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Amag ve Kapsam

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi dergisi, temel miihendislik bilimleri
alaninda, miithendisligin giincel arastirma konulara odakli hem deneysel hem de kuramsal ¢aligsmalarin
yayinina oncelik tanir. Disiplinler arasi ¢caligmalar1 ve teknolojileri igeren akademik yayinlar tesvik eder.
Ilgili bilimlerin ve bireylerin ulusal ve uluslararasi gelisimlerine katkida bulunmayi, bu alanlarla ilgili
kaynaklar1 gelistirmeyi amaglar. Derginin dili Tiirkge ve Ingilizcedir.

Miihendislik biliminin temeline ait kuramsal ¢aligmalara, teknolojik gelismelere ve miihendislik odakli
disiplinler arasi c¢aligmalara kapsami dahilinde yer veren dergimiz; kuramsal, deneysel, aragtirma ve
derleme tiiriinde iceriklerle yilda iki kez (Aralik, Haziran) yayimlanmakta, giincel akademik literatiirii
arastirmacilara ve kamuoyuna aktarmay1 hedeflemektedir.
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Aims and Scope

Mus Alparslan University Faculty of Engineering and Architecture journal gives priority to the
publication of both experimental and theoretical studies in the field of basic engineering sciences,
focusing on current research topics in engineering. It encourages academic publications involving
interdisciplinary studies and technologies. It aims to contribute to the national and international
development of related sciences and individuals, and to develop resources related to these fields. The
languages of the journal are Turkish and English.

Our journal, which includes theoretical studies on the foundation of engineering science, technological
developments and interdisciplinary studies focused on engineering; It is published twice a year
(December, June) with theoretical, experimental, research and compilation content, and aims to convey
the current academic literature to researchers and the public.



Mus Alparslan Universitesi Miihendislik-Mimarhk Fakiiltesi Dergisi
Mus Alparslan University Journal of the Faculty of Engineering and Architecture

Yil/Year: 2023  Cilt/Volume: 4  Sayi/Number: 2

Yaym Etigi ve Sorumluklar

Dergimizin yayin siireci, siirece dahil olan herkes i¢in (yazarlar, hakemler, editorler) akademik etik ilkelerine ve
standartlara uymay1 sart kogmaktadir. Bu kapsamda siirece dahil olan tiim akademisyenlerin asagidaki
sorumluluklar1 kabul ettigi varsayilmaktadir. Bu kapsamda ifade edilen sorumluluklar belirlenirken agik erisim
kurallarim1 diizenleyen Committee on Publication Ethics (COPE) tarafindan belirtilen kurallar ve sorumluluklar
kullanilmastir.

Yazarlarin Etik Sorumluluklar:

Yazar(lar), tiim akademik c¢alismalarinda 6zgiin olmalidir. Yaptiklari ¢alismalarda diger akademik g¢alismalardan
yararlanmalari durumunda eksiksiz bir sekilde kaynak gosterimi ve/veya alint1 yapmalar1 gerekmektedir. Calismaya
katki sunmayan kisiler yazar olarak ¢alismaya dahil edilmemelidir. Arastirmacilar, ¢alismalarini ayni anda birden
fazla yayin organina gonderemezler. Her bir gonderim siireci, dnceki bagvurunun sonuglanmasina miiteakip
yapilmalidir. Baska bir mecrada yayimlanmis bir ¢alisma dergimize gonderilmemelidir. Gonderilen ¢aligmalarin,
cikar catigmasi teskil edecek icerikler, durumlar ve iliskiler barindirmasi durumunda bilgilendirme yapilmalidir.
Yazarlar, talep edilmesi durumunda ¢alismaya ait ham verileri ve deney bilgilerini yayin kurulu ve bilim kuruluna
sunmaya hazir olmalidir. Degerlendirme siireci baslatilmis bir ¢alisma icin, yazar ekleme, sirasini degistirme veya
yazar ¢ikarma gibi teklifler miimkiin degildir. Yazar(lar) caligmalarinda kullandiklar1 verilerin (varsa) etik haklarina,
kullanim haklarina, arastirma/analiz/deney gibi islemler i¢in gerekli izinlere sahip olduguna dair belgelere sahip
olmalidirlar. Yazar(lar) degerlendirme siirecine alinmig, erken gériinlim asamasina ge¢cmis veya yayimlanmis
calismalarinda bir hata fark etmeleri durumunda, dergi editoriinii veya dergi yayincisint bilgilendirmeli, diizeltme
veya geri ¢ekme islemlerinde isgbirligi yapmalidir.

Editorlerin Etik Gorev ve Sorumluluklari

Dergipark sayfasinda agikga belirtilmis acik erisim kurallar biitiinligiinii saglayan COPE tarafindan ifade edildigi
iizere; derginin gelisimine devamlilik kazandirma, dergide yayimlanan akademik ¢alismalarin kalitesini arttirmaya
yonelik asamalar titizlikle yiiriitme, okuyucularin ve yazarlarin ihtiyaclarina yonelik ¢aligmalar yapma, diizeltme
veya agiklama gerektiren hususlarda acgik ve seffaf iletisim kurma, fikri miilkiyet haklarimdan ve akademik etik
kurallarindan taviz vermemek kosuluyla tiim is siire¢lerini devam ettirme gibi isler, editoriin baslica etik gorev ve
sorumluluklaridir.

Hakemlerin Etik Sorumluluklar:

Bir hakem, kendi uzmanlik alanina ait akademik ¢aligmalar1 degerlendirmeye almalidir. Yaptigr degerlendirmelerde
tarafsiz ve gizli olmalidir. Bu ilkeler kapsaminda yaptig1 c¢aligmalarin degerlendirme sonuglarini siire¢ sonunda
kamu ile paylasmamali ve imha etmelidir. Degerlendirmesi neticesinde bir ¢ikar catigmasi tespit etmesi durumunda
ilgili editor bilgilendirilmeli ve ¢alismay1 inceleme siireci reddedilmelidir. Yapilan hakemlik degerlendirmesinin
sonucunu yapici ve kibar bir iislup ile iletmeli, diismanlik, iftira veya hakaret i¢ceren negatif ve kisisel iletisim {islubu
kullanilmamalidir. Hakemligi kabul edilen ¢aligsmalar1 taahhiit edilen siire igerisinde ve belirtilen akademik etik
kurallar1 ¢ergevesinde degerlendirmeli ve sonucu iletmelidir.

Yaymncinin Etik Sorumluluklar

Dergimiz siirece dahil ettigi tim caligmalar i¢in editorleri sorumlu kilmaktadir. Dergide yapilan g¢aligmalardan
politik veya ekonomik kazanclar elde edilmemesi i¢in gereken tedbir ¢alismalarini editdr yiiriitmektedir. Dergimiz
editor kararlar1 olusturulmasinda bagimsizlig taahhiit eder. Dergimiz, kabul ettigi tiim ¢alismalarin fikri miilkiyet ve
telif haklarmi korudugunu taahhiit eder. Editorlerin stiregle ilgili akademik suiistimaller ve intihalle ilgili konularda
ilgili 6nlemleri alma sorumlulugu yine dergimizin taahhiidii altindadir.



Yazarlar ile iliskiler

Editorler, yazarlarin gonderdigi makalelerde ¢alismanin 6zgilinliigii, anlatimin agiklig1 ve derginin amag-kapsamina
uygunlugu noktasinda degerlendirme yaparak olumlu veya olumsuz karar vermektedir. Bu kapsamda ciddi bir
problem teskil etmeyen tiim ¢aligmalar degerlendirme siirecine alinir. Editérler, hakem 6nerilerini dikkate almalidir.
Editorler, calismalarla ilgili onceki editorler tarafindan verilen kararlari, etik ve kapsam noktasinda biiyiik bir
problem tespit edilmemesi halinde degistirmemelidir.

Hakemler ile iliskiler

Kor Hakemlik ve Degerlendirme Siireci politikalari, editor tarafindan titizlikle yiirtitiilmelidir. Hakemler, ilgili
yaymnin uzmanlik sahasina gore segilmelidir. Yayinla ve siirecle ilgili tiim bilgiler hakemlerle agik bir sekilde
paylasilmalidir. Yazar-hakem arasi ¢ikar catigmasi olup olmadigi yoniindeki tespit editdriin sorumlulugundadir.
Degerlendirme siirecinin baglamasiyla birlikte hakemlerin kimlikleri gizli tutulmalidir. Editorler, hakemleri
tarafsizlik, bilimsellik ve nesnellik hususlarinda tesvik etmelidir. Hakem havuzlarinin genis tutulmasma dikkat
edilmelidir. Hakemlerin degerlendirme siirecine yonelik performanslarimi arttirmak igin uygulamalar ve politikalar
giidiilmelidir. Bilimsellikten ve akademik etik kurallarindan uzak siiregler engellenmelidir.

Okuyucu ile liskiler

Editor, derginin hitap ettigi okuyucu kitlesinin ihtiya¢ duydugu beklentileri karsilamaya yonelik kararlar vermelidir.
Yayinlanacak calismalarin akademinin her tiirlii kademesine (okuyucu, arastirmaci) ve literatiire katki saglayacak
0zgiin ¢aligmalar olmasina dikkat etmelidir. Okuyuculardan ve akademik camiadan gelecek geri bildirimleri dikkate
almali ve agiklayict geri bildirimlerde bulunmalidir.

Yaym Kurulu ile iliskiler

Editor, yayin kurulunda bulunan iiyelerin, ilgili politika ve yonergelere uyumlu sekilde ¢alismasi adina sorumludur.
Bu politikalar kapsaminda ilgili iiyeler bilgilendirilmeli ve gelismelerden haberdar edilmelidir. Yeni tiyelere gerekli
egitim ve bilgilendirme saglanmalidir.

Dergi Sahibi ve Yayma ile iliskiler

Akademik etik kurallar1 gercevesinde, editor ile yaymci bagimsizlik s6zlesmesi imzalamaktadir. Yani editorler
alacaklari kararlarda yayinci ve dergi sahibinden bagimsizdir.

Kisisel Verilerin Korunmasi

Dergi editorii, dergide yayimlanan galismalarda bulunan tiim bilgilerin, deneklerin ve gorsellerin korunmasini
saglamakla sorumludur. Caligmada eger varsa denek olarak kullanilan bireylerin izinleri belgelendirilmedigi siirece
caligmay1 reddetmelidir. Ayrica dergi editorii, yayin siirecinde bulunan herkesin (yazar, hakem ve okuyucu) bireysel
verilerini korumakla sorumludur.

Etik Kurul, insan ve Hayvan Haklar

Editor, calisma kapsaminda genel anlamda insan ve hayvan haklarinin korunmasini saglamalidir. Calisma
deneylerinde kullanilan verilere ve deneklere ve arastirmalara iliskin gerekli izinlerin ve etik kurul raporlarmin
kontroliinii yapmakla mesuldiir.

Olasi Suiistimal ve Gorevi Kotiiye Kullanmaya Kars1 Onlem

Suiistimal ve gorevi kotiiye kullanma hallerine karsi tedbir almak editoriin gérevidir. Bu konuyla ilgili sikayetlerin
tespit edilmesi ve degerlendirilmesi noktasinda titiz bir ¢alisma yiirliten editor, ilgili bulgular1 paylagmali ve
akademik etik ortaminin devam etmesini saglamalidir.

Fikri Miilkiyet Haklariin Korunmasi



Dergi editori, tiim ¢aligmalarin fikri miilkiyet haklarii korumakla ve akademik etik ihlallerinde ve diger
olumsuzluklarda derginin, yazarlarin, hakemlerin haklarini savunmakla yiikiimlidiir. Ayrica dergi editorii dergide
yayimlanan ¢aligmalarin intihal sonucu baska bir akademik ¢aligmanin fikri miilkiyetini ihlal edip etmedigi
yoniindeki teyidi yapmali ve gerekli 6nlemi almalidir. Bu tedbirlerin baginda degerlendirme siirecinde yazardan
calismasiyla birlikte makalenin intihal raporu da talep edilmektedir.

NOT:Dergimizde akademik etige uygun olmayan bir durumla karsilagsmaniz
durumunda muhmimdergi@alparslan.edu.tr adresi tizerinden ivedi bir sekilde bizimle iletisime geginiz.
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Editorial Ethics and Responsibilities

Publication Ethics and Responsibilities The publication process of our journal requires everyone involved
(authors, referees, editors) to comply with academic ethical principles and standards. In this context, it is assumed
that all academicians involved in the process accept the following responsibilities. While determining the
responsibilities expressed in this context, the rules and responsibilities specified by the Committee on Publication
Ethics (COPE), which regulates open access rules, were used.

Ethical Responsibilities of Authors

The author(s) must be original in all their academic works. If they benefit from other academic studies in their
studies, they are required to give full reference and/or citation. Persons who do not contribute to the study should not
be included as authors. Researchers cannot submit their work to more than one publication at the same time. Each
submission process must be made following the conclusion of the previous application. A study published in another
medium should not be sent to our journal. In case the submitted works contain content, situations and relationships
that will constitute a conflict of interest, information should be provided. Authors should be ready to present the raw
data and experimental information of the study to the editorial board and scientific committee, if requested. It is not
possible to add an author, change the order or remove an author for a work whose evaluation process has been
started. Author(s) should have documents showing that the data they use in their studies (if any) have ethical rights,
usage rights, and necessary permissions for research/analysis/experiment. Author(s) should inform the journal editor
or journal publisher and cooperate in correction or retraction if they notice an error in their review, early view stage
or published work.

Ethical Duties and Responsibilities of Editors

As stated by COPE, which ensures the integrity of open access rules clearly stated on the Dergipark page; To
ensure continuity in the development of the journal, to carry out the steps to increase the quality of academic studies
published in the journal, to work towards the needs of readers and authors, to communicate openly and transparently
in matters that require correction or explanation, to continue all business processes without compromising
intellectual property rights and academic ethical rules. are the main ethical duties and responsibilities of the editor.

Ethical Responsibilities of Referees

A referee should evaluate academic studies in his field of expertise. It should be impartial and confidential in its
evaluations. Within the scope of these principles, the evaluation results of the studies should not be shared with the
public at the end of the process and should be destroyed. If a conflict of interest is detected as a result of its
evaluation, the relevant editor should be informed and the review process of the study should be rejected. The result
of the refereeing evaluation should be conveyed in a constructive and polite manner, and negative and personal
communication style containing hostility, slander or insult should not be used. He/she should evaluate the studies
accepted as referees within the promised time and within the framework of the specified academic ethical rules and
communicate the result.

Ethical Responsibilities of Publisher

Our journal makes the editors responsible for all the works included in the process. The editor carries out the
necessary measures to prevent political or economic gains from the work done in the journal. Our journal is
committed to independence in the creation of editorial decisions. Our journal undertakes to protect the intellectual
property and copyrights of all accepted works. The responsibility of the editors to take the necessary precautions
regarding academic misconduct and plagiarism related to the process is also under the commitment of our journal.



Relations with Authors

In the articles sent by the authors, the editors make a positive or negative decision by evaluating the originality
of the study, the clarity of the narrative, and the suitability of the journal's purpose-scope. In this context, all studies
that do not pose a serious problem are included in the evaluation process. Editors should consider referee
suggestions. Editors should not change the decisions made by previous editors about the studies unless a major
problem in terms of ethics and scope is detected.

Relations with Referees

Blind Review and Review Process policies should be meticulously followed by the editor. Reviewers should be
selected according to the field of expertise of the relevant publication. All information about the publication and the
process should be shared openly with the referees. It is the editor's responsibility to determine whether there is a
conflict of interest between the author and the referee. With the start of the evaluation process, the identities of the
referees should be kept confidential. Editors should encourage referees for impartiality, scientificity and objectivity.
Care should be taken to keep the referee pools wide. Practices and policies should be pursued to increase the
performance of referees in the evaluation process. Processes that are far from being scientific and academic ethical
rules should be prevented.

Relations with the Readers

The editor must make decisions to meet the expectations of the audience the magazine addresses. Care should
be taken that the studies to be published are original studies that will contribute to all levels of the academy (readers,
researchers) and the literature. It should take into account the feedback from the readers and the academic
community and provide explanatory feedback.

Relations with the Editorial Board

The editor is responsible for the members of the editorial board to work in compliance with the relevant policies
and guidelines. Within the scope of these policies, the relevant members should be informed and informed about the
developments. New members should be provided with the necessary training and information. Relations with
Journal Owner and Publisher Within the framework of academic ethical rules, the editor and the publisher sign an
independence agreement. In other words, editors are independent of the publisher and journal owner in their
decisions.

Relations with Owner of Journal and the Publisher

Within the framework of academic ethical rules, the editor and the publisher sign an independence agreement. In
other words, editors are independent of the publisher and journal owner in their decisions.

Protection of Personal Data

The journal editor is responsible for ensuring that all information, subjects and images found in the studies
published in the journal are protected. Individuals used as subjects in the study, if any, should refuse to work unless
their consent is documented. In addition, the journal editor is responsible for protecting the individual data of
everyone involved in the publication process (author, referee and reader).

Ethics Committee, Human and Animal Rights

The editor should ensure the protection of human and animal rights in general within the scope of the work. It is
responsible for controlling the necessary permissions and ethics committee reports regarding the data and subjects
used in the study experiments and research.

Precaution against Potential Abuse and Abuse

It is the editor's duty to take precautions against abuse and misconduct. The editor, who carries out a meticulous
work in detecting and evaluating complaints about this subject, should share the relevant findings and ensure the
continuation of the academic ethical environment.



Protection of Intellectual Property Rights

The editor of the journal is responsible for protecting the intellectual property rights of all studies and defending
the rights of the journal, authors and referees in case of violations of academic ethics and other negativities. In
addition, the journal editor should confirm whether the studies published in the journal violate the intellectual
property of another academic work as a result of plagiarism and take the necessary action. At the beginning of these
measures, the plagiarism report of the article is requested from the author along with his/her work during the
evaluation process.

NOTE: If you encounter a situation that does not comply with academic ethics in our journal, please contact us
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Abstract

Earthquakes are among the natural disasters that occur frequently in many countries. Natural disasters have
a negative impact on people's physical and mental health. As with other disasters, the first priority for
earthquakes is nutrition. It is critical that clean water and safe food are delivered to earthquake victims as soon as
possible after the earthquake. At the same time, people's energy, protein, and vitamin needs should be met with
the food that is delivered. Infants, pregnant women, and the elderly are among the priority groups for post-
earthquake food supply. It is also of great importance that there are people belonging to special nutrition groups
among the earthquake victims. Experts must participate in meeting water and food needs to avoid various
problems. Prepared contingency plans should address nutritional needs more comprehensively by considering
priority and special groups, and nutritional interventions should be identified in advance. In this study, the
nutritional problems that occurred after the earthquakes in the world and in our country were identified and
nutritional intervention studies were examined.

Keywords: Earthquake, Nutritional Needs, Health, Safe Food

Depremlerde Ortaya Cikan Beslenme Sorunlari ve Miidahaleleri

Ozet

Deprem, Diinya’nin birgok iilkesinde siklikla karsilasilan dogal afetlerden biridir. Dogal afetler insanlarin
fiziksel ve ruhsal sagligini olumsuz bir sekilde etkilemektedir. Yasanan diger afetlerde oldugu gibi depremde de
beslenme ihtiyaci ilk sirada yer almaktadir. Depremin ardindan depremzedelere kisa bir siire i¢erisinde temiz su
ve glivenli gidanin ulagmasi hayati 6nem tasimaktadir. Ayn1 zamanda ulastirilan gida ile bireylerin enerji, protein
ve vitamin ihtiyaci da karsilaniyor olmalidir. Bebekler, hamileler ve yaglilar deprem sonrasinda gida desteginin
saglanmasinda oncelikli grupta yer almaktadirlar. Ayrica depremzedeler arasinda 6zel beslenme gruplarinda
bulunan bireylerin olmasi da biiyiik bir 6nem arz etmektedir. Su ve gida ihtiyacinin giderilmesinde konunun
uzmanlarinin goérev almasi yasanacak cesitli problemlerin dnlenmesi agisindan olduk¢a 6nemlidir. Hazirlanan
acil durum eylem planlarinda beslenme ihtiyacinin oncelikli ve 6zel gruplar diisiiniilerek daha kapsamli bir
sekilde ele alinmasi ve beslenme miidahalelerinin 6nceden belirlenmesi gerekmektedir. Bu c¢aligmada diinyada
ve iilkemizde yasanan depremler sonrasinda ortaya ¢ikan beslenme sorunlari ortaya konulmus ve beslenme
miidahalesi konusunda yapilan ¢aligmalar incelenmistir.

Anahtar kelimeler: Deprem, Beslenme Thtiyaci, Saglik, Giivenli Gida

1. INTRODUCTION
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Natural disasters, which cause deaths, injuries, destruction of habitats and failure to meet basic needs such
as food and water, have a significant impact on human life. Particularly, sudden events such as earthquakes,
fires, avalanches, floods, etc., disrupt people's normal routines and daily activities. According to statistical
studies, earthquakes rank first among natural disasters in terms of their impact and risks [1]. Damage to food
resources and food systems after natural disasters and the negative consequences of these damages on people's
livelihoods are a significant threat to food security. The consequences of natural disasters can last for a long
time. The impairment of infrastructure affecting people's livelihoods, including livestock, agricultural activities,
lands, and transportation routes, weakens food security [2].

Individuals are directly injured or lose their lives as a result of natural disasters. Moreover, survivors facing
challenges such as severe stress, lack of sleep, difficulties in accessing medical assistance and medication, and
malnutrition are at risk of diseases such as hypertension and diabetes. Hence, there is a tendency for fatal or non-
fatal cardiovascular diseases to emerge after disasters [3].

The emergence of nutrition-related issues after disasters is influenced not only by short-term food shortages,
but also by imbalanced and inadequate nutrition in the long run. Efforts are made to supply the food and water
needs through various relief organizations reaching the affected areas. However, the establishment of temporary
shelters post-disaster may not always ensure adequate and balanced nutrition, particularly affecting children, the
elderly, pregnant women, and individuals in special dietary groups [4,5]. The composition of meals in
emergency shelters indicates malnutrition, with excess carbohydrates and low levels of protein, fibre, vitamins
and minerals. Improving the quality of meals in temporary shelters has been shown to reduce the incidence of
diseases and disaster-related deaths [6]. Studies reveal both positive and negative relationships between nutrition
and cardiovascular diseases [7,8]. After the disaster, problems related to nutrition must be solved quickly and
arrangements such as food storage for special diets must be made in advance.

2. NUTRITION-RELATED HEALTH PROBLEMS OCCURRING AFTER the EARTHQUAKE

Following devastating earthquakes that have occurred in many countries around the world and at different
times, it can be challenging for individuals who have survived the rubble and lost their homes to access food.
Additionally, this situation leads to deficiencies in food hygiene and directly causes health problems. After the
2010 earthquake in Haiti, one of the poorest countries in the world, numerous health problems such as cholera,
malnutrition, poisoning, anxiety, and depression emerged [9]. Consuming ready-made foods with high energy
value can be beneficial in preventing malnutrition [10].

After an earthquake, the storage conditions of food become more challenging, leading to an increase in food
poisoning cases. Necessary precautions should be taken in the storage of perishable foods such as milk and dairy
products. Consumption of spoilt and contaminated foods can lead to serious health problems. This situation
results in a high number of food poisoning cases being admitted to hospitals [11]. Canned foods, especially those
preferred immediately after disasters, should be constantly monitored. Canned foods whose packaging integrity
is compromised, opened or damaged should never be used. Foods that require a cold chain must be maintained at
specific temperatures during transportation and storage. To avoid cross-contamination, great attention should be
paid to the hygiene of equipment and personnel. Cleaning procedures should be planned in detail. In this way,
food safety can be ensured [12].

The contamination of water sources after an earthquake can lead to the spread of diarrheal diseases. This
situation poses a serious public health issue, particularly in areas with inadequate hygiene conditions. Research
indicates an increase in the frequency of diarrheal diseases after an earthquake, which can lead to potentially
fatal situations [13]. In Nepal, following the 7.8 magnitude earthquake in 2015, damage to the water supply
systems made it difficult to access clean drinking water, leading to an increase in malnutrition rates among
children [14].

