistir (Marchesini, 2002) (Macchi, Macchi, Jamiolkowski, & Pastore , 2013).

Yeni kule sadece yapisal destek acisindan farkhlik gosterilmesine karar verilerek tasarlanmistir. Yeni
tasarim, temeli cimento, demirden ve duvara demir kelepcelerle tutturulmasi ile olusturulmustur. Can
kulesinin temeli, yapiyi daha genis bir alanda (yaklasik 22 m ile 41 m arasinda) dagitmaya hizmet edecek
bir sekilde temellerin genisletilmistir. Bu yeni temelle 9 kg/cm’den 4 kg/cm'ye kadar yiiklerin azaltiimasi
hedeflenmistir. Ancak yapilan calismalarda yapilan yapisal ara baglantilara ragmen, yeni ve eski temelleri
tamamen biitlin hale getirmek ve yiklerin zeminde tniform bir dagilimi icin gerekli monolitikligi elde
etmek miimkin olmamistir. Zamanla, bu ¢an kulesinin tabanindaki trakit basamaklari Gzerindeki
¢okmeler nedeniyle catlaklar olmustur (Macchi, Macchi, Jamiolkowski, & Pastore , 2013) (Daniele, Siepi,
Macchi, & Pastore, 2012).

Sekil 22: San Marco Can Kulesin’ deki basamaklarda olusan catlaklar
(Macchi, Macchi, Jamiolkowski, & Pastore , 2013)
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1950 yilinda, temelin kaide seviyesinde birka¢ kesme catlagi g6zlemlenmis ve bu da kulenin yapisal
bltunligu ile ilgili ciddi endiseleri yeniden glindeme getirmistir. Ekstansometre ile yapilan 6l¢limler
sonucu ¢atlagin dogrusal hareketinin zamanla arttigini gostermistir. Komisyon kesme catlaklarinin
yayllmasinin arkasindaki ana nedenin, tas temelin tzerindeki tas blok konstriiksiyonun yetersiz kalinlig
oldugunu belirtmistir. Tas bloklara; dis betonarme zincir ve celik baglantilar kurmayi énermislerdir.
Catlaklar kiictik goriindiigunden ¢alisma durdurulmustur. 1975 yilinda gozlemler yeniden basladiginda
catlaklarin zamanla stabilize olmadig, catlaklar genisliklerinde dogrusal bir artis oldugu tespit edilmistir.
Catlak genisligi, 1975'te yaklasik 2 mm’ye ulagmistir, 1955’te tahmin edilen boyutun iki katidir (Macchi,
Macchi, Jamiolkowski, & Pastore , 2013) (Daniele, Siepi, Macchi, & Pastore, 2012).

Tum bilgiler 1siginda yigma temel blogunun farkli oturmasinin devam ettigi dogrulanmistir. Farkli
oturmanin nedeni, eski tas blok ile 1903'te insa edilen yeni tas blok arasindaki baglantinin iyi
yapilamamasindandir. 1993'ten 2006 yilina kadar San Marco Gan Kulesi cevresinden CPTU testleri
alinmistir. (Macchi, Macchi, Jamiolkowski, & Pastore , 2013) (Daniele , Siepi, Macchi, & Pastore, 2012).

2007'de, Can kulesinin temelinin yeniden insasi baslamistir. Yeni iyilestirme calismalari, genisletilmis
temeli ciftler halinde iki kat gerilmis 6 cm capinda titanyum cubuklarla cevreleyerek gliclendirmeyi
icermektedir. Temel tas blogunun cevresi boyunca iki seviyede 6n gerilmeli titanyum cubuklari
dosenmistir. Dosemenin yaklasik 40 cm altinda ve ikincisi yaklasik 2,3 m asagida tasarlanmistir. Cubuklar
2 ila 3 m uzunluklarda birbirine civatalanmistir. Késelerinde titanyum plakalarla sabitlenerek ve her biri
250 kilonewton’a kadar gerdirilmistir. Ardindan, temelin yapisal tepkilerine bagli olarak, gerilimler birkag
yil icinde kademeli olarak artinlmistir Titanyum cubuklar, temelin genel egilme sertligini arttirmak ve
catlaklarin dahafazla yayilmasini durdurmak icin yerlestirilmistir. Bu nedenle, eger catlaklarin boyutunda
bir artis olursa, ¢atlagin blylmesini 6nlemek icin gereken minimum kuvvetlerin titanyum cubuklar
tarafindan karsilanacaktir (Macchi, Macchi, Jamiolkowski, & Pastore , 2013) (Daniele , Siepi, Macchi, &
Pastore, 2012).

