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ONEMLI ACIKLAMA (Liitfen okuyunuz)

Z0OOM baglantisi i¢in yukarida verilen baglantiy1 veya yine yukarida verilen giris bilgilerini
kullanabilirsiniz.

Oturum igerisinde en KIDEMLI olan moderator olarak secilir. Moderatoriin oturum diizenini
gozetmesi, akademisyen adaylarim yonlendirmesi beklenmektedir.

Oturuma baglanmadan 6nce Salon numaranizi adinizin 6niine agagidaki gibi ekleyiniz. Bu sayede
kongre agilisinda beklemeden oturumlarmiza gonderilebileceksiniz. Or. 5§ Ahmet Ahmetoglu

Sunum siiresi 10 dakikadir. Bu siirenin asilmamasini moderatorler temin edecektir.

Sunum sonrast 5 dakikay1 gegmeyen soru-cevap, tartigma siiresi verilmektedir.

Sunumlar TURKCE veya INGILIZCE yapilabilmektedir.

Kameralar, oturum siiresince toplam % 70 oraninda agik olmak zorundadir.

Sunum yapan katilimcinin kamerasi acik olmak zorundadir.

Sunum yapmak zorunludur. Herhangi bir nedenle sunum yapmamis olan katihmciya sertifika
verilmesi ve calismasinin yaymlanmasi sézkonusu olamaz.

Katilimei, kendi oturumda, oturum bitene kadar bulunmak zorundadir.

Katilimcilarin kendi oturumlari disindaki oturumlara katilma zorunlulugu yoktur.

ZOOM platformunun kapasite sinir1 nedeniyle, DINLEYICI, sadece kapasite izin verdigi siirece kabul
edilebilmektedir.

SADECE CALISMADA YAZAR OLARAK GECEN KiSiLER SUNUM YAPABILIR !

IMPORTANT, PLEASE READ CAREFULLY

To be able to make a meeting online, login via https://zoom.us/join site, enter ID instead of “Meeting ID
or Personal Link Name” and solidify the session.

The Zoom application is free and no need to create an account.

The Zoom application can be used without registration.

The application works on tablets, phones and PCs.

Speakers must be connected to the session 10 minutes before the presentation time.

All congress participants can connect live and listen to all sessions.

During the session, your camera should be turned on at least %70 of session period

Moderator is responsible for the presentation and scientific discussion (question-answer) section of the
session.

TECHNICAL INFORMATION

Make sure your computer has a microphone and is working.

You should be able to use screen sharing feature in Zoom.

Attendance certificates will be sent to you as pdf at the end of the congress.

Moderator is responsible for the presentation and scientific discussion (question-answer) section of the
session.

Before you login to Zoom please indicate your name surname and hall number,

© @) JEci —
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Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
DILBILGISINE GORE “DURUM” VE YUKLEMLE ILISKI .
ACISINDAN NESNELERLE [LGILi SORUNLAR Prof. Dr. Tahir BALCI
TURKGCE VE ALMANCADA SOZDE EYLEMLER Prof. Dr. Tahir Balct
— 3 FAMILY AND ALIENATION IN THE MODERN PERIOD IN Dog. Dr. SEVRA
% é FRANZ KAFKA’S “THE TRANSFORMATION” FIRINCIOGULLARI
| j -
< < A STUDY ON THE REFLECTION OF THE FOUR ELEMENTS
= _
@ = IN DIVAN POETRY Dr. Oguz YILDIRIM
j o
< e DEEPFAKE IMAGINARIES IN BEAUTIFUL SHINING PEOPLE | Ogr. Gér. Dr. Duygu
I o BY MICHAEL GROTHAUS Koroncu Ozbilen
o
HIDDEN DIGITAL SELVES IN LAUREN OYLER’S FAKE Ogr. Gor. Dr. Duygu
ACCOUNTS Koroncu Ozbilen
REVENGE RECONCEPTUALIZED: HAUNTING OF THE PAST | Arastirma Gorevlisi, Tevfik
IN STEPHEN GRAHAM JONES’ THE ONLY GOOD INDIANS Can Babacan
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
INSTITUTIONALISATION OF SWACHHTA AND GREEN
CAMPUS POLICIES UNDER NEP 2020: Prof Mamta Sharma
OPERATIONALISATION THROUGH FACULTY-STUDENT Prof Sandeen K Sharma
TEAMS (SANITATION, WATER, ENERGY, GREENING, P
WASTE)
Financial Education of Children in Primary and Lower Secondary PhD. Pranvera Kraja
. R . s . . Elda Pashuku
Education: Parents’ Perceptions and Students’ Experiences in the
Albanian Context Denada Marku
Fabiola Bushi
EMIGRANT FAMILY LIFE AND INTERGENERATIONAL Matilda LIKAJ
~ CHANGES: ALBANIAN EMIGRANTS IN ITALY
% = Yiiksek Lisans Ogrencisi,
| = REGULATING TOBACCO USE IN TURKIYE: MACRO Rahime ARSLANTAS
< = POLICIES AND MICRO PRACTICES YUCEL
wn = A
g — Dr. Ezgi Karmaz
- o . ) .
Z:I a YAPAY ZEKA DESTEKLI DIJITAL ETKIiLESIMLERIN ;‘;ll‘lslf:ﬁ;fagssgﬁzf;‘f;‘f‘
GUNDELIK PRATIKLERDE INSASI nam
T Dr. Ezgi Karmaz
PRIVACY OF LIFE IN TELEMEDICINE AND THE LIABILITY Dr. idil fnal
OF HEALTHCARE PROFESSIONALS T idi ina
Abdulrahman
AI-DRIVEN STRATEGIC MANAGEMENT OF E-COMMERCE DEYARBAKRLI
COMPANIES: TRENDYOL CASE Assist. Prof. Dr. Server
Sevil Akyiirek
SMART STRATEGIES: HOW Al IS RESHAPING BUSINESS Xgi':fapﬁg?%f‘“gﬁ‘n%r
DEVELOPMENT IN THE DIGITAL ERA S
Sevil Akyirek
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
A STUDY ON THE COMMITMENT, TRUST, SATISFACTION ]E);égAgi Uyesi Nurgil
AND LOYALTY OF INTERNATIONAL STUDENTS FROM Ars. Gor. §
NEIGHBORING COUNTRIES TOWARDS THEIR UNIVERSITY | 53 YOI >eyma
OZEKINCI
AGENTIC ARTIFICIAL INTELLIGENCE AND A NEW
PARADIGM IN INTERNAL AUDITING: THE TECHNICAL Dr. Gaden Sentiirk
ARCHITECTURE AND OPERATIONAL EFFICIENCY OF T Dzden sentur
AUTONOMOUS AUDIT AGENTS
N .
<§( Yiiksek Lisans Ogrencisi
. _ KURESEL TUKETICI KULTURUYLE OZDESLESME Qﬁ!}i Ef’szis Orencisi
% § UZERINE BiR INCELEME: Z KUSAGI ORNEGH Mehmmet All Simeck
| < Dog. Dr. Murat Arslandere
< c
(92]
2 |5
-
- @
% o ACCESS TO FINANCE FOR WOMEN ENTREPRENEURS: ROKQ\'(TME}:;W
al STRUCTURAL BARRIERS AND POLICY SOLUTIONS
o Eva FABRY
o
)

QUANTUM AS A NEW TECHNOLOGICAL PARADIGM: A
STRATEGIC ECOSYSTEM ANALYSIS FOR BUSINESSES

Dog. Dr. Burhan
AKYILMAZ

THE UNSEEN SIDE OF E-COMMERCE: THE
ENVIRONMENTAL IMPACT OF REVERSE LOGISTICS

Yiiksek Lisans Ogrencisi
Betul Kayhan

Dr. Ogr. Uyesi Kemal
Kamaci
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Authors

9

HALL / SALON 4
Prof. Dr. Mustafa Hakki AYDOGDU

HUMAN INTERVENTION IN THE AGE OF ECOLOGICAL
FRAGILITY: EXCEEDING THE CARRYING CAPACITY OF
NATURAL SYSTEMS

Prof. Dr. Mustafa Hakki
AYDOGDU

REASON, VALUE AND LIMIT: THE PHILOSOPHICAL AND
ETHICAL BACKGROUND OF ECOLOGICAL CRISES

Prof. Dr. Mustafa Hakki
AYDOGDU

RESERVE-BASED INDUSTRIAL POLICY: RETHINKING
CENTRAL BANK INFLUENCE ON ECONOMIC STRUCTURE

Research Assistant Dr.,
Kaan YIGENOGLU

THE DEBT CEILING GROWTH TRAP: UNSUSTAINABLE
CREDIT-DRIVEN EXPANSION AND FINANCIAL FRAGILITY

Research Assistant Dr.
Kaan YIGENOGLU

SEA BATHS IN OTTOMAN HEALTH CULTURE: A STUDY
ON PREVENTIVE MEDICINE, AND PUBLIC HEALTH
PRACTICES

MSc Ali Cevik (Medical
Doctor)

Assoc. Prof. Ziileyhan
BARAN

THE WELLNESS ECOSYSTEM IN THE CASE OF NARVEN
THERMAL TOWN: SOCIAL MEDIA REFLECTIONS OF
PHYSICAL, EMOTIONAL, AND SPIRITUAL EXPERIENCES

MSc, Kiibra Salik
Assoc. Prof. Ziileyhan
BARAN
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Master’s Student, Deniz
COMPETITIVE DYNAMICS IN CAFE BUSINESSES IN KAMAN
ISTANBUL Assoc. Prof. Dr. Yeliz
PEKERSEN
Master’s Student, Siimeyye
A QUALITATIVE STUDY ON WORK-LIFE BALANCE TURKOZU
AMONG FEMALE CHEFS Assoc. Prof. Dr. Yeliz
PEKERSEN
o
Q
Z __
o a GIDADA SURDURULEBILIRLIK UZERINE YAPILAN E;ﬁszkslg;?’ésa%;:mm’
= § CALISMALARDA KAHVE CEKIRDEGI ATIKLARININ Doc. Dr. Ayse Biisra
®) KULLANIM ALANLARI L
- = MADENCI
< 723
2 2
Z Q
1 <y ) ) Yiiksek Lisans Ogrencm
< < GELENEKSEL NEVZINE TATLISININ GLUTENSIiZ OLARAK | Tiirkan BOZDOGAN
T o URETILMESI: GASTRONOMIDE YENILIKCI YAKLASIMLAR | Dog. Dr. Ayse Biisra
_ MADENCT
@
(=
a

THE ROLE OF THE COOPERATIVE MODEL IN WOMEN’S
ECONOMIC EMPOWERMENT

Yiiksek Lisans Ogrencisi
Ayse AVCIOGLU

Dog. Dr. Yilmaz SECIM
Prof. Dr. Ferhan
NiZAMLIOGLU

DEVELOPING VALUE-ADDED PRODUCTS IN HUYUK
STRAWBERRY: INNOVATIVE APPROACHES

Yiiksek Lisans Ogrencisi
Ali Enes ADAK
Dog. Dr. Yilmaz SECIM
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MACROECONOMIC IMPACTS OF DIGITAL CURRENCY
ADOPTION ON INDIAN FINANCIAL INCLUSION
Prof. Dr. Arjun Mehra, Dr.
Kavya Nair, Vikram Joshi,
Divya Reddy
SUSTAINABLE AGRICULTURAL FINANCING MODELS FOR
RURAL DEVELOPMENT IN POST-PANDEMIC INDIA
Assoc. Prof. Dr. Vikrant
Singh, Pooja Sharma, Karan
Patel
IRANIAN OIL EXPORT SANCTIONS AND THEIR EFFECTS
ON NON-OIL SECTOR GROWTH DYNAMICS
Dr. Farhad Jalali, Mina
Azizi
= FISCAL POLICY RESPONSES TO INFLATIONARY
3 PRESSURES IN THE IRANIAN ECONOMY
~ ] Assoc. Prof. Dr. Bahram
= bt Hosseini, Neda Rahmani
o &
;(' ~
f ‘D‘ EXCHANGE RATE VOLATILITY AND TRADE BALANCE IN
_ - NIGERIA'S OIL-DEPENDENT ECONOMY
_ o
< a Prof. Dr. Emeka Nwosu,
T S Chioma Adebayo
2
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MICROFINANCE IMPACTS ON WOMEN
ENTREPRENEURSHIP IN NIGERIAN URBAN SLUMS

Dr. Tunde Olawale, Funmi
Okafor

PHILIPPINE LABOR MIGRATION REMITTANCES AND
HOUSEHOLD CONSUMPTION PATTERNS

Assoc. Prof. Dr. Theresa
Lim, Dr. Miguel Torres,
Liza Santos

PUBLIC-PRIVATE PARTNERSHIP MODELS FOR
INFRASTRUCTURE DEVELOPMENT IN THE PHILIPPINES

Prof. Dr. Roberto Cruz
Alma Fernandez
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INTEGRATING STEM EDUCATION WITH CULTURAL
HERITAGE IN EGYPTIAN PRIMARY SCHOOL CURRICULA
Prof. Dr. Ahmed EI-Sayed,
1 Dr. Fatima Hassan, Omar
Khalil
DIGITAL LITERACY DEVELOPMENT AMONG RURAL
EGYPTIAN YOUTH THROUGH MOBILE LEARNING
PLATFORMS Assoc. Prof. Dr. Nadia
2 Mahmoud, Sara Ahmed,
Karim Abdelaziz
TEACHER TRAINING PROGRAMS FOR INCLUSIVE
EDUCATION IN ALBANIAN SPECIAL NEEDS SCHOOLS
3 Dr. Liridon Hoxha, Anila
Shehu
IMPACT OF BILINGUAL EDUCATION ON ETHNIC
MINORITY STUDENT PERFORMANCE IN NORTHERN
< ALBANIA Assis. Prof. Dr. Erion Meta,
- < 4 Dorina Kola,
Z S Prof. Dr. Bledar Toska
@) I
—' c
< o)
2 h= KAZAKH LANGUAGE PRESERVATION THROUGH
_ 3 IMMERSION PROGRAMS IN MULTILINGUAL CLASSROOMS
:(' o Dr. Aigerim
T ) 5 Zhumagaliyeva, Nursultan
o Bektasov
VOCATIONAL EDUCATION REFORMS FOR DIGITAL
ECONOMY PREPARATION IN KAZAKHSTAN
UNIVERSITIES Assoc. Prof. Dr. Gulnara
6 Abayeva, Yerzhan
Tolegenov,
Dana Kassenova
ROMANIAN RURAL SCHOOL DROPOUT PREVENTION
THROUGH COMMUNITY LEARNING CENTERS
Prof. Dr. Mihai Popescu,
7
Ana lonescu
EFFECTIVENESS OF FLIPPED CLASSROOM MODELS IN
ROMANIAN STEM SECONDARY EDUCATION
Dr. Elena Vasilescu,
8 Radu Stanescu, loana
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COMPARATIVE ANALYSIS OF ISLAMIC FAMILY LAW
REFORMS IN CONTEMPORARY EGYPTIAN

JURISPRUDENCE Prof. Dr. Ahmed El-Sayed,
1 Dr. Fatima Hassan,
Omar Khalil

ENVIRONMENTAL LIABILITY REGIMES UNDER EGYPTIAN
CIVIL CODE AND INTERNATIONAL CONVENTIONS

Assoc. Prof. Dr. Nadia
2 Mahmoud,

Karim Abdelaziz

ARBITRATION PROCEDURES IN QATARI COMMERCIAL
DISPUTES: GCC HARMONIZATION PERSPECTIVES

Dr. Khalid Al-Mansoori,

Sara Ahmed
QATARI CYBERSECURITY LEGISLATION AND DATA
PROTECTION FRAMEWORKS IN THE DIGITAL ERA
5 Prof. Dr. Layla Al-Ketbi,
4 .

3 Tariqg Rahman

S

c
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=z = CONSTITUTIONAL REFORMS AND HUMAN RIGHTS
@) © PROTECTION IN KYRGYZSTAN POST-REVOLUTION
- o]
g s 5 Dr. Aida Sadykova,
- o Ermek Nurtaziev
-
3 -
< S
I S

o ANTI-CORRUPTION MEASURES AND JUDICIAL

8 INDEPENDENCE IN KYRGYZSTAN LEGAL SYSTEM

a Assoc. Prof. Dr. Gulnara

< 6 Toktogulova,

Bakyt Osmonov

ROMANIAN EU MEMBERSHIP IMPACT ON NATIONAL

COMPETITION LAW ENFORCEMENT Assis. Prof. Dr. Mihai

Popescu,
Elena lonescu,
Andrei Radu

CROSS-BORDER INSOLVENCY REGULATIONS UNDER
ROMANIAN PRIVATE INTERNATIONAL LAW

Dr. Sorin Dragomir,
Prof. Dr. loana Vasilescu

PROTECTING MINORITY SHAREHOLDER RIGHTS IN
ROMANIAN CORPORATE GOVERNANCE REFORMS
Dr. Catalin Stoica,
9 Maria Popa,
Razvan Georgescu
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FISCAL POLICY RESPONSES TO POST-PANDEMIC
ECONOMIC RECOVERY IN GREECE

Prof. Dr. Dimitrios
1 Papadopoulos, Dr. Eleni
Karagianni, Nikos Stavros

IMPACT OF EU GREEN DEAL REGULATIONS ON GREEK
AGRICULTURAL EXPORT COMPETITIVENESS

Assoc. Prof. Dr. Sophia

2 Antoniou, Andreas Lazos,
Maria Petrou

MACROECONOMIC EFFECTS OF OIL PRICE
FLUCTUATIONS ON ALGERIAN TRADE BALANCE
Dr. Karim Belhadj, Assis.
3 Prof. Dr. Nadia Zerhouni,
Samir Lounis

>

2 MICROFINANCE INITIATIVES AND RURAL DEVELOPMENT

g IN ALGERIAN SOUTHERN PROVINCES

-
o c Yacine Hadj,
; i 4 Prof. Dr. Amina Cherif
J |=
% U'J DIGITAL ECONOMY GROWTH AND SME PERFORMANCE
: 5 IN INDONESIAN URBAN CENTERS
| -45' Dr. Budi Santoso, Rina
% S 5 Wijaya, Assoc. Prof. Dr.