After natural disasters, children become more vulnerable to infectious diseases due to various factors.
Factors such as infrastructure damage, changes in environmental conditions, contamination of water and food
sources, difficulty in accessing clean water and food, inadequate waste control, disruption or restriction of access
to health services, negatively impact the immune system of children. The risk of diseases that can be prevented
by vaccination, particularly, increases. Children may have to live in crowded living conditions for extended
periods, and inadequate personal hygiene also increases the risk of spreading infectious diseases. Additionally,
factors such as lack of information after a disaster, inadequate animal and vector control, delayed burial
procedures, and unhealthy preservation of bodies also contribute to the increase in infectious diseases. The
disruption of established systems after a disaster, loss of the living environment, and hindrance of healthy
development lead to children becoming more fragile and hopeless individuals in the future [15].
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The extreme shock removed during natural disasters such as earthquakes adversely affects the growth and
development of children. A study reported that children affected by the earthquake in India in 2001 were 5-9 cm
shorter than their peers who were not affected by the earthquake [14]. Another study, which observed the
nutritional status of children living in temporary shelters after the earthquake for 2 years, demonstrated the
necessity of providing nutritional support as well as psychosocial support to ensure normal growth of children
and to mitigate the long-term effects of the earthquake, in addition to providing psychosocial support [16].
Bhadra (2015) advocates the use of school-community-based strategies for the protection of children [17].

After the Wenchuan (China) earthquake in 2008, a study found that women in the earthquake-affected areas
increased their consumption of ready-to-eat foods, stockpiled food, and experienced nutritional disorders. In a
study conducted two years after the earthquake, it was found that the number of breastfed children decreased and
90% of children did not receive nutritional supplements despite being malnourished. The rate of anemia among
children affected by the earthquake increased from 36.5% immediately after the earthquake to 67.5% after two
years [18].

Following the earthquake in Japan in 2011, which caused a tsunami and a nuclear disaster with a magnitude
of 9.0, it was found that the levels of sodium and vitamin deficiencies increased among individuals in temporary
shelters [19]. Other studies conducted after the Japan earthquake reported a significant increase in the frequency
of cardiovascular diseases in the past three years compared to other disaster areas [20,21].

3. NUTRITION IN EARTHQUAKE EMERGENCY PLANS

According to the Turkish Disaster Response Plan, which systematically plans intervention at national and
local levels, the responsibility for nutrition services in disasters is assigned to the Tiirk Kizilay. The Ministry of
Environment, Urbanization and Climate Change, the Ministry of Health, the Ministry of Agriculture and
Forestry, and the Ministry of Interior provide support to the Tiirk Kizilay at the national level for nutrition
services. The local organizations of these institutions, civil society organizations, the private sector, and
municipalities are the units with which the Tiirk Kizilay collaborates at the local level [22].

The nutrition plan for disasters is designed according to the first 72 hours following the disaster, also known
as the golden hours, and the period after 72 hours. Nutrition activities carried out in the 0-72 hour period in the
disaster area are considered early-phase nutrition services [23]. It is important to provide easily accessible, non-
perishable, easy-to-consume, and durable foods during the golden hours (0-72 hours). During this time,
emergency nutrition kits are distributed to individuals, consisting of 1 packet of 0.25 ml water, 1 sweet biscuit,
and 1 packet of 200 ml fruit juice. The aim of nutrition services in disasters is to provide foods with high
nutritional value and energy to individuals. Nutrition services, initially carried out using serving vehicles, are
continued with mobile ovens, mobile kitchens, and kitchen kits depending on the scale of the incident [24].

Nutrition services conducted after the golden hours encompass long-term nutrition services. Following
early-phase nutrition services, distribution of hot meal sets and dry foods to disaster-affected families should be
planned. Under long-term nutrition services, a food package should be prepared to meet the average 7-day
nutritional needs of a family of 5 [25].

4. NUTRITIONAL PROBLEMS AND INTERVENTIONS AFTER THE EARTHQUAKE

Interventions after disasters are categorized as acute, mid-term, and long-term. In the acute period, meeting
the basic needs of the disaster victims such as nutrition, shelter, reaching their relatives, accessing medical
treatment if necessary, and ensuring their safety and well-being is considered one of the most important and
prioritized psychosocial interventions. The interventions conducted immediately after the disaster belong to the
acute period. Mid-term and long-term psychosocial services include psycho-education and empowerment
programs, while long-term interventions involve specialized mental health professionals focusing on the
individual and the event. The acute period is the period when the basic and safety needs are attempted to be met
immediately after the disaster (between 1-3 weeks). In the acute period, besides meeting the basic needs
(nutrition, shelter, etc.) of individuals exposed to traumatic events, the aim is to instill a sense of safety and hope.
The importance of support in the acute period is highlighted during this period when these feelings are intensely
experienced. The goal in this period is to provide appropriate, flexible, and basic assistance considering the
symptoms. During acute period, it is possible to observe the difficulties of individuals affected by the disaster by
carefully observing the environment and determine an appropriate intervention method based on these
observations [26].
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The Ministry of Interior Disaster and Emergency Management Presidency (AFAD) has published the
Turkish Disaster Response Plan (TAMP), which explains the national and local level intervention system.
TAMP has stated that effective intervention management consists of three stages: preparation, intervention, and
pre-recovery. The intervention levels are divided into four groups based on the degree of impact. The levels,
named S1-S4, determine the impact and specify the groups that will provide support based on the type and scale
of the event. AFAD manages the entire process [10]. Within the scope of TAMP, nutrition services have been
determined considering individuals with special nutritional needs such as infants, children, pregnant women,
patients, etc., based on ensuring the adequate food intake level of earthquake victims. During the early hours of
disasters, the Provincial and District Disaster and Emergency Management Centers are responsible for meeting
the early and long-term nutritional needs [23].

Turkey, home to some of the world's most important fault lines, is experiencing severe earthquakes.
Encountering nutrition problems during earthquakes has highlighted the need to create emergency action plans.
Especially after the Marmara earthquake on August 17, 1999, studies have gained momentum. Following the
earthquake in Van on 23 October 2011, Tiirk Kizilay and various organisations established 13 tent cities to meet
the food and shelter needs of the people and provided social service support after the earthquake response
process, which proved to be an improvement compared to the Marmara earthquake [10].

Various interventions have been made to address nutrition problems that arise after earthquakes in many
parts of the world. 'Child Nutrition Week', which was activated after the 7.8 magnitude earthquake in Nepal,
created an effective platform by delivering basic nutrition services packages to children and mothers in the
earthquake-affected areas. Positive progress has been recorded between measurements made between two
periods as a result of the measures and incentives taken. Pregnant women's iron and folic acid needs have been
met with many nutritional supplements [10].

After the Great Japan Earthquake in 2011, researchers observed that earthquake survivors changed their
dietary habits by consuming unhealthy, high-salt foods. Therefore, the Japanese government aimed to change
and socialize these habits by creating cooking classes for earthquake survivors with the slogan "Eat Well, Live
Well." It has been shown that these classes have improved the mental and physical health of the survivors [27].

During the 2017 Iran Earthquake, various nutrition interventions were implemented within the first 10 days,
including rapid assessment of the nutrition status of children and breastfeeding mothers, providing specific
nutrition support for diabetic and hypertensive patients, and supplying vitamin A, vitamin D, calcium, iron
supplements, and multivitamins for children under 2 years of age. There was a serious shortage of nutrition
experts in the region following the earthquake [28].

After the earthquake in Northern Pakistan in 2005, food supplementation was provided to prevent acute
malnutrition in children under 5 years of age [29].

In a study conducted by Yolcu (2020), a comparison was carried out between the earthquakes in Chile
(2019) and Elaz1g (2020). Differences in disaster risk and crisis management application methods were observed
in both earthquakes. It was found that Chile has made significant progress in earthquake preparedness, while
Tiirkiye has been reported to have weaker interventions. Despite all legal regulations, it has been suggested that
the societal and institutional approach to earthquake preparedness, intervention after the earthquake, and
recovery efforts weaken earthquake culture and its achievements. It has been stated that this situation negatively
affects the distribution of the country's economy and the budget allocated to regional investments, as observed in
the aftermath of the Elaz1g earthquake [30].

In the Kahramanmarag earthquake that occurred in Tiirkiye on February 6, 2023, in addition to the inability
to reach the region in time, an important problem related to nutrition was the inability to deliver food aid to
villages and settlements that were far from the center because the roads were closed. Effective planning of
logistical activities plays a crucial role in reaching the needed areas quickly. In addition, it is of great importance
to manage the volunteers contributing to food aid on the ground from a single center and to identify the need for
food and water by establishing a communication network to accurately and effectively deliver aid to hard-to-
reach areas. It has also demonstrated the power of the internet and social media to ensure communication. In this
way, it was reported where and what was needed in the earthquake area, and those who wanted to help organized
and sent their aid [31].

Following earthquakes, a significant increase in malnutrition and various vitamin and micronutrient
deficiencies is observed, especially in women and children. Vitamin content is insufficient, particularly due to
excessive grain consumption in many diets. Multivitamin tablet supplements, along with main and side dishes,
can play an important role in meeting the vitamin and mineral needs of earthquake victims to achieve optimal
health quickly and effectively. Therefore, nutritional supplement programs need to be included in disaster
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management plans. However, it is important not to overlook symptoms related to Crush syndrome when
developing intervention plans [31].

5. CONCLUSION

The measures taken by states in response to earthquakes play a crucial role in saving many lives.
Precautions before and after earthquakes should include considerations for food and nutrition, in addition to
shelter and emergency response. The research underscores the importance of taking measures to prevent anemia,
malnutrition, growth retardation in children, cardiovascular disease, and gastrointestinal problems resulting from
nutritional deficiencies after earthquakes. Particular attention should be paid to people with special health needs
before earthquakes, such as diabetics, pregnant women, and children, to mitigate the risks. Sound strategies must
be developed to protect against potential disruptions in the food supply chain after earthquakes or other
emergencies, and systems should be put in place in advance. To effectively manage earthquakes and similar
emergencies, it is important to plan and implement processes such as storing non-perishable, easy-to-prepare
food, prioritizing food hygiene and sanitation to prevent contamination of water and food, and coordinating the
food supply chain. It is also necessary to determine the nutritional needs of specific groups and to train those
responsible for post-earthquake nutrition accordingly. Comprehensive and realistic solutions outlined in
emergency plans are of great importance for the well-being of people who survive disasters.
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Abstract

After every earthquake in our country, there is a significant loss of life and property. The changes in seismic
regulations aim to minimize these losses. This study focuses on the differences between the current TBEC 2018
and TEC 2007 seismic codes. Analyzing a five-story reinforced concrete building using the 1deCAD structural
analysis computer program, designed according to TEC 2007 and TBEC 2018 seismic regulations, forms the
basis of this study. By altering soil and seismic parameters on the designed five-story reinforced concrete
building, various analyses were conducted. The results of the analyses, depicted in graphs and tables, illustrate
how the cost varies between TBEC 2018 and TEC 2007 seismic regulations based on the derived quantities.
Upon examination of the results, it is evident that, overall, TBEC 2018 incurs higher costs, utilizes more
reinforcement, and places greater emphasis on soil classes compared to TEC 2007. Furthermore, it is concluded
that the new Turkey earthquake hazard mapearthquake hazard map provides more accurate results in
determining earthquake zones. TBEC 2018 is observed to be more comprehensive in all aspects and to stand on
the safer side.

Keywords: Earthquake Zone, Earthquake-Soil Relationship, Cost Calculation, TBEC 2018, TEC 2007, Soil Classes

Farkh Zemin Parametreleri Kullanilarak Olusturulan Betonarme Binalarin TEC 2007 ve TBEC 2018’e
Gore Statik Analizi ve Maliyet Hesaplamasi

Ozet

Her deprem sonrasi iilkemizde birgok can ve mal kaybr meydana gelmektedir. Deprem ydnetmeliklerinin
degisimi ile bu can ve mal kaybi en aza indirilmeye ¢alisilmaktadir. Giiniimiizde kullanilmakta olan TBEC 2018
ile TEC 2007 arasinda olusan farkliliklar bu calismada ele almmustir. Bu ¢alismayla IdeCAD statik analiz
bilgisayar programimda TEC 2007 ve TBEC 2018 deprem yonetmeliklerine gore hazirlanan bes katli betonarme
bir binada analiz yapilmistir. Tasarim yapilan 5 katli betonarme bina {izerinde zemin ve deprem parametreleri
degistirilerek analizler yapilmistir. Analiz sonuglarindan ¢ikan metrajlar dogrultusunda TBEC 2018 ile TEC
2007 deprem yonetmeliklerinde maliyetin ne kadar degistigi grafik ve tablolarla gosterilmistir. Sonuglara
bakildiginda genel olarak biitiin analizlerde TBEC 2018’de maliyetin daha fazla oldugu, donatinin daha fazla
kullanildigi, TBEC 2007°de zemin siniflarina daha az énem verildigi goriilmektedir. Ayrica deprem boélgelerinin
belirlenmesinde yeni Tiirkiye Deprem Haritasinin daha net sonuglar verdigi kanisina varilmistir. TBEC 2018’in
her agidan daha kapsamli oldugu ve daha giivenilir tarafta kaldig1 gozlemlenmistir.

Anahtar Kelimeler: Deprem Bolgesi, Deprem-Zemin [liskisi, Maliyet Hesabi, TBEC 2018, TEC 2007, Zemin
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1. INTRODUCTION

Turkey is a seismically active country where seismic movements are prevalent. Consequently, earthquake-
resistant construction practices are implemented, and a set of standards is established. These standards, known as
earthquake regulations, aim to ensure that the structural support system effectively transfers all horizontal and
vertical loads from the top of the structure to the base soil[1]. To achieve this objective, earthquake regulations
are formulated, considering the necessary calculations and rules to guarantee the stability, rigidity, and adequate
resistance of the structure[1]. The earthquake regulations are founded on theoretical studies and research
conducted since their inception, incorporating insights gained from practical applications of existing structures,
as well as findings and discussions on what was done incorrectly or correctly[2]. Since their initial development,
earthquake regulations have undergone updates in 1947, 1949, 1953, 1961, 1968, 1975, 1997, 2007, and 2018.
These revisions have been made in response to the global and national needs, taking into account the experiences
gained, investigations conducted, and the discourse on construction practices. Notably, the Italian Construction
Instruction for earthquake-prone areas issued in 1940 has also contributed to shaping these regulations (Table 1).

Table 1. Regulations implemented so far in Turkey

Date Regulatory Name

1940 Italian Building Instruction for construction in the Zelzele districts

1944 Construction Instruction in Zelzele districts

1949 Turkey's Regulation on the Construction of the Territories of earth Struggling
1953 Regulations on the areas of the earth Strap

1961 Regulations on structures to be carried out in disaster areas

1968  Regulations on structures to be carried out in disaster areas

1975 Regulations on structures to be carried out in disaster areas

1997 Regulations on structures to be carried out in disaster areas

2007 Regulations on structures to be carried out in earthquake areas

2018 Turkey Building earthquake Regulation

In the design of earthquake-resistant structures, from the past to the present, the earthquake and superficial
soil parameters of the region, along with certain attributes of the construction model, were considered sufficient
[3]. However, the damage to buildings resulting from earthquakes has underscored the necessity for more
extensive investigation [4]. Studies indicate that dividing a city into regions based on post-earthquake damage
can serve as a valuable guide for reconstruction efforts [4]. Rather than waiting for a new devastating earthquake
to occur in construction-exposed areas, it is more rational to apply methods developed by addressing existing
data, rather than waiting for damage records to be insufficient and creating strategies as was done previously [3].
Earthquakes passing through floorboards can alter the properties of the ground, causing it to soften and lose
strength. Hence, one of the crucial steps in determining earthquake characteristics during the design process for
any region involves identifying the soil layers in that area and understanding the properties of the floors under
repeated tension [5]. Detailed information about the properties of floorplates can be obtained through field and
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laboratory experiments. Recordings from vertical measurement networks impact the characteristics of
earthquake movement on the floor surface, influencing the properties of the floor layer. The proximity of
earthquake records suggests that ground characteristics may vary, even at close distances, due to the interaction
between the earthquake source and geotechnical properties [6]. The changes in regulations in Turkey have
prompted various studies. In a study titled "Comparing the Iranian Earthquake Regulation with the Turkish
Earthquake Regulation,” Iran reviewed the earthquake regulations of both countries (2005 and 2007) and
highlighted the differences, ultimately concluding that the Turkish earthquake regulation is more comprehensive
[7]. Another study, "Review of a Model Structure Sized and Equipped According to the Earthquake Regulation
1997," compared a design based on the earthquake regulations from 2007 with an older regulation dated 1997.
The design included two types of models: a symmetrical frame system and a symmetrical curtain frame
system[8]. In the study "Comparing TDY 2007 to Eurocode 8 in Terms of Cost in Concrete Buildings," the two
regulations were compared regarding design rules using the Sta4-CAD computer program for a 3- and 5-story
concrete model. The analysis considered performance targets, design rules, soil conditions, earthquake impact,
and cost comparison based on the results [9]. An investigation into the behavior of a concrete building according
to old and current design regulations explored principles and developments in regulations issued in 1961, 1968,
1975, 1997, and 2007 in Turkey. Using SAP2000 computer programs for analysis, the study compared the
displacement, floor weights, floor vertical carrier concrete, and equipment metals under different regulations [3].
In the study "Proposal for Strengthening a Building According to the 2007 Regulations of a Concrete Structure
Made According to the 1998 Earthquake Regulations," performance analysis was conducted according to the
2007 earthquake regulations, and alternative enhancement proposals were made based on the results obtained

from the Sta4CAD static analysis computer programs [10]. "The Design and Analysis of a High-Rise Building
According to Two Regulations” focused on performance-based design according to the 2007 Turkish earthquake
regulations and the Istanbul High Buildings Earthquake Regulation. Linear and nonlinear analyses were
conducted, revealing that the carrier elements, curtains, and columns remained elastic, and nonlinear behavior
was limited based on the regulations [11].

One of the most critical factors influencing building design is the evolution of earthquake regulations. In
Turkey, a total of 10 different regulations have been utilized to date, undergoing revisions or complete
transformations over time. When designing a building, it is essential to determine which regulations are currently
in effect, understand the rules they encompass, and apply them to the project. The purpose of this article is to
address these impactful considerations in building design, specifically focusing on buildings located in
earthquake zones identified in 2007. The study further delves into the soil class and soil bed coefficient aspects
in a 5-story concrete building according to the 2018 Turkey Building earthquake regulations. The analysis is
conducted using a computer program that incorporates soil safety strain and earthquake zone parameters.
Additionally, the study aims to compare the costs based on the results obtained from the analysis.

2. MATERIAL AND METHODS

This article aims to establish a 5-story concrete model to examine the variations in metrics and costs in
structures resulting from the latest regulatory changes in our country. The models, designed using the 1deCAD
static analysis computer program, will be analyzed according to TEC 2007 and TBEC 2018, enabling a
comprehensive comparison of changes in the design and analysis phases between the two regulations.
Furthermore, the study will involve altering parameters such as soil class, soil bed coefficient, soil safety
carrying force, and earthquake zone according to TEC 2007 and TBEC 2018. The program will conduct analyses,
and a comparison of construction metrics will be made.

Cost calculations will be based on current prices, utilizing exposure recipes and unit prices available at 2023
prices issued by the Ministry of Environment and Urbanization. Graphics and tables will be used to present the
costs according to changing regulations. The study aims to highlight the potential challenges faced by technical
personnel in implementing effective earthquake regulations, emphasizing the importance of proper governance
to avoid designs that could endanger human life and negatively impact costs. By focusing on the implementation
of the 2018 Turkey Building earthquake regulations, effective from January 1, 2019, the study will determine
how costs have evolved and attempt to provide insights for the current application of earthquake regulations.
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The 5-story concrete building generated by the 1deCAD program comprises frame systems with columns
and beams. The analysis is conducted using TBEC 2018 and TEC 2007, wherein the soil bed coefficient and soil
carrying force are chosen based on soil classes (refer to Table 2 and Table 3). When determining the floor bed
coefficients, the table prepared by Bowles in 1996 is taken into consideration (see Table 4). In TEC 2007,
earthquake classes are categorized as 1, 2, 3, and 4. TBEC 2018, on the other hand, conducts seismic
assessments based on earthquake zones, which are 1, 2, 3, and 4, as defined in the legislation predating the
Turkey earthquake hazard map. Spectrum values are determined by extracting latitude and longitude values
corresponding to earthquake zones in degrees. Soil classes based on the two earthquake methods are presented in
Table 5 and Table 6.

Table 2. Soil bed coefficients based on the type of soil

Soil Type K (KN/m3)

Loose sand 4800-16000

Medium-sized sand 9600-80000

Hard sand 64000-128000

Clay medium-sized sand 32000-80000
Medium-sized sand with silo 24000-48000

Hairy soils:
qa<200 kPa 12000-24000
200<qa<800 kPa 24000-48000
ga>800 kPa >48000

Table 3. Soil handling forces linked to the type of soil
Soil Type gemin (t/m2)
Solid rock > 100
Hard gravel/hard gravel and sand > 60
Medium hard gravel/medium hard gravel and sand 20-60
Hard sand >30
Medium hard sand 10-30
Loose sand <10

Table 4. Soil groups according to the TEC 2007

Soil Assembly Floor Group Description

Solid volcanic rocks and solid metamorphic rocks with hard cement
(A) Very hard sand, gravel
Hard hair and hair with mattress

Loose volcanic rocks, such as Tuf and aglomera, sedimentary rocks with discontinuous
planes

Hard sand

Very solid hair and hair with mattresses

(B)

Metamorphic rocks and sedimentary rocks with soft discontinuities planes....
(© Medium hard sand, gravel
Solid hair and hair with mattress

High level of underground water
soft, thick layers of aluvation
Loose sand

Soft hair, silky hair

(D)




MAUN Mihendislik-Mimarlik Fakltesi Dergisi,4(2),7-19,2023/MAUN Journal of the Faculty of Engineering and Architecture, 4(2),7-19,2023
Arastirma Makalesi/Research Article

Table 5. Local soil classes according to the TEC 2007

Local soil Class Explanation

(A) assembly soils

21 HI1 < 15 m (B) assembly soils
79 H1 > 15 m (B) assembly soils

H1 <15 m (C) assembly soils
73 15 m < hl <50 m (C) assembly soils

H1 <10 m (D) assembly soils
74 H1 > 50 m (C) assembly soils

H1 > 10 m (D) assembly soils

Table 6. Local soil classes according to the TBEC 2018

Local soil Class Explanation
ZA Tough, hard rocks
ZB Low-split, medium-solid rocks
ZC Very hard sand, gravel and hard clay or very loose, very cracked weak rocks
ZD Medium hard - hard sand, gravel or multi-ply clay plates
7E Loose sand, gravel or soft-solid clay plates, or a layer of soft clay that is thicker

than 3 meters in total

In the study, the three-dimensional representation of the 5-story building is depicted in Figure 1. The
analysis of the 5-story reinforced building involves mapping ground classes ZA, ZB, ZC, ZD, and ZE in TBEC
2018, and determining bed coefficients based on soil classes Z1, Z2, Z3, Z4 (refer to Table 2), and soil carrying
forces (refer to Table 3) in TEC 2007. The analysis considers concrete quantity, mold quantity, and the overall
equipment amount, facilitating a cost comparison. Construction details of the 5-story reinforced concrete
building are provided in Table 7.

Figure 1. Three-dimensional view of the 5-story reinforced concrete building
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Tablo 7. Building features of the 5-storey

Properties Parameters Values
Floor height (h) 3 (m)
Total height (H) 15(m)
o . Contruction type Housing
Building Properties Carrier system behavior (R) 8
Structure importance coefficient (1) 1.0
Building height class 7
Earthquake design class (DTS) 1,1a,2,2a
Section Properties Column dimensions 0,3*0,3m
Beam dimensions 0,3*0,5m
Slab thickness 0,12m
Material Properties Concrete properties C30(30 MPa)
Steel properties S420(420 MPa)

3. RESULTS AND DISCUSSION

The quantities resulting from the structural analysis of a 5-story reinforced concrete building in the ideCad
program are provided in Figure 2-13.
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Figure 2. Amount of concrete in the area corresponding to the 1st-degree zone earthquake in TEC 2007

When analyzing the results obtained in the region corresponding to seismic zone 1 according to the TEC
2007, it is observed that as the soil class deteriorates, there is an increase in concrete quantities in both seismic
regulations. The most significant difference is observed in the worst soil class.
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Figure 3. Amount of concrete in the area corresponding to the 2nd-degree earthquake zone in TEC 2007

When analyzing the results obtained in the region corresponding to seismic zone 2 according to the TEC 2007,
it is observed that as the soil class deteriorates, there is an increase in concrete quantities in both seismic

regulations. The difference between the worst soil classes has decreased compared to the difference in seismic
zone 1.

s "TBEC 2018 Amount of concrete/ Soil Type™
. e
5 18500 — a0
E %gg;gg i 1'0138 _ J-I:r,u.,) /
2 %8888 173.09 174,52
£ 155,00

Soil Type

"TEC 2007 Amount of concrete/ Soil Type"
8 200,00 -
2 190,00 193,
= £180,00 W
5 170,00 A ¢
£ 160,00
Z1 72 73 74
Soil Type

Figure 4. Amount of concrete in the area corresponding to the 3rd-degree earthquake zone in TEC 2007

When analyzing the results obtained in the region corresponding to seismic zone 3 according to the TEC
2007, it is observed that as the soil class deteriorates, there is an increase in concrete quantities in both seismic
regulations. However, this increase is not as significant as in seismic zones 1 and 2. When looking at the worst
soil classes, almost the same results have been obtained.
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Figure 5. Amount of concrete in the area corresponding to the 4th-degree earthquake zone in TEC 2007

When analyzing the results obtained in the region corresponding to seismic zone 4 according to the TEC
2007, similar outcomes to seismic zone 3 are observed. Comparable results have been obtained in both seismic
regulations for areas falling under seismic zones 3 and 4.