4.SONUC

Tarihi yapilar bulunduklari cografyanin sosyolojik, ekonomik, kiltlirel 6gelerini yansitmaktadir. Bu
yapilarin korunmasi bir takim egitim, bilgi stireci sonucu ve siirekli yapilacak bakimla mimkiin olmaktadir.
Dogal afetler, olumsuz cevre kosullan ve fiziksel-kimyasal bozulmalarin yaninda, insanoglunun bu
yapilara karsi aldidi tavir da tarihi eserlerin zarar gérmesine neden olmaktadir.

Tarihi yapilarda onarim ve glglendirme uzmanlk gerektiren bir ekip calismasidir. Onarim ve
gliclendirme ydntemi secilirken en az miidahele, yapilan miidahalenin yapiya zarar vermeden sonradan
da kaldirilabilmesi ve iyi analizler yapilarak secilen yontemin olusan hasara en dogru ¢6ziim olmasi
gerekmektedir. Tarihi eserlerin korunmasi miidahale edilme asamasinda bir¢cok disiplinin bir arada
calisarak yapilacak yapisal gliclendirme ve onarim projelerinde kullanilan yaklagim gézlem, deney ve
testlerden gecirildikten sonra uygulamasi yapilmalidir. Cogu zaman tercih edilen yontemin kendisi
degil yapiya uygun olmayan yontemin secimi hatali sonuclar dogurmaktadir. Dogru tercih edilmeyen
mudahale ydntemi yapiyl korumak yerine daha fazla zarar verebilmektedir.
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Bu calisma kapsaminda ilk olarak tarihi yapilarda uygulanan onarim ve gticlendirme teknikleri hakkinda
bilgi verilmistir. ikinci asamada ele alinan eski eserlerde yapilan miidahale asamalari ve uygun olmayan
onarim ve gli¢lendirme yonteminin seciminin dogurdugu hatali sonuclar detayli bir sekilde incelenmistir.
Farklizamanlarda incelenen yapilara koruma amaciyla midahaleler yapilmis ancak bir koruma politikasi
cercevesinde yapilmayan bilingsiz uygulamalar, yapilara daha fazla zarar vermis ya da 6zgunliginden
uzaklastirmistir. Uygun olmayan uygulamalar sonucu yapilarda hasarlarin tekrar ortaya ¢ikmasi, yeni
hasarlarin olusumuna hatta yapilarin gé¢mesine neden oldugu anlatiimistir.

Makalede ele alinan yapilar, bugiin koruma, onarim ve gliclendirme alaninda detayli ¢alisilan ve bu
kavramlarin gelismesinde énemli rol oynayan yapilardir. Ozellikle bu yapilarda uygulanan zemin
saglamlastirma, temel saglamlastirma, yenileme ve yeniden yapim vb.onarim ve gliclendirme metodlarin
uygulanmasinda yasanan sorunlar bu alanda calisanlar icin literatiirde 6nemli bir yer tutmaktadir. Yeni
yontemler arastirilmis, gelistirilmis ve denenmis ancak bu yontemlerin uygulanmasi sonucunda bazen
olumlu bazen olumsuz sonuclar alinmistir. Bu sonuglar bundan sonra yapilacak olan restorasyon onarim
ve gliclendirme calismalarinda degerli bilgi alt yapisi olusmasinda 6nemli katki saglamaktadir. Asagida
tablo seklinde makale kapsaminda anlatilan yapilarda uygun olmayan onarim ve giiclendirme yontemi

ve bu yontem sonucu yasanan sorun 6zet seklinde verilmistir.

Tablo 1: Ornek yapilarda uygun olmayan onarim ve giiclendirme yéntemi

YAPININ ADI

UYGULANAN ONARIM VE
GUGCLENDIRME YONTEMI

YASANAN SORUNLAR

Parthenon

1922-1933 tarihleri arasinda Nikolaos Ba-
lanos tarafindan demir kenet ve ¢cimento
enjeksiyon uygulamasi yapilmistir.

Nikolaos Balanos tarafindan yapilan bi-
tlnleme yontemi

Uygulama sonucu yapidaki mermerin ¢atla-
masina ve bazi parcalarin birlesim yerlerinden
ayrilmasina neden olmustur.

Modern biitiinleme anlayisina aykiri yontem

uygulanmis olup parcalar yanhs yerlerde ve
konumlarda yerlestirilmistir.

Pisa Kulesi

1838 yillinda yapi ¢evresinde zemin ve
temel islah calismasi ve yiirime yolunun
yapilmasi

1934 yillinda zemini saglamlastirmak
amaciyla temel alti cimento enjeksiyonu
ve yurime yolu duvarlarina beton lev-
halarin yerlestirilmesi

1995 yillinda yapilan calismalarda den-
ge agirliklarini yer alti kablolariyla degis-
tirilmistir.