. Agus Pratama
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o

(2]

<

SUSTAINABLE TOURISM DEVELOPMENT STRATEGIES IN
INDONESIAN ARCHIPELAGIC REGIONS
Made Putra,
6 Dr. Sari Dewi, Ketut
Ardana

FISCAL POLICY RESPONSES TO POST-PANDEMIC
ECONOMIC RECOVERY IN GREECE

Prof. Dr. Dimitrios

7 Papadopoulos, Dr. Eleni
Karagianni, Nikos Stavros

IMPACT OF EU GREEN DEAL REGULATIONS ON GREEK
AGRICULTURAL EXPORT COMPETITIVENESS

Assoc. Prof. Dr. Sophia

8 Antoniou, Andreas Lazos,
Maria Petrou
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BYZANTINE MOSAIC TECHNIQUES AND THEIR
INFLUENCE ON MODERN GREEK CONTEMPORARY ART
PRACTICES Prof. Dr. Eleni
Papadopoulos, Dr. Nikos
Karamanlis, Sophia
Antoniou
HELLENISTIC SCULPTURE RESTORATION
METHODOLOGIES FOR ATHENS ACROPOLIS
PRESERVATION PROJECTS Assoc. Prof. Dr. Dimitri
Stavros, Maria Kostas, Theo
Lazos
BERBER ORNAMENTAL PATTERNS IN ALGERIAN TEXTILE
TRADITIONS AND CONTEMPORARY FASHION DESIGN
Dr. Amina Belhadj, Karim
Zahir, Fatima Lounis
§ OTTOMAN MINIATURE PAINTING TECHNIQUES REVIVED
= IN MODERN ALGERIAN GRAPHIC NOVELS
= »n Assis. Prof. Dr. Nadia
= Cherif, Yacine Hadrami
Z =
o
3 |5
% o BATIK TEXTILE REVITALIZATION THROUGH INDONESIAN
: [ COMMUNITY-BASED ART EDUCATION PROGRAMS
- S Assoc. Prof. Dr. Sari
% a Wijaya, Dr. Budi Santoso,
S Lina Pratiwi
o
(2]
<
WAYANG KULIT SHADOW PUPPETRY EVOLUTION IN
DIGITAL ANIMATION FOR INDONESIAN YOUTH
AUDIENCES Made Artawa, Prof. Dr.
Nyoman Sujana, Dewi
Ratna
THE SYMBOLISM OF ANCESTRAL MASKS IN
CONTEMPORARY INDONESIAN SCULPTURAL
INSTALLATIONS Dr. Agus Setiawan, Rina
Kusuma
BYZANTINE MOSAIC TECHNIQUES AND THEIR
INFLUENCE ON MODERN GREEK CONTEMPORARY ART
PRACTICES Dr. Eleni Papadopoulos, Dr.
Nikos Karamanlis, Sophia
Antoniou
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CULTURAL DIFFERENCES IN EMOTIONAL REGULATION
STRATEGIES AMONG JAPANESE UNIVERSITY STUDENTS
Prof. Dr. Hiroshi Tanaka,
Dr. Aiko Nakamura, Kenji
Sato
THE IMPACT OF HIJIKOMORI PHENOMENON ON FAMILY
DYNAMICS IN URBAN JAPAN Assoc. Prof. Dr. Yumi
Kobayashi, Dr. Taro
Yamamoto,
Mika Ikeda
WORKPLACE STRESS AND COPING MECHANISMS AMONG
VIETNAMESE YOUNG PROFESSIONALS
Dr. Lan Nguyen, Assoc.
Prof. Dr. Minh Tran,
Hoa Pham
POST-TRAUMATIC GROWTH PATTERNS IN VIETNAMESE
COVID-19 SURVIVORS
N ; Thanh Le,
> d; Dr. Viet Hoang
@) 5
3 =
% c PARENTING STYLES AND ADOLESCENT MENTAL HEALTH
: ﬁ OUTCOMES IN TAIWANESE FAMILIES
— o Prof. Dr. Wei-Ling Chen,
% (@] Dr. Jia-Hao Lin, Mei-Yu

Wang

DIGITAL ADDICTION AND SLEEP QUALITY
CORRELATIONS AMONG TAIWANESE HIGH SCHOOL
STUDENTS

Assis. Prof. Dr. Chun-Mei
Hsu, Yi-Ting Kuo

SOCIAL ANXIETY PREVALENCE AND TREATMENT
EFFICACY IN EGYPTIAN UNIVERSITY POPULATIONS

Dr. Ahmed El-Sayed, Prof.
Dr. Fatima Mahmoud,
Omar Khalil

GENDER DIFFERENCES IN DEPRESSION
SYMPTOMATOLOGY AMONG EGYPTIAN YOUNG ADULTS

Assoc. Prof. Dr. Nadia
Salem, Karim Abdelaziz
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SUSTAINABLE TOURISM DEVELOPMENT STRATEGIES
FOR RURAL MOLDOVAN WINE REGIONS POST-PANDEMIC

Prof. Dr. lon Ceban,
1 Dr. Maria Popescu, Andrei
Lupu, Ecaterina Rusu

DIGITAL MARKETING TRANSFORMATION IN MOLDOVAN
SMALL AND MEDIUM ENTERPRISES

Assoc. Prof. Dr. Victor
2 Rusnac, Elena Bodarev,
Sergiu Platica

SUPPLY CHAIN RESILIENCE MODELS FOR IRANIAN
MANUFACTURING SECTOR UNDER SANCTIONS

Dr. Reza Mohammadi,
3 Soraya Karimi,

Ali Jafari

FAMILY BUSINESS SUCCESSION PLANNING CHALLENGES
IN CONTEMPORARY IRANIAN ECONOMY

Prof. Dr. Hassan Tavakoli,
Fatemeh Ahmadi

CROSS-BORDER E-COMMERCE OPPORTUNITIES FOR
KAZAKHSTANI RETAIL BUSINESSES

Assoc. Prof. Dr. Aigerim
5 Tolegenova, Nursultan
Abayev, Dana Kairatova

HALL / SALON 13
Assoc. Prof. Dr. Aigerim Tolegenova,

AGILE MANAGEMENT PRACTICES ADOPTION IN
KAZAKHSTAN IT SERVICE COMPANIES

Dr. Yerzhan Bekbolatov,

6 Aidana Sarsenova
LEADERSHIP STYLES IMPACT ON EMPLOYEE RETENTION
IN PAKISTANI TEXTILE INDUSTRY
Prof. Dr. Imran Malik, Dr.
7 Sana Rehman, Bilal Khan,
Ayesha Zubair
BLOCKCHAIN TECHNOLOGY APPLICATIONS IN
PAKISTANI AGRICULTURAL SUPPLY CHAINS
8 Assoc. Prof. Dr. Faisal Butt,

Zainab Qureshi
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BYZANTINE ICONOGRAPHY INFLUENCES ON
CONTEMPORARY GREEK ORTHODOX CHURCH FRESCO i
TECHN|QUES Prof. Dr. Katerina
Theodorou, Dr. Panagiotis
Dimitriadis, Eleni Vasilakis
HELLENISTIC CERAMIC GLAZING METHODS APPLIED TO
MODERN GREEK STUDIO POTTERY PRODUCTION Assoc. Prof. Dr. Stefanos
Pappas, Maria
Kalogeropoulos, Nikitas
Georgiadis
BERBER GEOMETRIC PATTERNS IN ALGERIAN MOSAIC
ART AND CONTEMPORARY ARCHITECTURAL DESIGN
Dr. Samira Belkacem,
Karim Zerhouni, Nadia
© Lounis
= R
= =
3 ; ISLAMIC CALLIGRAPHY TRADITIONS REVIVED IN
< 8’ MODERN ALGERIAN BOOK ARTS AND TYPOGRAPHY
%) s Prof. Dr. Aicha Hadji,
i c Yasser Brahimi
2 @
< .
I 5 BATIK WAX-RESIST TECHNIQUES EVOLUTION IN
INDONESIAN TEXTILE CONSERVATION PRACTICES
Assoc. Prof. Dr. Wayan
Susila, Dr. Retno
Woulandari, Agus Pramono
SHADOW PUPPETRY LEATHER PREPARATION METHODS
IN INDONESIAN WAYANG TRADITIONAL CRAFT
Gusti Made, Prof. Dr. Siti
Nurhaliza, Dewi Sartika
TRADITIONAL INDONESIAN WOOD CARVING TOOLS AND
THEIR APPLICATION IN CONTEMPORARY SCULPTURE
Dr. Bambang Wijaya,
Lina Hartati
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Assessment of food additives and their role in enhancing food safety Ali Khalfa_
and shelf life in the Agro-Food mdustry Mounir Chihab
Bouazza Sofiane
Trends and challenges in functional foods: towards a healthier and ?Alétﬁ?fgiihab
sustainable diet Bouazza Sofiane
= BODY IMAGE EXPECTATIONS AND DISORDERED EATING
Z RISK AMONG PHYSICALLY ACTIVE WOMEN AT SPORTS Vaiva Balciuniene
2 CENTERS
— 72
z |z
- <
5) 5 EVALUATING YOUTH-FRIENDLY SERVICES IN PRIMARY Zamira Cabiri
=~ e HEALTH CARE CENTERS: AVAILABILITY, QUALITY, AND Brunilda Mehilli
:ll -t OPERATIONAL CHALLENGES !
< o
T =
(%)
‘B
(%)
< ARTIFICIAL INTELLIGENCE-SUPPORTED APPROACHES Assist. Prof. Nehir Yuksel
AGAINST ANTIMICROBIAL RESISTANCE Assist. Prof. Tugce Uskur
THE EFFECT OF THERAPEUTIC PLAY ON ANXIETY AND Assist. Prof. Dr. Alev
PAIN LEVELS IN HOSPITALIZED CHILDREN Sivash
THE EFFECT OF FAMILY-CENTERED CARE APPROACHES Assist. Prof. Dr. Alev
IN PEDIATRIC NURSING ON CHILDREN’S PSYCHOSOCIAL Si 1' T
ADJUSTMENT: A REVIEW tvast
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DETERMINATION OF THE KNOWLEDGE LEVELS OF
SURGICAL NURSES REGARDING ORGAN AND TISSUE SP%T?”S“E%%%XQN
DONATION AND TRANSPLANTATION - Hatice
KRONIK OBSTRUKTIF AKCIGER HASTALIGI OLAN Uzman Hemsire, Dilek
BIREYLERDE UZAKTAN HASTA TAKIBININ OZ YONETIM Muslu
UZERINE ETKISI Dog.Dr, Meryem Kilig
COCUK SAGLIGI BAKIMINDA TELE SAGLIK VE MOBIL pzman Hemsire, Dilek
SAGLIK TEKNOLOJLERI Dr. C)gr. Uyesi, Alev Sivash
N . . . . . .
= ANKILOZAN SPONDILITLI HASTALARDA HASTALIK Dr. Ogretim Uyesi Osman
o AKTIVITESI VE VITAMIN PROFILIL: B12, FOLAT VE D Ciire
= VITAMINI Uz. Dr. Bayram kizilkaya
<
w
~
3
< ANKILOZAN SPONDILIT ILE KARISAN BRUSELLA g{]’rggret‘m Uyesi Osman
I SAKROILIITI: BIR OLGU SUNUMU

Uz. Dr. Bayram kizilkaya

SUPPORTING OCCUPATIONAL HEALTH AND SAFETY
AWARENESS THROUGH ATTENTION- AND PERCEPTION-
ENHANCING ACTIVITIES IN THE PRESCHOOL PERIOD

Nurse Goksel Yasar
Prof. Dr. Sezgin Aygiin

DEVELOPING OCCUPATIONAL HEALTH AND SAFETY
AWARENESS THROUGH GAMIFIED LEARNING IN EARLY
CHILDHOOD

Nurse Deniz Buse Yasar
Prof. Dr. Sezgin Aygin

UNIVERSITE OGRENCILERINDE BESIN ETIKETI OKUMA
DUZEYININ BEDEN KiTLE INDEKS] iLE
OLAN iLiSKiSININ DEGERLENDIRILMESI

Diyetisyen Ezgi ELDEN
Doktor Ogretim Uyesi
Gamze Sanli AK
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THE EFFECT OF FORMALDEHYDE ON THE LENGTH- Assoc. Prof. Rahsan Evren
WEIGHT RELATIONSHIP OF ANCHOVY AND HORSE MAZLUM san tv
MACKEREL
CRANIAL MORPHOMETRIC VARIATION OF ATLANTIC fi:z"lﬁ'rfr"f' Rahsan Evren
BONITO ACROSS THE SOUTHERN BLACK SEA: EVIDENCE | (/"0 o oo
FOR SPATIAL STRUCTURING e T
Dirrani
TEKiRDAG ORNEGINDE DOGAL, KULTUREL, TARIMSAL Yaren SAHIN
PEYZAJA ILISKIN RENK KODLARININ OLUSTURULMASI Prof. Dr. Tugba KIPER
LIiSE OGRENCILERI PERSPEKTIFINDEN TEKIRDAG KENT Prof. Dr. Tugba KiPER
KIMLIGININ GORSELLESTIRILMESI Yaren SAHIN
< Dr. Ogr. Uyesi, Said Ef
™ ';: BIOACTIVE COMPOSITION, BIOLOGICAL EFFECTS, AND Dgs{?r' yest, said tle
% > INDUSTRIAL VALORIZATION POTENTIAL OF APPLE Dr. Osr. Uvesi. Elif
- < (MALUS DOMESTICA) SEEDS c ATIgKi( AyS ’
< =
%) £
3 2 Dr. Ogr. Uyesi, Elif
- a ASSESSMENT OF SEED GERMINATION AND VIGOR USING | CATIKKAS
< o Q2 OXYGEN CONSUMPTION TECHNOLOGY Dr. Ogr. Uyesi, Said Efe
L 8 DOST
Q
MSc Student, Seda
KAYAPINAR GULER
SYNTHESIS OF NOVEL UREA-DERIVED HETEROCYCLIC Res. Asst. Dr., Halis
COMPOUNDS BEARING A THIAZOLE RING KARATAS
Prof. Dr., Ziilbiye
KOKBUDAK
USE OF ALUM AND HELICHRYSUM EXTRACT IN DYEING .
PROCESSES ON ULUDAG FIR WOOD Dog. Dr. Umit AYATA
THE USE OF SOLUTIONS PREPARED BY MIXING NATURAL | oo (o
MINERAL WATER AND COFFEE POWDER WITH VARYING SS_CL‘J’:( r. feziban
AMOUNTS OF BLOODSTONE AND CARBONATE INDYEING | J° 0 "y i AvATA
PROCESSES ON COTTON FABRICS 6. Br-
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Ozge Ekrem, M.Sc. in
Mechatronics Engineering
Batuhan Unal, Energy
Engineering
Cagla Doksoz, Aerospace
Engineer
1 DEVELOPMENT OF A MULTI-FUNCTIONAL TETHERED Celal Caglayan Erguvan,
UNMANNED AERIAL VEHICLE Mechatronics Engineer
Firat Mehmet Killi,
Industrial Engineer
Gorkem Yildirim,
Mechatronics Engineer
Assistant Professor Dr.
Volkan Yamagl
— 2 PRODUCTION OF CERAMIC COMPOSITES VIA Asst. Prof. Levent Oncel
§ MECHANICAL ACTIVATION ’ ’
<t
z O
@) <
= >
% <1} WIDTH-DRIVEN SCALING OF QUANTUM TRANSPORT IN
- —I 3 ARMCHAIR GRAPHENE NANORIBBON FETS VIA SELF- Asst. Prof. Dr., Aytag Celik
- ‘5 CONSISTENT NEGF-POISSON-FEM SIMULATION
S
3 T
T 2
<
COMPARATIVE EVALUATION OF CNN-BASED TRANSFER Ramazan YILDIRIM
LEARNING MODELS FOR GRAPE LEAF DISEASE
4 DETECTION Hasan POLAT
Dog. Dr. Fatih YUCALAR
5 DERMOSKOPIK GORUNTULER KULLANILARAK DERIN Aliagha GULIYEV
OGRENME TABANLI MELANOM TESPITI Dog. Dr. Kenan GENCOL
FGM FACE LAYER AND BUTTERFLY CORE LAYER CORE Ali Osman YILDIRIM
6 LAYER SANDWICH DOUBLY-CURVED SHELL IN Dr. Ogr. Uyesi Adem Fatih
THERMAL ENVIRONMENT OZALP
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ABSTRACT

The aim of this study was to determine the changes caused by formaldehyde used for the
preservation of Engraulis encrasicolus and Trachurus mediterraneus, two species of significant
importance in our country's fisheries in total length, standard length, and weight following post-
sampling measurements. 5% and 10% formaldehyde solutions were used for the preservation
of the samples. The studies were conducted with 200 fish for each species, separately for the
5% and 10% formaldehyde groups. In the initial measurements, the total lengths of the anchovy
(E. encrasicolus) samples were determined to range between 6.7 and 10.2 cm (mean 8.91+0.77
cm); while the total lengths of the horse mackerel (T. mediterraneus) samples ranged between
9 and 15.2 cm (mean 10.48+0.70 cm). A noticeable reduction (shrinkage) in the mean total
lengths of anchovy and horse mackerel preserved in 5% and 10% formaldehyde was observed
on the 5th, 15th, 30th, and 60th days. The change in standard length measurements for anchovy
was found to be statistically significant for the 10% formaldehyde solution; whereas, for the
horse mackerel samples, the differences were determined to be statistically significant for both
groups. For both species, statistical analysis results based on live weight data between the days
according to solution concentration showed that the differences were not significant. The
greatest reduction in total lengths occurred in horse mackerel samples stored in 10%
formaldehyde. The average shrinkage rates for anchovy samples were approximately 3-5%, and
for horse mackerel, this rate was approximately 5-11%.