The total reinforcement quantity varying according to seismic zones is provided in Figures 6-9.
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Figure 6. The total reinforcement quantity in the area corresponding to seismic zone 1 according to TEC 2007

As a result of analyses conducted in the region corresponding to seismic zone 1 according to TEC 2007, the
total reinforcement quantity has increased as the soil class deteriorates in both seismic regulations. The most
significant difference occurred when the soil class was at its worst.
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Figure 7. The total reinforcement quantity in the area corresponding to seismic zone 2 according to TEC 2007

As a result of analyses conducted in the region corresponding to seismic zone 2 according to TEC 2007, the
total reinforcement quantity has increased as the soil class deteriorates in both seismic regulations. The increase
in reinforcement quantity with changing soils is less pronounced compared to seismic zone 1.
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Figure 8. The total reinforcement quantity in the area corresponding to seismic zone 3 according to TEC 2007

As a result of analyses conducted in the region corresponding to seismic zone 3 according to TEC 2007, the
total reinforcement quantity has increased as the soil class deteriorates in both seismic regulations. When
examining the reinforcement quantity in the best soil classes, it is observed that TEC 2007 uses more
reinforcement. However, when looking at the worst soil class, TBEC 2018 utilizes more reinforcement,
indicating a greater increase in both concrete and reinforcement quantities with the deterioration of the soil class.
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Figure 9. The total reinforcement quantity in the area corresponding to seismic zone 4 according to TEC 2007

As a result of analyses conducted in the region corresponding to seismic zone 4 according to TEC 2007, the
total reinforcement quantity has increased as the soil class deteriorates in both seismic regulations. When
examining the reinforcement quantity in the best soil classes, similar results are obtained, while looking at the
worst soil classes, it is observed that TBEC 2018 uses more reinforcement.

The amount of molding that varies according to earthquake zones is given in Figure 10-13.
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Figure 10. The mold quantity in the area corresponding to seismic zone 1 according to TEC 2007

As a result of analyses conducted in the region corresponding to seismic zone 1 according to TEC 2007, no
significant increase has been observed in the total formwork quantity as the soil class deteriorates in both seismic
regulations.
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Figure 11. The mold quantity in the area corresponding to seismic zone 2 according to TEC 2007

As a result of analyses conducted in the region corresponding to seismic zone 2 according to TEC 2007, the
highest formwork quantity in both seismic regulations has been observed in the soil class just preceding the
worst soil class. Overall, there is a slight increase in formwork quantities for both regulations.
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Figure 12. The mold quantity in the area corresponding to seismic zone 3 according to TEC 2007

As a result of analyses conducted in the region corresponding to seismic zone 2 according to TEC 2007, the
highest formwork quantity in both seismic regulations has been observed in the soil class just preceding the
worst soil class. Overall, there is a slight increase in formwork quantities for both regulations.
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Figure 13. The mold quantity in the area corresponding to seismic zone 4 according to TEC 2007

As a result of analyses conducted in the region corresponding to seismic zone 4 according to TEC 2007, the
highest formwork quantity in both seismic regulations has been observed in the soil class just preceding the
worst soil class. Overall, there is a slight increase in formwork quantities for both regulations. Similar results
were obtained for seismic zone 3.

The quantities of concrete, reinforcement and mold determined in TBEC 2018 and TEC 2007 are determined
by the prices of the Ministry of Environment and Urbanization in 2023 and are calculated in Tables 8,and 9.

Table 8. Total equipment costs according to TBEC 2018

Earthquake TBEC 2018 Soil Classes
Zones ZA ZB zC ZD ZE
1 [11.154.561,91|1.179.313,44|11.194.376,26 | [11.227.606,86 | [11.461.806,76
2 [11.141.409,28 | (11.153.309,31 | [11.169.953,25| [11.200.893,28 | [11.269.310,28
3 11.127.590,13 | 11.157.293,36 | [11.169.594,99 | [11.182.101,28 | [11.218.460,26
4 [11.126.255,49|11.127.436,26 | [11.164.123,82 | [11.165.789,97 | [11.207.566,11

Table 9. Total equipment costs according to TEC 2007

TEC 2007 Soil Classes

Earthquake Zones

z1 Z2 Z3 Z4

1 [11.164.149,74 [11.183.249,52 [11.229.953,04 [11.295.426,68
2 [11.047.510,08 [11.059.000,93 [11.087.445,56 [11.128.702,95
3 [11.150.222,24 [11.158.650,28 [11.164.148,12 (11.213.272,42
4 [11.136.860,82 [11.147.297,85 [11.162.329,63 [11.197.818,99
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When the total cost is examined, the cost increases as the soil class deteriorates for both regulations in each
earthquake zone. The most pronounced increases are observed in the 1st-degree earthquake zone. There is not a
significant cost increase for the 4th-degree earthquake zone. Considering both regulations, the highest cost
occurs in TBEC 2018 for the Z4 soil class in the 1st-degree earthquake zone.

4. CONCLUSION

This study has been tried to create a prediction in the implementation of the TBEC 2018, and the differences
between the TBEC 2018 and TEC 2007 have been established. In TBEC 2018, it is observed that the costs of
concrete, reinforcement, and formwork are higher for the 1st-degree earthquake zone. As we move to the 4th-
degree earthquake zone, similar costs emerge in both TBEC 2018 and TEC 2007. In response to the earthquakes
experienced in our country, TBEC 2018 has deemed it appropriate to construct more robust residential structures
by increasing the quantity of concrete and reinforcement, thereby staying on the safer side. This study has been
used to determine what changes are made to the cost of building, along with changing regulations. This study has
revealed the significant impact of soil class, emphasizing the necessity for careful preparation of soil
investigation reports. In future studies, variations in the number of coats such as 7, 11, etc., can be explored.
Additionally, besides altering the soil class, changes in concrete types can be considered. The structural frame
can be repositioned outside the system and analyzed by adopting a riveted system. This approach applies not
only to regular buildings but also to irregular structures, including basement buildings.

REFERENCES

1. Oztiirk, M.T., 2009. Eski Deprem Yonetmeliklerine Gore Boyutlandirilan Betonarme Binalarin Giincel Y6netmeligine
Gore Deprem Performansinin Belirlenmesi (Yiiksek lisans tezi). Istanbul Teknik Universitesi, Fen Bilimleri Enstitiisii,
Istanbul.

2. Yamk, A., 2008. Mevcut Deprem Yonetmeligi ile Yiriirlikten Kaldirilan Deprem Y&netmeliginin Karsilastirimast
(viiksek lisans tezi). Karadeniz Teknik Universitesi, Fen Bilimleri Enstitiisii, Trabzon.

3. Ustiin, M., 2013. B_etonarme Bir Bi}lanln Davranmiginin Eski ve Gﬁncel_Tasarlm Yonetmeliklerine Gore Incelenmesi
(yiiksek lisans tezi). Istanbul Teknik Universitesi, Fen Bilimleri Enstitiisii, Istanbul.

4. Ansal A. M, lyisan R., Ozkan, M., 1997. A Preliminary Microzonation Study for the Town of Dinar, Editor: Seco P.,
Seismic Behaviour of Ground and Geotechnical Structures, 4th ed., Taylor& Francis Publisher, Rotterdam.

5. Diizgiin, O.A., 2007. Topografik Yapimnin Zemin Yap: Sistemlerinin Dinamik Davranisi Uzerindeki Etkilesimi (doktora
tezi). Atatiirk Universitesi, Fen Bilimleri Enstitiisti, Erzurum.

6. Garip, Z.S., 2005. Deprem Etkisindeki Betonarme Yapilarda Yap1 Zemin (yiiksek lisans tezi). Sakarya Universitesi, Fen
Bilimleri Enstitiisii,Sakarya.

7. Mokorrami, A., 2009. iran Deprem Y&netmeliginin Tiirk Deprem Yo6netmeligi ile Karsilastirilmast (yiiksek lisans tezi).
Istanbul Teknik Universitesi, Fen Bilimleri Enstitiisii, Istanbul.

8. Tirk, A., 2009. 1997 Deprem Yonetmeligine Gore Boyutlandirilmig ve Donatilmis Model Bir Yapinin 2007 Deprem
Yénetmeligine Gore Irdelenmesi (yiiksek lisans tezi). Sakarya Universitesi, Fen Bilimleri Enstitiisii, Sakarya.

9. Aydemir, Z., 2011. TDY 2007 ile Eurocode 8’in Betonarme Binalarda Maliyet A¢isindan Karsilagtirilmasi (yiiksek lisans
tezi). Sakarya Universitesi, Fen Bilimleri Enstitiisii, Sakarya.

10. Kése, O., 2014. 1998 Deprem Y onetmeligine Gére Yapilmis Mevcut Betonarme Bir Binanin 2007 Yonetmeligine Gore
Giliglendirme Onerisi (yiiksek lisans tezi). Firat Universitesi, Fen Bilimleri Enstitiisii, Elaz1g.

11. Cmar, E.D., 2015. 2007 Tirk Deprem Y&netmeligi ve istanbul Yiiksek Binalar Deprem Yonetmeligine Gore Yiiksek Bir
Binanin Tasarimu (yiiksek lisans tezi). Istanbul Teknik Universitesi, Fen Bilimleri Enstitiisii, Istanbul.



MAUN Mihendislik-Mimarlik Fakiltesi Dergisi,4(2),20-28,2023/MAUN Journal of the Faculty of Engineering and Architecture, 4(2),20-
28,2023 Arastirma Makalesi/Research Article

Gayrimenkul Piyasasinda Regresyon Yontemleri ile Veri Madenciligi

Fatih SEVGIN

Mus Alparslan Universitesi, Teknik Bilimler Yiiksek Okulu, insaat Béliimii, insaat Teknolojisi Programi, Mus/Tiirkiye.
ORCID: 0000-0002-1984-8162

Sorumlu Yazar: f.sevgin@alparslan.edu.tr

Gelis tarihi:13.09.2023 Kabul tarihi:18.12.2023

Ozet

Gelisen ve kiiresellesen diinyamizda insanoglu yerlesim ve yerleske iizerindeki tecriibesini her gegen giin farkli metot
ve modellerle gelistirmektedir. Asil amag ev yapmayla beraber evin diisiik maliyet ve kaliteli malzeme kullanilarak daha iyi
yapilmasidir. Lakin gliniimiiz Tiirkiye’sinde mithendis ve miiteahhitlerin ¢ogu malzeme noktasinda zafiyet gosterirler. Yani
yap1 ingasinda kalitesiz veya eksik malzeme kullanarak yapiyr maliyetin altinda yaparlar ve satis noktasinda degerinin ¢ok
fazla {istiinde satmaya g¢aligirlar. Bu durum emlak piyasasinda ¢ok ciddi dengesizliklere davetiye ¢ikarmaktadir. Konut
fiyatlarmi belirlemek ciddi bir emek ister. Konut fiyatlarmin tespiti igin birden fazla istatistik ve kara kutu yontemler
mevcuttur. Bu caligmada Lineer Regresyon, YSA, Gradient Boosting (Gradyen Arttirict Regresyon), Karar Agaclari
yontemleri kullanilmistir. Amag¢ metre kare fiyati olarak en yakin sonucu bulmaya c¢alismaktir. Yapilan istatiksel ¢caligma ve
karsilastirma sonucunda ortalama mutlak hata degerleri kiigiikten biiyiige dogru Karar agaglar1 5.27, Lineer Regresyon 6.06,
YSA 13.52 ve Gradient Boosting 14.84 olarak bulunmustur. Dolayisiyla konut maliyet analizlerinde daha az hata pay1 i¢in

Karar agaclar1 yontemini kullanilabilir.

Anahtar Kelimeler: Regresyon Yontemleri, Veri Madenciligi, Emlak, Fiyat Analizi

Data Mining with Regression Methods in the Real Estate Market

Abstract

In our developing and globalizing world, human beings are improving their experience of settlements with different
methods and models. The main purpose of building a house is to make it better by using low-cost and quality materials.
However, in today's Turkey, most engineers and vendors tend to use low-quality materials to maximize their profit. However,
they try to sell it much higher than its value. This attitude has been creating serious imbalances in the real estate market.
There are several statistics and black box methods to estimate real estate prices. Among them, Linear Regression, ANN,
Gradient Boosting and Decision Trees were utilized in this study. The main objective is finding the closest result for the price
of a real estate in terms of its square meter. In the statistical study and comparison, the average result absolute error values
were changed from smallest to largest as Decision trees 5.27, Linear Regression 6.06, ANN 13.52 and Gradient Boosting

14.84. Therefore, the Decision Trees can be used for less margin of error in construction cost analyses.

Keywords: Regression Methods, Data Mining, Real Estate, Price Analysis


mailto:f.sevgin@alparslan.edu.tr

MAUN Mihendislik-Mimarlik Fakltesi Dergisi,4(2),20-28,2023/MAUN Journal of the Faculty of Engineering and Architecture, 4(2),20-
28,2023 Arastirma Makalesi/Research Article

1. GIRiS

Gecmis tarihlerden beri insanlar siirekli olarak barinma ihtiyaci hissetmislerdir. ilk caglarda evlerin amaci
giiniimiizdeki gibi konfor amagl degil hayatta kalma ¢abasi giitmekteydi. Ilk yerlesim yerlerinde hdyiiklerdeki
yapilarda yagamini siirdiiren insanlar sonrasinda daha karmagik yapilar1 yapmaya baslamiglardir. Bunun yaninda
ozellikle magara yasami insanlar i¢in o dénemde son derece koruyucu ve kurtarict olmustur. Magaralarin yiiksek
olmast yirtict hayvanlarin ulagimi yoniinden oldukga zordu. Zamanla barmma ihtiyaci gelisen teknoloji ve artan
niifusla beraber biiylimiistir. Bundan dolayr yapilasma igin gerekli yerin ve kullanilacak malzemelerin
aragtirtlmasi ve elde edilmesi sonucunda binalar yiikselmeye baglamistir. Binalarla beraber satis sektoriinii
yonetecek emlakcilar bu piyasada gorev almaya baslamistir. Konut sektdrii onemli dl¢iide yerli sermayeye bel
baglamasi, istihdam hacminin biiyiikliigii yoniinden oldukca onemlidir. Ayrica yiiksek katma deger iiretmesi,
baslangicta imalat olmak iizere farkli sektorlerle siki bir girdi-¢ikti iligkisi i¢inde olmasi sebebiyle lider ve

lokomotif bir sektordiir [1].

Stiphesiz ki konut ve emlak piyasasi birbirinden ayrilmaz iki 6nemli sektordiir. Bazen konut sektorii hizlt
olurken emlak piyasasi cansiz, bazen ise tam tersine konut sektorii yavas olurken emlak piyasast ¢ok aktif ve
canli olabilmektedir. Tasinmaz mallardaki satis oranlarinin artmasinin en Onemli nedenlerinden biri faiz
oranlarindaki azalistir. Sonrasinda farkli firmalar tarafindan fazla miktarda yapilan konutlarin elde kalarak
sismesi sonucu diisiik fiyata satilmasi bir ikinci nedendir. insaat kalemlerinin analiz ve maliyetleri cok hassas ve
¢ok saglam fizibilite isteyen bir iglemdir. Yapilacak en ufak bir hata maliyet noktasinda firma sahibini zora
sokacak ve zincirleme bir maliyet kazasina sebebiyet verecektir. O yiizden deneyim ve feraset bu sektdrde ¢ok
onemli iki unsurdur. Ulkemizde maalesef yatirim araci olarak konut piyasasi en basi ¢cekmektedir. Bu yiizden
yatirimet ilk olarak yatirrmimi direk olarak gayrimenkul iizerine yapmaktadir. Ozellikle bir ev almak igin karar
verirken o evin kuzey, giiney, bati, dogu gibi cephesel yonlerine, yasina, kullanilan malzemeye, kor cephesine,
merkeze olan mesafe ve konumuna, kaginci katta olduguna, elektrik ve su durumuna, o semtte oturan insanlarin
komsuluk iliskilerine vb. birden fazla etken temel alinir. Karar verme siireci i¢in birden fazla yontem
bulunmaktadir. Ozellikle veri madenciligi bu noktadaki acig1 kapatmak icin son zamanlarda oldukca tercih
edilmektedir. Bu analiz yontemi, ¢ok genis hacimli verilerin yapisindaki iligkileri arastirarak aralarindaki
baglantiy1 tespit etmeye yardimci olan ve veri tabani sistemleri biinyesinde gizli kalmis bilgilerin ¢gekilmesini
saglayan veri analizi yontemidir [2]. Veri madenciliginde genel olarak tercih edilen yontem ise karar agaglaridir.
Bu yontem kolay uygulanabilmesi ve anlasilabilir sonuglar vermesi nedeniyle yaygin olarak kullanilan veri
madenciligi yontemlerindendir [3]. Ayrica yontem karar aliciya karar alma asamasinda hangi unsurlarin géz
oniinde bulundurulmasini ve her bir unsurun kararm farkli ¢iktilari ile birlikte gegmiste nasil baglantili
oldugunun tespit edilmesi hususlarinda yardimci olur [4]. Bu ¢alismada birden fazla yontem (Lineer Regresyon,
YSA, Gradyen Arttirict Regresyon, Karar Agaglari) konut fiyatlarinin tahmin etmede kullanilmistir. Bu modeller
arasinda karar agaclar birim m? fiyat hesaplarinda ortalama mutlak hata olarak en anlamli sonucu vermistir.
Giintimiizde kullanilan model ve teknikler kesin sonu¢ vermekten ziyade minimum hataya yaklagma
egilimindedirler. Ayrica bu modeller olaym fiziksel yonlerini hesaba katmazlar. Caligmanin bir nebzede olsa

emlak ve insaat sektoriine fayda ve yarar saglayacagi beklenmektedir.
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1.1. Calisma ve Modellerle Ilgili Mevcut Literatiir

Emlak tizerine bilim insanlar1 sayisiz ¢calismaya imza atmislardir. Lakin bu piyasa stirekli gelisen, degisen
ve kendini yenileyen bir sektordiir. Tarihi yapilar ve sanat eserleri hari¢ kendini yenilemeyen ve yaptigi
projelerde siirekli tip proje kullanan firma ya da devletler bu sektdrde ¢ok fazla ilerleme imkani bulamazlar.
Kiiresel dlgekte bu varlik piyasasi lizerindeki krizler 1980, 1998, 2001, 2008, 2016 ve 2018 yillar1 arasinda ciddi

anlamda bir kirilganlik gostermistir [5].

Dan (2013) Mortgage sisteminin Amerika’da genel olarak kredi kanaliyla talep edilmesi nedeniyle konut
fiyatlarindaki esnemenin Avrupa bolgesine gore daha kolay oldugunu belirtmistir [6]. Ivanov ve Lavrinovic
2003-2006 yillar1 arasinda artig gdsteren ihracat gelirlerinin anamal miktarinda artma meydana getirecegini ve
kredi biiylimesine neden olacagini vurgulamiglardir. Kredi ve parasal biiylime gayrimenkul talebini artiracak ve
bu durumda emlak piyasasi canlanacaktir [7]. Chen (2001) ¢oklu VAR modelini kullanarak Tayvan’ da 1973-
1992 yil araliginda gayrimenkul fiyatlar1 ve hisse senedi arasindaki iligkiyi agiklamistir. Bu ¢aligma sonucuna

binaen konut fiyatlar1 ve hisse senedi arasinda ¢ok gii¢lii bir bagin oldugunu belirtmistir [8].

Guiliodori (2005) 9 Avrupa iilkesi izerinde VAR modelini kullanarak ayr1 ayri tahminlerde bulunmus ve ev
fiyatlarindaki faize bagli degisimlerin 6zel tiikketim giderleri iizerine etkisini incelemistir. Yaptigi caligma
sonucunda ev ve ipotek piyasalarinin daha yiikselen ve rekabet¢i donemlerinde faiz etkilerinin tiiketici giderleri
tizerindeki baskisini artirabilecegini belirtmistir [9]. Taskin ve ark. (2005) da karar agaglar1 yontemini kullanarak
satig hacmi analizini gerceklestirmislerdir. Calismaya gore isletmenin belli bir zaman diliminde yaptig1 satislar
misterilerin satin alma davranis Ozelliklerine gore analiz edilmistir. Yapilan analiz neticesinde miisteriler
harcama tutarina gore belli simiflara ayrilmistir [10]. Tuna ve ark. (2015) ¢oklu regresyon analizi ile Ankara
Belediyesi sinirlart igerisinde yer alan ilgelerde (Cankaya, Akyurt, Golbasi, Yenimahalle, Altindag, Sincan,

Etimesgut, Ke¢ioren, Mamak) satisa sunulan konutlara ait verileri kullanarak fiyat tahmini yapmiglardir [11].

Yilmazel ve ark. (2018) yapay sinir aglar1 yontemiyle Eskisehir ilindeki konutlarin fiyatlarim
belirlemislerdir. Konut fiyatlarinda etkili olabilecek degiskenlerden oda sayisi, banyo sayisi, konutlarin
biiyiikliigii, birinci katta olup olmadigi, evin yer aldig1 binadaki toplam kat sayis1, merkezi 1sitma sisteminin olup
olmadigi, asansoriin, otoparkin, fiber internet baglantisinin ve ankastre mutfagin olup olmadigt gibi farkl
fiziksel nitelikleri, bulundugu mahalle ve tramvaya mesafesi parametreleri girdi olarak kullanilmigtir.
Calismasinda yapay sinir aglari yonteminin ev fiyatlarinin tahmin edilmesinde uygun bir arag¢ olarak

kullanilabilirligini belirtmiglerdir [12].

Rossini (1997) hem coklu regresyon analizini hem de yapay sinir aglarin1 konut fiyatlarmin tahmininde
kullanmistir. Satist yapilan konutlarda kullanilan degiskenler; bdlge, satis zamani, arsa alani, satis fiyati,
mahalle, iyilestirme, esdeger insaat alani, oda sayisi, ¢at1 tipi, durum, duvar tipi, bina insaat1 ve bina tipi tarihidir.
Kullanilan 334 adet veri setinin 223 tanesi egitim, 111 tanesi ise test i¢in kullanilmistir. Sonugta ¢oklu regresyon
analizi %89 dogruluk ve %90 ortalama uyum oranina yaklasirken, yapay sinir aglar1 ise %81 dogruluk ve %78
ortalama uyum oraninda kalmistir [13]. Zurada ve ark. (2011) konut fiyat analizlerinde yapay sinir aglar1 ve
bulanik mantik yontemlerini kullanmislardir. Hesaplamaya kattiklar1 degiskenler; banyo adedi, garaj biiytikliigii,

ev alani, somine, 1s1tma sistemi, garaj tipi ve ingaat tipidir. Sonug olarak yapay sinir aglar1 ve bulanik mantik
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yeterli sayida veri ve dogru analiz yapilmasi sartiyla kullanilabilir yontemler olup, konunun tizerinde durulmasi

gerektigini belirtmiglerdir [14].