1838 yilinda yapilan bu uygulamalar yapinin
egimini yarim derece artmasina neden olmus-
tur.

1934 yilinda yapilan bu uygulamalar kulenin
agirhidinin artmasina ve daha fazla egilmesine
neden olmustur.

1995 yilinda yapilan yer alti kablolariyla anka-
rajlama yontemi kulenin egiminin artmasina
neden olmustur.

Santa Maria dei
Miracoli Kilisesi

19.yy'da yapilan restorasyon calismasin-
da mermerlerin sabitlenmesi icin harcin
yenilenme isleminde Portland ¢imento-
su kullaniimasi

Yapida uygulanan Portland ¢cimentosu uygu-
lamasi mermerlerin bozulmasina ve yapinin
zarar gérmesine neden olmustur.

San Marco Can
Kulesi

1902 yilina kadar yapida zarar goren
parcalar degistirilmis ve yenilenmistir.
1902-1912 yillari arasi yapinin ¢okmesi
ile yapinin rekonstriksiyonu yapilmistir.
Bu calismada temel saglamlastirma yon-
temi uygulanmistir.

Yapinin temel boyutlarinin yetersiz olmasi ve
bundan dolay! yapinin afetlerden zarar gor-
mesine neden olmustur. 1912 yilinda yapilan
temel saglamlastirma calismasinda eski ve
yeni temel birlesimi iyi yapilmadidindan ha-
sarlar olusmustur.
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Abstract

Nowadays, reducing energy consumption and coexistence with natural and climatic conditions in the
region has become one of the most prominent architectural goals. As a result of the growing popula-
tion and the crisis created by rising energy demand, managing energy consumption patterns has be-
come an essential component of sustainability. The traditional architecture of Iran is derived from the
culture, tradition, customs and is unique to the climate of that region, which has caused the least use
of non-renewable energy in the design and construction of its structure. Besides, simple and logical
methods have provided the most use of renewable energy. As a result, this study explores the method
of optimizing energy consumption in the housing sector through current native pattern designing in
hot and dry regions with a specific emphasis on the relevance of energy savings. The case study of this
research is Lariha House. It can be observed in the design concept of this house, the details such as wall
thickness, placement of the building, the height of the internal structure, and other elements including
plants, porches, wind flow and etc., directly influence optimizing energy usage.

Keywords: Sustainability, City of Yazd, Houses, Vernacular Architecture

UNESCO DUNYA MIRASI YEZD SEHRINDE KONUTUN SURDURULEBILIRLIK YONLERINiIN DEGER-
LENDIRILMESI VAKA CALISMASI: LARIHA HOUSE

Ozet

Glinlimiizde enerji tiketimini azaltmak ve bolgedeki dodal iklim kosullari ile bir arada yasamak en
onemli mimari hedeflerden biri haline gelmistir. Artan nifus ve artan enerji talebinin yarattigi kriz so-
nucunda, enerji tiiketim kaliplarini yonetmek strdirilebilirligin dnemli bir bileseni haline gelmistir.
iran'in geleneksel mimarisi, kiiltiiri ve geleneklerinden tiiretilmis olup ve o bélgenin iklimine 6zgiidiir.
Bu da yapisinin tasariminda ve yapiminda en az yenilenemez enerji kullanimina neden olmustur. Ayri-
ca, basit ve mantikli yéntemler yenilenebilir enerjinin en fazla kullanimini saglamistir. Sonug olarak, bu
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calisma, enerji tasarrufunun énemine 6zel bir vurgu yaparak, sicak ve kurak bolgelerde mevcut yerel
tasarimi konsepti yoluyla konut sektdriinde enerji tiketimini optimize etme yontemini arastirmaktadir.
Bu arastirmanin vaka calismasi, Lariha evidir. Bu evin tasarim konseptinde, duvar kalinhigi, binanin yer-
lesimi, i¢ yapi 6gelerinin yuksekligi gibi detaylar ve bunun yanisira, bitkiler, sundurmalar, riizgar akislari
gibi diger unsurlar, enerji kullanimini optimize etmeyi dogrudan etkilemektedir