Keywords: E. encrasicolus T. mediterraneus, formaldehyde, preservation, shrinkage
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ABSTRACT

Management of Atlantic bonito (Scombridae: Sarda sarda Bloch, 1793) in the Black Sea has
historically relied on a single-stock (panmictic) assumption, despite accumulating phenotypic
evidence of spatial heterogeneity. This study evaluated whether cranial morphometry provides
a concordant signal of regional structuring. Specimens were sampled from the Western,
Middle, and Eastern Black Sea coasts of Tiirkiye, and examined for two cranial dimensions:
Opercular Head Width (HW,,) and Orbital Head Width (HW,,,). To control for allometric
effects, traits were standardized to Total Length (7L) and expressed as relative indices. Analysis
of covariance revealed strong spatial structuring across the basin (p < 0.001) independent of
sex (p > 0.05). Divergence was trait-specific: RHW,,, displayed a longitudinal gradient,
increasing from the Western to the Eastern region (F(2,218) = 30.47, p < 0.001), while RHW,,,
distinguished a specific phenotype in the Eastern region. These findings indicate that cranial
morphometry can provide a rapid, cost-effective metric that supports spatial structuring of
Atlantic bonito. The results challenge the panmictic management paradigm and highlight the
need for spatially explicit assessment in the Black Sea. This research was supported by
TUBITAK (Project No: TOVAG-2240230).

Keywords: Phenotypic variation; stock structure; Black Sea; spatial management


mailto:evren.mazlum@erdogan.edu.tr
mailto:omerhandurrani@ktu.edu.tr

LISE OGRENCILERI PERSPEKTIFINDEN TEKIiRDAG KENT KiMLIGININ
GORSELLESTIRILMESI

Prof. Dr. Tugba KIPER!, Yaren SAHIN?
1Tekirdag Namik Kemal Universitesi, Giizel Sanatlar, Tasarim ve Mimarlik Fakiiltesi,
tkiper@nku.edu.tr- 0000-0003-3396-5661
2Tekirdag Namik Kemal Universitesi, Fen Bilimleri Enstitiisii, yarensahin21573@gmail.com-
0009-0006-1569-5417

OZET

Gorsellestirmeye dayalt kentin karakteristik dgelerini temel alan 0zgiin ¢alismalarinin
tiretilmesi, kent kimliginin goriiniir kilinmasi agisindan 6nemli bir gereklilik olarak ortaya
cikmaktadir. Bu ¢ercevede bildiri kapsaminda; Lise 6grencilerinin Tekirdag 6zelinde, kentin
yerel kimligini kartpostallar araciligiyla yaratici tasarim diliyle ifade etmeleri ve bu kimligi
gorsel olarak yeniden tretmeleri amaglanmistir. YOntem sdreci, literatiire dayali bilgi
temelinde, uygulamali bir yaklasimi icermektedir. ilgili siire¢; Tekirdag kentin kimligini
olusturan ve sembolik anlam teskil eden dogal, kiiltiirel, tarihi ve tarimsal degerleri olusturan
gorsel fotograflarla olusturulabilecek kolaj ve/veya el ¢izimi teknigine dayali olarak 6zgiin
kartpostallar iiretilmesi esasina dayandirilmistir. Bu ¢ercevede bildiri, Giizel Sanatlar Lisesi
ogrencilerine yonelik “Kentten Kagida: Tekirdag'in Kent Kimligini Gorsellestirmek™ baslikl
atolye surecinde yuritulen galismalarin ¢iktilarina iliskin degerlendirmeleri icermektedir.
Bdylelikle; lise 6grencilerinin yasadiklar1 kentin kimligini olusturan ve sembolik anlam teskil
eden dogal, kiiltiirel, tarihi ve tarimsal degerlerine olan dikkatini ve farkindaligini saglayarak,
kentlerine olan duyarliliginin ve bakis agisinin gii¢lendirilmesine dikkat ¢ekilmistir.

Anahtar Kelimeler: Kent Kimligi, Ozgunliik, Kent kartpostallari, Tekirdag

1. GIRIS

Kimlik; belirli bir toplumu, yasam big¢imlerini, geleneklerini, deger ve inang sistemlerini,
ekonomik iiretim tekniklerini ve yasal ¢ergevesini ayirt eden manevi, entelektiiel ve duygusal
ozelliklerin toplamidir. Kentsel kimlik ise; kentleri yerleri birbirinden ayiran ve taninmalarini
kolaylagtiran, hatta insanlarin hafizasinda zihinsel bir imaj olusturan belirgin 6zelliklerdir
(Mostafa vd., 2025). Benzer sekilde Ziyaee (2018) de, kentsel kimligi; kent i¢indeki dogal,
kiiltiirel ve insan yapimi unsurlarin temsili olarak tanimlamistir. Oyle ki bu durumu destekler
nitelikte bazi1 ¢alismalarda; nesneler ve sahneler gibi, sehirlerin de sekil ve islev bakimindan
farklilik gosteren gorsel varliklar oldugu vurgulanmistir (Proshansky vd., 1983; Nasar, 1998).
Kentsel kimlige atifta bulunan Avraham (2004) ise; yerin dzelliklerinin, ziyaretcilerin goziinde
onu benzersiz kilan kimligini ve c¢ekiciligini yansittigini belirtmistir. Papen (2015) de
caligmasinda; kentlerin sadece fiziksel bir bi¢gim degil, ayn1 zamanda insanlarin tirettigi
cesitliligin, degerlerin ve anlamin bir yansimasi oldugundan bahsetmistir. Lochtefeld (2010)
da; kent kimliginin, var olan veya var olmug/kentle iliskilendirilmis bir seyin "imajinin"
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anlasilmasi ve anlami veya zaman iginde olusan fiziksel nesnelerin (binalar ve diger fiziksel
unsurlar) ve fiziksel olmayan nesnelerin (sosyal faaliyetler) taninmasiyla olustuguna vurgu
yapmustir. Bu durumu destekler nitelikte; Lewicka (2011); vatandaglarin sehirle etkilesimini
kolaylastirmak i¢in kentsel kimligin tanimlanmasinin énemli bir konu oldugunu belirtmistir.
Ziyaee (2018); kentsel bir ortamin, sakinleri i¢in anlamlar, anilar ve kimliklerin varligiyla
karakterize edildigini ve kentsel kimlik kavraminin, mekansal, ¢evresel, sosyal, kiiltlirel ve
ekonomik hususlar gibi ¢esitli perspektiflerden ele alinmasi gerekliligini belirtmistir. Guglu bir
sehir kimligi, sakinleri arasinda gurur ve aidiyet duygusu yaratir (Stephenson, 2008) ve bu
nedenle sehir planlamasinda, bir yerin 6zelliklerini ve gelisim potansiyelini anlamak i¢in yer
duygusu kritik dneme sahiptir (Hu ve Chen, 2018). Bu duruma istinaden, Neil (2004); planlama
ve tasarim siireclerinde, kentsel kimlik degerlerinin bir ara¢ olarak ele alinmasi gerekliligine
dikkat ¢ekmistir.

Literatiirin  bir boliimiinde; kent kimliginin goriinlir kilinmasi1 ve aktarilmasinda,
gorsellestirmeye dayali yaklasimlarin gerekliligi vurgulanmistir (Papen, 2015; Kallus, 2016;
Muktiono, 2021; Mostafa vd., 2025). Oyleki, Papen (2015); kentin unsurlarinin isaretler olarak
detaylandirilmasinin, sehrin karakter ve kimliginin, dinamik bir varlik olarak daha
derinlemesine anlasilabilmesinde yol gosterici oldugunu belirtirken; Muktiono, (2021), bir
alanin 6zelliklerini ve unsurlarin1 yansitan grafiksel temsillerin, kentsel tasarimda énemli bir
arag olarak kullanildigini1 vurgulamistir. Kallus (2016); gorsellestirme yoluyla kent kimliginin
tanimlanmasinin, ortak bir terminoloji saglayabildigini vurgulamistir. Buna istinaden, Zhou vd.
(2014)’nin ¢alismalarinda; kent kimligini ve kentler arasindaki benzerligi 6l¢cmek icin birlesik
bir ¢ergeve sunulmustur. ilgili ¢alisma kapsaminda; sembolik yer isaretlerinin olmadig1, Asya,
Avrupa ve Kuzey Amerika'daki gesitli sehirlerin 6zgiin kimligini karakterize eden fotograflara
yonelik olarak, bu sehirlerde yasamis veya sadece ziyaret etmis kisilerin hangi goriintiiniin
hangi sehre ait oldugu konusuna vakif olabileceklerini belirtmislerdir. Bu durumun da;
kentlerin benzersiz 0Ozelliklerini ortaya c¢ikaran kentsel kimlikle iliskili oldugunu
vurgulamiglardir (Zhou vd., 2014). Mehta ve Rahman (2021)’1n ¢alismalarinda ise; topluluk
ve mahalle kimligi duygusunun gérsellestirilmesi ve giiglendirilmesi amaglanmistir. ilgili amag
dogrultusunda; gorsel ve dokunsal bir kartpostal seti olusturularak, mahallenin benzersizligi,
bireysel karakteri ve kendine 06zgl mekén duygusunun, sakinlerine iletilmesinin
kolaylastirilmasi ve anlasilmasi desteklenmistir (Mehta ve Rahman, 2021). Benzer nitelikte,
Mostafa vd. (2025)’nin ¢alismalarinda; kentin cografi, tarihi, sosyal, ekonomik, dini, kiiltiirel
ve ¢evresel karakterini ifade eden degerlerin ve 6zelliklerin gorsel olarak kullanilmasinin;
sehrin 6nemli 6zelliklerini vurguladig1 ve gorsel bir mesaj ileterek farkindaliga katki sagladigi
belirtilmistir. Ayni ¢caligmada; kartpostal ve afis gibi grafik tasarim iirlinlerinin, kentin 6zgiin
niteliklerini temsil eden gl¢li araglar olarak hem yerel halkin aidiyet duygusunu pekistirdigini,
hem de kentin disa doniik tanitiminda etkili bir rol listlendigine vurgu yapilmistir.

Bu baglamda, yukaridaki ifadelere ve caligmalara dayanarak, gorsellestirmeye dayali kentin
karakteristik 6gelerini temel alan 6zgiin ¢alismalarinin iretilmesi, kent kimliginin goriiniir
kilinmasi agisindan onemli bir gereklilik olarak ortaya ¢ikmaktadir. Bu c¢ergevede bildiri
kapsaminda; Lise 6grencilerinin Tekirdag kenti 6zelinde, kentin yerel kimligini kartpostallar
aracilifiyla yaratici tasarim diliyle ifade etmeleri ve bu kimligi gorsel olarak yeniden liretmeleri
amaclanmgtir. lgili amac cercevesinde bu bildiri, Tekirdag Namik Kemal Universitesi ile
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Tekirdag 11 Milli Egitim Miidiirliigii is birligiyle yiiriitiillen lise 6grencilerinin iiniversite
ortaminda bilimsel stiregleri dogrudan deneyimlemelerine olanak taniyarak, akademisyenler ile
bir araya gelmelerini saglamak i¢in, Siileymanpasa Yahya Kemal Beyatl Giizel Sanatlar Lisesi
ogrencilerine yonelik “Kentten Kagida: Tekirdag'in Kent Kimligini Gorsellestirmek” baslikli
atolye caligsmasimin siireci ve ¢iktilarini igermektedir. Bu ¢ergevede Tekirdag kent kimligini
olusturan tarihsel, dogal, tarimsal ve kiiltiirel degerlerin gorsel tasarim yoluyla yorumlanmast
hedefleyen bir atélye c¢alismasinin sonuglari sunulmustur. Bdoylelikle; lise 6grencilerinin
yasadiklar1 kentin kimligini olugturan ve sembolik anlam teskil eden dogal, kiiltiirel, tarihi ve
tarimsal degerlerine olan dikkatini ve farkindaligin1 saglayarak, kentlerine olan duyarliliginin
ve bakis agisinin giiclendirilmesine dikkat ¢ekilmistir.

2. MATERYAL VE YONTEM
2.1. Materyal

Calisma ana materyalini Tekirdag olusturmustur. Oyle ki Tekirdag; tarihsel mirasi, Marmara
Denizi ile kurdugu iliski, tarimsal tiretim kiiltiirii, gastronomik degerleri ve yerel bitki Ortiisii
ile 6zglin bir kentsel karaktere sahiptir. Ancak bu ¢ok yonlii potansiyelin, yaratici gorsel
tasarim diliyle yeterince temsil edilmedigi diisliniilmektedir.

Karakalem, kuru boya, kegeli kalem, A5 kartpostal, Tekirdag kentinin dogal, kiiltiirel, tarihi ve
tarimsal degerlerini iceren gorseller (Namik Kemal, Rakoczi Miizesi, Arkeoloji ve Etnografya
Miizesi, Riistempasa Bedesteni, Tekirdag Valiligi, Tekirdag koftesi, Ugmakdere (doga
sporlar1), Bagcilik ve sarapgilik, Marmara Denizi ve liman, geleneksel el sanatlar
(Karacaklavuz dokumalar1), dogal, tarimsal ve tarihsel mirasin simgesi olan yerel bitkiler
(Erguvan, Cinar, Ihlamur vb.) ile yapistirici ise ikincil materyaller olarak kullanilmustir.

2.2. YOntem

Caligma yontem siireci; Tekirdag kentin kimligini olusturan ve sembolik anlam teskil eden
dogal, kiiltiirel, tarihi ve tarimsal degerleri olusturan gorsel fotograflarla olusturulabilecek kolaj
ve/veya el ¢izimi teknigine dayali olarak 0Ozgiin kartpostallar iiretilmesi esasina
dayandirilmistir. Yontem akigi iki temel asamada gergeklestirilmis olup, atblye siireci
cercevesinde uygulamali bir yaklagim esasina dayandirilmistir.

Atolye calismasi; 22 Mayis 2025 tarihinde Tekirdag Siileymanpasa Yahya Kemal Beyath
Guzel Sanatlar Lisesi 11. Simf 6grencileri ile birlikte Tekirdag Nanmik Kemal Universitesi
Guizel Sanatlar, Tasarim ve Mimarlik Fakiiltesi’nde Prof. Dr. Tugba KIPER yiiriitiiciiliigiinde
gerceklestirilmistir.

Atolye siirecinin ilk asamasinda; Power Point araciligi ile atdlye yliriitiiclisii tarafindan
ogrencilere yoOnelik olarak, Tekirdag kent kimligini olusturan degerler hakkinda genel bir
bilgilendirmeye iligkin sunum yapilmistir. Sunum igerigini, Tekirdag kent kimligine etki eden;
dogal peyzaj degerleri, tarihsel ve kiiltiirel miras degerleri, yerel ve gastronomik degerleri,
sosyo-kiiltiirel yasam ve geleneksel degerleri ile tarihsel karakter/kisilikleri olusturmustur. Bu



sunum, 6grencilerin yasadiklar1 kentin taniirhgini, farkliligini ve karakteristiklerini olusturan
kimlik degerleri konusunda bilgi sahibi olmalarinda yol g0sterici olmustur.

Sonrasinda, lise 6grencilerinin (11 kisi) iki saatlik zaman dilimi c¢er¢evesinde uygulamali olarak,
Tekirdag kenti 6zelinde kent tammirligini 6ne ¢ikaran en onemli tarihsel-kUltirel miraslar, kenti
sekillendiren karakterize eden dogal degerler, kenti farkli kilan en iyi tatlar, tarimsal mirasin simgesi
olan yerel bitkiler, en 6nemli tarihsel karakter/kisilikler vb. dogrultusunda, kent kimligini ortaya
cikaracak A5 boyutunda 6zgiin kartpostal tasarimlart iiretilmesi istenmistir. Bu durum, Siileymanpasa
Yahya Kemal Beyatli Giizel Sanatlar Lisesi 6grencilerinin yasadiklari kentin belirgin 6zelliklerine
iliskin algiladiklar1 sembolik degerlerin gorsellestirilmesi yoluyla kent kimliginin tammlanmasinda
etkili olmustur. Gorsellestirmede sunum teknigi; kolaj, suluboya, karakalem vb. gibi farkli
tekniklerden biri veya birkagini kullanabilmelerine yonelik olarak serbest birakilmustir. Atélye
calismasi sonucunda dgrenciler tarafindan, 11 adet kartpostal tiretilmistir.

Yontem surecinin son asamasinda; Ogrenciler tarafindan tretilen kartpostallarda yer alan;
dogal, tarihsel ve kulturel miras degerleri, yerel Urunler ve gastronomik degerler, sosyo-
kiiltiirel yasam ve geleneksel degerler ile tarihsel karakter/kisilikleri igeren kimlik degerlerine
yonelik olarak yogunluklu olarak yer alan sembolik ifadeler, kelime bulutu gergevesinde analiz
edilmistir. Analiz dogrultusunda da, genel anlamda ¢esitli degerlendirmeler yapilmustir.

3. BULGULAR
3.1. Atolye Surecinde Sunulan Tekirdag Kent Kimligini Olusturan Degerler

Bu béliimde kent kimligi; dogal peyzaj degerleri, tarihsel ve kiiltiirel miras degerleri, yerel ve
gastronomik degerler, sosyo-kilturel yasam ve geleneksel degerler ile tarihsel
karakter/kisilikler basliklar1 g¢ercevesinde genel olarak degerlendirilmistir. Bu degerler;
gorsellestirmede sembolik deger, mekansal temsil agisindan 6nemli referanslar olmuslardir.

e Dogal Peyzaj Degerleri

Tekirdag, cografi konumu ile stratejik anlamda Balkanlar1 ve Anadolu’yu birbirine baglayan
bir kdprii gorevi gérmiistiir (Simsek ve Kizildemir, 2020).

Marmara Denizi ve kiyisi ile tarimsal peyzaj deseni, kent siluetinde ve mekansal gelisiminde
belirleyici olmus ve kente 6zgiinliik kazandirmistir. Marmara Denizi kiyisi i¢indeki konumu;
kentin bir nirengi noktast olma 6zelligi gostermis ve ge¢misten giiniimiize kadar kentin
kimligini yansitan 6nemli unsurlarindan biri olmustur. Yerlesim dokusunu olusturan caddeler
ise genellikle kiytya paralel lineer bir gelisim gostermistir (Kiper, 2015). Kiy1 kenti 6zelligi,
liman ve balik¢ilik potansiyelini gii¢clendirmistir. Ayn1 zamanda; yamag parasiitli, yelken,
sportif olta balik¢ilig1 gibi etkinliklere zemin olusturmustur. Ozellikle de Tekirdag'in Sarkdy
Ucmakdere, Ganos Daglari'nin yesili ve Marmara Denizi'nin mavisi ile 6n plana ¢ikmistir
(https://www.kulturportali.gov.tr/turkiye/tekirdag/gezilecekyer/ucmakdere).