Lu ve ark. (2017) Gradient Boosting ve Lasso yontemleri ile hibritlenen bir modelle en verimli sonucu
bulmuslardir. Modelde %35 Gradient Boosting ve %65 Lasso kombinasyonu kullanilmigtir [15]. Bilik ve ark.
(2019)’da ev halkinin konut sahibi olma isteklerini etkileyen sebepler gergevesinde (hane bityiikligi, kir-kent
yerlesim bigimi, hane geliri, liniversite mezuniyeti, hane reisinin ¢aligma sekli, medeni durumu ve cinsiyeti) iki
farkli yontemi yani SVR (Destek Vektor Makineleri) ile geleneksel lojistik regresyon yaklasiminin tahmin
giiclerini kiyaslamislardir. Buna goére hane halkinin toplam gelirinin ev sahibi olma istegi i¢in en dnemli etmen
oldugunu vurgulamiglardir. Calismaya gore SVR yonteminin konuta sahip olma ve olmama ydniinde en iyi

olasiliklarda sonuglar verdigini belirtmislerdir [16].

Bu caligmada konut fiyat analizi ve tahmini i¢in makine 6grenme metotlar1 kullanilmistir. Genel olarak
baktigimizda bu dort modelin konut fiyatlarmni tahmin etmede 6zelikle yaygin olarak kullanildigim
sOyleyebiliriz. O ylizden modeller bu ¢alismada kullanilmistir. Dolayisiyla ¢alismanin amaci bu modeller
arasinda en iyi konut tahminini veren fiyati belirlemektir. Regresyon modellerini kullanmamizin asil nedeni

ortalama mutlak hatay1 bulmak i¢indir. Calismada modeller i¢in siniflandirma yapilmamaistir.

2. REGRESYON MODELLERIi

Regresyon iki degisken arasindaki iliskiyi belirlemeye yarayan, bagimli degiskenin bagimsiz degiskenden
ne oranda etkilendigini hesaplayan istatistiksel bir yontemdir. Calismada verilerin % 67’si egitim igin geriye
kalan %33’si ise test verisi olarak kullanilmistir. Konut fiyati i¢in kullanilan degiskenler sirasi ile evin yasi, evin
kullanim tarihi, toplu tasimaya olan uzaklik, eve yakin magaza sayisi, enlem ve boylamdir. Bir¢ok regresyon
yontemi olmakla beraber bu ¢alismada dort adet yontem kullanilmas: yeterli goriilmiistiir. Modellerin hata

metrikleri kendi aralarinda degerlendirilmistir. Bu yontemleri kisaca agiklamakta fayda vardir.

2.1. Karar Agaglari

Bu yontem veri madenciliginde regresyon modellerini olugturmak i¢in kullanilan bir metottur (Sekil 1).
Ozellikle karar analizinde olmak suretiyle kompleks sorunlarin arastirmasinda yaygin olarak kullaniimaktadir.
Regresyon modelleri ad1 gibi tipki agag gibi bir yap1 olusturularak insa edilir. Bu tiir regresyon yontemleri egitici
denetimli dgrenmesine sahiptirler. Bu tiir 6zellige sahip olan 6gretimlerde sonug Kolay bilinir. Kategorik ve

sayisal veriler igin karar agaglari siklikla kullanilir [10].
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Sekil 1. Karar agaglari [17]

2.2. Lineer Regresyon

Bu yontem, iki ya da daha fazla degisken arasindaki iligkiyi modellemede kullanilan yontemler arasinda en
¢ok tercih edilendir (Sekil 2). Bagimli degiskeni bulmak i¢in kullanilan modelde girdi olarak tek bir bagimsiz
parametre kullaniliyorsa tekli regresyon, birden ¢ok bagimsiz parametre kullaniliyorsa ¢oklu regresyon analizi
olarak isimlendirilir. Bagimli ve bagimsiz parametre ya da parametreler arasindaki iliski dogrusal (lineer)
olabilecegi gibi egrisel de olabilir. Regresyon analizi ile bagimli ve bagimsiz parametreler arasinda iligkinin

varlhigi aragtirllmaktadir. Eger iliski var ise bunun giicli hakkinda bilgi edinilmektedir [18].

y = 54.0365 + 0.93*x

1000 1500 2000
gelir

Sekil 2. Lineer Regresyon [19]
2.3. YSA

Yapay sinir aglar1 giiniimiizde en ¢ok kullanilan makine 6grenimi teknigidir (Sekil 3). Insan beynini ve
buna benzeyen sistemler goz oniine alinarak tasarlanmistir. Caligma prensibi sinir hiicrelerine dayanir. Yapay
zekanin bir alt baslig1 olup bu alanda arastirma yapanlarin ilgisi haline gelmistir. Genel anlamda giris, gizli ve

¢ikis katmani vardir. Katmanlar arasi agirlik hesaplamalariyla tahmin yapar [20].
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Sekil 3. YSA [21]

2.4. Gradyen Arttirict Regresyon

Makine dgrenmesine ait olan bu yontem hem simiflandirma hem de regresyon problemlerinin analizinde
kullanilan bir algoritmadir (Sekil 4). Bu yontemde yapilacak ilk is ilk yaprak (initial leaf) olusturmaktir. Daha
sonra tahmin yanilmalar1 g6z 6niinde bulundurularak yeni agaclar inga edilir. Bu hal karar verilen aga¢ adedine
ya da modelden daha fazla biiyiime kaydedilemeyinceye kadar devam eder. Yontem Siniflandirma ve regresyon
problemlerinde kendine 6zgili karar agaglari barindiran diigiik tahmin modelleri ireten makine 6grenim

tekniklerinden biridir [22].

A

- Ry

PNE
b7

Gradient boosting karar agaglar

Sekil 4. Gradyen Arttirici Regresyon [23]

3. UYGULAMA

3.1. Regresyon Modellerinin Uygulanmas1

Bu calismada regresyon modellerindeki performansi gérmek icin MAE (Mean Absolute Error) hata metrigi
kullanilmistir. Yapilan ¢alismada dort tane regresyon modelini emlak verisine uygulayip ¢ikan sonuglar Sekil
5’deki gibi grafiksellestirilmistir. Mavi noktalar gercek degerleri, kirmizi noktalar metotlarin yaptig1 tahmini

degerleri ifade etmektedir. Grafikler sirasiyla karar agaglari, lineer regresyon, Gradient Boosting ve YSA (Yapay
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Sinir Ag1) seklinde betimlenmistir. Buna gére mavi ve kirmizi noktalarin st iiste ortiistiigli en iyi senaryo karar

agaclarinda goriilmiistiir. Bu da yontemin dogru sonuca yakin tahminler verdiginin gostergesidir.
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Sekil 5. Regresyon modellerine ait grafikler

3.2. Modellerin Sonuglari

Tablo 1. Analiz sonuglar1 ve kargilagtirma

Uygulanan Yéntem OMT (Ortalama Mutlak Hata)
Karar Agaclari 5.27

Lineer Regresyon 6.06

YSA (Yapay Sinir Ag1) 13.52

Gradient Boosting 14.84

Ortalama mutlak hata, model tahmini ile hedef deger arasindaki mutlak farkin ortasini verir. Calismada

model sonuglarinda dort yontem karsilastirilmis ve Tablo 1°de de goriildiigii iizere en yiiksek hatayr 14.84 ile

Gradient Boosting yontemi verirken en diisiik hatay1 ise 5.27 ile Karar agaglar1 vermistir. Gradient Boosting’in

Sekil 5’de goriildiigii tizere tahmin deger farklari ¢ok fazla oldugu i¢in hata pay1 daha fazla ¢ikmigtir. Aslinda

Lineer Regresyon modelide diger modeller arasinda Karar agaglarina en yakin sonucu vermistir.

Caligmaya ait veri seti internet sitesinden temin edilmistir. Verilerin alindig1 {ilke ise Tayvan’dir [24].
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4. SONUCLAR

Ozellikle son yillarda yasadiginz 6 Subat depremi iilkemiz iizerinde toparlanmasi uzun ve zor olan maddi
ve manevi hasarlara yol agmustir. Yikilan binalarin depreme dayanma noktasindaki caresizligi konunun iizerinde
yeterince durulmadigini gostermektedir. Binalarin her ne kadar statik yonden diizgiin projesi ¢izilse de
uygulamada kullanilan malzemelerin 6zellikle betonun mukavemetinin diigiik olmasi ya da belli sicaklik
periyotlarinda dokiilmemesi, ayrica kullanilan donati araliklarinin fazla birakilmasi ve baglantilarinda hata
yapilmasi, depremin siddeti kargisinda binalar1 oldukca zayif birakmistir. Burada emlak sektdriinde calisan
kisilerin 6zellikle insaat yapim ve satig siireci hakkinda yeterli bilgi ve donanima sahip olmasi depreme kars1
dayaniksiz binalarin alim ve satiminda 6zellikle bu duruma engel olacak sekilde davranmasi elzemdir. Bu
ylizden emlak sektdriinde hem kaliteli hem depreme dayanikli hem de maliyeti diisiik olmak iizere {i¢ ayr1
yaklasimla binalar1 tercih etmek gerekir. Hemen hemen her kesim ev alirken maliyeti 6n planda tutmaktadir.
Maliyet i¢in birden fazla hesaplama yontemi bulunmaktadir. Bu ¢alismada Lineer Regresyon, YSA, Gradient
Bosting, Karar agaclart yontemleri tercih edilmistir. Yapilan ¢alisma ve karsilastirma sonucunda ortalama
mutlak hata olarak en iyi sonucu veren yontem Karar agacglari olmustur. Buna gére emlak piyasasinda Karar

agaclar1 yontemi kullanilarak mevcut maliyet en az hatayla hesaplanabilir.
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Ozet

Kiiltiirel miraslarin korunmasi igin rolove islemleri olduk¢a 6nemlidir. Tarihi yapilarin dokusu, donemin yansittig1
estetik unsurlar gibi 6zelliklerin degismemesi agisindan rolove caligmasi Gnem tasir. R6love calismasi yapilarin mimari
ozelliklerinin degerlendirilmesi i¢in yapinin 6zgiin halinin 6l¢ekli ¢izimlerle anlatilarak olusturulan mevcut proje i¢in altlik
veridir. Bu ¢alismada, 2. derece tarihi eser niteligindeki yapinin mimari, restorasyon projesine altlik teskil etmek i¢in Insansiz
Hava Araci (IHA) veya Dron kullamlarak nokta bulutu iiretimi (Point Cloud) ile hazirlanan rélove caligmasmin yapimi
anlatilmigtir. ROlove caligmasinda, Total Station ile jeodezik kontrol noktalari Olgiilmiistiir. Tarihi yapinin fotograflar,
kalibrasyonu yapilmus yiiksek ¢oziiniirliiklii Insansiz Hava Araci (IHA) ile ¢ekilmistir. Cekilen fotograflardan Agisoft Metashape
yazilimi ile 3B (3 Boyutlu) model olusturulmustur. Bu modelden yararlanarak Microstation programinda rolove ¢izimleri elde
edilmistir. Laser Scanner ile yapilan réleve olgiimlerine alternatif olarak kullanilan IHA ile cekilen fotograflardan rdlove
¢izimleri elde edilmistir. Sonug olarak Zaman, Maliyet, Hiz ve Dogruluk agisindan bu ¢aligmanin klasik fotogrametri yontemine
bir alternatif olacag anlatilmustir.

Anahtar Kelimeler: Restorasyon, Ortomozaik, Digital Fotogrametri, 3 Boyutlu Model, Insansiz Hava Araci (IHA).

Drone Use in Historical Buildings and Surveying with Photogrammetric 3D Point Cloud Production

Abstract

Restoration processes are very important for the protection of cultural heritage. A meticulous application is required in
order not to make different additional arrangements to historical buildings in the restoration process. The materials, the texture of
the building, the aesthetic elements reflected by the period, etc. The survey work is important in terms of not changing the
properties. It is the base data for the current project, which is created by explaining the original state of the building with scaled
drawings (plan, section and views) in order to evaluate the architectural features of the buildings and to prepare the restoration
works. The survey is a tool for closely examining the historical structure and urban fabric, documenting the existing features,
evaluating it from an architectural point of view, and preparing the restoration project. In this study, the construction of the
survey work prepared by the photogrammetric method in order to form a basis for the architectural and restoration project of the
building, which is a 2nd degree historical monument, is explained. In the survey study, control points were measured with the
Total Station. Photographs of the historic building were taken with a calibrated high-resolution UAV. A 3D Model was created
from the photos taken with Agisoft Metashape software and drawings were prepared with three-dimensional point measurement.
Relief drawings were created by preparing plan sections and views. In this study, information about the process steps described
in the above framework is given.

Keywords: Restoration, Orthomosaic, Digital Photogrammetry, 3D Model, Dron.
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1. GIiRiS

Tarihi eserlerin korunamamast ve kaybolmasi durumunda bu eserlerin gelecek kusaklara hasara ugramadan
aktarilmasi icin ilk olarak tarihi dokiimantasyon saglanmalidir. Ciinkii kiilttirel varliklarin mevcut durumuyla veya
giiniimiizdeki durumlarindan elde edilecek verilerle {tiretilecek 6zgiin halleriyle dokiimantasyonunu yapmak;
olusmus ve olusacak hasarlar1 gérmede oldukca 6nemlidir [23].

Tarihin yasatilmasi i¢in, tarihe taniklik eden eserlerin korunmasi gerekmektedir. Bu nedenle roléve yapimi ¢ok
onemlidir. R6l6venin amaci, tarihi yapitlarin bugiinkii durumunun ortaya ¢ikarilmasi (plan), restorasyon projesine
altlik teskil edecek sekilde gelecege tasinmasini saglamaktir. Bunu saglamak igin profesyonellik, teknik imkanlar ve
mesleki bilgi gerekir. Basta iiniversiteler olmak iizere birgok kurum ve kurulus kiiltlire]l miraslarin korunmast igin
cesitli gorevler iistlenmisken, konusunda bilgili mithendislerin de bu yapitlarin korunmasi i¢in mesleki etiklere bagl
olarak hareket etmesi gerekmektedir [4].

Teknolojik gelismeler dogrultusunda gelistirilen sayisal degerlendirme sistemleri yardimiyla fotogrametri,
kiiltiirel miraslarin dokiimantasyonunu ve korunmasinda ¢ok yararli bir yontem haline gelmistir [1]. Tarihi yapilarin
sayisal ortamda dokiimantasyonunu yapmak igin giiniimiizde sayisal fotogrametri yontemi ve IHA teknolojisinden
yararlanilmistir. Sayisal fotogrametrik yontemde, istenilen formatta iirtin alinabilmesi, hizli1 olmasi, dogruluk olarak
kiyaslanamayacak derecede {istiin olmasi, verilerin sayisal ortamlarda alinmasi gibi nedenlerinden dolayr bu
yontemin rolove ¢aligmalarinda kullanimi kaginilmaz olmustur [16].

Bu calismada, 2. derece tarihi eser niteligindeki Istanbul ili Beykoz ilgesi Cubuklu mahallesi’nde bulunan
bitisik nizam 3 katli ahsap yapinmn 6n, arka ve cat1 iizerinden IHA ile ¢ekilen fotograflarin Agisoft PhotoScan
yaziliminda islenerek 3B nokta bulutu ve modellemesi olusturulmustur. Agisoft PhotoScan yazilimi SFM (Structure
from Motion)-hareketten yap1 olusturma teknigine dayanan bir modelleme yazilimidir [7]. Calismanin amaci, tarihi
yapinin bugiinkii durumunun ortaya ¢ikarilmasi ve restorasyon projesine altlik olacak roléve ¢aligmasinin yapilmast
ve arsivlenmesi, mimari 6zelliklerinin degerlendirilmesi, restorasyon calismalarinin hazirlanabilmesi i¢in yapinin
Ozgiin halinin kentin dokusuna uygun bir proje olusturmaktir [2-21-10].

2. SAYISAL FOTOGRAMETRIK SiSTEMLER VE iHA TEKNOLOJIiSi

Sayisal Fotogrametrik sistemler; Optik, elektronik, matematik, fotografcilik ve bilgisayar teknolojisi gibi
cesitli bilim dallarindan yararlanarak olusturulmus bir mithendislik uygulamasidir. Son yillarda bu alanlardaki
geligsmeler sayesinde fotogrametrik yontemlerin mimari uygulamalarda kullanimi1 genigletilmistir. [22].

Sayisal Fotogrametri; Fiziksel cisimler ve olusturduklart ¢evreden yansiyan i1sinlarin sekillendirdigi
gorintiilerin ve yaydiklart elektromanyetik enerjilerin kayit, 6lgme ve yorumlama islemleri sonucunda giivenilir
bilgilerin elde edildigi bir teknoloji, bilim ve sanat dalidir. Kisaca 2 boyutlu fotograflardan 3 boyutlu model ve
tizerinden her tiirli veri ve bilgi alinabilecek harita iiretilebilen bir sistemdir [24].

Teknolojinin her gecen giin gelismesi ile 6zellikle harita, insaat, arkeloji ve mimari eserlerin restorasyon
projelerinde altlik olmasi igin yapilan rélove galigmalarinda Yersel fotogrametriye ek olarak THA teknolojisi giin
gectikce daha etkin bir sekilde kullanilmaktadir. Ozellikle yersel fotogrametri ¢alismalarinda ¢ati gibi ulasiimasi giic
alanlardan veri elde edilmesinde biiyiik kolaylik saglamistir. Insansiz Hava Araclari (IHA) 6zel amaglar igin
tasarlanmig herhangi bir alandan kalkis ve inig yapabilen uzaktan kumandali yar1 otomatik veya tam otomatik ugus
yetenegine sahip araglardir [24].

IHA Teknolojisi ile tarihi yapimin yerden ve havadan fotograflarimin gekilmesi ile réléve planlari, ortofoto,
kesitler ve ti¢ boyutlu modelleri elde edilebilmektedir. Yeterli veri elde edilebildigi ve bu veriler iglenip sonug iiriinii
¢ikarilabildigi takdirde tarihi bina ve yapilarin sayisal ortamdaki 3 boyutlu modellerinden ii¢ boyutlu koordinatlar
(X,Y,Z) yardimiyla tekrar insasi, koruma veya restorasyon ¢aligmalari i¢in altlik olusturulabilir. Ozellikle mimari
yapilarda yerden fotograf ¢cekmenin en biiyiikk dezavantaji cat1 gibi yerden goriintiillenmesi giic olan kisimlarda
yasanmaktadir. Bu ve bunun gibi yerden veri toplamasi zor oldugu durumlarda THA teknolojisi kullanilmasi
uygundur [22].

3. AMAC VE KAPSAM

Rolove caligmalarinin en Onemli amaci; Rolovesi yapilan tarihi eserlerde bir hasar oldugunda rdléve
Olgiisiinden yararlanarak aslina uygun bir sekilde eserin onarilmasini saglamaktir [3]. Bu yiizden rolove galigmasi
yapilirken tarihi yapilardaki detaylarin Jeodezik ve Fotogrametrik yontemlerle lgiilmesi dnemlidir.



MAUN Mihendislik-Mimarlik Fakiltesi Dergisi,4(2),29-39,2023/ MAUN Journal of the Faculty of Engineering and Architecture, 4(2),29-39,2023
Arastirma Makalesi/Research Article

Rol6ve; Tarihi yapinin, sehirlerin dokusuna uygun olarak mevcut 6zelliklerinin belgelenmesi, mimari agidan
degerlendirilmesi ve restorasyon projesinin hazirlanmasi i¢in bir aractir [13]. Tarihi yapilarin, 6l¢ekli ¢izimlerle
hazirlanmis plan, kesit ve goriiniisleri, restorasyon projeleri i¢in altlik veri olustururlar.

4. UYYGULAMA
4.1. Materyal ve Yontem

Calismanin yapilacagi alan Istanbul Beykoz ilcesi Cubuklu mahallesi, Cubuklu caddesi No:18’de bulunan
ahsap kagir iki katli 2. derece tarihi eser niteliginde bitisik nizamli yapidir (Sekil 1). Bu ¢alisma; arazi ¢alismasi ve
ofis calismasi olarak iki asamali olarak gerceklesmistir.

Sekil 1. Caligmasi yapilacak olan 2. derece tarihi eser niteligindeki yap1

Arazi calismasinda: Ilk olarak istiksaf calismasi yapilarak zeminde 5 adet poligon noktasi tesis edilmistir.
Poligon noktalarinda GNSS (Global Navigitaion Satellite System) alicis1 ile Hizli-Statik GNSS 6l¢gme yontemi 15
dakika ara ile 2 epok jeodezik amagli yapay uydulara gézlemler yapilmstir.

Poligon noktalarina dayali olarak yapinin 6n ve arka cephelerine, yoneltme islemlerinde kullanilmak iizere 13
adet obje noktasinda ve detay noktalarinda (Sekil 2) Topcon GTS-105N Total Station ile ii¢ boyutlu (3B) jeodezik
oOlgiiler yapilmistir [3]. (Sekil 3)
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Obje Noktalari

Detay Noktalari

Sekil 2. Obje ve Detay Noktalar1

Total Station Topcon GTS-105N

3-25m arasinda | Ms =+10 mm

mesafelerde

25 m'denbtyik | Ms=+5mm+2ppmx S
olan mesafelerde

Reflektorld Ms = +3mm+2ppmx S

olemelerde
Aci dlgtimlerinde | M =2.7 mgon

Sekil 3. Topcon GTS-105N total station ve 6zellikleri

Fotogrametrik degerlendirme igin sekli ve teknik ozellikleri verilen Insansiz Hava Araci (IHA) DJI Phantom 4
Pro Dronu, yapinin fotograflariin ¢ekiminde kullanilmistir [20-21]. (Sekil 4)
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Dijital Kamera FC6310
Sensor Tipi CMOS
Sens6r Boyutu 13 2*8.8
Piksel Boyutu 2.4
Piksel Numarasi 20

Sensor Hassasiyeti

1SO 100 - 12800

Maksimum Agiklik F2.8

Goriis Alam 84
Goriintii Boyutu (piksel) | 5472*3078
Odak Uzaklig 8.8

Ozellikleri Degerler

Agirlik 1350 gr — 1400 gr.
Batarya 5870 mAH LiPo.
Ebat lcm-—35cm.
GPS Modu GPS Var.

Kamera 4K.

Maksimum Hiz

50 kmp — 70 kmp.

Ucus Mesafesi

6500 m — 7000 m.

Ugus Stiresi

30 — 31 Dakika.

Kamera Sensorii

1”’CMOS Effect ve pixel:20 M

Mak.Video Coziiniirligii

4K 60P

Calisma Frekansi

2.4 GHz/5.8 GHz

4.2. Jeodezik Yontem

Sekil 4. DJI phantom 4 pro dronu ve &zellikleri

Tarihi yap1 lizerindeki obje ve detay noktalarinin koordinatlarinin, iilke sisteminde Slgmek i¢in zeminde 3
boyutlu koordinatlar1 bilinen poligon noktalarina ihtiya¢ vardir. Zeminde tesis edilen poligon noktalarinda yapilan
GNSS &lgiilerinin degerlendirilmesi ile poligon noktalarina iliskin koordinatlar hesaplanmistir (Tablo 1).

Tablo 1. GNSS yontemi ile hesaplanmig poligon noktalarinin koordinatlar

Nokta No X(m) Y(m) Z(m)
p.101 422862.635 4552835.532 39.823
P.102 422866.490 4552831.424 39.754
P.103 422864.463 4552818.602 42.931
P.106 422853.173 4552807.769 49.177
p.107 422851.382 4552809.760 49.207

Dron (IHA) ile ¢ekilen hava fotograflarindan duyarli ve dlgekli bir modelin olusturulabilmesi icin koordinatlar
hesaplanan poligon noktalarina dayali olarak ahsap bitisik nizamli yapinin 6n ve arka yiizeylerine kagit hedeflerle
(target) tesis edilen obje noktalar1 ve detay (ayrint1) noktalar1 (Sekil 5) Total Station ile dl¢iilerek bu noktalara iliskin
koordinatlar hesaplanmugtir (Tablo 2 ).
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Sekil 5. Yapinin 6n ve arka goriiniimiinde bulunan obje noktalar1

Tablo 2. Yapmin 6n ve arka goriiniimiinde bulunan obje noktalarinin koordinatlar

4.3. Fotogrametrik Yontem

On Cephe Obje Noktalarinin Koordinatlar Arka Cephe Obje Noktalarimin Koordinatlar
N.N X(m) Y(m) Z(m) N.N X(m) Y(m) Z(m)
K1 422853.028 4552847.905 43.505 N1 422851.735 4552826.262 | 50.147
K5 422860.134 4552827.697 43.207 N4 422851.695 4552826.472 | 46.585
K7 422853548 4552848.105 45161 N8 422850.706 4552822.876 | 48.381

N9 422850.815 4552821.788 | 48.729
K8 422853.485 4552848083 49.055 N10 | 422851.864 4552820.129 | 50.248
K9 ]422859.566 | 4552849.415 | 49.366 | 19157851 605 | 4552820.837 | 47.052
K10 | 422859.466 | 4552849.406 | 45.109 N12 | 422851.631 | 4552820.132 | 45.769

Tarihi bitisik nizamli yapinin 6n ve arka cephelerinin 1/100 6lgekli r6lovesini iiretmek i¢in Dron iizerinde
bulunan FC6310 model Kamera, %80 boyuna bindirme ve %30 enine bindirme olacak sekilde kameranin teknik
Ozellikleri dikkate alinarak Ground Sample Distance (GSD) 0.5 cm kabul edilmis ve ugus yiiksekligi 18 m olarak
hesaplanmistir. Bu degerlere gore her fotograf ¢ekim arasindaki uzaklik 5 m olacak sekilde ¢ati iizerinde Dron
uguslart gergeklestirilmistir. 10 m alim uzaklig1 ile 3 m araliklarla 6n ve arka cephe fotograf cekimi yapilmistir.
Toplam 364 adet goriintii elde edilmistir.