Anahtar kelimeler: Stirdirebilirlik, Yezd sehri, Evler, Vernakiler Mimari

1.INTRODUCTION

In recent decades, the energy crisis and climate change have been among the most important
problems that mankind has faced. In developing countries, energy consumption has also risen up
with the increasing population (Asquith, Vellinga, 2006). Nowadays, mechanical systems play the most
important role in the thermal balance of the buildings and at least one third of the energy consumed in
most countries is allocated to heating and cooling the buildings (Perez- Lombard, Ortizb, Poutb, 2008).
As a result of the growing population and the crisis created by rising energy demand, managing energy
consumption patterns has become an essential component of sustainability. In the present age, the
issue of sustainability is a matter of concern based on climate-friendly design and the use of recyclable
materials and energy reducers (Eicker, Tereci, Kesten, 2010). Sustainable architecture is an architectural
response that prioritizes human life in the present and the future. In its structure, those materials are
used that are homogeneous and compatible with their environment during production, use or even
during destruction. In sustainable architecture, locally produced materials are used as much as possible.
It is considered the minimum consumption of fuel energy sources, the maximum use of solar energy,
heating systems with the highest efficiency, and the least environmental degradation for the quality of
habitant’s life. Eventually, all factors that enhance the level of physical and mental comfort of those who
live in that environment (Zahedi, Najafi, 2006).

Historical research indicates that traditional Iranian architecture and urban planning have been
beautifully and simply built and developed in an organic and environmentally friendly manner
(Abdolhosseini, 2011). This native architecture is introverted and has been formed according to the
material and spiritual needs of the people there. It means that, it is shaped by taking advantage of the
conditions and abilities of the natural environment and culture of the specific geographical region, in
order to provide physical and psychic tranquility to dwellers (Fergus and Roaf, 2007). The traditional
architecture of Iran is derived from the culture, tradition, customs and is unique to the climate of that
region, which has caused the least use of non-renewable energy in the design and construction of its
structure (Maleki, 2011). Besides, simple and logical methods have provided the most use of renewable
energy. As a result, this study explores the method of optimizing energy consumption in the housing
sector through current native pattern designing in hot and dry regions with a specific emphasis on
the relevance of energy savings (Bonner, 2006). In hot and dry zones, people in the past created
solutions to deal with climate problems that have different appearances in diverse places. Due to harsh
environmental conditions in summer, hot storms and winds carrying fine particles, here structures play
an important role in thermal comfort. (Golany, 1978). One of these hot and dry region is Yazd province,
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which has its own special climatic conditions and traditional architecture. In the traditional architecture
of Yazd, some details of the four-season houses such as basement, central courtyard, wind catcher,
domed roof, porch, eco-friendly materials, garden pit, windows, location of the building has various
structure. The elements and factors of Yazd houses created thermal comfort and a suitable environment
for living with the use of these templates and the structures adapted to the environment. Although,
these forms and structures in the present age cannot be used directly due to differences in modern
construction systems and materials. The vernacular architecture contains principles and elements that
can be used in modern architecture, and it seems that these principles can meet the goals of sustainable
architecture (Khalili, Amindeldar, 2014).

2. RESEARCH QUESTIONS

Traditional Iranian architecture has a strong and abundant support for various aspects of sustainability,
and Iranian art and culture place a special value on this art and culture. Third-world countries, including
Iran, consume nearly three times the amount of energy as the rest of the world. It conveys that with the
construction industry accounting for more than 40% of this. This level of consumption suggests that the
problem requires further attention. This study investigates the following research issues:

What is the concept of sustainability and its indicators in the traditional architecture of houses in Yazd
city?

Can the manifestations of sustainable architecture be seen in the houses in Yazd city?

Energy conservation, which is one of the principles of sustainable architecture, how was it done in
designing the houses of this climate?

To answer the main questions of this research, Lariha House has been chosen as the case study. In
the continuation of this research, an attempt will be made to investigate the relationship between
sustainable architecture and the concept of design and construction of Lariha house and its urban
context.

3. RESEARCH METHODOLOGY

The vernacular architecture and design of residential dwellings was influenced by a variety of reasons.
Iran has a variety of weather conditions, including warm and humid, hot and dry, hot and humid, mild
semi-desert and cold climate, due to this fact, different areas employed various roof forms and building
materials. This paper is tried to focused on central areas of Iran (Yazd city) with hot and dry climate.

In the first step, the principles and concepts of sustainable architecture are evaluated. Accordingly, it has
been tried to review the sustainable environment concerned with precipitation, wind and sand storms,
general urban patterns, and how the city has been developed. The structure of the city, compactness,
dense texture, narrow, irregular streets, and covered streets were probed. Moreover, the importance
of traditional architectural features of Yazd city region and to examine its features in terms of theory in
scientific dimensions.
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In the next step, Lariha House was evaluated in detail as a sample of typical housing architecture in the
historical region of Yazd. The position of the house is examined in terms of the urban context, planning
of the house, materials, walls and openings, courtyard, eivan wind catcher, and sardaab. In addition, the
degree of conformity of the elements of Lariha's house with the principles of sustainable architecture is
investigated. Yazd's traditional houses are an amazing example of how it may be handled difficult climates
with the use of simple intelligent architectural solutions, natural energy, and climate adaptation.