Kentin dogal dokusunda yer alan; Cimnar (Platanus spp.), Erguvan (Cercis siliquastrum),
Ihlamur (Tilia spp.) gibi bitkiler kentin tanmmirhginda etkili olabilecek potansiyel
olusturmuglardir.



e Tarihsel ve Kiiltiirel Miras Degerleri

Tekirdag’in yerlesim tarihi MO 6000’lere kadar uzanmakta olup (Tekirdag Il Kiiltiir ve Turizm
Mudiirliigii, 2012), tarih boyunca birgok farkli medeniyete ev sahipligi yapmistir (Simsek ve
Kizildemir, 2020). Bu siiregte, dini yapilar, kiiltiirel yapilar, idari yapilar ve geleneksel sivil
mimari yapilar, tarihsel ve Kkiiltiirel miras degerlerini olusturarak, kente 06zgiinliik
kazandirmastir.

Geleneksel sivil mimari dokusunda sivil mimari yapilar, Osmanli ve erken Cumhuriyet
donemine ait sivil mimari 6rneklerini olusturmustur. Iki ya da ii¢ katli, zemin katlari tas, {ist
katlar1 ise ahsaptan olusan yapilarda; cumba, cumbay1 destekleyen eli bogriinde, konsol ve
ahsap direkler, giris nisi ve pencere detaylart (Satkin, 2012) kentin 6zgunliklerini
olusturmustur.

Kiiltiirel yapilar, Tekirdag’in tarihsel bellegini temsil eden simgesel yapilar1 olusturmustur.
Arkeoloji ve Etnografya Miizesi, Rakoczi Miizesi ve Namik Kemal Evi en bilinen 6rnekleri
olusturmustur (https://tekirdag.ktb.gov.tr/TR-75836/muzeler-ve-orenyerleri.htm).
Riistempasa Cami (1554), Eski Cami (1831), Yusuf Aga Cami (1790), Orta Cami (1855) gibi
dini  yapilar, Kkentin  tarihsel kimliginde merkezi bir yer  oOlusturmustur
(https://www.kulturportali.gov.tr/turkiye/tekirdag/)

Arkeolojik alanlar, kalintilar ve tiimiilisler; Antik Trak uygarliklarinin izlerini yansitarak,
kentin 6zgiinliiklerine deger katmistir (https://www.kulturportali.gov.tr/turkiye/tekirdag/)

e Yerel Uriinler ve Gastronomik Degerler

Hayrabolu tatlisi, peynir helvasi tatlist ve Tekirdag koftesi kentle 6zdeslesmis gastronomik
degerleri olusturmustur. Bunun yanisira; Pirese (Pirasali borek), Kabak boregi, Trakya mantisi
(Simsek ve Kizildemir, 2020) gibi gastronomik degerler de yerel oOlcekli lezzetleri
olusturmustur. Bagcilik ve Sarap Kiiltiirii de tarihsel stirekliligi olan {iretim bigimlerinin
yansimalart olarak devamliligint korumustur. Kiraz, Uziim, zeytin, ay¢icegi, kanola, bulamag,
peynir, manda yogurdu, peynir, zeytinyag: ise tarimsal kimligi gliclendiren yerel Grlinler
olmustur.

¢ Sosyo-Kiiltiirel Yasam ve Geleneksel degerler

Kiraz  Festivali, Hayrabolu  Aycicegi  Festivali, Tekirdag Lavanta  Senligi,
(https://festivall.com.tr/iller/59/tekirdag/), Bag Bozumu Senligi, Feradanli Karpuz Senligi gibi
yerel festival ve senlikler, kentsel bellegi canli tutan degerler olmustur. Bununla birlikte;
Trakya kultlrini yansitan yerel ezgiler, yoresel el sanatlar1 (Karacaklavuz dokumalari) ve
geleneksel yasam pratikleri kentin 6zgiinliigiiniin somut ve soyut degerlerini olusturmustur.

e Tarihsel Karakter/Kisilikler


https://tekirdag.ktb.gov.tr/TR-75836/muzeler-ve-orenyerleri.htm
https://www.kulturportali.gov.tr/turkiye/tekirdag/
https://festivall.com.tr/iller/59/tekirdag/

Tekirdag’in kentsel kimliginde etkisi olan karakteristik kisiler, kentin tarihsel bellegini,
kiiltiirel tiretimini ve sanatsal birikimini temsil etmislerdir. Tlrkiye Cumhuriyeti'nin kurucusu
Mustafa Kemal Atatiirk, vatan sairi Namik Kemal (1840-1888), sair Yahya Kemal Beyatli,
Rumeli Fatihi Osmanli Sehzadesi Gazi Siileyman Pasa ile Macar Krali II. Ferenc Rakéczi
(1676-1735) (https://www.suleymanpasa.bel.tr/bilgi/) kentin 6zgiinliigiinde etkisi olan
karakteristik kisileri olusturmustur.

3.2. Kent Kimligine Iligkin Degerlerin Gorsellestirilmesi

Bu boliimde; bir 6nceki boliimde sunulan bilgiler dogrultusunda, lise 6grencilerinin kent
kimligine iliskin degerlere yonelik bireysel algilarindaki goriinlimlerinin tasarlanarak, AS
boyutundaki kartpostala islenmesi siireci ve sonuglart degerlendirilmistir. Siirecin isleyisine
iliskin gorseller Gorsel 1. de sunulmustur.

Gorsel 1. Atdlye galigmasina iligkin gérseller

Tasarim siirecinde toplam 11 adet kartpostal {iretilmistir. Kartpostallarda 6grencilerin farkli
gorsellestirme teknikleri kullanarak, bilgiye dayali olarak algilarinda olusturduklart sembolik
ifadeleri kullandiklar1 goriilmistiir. Cogunlukla da; tasarimlarinda sari, kahverengi, mavi ve
yesil tonlar1 kullandiklart saptanmigtir. Kartpostallarda; 6zellikle Marmara Denizi ve kiyist ile,
iiziim, kiraz, ayc¢igegi gibi tarimsal {riinler ile tarihi ve kiiltiirel miras degerlerinin 6n plana
cikmigtir. Bu durum kentin tanmirliginda 6zellikle de; deniz, aygicegi, kiraz, iizim ve
geleneksel yerlesim dokusunun baskin oldugunu géstermistir. Ayn1 zamanda; yamag parasutd,
yerel dokuma, Tekirdag koftesi, marti, liman ve tarihi kisiliklerin de kente iliskin 6grencilerin
algilarinda etkili oldugu sdylenebilir. Bu durum, kartpostallarda gecen kentsel kimlige iliskin
sembolik degerlere yonelik olusturulan kelime analizi ile de desteklenmistir (Gorsel 3).
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Gorsel 2. Ogrenciler tarafindan kent kimligine iliskin iiretilen 6zguin kartpostallar
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Gorsel 3. Kartpostallarda gegen kentsel kimlige iligkin sembolik degerlere yonelik
olusturulan kelime analizi

4. SONUCLAR VE DEGERLENDIRME

Bildir1 calismasi lise Ogrencilerinin kent kimligine iliskin degerlere yonelik bireysel
algilarindaki gortinimlerinin gorsellestirme odakli tasarimlarla belirlenmesine yonelik
uygulamali bir yaklasim sunulmustur. Boylelikle, Tekirdag kent kimligine iliskin baskin
degerler, kartpostal seklinde gorsel iletisim araglari aracilifiyla goriiniir kilinmistir. Bu
baglamda caligma, gorsel tasarimin kent taninirligi ve yerel kimligin gii¢lendirilmesinde etkili
bir ara¢ oldugunu destekler niteliktedir.

Degerlendirilen 11 adet kartpostalin her birinde, kentin kimlik degerlerini yansitan farkli
tekniklerin kullanildig1 tasarimlart igcerdigi goriilmistiir. Bu durum, atélye temelli iiretim siireci
ile, 6grencilerin kente 6zgii degerleri yorumlayarak tasarlamalarmma yonelik becerilerinin
gelistirmelerine katki saglamistir. Bununla birlikte, gerceklestirilen atdlye stireci, Tekirdag’in
tarihsel, dogal, tarimsal ve kiiltiirel degerlerinin gorsel tasarim araciligryla lise 6grencilerinin
goziinden yeniden yorumlanmasina olanak saglamstir. Ilgili sonug, kent kimliginin gorsel
temsilinde 6zglinliik ve ¢esitlilik saglandigini ortaya koymaktadir.

Sonug olarak, Tekirdag 6rneginde lise 6grencileri ile yiiriitiilen bu atdlye ¢aligmasi, kentlerin
Ozglin kimliklerinin gorlinlir kilinmasina yonelik tasarim temelli uygulamalarin 6nemini
vurgulamakta ve benzer ¢alismalarin farkli kentler baglaminda yayginlastirilmasina yonelik bir
yaklagim sunmaktadir.
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OZET

Calismada, Tekirdag kenti 6rneginde; tarimsal, dogal ve kiiltiirel peyzaji temsil eden gorseller
uzerinden elde edilen renk degerlerini analiz ederek, kente 6zgui bir renk skalasi olusturmak ve
bu skalalarin kentsel planlama ve tasarim siireglerine katkisini irdelemek amaclanmistir. Bu
amagla; Tekirdag’in peyzaj karakterini yansitan temel renk gruplarinin belirlenmesi ile elde
edilen renk skalalarinin kentsel tasarimda yol gosterici bir veri seti olarak kullanilabilirligine
yonelik 6ngorii gelistirmek hedeflenmistir. Boylelikle; dogal, kiiltiirel ve tarimsal peyzaj odakli
yerel verilere yonelik somut renk kodlari iiretilmistir. Elde edilen bulgular, Tekirdag icin
gelistirilen renk skalalarinin ileride hazirlanabilecek kentsel tasarim rehberleri ile kilavuzlarina
althik olusturabilecek katkilar saglayacaktir.

Anahtar Kelimeler: Renk, Kentsel Renk Skalasi, Kentsel Tasarim, Tekirdag

1. GIRIS

Renk, mekénsal karakterin anlagilmasinda kilit bir unsur olup, ¢evremizin gesitli yonlerinde var olan
soyut bir gorsel dildir ve genellikle kiiltiirel peyzajin ham maddesi olarak tammlanmistir (Amoruso ve
Battista, 2020; Zhang ve Kim, 2023). Bu durumu destekler nitelikte; Pakzad ve Einollahi (2017), her
rengin, tonu, parlakhig1 ve yogunluguyla mekanlarin farkli bir temasini olusturdugunu belirtmislerdir.
Kentsel kamusal alanlarda renk, estetik iyilestirmenin yam sira; mekansal okunabilirligi ve giivenligi
ve mekansal uyumu saglayarak, yasam kalitesinin giiglendirilmesinde etkili bir arag olduguna vurgu
yapilmistir (Shaporeva ve Smolyanimova, 2024). Bununla birlikte; Zhang ve Li, (2013) ile Wang vd.,
(2020)’nin ¢alismalarinda, kent renklerinin; kent kimligini, karakterini ve 0ziinii yansittig1 i¢in kentin
yUzinii olusturdugu belirtilmistir. Kentin renginin, genel imajin bir temsili degil, aymt zamanda
kaltdrel ruhunun ve yasam kalitesinin bir yansimasi oldugu vurgulanmustir. Aynmi1 zamanda; 6zellikle
deniz kentleri baglaminda, renk tasarmminin; gorsel uyumu gelistirdigi, giiglii bir yer duygusunu
yarattigy, kiiltiirel kimligi gii¢lendirebilecegi ve stirdiirtilebilirligi artirmada dinamik bir ara¢ oldugu
belirtilmistir (Zhang ve Kim, 2023). Mahmoodi ve Shakibamanesh (2005)’in ¢alismalarinda ise
renklerin, kentsel peyzajin temellerini sekillendirdigi ifade edilmistir. Behbudi vd., (2012); kentsel
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renk manzarasinin, kentsel tarihini ve genel tasarim stilini yansittigin1 ve kentsel karakterin bir
semboliinii olusturdugunu belirtmislerdir. Bu anlamda, eski ¢aglardan ginimize, renkler;
dekorasyon veya mesaj iletici olarak kullanilmiglardir (Bahreini, 1998). Bu durumu
destekleyecek sekilde, 6zellikle de; geleneksel yerlesimlerde, yapilar: kaplayan dogal renkler,
yerel halkin kiiltiiri ve yasam tarziyla uyumlu bir gérinim kazandirmistir. Boylelikle,
geleneksel yerlesimlerin biiyiik bir gogunlugu, farklilasan renk kimlikleri ile 6n plana ¢ikmigtir
(Mortezai, 2002). Bu durum, her kent ve/veya cografyanin, o yeri, zamani ve mimariyi
tanimlamaya ve agiklamaya yardimci olan farkli renkler sunabildigini (Manav, 2017)
gostermektedir. Kentsel ortamdaki rengin tim bu yonleri g6z o6niine alindiginda, kentsel
tasarimda renk etkisinin ¢cok dnemli bir etkisi oldugu gorilmustiir. Literatiirde de bu durum
desteklenmistir. Behbudi vd. (2012); kentsel tasarimcilar ve planlamacilarin, kentsel renk
manzarasi alanina daha fazla 6nem vermeleri gerektigini belirtirken; Manav (2017), rengin,
kentsel estetik, imaj ve mimari tasarimda 6nemli bir konu haline geldigini vurgulamislardir.
Gorzaldini, (2016) ise; kentler icin kapsamli renk planmin tasarlanmasi gerektigini
belirtmislerdir. Bu durumu destekler nitelikte; Zhang ve Kim, (2023)’in ¢alismalarinda da,
kentsel peyzajlarda renk tasariminin 6nemi vurgulanarak, belirli renk segimlerinin gevresel
etkilerinin kapsamli bir sekilde degerlendirilmesi i¢in daha fazla arastirmaya ihtiyac¢ olduguna
vurgu yapilmigtir. Cheng vd. (2025); planlamacilar ve tasarimcilarin 6lgilebilir, denemeye
hazir, renk kararlarin1 dogrulanabilir sonuglarla iliskilendiren kilavuzlarin olmadigindan s6z
etmislerdir.

Yukaridaki ¢aligmalara dayali olarak bu ¢alismada, Tekirdag kenti 6rneginde; tarimsal, dogal
ve kiiltiirel peyzaj1 temsil eden gorseller lizerinden elde edilen renk degerlerini analiz ederek,
kente 6zgl bir renk skalasi olusturmak ve bu skalalarin kentsel planlama ve tasarim siireglerine
katkisini irdelemek amaglanmistir. Bu amagla; Tekirdag’in peyzaj karakterini yansitan temel
renk gruplarinin belirlenmesi ile elde edilen renk skalalarinin kentsel tasarimda yol gosterici
bir veri seti olarak kullanilabilirligine yonelik 6ngorii gelistirmek hedeflenmistir. Boylelikle;
dogal, kulttrel ve tarimsal peyzaj odakli yerel verilere yonelik somut renk kodlari tiretilmistir.
Elde edilen bulgular, Tekirdag icin gelistirilen renk skalalarinin ileride hazirlanabilecek kentsel
tasarim rehberleri ile kilavuzlarina altlik olusturabilecek katkilar saglayacaktir.

2. MATERYAL VE YONTEM

2.1. Materyal

Arastirmada, Tekirdag kentinin tarimsal, dogal ve kiiltiirel peyzaj bilesenlerini temsil eden
gorseller temel veri kaynagi olarak kullanilmistir.

Calisma alani, Marmara Bolgesi’nde yer alan Tekirdag ili ile sinirlandirilmistir. Alan; tarimsal
peyzaj (bag alanlari, tarim arazileri, irlin desenleri), dogal peyzaj (kiy1 alanlari, yesil alanlar,
su yuzeyleri, topografik unsurlar), yerlesim peyzaji (anitsal yapilar, geleneksel sivil mimari
yapilar, yerlesim dokusu) ve sosyo-kilturel peyzaj (yerel tatlar ve yoresel etkinlikler) olmak
Uzere dort ana peyzaj bileseni dogrultusunda ele alimmustir. Bu smiflandirma, peyzaj
karakterinin buttncil bigimde analiz edilmesini saglamaktadir.
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2.2. YOntem

Bu calismada tarimsal peyzaj (bag alanlari, tarim arazileri ve iiriin desenleri), yerlesim peyzaji
(anitsal yapilar, geleneksel sivil mimari ve yerlesim dokusu), dogal peyzaj (kiy1 alanlari, yesil
alanlar, su ylzeyleri ve topografik unsurlar) ile sosyo-kultirel peyzaj (yerel tatlar ve yoresel
etkinlikler) olmak iizere dort ana peyzaj bileseni dogrultusunda renk kodlar1 olusturulmustur.
[lk asamada bu peyzaj bilesenlerini temsil eden gorseller kullanilarak renk dagilimlarinin
soyutlanmas1 hedeflenmistir. Ikinci asamada gorsellere piksel bazli ¢dziiniirliik diisiirme
(pixelation) yontemi uygulanarak bi¢imsel detaylar azaltilmis, baskin renkler ve genel renk
dagilimlari 6n plana ¢ikarilmistir. Elde edilen piksellenmis gorseller, her bir peyzaj bileseninin
karakteristik renk skalasini yansitan soyut gorsel ifadeler olarak degerlendirilmistir. Son
asamada ise tiim peyzaj bilesenlerinden elde edilen renk degerleri bir araya getirilerek kentin
gorsel kimligini temsil eden karma (biitiinciil) bir renk skalas1 olusturulmustur. Bu renk skalas1
icerisindeki tonlarin kentteki baskinlik diizeyleri, yogunluklarina gore farklh biiyiikliiklerde
sekiller kullanilarak gorsellestirilmis ve renklerin baskinlik dagilimi ortaya konmustur.