5. DEGERLENDIRME

Dron ile elde edilen goriintiler Metashape (Agisoft) yazilimi ile sisteme aktarilmistir. Tiim goriintiiler
yazilimin is akisina gore oncelikle hizalanmis (Align) baglama noktalar: tespit edilmis bunun sonucunda Seyrek
Nokta Bulutu olusturulmustur[19].(Sekil 6)
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Sekil 6. Seyrek nokta bulutu

Seyrek Nokta bulutu olusturulduktan sonra modelin dlgeklendirilmesinde kullanilan jeodezik yontemle dlgiilen
obje ve detay noktalarinin koordinatlari Agisoft yazilimi ile sisteme aktarilmigtir. Sisteme aktarilan obje ve detay
noktalart tiim goriintiilerde oOlgililerek koordinat hatalari 2 cm’nin altinda kalacak sekilde Metashape (Agisoft)
yazilimt ile goriinti koordinatlar1 jeodezik koordinatlara donistiiriilerek Olgeklendirme yapilmis ve Yiiksek
Yogunluklu Nokta Bulutu olusturulmustur (Sekil 7).

Sekil 7. Yiiksek yogunluklu nokta bulutu
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Yiiksek Yogunluklu Nokta Bulutu olusturulduktan sonra buna dayali olarak goriintiilerden derinlige bagh
Ortomozaik tiretilmistir[12]. (Sekil 8)

Sekil 8. On ve arka cephe ortomozaik

Uretilen Ortomozaik, MicroStation yazilimi ile restorasyon projesinin altigim olusturan rdlove cizimi elde
edilmistir. Sonra bu yazilim ile 1/100 6lgekli tarihi yapinin 6n ve arka cephe r6love ¢iktist alinmigtir (Sekil 9 ve
Sekil 10).

Sekil 9. On cephe rolovesi
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Sekil 10. Arka cephe rolovesi

6. SONUC

Restorasyon projelerine altlik olusturan rolove planlarinin duyarli 6l¢iim teknikleri ile hazirlanmasi, tarihi
yapilarin korunabilmesi i¢in restorasyon projelerinin dogru sekilde yapilabilmesi olduk¢a énemlidir. Mimari roléve
planlar1 yapmak i¢in jeodezik ve fotogrametrik yontemler klasik yontemlerle kiyaslandiginda, hem dogruluk hem de
zaman agisindan daha ¢ok tercih edilen bir yontemdir.

Gilintimiizde teknolojik gelismeler 1s131nda Dron ile yapilan rolove ¢alismasi, az maliyet ve arazide ¢alisacak ekip
sayisinin az olmasi, g¢ekilen fotograflardan kaliteli veri alindigt i¢in Ol¢limii tekrarlamadan zamandan tasarruf
edilmesi, gibi avantajlar nedeniyle klasik yontemlere gore daha iyi sonuglar vermektedir. insansiz Hava Araci (IHA)
tekniginin kullanilmas: ile havadan goriintii alinarak ulasilamayan yiiksek yapidaki ¢atilarin detaylari, endiistri
bolgeleri ve arkeolojik alanlar gibi alanlarin 6l¢iimlerinde tercih edilmesi uygun olan bir yontemdir. Bu ¢aligmada
IHA teknigi ile fotograflardan elde edilen ortomozaikler ile bitisik nizamli tarihi ahsap kagir yapinin 6n ve arka
cepheleri i¢in rolove ¢izimleri 2 cm altinda dogrulukla elde edilmistir. Ortomozaik elde edilirken %80 bindirme
orani ile fotograf ¢gekmenin yeterli oldugu anlasilmustir.

Calisma sonucunda elde edilen duyarlik degerleri géz oniinde bulunduruldugunda, ¢alismaya ait 3B model
restorasyon c¢aligmalarinda altlik olarak kullanilabilecektir. Ayrica tarihi eserlerin sayisal verilerinin dijital
kiitiiphanelerde bulundurulmasi gesitli disiplinlerin daha sonraki ¢alismalarinda ve gelecek nesillere aktarilmasinda
biiyiik kolaylik saglayacaktir [22].

Sonug olarak klasik fotogrametri ile yapilan rélove c¢alismalarina gére zaman, hiz, duyarlik ve iilkemizdeki
ekonomik gelismeler dogrultusunda degisen maliyet acisindan IHA teknigi ile yapilan rdlove calismalari
giiniimiizde mimarlara 151k tutacaktir.
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Abstract

Contact mechanics must be analyzed to determine the dynamic characteristics of polymer hybrid bearings. Since the
polymer bearings have contact surfaces of polymer-polymer, polymer-glass, or polymer-steel, the Hertz contact theory used to
examine the contact mechanics of conventional bearings cannot be directly used. Due to the elastoplastic structure of polymer
materials, elastoplastic contact mechanics is used in examining contact mechanics. In this study, the contact mechanics of the
polymer bearing were analyzed as elastoplastic contact and were included in the shaft-bearing system model. An algorithm was
developed in the MATLAB environment using the geometry of the 6203 bearings, and its dynamic characteristics were examined
through simulations. The equations of motion are simulated at different shaft speeds with an elastic region assumption to
determine the dynamic characteristics of polymer hybrid bearings. The results are discussed in the time-frequency domain.

Keywords: Elasto-Plastic Contact, Polymer Hybrid Ball Bearing, Vibration

Polimer Hibrid Rulmanlarin Dinamik Davramisinin incelenmesi

Ozet

Polimer hibrid rulmanlarin dinamik &zelliklerini belirlemek igin temas mekaniginin analiz edilmesi gerekmektedir.
Polimer rulmanlar polimer-polimer, polimer-cam veya polimer-gelik temas yiizeylerine sahip oldugundan, geleneksel rulmanlarin
temas mekanigini incelemek igin kullanilan Hertz temas teorisi dogrudan kullanilamamaktadir. Polimer malzemelerin
elastoplastik yapisindan dolayr temas mekaniginin incelenmesinde elastoplastik temas mekanigi kullanilmaktadir. Bu ¢aligmada,
polimer hibrid rulmanin temas mekanigi elastoplastik temas olarak analiz edilmis ve saft-rulman sistemi modeline dahil
edilmistir. 6203 rulmanin geometrisi kullanilarak MATLAB ortaminda bir algoritma gelistirilmis ve simiilasyonlar araciligiyla
dinamik 6zellikleri incelenmigtir. Polimer hibrid rulmanlarin dinamik 6zelliklerini belirlemek i¢in hareket denklemleri rulmanin
elastik bolgede oldugu kabul edilerek farkli mil hizlarinda simiile edilmistir. Sonuglar zaman-frekans alaninda tartigilmistir.

Anahtar Kelimeler: Elasto-Plastik Temas, Polimer Hibrid Rulman, Titresim

1. INTRODUCTION

Polymer bearings, unlike steel bearings, have recently become more common in industry because they provide
more advantages in places where the load-carrying capacity is not essential, hygiene is required, chemicals are used,
and a quiet working environment is required. Polymer hybrid bearings are generally made of polymer inner race,
outer race, and cage, and rolling elements (balls) could be polymer, glass, or steel balls, depending on the
application. Figure 1 shows the unassembled view of the polymer hybrid deep groove ball bearing used in the
simulations.
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Figure 1. The distributed view of polymer hybrid deep groove ball bearing

The long lifespan of bearings is essential in terms of economy and continuity of production. For this reason,
bearings are operated within the limits of the elastic region. Hertz contact is used to analyze the contact mechanics
of conventional steel bearings. However, the polymer ball bearings' structure differs from steel bearings because the
balls and races consist of different materials. So, Hertz's contact theory cannot be directly used to examine the
contact in polymer bearings. When examining the contact mechanics of polymer bearings, elastoplastic contact is
used instead of Hertz contact theory. Elasto-plastic contact examines elastic, elasto-plastic, and fully plastic regions
in three parts and two kinds of model: the indentation model and the flattening model. The critical deformation rate
must be known to classify the contact area formed in elasto-plastic contact, which is explained in detail in Section 2.

In elasto-plastic contact, the critical deformation rate, first proposed by Kogut and Etsion and later by Jackson
and Green, to which the von Mises yield criterion of the material was added, is used to determine in which region
the contact occurs. Kogut and Etsion determined frictionless elasto-plastic contact between the deformable sphere
and the rigid surface. They indicated when contact 6 /8, < 1 there is a fully elastic region, and it is compatible with
Hertzian contact when 1 < §/6, < 6 a plastic zone has started under the sphere surface, but the whole contact area
is elastic; when 6 < §/68, < 68 there is elastic-plastic contact, and when §/8, > 68 the contact area is in the fully
plastic region [2]. Later, unlike the model created by Kogut and Etsion, Jackson and Green added geometry and
material effects to the model and created a model using the finite element method, accepting the VVon Mises yield
strength criterion as the yield point of the material and accepting it as §/6, < 1.9 the elastic region. This model can
use the material's yield point with the two deformable surfaces' weaker and lower yield points [3, 4]. Brake
developed a new formulation for the elasto-plastic contact of two circular objects in the normal direction, taking into
account the contact geometry and material properties [5]. Jamari and Schipper created a theoretical model for the
elasto-plastic contact of ellipsoid bodies [6]. Zhao et al. modeled three regions between two flat surfaces: elastic,
elasto-plastic, and plastic regions, and used the hardness of the material to determine the critical contact point [7]. Li
et al. examined the rigid and elastoplastic spheres by modifying the theoretical model created by Johnson [8].
Jackson and Sharma investigated the cylindrical elasto-plastic contact between a solid flat surface and a cylinder
modeled as a deformable quarter circle using the finite element method [9]. Yau et al. used elasto-plastic models to
determine the stress distribution on the bearing in the elastic and elasto-plastic regions [10,11]. Komvopoulos and
Song examined the deformation of elasto-plastic half-space and rigid cylindrical contact in four different
deformation forms: linear elastic-plastic, nonlinear elastic-plastic, transition to full plastic and the steady-state part
of plastic deformation using the finite element method [12].

Elasto-plastic contact is examined with two models: the indentation model and the flattening model. Some
researchers have examined various contact surfaces using only the indentation and flattening contact model.
Ghaednia et al. investigated the frictionless contact between an elasto-plastic surface and a sphere. They achieved
this by developing a novel model that connects the flattening and indentation models, allowing for elasto-plastic
deformation of both surfaces. [1]. Ogar et al. analyzed the flattening model with a sphere, considering the material's
hardness with the finite element method [13]. Deng et al. investigated the similarities and differences between the
elasto-plastic flattening and indentation contact model with the finite element method using five different materials
whose yield strengths cover a typical range of steel materials used in engineering [14]. Ogar et al. investigated
indentation and flattening in the contact between a rigid, rough surface and an elasto-plastic half-space, as well as
between a rigid, smooth surface and a rough surface [15]. Jackson and Kogut examined the indentation and
flattening contact model comparatively using the finite element method [16]. Mesarovic and Fleck examined the
indentation contact between a rigid sphere and an elasto-plastic deformable surface with and without considering
friction [17]. Sara et al. used slip-line theory to investigate the yield force and average pressure of the indentation
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contact between the rigid sphere and the frictionless deformable surface, and they compared their findings with
those obtained using the finite element method. [18].

Bearings have complex dynamics, unlike their simple structures. Bearings produce vibration even when they
are healthy. When the vibration of healthy bearings is examined, high amplitude signals are seen at the frequency
values known as Ball Pass Frequency. Gustafsson and Tallian first determined the Ball Pass Frequency (BPF) with a
mathematical model [19,20]. Meyer et al. decided that Ball Pass Frequency (BPF) and its harmonics are seen even
if the bearing is healthy after Gustafsson and Tallian's study [21,20].

This study models the shaft-bearing system mathematically to predict how bearings behave dynamically. The
contact mechanics between the ball and races are also investigated and introduced to the shaft-bearing model. The
dynamic behaviors of healthy and faulty bearings were compared with simulations at different shaft speeds and
under various loading conditions [22,23,24,25]. The mathematical model of the 6203 series deep groove ball bearing
with steel balls has two degrees of freedom along lateral and vertical, and simulations are run under elastic contact

assumption.

2. ELASTO-PLASTIC CONTACT MODEL

a) Indentation Model

The indentation model was modeled to determine the contact between the sphere and the flat surface.
According to this model, the hardness of the contacting surfaces is different from each other. Of the contacting
surfaces, the sphere is more rigid, and the material used for the flat surface is softer than the material used for the
sphere. Since the surface is more delicate, it is accepted that deformation occurs on the contact surface [1]. Figure 2
shows the schematic view of the indentation model.

Figure 2. Indentation model [1]

b) Flattening Model

The flattening model is the other model of the elastoplastic model. In contrast to the indentation model, it is
modeled to establish the contact model of the soft sphere, and the more rigid flat surface sphere is constructed of
softer material in this model. Deformation is assumed to occur on the sphere using the contact model. Figure 3
shows the schematic view of the flattening model.

- m
Jeformed surface o —— i &
- ——r —
Omginal susfsce *

Figure 3. Flattening model [1]
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To determine the contact area in elasto-plastic contact, the deformation ratio to the critical deformation amount
is mathematically calculated using the contact properties of the contacting surfaces.

Critic Deformation

Critical deformation is an important criterion used to determine where the contact area occurs and is calculated
by considering the material properties and geometries of the contacting surfaces. The mathematical formulation for
the critical deformation amount is given in Eq. 1 [1,4].

@
R S @)
E' E  E
C =1.295e%73" 3)

E' indicates the equivalent elasticity modulus and is calculated using the formulation in Eq. 2 [1,4]. The
elasticity modulus values of the materials from which the contacting objects are used in Eq. 1 are manufactured and
calculated using the formulation given in Eq. 2. C is a constant specified by the mathematical formula shown in Eq.
3 [1,4]. R represents the radius of the sphere. This study calculates R by taking the resultant of the ball radius and
the distances between the inner and outer race curvature radii. Sy is the yield stress value of the first deformed
material. The coefficient vs seen in Eq. 3, used when calculating the constant C, represents the Poisson ratio of the
first deformed material.

3. CONTACT MECHANICS
3.1. Total Deflection of Ball Bearing

Bearings transmit forces by deflection on the ball. The amount of deflection resulting from ball-inner race
contact and ball-outer race contact is expressed as total deflection. The total deflection formulation is given in Eq. 4

[27]. &; indicates inner race-ball deflection, appears 82 in Figure 4, and &, indicates outer race-ball deflection 31
appears in Figure 4, d the sum of the deformations on the ball as seen in Figure 4.

-,

Te— T

)

P

Ti

Figure 4. Total deflection of bearing [26]

§=26,+6, (4)
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The total deformation occurring on the bearing depends on the properties of the material used in the production
of the parts forming the bearing and the geometric properties of the bearing. Eq. 5 indicates the mathematical
representation of the amount of deformation calculated using the bearing's geometric properties and material
properties [27]. The contact between the ball and the races has a point contact due to the structure of the balls and
races. However, the point contact between the ball and the race turns into an elliptical area after loading. Primary
and secondary elliptic integrals compute the parameters (a*,b*, and [1*) needed to determine the contact area and
deformation amount since the produced contact is elliptical. The dimensions of the elliptical area occurring in Hertz
elastic contact and the deformation quantity can be roughly approximated when a*, b*, [* and dimensionless
parameters are calculated.

®)

3.2. Shaft-bearing system of polymer bearing

The shaft bearing system produces vibration even when the bearing on the system is healthy [21, 4]. This
vibration is equal to the product of the cage frequency and the number of balls in the bearing and is called the Ball
Pass Frequency (BPF). The equation used to determine the Ball Pass Frequency is given in Eq. 6. For this
formulation, m represents the number of balls, and [Ic represents the angular velocity of the cage. The mathematical
formulation seen in Eq. 7 calculates the angular velocity of the cage, and y seen in Eq. 7 indicates the angle between

the ball-bearing balls. Since the bearing used in this study is a deep groove ball bearing, a it is taken as zero, as seen
in Eq. 8.

Wy =M, (6)

@, :%(w.a—y)moaw)) W

_d—bCOS(Z
’=4

m ®)

The force on the bearing is calculated by the total deflection and stiffness, as seen in Eq. 9. F indicates the total
force on the bearing, K denotes the bearing stiffness, and [ indicates the total deformation amount on the balls.

F = K&%/2 )

There is a nonlinear relationship between deflection and load, as seen in Eqg. 9. To determine the nonlinear
shaft-bearing system's dynamic behavior, the system's time solution at different loads and speeds must be obtained.
For the theoretical part of this study, some assumptions were made, and the equations of motion were obtained.

The assumptions made are stated below;

e The shaft is assumed to have two degrees of freedom, x, and y, in the radial direction.

e The balls are placed at equal intervals around the inner and outer races. The outer race does not rotate.
e Balls are assumed to be massless.

e Races are rigid, and only local deformations occur.

e The shaft is assumed to be rigid.

The schematic view of the shaft-bearing system is given in Figure 5;
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Figure 5. The schematic view of the shaft-bearing system

According to these assumptions, the equations of motion of the system model with two degrees of freedom are
Eq. 11 and Eq. 12, which are stated below;

n
3
M5C'+ZKi(5i/2 cos(8,)+P,—Mg=0 (11)
i=1
3
M§ + X, K8, "% sin(8;) + P, = 0 (12)

The equations of motion were solved using the fourth-order Runge-Kutta method and iterative methods. The
system was solved with only the initial conditions to determine the system's natural frequency. Py is the force in the
x-axis direction and indicates the force on the bearing calculated by considering gravity's effect. Py indicates the
force acting on the bearing in the y-axis direction.

4. RESULTS AND DISCUSSION

The geometry of the bearings, the quantity of rolling elements, rotational speeds, and system operating factors
all affect how dynamically a bearing behaves. The bearings' geometric and material characteristics were included in
a mathematical model. MATLAB is used to develop a code that simulates the mathematical model with differential
equation solutions. The code is run for different shaft speeds, and vibration spectra are obtained for these speeds. In
order to analyze dynamic characteristics in the time-frequency domain, waterfall diagrams are plotted for the
simulated 6203 series polymer hybrid ball bearing in good and faulty condition. The 6203 deep groove ball bearing
properties used for simulations are given in Table 1, and the x-axis direction waterfall graph and y-axis waterfall
graph are shown in Figure 6 and Figure 7, respectively.

Table 1. Properties of 6203 ball bearing

The diameter of the inner race D; 0,017 m
The diameter of the inner raceway | d; 0,02358 m
Outer raceway diameter d, 0,02841 m
Outer race diameter D, 0,04 m

Bearing width w 0,012 m
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Balls Diameter dp 0,00426 m
Radius of inner race groove r; 0,002480 m
Outer race groove radius I 0,003340 m
Number of balls m 10

Contact angle a 0

In Figure 6, the resonance of the shaft-bearing system is clearly visible when the Ball Pass Frequency
coincides with the shaft's natural frequency (critical speed) along the x-axis at 3050 rpm. The natural frequency of
the shaft along the x-axis is determined as 212,40 Hz.

x axis direction

X 2124
Ry Y 3050
Z1.095¢-07

04

Amplitude (m)

4000
3500
3000

2500

2000

1500

Shaft Speed (rpm) 1000

500

Frequency (Hz)
Figure 6. 6203 bearing elastic region shaft vibrations in the x-axis

The behavior of the shaft along the y-axis is similar to the x-axis, but the natural frequency of the shaft along
the y-axis is 179.95 Hz. So, the shaft resonance along the y-axis occurs at 2500 rpm, as seen in Fig. 7. It should be
noted that the superharmonics of the BPF are also visible in Fig. 6 and Fig. 7. However, their amplitudes, when
coinciding with the natural frequencies, are lower than the BPF's.

The natural frequency along the x-axis (212.40 Hz) is higher than the natural frequency along the y-axis
(179.95 Hz). The system is modeled as gravity along the x-axis. Due to the nonlinear contact between the ball and
the races, the loading alon x-axis and y-axis are different. The more loaded contact along the x-axis causes a larger
contact area, so the more stiffness along this axis leads to a higher natural frequency.
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Figure 7. 6203 bearing elastic region shaft vibrations in the y-axis

5. CONCLUSION

Using the indentation contact model, a mathematical model was created to determine the dynamic
characteristics of the 6203 polymer hybrid bearing. Since the system is modeled with 2 degrees of freedom, the
shaft-bearing system has two natural frequencies along each axis. Gravitational force affects the x-axis, so the
natural frequency along this axis is higher than the other axis due to the nonlinear contact between the ball and the
races. As can be seen from the waterfall diagrams, resonance occurs when the Ball Pass Frequency (BPF) coincides
with one of the system's natural frequencies. Since the resonance zone has a destructive effect, these kinds of
systems should not be operated at this shaft speed, or the system's design must be altered to avoid these working
conditions.
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Abstract

In this research, normality assumptions of body measurements are conducted according to five criteria,
boxplots, and Kolmogorov-Smirnov and Shapiro-Wilk tests and proved normal. Besides, statistical selection of
effective body measurements to define other body measurements is proposed for shorter, precise, time-cost saving.
To support this proposel, correlation coefficients and multivariate multiple regression analyses (MMRAS) are
conducted. Statistical selection of effective body measurements depend upon high correlation coefficient pairs of
body measurements bases. MMRAs are handled from three different points of view; first, one body measurement
being the dependent variable and other body measurements being independent variables enter Method; second, the
same stepwise Method; and third, one body measurement being the dependent variable and statistically selected
effective body measurements being independent variables enter Method; finally their Adj.r2’s are compared. This
research progressed by working on each body measurement, but the waist circumference measurement is only
presented here. Enter and stepwise methods concluded the highest and similar results, unexpectedly proposing the
least statistical selection of effective body measurements. More profound work with different mathematical sciences
will be implemented further.

Keywords: Body Measurement, Assumptions of Normality, Correlation, Multivariate Multiple Regression Analyses, Statistical
Selection

Etkili Beden Olgiilerinin istatistiksel Secimi: Bel Cevresi Olciisii Ornegi

Ozet

Bu aragtirmada beden olgiilerinin normallik varsayimlari; bes kriter kullanilarak, Boxplot, Kolmogorov-
Smirnov ve Shapiro-Wilk testleri ile gergeklestirilmis ve beden 6lgiilerinin normal dagilim gosterdigi kamtlanmustir.
Ayrica, etkili beden OSlgiilerinin istatistiksel se¢imi ile diger beden Olgiilerine ulagmak i¢in kisa, hassas, zaman ve
maliyet tasarruflu bir yontem Onerilmistir. Bu Oneriyi desteklemek icin korelasyon katsayilar1 ve ¢ok degiskenli
¢oklu regresyon analizleri (MMRA) yapilmustir. Etkili beden 6lgiilerinin istatistiksel segilmesi, yliksek korelasyon
katsayili beden 6l¢iisii giftlerinin tespiti temeline dayanmaktadir. MMRAlar ise, ii¢ farkli bakis agisiyla; birinci, bir
beden olgiisii bagimli degisken ve diger beden o6lgiileri bagimsiz degisken enter metodu; ikinci, aynist stepwise
metodu; ti¢ilinci, bir beden dl¢iisii bagimli degisken ve istatistiksel segilen etkili beden Slgiileri bagimsiz degisken
enter metodu; olacak sekilde yapilmis ve bunlarin  Adj.r2'leri karsilastirilmigtir. Her bir beden 6l¢iisii ayr1 ayri
calisilmis ancak bu galismada sadece bel gevresi Ol¢iisii 6rnek olarak verilmistir. Enter ve stepwise metodlari en
yiliksek ve benzer sonuclar1 vermis, beklenenin aksine, onerilen en etkili beden dSlgiilerinin istatistiksel se¢imi en
diisiik sonuclar1 vermistir. Tleriki ¢alismalarda daha derin matematik bilimleri uygulanacaktir.
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Anahtar Kelimeler: Beden Olgiisii, Normallik Varsayimlari, Korelasyon, Cok Degiskenli Coklu Regresyon Analizleri,
Istatistiksel Se¢im

1. INTRODUCTION

Body measurements and the relationships between body measurements (BM) have long been a concern of
many researchers. First of all, BMs are the main concern in apparel production, either tailored or mass produced. In
both kinds of production, the goal is to make a garment that fits the person who purchased it. To conform this goal,
BMs have to be obtained precisely. BMs are obtained manually, or by body scanners, or by computer software
developed recently, which are an immense subject being searched. On the other hand, the relationships between the
BMs are also a great subject being searched. The advantage of studying the relationships between BMs is to reach
certain BMs without measuring them, instead, to obtain them via the measured ones, spending less time but even
attaining more precise meaurements than hand taken ones, besides time and cost saving.