4.THE CONCEPT OF SUSTAINABLE ARCHITECTURE

Sustainable architecture, which is a subset of sustainable design, is one of the most important modern
movements which is a natural response to the concerns and problems of the industrial age (Tereci, 2017).
Buildings, consume 50% of all fuel reserves, resulting in environmental catastrophes; hence, the necessity
to design and produce more sustainable architecture is clear (Perez- Lombard L, Ortizb, Poutb, 2008).
Sustainable architecture, like other architectural categories, has its own set of principles and guidelines.
The following are the principles that must be met in order to classify a structure as a stable structure:

1. Energy conservation

2. Harmony with the climate

3. Reduce the use of new resources
4. Meet the needs of residents

5. Site coordination

Some buildings have specific features and characteristics that make them sustainable buildings. The
principles that must be observed in order for a building to be classified as sustainable architecture
are: conservation of energy, harmony with the climate, and accommodating the needs of inhabitants.
(pleasing the mental and physical requirements of people is particularly important in sustainable
architecture.) (Mani, 2010).

5.SUSTAINABLE AND TRADITIONAL ARCHITECTURE

Any country’s cultural legacy plays a vital role in developing a sustainable environment. weather
condition is one of the most important environmental factors that play an effective role in the climatic
design of buildings and urban planning (Salighe, 2004). Despite climate change around the world and
the problems caused by the consumption of fossil fuels, energy consumption in the world and in Iran
is increasing every year (Konya, 2013). Due to the fact that Iran has different climatic regions, in this
area for heating, cooling, and ventilation, a significant amount of energy is consumed. This volume
of energy consumption should be considered in urban design and architecture compatible with the
climate in order to provide comfort for people of that area (Rodrigo, Pérez-Higueras, 2012). Utilizing the
indigenous and traditional architecture of each region is always one of the main architectural events
and traditional Iranian architecture must be recognized as a complete representation of sustainable
architecture (Oliver, 1973). On the other hand, many sources have studied passive techniques to enhance
the energy use of buildings. Because of the significance of sustainability and heritage, numerous
studies have been conducted in these areas, ranging from ancient building approaches to modern
passive and active solutions to reduce the reliance of buildings on fossil fuel imports. In this context,
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traditional courtyards in Yazd were investigated to determine the indoor thermal comfort conditions
and effectiveness of natural ventilation systems, as well as other native thermal comfort design ideas
(Memarian, 2000). Downdraught cooling (wind-catcher) is another well-known historic feature that is
regarded as an energy-efficient and cost-effective alternative to conventional air-conditioning for new
and existing buildings (Maleki, 2013).

6. CITY OF YAZD'S GEOGRAPHY AND CLIMATE

Yazd city, with an area of 76,469 square kilometers, is located in the center of Yazd province and on the
Isfahan-Kerman road in coordinates up to 56° and 31° north latitudes and 23° and 54° east longitudes.
The altitude of this city is 1230 meters above sea level and the air distance to Tehran is 508 kilometers.
According to the 2016 national census, the province’s population was 1,140,000 people (Kasmae, 1984).
Being located in the central part of the Iranian plateau means being exposed to the most unsuitable
natural factors that dominate the central plateau of Iran (Ghobadian, 1998). Slight opening with intense
evaporation, being away from the sea, proximity to the vast dry desert of salt, low relative humidity with
high heat, are some of the factors that make Yazd one of the driest regions in Iran. However, this special
geographical and weather situation, along with the intelligence of the past of this land in using the
natural energies, created a unique architecture (Nazem, 2015).

Moreover, the weather of this region in the book “ Islamic Architecture of Iran” written by Professor
Mohammad Karim Pirnia (1992) about the climate of Yazd has mentioned that summers are very hot
and exhausting. The intense and dry summer and desert winds in these places combined with storms is
terrible. It is one of the prominent features of summers in Yazd province. In addition, winters are usually
extremely cold and unbearable, so being outside the city in January and February may be dangerous
and deadly, especially early in the morning. These issues related to climate and other issues can be
considered as a result of drought and dehydration in this city.