3. BULGULAR
3.1. Tarimsal Peyzaj Degerlerine Yonelik Renk Kodlarinin Olusturulmasi

Tekirdag kenti 6zelinde tarimsal peyzaji olusturan; aycicegi, bugday, misir ve kanola tarlalari
ile bag alanlar1 ve kiraz, karpuz ve zeytin bahcelerine yonelik olarak baskin renkleri olusturan
renk skalast gelistirilmistir. Tarimsal peyzaj degerlerine yonelik, renk skalasi incelendiginde,
sar1, altin tonlari, yesil ve kahverengi tonlarinin baskin oldugu gortlmiistiir (Gorsel 1, Gorsel
2). Bu durum; hasat donemlerinin gorsel etkisi ile tarimsal peyzajin donemsel degiskenliginin
bir yansimasi oldugu ile iliskilendirilebilir. Tlgili sonug, kentsel tasarima yonelik olarak,
mevsimsellik ve zamansal degisimin gozetilmesinin gerekliligini desteklemektedir.

Gorsel 1. Tarimsal peyzaj degerleri
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Gorsel 2. Tarimsal peyzaj renk skalasi
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3.2. Yerlesim Peyzaj Degerlerine Yonelik Renk Kodlarinin Olusturulmasi

Yerlesim peyzajina ait renk skalasinda; bej, gri, mavi ve toprak tonlarinin 6n planda oldugu
pastel tonlar hakim olmustur. Bu renklerin biiyiik 6l¢iide yap1 cepheleri, kentsel donatilar ve
sert zemin yiizeylerinden kaynaklandigi goriilmektedir (Gorsel 3, Gorsel 4). Mavi tonlarinin
varligi, Tekirdag’m kiyr kenti olma Ozelliginin yerlesim peyzajina yansidigin
desteklemektedir. Bu durum, yerlesim alanlarinda dogal peyzajla kurulan gorsel iligkinin renk
tizerinden okunabildigini gostermektedir. Kentsel tasarima yonelik, yerlesim peyzajinda, dogal
peyzaja atifta bulunuldugundan yola ¢ikilarak, yapili gevrenin dogayla uyumunu destekleyecek
onemli bir referans seti sunabilir.

Gorsel 3. Yerlesim peyzaji degerleri
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Gorsel 4. Yerlesim peyzaji renk skalasi
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3.3. Dogal Peyzaj Degerlerine Yo6nelik Renk Kodlarmin Olugturulmasi

Dogal peyzaj degerlerine yonelik renk skalasi; yesil ve mavi tonlar1 etrafinda yogunlagsmistir
(Gorsel 5, Gorsel 6).). Bu durum o6zellikle mavi-yesil dengesinin énemli bir potansiyel
olusturdugunu gostermistir. Yesil tonlarindaki cesitlilik, bitki ortiisiiniin farkli yogunluk ve
tiirlere sahip oldugunu; mavi ve agik tonlar ise deniz, gokylizii ve su ylizeylerinin dogal
peyzajda belirleyici unsurlar oldugunu desteklemektedir. Dogal peyzaj degerlerinden iiretilen
bu renk skalalari; kentsel acik alan tasarimlarinda gorsel konforu artiracak veri destegi
sayabilecektir.

Gorsel 5. Dogal peyzaj degerleri
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Gorsel 6. Dogal peyzaj renk skalasi

#59612d #384a41

#7a7d5d #38653¢

#3a7b94 #444a3b #317327

#646346 #94a960 #6da657

H#IS1817 #7d7672 #808479

#c2ab3e #6b7h6Y #0b69ae #aaab9f #bfcSbd

3.4. Sosyo-Kiiltiirel Peyzaj Degerlerine Yo6nelik Renk Kodlarinin Olusturulmasi

Sosyo-kultirel peyzajdan elde edilen renk skalasinda; kirmizi, tugla tonlari, koyu kahverengi,
renklerin 6ne ¢iktig1 saptanmustir (Gorsel 6, Gorsel 7). Bu renkler, anitsal yapilar, geleneksel
sivil mimari yapilar ve kultirel mekanlarla olan iliskinin gii¢lii oldugunu ortaya ¢ikarmuistir.
Bu durum, sosyo-kultlrel peyzaj degerlerine yonelik renk kullanimimin kent kimligini,
karakterini ve 0ziinii yansittigini ortaya koymustur.

Gorsel 7. Sosyo-kiltirel peyzaj degerleri
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Gorsel 8. Sosyo-kiiltlirel peyzaj renk skalasi
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Gorsel 9. Karma peyzaj renk skalasi
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Renk skalasi igerisindeki tonlarin kentteki baskinlik diizeyleri, yogunluklarina gore farkli
blyukliklerde sekiller kullanilarak gorsellestirilmis ve renklerin baskinlik dagilimi ortaya
konmustur. Renk yogunlugu analizine gore ortaya cikan toplam 180 renkten 61 renk
kahverengi tonunda, 28 gri, 27 yesil, 26 mavi, 15 sar1, 13 turuncu, 10 kirmizi tonlar1 arasinda
degiskenlik gostermektedir.

Sekil 1. Renklerin yogunluk analizi

4. GENEL DEGERLENDIRME VE SONUCLAR

Tekirdag’mn; tarimsal peyzaj, dogal peyzaj, yerlesim peyzaji ile sosyo-kiltiirel peyzaj
degerlerine yoOnelik olusturulan renk skalasi birlestirilerek karma bir renk skalasi
olusturulmustur (Gorsel 8). Karma renk skalasi incelendiginde; sar1, kahverengi, yesil, mavi ve
kirmizi tonlarin genel olarak dengeli bir bigimde yer aldig1 ve renklerin peyzaj tirlerine gore
farklilagtigt goriilmiistiir. Bu durum, kentin tarimsal, dogal ve sosyo-kultirel peyzaj
degerlerine yonelik karakterini yansittigini desteklemektedir. Blylk o6lclide de, renklerin
toprak—yesil-mavi ekseninde yogunlastig1 goriilmektedir. Bu durum, 6zellikle geleneksel yap1
cephelerinin, bitki ¢esitliliginin ve kiy1 etkisinin kentin renk olusumunda etkili oldugunu ve
yerel kimligi destekleyen bir renk dili olusturma potansiyeline sahip oldugunu gostermistir.
Elde edilen sonuglar, Tekirdag i¢in gelistirilen renk skalalarinin; kentsel tasarim rehberlerinde,
cephe ve acik alan tasarim ilkelerinde yerel kimligi destekleyici bir ara¢c olarak
kullanilabilecegini ortaya koymaktadir.
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OZET

Elma (Malus domestica), kiiresel 6lgekte en yaygin iiretimi yapilan meyve turlerinden biri olup,
endiistriyel isleme siirecleri sonucunda meyve agirliginin yaklasik %20’sine karsilik gelen
posa, kabuk ve gekirdek gibi agro-endiistriyel yan iiriinler agiga ¢ikmaktadir. Toplam atik
miktari i¢erisinde sinirl bir paya sahip elma g¢ekirdekleri; ylksek protein (%33,7-49,5), lipid
(%10,1-29,4), diyet lifi, mineral madde ve polifenol igerigi ile dikkat gekici bir besinsel ve
fonksiyonel potansiyel sunmaktadir. Elma ¢ekirdeginden elde edilen yagin yag asidi
kompozisyonu, esas olarak linoleik asit (%45-60) ve oleik asit (%27-41,7) gibi ¢oklu ve tekli
doymamig yag asitlerinden olugmakta olup, bu bilesenlerin insan saglig1 agisindan Snemli
fizyolojik etkiler sergileyebilecegi bildirilmektedir. Bunun yani sira, elma c¢ekirdekleri
Ozellikle floridzin basta olmak iizere yiiksek konsantrasyonda fenolik bilesik icermekte ve
belirgin bir antioksidan kapasite gdstermektedir. Cekirdeklerin oksidatif stresle iliskili
hastaliklarin ~ 6nlenmesinde potansiyel bir fonksiyonel bilesen kaynagi olarak
degerlendirilmesini, elma ¢ekirdegi kaynakli bilesenlerin anti-inflamatuar, antikanser,
antibakteriyel ve antidiyabetik aktiviteler sergileyebildigi; ozellikle alfa-glukozidaz
inhibisyonu yoluyla glisemik yanitin modiilasyonuna katki saglayabilecegi vurgulanmaktadir.
Cekirdek yaginda bulunan B-sitosteroliin, serum kolesterol diizeylerinin diisiiriilmesine katki
saglayarak kardiyovaskiiler risklerin azaltilmasinda rol oynayabilecegi belirtilmektedir.

Elma cekirdeklerinde dogal olarak bulunan ve hidroliz sonucu siyaniir saliimina neden
olabilen amigdalin gibi siyanojenik glikozitler, bu materyallerin degerlendirilmesinde giivenlik
acisindan kritik bir sinirlayici unsur olusturmaktadir. Siirdiirtilebilirlik ilkeleri dogrultusunda,
elma ¢ekirdeklerinden biyoaktif bilesenlerin geri kazaniminda siiperkritik CO-, ultrasonik ve
enzimatik destekli ekstraksiyon yontemleri; yiiksek secicilik ve verimlilik saglamanin yani sira
istenmeyen bilesenlerin iirline gecisini sinirlandirarak daha saf ve kaliteli iirlinlerin elde
edilmesine olanak tanimaktadir. Sonug¢ olarak, elma c¢ekirdeklerinin kontrollii ve giivenli
bicimde katma degerli {iriinlere doniistiiriilmesi, gida, kozmetik ve farmasotik endiistriler igin
ekonomik ve ¢evre dostu bir hammadde alternatifi sunmaktadir.

Anahtar Kelimeler: FElma c¢ekirdegi, Biyoaktif bilesikler, Fonksiyonel o6zellikler,
Stirdiiriilebilir degerlendirme
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BIOACTIVE COMPOSITION, BIOLOGICAL EFFECTS, AND INDUSTRIAL
VALORIZATION POTENTIAL OF APPLE (MALUS DOMESTICA) SEEDS

ABSTRACT

Apple (Malus domestica) is one of the most widely produced fruit species worldwide, and
industrial processing generates substantial amounts of agro-industrial by-products, including
pomace, peel, and seeds, accounting for approximately 20% of the fruit weight. Although apple
seeds constitute a relatively small fraction of the total waste, they exhibit a remarkable
nutritional and functional potential due to their high contents of protein (33.7-49.5%), lipids
(10.1-29.4%), dietary fiber, minerals, and polyphenolic compounds. The oil extracted from
apple seeds is characterized by a favorable fatty acid profile, predominantly composed of
polyunsaturated and monounsaturated fatty acids, mainly linoleic acid (45-60%) and oleic acid
(27-41.7%), which are associated with beneficial physiological effects on human health. In
addition, apple seeds contain high concentrations of phenolic compounds, particularly
phloridzin, and display considerable antioxidant capacity. These properties support the
potential use of apple seeds as a functional ingredient source in the prevention of oxidative
stress-related disorders. Previous studies have highlighted that bioactive compounds derived
from apple seeds exhibit anti-inflammatory, anticancer, antibacterial, and antidiabetic
activities, especially through the inhibition of a-glucosidase, thereby contributing to the
modulation of glycemic response. Furthermore, B-sitosterol present in apple seed oil may
contribute to the reduction of serum cholesterol levels, suggesting a potential role in lowering
cardiovascular risk.

However, the presence of cyanogenic glycosides such as amygdalin, which can release cyanide
upon hydrolysis, represents a critical safety concern that must be carefully addressed during
processing and utilization. From a sustainability perspective, environmentally friendly
extraction techniques, including supercritical CO-, ultrasonic-assisted, and enzyme-assisted
extraction methods, have gained increasing attention due to their high selectivity and
efficiency. These approaches not only enhance the recovery of bioactive compounds but also
limit the transfer of undesirable constituents into the final products. Consequently, the
controlled and safe valorization of apple seeds offers an economically viable and
environmentally sustainable raw material alternative for the food, cosmetic, and
pharmaceutical industries.

Keywords: Apple seed, Bioactive compounds, Functional properties, Sustainable valorization
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1. Giris

Elma (Malus domestica), binlerce yillik yetistiricilik ge¢misiyle insanlik tarihinin en eski
kiiltiir meyvelerinden biri olup, giiniimiizde de diinya genelinde en yaygin {iretilen ve tiiketilen
meyveler arasinda yer almaktadir. Yiiksek adaptasyon yetenegi, uzun raf Oomrii ve genis
kullanim alanlar1 sayesinde elma, yalnizca insan beslenmesinde degil, ayn1 zamanda kiiresel
tarim ekonomisinde de stratejik bir iiriin konumundadir (Musacchi & Serra, 2018; Shahbandeh,
2019). Nitekim giincel FAO verileri, diinya elma iiretiminin yillik yaklasik 95 milyon ton
seviyesinde seyrettigini ve iiretimin biiylik 6l¢lide Cin, Amerika Birlesik Devletleri ve Tiirkiye
gibi iilkelerde yogunlastigini ortaya koymakta; bu durum elmanin kiiresel gida arzi1 ve tarimsal
stirdiiriilebilirlik acisindan 6nemini daha da pekistirmektedir (FAO, 2024). Ancak elmanin
endiistriyel dlgekte meyve suyu, regel, piire ve fermente iirlinlere doniistiiriilmesi sirasinda,
meyve agirhigmin yaklastk %20-25’ine karsilik gelen posa, kabuk ve ¢ekirdek
fraksiyonlarindan olusan 6nemli miktarda agro-endustriyel yan iriin agiga ¢ikmaktadir
(Mahawar, Singh, & Jalgaonkar, 2012; Ferrentino ve ark., 2020). Bu yan iirlinler uzun yillar
boyunca diisiik ekonomik degere sahip tarimsal atiklar olarak degerlendirilmis ve cogunlukla
hayvan yemi ya da kompost materyali olarak kullanilmistir. Bununla birlikte, son yillarda
stirdiiriilebilir tiretim ve dongiisel ekonomi yaklagimlarinin 6n plana ¢ikmasiyla birlikte, elma
isleme yan triinlerinin kimyasal bilesimi ve fonksiyonel potansiyeli bilimsel agidan yogun ilgi
gormeye baglamistir. Giincel ¢aligmalar, bu fraksiyonlarin polifenoller, proteinler ve esansiyel
yag asitleri bakimindan zengin birer biyoaktif rezervuar niteligi tasidigini ortaya koymaktadir
(Blidi ve ark., 2015; Kumar ve ark., 2021). Toplam atik miktarinin yalmizca %0,7—4,5’ini
olusturmasina ragmen elma cekirdekleri, igerdigi yiiksek katma degerli bilesenler nedeniyle
“atik degerleme (valorization)” stratejilerinin merkezinde yer almakta ve 6zellikle yiiksek
tretim hacmine sahip ilkelerde cevresel ve ekonomik agidan Onemli bir potansiyel
sunmaktadir (Bolarinwa, Orfila, & Morgan, 2015; Ferrentino ve ark., 2020).

Elma ¢ekirdeklerinin besinsel profili incelendiginde, %33,7-49,5 oraninda protein ve %10,1—
34 oraninda yag icerigiyle dikkat cektigi goriilmektedir (Kamel, deMan, & Blackman, 1982;
Yu ve ark., 2007; Kumar ve ark., 2021). Cekirdekten elde edilen yagin %80’den fazlasinin
doymamis yag asitlerinden olustugu ve 6zellikle linoleik asit (%45-60) ile oleik asit (%27—
41,7) bakimindan zengin oldugu bildirilmektedir (Abbas, Anwar, & Ahmad, 2019; Wang ve
ark., 2025). Buna ek olarak, elma ¢ekirdeklerinin polifenolik profili; toplam fenolik icerigin
%70-90’1m1 olusturan floridzin basta olmak {izere, phloretin ve kuersetin tiirevleriyle
karakterize edilmektedir (Tian, Zhan, & Li, 2010; Fromm ve ark., 2012; Mishko ve ark., 2021).
Bu zengin kimyasal bilesim, elma c¢ekirdeklerine genis bir biyolojik etki spektrumu
kazandirmaktadir. Yapilan caligmalar, elma c¢ekirdegi ve tlirevlerinin gii¢lii antioksidan
ozelliklerinin yani sira antikanser, antidiyabetik (a-glukozidaz ve a-amilaz inhibisyonu) ve
anti-obezite (pankreatik lipaz inhibisyonu) aktiviteler sergiledigini ortaya koymaktadir (Ci ve
ark., 2018; Manzoor, Singh, & Gani, 2021; Wang ve ark., 2025). Bununla birlikte,
cekirdeklerde dogal olarak bulunan ve hidroliz sonucu siyaniir salinimina yol acabilen
amigdalin varligi, bu materyallerin degerlendirilmesinde giivenlik agisindan kritik bir faktor
olarak degerlendirilmektedir. Ancak modern ekstraksiyon ve rafinasyon teknolojileri
sayesinde, elma ¢ekirdegi yaginin bu toksik bilesenden etkin bicimde arindirilmasinin miimkiin
oldugu bildirilmektedir (Bolarinwa ve ark., 2015; Ferrentino ve ark., 2020).
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Stirdiiriilebilirlik ilkeleri dogrultusunda, elma ¢ekirdeklerinden biyoaktif bilesenlerin geri
kazaniminda siiperkritik CO-, ultrasonik ve enzimatik destekli ekstraksiyon gibi ¢evre dostu
teknolojiler 6n plana ¢ikmaktadir. Bu yenilik¢i yaklasimlar hem yiiksek ekstraksiyon verimi
saglamakta hem de ¢oziicii kullanimin1 ve ¢evresel etkiyi minimize etmektedir (Gasparini ve
ark., 2023; Wang ve ark., 2025). Sonug olarak, elma g¢ekirdekleri yalnizca fonksiyonel gida
bileseni olarak degil; ayn1 zamanda kozmetik, farmasotik ve biyo-yakit endiistrileri igin
stirdiiriilebilir ve ekonomik bir hammadde kaynagi olarak degerlendirilmektedir (Abbas ve
ark., 2019; Wang ve ark., 2025). Tiirk kiiltiirii ve mitolojisinde “genglik ve 6liimsiizlik™ ile
sembolize edilen elmanin, giinlimiizde bilimsel veriler 1s181inda yeniden yorumlanmasi,

geleneksel bilgi ile modern bilimin anlamli bir kesisim noktasini olusturmaktadir (Simsek,
2008).