Empirical formulas, statistical methods, or mathematical approaches are applied to reveal the relationships
between BMs. Empirical formulas are based on experimental work and reach BMs almost correctly [1-5]. From the
point of statistical methods, correlation and regression analyses are the most used statistical tools and many research
can be found in the literature [6-9]. With the development of mathematical sciences, mathematical approaches are
also applied for defining BMs, since this is also a recently developing study area; to give examples such as, cross-
sectional areas of BMs (Figure 1) [10], extraction of feature points (Figure 2) [11], sharp body silhouettes for
obtaining 3D BMs from 2D images (Figure 3) [12]; and pixel coordinates for obtaining 3D BMs from 2D images
(Figure 4) [13].
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Figure 1. Developing software Figure 2. Extraction of Figure 3. Background removed
to extract body feature points F1 and image and silhouette image [12]
measurements [10] F2 for head size [11]
Person 10. Front Pixel Coordinates
Regions _ Beginning Coordinate (s, yo) Ending Coordinate (x,, y1)
Neck (111,53) (150, 5)
Shoulder (60,42) 207,42)
Chest (90,97) (189,97)
Biceps_right 61,111 @81,111)
Biceps_left (197,116) (28,116)
Waist (83,176) (198, 176)
Belly (77,205) (204, 205)
Hip (74,252) Q12,252
Thigh_right (77,286) (135,286)
Thigh left (149, 286) (207, 286)

Person 10. Side Pixel Coordinates
Regions  Beginning Coordinate (%, yo) Ending Coordinate (x3, y1)

Neck @6,9) (60,3)
Shoulder 13,41 (81,41)
Chest (14,95 (114,95
Biceps_right None None
Biceps_left None None
Waist 2,179 (106,178)
Belly 26,209) (106,209)
Hip (14,250) (101, 250)
Thigh_right (23,286) (100,286)
Thigh left None None

Figure 4. List of pixel coordinates of feature points for front and side and body silhouettes [13]

In previous research of the correspondent author, a study was initiated to obtain 3D BMs from 2D images to
eliminate the need for the body when taking BMs manually or by body scanners, and to investigate a solution to the
problem of unfit garment one’s own body, which often occurs in e-shopping. The photographs of 500 female
participants between ages 18-25, all volunteers, between weights 43-85 kg, wearing tight clothes, from 3 m distance,
from the front and side rotated 90°, from neck to knees, arms and legs slightly open, using a camera that focuses on
the waist and parallel to the ground, were taken. Some examples of the photographs taken from the front and side
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are given in Figure 5, Person-38, Person-119, Person-164, and Person-425, numbered by the author. Different BMs
up to 20 (Horizontal : neck, shoulder, biceps, chest, waist, belly, hip, thigh circumferences, back neck girth, back
width, shoulder width; and Vertical : inner leg, outer leg, inner arm, front, back, side lengths, arm length from neck,
arm length from shoulder, chest fall) were manually measured according to 1SO-8559 standards using a non-
stretchable tape measure, and the same person’s age, height, and weight were also recorded [14, 15].

Figure 5. Front and side photographs of volunteers named (a) person-38, (b) person-119, (c) person-164, and
(d) person-425 [14, 15]

Since running that research, it was noticed in literature papers applying statistical methods to BMs did not
mainly first check the normality of BM data; which seems rather important. Because sample size, if mean represents
the data set for comparison, parametric or nonparametric test decision, all depend on the normality assumption of
data. Another important point noticed is that the BMs selected to define a specific BM with regression analyses were
chosen at random. Still, it was thought that there has to be a reasonable selection. Therefore, these two points are
emphasized and discussed in this manuscript; initially, the normality assumptions of BMs are presented, and
afterward, statistical selection is conducted to determine a specific BM by regression analysis, not in the literature.
This research aims to prove the normality assumptions of BMs and reach the BMs with regression analyses,
especially, multivariate multiple regression analyses (MMRAS), both with all BMs and with statistically selected
BMs, not randomly.

The steps followed in this research are defining the descriptive statistics of BMs; executing assumptions of
normality with its five criteria, boxplots, and Kolmogorov-Smirnov and Shapiro-Wilk tests. This research uses
correlation analyses for the statistical selection of MMRAs both with all the BMs and the statistically selected
effective BMs. The last comparision tests whether the thought of statistical selection conforms to determining the
relationships between some BMs to reach others.

2. MATERIAL AND METHOD
2.1. Material

To realize the purpose of this research, the material used is mainly BMs of female volunteers in Ref. [14,15].
The different BMs concerned here are up to 20 which are Neck Circumference (Circ.), Shoulder Circ., Biceps Circ.,
Chest Circ., Waist Circ., Belly Circ., Hip Circ., Thigh Circ., Back Neck Girth, Back Width, Shoulder Width, Inner
Leg Length, Outer Leg Length, Inner Arm Length, Front Length, Back Length, Side Length, Arm Lengthl (from the
neck to the wrist), Arm Lenght2 (from shoulder to wrist), and Chest Fall. These BMs are obtained manually
according to 1SO-8559 standards using a non-stretchable tape measure, and the same person’s age, height and
weight are also recorded. Schematic presentations of the BMs mentioned above are given in Figure 6 [16].
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Figure 6. Examples of obtaining body measurements manually [16]

There are 500 female volunteers, consequently, 500 values for each of the 23 BMs are entered in the SPSS
IBM Statistics (v23) Package software. Even though there are 500 values for each measurement, 50 of them are
separated by the SPSS software for validation at the end of the research, so the rest of the study in this manuscript is
continued with 450 values for each BM.

2.2. Method

In this research, the 450 values of each BM are experimented with statistical methods to reach its objective.
The statistical methods applied are listed below:

2.2.1. Descriptive statistics

Descriptive statistics of BMs are presented to reach a brief understanding of the data which was obtained
manually from the person’s body and will be used in the following research step. The descriptive statistics here are
the mean, standard error of the mean, median, mode, minimum, maximum, range, standard deviation, variance,
skewness, kurtosis, coefficient of variation, standard error of skewness, and standard error of kurtosis.

2.2.2. Assumptions of normality

The criteria of normality assumptions, boxplots, and Kolmogorov-Smirnov and Shapiro-Wilk tests are regarded
assumptions of normality. These methods are conducted in this research to study the normality assumptions of BM
data.

Criteria of Normality Assumptions

In statistics literature, data normality assumptions are analyzed by considering the five standard distribution
criteria:

1. Mean, median and mode values should be equal or close to each other;



MAUN Mihendislik-Mimarlik Fakiltesi Dergisi,4(2),50-67,2023/ MAUN Journal of the Faculty of Engineering and Architecture, 4(2),50-67,2023

Arastirma Makalesi/Research Article

2. Histograms should look like a standard distribution curve;

3. Skewness and kurtosis coefficients should be between -1/+1 ;

4. A standard Q-Q plot should include points above or below but close to a 45° diagonal line;
5. CV% should be less than 25%.

If the data meets at least three of the five criteria listed above, it can be pronounced as displaying a normal
distribution [17]. These criteria are applied to the BM data in the current research.

Boxplots

Boxpots are data charts with median values and interquartile ranges that point out the extremes and outliers
within a variable. A boxpot shows the first quartile, median, third quartile, and minimum-maximum values [17, 18].
This research performs boxplots to visually assess normal distribution, outliers, and extreme values within the
studied BM data.

Kolmogorov-Smirnov and Shapiro-Wilk Tests

Kolmogorov-Smirnov and Shapiro-Wilk tests are another test method for assumptions of normality. The
suitability of the quantitative data to the normal distribution is tested with the Kolmogorov-Smirnov test when the
sample size is n > 50, and with the Shapiro-Wilk test when n < 50, where it has more power to detect the non-
normality. However, it can also be handled on larger sample sizes. Suppose their test results are p > 0.05
(statistically insignificant). In that case, the data is considered normally distributed, but normal distribution should
not be decided based only on the p value of the Kolmogorov-Smirnov and Shapiro-Wilk tests alone. The important
thing is that the data should also comply with the five criteria of normal distribution [17, 18]. In this research,
Kolmogorov-Smirnov and Shapiro-Wilk tests are performed for assumptions of normality of BM data.

2.2.3. Correlation coefficients

The statistical analyses above determine which BMs exhibit normal distribution and to what extent. According
to the information obtained, Pearson correlation coefficients, r, between each BM is calculated. The value of the
coefficient indicates the strength of the relationship and the sign the direction, that is, the higher the correlation
coefficient the stronger the relationship between that pair, and if a positive value it means that as one increases the
other also increases; if a negative value it means that as one increases the other decreases. r can take a value
between - 1/ + 1, and regardless of the sign, values between 0.10-0.29 mean a weak correlation, 0.30-0.49
medium correlation, 0.50-1.00 strong correlation; besides, the p < 0.05 means that it is statistically significant
[19].

In the current research, the correlation coefficients between each BM are listed from high to low to determine
which BM affected the other BM the most and up to which degree. BMs with r greater than +0.5 (r>+0.5) are
selected which symbolizes a strong correlation, this selection indicates they are the effective body measurements on
a special BM. This is the statistical selection of effective BMs proposed in this paper. The statistically selected
effective BMs are beneficial for determining a special BM for the comparisons.

2.2.4. Regression analyses

Regression analyses are conducted in cases where a parameter can be determined with the data of other
parameters, and they are called the dependent variable and independent variables, respectively. Multivariate
Multiple Regression Analyses (MMRAS) can further be used to model the linear relationship between more than one
independent variable and more than one dependent variable [20]. In the current research, regression analyses are
conducted with three different points of view for each BM one by one: 1) dependent variable is one of the BMs,
independent variable is rest of the BMs, enter method; 2) dependent variable is one of the BMs, independent
variable is rest of the BMs, stepwise method; and 3) dependent variable is one of the BMs, independent variable is
the statistically selected effective BMs, enter method. The stepwise method is not conducted because correlation
analyses already selected variables, no more selection is needed (Table 1).
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Table 1. Multivariate multiple regression analyses conducted in this research

Dependent Variable Independent Variable Method Results
1. One body meausurement Rest of the body measurements Enter s, Adj.r®’s
2. One body meausurement Rest of the body measurements Stepwise s, Adj.r®’s
3. One body meausurement  Statistically selected body measurements Enter s, Adj.r”’s

2.2.5. Comparisons

The r®s and Adj.r”’s results obtained by MMRAs are compared; where; Lines 1, 2 and 3 in Table 1, are
compared to determine if there is a difference in applying the rest of the BMs as independent variables enter and
stepwise methods and the statistically selected BMs as independent variables enter method. This comparison
assesses the accuracy and adequate Method for the BM data.

2.2.6. Validation
It was mentioned above that there were BMs of 500 female volunteers but 50 were separated for the validation
group at the beginning of the research. In this section, the information obtained by comparison is intended to be

applied to this test group and the estimated BMs are aimed to be obtained. The estimated BMs and the manually
taken BMs results are intended to compare and calculate their accuracy rates.

3. RESULTS AND DISCUSSIONS

The results of the statistical methods and the selected BMs described in Section 2. Material and Method are
presented and discussed in this section.

3.1. Descriptive Statistics
Descriptive statistics of BMs are presented to attain a brief understanding of the data and to be used in the
normality assumptions of BM data. The descriptive statistics of BMs studied in this research presented in Table 2

are the mean, standard error of the mean, median, mode, minimum, maximum, range, standard deviation, variance,
skewness, kurtosis, coefficient of variation (CV%), standard error of skewness, and standard error of kurtosis.

Table 2. Descriptive statistics of body measurements studied in this research

Descriptive Statistics

Std. std Coefficie
Error - Minim Maxim Rang -~ . Varian Skewn Kurtos nt of
N Mean of gffd' Mode um um e De(;/r:atl ce ess? is® Variation
Mean (%CV)
Height 450 164531 0.245 165.0 160.0 150.0 176.0 26.0 5.203 27.074 -0.033 -0.482 3.162
Weight (kg) 450 55993 0351 550 550 420 850 430 7.447 55452 1123 1.877  13.299
Neck Circ. 450 31.040 0.082 310 31.0 26.0 36.0 100 1733 3.005 0430 0.560 5.584

Back Neck Girth 450  13.965 0.063 140 130 11.0 190 80 1334 1779 0595 0543 9549
Shoulder Width 450 13468 0.060 132 130 100 18.0 80 1264 1597 0236 0.347 9.384

Shoulder Circ. 450 95722 0266 950 940 750 1210 460 5650 31.921 0519 1809 5902
Chest Circ. 450 86.756 0.281 858 84.0° 740 1090 350 5964 35574 0882 1126  6.875
Chest Fall 450 24.893 0.089 250 240 200 320 120 1878 3527 0548 0745 7545
Back Width 450 35771 0.129 36.0 360 290 470 180 2726 7.432 0544 1.225 7.621
Waist Circ. 450 69.922 0286 69.0 680 590 970 380 6.058 36.699 1.143 2264  8.664
Back Length 450 34123 0112 340 330 280 425 145 2368 5608 0501 0522  6.940
Front Length 450 36.881 0.135 37.0 380 290 460 170 2868 8225 0320 0368 7.776
Side Lenght 450 16447 0138 160 150 105 260 155 2923 8545 0610 -0.122 17.773
Arm Lengthl 450 66.844 0.161 67.0 680 580 780 200 3418 11.683 0240 0217 5113
Arm Length2 450 55370 0151 552 560 470 630 160 3203 10.262 0.084 -0.100 5785

Inner Arm Lengt 450 43.934 0.117 440 450 340 550 21.0 2475 6.126 0043 1618  5.633
Biceps Circ. 450 25.067 0.123 250 260 190 350 160 2614 6.831 0575 0.247 10.427
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Belly Circ.
Hip Circ.

Outer Leg Lengt
Inner Leg Length

Thigh Circ.

450  79.829
450  95.965
450  92.650
450  66.844
450  52.012

0.328
0.289
0.300
0.179
0.206
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79.0 78.0
96.0 98.0
93.0 90.0
66.0 65.0
520 53.0

66.0
82.0
74.0
57.0
39.0

108.0

120.0

112.0
80.0
65.0

42.0
38.0
38.0
23.0
26.0

6.963 48.489
6.135 37.641
6.363 40.486
3.792  14.377
4376 19.148

0.642  0.895
0.674 1421
0.089 -0.323
0.308 -0.225
0.463  0.448

8.723
6.393
6.868
5.672
8.413

a. Multiple modes exist. The smallest value is shown
b. Std. Error of Skewness 0.115
c. Std. Error of Kurtosis 0.230

3.2. Assumptions of Normality

3.2.1. Criteria of normality assumptions

Each BM is evaluated according to the five criteria of normality assumptions listed in Section 2.2. The overall
evaluation is summarized in Table 3. If at least three of these five criteria are met by the data of a specific BM, then
it can be pronounced that it exhibits a normal distribution listed as 3/5, 4/5, or 5/5 in the last column of Table 3.

Table 3. Overall evaluation of normality assumption criteria for all body measurements

Normal Distribution Assumptions / Descriptive Statistics

2. Criterion: 4. Criterion: 5. Criterion:
The histogram Normal Q-Q plot The
distribution of graph, with coefficient
1. Criterion: mean, mode the data is 3. Criterion: Skewness points above (or  of variation
and median are close to each Normal and kurtosis coefficients  very close to) 45°  (CV%) is
other Distribution are between -1/+1 lines below 25%  Conclusion
How many
of the five
criteria does
Coefficient  this body
Normal Q-Q plot of Variation measure
Mean Median Mode Skewness”  Kurtosis® graph (CV%) meet?
Height 164.531 165.00 160.0 Normal Distr. -0.033 -0.482 Very close to 45° 3.162 4/5
Weight 55.993  55.00 55.0 Normal Distr. 1.123 1.877 Very close to 45° 13.299 3/5
Neck Circ. 31.040 31.00 31.0 Normal Distr. 0.430 0.560 Very close to 45° 5.584 5/5
Back Neck Girt 13.965 14.00 13.0 Normal Distr. 0.595 0.543 Very close to 45° 9.549 5/5
Shoulder Width 13.468  13.20 13.0 Normal Distr. 0.236 0.347 Very close to 45° 9.384 5/5
Shoulder Circ. 95.722  95.00 94.0 Normal Distr. 0.519 1.809 Very close to 45° 5.902 3/5
Chest Circ. 86.756  85.80 84.0° Normal Distr. 0.882 1.126 Very close to 45° 6.875 3/5
Chest Fall 24.893  25.00 24.0 Normal Distr. 0.548 0.745 Very close to 45° 7.545 5/5
Back Width 35.771  36.00 36.0 Normal Distr. 0.544 1.225 Very close to 45° 7.621 4/5
Waist Circ. 69.922  69.00 68.0 Normal Distr. 1.143 2.264 Very close to 45° 8.664 3/5
Back Length 34123  34.00 33.0 Normal Distr. 0.501 0.522 Very close to 45° 6.94 4/5
Front Length 36.881  37.00 38.0 Normal Distr. 0.320 0.368 Very close to 45° 7.776 4/5
Side Height 16.447  16.00 15.0 Normal Distr. 0.610 -0.122 Very close to 45° 17.773 4/5
Arm Length-1 66.844  67.00 68.0 Normal Distr. 0.240 0.217 Very close to 45° 5.113 4/5
Arm Length-2 55.370  55.20 56.0 Normal Distr. 0.084 -0.100 Very close to 45° 5.785 5/5
Inner Arm Leng  43.934  44.00 45.0 Normal Distr. 0.043 1.618 Very close to 45° 5.633 3/5
Biceps Circ. 25.067  25.00 26.0 Normal Distr. 0.575 0.247 Very close to 45° 10.427 5/5
Belly Circ. 79.829  79.00 78.0 Normal Distr. 0.642 0.895 Very close to 45° 8.723 4/5
Hip Circ. 95.965 96.00 98.0 Normal Distr. 0.674 1.421 Very close to 45° 6.393 3/5
Outer Leg Heigh  92.650  93.00 90.0 Normal Distr. 0.089 -0.323 Very close to 45° 6.868 4/5
Inner Leg Heigh ~ 66.844  66.00 65.0 Normal Distr. 0.308 -0.225 Very close to 45° 5.672 4/5
Thigh Circ. 52.012  52.00 53.0 Normal Distr. 0.463 0.448 Very close to 45° 8.413 5/5

a. Multiple modes exist. The smallest value is shown

b. Std. Error of Skewness 0.12

c. Std. Error of Kurtosis 0.23

Each criterion is studied separately below:

1. Mean, median, and mode values should be equal or close to each other;
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Each BM’s mean, median, and mode values seem to be quite equal or close. Their equality and closeness are
tested by t-tests for each BM one by one, but as an example, only the t-test conducted for the waist circumference

measurement (WCM) is given below:

Mean, median, and mode values should be equal or close to each other:
Waist Circumference example

WCMs are mean 69.922 cm, median 69 cm, and mode 68 cm. t-tests are performed to determine whether there
is a statistically significant difference between the mean and median values, and mean and mode values (Table 4). In
Table 4, Sig.(2-tailed) p = 0.001, and since p < 0.05, it is seen that there is a statistically significant difference
between the mean-median and mean-mode values. It is stated that this criterion does not satisfy the necessary
condition of normality assumption, hence the number of criteria met by WCM is 0/5 now.

Table 4. t-test between mean and median values of waist circumference

One-Sample Statistics
N Mean Std. Deviation Std. Error Mean
Waist Circumference 450 69.922 6.0580 0.2856

One-Sample Test
Test Value = 69 (Median)
95% Confidence Interval of the Difference
t df Sig. (2-tailed) Mean Difference Lower Upper
Waist Circumference 3.228 449 0.001 0.9218 0.361 1.483

One-Sample Test
Test Value = 68 (Mode)
95% Confidence Interval of the Difference
t df Sig. (2-tailed) Mean Difference Lower Upper
Waist Circumference 6.730 449 0.000 1.9218 1.361 2.483

2. Histograms should look like a standard distribution curve;

The histogram of each BM is prepared and each of them displays somehow a symmetrical distribution around
the mean in the form of a normal distribution curve. They are assessed visually one by one, but as an example, only

the histogram of WCM is given below:
Histograms should look like a normal distribution curve:

Waist Circumference example

The histogram of WCM is given in Figure 7. When assessed visually, the histogram of WCM presents a normal
distribution curve and also drawn in Figure 7. It is stated that this criterion satisfies the necessary condition of
normality assumption, hence the number of criteria met by WCM is 1/5 up to now.

Histogram

Frequency

f o

Waist_Circumference

Figure 7. Histogram of waist circumference values
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3. Skewness and kurtosis coefficients should be between -1/+1;

Each BM’s skewness and kurtosis values are analyzed if the values lie between - 1/ + 1. In the skewness
column of Table 2, coefficients vary between -0.033 and 1.143 . In the same table’s kurtosis column, values vary
between -0.482 and 2.264 . One by one, an analysis of each BM is carried on, but as an example, only the analysis
of the WCM is given below:

Skewness and kurtosis coefficients should be between -1/+1 :
Waist Circumference example

The skewness coefficient of WCM in Table 2 is 1.143 , when analyzed if it is between -1/ + 1, itis clearly
seen that it is out of the higher limit of + 1. The kurtosis coefficient of WCM in the same table is 2.264 , when
analyzed if it is between - 1/+ 1, itis clearly seen that it is out of the higher limit of + 1. It is stated that this
criteria does not satisfy the necessary condition of normality assumption, hence, the number of criteria met by WCM
is still 1/5 up to now.

4. A standard Q-Q plot should include points above or below but close to a 45° diagonal line;

The normal Q-Q plot of each BM is drawn and each somehow includes points above or below but close to a
45° diagonal line. They are assessed visually one by one, but as an example, only the normal Q-Q plot of WCM is
given below:

A standard Q-Q plot should include points above or below but close to a 45° diagonal line:
Waist Circumference example

The normal Q-Q plot of WCM is given in Figure 8. When assessed visually, the normal Q-Q plot of WCM
includes points above or below but is close to a 45° diagonal line. It is stated that this criterion satisfies the necessary
condition of normality assumption, hence, the number of criteria met by WCM is 2/5 up to now.

Normal Q-Q Plot of Bel_Cevresi

Expected Normal Value

T T T T
60 70 80 %0 100
Observed Value

Figure 8. Normal Q-Q plot of waist circumference values

5. CV% should be less than 25% .

The CV% values of each BM are analyzed if the values are less than 25% . In the CV% column of Table 2,
values vary between 3.162% and 17.773% . One by one, an analysis of each BM is carried on, but as an example,
only the analysis of the WCM is given below:

CV% should be less than 25% :
Waist Circumference example

The CV% value of WCM is 8.664% , when analyzed if it is less than 25% , it is clearly seen that it is. It is
stated that this criterion satisfies the necessary condition of normality assumption, hence, the number of criteria met
by WCM is 3/5 up to now.

Since the WCM meets the 3 out of 5 necessary conditions of normality assumptions, it can be pronounced that
WCM values display a normal distribution. In general, in the last column of Table 2, it is seen that six of the BMs
meet 3/5 criteria of normality assumptions, nine of the BMs meet 4/5 criteria, and eight of the BMs meet 5/5
criteria, in general, it can be pronounced that all the different BM values studied in this research display normal
distribution.
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3.2.2. Boxplots

Boxplots are performed for each BM, and each BM’s first quartile, median, third quartile, minimum-maximum
values, outliers, and extreme values of each BM are assessed visually individually. The boxplots of all BMs are
given in Figure 9. It is noticed that within the studied BMs, there are outliers and extreme values, high and low, in
most of them. Even though it can be pronounced that they are distributed normally in Section 3.2.1., the boxplots
precisely indicate the value’s behavior; none of the BMs display a perfect normal distribution visually.