Figure 1. The location of Yazd city in the country of Iran map (Location of the province of Yazd and Yazd
city [map])
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7.THE LARIHA HOUSE (CASE STUDY)

The construction of this valuable building dates back to the Qajar period and the year 1286 AH and it
was commissioned around 150 years ago. The area of this house is about 1700 square meters and its
infrastructure is about 1200 square meters. The Lariha house is located in the heart of the historical
context of the Fahadan neighborhood in Yazd city, which is also a major tourist attraction within the city.
This districtis made up of various courtyard houses, ancient structures, and bazaars that are all connected
by narrow, shady valleys. The Lariha house is one of several historical houses in this neighborhood that
are listed on the Iranian Culture and Heritage organization’s list of significant buildings for preservation
and conservation. A decade ago, this house received intervention and restoration, and it is now used as
a museum (Figure 2).
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Figure 2. Location of Lariha house within the Fahadan district

7.1.The urban contex of the house location

The location of the house is in a dense, low-rise neighborhood with winding, narrow alleyways. In terms
of environmental and cultural values, the design of the urban context is just as essential as the design
of the structure itself, and the entire system works together to create ideal living conditions both inside
and outside the home (Figure 3). The passive climatic aspects of these vernacular residences, as well as
the architecture of the buildings themselves, are heavily influenced by city planning and urban design.
One of the reasons for the narrow alleys, which is sometimes enough for only two people to cross, is
to provide better climatic conditions in the passages (Figure 4). The presence of high walls along the
passages has a great effect on creating shade against the sun and also protecting the passages against
rush desert winds. The winding roads in hot and dry weather are due to the fact that on straight and
wide routes, desert winds can flow quickly and cause air circulation.
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Figure 4. Yuzdaran pass, hight of wind catchers (a sample of four-season house in Fahadan district)

Climate has a significantimpact on the architectural forms that are immediately recognized. For example,
when one approaches the equator line and enters a more desert-like climate, the proportion of window
area to wall area becomes less (Tavassoli, 1974). These environmental characteristics and responses
are often overlooked today, as architects are more inclined and motivated to produce contemporary
architecture utilizing high-tech and expensive approaches that have little practical benefit for the
structure (Fathy, 1986).
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7.2. Planning of House

The house is oriented along a northwest-southeast axis in order to create separate winter and summer
areas. There is one main entrance to the house, which is located on the north side. This beautiful
house has two large and small courtyards, two pools, Eivan (loggia,) halls, doors and many rooms. The
entrance consists of a portico, vestibule and a corridor, leading onto a Hashti (vestibule), which serves
as a lobby. The hashti ensured that guests couldn’t see straight through the house as they entered
because culture and privacy were important considerations. They had to turn a corner and proceed
through hallways to reach the main section of the house, which was the courtyard. The hashti is located
between the two courtyards and has equal access to both. Some service spaces, such as stables,
kitchens and warehouses, have separate connections to the outside by the detached door. In addition
to the mentioned components, the building has a separate section in the northeast corner, which
includes a room and a small yard. There is a main courtyard in a rectangular shape and its elongation is
approximately along the northeast-southwest. The main courtyard is large and detailed and porches,
halls, and rooms all occupy the center of each side of the courtyard with a strong relationship to it, to
benefit from its environmental and aesthetic qualities. In the middle of this side, there is a tall and high
Eivan (loggia). The location of this semi-open space, the most important and largest space in the house,
at the top of the yard has a great impact on the quality of the yard space. The Eivan is mainly used on
summer evenings when the sun starts to set and is usually elevated about two to three steps above
courtyard level (Keshtkaran, 2011).

This house, like many other Yazd vernacular dwellings, has a summer and winter area. For a more
suitable living environment, families were obliged to relocate to different parts of the house throughout
different seasons. The wind catcher, Sardaab (water reservoir), and basement are all positioned on the
south side of the house, which is also known as the summer area. This space receives only solar light
from north during the summer because the windows all face the courtyard. The walls on this side are a
little higher than the rest of the house and cause a high floor-to-the ceiling height, which reduces the
amount of heat and keeps the space cool (Akhtarkavan, 2011).
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Figure 5. Spatial arrangement of rooms (Ground floor plan and Basement)
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Table 1. Guide table of Lariha house (Adopted and modified by author)

Number Spaces

1 Main entrance
Hashti (vestibule)
Central courtyards

Winter area

Eivan (loggia)

Bedroom
Wind catchers

Room under the wind catcher

O | 0| N [Oun |[h~|W|N

Spring area

—_
o

Fall area

—_
—_

Secondry entrance
Sardaab (basment)

—_
N

_
w

Ganat system (Aqueduct system)

Central courtyard

Central courtyard

Wind catcher

third entrance of the house

Main entrance

Secondry Entrance /‘

Figure 6. Bird view from the Lariha house
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Spring area