2. Elma (Malus domestica) Cekirdeklerinin Biyoaktif Bilesimi

Elma ¢ekirdekleri, uzun yillar boyunca tarimsal bir yan iiriin veya atik olarak degerlendirilmis
olsa da, son yillarda yapilan kapsamli kimyasal ve biyolojik analizler bu materyallerin yiiksek
katma degerli bilesenler agisindan zengin bir biyoaktif rezervuar niteligi tasidigini ortaya
koymustur (Blidi ve ark., 2015; Kumar ve ark., 2022). Dongiisel ekonomi ve siirdiiriilebilir
tiretim yaklagimlarinin giderek nem kazanmasiyla birlikte, elma ¢ekirdekleri agro-endustriyel
atiklarin degerlenmesi (valorization) kapsaminda stratejik bir hammadde olarak ele alinmaya
baslanmistir. Cekirdeklerin proksimat bilesimi incelendiginde, kuru madde bazinda %33,79—
49,55 oraninda protein ve %10,1-34 oraninda lipid icerigine sahip oldugu bildirilmektedir
(Kamel, deMan, & Blackman, 1982; Kumar ve ark., 2022; Wang ve ark., 2025). Bu diizeydeki
lipid icerigi, elma ¢ekirdegi yaginin misir ve aycicek yagi gibi ticari olarak yaygin kullanilan
bitkisel yaglarla rekabet edebilecek bir potansiyele sahip oldugunu gostermektedir (Kumar ve
ark., 2022). Ayrica yiiksek protein igerigi, ¢cekirdeklerin fonksiyonel gida ve besin takviyesi
uygulamalar agisindan da degerlendirilmesini miimkiin kilmaktadir.

Elma ¢ekirdegi yaginin yag asidi profili, toplam kompozisyonun %80’inden fazlasini olusturan
doymamis yag asitleri ile karakterizedir (Wang ve ark., 2025). Baslica yag asitleri arasinda
linoleik asit (%40,5-67,94) ve oleik asit (%20,68-46,5) baskin olup, palmitik ve stearik asit
gibi doymus yag asitleri daha diisiik oranlarda bulunmaktadir (Kumar ve ark., 2022; Wang ve
ark., 2025). Bu yag asidi dagilimi, elma cekirdegi yaginin kardiyovaskiiler saglik agisindan
olumlu etkiler gosterebilecek bir lipit profiline sahip oldugunu disiindiirmektedir. Elma
cekirdeklerinin biyoaktif karakterini belirleyen en 6nemli bilesen gruplarindan biri fenolik
bilesiklerdir. Toplam fenolik igerigin %70-90’1m1 olusturan floridzin (phloridzin), elma
tiirlerine 6zgii bir dihidrokalkon olup, 6zellikle glukoz metabolizmasinin diizenlenmesinde rol
oynayan biyolojik aktivitesi ile dikkat ¢cekmektedir (Dadwal ve ark., 2018; Kumar ve ark.,
2022). Bunun yani sira, floretin, kuersetin glikozitleri ve klorojenik asit gibi fenolik bilesikler
de ¢ekirdeklerin antioksidan kapasitesine dnemli katki saglamaktadir (Dadwal ve ark., 2018).
Lipofilik antioksidanlar agisindan degerlendirildiginde ise elma c¢ekirdeklerinin a- ve f-
tokoferol (vitamin E) homologlar1 bakimindan zengin oldugu; toplam tokoferol igeriginin
ceside bagli olarak 130-379 mg/100 g yag arasinda degistigi bildirilmektedir (Goérnas, 2015;
Kumar ve ark., 2022). Bu bilesenler, yagin oksidatif stabilitesini artirmanin yani sira biyolojik
koruyucu etkilere de sahiptir. Mineral bilesim agisindan elma ¢ekirdekleri, potasyum (yaklasik
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720 mg/100 g), fosfor (600 mg/100 g), magnezyum (320 mg/100 g) ve kalsiyum gibi esansiyel
mineraller bakimindan 6nemli bir kaynak olusturmaktadir (Kamel ve ark., 1982). Ancak
cekirdeklerin bilesiminde bulunan ve hidroliz sonucu siyaniir agiga ¢ikarabilen amigdalin gibi
siyanojenik glikozitler, elma ¢ekirdegi iirlinlerinin degerlendirilmesinde giivenlik agisindan
kritik bir sinirlayici faktor olarak 6ne ¢ikmaktadir. Cesit ve yetistirme kosullarina bagli olarak
amigdalin igeriginin 1-4 mg/g arasinda degistigi rapor edilmis olup, bu bilesigin isleme ve
rafinasyon agamalarinda etkin bi¢imde kontrol altina alinmasi gerekmektedir (Bolarinwa,
Orfila, & Morgan, 2015; Kumar ve ark., 2022).

Tiirk kiiltiirinde elmanin tarihsel olarak “6liimsiizliik ve sifa” ile iligskilendirilmesi (Simsek,
2008), modern bilimsel bulgular 1s1¢1nda degerlendirildiginde, bu sembolik anlamin 6zellikle
cekirdeklerde yogunlasan zengin biyoaktif bilesimle bilimsel bir temele oturtulabilecegi
goriilmektedir. Gilincel arastirmalar, elma g¢ekirdeklerinin yalnizca geleneksel bir yan {irlin
degil; fonksiyonel gida, kozmetik ve farmasotik uygulamalar i¢in giiclii bir dogal bilesen
kaynag1 oldugunu agikga ortaya koymaktadir.

3. Biyolojik ve Fonksiyonel Etkiler

Elma (Malus domestica) gekirdekleri, zengin polifenol igerigi, 6zgiin yag asidi profili ve
lipofilik biyoaktif bilesenleri sayesinde genis bir biyolojik aktivite spektrumuna sahiptir. Son
yillarda gerceklestirilen in vitro ve sinirli sayida in vivo g¢alismalar, elma cekirdegi ve
tirevlerinin  antioksidan, antidiyabetik, antiobezite, antimikrobiyal, antikanser ve
kardiyoprotektif 6zellikler sergiledigini ortaya koymustur. Bu etkilerin biiyiik 6l¢giide fenolik
bilesikler, tokoferoller, doymamis yag asitleri ve fitosterollerin sinerjik etkilesimlerinden
kaynaklandig1 diistiniilmektedir.

3.1. Antioksidan Kapasite

Elma cekirdekleri, yiksek fenolik bilesik konsantrasyonlar1 sayesinde gii¢lii bir antioksidan
kapasite gostermektedir (Duda-Chodak, Tarko, & Tuszynski, 2011). Ozellikle toplam fenolik
icerigin biiyiikk bir bolimiinii olusturan floridzin, serbest radikallerin siipiiriilmesi, metal
iyonlarinin selasyonu ve lipid peroksidasyonunun baskilanmasi yoluyla oksidatif hasari
sinirlandirmaktadir (Xu ve ark., 2016; Dadwal ve ark., 2018). Yapilan karsilastirmali analizler,
elma ¢ekirdeklerinin antioksidan aktivitesinin meyvenin kabuk ve et dokusuna kiyasla belirgin
sekilde daha yiiksek olabildigini gostermektedir (Xu ve ark., 2016; Manzoor, Singh, & Gani,
2021b). Bu durum, cekirdeklerin oksidatif stres temelli kronik hastaliklarin onlenmesinde
fonksiyonel bir bilesen kaynagi olarak degerlendirilmesini desteklemektedir.

3.2. Antidiyabetik ve Antiobezite Etkiler

Elma c¢ekirdegi ekstraktlarinin karbonhidrat ve lipid metabolizmasinda rol oynayan temel
sindirim enzimleri iizerinde inhibitdr etki gdsterdigi bildirilmistir. Ozellikle a-glukozidaz ve
a-amilaz aktivitelerinin baskilanmasi, nisastanin glukoza doniisiim hizin1 azaltarak
postprandiyal hipergliseminin kontrol altina alinmasina katki saglamaktadir (Ci ve ark., 2018;
Manzoor ve ark., 2021b). Bunun yani sira, pankreatik lipaz inhibisyonu yoluyla diyetle alinan
yaglarin sindiriminin sinirlandirilmasi, elma ¢ekirdegi bilesenlerini obezite yonetimi agisindan
potansiyel bir dogal ajan haline getirmektedir (Ci ve ark., 2018). Bu etkilerin 6zellikle floridzin,
floretin ve polifenolik asitler ile iligkili oldugu diisiintilmektedir.
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3.3. Antimikrobiyal Aktivite

Elma c¢ekirdeklerinden elde edilen yag ve ekstraktlarin, hem Gram-pozitif hem de Gram-
negatif bakterilere kars1 belirgin antimikrobiyal aktivite sergiledigi rapor edilmistir.
Staphylococcus aureus, Bacillus subtilis ve Escherichia coli gibi patojen mikroorganizmalara
kars1 inhibitor etki gozlenmis; bu etkinligin hiicre zar1 biitiinliiglinlin bozulmasi ve hiicresel
enzimlerin inhibisyonu yoluyla gergeklestigi one stiriilmistiir (Tian, Zhan, & Li, 2010;
Manzoor ve ark., 2021b). Ayrica baz1 maya ve kiif tiirlerinin biiyiimesinin baskilanmasi, elma
cekirdegi bilesenlerinin antifungal potansiyelini de ortaya koymaktadir (Mustafa, Khalil, &
Mohammed, 2020). Bu o6zellikler, ¢ekirdek tiirevlerinin dogal koruyucu (preservatif) olarak
kullanimina olanak taniyabilir.

3.4. Antikanser Potansiyel

Literatiirde elma cekirdegi ekstraktlarinin ¢esitli kanser hiicre hatlar tizerinde sitotoksik etki
gosterdigi bildirilmektedir. In vitro ¢aligmalar; meme kanseri (MCF-7), rahim agz1 kanseri
(HeLa) ve akciger karsinomasi (A549) hiicrelerinde hiicre proliferasyonunun baskilandigini ve
apoptozun indiiklendigini gostermektedir (Walia ve ark., 2014; Mustafa ve ark., 2018). Bu
etkilerin, reaktif oksijen tiirlerinin modiilasyonu, mitokondriyal yolaklarin aktivasyonu ve
hlcre dongusu duraksamast ile iligkili olabilecegi diistiniilmektedir. Ancak bu sonuglarin klinik
uygulamalara aktarilabilmesi i¢in ileri in vivo ve klinik ¢aligmalara ihtiya¢ duyulmaktadir.

3.5. Kardiyoprotektif Etkiler
Elma cekirdegi yaginin yiiksek oranda igerdigi linoleik ve oleik asit gibi doymamis yag asitleri,
plazma lipid profilinin diizenlenmesine katki saglayarak kardiyovaskiiler hastalik riskinin
azaltilmasinda rol oynayabilmektedir (Yu ve ark., 2007; Abbas, Anwar, & Ahmad, 2019).
Ayrica B-sitosterol gibi fitosterollerin bagirsaklardan kolesterol emilimini inhibe ederek serum
LDL-kolesterol diizeylerini diisiirdiigli ve ateroskleroz gelisimine karsi koruyucu etki
gosterdigi bildirilmektedir (Arain ve ark., 2012).

3.6. Giivenlik ve Biyoyararlanim A¢isindan Degerlendirme
Tum bu biyolojik ve fonksiyonel faydalara ragmen, elma ¢ekirdeklerinde bulunan ve hidroliz
sonucu siyaniir salinimima neden olabilen amigdalin igerigi, bu materyallerin dogrudan
tiketiminde ve endiistriyel kullaniminda dikkatle yonetilmesi gereken temel bir giivenlik
siirlayicisidir (Bolarinwa, Orfila, & Morgan, 2015). Bu nedenle, biyolojik etkinliklerin
degerlendirilmesinde yalnizca etkinlik degil; ayni1 zamanda doz, biyoyararlanim ve toksikolojik
giivenlik parametrelerinin birlikte ele alinmasi biiyiik 6nem tasimaktadir.

4. Endiistriyel Degerlendirme ve Siirdiiriilebilirlik
Meyve isleme endiistrisi, meyve suyu, piire, konsantre ve kurutulmus iriinlerin tiretimi
sirasinda her yil milyonlarca ton biyokiitle yan {iriinii ortaya ¢ikarmaktadir. Kabuk, posa ve
cekirdek fraksiyonlarindan olusan bu yan Grinler, yiksek karbonhidrat, protein, lipid ve
biyoaktif bilesik icerigine sahip olmalarina ragmen uzun yillar boyunca diisiik katma degerli
materyaller olarak degerlendirilmistir. Giinlimiizde ise bu biyokiitlenin “atik degerleme”
(waste valorization) yaklasimlariyla yeniden kazanilmasi, dongiisel ekonomi ve siirdiiriilebilir
kalkinma hedeflerinin temel bilesenlerinden biri haline gelmistir (Gasparini ve ark., 2023;
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Wang ve ark., 2025). EIma (Malus domestica) ve diger meyve ¢ekirdekleri, geleneksel olarak
hayvan yemi veya organik giibre olarak kullanilsa da; yag asitleri, proteinler, fenolik bilesikler
ve fitosteroller bakimindan zengin bilesimleri sayesinde giiniimiizde fonksiyonel gida,
kozmetik, farmasotik ve teknik uygulamalar icin stratejik bir hammadde kaynagi olarak
degerlendirilmektedir (Kumar ve ark., 2022).

4.1. Turkiye Ozelinde Elma Yan Uriin Potansiyeli

Tiirkiye, sahip oldugu iklim cesitliligi, farkli rakim kusaklari ve zengin genetik kaynaklari
sayesinde diinya elma iiretiminde 6nde gelen iilkeler arasinda yer almaktadir. i¢ Anadolu, Ege,
Akdeniz ve Dogu Anadolu bdlgeleri basta olmak tizere; Isparta, Karaman, Nigde, Denizli ve
Antalya illeri iilke elma tiretiminin biiyiik boliimiinii karsilamaktadir. Yillik iiretimin 4 milyon
tonun {izerinde seyretmesi, Tiirkiye’yi elma isleme sanayisi agisindan da énemli bir merkez
haline getirmektedir. Meyve suyu, konsantre ve piire Uretimi sirasinda ortaya ¢ikan yan
urunlerin %25-35’ini gekirdek ve posa fraksiyonlari olusturmaktadir. Bu durum, Tiirkiye’de
her yil yiiz binlerce ton elma ¢ekirdegi kokenli biyokiitlenin ortaya ¢iktigini gostermektedir.
Ancak bu potansiyel, biiylik ol¢lide diisiik katma degerli uygulamalarla sinirli kalmaktadir.
Oysa elma cekirdekleri; yag, protein, floridzin basta olmak iizere fenolik bilesikler ve
fitosteroller acgisindan zengin yapilar1 sayesinde yiiksek katma degerli biyoproduktlerin
iiretimine olanak tanimaktadir. Tiirkiye florasinda yer alan yerel ve ata elma ¢esitleri ile yabani
Malus tiirleri, ¢ekirdek bilesimi agisindan kiiltiir ¢esitlerinden farklilik géstermekte; bazi
Anadolu genotiplerinde daha yuksek toplam fenolik icerik ve antioksidan kapasite rapor
edilmektedir. Bu durum, Tirkiye menseli elma c¢ekirdeklerinin biyolojik aktivite ve
fonksiyonel bilesen zenginligi acisindan uluslararasi pazarda rekabet avantaji sunabilecegini
ortaya koymaktadir.

4.2. Ekstraksiyon Yontemleri ve Proses Teknolojileri

Elma cekirdeklerinden yag ve biyoaktif bilesenlerin elde edilmesinde kullanilan ekstraksiyon
yontemleri, iirlin kalitesi, verim ve cevresel siirdiiriilebilirlik agisindan belirleyici rol
oynamaktadir. Geleneksel n-hekzan ekstraksiyonu yiiksek yag verimi saglamakla birlikte,
toksik ¢oziicii kullanimi ve gevresel riskler nedeniyle yerini daha ¢evreci alternatiflere
birakmaktadir (Wang ve ark., 2025). Bu kapsamda Siiperkritik CO- Ekstraksiyonu (SFE),
diistik sicaklikta ¢alismasi, ¢oziicii kalintis1 birakmamasi ve termolabil biyoaktif bilesenleri
korumasi nedeniyle 6ne g¢ikmaktadir. Ayrica elma c¢ekirdeklerinde bulunan ve toksik bir
glikozit olan amigdalinin yag fazina gegisini biiyiik 6l¢iide engelleyerek daha giivenli bir iiriin
elde edilmesini saglamaktadir (Ferrentino ve ark., 2020).