For example, the boxplot of the WCM values is given in Figure 10, which is enlarged. In particular, the outliers
and extreme values are clearly seen, where the numbers on the boxplot indicate the number of the volunteers the
authors gave. Which person possesses the outliers and extreme values for further research is evaluated.
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Figure 10. Boxplot of waist circumference values
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3.2.3. Kolmogorov-smirnov and shapiro-wilk tests

Kolmogorov-Smirnov and Shapiro-Wilk tests are performed for each BM with each having 450 values in this
research. Their p values are evaluated if p > 0.05 where statistically insignificance means normal distribution.
According to both Kolmogorov-Smirnov and Shapiro-Wilk test results given in Table 5, all BMs are analyzed
individually and they possess p < 0.05, meaning that none display normal distribution. Even though it can be
pronounced that the BM data are distributed normally in Section 3.2 1., the Kolmogorov-Smirnov and Shapiro-Wilk
tests indicate the opposite. It is evaluated that the outliers and extreme values visually assessed in boxplots are
considered mathematically in these tests, none of the BMs display a normal distribution perfectly.

Table 5. Kolmogorov-Smirnov and Shapiro-Wilk test results

Tests of Normality

Kolmogorov-Smirnov? Shapiro-Wilk
Statistic df Sig.  Statistic df Sig.
Height 0.099 450  0.000 0.976 450  0.000
Weight 0.129 450  0.000 0.931 450  0.000
Neck Circ. 0.131 450  0.000 0.967 450  0.000
Back Neck Girth 0.161 450  0.000 0.946 450  0.000
Shoulder Width 0.142 450  0.000  0.965 450  0.000
Shoulder Circ. 0.081 450  0.000 0971 450  0.000
Chest Circ. 0.106 450  0.000 0.954 450  0.000
Chest Fall 0.146 450  0.000 0.965 450  0.000
Back Width 0.102 450  0.000 0971 450  0.000
Waist Circ. 0.119 450  0.000 0.934 450  0.000
Back Length 0.102 450  0.000 0.972 450  0.000
Front Length 0.081 450  0.000 0982 450  0.000
Side Height 0.130 450  0.000 0.959 450  0.000
Arm Length-1 0.105 450  0.000 098 450  0.000
Arm Length-2 0.078 450  0.000 0987 450  0.001
Inner Arm Length 0,089 450  0.000 0974 450  0.000
Biceps Circ. 0.096 450  0.000 0973 450  0.000
Belly Circ. 0.059 450  0.001  0.975 450  0.000
Hip Circ. 0.083 450  0.000 0.968 450  0.000

Outer Leg Height 0050 450 0.008 0994 450  0.075
Inner Leg Height 0106 450  0.000 0984 450  0.000
Thigh Circ. 0.068 450 0000 0981 450  0.000
a. Lilliefors Significance Correction

An overall evaluation of BM data studied in this research is realized in the light of the information obtained
about normal distribution. The assumptions of normality in Section 3.2.1. indicate that each of the BM data displays
normal distribution, on the other hand, boxplots in Section 3.2.2., and Kolmogorov-Smirnov and Shapiro-Wilk tests
in Section 3.2.3. indicate the opposite. The results of the Kolmogorov-Smirnov and Shapiro-Wilk tests cannot be
considered alone for normal distribution. Consequently boxplots show the behavior of BM data visually related to
these tests. The sample size is large with 450 values for each BM. Finally, it is considered that BM data display
normal distribution according to the assumptions of normality is proven.

3.3. Statistical Selection of Effective Body Measurements with Correlation Analyses

Correlation coefficients are calculated between each BM studied in this research. In this calculation of
correlation coefficients, the Pearson method is conducted because it was proved that BM values display normal
distribution in the previous section.

The correlation coefficients between each BM are a total of 231 pairs, 225 of them have positive correlation
coefficients ranging between 0.835 and 0.000 , meaning that if one incresases the other increases also, 6 of them
have negative correlation coefficients ranging between -0.008 and -0.090 , meaning that if one increases the other
further decreases (Table 6). These correlation coefficients are in accordance with the correlation coefficient studies
found in literature like chest circumference measurement — height pair, thigh circumference —hip circumference etc.,
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but also differences were noticed like back length — waist circumference, belly circumference — chest circumference,
etc. [6-9].

Table 6. Pearson correlation coefficients and significance values for each body measurement

Correlations
£ ; .| 7 33
> & 2 A AP E A 3 23
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G o 2 2 2 2 2 K] 3 - g 2 = o 2 g -
2|z |z |a|8|4|6|6|4|2|4]|&E|F|2|2|8|a|&[F|8]2[2E
|Pearson Comrelation | 1
Height
Sig. (2-tailed)
|Pearson Comrelation [0.30¢”| 1
Weight
Sig. (2-tailed) 0.000)
— Joe — i L 1 | I —
Pearson Correlation [0.2217|0.6117| 1 |
Neck Cire. :
|Sig. (2-tailed) 0.000] 0.000
|Pearson Correlation | 0,004°|0.265™[0,302"| 1.000]
Back Neck Girth —————— — + — ———— — T
Sig. (2-tailed) 0,046/ 0.000( 0,000}
|Pearson Comrelation 0.164[0.206 0.070| 0.,021] 1.000
Shoulder Width
|Sig. (2-tailed) 0.000] 0.000| 0.140] 0.651 |
Pearson Correlation [0.269"0.683"[0,538"[0,152™|0.264™| 1.000 |
Shoulder Cire
|Sig. (2-tailed) 0,000{ 0,000/ 0,000, 0.001| 0,000
{ 1 ! 4 +
Pearson Correlation |0,189™"|0.785™(0.591"|0.228| 0.125™ 0,673 1.000
Chest Cire. — = e =i " { ! 4 { 1 .

Sig. (2-tailed) 0.000{ 0.000| 0.000| 0.000| 0.008| 0.000

|Pearson Correlation 0.193"|0.454”(0.315™| 0.081/0,152"|0.399™|0.496™| 1,000]

(Chest Fall
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Back Length
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|Pearson Correlation |0.250™|0.320™|0.202™| -0.068{0.365™|0.331'|0.323"|0.494"0.268™|0.175™| 0.380"| 1.000
FromtLength | + T T
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[Pearson Correlation [0,578"|0,363"0.229"0,12™| 0.072{0.273"|0,201""|0,172"|0.286™|0.244"|0.169™| 0.091| 0.020|0,824™ lnoo
AmLength2 I - + + T 1 - +
Sig. (2-tailed) 0.000{ 0.,000| 0,000/ 0,008 0.125| 0,000 0,000/ 0.000| 0,000/ 0,000/ 0,000 0,083 X

Pearson Correlation [0.6230.2517| 0.09s"| 0.068]0.263"[0.170™] 0.064| 0.078]0.152"| 0.014]0.242™0.226[0.2: 73"|0.661| 1.000

Inner A Length ——— t
Sig. (2-tailed) 0,000, 0,000( 0043 0.151| 0,000 0.000| 0.173| 0,099 0,001| 0.773] 0,000 0.000| 0,000/ 0.000{ 0,000

§ |Pearson Correlation | 0.042{0,680™|0.548™[0.204™|0,1617|0.587™ (0,692 | 0.449™|0.425™|0.724™ | 0.198| 0.265™| 0.039(0.237™|0.178"| -0.033| 1.000
Pleaps Cis |Sig. (2-tailed) 0378 0,000/ 0.000| 0.000{ 0.001| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.000| 0.405| 0.000| 0.000| 0.488
Bety Cie [Pesron Comelaion |0.195"0.759"l0.531"] 163" o.164”o.s49" 0710" 0493”0 ss"Jo63" 0254 o1e™| 0068lo331"losus o2 "loss2”] 1ol | |
Sig. (2-tailed) 0.000] 0,000 0.000| 0,001| 0.000| 0.000] 0.000| 0.000| 0.000| 0.000| 0.000] 0.000| 0.151| 0.000| 0.000 0.000| 0.000
_ Pearson Correlation |0.210™[0.835™[0.608™|0.245™|0.2110.661")0.725™0.433" | 0.516 | 0.765™"| 0.197"| 0.258™| 0.047 uvua"’u.:ss"'u.us" 0.7217}0.728”| 1.000
ki [sig. cwied) | 0.000] 0.000] 0.000] 0.000 0.000] 0.000| 0.000] 0.000| 0.000] 0.000] 0.000] 0.000| 0.316] 0.000] 0.000 0.006] 0.000 0.000]

|Pearson Correlation |0,665™|0.3017(0,150™| 0.066/0.222"| 0,119"|0,1560.207"| 0.118"| 0.100|0.276™|0.339"[0.383"|0.352"| 0.255™| 0,419 | 0.026/0,189"|0,151™| 1.000)

Outer Leg Height | .
Sig. (2-tailed) 0,000{ 0,000| 0,001| 0,160 0,000, 0.011| 0,001| 0,000| 0,012| 0,034 0,000, 0,000 0,000/ 0.000{ 0,000/ 0,000/ 0.589| 0,000/ 0.001
§ 1 4 + + 4 1 |

Pearson Correlation [0.719™"[0.267™| 0.074| 0.0000.215™]0.168™0.125™|0.169™[0.128™| 0.082{0,198"[0.241(0.253™ 0,519 0.487™|0.659™| 0.028/0.205"|0.135™[0.642"| 1.000]
0.000 0.000| 0.000] 0.000| 0.000| 0.000| 0.561 0.000| 0.004| 0,000

Inner Leg Height |
Sig. (2-tailed) 0,000{ 0.000( 0116/ 0997 0,000, 0.000| 0.008| 0.000| 0.007|

|Pearson Correlation | 0.082{0,724™|0,518™|0,182"|0.128™|0.530"'| 0,657 |0.389™ |0.415™[0.662| .115"|0.217"| 0.063|0,148™| 0,110| -0.020{0,703"|0.629"|0.778""|0,180"| 0.060| 1.000

Thigh Circ.
Sig. (2-tailed) 0.083| 0,000/ 0.000| 0,000{ 0.006| 0.000| 0.000| 0.000( 0.000| 0.000| 0015 0.000| 0.184| 0.002| 0.020| U.b'.‘! 0.000| 0.000| 0.000| 0.000| 0.20%

+*_ Correlation is significant at the 0.01 level (2-tailed).
*. Corrclation is significant at the 0.05 level (2-tailed).

The 231 correlation coefficients of BMs are listed in pairs from high to low to determine which BM affected
the other BM the most and up to which degree.. BM pairs having correlation coefficients r greater than +0.5 (r>
+0.5) and p <0.05 are selected because it is evaluated that they demonstrate a strong relationship between the
BM pairs and are the effective BM on a special BM. It is what is meant by statistical selection purpose in this
research. 53 of them, which suffice r>+ 0.5 and p <0.05 are listed which were selected among the 231. These
selected BMs benefited from the rest of this research to determine a special BM by other BMs one by one.

Following the objective of this research, the statistical selection of effective BMs, WCM is given as an
example. WCM pairs having correlation coefficients r > 0.5 strong relationships are selected. There are nine BM
pairs which are Waist Cir.-Weight, Waist Cir.-Chest Circ., Waist Cir.-Hip Circ., Waist Circ.-Belly Circ., Waist Cir.-
Biceps Circ., Waist Cir.-Thigh Circ., Waist Cir.-Shoulder Circ., Waist Cir.-Neck Circ., and Waist Cir.-Back Width.
Their list is given in Table 7. Also, the bar chart of r values is given in Figure 11. Furthermore, these WCM pairs
will benefit in the rest of this research.



MAUN Mihendislik-Mimarlik Fakiltesi Dergisi,4(2),50-67,2023/ MAUN Journal of the Faculty of Engineering and Architecture, 4(2),50-67,2023

Arastirma Makalesi/Research Article

Table 7. List of nine waist circumference measurement pairs

Number Body Measurements Pearson Correlation (r) Sig.
1 Waist Circ., Weight 0.774 0.000
2 Waist Circ., Chest Circ. 0.769 0.000
3 Waist Circ., Hip Circ. 0.765 0.000
4 Waist Circ., Belly Circ. 0.763 0.000
5 Waist Circ., Biceps Circ. 0.724 0.000
6 Waist Circ., Thigh Circ. 0.662 0.000
7 Waist Circ., Shoulder Circ. 0.641 0.000
8 Waist Circ., Neck Circ. 0.632 0.000
9 Waist Circ., Back Width 0.570 0.000

0.900 0,774 0,769 0,765 0,763 73
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Figure 11. Bar chart of r values of waist circumference measurement pairs

3.4. Regression Analysis

In the current research, one BM is determined by the rest of the BMs but by applying different points of view to
MMRASs and the statistically selected effective BMs, which are also used for the approach of shorter, more precise,
and time and cost saving. Each BM is studied one by one, and every time one BM is considered as the dependent
variable. The rest of the BMs as the independent variables in an MMRA equation, conducted in the first enter
method and then stepwise method. The same is repeated with the statistically selected effective BMs where each
BM is considered as a dependent variable. The statistically selected effective BMs as the independent variables in an
MMRA equation enter method, stepwise method is not needed because the effective BMs are already selected
(Table 7 and Figure 11). In each study, the results r*’s, Adj.r”’s and regression coefficients to construct an MMRA
equation are noted, and the equations are written. The same work is done for each BM one by one, but as an
example, only the MMRA study conducted for the WCM is given below:

Experimenting waist circumference with all the rest of the body measurements enter method

WCM first experiments with all the rest of BMs” enter method. In this case the WCM is the dependent variable
in the regression analysis and all the rest of BMs which are the Weight, Height, Chest Circ., Hip Circ., Front Length,
Biceps Circ., Inner Leg Length, Outer Leg Length, Back Width, Shoulder Width, Belly Circ., Arm Lengthl, Arm
Length2, Inner Arm Length, Neck Circ., Shoulder Circ., Back Length, Back Neck Girth, Chest Fall, Side Height,
and Thigh Circ. are the independent variables, the aim is always to obtain the highest r, consequently the Adj.r?.

The results are given in Table 8 where it is seen in the Model Summary that the obtained r? is 0.796 and Adj.r?
is 0.786, which seems to be quite high, nearly 0,8, in ANOVA Table that p < 0.05, which indicates that regression
analysis is worth to conduct. In the Regression Coefficient list, it is each BM’s effect. Equation 1 is the MMRA
equation enter method of WCM with all the rest of the BMs.
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Table 8. Model summary, ANOVA table, and regression coefficients enter method of all body measurements to
determine waist circumference

Model Summary®

Std. Error of the
Model R R Square Adjusted R Square Estimate
1 0.892° 0.796 0.786 2.802
a. Predictors: (Constant), Thigh Circ., Inner Arm Length, Back Neck Girth, Side Height, Chest Fall,
Back Length, Shoulder Width, Back Width, Outer Leg Height, Neck Circ.,
Arm Length2, Belly Circ., Shoulder Circ., Inner Leg Height, Biceps Circ., Front Length,
Chest Circ., Height, Hip Circ., Arm Lengthl, Weight

b. Dependent Variable: Waist Circumference

ANOVA? Table

Model Sum of Squares df Mean Square F Sig.
Regression 13118.159 21 624.674 79.581 0.000°
Residual 3359.608 428 7.850

1 Total 16477.767 449

a. Dependent Variable: Waist Circumference

b. Predictors: (Constant), Thigh Circ., Inner Arm Length, Back Neck Girth, Side Height, Chest Fall,
Back Length, Shoulder Width, Back Width, Outer Leg Height, Neck Circ.,
Arm Length2, Belly Circ., Shoulder Circ., Inner Leg Height, Biceps Circ.,
Front Length, Chest Circ., Height, Hip Circ., ArmLengthl, Weight

Regression Coefficients?

95.0%

Unstandardized Standardized Confidence
Coefficients Coefficients t Sig. Interval for B
Lower Upper
Model B Std. Error Beta Bound Bound
1 (Constant) 14.152 6.541 2.164 0.031 1295 27.009
Height -0.070 0.049 -0.060 -1.422 0.156 -0.166 0.027
Weight 0.153 0.045 0.188 3.428 0.001 0.065 0.240
Neck Circ. 0.462 0.107 0.132 4.298 0.000 0.251 0.673
Back Neck Girth -0.188 0.110 -0.041 -1.712 0.088 -0.404 0.028
Shoulder Width 0.128 0.127 0.027 1.013 0312 -0.121 0.378
Shoulder Circ. -0.011 0.040 -0.011 -0.286 0.775 -0.089 0.066
Chest Circ. 0.159 0.043 0.156 3.728 0.000 0.075 0.242
Chest Fall 0.143 0.099 0.044 1.448 0.148 -0.051 0.338
Back Width 0.270 0.067 0.121 4.030 0.000 0.138 0.402
Back Length -0.103 0.066 -0.040 -1.568 0.118 -0.232 0.026
Front Length -0.169 0.079 -0.080 -2.154 0.032 -0.324 -0.015
Side Height -0.166 0.070 -0.080 -2.385 0.018 -0.303 -0.029
Arm Length-1 -0.102 0.084 -0.057 -1.216 0.225 -0.266 0.063
Arm Length-2 0.232 0.085 0.123 2.723 0.007 0.065 0.400
Inner Arm Length -0.231 0.092 -0.095 -2.506 0.013 -0.413 -0.050
Biceps Circ. 0.376 0.089 0.162 4.242 0.000 0.202 0.550
Belly Circ. 0.241 0.034 0.277 7.141 0.000 0.175 0.307
Hip Circ. 0.114 0.048 0.115 2.377 0.018 0.020 0.208
Outer Leg Height 0.085 0.034 0.089 2.507 0.013 0.018 0.151
Inner Leg Height -0.098 0.060 -0.062 -1.631 0.104 -0.217 0.020
Thigh Circ. -0.094 0.056 -0.068 -1.670 0.096 -0.204 0.017

a. Dependent Variable: Waist Circumference

Regression equation of WCM obtained with all the rest of BMs enter method:

Waist Circ. = 14.152 — 0.070 Height + 0.153 Weight + 0.462 NeckCirc. — 0.188 Back Neck Girth
+0.128 Shoulder Width — 0.011 Shoulder Circ. + 0.159 Chest Circ. + 0.143 ChestFall
+0.270 Back Width — 0.103 Back Length — 0.169 Front Length —0.166 Side Height — 0.102 Arm Lengthl
+0.232 Arm Length2 — 0.231 Inner Arm Length + 0.376 Biceps Circ. + 0.241 Belly Circ.
+ 0.114 Hip Circ. + 0.085 Outer Leg Height — 0.098 Inner Leg Height - 0.094 Thigh Circ. (1)

Experimenting waist circumference with all the rest of body measurements using the stepwise method
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WCM is conducted with all the rest of BMs’ stepwise methods secondly. In this case, the dependent and the
independent variables are the same as the enter method, but the method changes to stepwise here, aiming to obtain
the highest r?, consequently the Adj.r?.

The model summary, ANOVA table, and regression coefficients stepwise method of all BMs to determine
waist circumference tables are obtained but not presented here. In Model Summary, the best obtained values are in
the tenth step of the model and are r* = 0.786 and Adj.r’ = 0.782, which seem to be near to 0.8. Still, the adjusted
regression coefficient is slightly less in the stepwise method than in the enter method, which is 0.782 and 0.786,
respectively. In ANOVA, p < 0.05 is in every step, which indicates that regression analysis is worth conducting. In
the regression coefficient list, it is each BM’s effect. Equation 2 is the MMRA equation stepwise method of WCM
with all the rest of the BMs.

Regression equation of WCM obtained with all the rest of the BMs stepwise method:

Waist Circ. = 2.958 + 0.127 Weight + 0.325 Biceps Circ. + 0.240 Belly Circ. — 0.253 Side Height + 0.152 Chest Circ.
+ 0.418 Neck Circ. + 0.230 Back Width — 0.337 Inner Arm Length + 0.136 Arm Length-2
+0.101 Hip Circ. )

Experimenting waist circumference with the statistically selected effective body measurements enter method

WCM is experimented with the selected BMs enter method finally. In this case, Weight, Chest Circ., Hip
Circ., Belly Circ., Biceps Circ., Thigh Circ., Shoulder Circ., Neck Circ., and Back Width are the independent
variables, which are statistically selected in correlation coefficients analysis, the aim being to obtain the highest r?,
consequently the Adj.r?.

The model summary, ANOVA table, and regression coefficients stepwise method of statistically selected
effective BMs to determine waist circumference tables are obtained but not presented here. In Model Summary, the
obtained r?is 0.756 and Adj.r’ is 0.751, which seems to be quite high, nearly 0.8, but the adjusted regression
coefficient is less in the statistical selection method than the stepwise method, which is 0.751 and 0.782 ,
respectively. In ANOVA, p < 0.05 indicates that regression analysis is worth conducting. In the regression
coefficient list, it is each BM’s effect. Equation 3 is the MMRA equation enter method of WCM with the
statistically selected effective BMs.

Regression equation of WCM obtained with our selected BMs enter method:

Waist Circ. = -9.205 + 0.074 Weight + 0.189 Chest Circ. + 0.139 Hip Circ. + 0.226 Belly Circ. + 0.430 Biceps Circ.
- 0.020 Thigh Circ. — 0.047 Shoulder Circ. + 0.412 Neck Circ. + 0.258 Back Width 3)

3.5. Comparisons

MMRSs are conducted with three different points of view for each BM one by one, but only the waist
circumfernce measurement is given as an example. In this case, WCM is the dependent variable, and 1) all BMs
enter method, 2) all the BMs stepwise method, and 3) statistically selected BMs are the independent variables in
each case. It was thought at the beginning of this research that statistical selection would be shorter, more precise,
and save time and cost, or at least be comparable with the stepwise method, for both are making a selection. The
enter method is to get a general idea.

The resultant Adj.r* is 0.786 in the enter method, (1) above paragraph; the resultant Adj.r* is 0.782 stepwise
method, (2) above paragraph; and the resultant Adj.r* is 0.751 in the statistical selection method, (3) above
paragraph. As seen from these results of the stepwise method, the analysis ends its work with 10 BMs which are
Weight, Biceps Circ., Belly Circ., Side Height, Chest Circ., Neck Circ., Back Width, Inner Arm Length, Arm
Length-2, and Hip Circ. .However, in Section 3.3., the statistically selected effective BMs are nine which are
Weight, Chest Circ., Hip Circ., Belly Circ., Biceps Circ., Thigh Circ., Shoulder Circ., Neck Circ., and Back
Width. The similar body measurements in both methods are Weight, Chest Circ., Hip Circ., Belly Circ., Biceps
Circ., Neck Circ., and Back Width, whereas stepwise method extra includes Side Height, Inner Arm Length, and
Arm Length-2; and the statistical selection method differently includes Thigh Circ. and Shoulder Circ. It can be
pointed out that the difference in the extra BMs may be why the stepwise method and the statistical selection
method give different results. It is also worth noting that at the beginning of this research, it was thought that it
would finalize just the opposite; this was an unexpected result because it was thought that the selection of effective
BMs according to their high correlation coefficients would be a shorter, more precise, and time and cost saved, but
not. The highest adjusted regression coefficient is achieved in the enter method, and which is similar to the stepwise
method.
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The same procedure is repeated for all the BMs and the results of the three different points of view are
presented in Table 9. As seen from the table, the enter method mostly results from the highest adjusted regression
coefficients, but the statistical selection method could not calculate the results for four measurements which are
Back Length, Back Neck Grith, Shoulder Width, and Chest Fall. This is because none of the BM pairs satisfy the r
> 0.5 condition in the correlation coefficient analysis in Section 3.3. In Figure 12, the three different points of view
are drawn.