Figure 7. Seasonal areas within the house

Section A-A

Summer area

Figure 8. Shading provision in summer and winter parts

Winter area
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7.3. Materials, Walls and openings

Mud and adobe were the most common building materials in hot and dry areas (Figure 9). The climatic
condition of Yazd have created its own architectural style. The mud and adobe are elements with high
thermal resistance and heat capacity, the outer surface of which absorbs the sun’s rays. Indigenous
materials also made the construction cost of the building more affordable. The surfaces of the buildings
were often whitewashed to reduce the heat generated in the walls by sunlight. In the construction of
Lariha house, like other historical buildings in the city, local materials such as brick, mud, and adobe
have been used (Keshtkaran, 2011).

It is also worth noting that the thickness of the walls should resist long-term sunlight, especially
since the external walls are about 1-1.5 meters thick which increases its thermal capacity. Walls facing
winter winds, as well as those that are exposed to high levels of radiation, should be thick. All these
specifications can be seen in the Lariha house (Figure 12).

To reduce the amount of solar radiation that enters the house, there are no openings on the exterior
walls. This was also partly due to cultural and social aspects; as privacy was a major consideration in the
house design, there were no windows facing the street or alleyways. The courtyard is visible from every
room in the building, and the rooms on the corner are roof-lit. The materials of doors, windows, porches,
and horizontal beams inside the roof are made of wood (Memarian, 1999) (figure 11).

the majority of the windows are brilliantly colored in order to diminish direct sunlight into the houseThe
colors also prevent mosquitoes from entering the house through openings, which is a common trouble
in hot climates (Figure 10).

Figure 9. Traditional wooden window facing the courtyard (Orsi)

Figure 10. Colored window Figure 11. Adobe
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Figure 12. Thick external walls

Openings

Room
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Figure 13. Openings

7.4. Courtyard

The main courtyard is one of the most important parts of Lariha house because its four sides are
surrounded by other spaces of the house. The rooms of the house were used seasonally. The halls of
this part of the house are large and mirrored and have wooden doors and stained glass, which indicates
that the parties were held in this part. The courtyard is rectangular in shape and stretches along the
northeast-southwest. The southwestern side of the courtyard is more important than the other side, in
the middle of which a tall porch has been built. The location of this porch (eivan) as a semi-open and
significant space of the house at the top of the yard has given another effect on the house space. The
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northeastern side of the courtyard, unlike this side, has a small and short porch (eivan) in its center and
other spaces.

One of the factors that balanced the ambient temperature in summer was the pool in the middle of the
yards. The pool of the Lariha house also had the same purpose. In desert cities, water-deficient trees and
plants such as pomegranates, grapes, figures, etc. were often planted next to ponds and in gardens in
order to provide shade and to compensate for the lack of ambient moisture with the help of ponds. In
the past, house ponds were almost always full of water, so at night in this house, the image of a five-door
room was reflected on the pond water. In the pond, there is a large wooden bed with a few steps above
the ground and the pond. This prevented annoying insects from getting on the bed. In the summer,
residents lie on the carpet and spend time on the bed to cool off and enjoy the space (A'zami, Yasrebi,
Salehipoor, 2005) (Figure 14). The main and secondary courtyards of the Lariha house are located along
the southwest-northeast axis. Having many courtyards was a way for the family to flaunt their riches
and added to their social status. The women and female visitors used the secondary courtyard; which
was called Andarouni. (Figure 15), and was more secluded. While, the main courtyard was for other male
visitors and men; was called Birouni (Figure 16).

Figure 14. The central courtyard provides a desirable microclimate for inhabitants.
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Figure 15. The secendory courtyard was called Andarouni.

Figure 16. The main courtyard was called Birouni.
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7.5. Porch (Eivan)

The first thing that can be seen when somebody enters the southern part of Lariha house courtyard, is
its very large porch. On hot summer days, residents took refuge in the shade of the porch and spent time
there. The height of the porch is very large and its opening is wide. As if, the courtyard has expanded
into it and has made a connection between them. The inner bodies of the porch are thick, and it seems
that the walls of the yard have continued into the porch. All this makes the porch an important part of
the courtyard that overlooks other places and has become a safe space with walls and ceilings. Another
element that raises the status of the porch is the rooms and earrings (rooms on both sides of the royal
residence). These elements are built around it on two floors, and their doors and windows open into
it. The tall windcatcher of the house is located behind the porch, and can be enjoyed watching the
grandeur of it from inside the yard (Haghparast, Niroumand, 2007) (Figure 17).