Ultrasonik Destekli Ekstraksiyon (UAE) ve Ultrasonik-Enzimatik Destekli Ekstraksiyon
(UAEE) yontemleri ise hiicre duvarlarinin mekanik ve biyokimyasal olarak parcalanmasini
saglayarak ekstraksiyon siiresini kisaltmakta ve yag verimini %23-25 seviyelerine kadar
yukseltebilmektedir (Ezeh ve ark., 2016; Wang ve ark., 2025). Buna ek olarak, yar1 biyonik
ekstraksiyon yaklagimlar1 ve dimetil karbonat (DMC) gibi yesil ¢oziiclilerin kullanima,
proseslerin ¢evresel ayak izini azaltmakta ve endiistriyel 6lgeklenebilirligi desteklemektedir.
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4.3. Gida, Kozmetik, Farmasotik ve Teknik Uygulamalar
Elma ¢ekirdegi tlirevlerinin endiistriyel uygulama alanlar1 oldukca genistir:

e (Gida Endiistrisi:
Elma c¢ekirdegi yagi, yliksek linoleik ve oleik asit igerigi sayesinde fonksiyonel yag bileseni
olarak degerlendirilebilirken; ¢ekirdek unlari unlu mamuller ve fonksiyonel gidalarda lif ve
protein zenginlestirici olarak kullanilmaktadir (Abbas ve ark., 2019; Kumar ve ark., 2022).
Fenolik ekstraktlar ise dogal antioksidan ve raf Omrii uzatici ajanlar olarak gida
formiilasyonlarinda sentetik katkilara alternatif sunmaktadir.

o Kozmetik Endustrisi:
Yiiksek tokoferol ve fitosterol igerigi sayesinde elma ¢ekirdegi yaglari, nemlendirici, yaslanma
karsit1 ve UV koruyucu lirlinlerde hammadde olarak tercih edilmektedir (Tan & Ghazali, 2019).
Ozellikle ac1 elma (Citrullus colocynthis) ¢ekirdegi 6ziitlerinin antioksidan ve antiinflamatuar
ozellikleri, cilt sagligini destekleyici formiilasyonlarda kullanimini tesvik etmektedir.

e Farmasotik ve Nutraseutik Uygulamalar:
Floridzin ve diger fenolik bilesikler; tip 2 diyabet, obezite ve dislipidemi yonetimine yonelik
ilag ve besin takviyelerinin gelistirilmesinde potansiyel sunmaktadir (Ci ve ark., 2018). Ayrica
elma c¢ekirdegi ekstraktlarinin yesil sentez yoOntemiyle giimiis nanopartikiil (Ag-NPS)
iiretiminde kullanilmasi, bu nanopartikiillerin antikanser ve antibakteriyel ajanlar olarak
degerlendirilmesine olanak tanimaktadir (El-Beltagi ve ark., 2025).

e Teknik Uygulamalar:
Elma ¢ekirdegi yaglarindan elde edilen biyolojik olarak pargalanabilir biyo-yaglayicilar, petrol
bazli {iriinlere cevre dostu bir alternatif sunmakta ve endiistriyel siirdiirilebilirligi
desteklemektedir (Teshome ve ark., 2025).

4.4, Siirdiiriilebilirlik Perspektifi ve Tiirkiye Icin Stratejik Onemi
Tirkiye’de elma ¢ekirdegi yan iriinlerinin entegre biyo-rafinasyon yaklagimlariyla
degerlendirilmesi; tarimsal atik miktarinin azaltilmasi, kirsal bolgelerde katma degerli liretimin
tesvik edilmesi ve gida sanayisinin ¢evresel ayak izinin diisiiriilmesi agisindan stratejik bir
oneme sahiptir. Ozellikle elma iiretiminin yogunlastig1 bolgelerde kurulabilecek entegre
tesisler, dongiisel ekonomi modelinin uygulanabilirligini artirarak Tiirkiye’ nin yesil kalkinma
hedeflerine katki saglayabilir.

5. Ekonomik Fizibilite ve Yasam Dongiisii Degerlendirmesi (LCA)

Meyve isleme endiistrisinde ortaya ¢ikan yan iirlinlerin, 6zellikle de ¢ekirdek fraksiyonlarinin
katma degerli tiriinlere doniistliriilmesi, dongiisel biyoekonomiye gecis siirecinde stratejik bir
rol oynamaktadir. Geleneksel olarak diisiik ekonomik degere sahip atiklar veya hayvan yemi
olarak degerlendirilen bu biyokiitlelerin valorization yaklasimlariyla geri kazanilmast;
isletmeler agisindan atik yOnetimi maliyetlerini azaltirken, yeni ve siirdiiriilebilir gelir
modellerinin gelistirilmesine olanak tanimaktadir (Ramadan, 2019; Wadhwa & Bakshi, 2013;
Wang ve ark., 2025). Bu yaklasim, ayn1 zamanda dogal kaynaklarin daha verimli kullanilmasi
ve c¢evresel yiiklerin azaltilmasi agisindan da 6nemli kazanimlar sunmaktadir.
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5.1. Ekonomik Fizibilite Analizi

Bir meyve cekirdegi isleme tesisinin ekonomik agidan uygulanabilirligi; hammadde arzinin
stirekliligi ve yogunlugu, lojistik ve depolama kosullari, secilen ekstraksiyon teknolojisi ve
elde edilen nihai iirlinlerin (yag, protein, fenolik ekstrakt, biyo-yakit veya teknik yaglar) pazar
degeri gibi cok sayida parametreye baglidir (Weihrauch & Teter, 1994). Ozellikle meyve
isleme tesislerine entegre edilen c¢ekirdek isleme iiniteleri, ilave hammadde maliyeti
gerektirmeden iiretim yapilmasina olanak taniyarak proses ekonomisini dnemli olgiide
iyilestirmektedir.

Manketti (Schinziophyton rautanenii) ¢ekirdeklerinden elde edilen yagin yiiksek verimi ve
kozmetik sektoriindeki nis pazar degeri sayesinde endiistriyel 6l¢ekte ekonomik agidan basarili
bir 6rnek sundugu bildirilmektedir. Benzer sekilde, crambe ve elma c¢ekirdeklerinin iiretim
maliyetlerinin; kanola ve aycicegi gibi geleneksel yagli tohumlara kiyasla daha diisiik olmasi,
bu atik bazli hammaddelerin biyo-yakit ve biyolojik yaglayici iiretiminde rekabet giiciinii
artirmaktadir (Bassegio ve ark., 2016; Jasper ve ark., 2010; Wang ve ark., 2025).

Elma ¢ekirdeklerinden yag ekstraksiyonu sonrasinda geriye kalan pres keki (kiispe), yliksek
protein ve mineral igerigi sayesinde hayvan yemi veya organik gilibre olarak
degerlendirilebilmekte; bu durum, entegre liretim zinciri igerisinde ilave ekonomik deger
yaratmaktadir (Kamel, deMan, & Blackman, 1982). Tiirkiye 6zelinde bakildiginda, elma
iiretiminin yogunlastig1 bolgelerde bu tiir entegre tesislerin kurulmasi, 6zellikle kiigiik ve orta
Olcekli isletmeler i¢in yan iirlin bazli siirdiiriilebilir gelir modellerinin gelistirilmesini miimkiin
kilmaktadir.

5.2. Yasam Dongiisii Degerlendirmesi (LCA) ve Cevresel Siirdiiriilebilirlik

Yasam dongiisii degerlendirmesi (Life Cycle Assessment, LCA) perspektifinden ele
alindiginda, elma ve diger meyve cekirdeklerinin katma degerli {irtinlere doniistiiriilmest;
cevresel atik yiikiiniin azaltilmasi, sera gazi emisyonlarinin diisiiriilmesi ve dogal kaynaklarin
korunmasi agisindan 6nemli avantajlar saglamaktadir (Bangar ve ark., 2021; Ferrentino ve ark.,
2020). Geleneksel ekstraksiyon siireglerinde yaygin olarak kullanilan n-hekzan gibi organik
coziiciiler, toksik etkileri ve fotokimyasal ozon olusumuna katkilar: nedeniyle yiiksek ¢evresel
risk tasimaktadir (Hanmoungjai ve ark., 2000; Wang ve ark., 2025).

Buna karsilik, Stperkritik CO: Ekstraksiyonu (SFE), ultrasonik destekli ekstraksiyon ve
dimetil karbonat (DMC) gibi yesil ¢6ziicii temelli yontemler; daha diistik karbon ayak izi, daha
az enerji tiiketimi ve ¢oziicli kalintis1 igermeyen tirlinler sunarak ¢evresel siirdiiriilebilirligi
onemli Olgiide artirmaktadir (Ferrentino ve ark., 2020; Wang ve ark., 2025). LCA
caligmalarinda, elma cekirdegi bazli yag ve biyoproduktlerin, petrol bazli veya sentetik
muadillerine kiyasla daha diisiik ¢evresel etkiye sahip oldugu rapor edilmektedir. Meyve
cekirdeklerinin  biyo-dizel veya biyolojik olarak pargalanabilir biyo-yaglayicilara
donitistiiriilmesi, fosil yakitlara olan bagimliligi azaltarak kapali bir karbon dongiisiiniin
olusturulmasina katki saglamaktadir (Baranitharan ve ark., 2025; Teshome ve ark., 2025). Bu
durum, hem enerji glivenligi hem de iklim degisikligiyle miicadele hedefleriyle dogrudan uyum
gostermektedir.

5.3. Tiirkiye i¢in Degerlendirme ve Gelecek Perspektifi
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Tiirkiye’nin yiiksek elma tiretim kapasitesi, gelismis meyve isleme altyapisi ve zengin genetik
cesitliligi  dikkate alindiginda; elma c¢ekirdegi yan {riinlerinin valorization yoluyla
degerlendirilmesi, iilke i¢in stratejik bir biyoekonomi firsati sunmaktadir. Tirkiye 6zelinde
gergeklestirilecek LCA ve ekonomik fizibilite analizleri, yerel enerji kaynaklari, lojistik
avantajlar ve bolgesel iiretim yogunluklari dikkate alinarak optimize edilmis proses
tasarimlarinin gelistirilmesine olanak taniyacaktir.

Gelecekte yapilacak caligsmalarin; Tiirkiye kokenli elma g¢ekirdegi genotiplerinin detayl
bilesim analizleri, biyoyararlanim ve toksikolojik giivenlik degerlendirmeleri, pilot ve
endiistriyel Olcekli proses optimizasyonlar1 ile biitiinclil yasam dongiisii analizlerine
odaklanmas1 gerekmektedir. Bu disiplinleraras1 yaklasim, elma ¢ekirdegi yan tiriinlerinin
Tiirkiye merkezli siirdiiriilebilir biyoekonomi ve yesil sanayi sistemlerine etkin bicimde
entegre edilmesini miimkiin kilacaktir.

6. SONUC

Bu derleme ¢alismasi, elma (Malus domestica) ¢ekirdeklerinin geleneksel olarak diisiik katma
degerli bir agro-endustriyel atik olarak goriilmesine karsin, sahip olduklart zengin biyoaktif
bilesim ve cok yonlii biyolojik aktiviteler sayesinde yiiksek potansiyelli bir fonksiyonel
hammadde kaynagi oldugunu ortaya koymaktadir. Elma ¢ekirdeklerinin yiiksek protein ve
lipid icerigi, linoleik ve oleik asit bakimindan zengin yag asidi profili, floridzin basta olmak
iizere fenolik bilesikler, tokoferoller ve fitosteroller acisindan dikkate deger bir kompozisyona
sahip oldugu literatiir verileriyle acik¢a desteklenmektedir. Mevcut bulgular, elma ¢ekirdegi
ve tdrevlerinin antioksidan, antidiyabetik, antiobezite, antimikrobiyal, antikanser ve
kardiyoprotektif etkiler sergileyebilecegini gostermekte; bu biyolojik aktivitelerin biiyiik
Olciide fenolik bilesikler ile doymamis yag asitlerinin sinerjik etkilesimlerinden
kaynaklandigini diistindiirmektedir. Bununla birlikte, bu etkilerin 6nemli bir kisminin in vitro
ve smirli sayida in vivo ¢aligmalara dayandigi, klinik diizeyde kanitlarin ise hélen yetersiz
oldugu g6z dniinde bulundurulmalidir.

Elma cekirdeklerinin endiistriyel oOlgekte degerlendirilmesinde en Onemli smirlayict
faktorlerden biri, amigdalin gibi siyanojenik glikozitlerin varligidir. Ancak siiperkritik CO-,
ultrasonik ve enzimatik destekli ekstraksiyon gibi modern ve cevre dostu teknolojilerin
kullanimi, hem biyoaktif bilesenlerin segici bigimde geri kazanilmasin1 hem de potansiyel
toksik bilesenlerin {iriine gecisinin siirlandirilmasii miimkiin kilmaktadir. Bu durum, elma
cekirdegi bazli iriinlerin gida, kozmetik ve farmasétik uygulamalarda giivenli bigimde
kullanilabilmesi agisindan kritik bir avantaj sunmaktadir. Ekonomik fizibilite ve yasam
dongiisii  degerlendirmeleri, elma ¢ekirdegi yan {riinlerinin valorization yoluyla
degerlendirilmesinin; atik yonetimi maliyetlerini azaltirken, fosil bazli hammaddelere kiyasla
daha diisiik ¢evresel ayak izine sahip siirdiiriilebilir {iretim zincirlerinin olusturulmasina katki
sagladigini gostermektedir. Ozellikle Tiirkiye gibi yiiksek elma iiretim kapasitesine ve zengin
genetik cesitlilige sahip iilkelerde, elma cekirdegi yan iiriinlerinin entegre biyo-rafinasyon
yaklagimlariyla degerlendirilmesi, dongiisel biyoekonomi ve yesil sanayi hedefleri acisindan
stratejik bir firsat sunmaktadir.
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Sonug olarak, elma cekirdekleri yalnizca bir tarimsal atik degil; kontrollii isleme, uygun
teknolojik yaklagimlar ve bilimsel temelli giivenlik degerlendirmeleriyle yliksek katma degerli
biyoproduktlere doniistiiriilebilecek siirdiiriilebilir bir dogal kaynak niteligindedir. Gelecekte
yapilacak caligmalarin; Tiirkiye kokenli elma genotiplerinin detayli bilesim analizleri,
biyoyararlanim ve toksikolojik giivenlik degerlendirmeleri, pilot ve endiistriyel 6l¢ekli proses
optimizasyonlar1 ile klinik diizeyde etki ¢alismalarina odaklanmasi, bu potansiyelin etkin
bicimde hayata gegirilmesini saglayacaktir.
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Ozet

Tohum kalitesinin hizli, objektif ve tahribatsiz olarak degerlendirilmesi, modern tohum
teknolojisinde giderek daha 6nemli hale gelmektedir. Q2 (oksijen algilamaya dayali tek tohum
solunum analiz sistemi) teknolojisi, tohumlarin imbibisyon siireci boyunca bireysel oksijen
tiketim dinamiklerinin izlenmesine dayanan yenilik¢i bir yaklagimdir. Kapali mikro
kuyucuklarda yer alan floresans tabanli oksijen sensorleri araciligiyla oksijen azalimi zamana
bagl olarak kaydedilmekte ve bu verilerden Gelismis Tohum Teknolojisi Degerlendirme
Kriterleri (Advanced Seed Technology Evaluation Criteria, ASTEC) kapsaminda ¢esitli
solunumsal indeksler hesaplanmaktadir. Bu indeksler; Metabolizma Artis Zamani (Increased
Metabolism Time, IMT), Oksijen Metabolizma Hiz1 (Oxygen Metabolism Rate, OMR), Kritik
Oksijen Basimcr (Critical Oxygen Pressure, COP), Goreceli Cimlenme Zamani (Relative
Germination Time, RGT) ve Metabolik Homojenlik (Homogeneity of Metabolism,
HOM) degerlerini igermektedir. Literatiirde bildirilen g¢aligmalar, kontrol, yapay olarak
yaslandirilmis ve priming uygulanmis tohumlar arasinda oksijen tiiketim egrilerinin belirgin
farkliliklar gdsterdigini ortaya koymaktadir. Ozellikle domates, biber ve seker pancari gibi
tiirlerde, priming uygulamalarinin daha hizli, daha homojen ve daha yiiksek oksijen tiiketimi
ile iliskili oldugu bildirilmektedir. Bununla birlikte, ASTEC indeksleri ile standart cimlenme
testleri, tohum canlilig1 parametreleri ve tarla ¢ikis1 arasindaki iligkilerin genellikle diisiik veya
orta diizeyde oldugu belirtilmektedir. Sonug¢ olarak, Q2 teknolojisi dogrudan tohum kalitesi
veya tarla performansinin giiglii bir 6ngdrucusi olmaktan ziyade, tohum solunum aktivitesini
ve parti i¢i heterojenligi karakterize eden tamamlayici bir arag olarak degerlendirilmelidir. Bu
yoniiyle Q2, tohumlarin fizyolojik durumunun daha biitiinciil bir sekilde anlasilmasina katki
saglamaktadir.

Anahtar Kelimeler: Q2 teknolojisi, oksijen tuketimi, tohum solunumu, tohum guicd,
¢imlenme
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ASSESSMENT OF SEED GERMINATION AND VIGOR USING Q2 OXYGEN
CONSUMPTION TECHNOLOGY

ABSTRACT

The rapid, objective, and non-destructive evaluation of seed quality has become an essential
requirement in modern seed technology. Q2 (oxygen sensing based single-seed respiration
analysis) technology is an innovative analytical approach based on monitoring the oxygen
consumption dynamics of individual seeds during the imbibition process. Using fluorescence-
based oxygen sensors in sealed micro-wells, oxygen depletion is recorded over time, and
several respiratory indices derived from the Advanced Seed Technology Evaluation Criteria
(ASTEC) are calculated. These indices include Increased Metabolism Time (IMT), Oxygen
Metabolism Rate (OMR), Critical Oxygen Pressure (COP), Relative Germination Time
(RGT), and Homogeneity of Metabolism (HOM). Studies reported in the literature demonstrate
clear differences in oxygen consumption curves among control, artificially aged, and primed
seeds. In particular, in species such as tomato, pepper, and sugar beet, seed priming treatments
have been associated with faster, more uniform, and higher oxygen consumption patterns.
However, correlations between ASTEC-derived indices and standard germination tests, seed
vigour parameters, and field emergence are generally reported to be low to moderate. In
conclusion, rather than serving as a direct predictor of seed quality or field performance, Q2
technology should be considered a powerful complementary tool for characterizing seed
respiratory activity and within-lot heterogeneity, thereby contributing to a more comprehensive
understanding of seed physiological status.

Keywords: Q2 technology, oxygen consumption, seed respiration, seed vigor, germination
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1. GIRIS

Solunum, bitkilerde metabolik siire¢lerin biitiinciil bir géstergesi olup biiyiime ve gelisme i¢in
gerekli enerjinin Uretilmesinde temel bir role sahiptir. Kuru tohumlarda solunum aktivitesinin,
imbibisyonu takiben c¢ok kisa bir siire icerisinde, genellikle doku hidrasyonundan sonraki ilk
dakikalar ya da saatler i¢inde basladigi bildirilmistir (Hourmant ve Pradet, 1981). Cogu tohum
tiiriinde ¢imlenmenin tamamlanabilmesi i¢in oksidatif solunumun zorunlu oldugu ve oksijen

mevcudiyetinin ¢imlenme bagarisint dogrudan etkiledigi ortaya konulmustur (Al-Ani vd.,
1985; Corbineau ve Come, 1995).