Table 9. Adjusted regression coefficients of three different points of view for each body measurement

Enter Adj.R’ Stepwise Adj.R?>  Selected Adj.Rs> *

Chest Circ. 0.724 0.725 0.711
Waist Circ. 0.786 0.782 0.751
Neck Circ. 0.493 0.486 0.451
Outer Leg Height 0.608 0.596 0.496
Belly Circ. 0.703 0.703 0.669
Inner Arm Length 0.654 0.642 0.604
Hip Circ. 0.790 0.791 0.786
Arm Length-1 0.776 0.771 0.716
Arm Length-2 0.758 0.756 0.700
Shoulder Circ. 0.632 0.623 0.599
Front Length 0.643 0.634 0.388
Biceps Circ. 0.672 0.660 0.636
Back Width 0.470 0.477 0.337
Height 0.720 0.717 0.672
Weight 0.838 0.838 0.790
Thigh Circ. 0.698 0.699 0.655
Side Height 0.565 0.561 0.388
Inner Leg Height 0.651 0.645 0.634
Back Length 0.243 0.221 okl

Back Neck Girth 0.150 0.122 **

Shoulder Width 0.288 0.289 *x

Chest Fall 0.471 0.464 **

* These are the R? values found when the ones with high correlations are selected among
the correlation coefficients and worked with the Enter method.

** These measurements have not been studied because they do not meet the r>0.5
condition.

Figure 12. Drawing of adjusted regression coefficients of three different points of view for each body measurement
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3.6. Validation

As mentioned at the beginning of this manuscript, there are 500 volunteers and 50 were separated for
validation. The whole research was conducted with 450 volunteer BMs. Since the results of the statistical selection
idea were not satisfying and couldn’t reach meaningful results, no work was done for validation.

4. CONCLUSIONS

In this research, the normality assumptions of BMs are first conducted, and then a statistical selection of
effective BMs to define other BMs is proposed. It was noticed in the literature that papers applying statistical
methods to BMs did not mostly first check the normality of BM data and definition choices were random. Still, they
were thought to have to be statistically selected for shorter, more precise, time-saving and cost-saving work. This
research is done for these two purposes.

Normal distribution of BM data is proven by the five criteria of assumptions of normality which are mean,
median and mode values should be equal or close to each other; histograms should look like a normal distribution
curve; skewness and kurtosis coefficients should be between -1/ +1 ; normal Q-Q plot should include points above
or below but close to a 45° diagonal line; and CV% should be less than 25%. For data to be normally distributed, it
has to meet three out of five of these criteria, since the BMs of 450 volunteers met at least three or more of these
criteria, it is proven that the BMs display normal distribution. Besides, boxplots and Kolmogorov-Smirnov and
Shapiro-Wilk tests, which are tests not applied for normality analysis alone, were also conducted. The results did not
match the assumptions of normality analysis. This research progressed by working with each BM one by one, but as
an example, only the WCM is presented in this manuscript.

Correlation coefficients of each BM with the other BM are obtained and the 53 out of 231 conforming r>0.05
condition are listed from high to low. Statistical selection is managed to specify the highly correlated pairs for each
BM with the other BM to prevent random work. Multivariate multiple regression analyses are conducted for each
BM with three different points of view: one BM is the dependent variable and all the other independent variables
enter method, the same stepwise method, and one BM is the dependent variable and the statistically selected
effective BMs independent variables enter method. Stepwise is not conducted because the proposed statistical
selection already selects the variables. The Adj.r*’s of the three different points of view are compared, and the enter
and stepwise methods contained high and similar results, respectively. Still, the proposed statistical selection method
gave the least results and could not even be calculated for some BMs. It is assumed that this much difference in the
results is because of the different variables chosen in the stepwise method but not the same in the statistical selection
method. These analyses are done with each BM one by one, but as an example, only the WCM is presented in this
manuscript. The resultant Adj.r? of WCM is 0.786 in the enter method, 0.782 in the stepwise method, 0.751 in
the proposed statistical selection method, where it is seen that it is the least among the three different points of view.
The proposed statistical selection method is not proven right; consequently, there was no need to validate the 50
volunteers’ BM, which were separated for validation at the beginning of this research.

For future work, the proposed statistical selection method will be deeply analyzed and improved to receive
shorter, more precise results and save time and cost. For further research, an arrangement must be developed for the
outliers and extreme values clearly seen in boxplots. Advanced mathematical sciences like artificial neural networks,
machine learning, and compound statistical methods will be implemented for body measurements.
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YAZIM KURALLLARI

Dergimizde yaymlanmak iizere gonderilen makaleler, dergi makale yazim formatina gore hazirlanmalidir. Yazin
kurallarina ait genel bilgiler asagida &zetlenmistir.

Genel

Hakem degerlendirmesi sonrasi yayina kabul edilen ¢alismalar, yazarlar tarafindan baski formatina uygun sekilde
tekrar diizenlendikten sonra sisteme yiiklenmelidir. Editorlerimizin formatla ilgili uygulama islemleri disinda
herhangi bir dizgi islemi yapilmayacaktir. Caligmalar Office 2013 veya daha {ist versiyon bir kelime islem
uygulamasi ile yazilmalidir.

Sayfa Yapi ve Diizeni

A4 boyutunda hazirlanacak ¢aligmalarda, tim kenarlardan 2.5 cm bosluk birakilmalidir. Ustbilgi, tek ve ¢ift
sayfalarda farkli olarak isaretlenmelidir. Ustbilgi, 8 punto biiyiikliigiinde ve Times New Roman fontu ile
yazilmaldir. Sayfa, tek siitun olarak diizenlenmelidir.

Makale Ana Bashgi

Tiirkge: Makale bagligi Times New Roman fontuyla 12 punto, sadece bas harfleri biiylik olacak sekilde, her iki yana
ortalt ve koyu font ile yazilmali, ayrica Tiirkge basliktan 6nce ve sonra 1 satir bosluk birakilmalidir.

Ingilizce: Sadece bas harfleri biiyiik, ortal1 ve koyu olarak Times New Roman fontu ile 10 punto olarak yazilmalidir.
Ingilizce basliktan sonra 1 satir bosluk birakilmalidir.

Yazar Adlan

Yazar adlar1 Times New Roman fontu ile ortali, koyu ve 10 punto olarak yazilmalidir. Yazar adlart ile adres
arasinda bosluk olmamalidir. Yazar adlarina ait adres referanslari islii ifade 5 font bilyiikliigiinde belirtilmelidir.

Adresler

Adresler Times New Roman fontu ile ortali ve 9 punto olarak yazilmali. Sadece sorumlu yazarin e-posta adresi,
adres satirlarinin alt kismina yine ayni font ve punto ile yazilmalidir. Adresin hemen alt satirinda bosluk birakmadan
9 punto ile e-posta adresi yazilmalidir.

Ozet

Tiirkce: Ozet, koyu Times New Roman fontunda 9 punto ile yazilmali, bas harfi biiyiik ve ilk satirin basina
yazilmalidir. Ozet tek paragraf ve en az 50 olmak iizere 150 kelimeyi gegmeyecek sekilde yazilmalidir.

Ingilizce: Abstract, Tiirkce 6zette oldugu gibi koyu Times New Roman fontu ile 9 punto biiyiikliigiinde, bas harfi
biiytik, tek paragraf en az 50 olmak {izere 150 kelimeyi gegmeyecek sekilde yazilmalidir.

Anahtar Kelimeler

Tiirkge: Ozet metinin altia 1 satir bosluk birakildiktan sonra, harfleri biiyiik ve koyu Times New Roman formatinda
9 punto ile yazilacak anahtar kelimeler, en az 3 en fazla 6 adet olmalidir. Anahtar kelimelerden sonra 2 satir bogluk
olmalidir.

Ingilizce: Abstract metinin altma 1 satir bosluk birakildiktan sonra, harfleri biiyiik ve koyu Times New Roman
formatinda 9 punto ile yazilacak anahtar kelimeler, en az 3 en fazla 6 adet olmalidir. Anahtar kelimelerden sonra 2
satir bosluk olmalidir.



Makale Bashklar:

Bagliklar numaralandirilmali, biitiin bagliklar Times New Roman fontunda 10 punto biiyiikliigiinde olmakla birlikte;

e Birinci derece bagliklarda tiim kelimelerin tiim harfleri biiyiik koyu,
e Ikinci derece alt basliklarda tiim kelimelerin ilk harfi biiyiik,
e Ugiincii derece bagliklarda sadece ilk kelimenin bas harfi biiyiik olacak sekilde yazilmalidir.

Basliklardan 6nce ve sonra bir satir bosluk birakilmali. Basliklar sola dayali olmalidir.
Makalelerin basliklar1 sirayla su icerikleri ifade edebilecek sekilde olmalidir;

Giris

Materyal ve Metod
Deneysel Kisim
Gereg ve Yontemler
Tartisma

Sonug

Metin Hakkinda

Metin, Keywords’den sonra 1 satir bosluk (10 punto) birakilarak tek satir aralikli 10 punto ile yazilmalidir. Paragraf
girintisi 0,7 cm olmali ve paragraflardan 6nce ve sonra 6nk bosluk birakilmalidir. Metin iki yana yash sekilde
yazilmalidir.

Tablo, Sekil ve Denklemler

Tablo ve sekiller, kullanildiklar1 siraya gére numaralandiriimalidir. Tablolarin bagliklar: {ist-orta hizada, sekillerin
bagliklari ise alt-orta hizada olmalidir. Her tablo ve sekil mutlaka sirasi bozulmadan Tablo 1., Sekil 1. gibi yazilmali,
koyu Times New Roman 10 punto olmalidir. Tablo ve gekillere ait agiklamalarda sadece ilk harf biiyiik, Times New
Roman 10 punto olmali ve koyu font ile yazilmamalidir. Formiiller ve denklemler Math Type ya da Word Denklem
Diizenleyici kullanilarak yazilmalidir.

Kaynak Belirtme

Makalemizde kaynak gosterimi kdseli parantez igerisinde numara vererek yapilmali “[1]”, kaynaklar orijinal dilinde
verilmelidir. Kaynaklarin yazildig1 kisim Times New Roman 9 punto olmalidir. Ornek kaynakea igerigi asagidaki
gibidir:

1. ChenY.R., Chao K., Kim M. S. Machine vision technology for agricultural applications, Computers and
Electronics in Agriculture, 36 173-191, 2002.

2. Kumar A. Computer vision based fabric defect detection: a survey, IEEE Transactions on Industrial
Electronics, 55 348-363, 2008.

3. Yetis H., Baygin M., Karakdse M. A New Micro Genetic Algorithm Based Image Stitching Approach for
Camera Arrays at Production Lines, The 5th International Conference on Manufacturing Engineering and
Process (ICMEP 2016), 25-27 May, 2016.
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Instruction for Authors

The articles submitted for publication in our journal should be prepared in accordance with the journal article
writing format. General information about the rules of the literature is summarized below.

General

Studies accepted for publication after peer-review should be uploaded to the system after they are rearranged by the
authors in accordance with the print format. No typesetting will be done except for the format-related application
procedures of our editors. Studies must be written with an Office 2013 or higher word processing application.

Page Structure and Layout

For works to be prepared in A4 size, 2.5 cm margins should be left on all sides. The header should be marked
differently on odd and even pages. The header should be written in 8-point Times New Roman font. The page
should be arranged as a single column.

Article Main Title

Turkish: The title of the article should be written in Times New Roman font, 12 points, only the initials should be
capitalized, centered on both sides and in dark font, and 1 line space should be left before and after the Turkish title.

English: Only the initials should be capitalized, centered and bold, with Times New Roman font and 10 points. One
line space should be left after the English title.

Author Names

Author names should be written in Times New Roman font, centered, bold and 10 point. There should be no spaces
between the names of the authors and the address. Address references of author names should be specified in
exponential 5 font size.

Addresses

Addresses should be written in Times New Roman font, centered and 9 points. Only the e-mail address of the
responsible author should be written at the bottom of the address lines in the same font and size. The e-mail address
should be written in 9 points, without leaving any spaces, just below the address.

Summary

Turkish: The abstract should be written in bold Times New Roman font, 9 points, the initials should be capitalized
and written at the beginning of the first line. The abstract should be written in a single paragraph and not exceeding
150 words, at least 50.

English: The abstract should be written in bold Times New Roman font, as in the Turkish abstract, in 9 font size,
with capital letters, and not exceeding 150 words, with a single paragraph of at least 50.

Keywords

Turkish: Key words to be written in 9 font size, capitalized and bold Times New Roman format, after leaving 1 line
of space under the abstract text, must be at least 3 and at most 6 words. There should be 2 lines of space after the
keywords.



English: Key words to be written in 9 font size, capitalized and bold Times New Roman, after leaving 1 line space
under the abstract text, must be at least 3 and at most 6 words. There should be 2 lines of space after the keywords.

Avrticle Titles
Headings should be numbered, all headings should be in Times New Roman font and 10 points;

o In first-degree titles, all letters of all words are capitalized,
¢ In secondary sub-headings, the first letter of all words is capitalized,
o Inthird degree titles, only the first letter of the first word should be capitalized.

One line space should be left before and after the headings. Headings should be left aligned.
The titles of the articles should be able to express the following contents in order;

e Introduction

e Material and Method

e  Experimental Part

e Materials and Methods Discussion
e Conclusion

About the Text

The text should be written in 10 font size with single line spacing, leaving 1 line space (10 points) after the
Keywords. Paragraph indent should be 0.7 cm and 6 pt spacing should be left before and after paragraphs. The text
should be written in justified form.

Table, Figure and Equations

Tables and figures should be numbered in the order in which they are used. The titles of the tables should be in the
upper-middle position, and the titles of the figures must be in the lower-middle position. Each table and figure must
be written as Table 1, Figure 1 without breaking the order, and must be in 10 pt Times New Roman bold. In the
explanations of tables and figures, only the first letter should be capitalized, Times New Roman 10 points and
should not be written in bold font. Formulas and equations should be written using Math Type or Word Equation
Editor.

References

References in our article should be cited in square brackets by numbering “[1]”, references should be given in their
original language. References should be written in Times New Roman 9 points. Sample bibliography content is as
follows:

1. ChenY. R, Chao K., Kim M. S. Machine vision technology for agricultural applications, Computers and
Electronics in Agriculture, 36 173-191, 2002.

2. Kumar A. Computer vision based fabric defect detection: a survey, IEEE Transactions on Industrial
Electronics, 55 348-363, 2008.

3. Yetis H., Baygin M., Karakose M. A New Micro Genetic Algorithm Based Image Stitching Approach for
Camera Arrays at Production Lines, The 5th International Conference on Manufacturing Engineering and
Process (ICMEP 2016), 25-27 May, 2016.



Mus Alparslan Universitesi Miihendislik-Mimarhk Fakiiltesi Dergisi
Mus Alparslan University Journal of the Faculty of Engineering and Architecture

Degerlendirme Siireci

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisi’ne gonderilen yazilar, 6ncelikle Yayimn
Kurulunca dergi ilkelerine uygunluk acisindan 6n degerlendirmeye tabi tutulur. Dergi kapsamina girmeyen veya
bilimsel bir yazi1 formatina icerik ve sekil agisindan uymayan yazilar, hakemlik siireci baglatilmadan geri gevrilir
veya bazi degisiklikler istenebilir. Yayin i¢in teslim edilen makalelerin degerlendirilmesinde akademik tarafsizlik ve
bilimsel kalite en 6nemli sartlardir.

Mus Alparslan Universitesi Mithendislik-Mimarlik Fakiiltesi Dergisi’ne yaym kurallarina uygun olarak génderilen
makaleler, daha sonraki asamada intihal denetiminden gegirilir. Mus Alparslan Universitesi Miihendislik-Mimarlik
Fakiiltesi Dergisi’nde intihal denetimi, Ithenticate paket program araciligiyla gerceklestirilmekte ve intihal
denetiminde, benzerlik oraninin %20’nin iistiine ¢ikmamasi gerekmektedir. ilgili calismada herhangi bir intihale
rastlanmadig takdirde degerlendirilmek {izere o alandaki ¢aligmalariyla taninmis iki hakeme gonderilir. MSUFBD
Dergisi, siirecin her asamasinda, hakem ve yazarlarin isimlerinin sakli tutuldugu cift-kér hakemlik sistemini
kullanmaktadir. Hakem raporlar bes yil siireyle saklanmir. Makaleyi degerlendiren iki hakemden birisinin olumlu
digerinin olumsuz rapor vermesi durumunda makale iigiincii hakeme gonderilmekte veya Yaym Kurulu, hakem
raporlarini inceleyerek nihai karar1 vermektedir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisi’ne gonderilen calismalarda yazarlar, hakem ve
Yayin Kurulunun elestiri ve onerilerini dikkate alirlar. Katilmadiklar1 hususlar varsa gerekceleriyle birlikte itiraz
etme hakkina sahiptirler. Dergideki hakemlik siirecinde, akademik unvana sahip kisilerin yayinlari i¢in ancak esit ya
da st derecede akademik unvana sahip kisiler hakem olabilir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisi’ne hakem degerlendirme siireci, istenilmeyen
nedenlerden dolay1 bazen uzun siirebilmektedir. Normal kosullarda editor tarafindan 6n degerlendirme asamasi 20
giin; hakem degerlendirme siireci de 60 giin olarak planlanmaktadir. Ancak hakemlerden zamaninda doniis
olmamasi nedeniyle yeniden hakem atama vb. nedenlerden dolay1 hakem degerlendirme siireci uzayabilmektedir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisi’ne makale génderen yazar/yazarlar, Derginin
$6z konusu hakem degerlendirme kosullarini ve siirecini kabul etmis sayilirlar.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisi’ne yayimlanmasina karar verilen (kabul edilen)
calismalarm telif hakki, Mus Alparslan Universitesi’ne
devredilmis sayilir.
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Peer Review Process

Articles submitted to the Mus Alparslan University Journal of the Faculty of Engineering and Architecture are first
evaluated by the Editorial Board in terms of compliance with the journal's principles. Artciles that are not covered
by the journal or that do not comply with a scientific writing format in terms of content and form are rejected or
some changes may be requested without starting the refereeing process. Academic impartiality and scientific quality
are the most important conditions in the evaluation of the articles submitted for publication.

Articles submitted to the Mus Alparslan University Journal of the Faculty of Engineering and Architecture in
accordance with the publication rules are then checked for plagiarism. In Mus Alparslan University Journal of the
Faculty of Engineering and Architecture, plagiarism control is carried out through the Ithenticate package program
and the similarity rate should not exceed 20% in plagiarism control. If no plagiarism is found in the relevant work, it
is sent to two referees who are known for their work in that field for evaluation. Mus Alparslan University Journal
of the Faculty of Engineering and Architecture uses the double-blind peer-review system where the names of the
referees and authors are kept at every stage of the process. Referee reports are kept for five years. If one of the two
referees evaluating the article gives a positive report and the other a negative report, the article is sent to the third
referee or the Editorial Board makes the final decision by examining the referee reports.

In the articles submitted to the Mus Alparslan University Journal of the Faculty of Engineering and Architecture, the
authors take into account the criticisms and suggestions of the referee and the Editorial Board. If there are issues that
they do not agree with, they have the right to object together with their reasons. During the refereeing process in the
journal, only people with equal or higher academic titles can be referees for the publications of people with
academic titles.

The referee evaluation process for Mus Alparslan University Journal of the Faculty of Engineering and Architecture
can sometimes take a long time due to undesirable reasons. Under normal circumstances, the preliminary evaluation
phase by the editor is 20 days; The referee evaluation process is also planned as 60 days. However, due to the lack
of timely return from the referees, re-appointment etc. For reasons, the referee evaluation process may take longer.

The author(s) who submit an article to Mus Alparslan University Journal of the Faculty of Engineering and
Architecture are deemed to have accepted the referee evaluation conditions and process of the Journal.

The copyright of the articles decided (accepted) to be published in the Journal of the Faculty of Engineering and
Architecture of Mus Alparslan University is deemed to have been transferred to Mus Alparslan University.
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Yayn ilkeleri

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisi, ulusal ve uluslararasi diizeyde yapilan,
miihendislik ve mimarlik bilimleri alaninda 6zgiin ve nitelikli ¢aligmalari, bilimsel bir yaklagimla ele alir. Alandaki
calismalarin niteliginin ylikselmesine, yontem ve uygulamalarin gelismesine, kuram ve uygulama alanlarindaki
caligmalar arasinda iletisimin giliglenmesine ve alanindaki literatiiriin zenginlesmesine katki saglamak amaciyla
yayimlanmaktadir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisine gonderilecek calisma, alaninda bir boslugu
dolduracak 6zgiin bir yazi olmali ya da daha once yayimlanmis ¢alismalar1 degerlendiren, konuya dair yeni ve
dikkate deger goriisler ortaya koyan inceleme olmalidir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisine génderilecek yazilar makale, geviri ve kitap
tanitimu tiirlinde olmalidir. Dergimize gonderilen ¢eviri yazilar i¢in, makale sahibinin yaym izni ve orijinal metin
gereklidir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisinin yaym dili Tiirkce ve Ingilizcedir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisi gonderilen calismalar daha énce hicbir yerde
yayimlanmamig ve halihazirda yayimlanmak {izere sunulmamig olmalidir. Bilimsel bir toplantida sunulmus
bildiriler, durum agikg¢a belirtilmek sartiyla dergiye gonderilebilir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisi, Kis/Aralik ve Yaz/Haziran sayis1 olmak iizere
yilda iki defa diizenli olarak yayimlanmaktadir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisine gonderilen yazilara telif hakki 6denmez.
Yayimlanan makalelerin telif hakki Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisine aittir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisinde yayimlanan yazilarm bilimsel ve hukuki
sorumlulugu yazarlarina aittir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisinde yer alan yazilardaki goriis ve diisiinceler
yazarlarinin kigisel goriigleri olup derginin ve bagli oldugu kurumlarin goriislerini yansitmaz.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisine gonderilen ¢alismalar, TUBITAK
ULAKBIM’in DergiPark Sistemi (UDS) iizerinden elektronik ortamda génderilmektedir. Bu sisteme
http://dergipark.gov.tr/maummfd de yer alan “Kesfet” kismi altindaki “Makale Gonder” linkinden ulasilabilir. S6z
konusu sisteme kayit yapilip makale gonderildikten sonra hakem siireciyle ilgili gelismeler ve hakem degerlendirme
raporlar1 yazarlar tarafindan kolaylikla takip edilebilir.



Mus Alparslan Universitesi Miihendislik-Mimarhk Fakiiltesi Dergisi
Mus Alparslan University Journal of the Faculty of Engineering and Architecture

Editorial Principles

Mus Alparslan University Journal of the Faculty of Engineering and Architecture deals with original and qualified
studies in the field of engineering and architectural sciences, made at national and international level, with a
scientific approach. It is published in order to contribute to the improvement of the quality of studies in the field, the
development of methods and applications, the strengthening of communication between studies in the field of theory
and practice, and the enrichment of the literature in the field.

The study to be submitted to Mus Alparslan University Journal of the Faculty of Engineering and Architecture
should be an original article that will fill a gap in its field, or it should be a review that evaluates previously
published studies and presents new and remarkable views on the subject.

Articles to be sent to Mus Alparslan University Journal of the Faculty of Engineering and Architecture should be in
the form of articles, translations and book presentations. For the translated articles sent to our journal, the
publication permission of the article owner and the original text are required.

The publication languages of Mus Alparslan University Journal of the Faculty of Engineering and Architecture are
Turkish and English.

Studies submitted to Mus Alparslan University Journal of the Faculty of Engineering and Architecture must not
have been published anywhere before and should not have been submitted for publication. Papers presented at a
scientific meeting can be sent to the journal, provided that the situation is clearly stated.

Mus Alparslan University Journal of the Faculty of Engineering and Architecture is published regularly twice a
year, in Winter/December and Summer/June.

Copyright is not paid for the articles sent to Mus Alparslan University Journal of the Faculty of Engineering and
Architecture. The copyright of the published articles belongs to Mus Alparslan University Journal of the Faculty of
Engineering and Architecture.

Scientific and legal responsibility of the articles published in Mus Alparslan University Journal of the Faculty of
Engineering and Architecture belongs to the authors.

The views and opinions in the articles in Mus Alparslan University Journal of the Faculty of Engineering and
Architecture are the personal views of the authors and do not reflect the views of the journal and its affiliated
institutions.

Studies submitted to Mus Alparslan University Journal of the Faculty of Engineering and Architecture are sent
electronically via TUBITAK ULAKBIM's DergiPark System (UDS). This system can be accessed from the "Send
Article” link under the "Discover” section at http://dergipark.gov.tr/maummfd. After registering to the system in
question and submitting the article, the developments related to the referee process and the referee evaluation reports
can be easily followed by the authors.
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Yazisma Adresi/ Correspondence Address

Mus Alparslan Universitesi
Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergi Editorliigii
Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi
49250 —- MUS/TURKIYE
Tel: 0436 249 49 49 / 1968 - Fax: 0 436 249 13 18
Web: https://dergipark.org.tr/tr/pub/maummfd
e-mail: muhmimdergi@alparslan.edu.tr