In this part of the house, there is a porch that is taller than the other views and has a wide opening in
the center of the southwest front. On the other hand, the contrast between the two facades can be seen
in this house. On the northeastern side, there is a five-door room and a seven-door room have been
built across the adjacent facade, which beautifies the courtyard. On the northeastern side, five-door
and three-door rooms have created arches. On the wall of the east side of the courtyard, frames such
as a seven-door room have been carved. The same similarities and repetitions on different sides of the
courtyard have made the porch of the southwestern side different from other sides (Bahadori, 1958)
(Figure 18).

Figure 17.The large porch of the Lariha house
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Figure 18. The small porch of the Lariha house
7.6.Wind Catcher

In the historical buildings of Yazd, in order to ventilate the air naturally, there is a tall structure with vents
on top of it. This element has been built on top of the building to direct the wind into the interior spaces,
which cools the airinside the house. The wind from the wind catchers compensated for the lack of humidity
in the house by entering the hall, the house pool, and the basement. Wind catchers made in residential
houses, not only is it essential for their main function, but also, showed the social status of the house
owner, which was greatly influenced by its height and type of decoration (Ghobadian, 2011) (Figure 19).

.
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Section B-B

Figure 19. wind catcher system of Lariha house
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The main door of the Lariha house is built next to the large porch of the main courtyard. Other smaller
wind catchers are built into other parts of the building. The difference between the main wind catcher
of this building and the wind catcher of other houses is that instead of being located on the main axis
of the courtyard, it was created in the corner of the porch (Figure 20).

{l =3 Wind Catcher

Figure 20. Wind catcher on the roof of Lariha house.

7.7. Sardaab (Water cellar)

Buildings such as reservoirs and underground spaces that are submerged in the ground gradually
absorb heat and cold, and thus retain strong daily and annual fluctuations and adjust the air
temperature (Eiraji, Akbari Namdar, 2011). The main sardaab of the house is located near the porch
of the Lariha house in the large courtyard. Its depth is about 6 meters, and it reached the sardaab by
walking 38 steps from the floor of the yard to the basement. This cold space was used to store meat,
legumes, and other perishable foods. A smaller sardaab was also built in the western part of the
building, which was not used much.

In the Lariha House, sardaabs or barns led to the courtyards through stairs or corridors. In the basement
of the house, the spaces are created separately and scattered, and some of them are interconnected in
a limited way. These spaces cannot be considered as a separate floor, as if they are part of their upper
spaces, which then end up underground (Figure 21)(Figure 22).
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Figure 22. Location of the sardaab (Water cellar) in plan and section
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7.8. Princple of Sustainable Architecture and Elements of Lariha House

According to Table 2, the elements of the Lariha house, including introversion, four seasons, wind
catcher, house pond, materials, construction, porch, windows, and shades (radiations), with four groups
of sustainability elements including construction, energy, consumer and culture of society, environment,
and nature, are compatible and coordinated. Thus, it can be concluded that Lariha House has stability in
all elements and is considered a stable structure.

Table 2: The degree of compliance of the elements of the Lariha house with the principles of sustainable
architecture (Adopted and modified by author)

ENERGY CONSTRUCTION CONSUMER/CULTURE | ENVIROMENT/NATURE
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8. CONCLUSION

Sustainable architecture, as the most important approach known in recent years for all countries
seeking to save on non-renewable energy consumption, prevent air pollution, and coexist with climatic
conditions, has become one of the most significant measures in architecture and urban planning. While,
Iran’s past and its vernacular architecture is a clear example of sustainable architecture. This research was
created to recount and remind us of the values of traditional Iranian architecture. After many years, rich
and prolific architecture still has something to say because it is an example of sustainable architecture
and it meets all its needs in relation to the environment and climatic and energy conditions within itself,
without occupying the environment or causing pollution to it.
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In the current study, the characteristics of traditional architecture in Yazd (with the case study of Lariha
house) were studied to point out the relationship between Iranian traditional architecture and optimal
use of energy and environmental sustainability. In the study of architectural rules and techniques used
in the Lariha house, there are some important elements that can be investigated. The use of materials
with a high capacity of heat resistance, the maximum use of solar energy, and the elements such as wind
catchers to utilize renewable energy such as wind, water conservation, and the Sardaab to supply the
water needed by the building were discussed. The climatic arrangements of the Lariha house are the key
elements that show its relation with sustainable architecture. As being located in a dense urban context,
proper orientation is according to the climate. The other factors like central courtyard usage, garden pit,
basement, and waterfront in the yard, use of summer and winter areas, all indicate the manifestation
and compliance of the principles of sustainable architecture in this house. This is the result of examining
the principles of sustainable architecture with the rules used in the architecture of Lariha house.
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