Imbibisyon siireci ilerledikge, tohumun morfolojik yapisina, embriyoyu ¢evreleyen dokularin
tipine ve fizyolojik 6zelliklerine bagli olarak solunum hizlarinda artis meydana gelmekte; bu
artis genellikle radikula ¢ikisindan 6nce bir plato seviyesine ulasmakta ve radikula ¢ikiginin
ardindan yeniden hizlanmaktadir (Woodstock ve Grabe, 1967; Dahal vd., 1996). Bununla
birlikte, bitki tiirleri arasinda imbibisyon ve cimlenme sirasinda oksijen gereksinimleri
acisindan belirgin farkliliklar bulundugu, bu gereksinimlerin dormansi durumu, hasat sonrasi
olgunlagsma (after-ripening) ve priming gibi fizyolojik siireclere bagl olarak degisebildigi
bildirilmektedir (Patane vd., 2006; Bradford vd., 2007; Bradford vd., 2008). Ayrica bazi
tirlerde embriyoyu cevreleyen dokularin oksijen gegirgenligi ya da bu dokularin oksijeni
absorplama kapasitesinin, ¢imlenmenin diizenlenmesinde sinirlayici veya kontrol edici bir
faktor olabildigi vurgulanmigtir (Edelstein vd., 1995; Benech-Arnold vd., 2006; Edelstein ve
Welbaum, 2011).

Son yillarda gelistirilen floresans temelli oksijen Ol¢iimiine dayali Q2 teknolojisi,
imbibisyonun erken evrelerinden itibaren tek tek tohumlarin solunumsal aktivitelerinin
otomatik ve yiiksek ¢oziintrlikle izlenmesine olanak saglamaktadir. Bu teknoloji kullanilarak
elde edilen oksijen tiiketim egrilerinden tiiretilen indekslerin, farkl: tiirler ve tohum partileri
arasinda tohum giicii ve ¢imlenme performansi ile yakindan iligkili oldugu gosterilmistir
(Bradford vd., 2013). Geleneksel cimlenme testlerinin uzun siire gerektirmesi ve 6zellikle stres
kosullarin1 yeterince yansitamamas: goz Oniinde bulunduruldugunda, solunuma dayali bu
yaklasimin tek tohum diizeyinde hizli, tahribatsiz ve yenilik¢i bir tohum kalite degerlendirme
yontemi sundugu ifade edilmektedir (Sadhana vd., 2024).

2. Q2 OKSIJEN TUKETIM TEKNOLOJISiNiN PRENSIBI

Q2 cihazi; veri toplama ve analizine yonelik yazilim ile entegre bir Ol¢iim sisteminden
olusmaktadir. Tek tek tohumlar, oksijen konsantrasyonuna bagli olarak floresans Ozellikleri
degisen metal-organik boya igeren membranlarla kapatilmis 96 kuyucuklu mikroplakalara
yerlestirilir (Draaijer vd., 1999). Tohum imbibisyonu igin kuyucuklarda genellikle %0,5-1
(a’/h) oraninda agar kullanilir. Plakalar oksijene gecirimsiz sekilde 1siyla kapatildiktan sonra
Q2 cihazina yerlestirilir ve kullanici tarafindan belirlenen zaman araliklarinda 6lgiimler
gerceklestirilir. Tohum solunumu sirasinda kuyucuk i¢indeki oksijen azalmakta, buna baglh
olarak boya floresans1 artmaktadir. Bu degisim, mavi 151k kaynag1 ve floresans sensorii ile
algilanarak her bir tohum icin oksijen tiiketimine ait zaman profilleri olusturulmaktadir.
Robotik sistem sayesinde ¢ok sayida plaka es zamanli olarak analiz edilebilmekte, cihazda 10—
35 °C (0,5 °C) araliginda (0,5 °C) sicaklik kontrolii saglanabilmektedir. Agar kullanimi, bag
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boslugu hacminin ayarlanmasina ve radikula ¢ikisinin dogrudan gozlemlenmesine olanak
tanimaktadir. Agar hacmi degistirilerek farkli tiir ve tohum biiyiikliiklerine uygun oksijen
tiiketim sureleri elde edilebilmektedir. Ornegin, Brassica tiirlerinde her tohum partisinden en
az 47 tohum, sogan ve marul gibi kii¢iik tohumlu tiirlerde ise her parti i¢in yaklasik 95 tohum
test edilmistir. Elde edilen tiim veriler Q2 analiz yazilimi aracilifiyla degerlendirilmis veya
elektronik tablo formatinda disa aktarilmistir (Bradford vd., 2012).

3. Q2 SOLUNUMSAL PARAMETRELERI (ASTEC INDEKSLERI)

Q2 sistemi, imbibisyon ve c¢imlenme siirecinde tohumlarin bireysel oksijen tiiketimini
izleyerek solunumsal aktiviteyi degerlendirmektedir. Oksijen tiikketim egrileri genellikle
baslangigta yavas bir hiz, ardindan solunumda belirgin bir artis ve diisiik oksijen seviyelerinde
tekrar azalma ile karakterize olup sigmoid bir yap1 gostermektedir (Sekil 1).

Bu egrilerden Baglangic Metabolizma Hizi (Starting Metabolism Rate, SMR) ve solunum
hizinin arttigit zaman noktasi olan Artan Metabolizma Zamani (Increased Metabolism
Time, IMT) hesaplanmaktadir (Sekil 1). Ayrica maksimum solunum hizini temsil eden Oksijen
Metabolizma Hiz1 (Oxygen Metabolism Rate, OMR) ile solunumsal aktiviteye dayali goreceli
bir gosterge olan Goreceli Cimlenme Zamani (Relative Germination Time, RGT)
belirlenmektedir (Sekil 1).

Tohumlar arasindaki varyasyonu ortaya koymak amacityla RGT Homojenligi (HOM) ve
oksijen kisitryla solunum hizinin azalmaya basladig1 nokta olan Kritik Oksijen Basinci (COP)
degerlendirilmektedir (Sekil 1). Bunun yani sira, egri sekline bagli olmayan ve genel solunum
hizin biitiinciil olarak yansitan R50 (oksijenin %50 azalmasi i¢in gegen siire) ve AUCS0 (%50
oksijen azalmasina kadar egri alti alan) parametreleri de hesaplanmaktadir (Sekil 1). Bu
parametreler, tohum partileri arasindaki canlilik ve vigor farkliliklarinin karsilastirilmasinda
kullanilmaktadir (Bradford vd., 2013).

SMR = Starting Metabolism Rate
100 IMT = Increased Metabolism Time
OMR = Oxygen Metabolism Rate
COP = Critical Oxygen Pressure
i SMR RGT = Relative Germination Time
= go0A \ O . . R50 = Time to 50% Oxygen
8 i} =3 <Y AUC50 = Area Under Curve to 50% O,
= \ 0% ~
= IMT \
Y \
O 60 -
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Sekil 1. Sekilde hizli (solda) ve yavas (sagda) ¢imlenen tohumlara ait tipik solunum egrileri
sunulmaktadir (Bradford vd., 2013).
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Sadhana vd., (2024) kaynagindan belirtildigi tizere Standart Q2 Degerleri asagidaki gibi
tanimlanmustir.

Artan Metabolizma Zamam (IMT): Tohumun metabolik aktivitesini artirmaya basladigi
stireyi (saat) ifade eder. IMT; perikarpin su gecirgenligi, kaplama/peletleme yapisi ve tohumun
imbibisyon yeteneginden etkilenmektedir.

Oksijen Metabolizma Hizi (OMR): Tohumun birim zamanda tiiketebildigi maksimum
oksijen miktarini (% O- saat™) gosterir. Oksijen tiiketimi enerji kullanimiyla dogrudan iligkili
oldugundan, OMR ¢imlenme hizi ve tohum vigorunun 6nemli bir gostergesidir. Ayrica tarla
cikist ile iligkilidir.

Kritik Oksijen Basinci (COP): Tohumlarin oksijen yetersizligine bagli olarak solunum ve
metabolizmay1 azaltmaya basladiklar1 en diisiik oksijen diizeyini (%) ifade eder. Bu deger,
tohumlarin oksijen stresi altindaki performansini yansitir.

Goreceli Cimlenme Sdresi (RGT): RGT, bir tohum partisinin ¢imlenme ve tarla ¢ikis siiresi
hakkinda bilgi verir. Bu deger, dormansinin kirilma zamani (IMT) ve metabolik hiz (OMR) ile
iligkilidir. Tohum partileri arasindaki ¢imlenme, ¢ikis ve bitki tesisindeki farkliliklarin
belirlenmesinde kullanilabilir.

Ekim 6ncesinde tohumlarin degerlendirilmesi gerekmektedir. Bu nedenle, hizli tohum vigor
degerlendirme yontemlerine ihtiya¢ duyulmaktadir. Q2 Oksijen Algilama Teknolojisi, temel
arastirmalar i¢in tohum testlerinde yeni bir dénemi temsil etmektedir. Bu teknoloji, ASTEC
Global tarafindan gelistirilmistir. Olgiimler, zaman icerisinde tohumlarin oksijen tiiketimini
tohum partisi kalitesi ile iliskilendirmek amaciyla yapilmaktadir (Bopper ve Kruse, 2010).

4. Q2 OLCUM PROSEDURU

Q2, hem Quality (Kalite) hem de Quick (Hizli) kavramlarini ve ayni zamanda tim Q2
cithazinin temelini olusturan O: (oksijen) unsurunu ifade etmektedir. Q2 tarayici kullanilarak
yapilan tohum vigor analizi, 2019 Rabi sezonunda Almanya’nin Hohenheim Universitesi’nde
gergeklestirilmistir. Otuz Ornek (genotip), nematod (Aphelenchoides besseyi) testi igin
Haydarabad’daki Ulusal Bitki Genetik Kaynaklar1 Biirosu’'na (NBPGR) gonderilmistir. Bu
orneklerden alt1 genotipin nematoddan ari oldugu belirlenmis ve Haydarabad Bitki Karantina
Istasyonu (PQS) tarafindan fitosaniter sertifika diizenlenmistir. Nematoddan ari oldugu
belirlenen bu genotipler, Almanya’daki Hohenheim Universitesi’nde (UOH) Q2 tarayici
kullanilarak tohum vigorunun degerlendirilmesi amaciyla kullanilmistir. Deneme, Zhao ve
Zhong (2012) ve Zhao vd., (2013) nin yontemleri esas alinarak, asagida belirtilen bazi
modifikasyonlarla yiiriitiilmustiir.

1. Oncelikle, %0,5 (w/v) agar ¢dzeltisi hazirlamak amaciyla 3 g agar, 600 ml saf su
icerisinde ¢Ozunduriilmiis ve karisim 5 dakika siireyle etiivde bekletilmistir.

2. Agar ¢ozeltisi, 30—40 °C sicakliga ulastiktan sonra vorteks karistiricida homojen hale
getirilmis ve her bir kuyucuga aktarilmigtir.
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10.

11.

12.

13.

14.

Her genotip i¢in dort tekerriir olacak sekilde, her tekerriirde 48 tohum olmak iizere,
tohumlar %0,5 agar igeren 48 kuyucuklu mikroplaklara (her bir 1,5 ml’lik kuyucuga
bir tohum diisecek sekilde, 750 ul agar {izerine) tek tek ekilmistir.

Mikroplaklar, i¢ ylzeyinde floresan materyal bulunan ve 1,0 mm kalmliginda bir
membran ile kaplanmis kapaklar ile ortiilmiistiir.

Plaklarin disinda yer alan, yalnizca hava igeren veya %0 oksijen ve %100 bagil oksijen
(aslinda havadaki %21 O-) iceren iki vial kontrol olarak kullanilmistir.

Daha sonra plaklar Q2 cihazina yerlestirilmis ve cihaz, 25 °C’de 140 saate kadar 30
dakikalik araliklarla tarama yapacak sekilde programlanarak 6l¢iim baglatilmistir.

Robotik bir kol, 151k kaynagi ve sensorii sirasiyla her bir kuyucuk tlizerinde hareket
ettirerek, her kuyucuk igerisindeki oksijen konsantrasyonunu 30 dakikalik araliklarla
6lemiis ve her bir tohum i¢in oksijen tiiketimine ait zaman serileri olusturulmustur.

Her bir kuyucuktan elde edilen zaman serisi verileri, Q2 analiz yazilimi tarafindan
erigilebilen bir veritabaninda toplanmaistir.

Q2 tarayici, BMS (Basic Machine Software) ve ANS (Analysis Software) olmak iizere
iki yazilim ile donatilmistir. BMS, Q2 tarayicinin g¢alistirllmasini saglayan temel
yazilim olup, Ol¢iim verilerini kaydederek bilgisayara aktarmaktadir. Kaydedilen
veriler, ADO veritaban1 motoru araciliftyla ANS yazilimina aktarilmaktadir.

ANS yazilimi, mikroplaklardaki her bir tekerriiriin ayrintili analizi i¢in {i¢ modiilden
(CAM, RCM, LCM) olusmaktadir.

Egri Analiz Modiilii (CAM), her bir tohuma ait oksijen tiikketim egrisini (ters S-sekilli
egri) basarili ¢imlenmis, eksik ¢imlenmis, hatali ve 610 olmak Uzere dort kategoriye
ayirmis ve veriler Excel formatina aktarilmistir.

Egri uyumlamasindan sonra, her bir tohum partisinin (genotipin) dort tekerriirl
Tekerrilir Karsilastirma Modiilii (RCM) kullanilarak karsilastirilmis ve veriler Excel’e
aktarilmistir.

Parti Karsilastirma Modiilii (LCM) ile alt1 tohum partisi (genotip) karsilastirilmis ve
sonuclar Excel raporu ve PDF formatinda elde edilmistir.

Excel formatindaki veriler istatistiksel analizlerde kullanilmistir.

5. VERI ANALIZI VE YAZILIM MODULLERI

Q2 tarayici, oksijene duyarli floresan “sar1 boya” kapli seffaf kapaklar kullanilarak
caligmaktadir. Oksijen, floresansi sondiirdiigii icin (quenching), oksijen kismi basinci arttikca
floresan siddeti ve 6mrii azalmaktadir. Sensor, kuyucuktaki oksijen miktarina bagli olarak mavi
(viiksek O2) veya kirmizi (diisiik O2) 151k yaymakta ve bu sinyaller oksijen tiiketim egrilerine
donitistirilmektedir (Sekil 2).
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Sekil 2. Q2 tarayicinin ¢aligma prensibi: Oksijen sondiirme etkisi (Sadhana vd., 2013).

Tohum ¢imlenme siirecinde metabolik aktivitesini artirdik¢a oksijen tiiketmekte, bu durum
kuyucuk i¢indeki oksijen diizeyinin zamanla azalmasina neden olmaktadir. Oksijen tamamen
tilkendiginde egri yataylagsmakta ve test sonlanmaktadir. Cimlenen tohumlar tipik olarak ters S
(sigmoid) seklinde oksijen tiiketim egrisi olusturmaktadir.

Her bir kuyucuk Q2 cihazi tarafindan 30 dakikalik araliklarla otomatik olarak taranmus,
Olciimler kaydedilerek her bir tohuma ait oksijen tiiketim egrileri olusturulmustur. Egri Analiz
Modili  (CAM) ile tohumlar 61U, eksik ¢imlenmis, basarili  ¢imlenmis ve hatali olarak
smiflandirilmistir.  Ters  sigmoid  egri  gdsteren  tohumlar germinated ok olarak

degerlendirilmistir (Sekil 3).

Incomplete (2) Dead (2) Wrong (1) Neglected (4)
100 it A = T = = 100 f--v--a--ereeremya- 100 fommgmaa o -
g : y—— g i e § o :
=] it / =] i :
X 50 R B £ 50 f--i--dea TS
o o o
R® R R
0 e R R 0 0
0 20 40 60 80 100120140 0 20 40 60 80 100120140 0 20 40 60 80 100120140 0 20 40 60 80 100120140
Time (hrs) Time (hrs) Time (hrs) Time (hrs)

Germinated (45)

o 10 20 30 40 S0 60 70 80 90 100 110 120 130 140
11/12/2019 1:00:00 PM / 11/12/2019 2:59:24 PM => 11/18/2019 10:58:38 AM

Sekil 3. Bireysel tohumlarin egri paternlerini gosteren Egri Analiz Modiilii grafigi (Sadhana
vd., 2013).
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CAM analizinin ardindan, genotiplere ait tekerriirler Tekerriir Karsilastirma Modiilii (RCM)
ile, tohum partileri ise Parti Karsilastirma Modiilii (LCM) ile karsilagtirilmistir (Sekil 4). LCM
analizinde ayn1 anda en fazla alt1 tohum partisi karsilastirilabilmektedir.

Repetition comparison module (RCM) Lot comparison module (LCM)
120

100 fom

8

s

2

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140

“Rep A, “RepB, Awvg Lot1* Lot2[l Lot3[l Lot4 8 Lot S| Lot 6]}

a) b)

Sekil 4. (a) Tekerriir Karsilastirma Modiilii (RCM) ve (b) Parti Karsilastirma Modiili (LCM)
grafiklerini gostermektedir (Sadhana vd., 2013).

Q2 tarayict ile her bir ters S-sekilli egri i¢in dort metabolik parametre belirlenmistir: IMT,
OMR, RGT ve COP (Sekil 4b). Incelenen alt1 genotipten RNR-29183 Q2 tarayicida ¢imlenme
gostermemistir.

6. Q2 Teknolojisinin Tohum Canhhg ve Giicii ile Iliskisi (Literatiir Bulgulari)

Tu vd., (2023) tarafindan yaptiklari calismada; Q2 oksijen tiiketim tekniginin tek tek
tohumlarin canliliginin belirlenmesindeki etkinligi; tatli musir, biber ve bugday gibi farkh
tiirlerde degerlendirilmistir. Canli ve 6lii tohumlar arasinda solunumsal 6zellikler agisindan
belirgin farkliliklar saptanmis; 6zellikle nihai oksijen tliketimi (Q120) ve Ol¢iim suresini
kisaltmak amacriyla gelistirilen Qt parametresinin tek tohum canliligi ile anlamli iligkili oldugu
gosterilmistir. Canlilik degerlendirmesi i¢in en uygun Ol¢lim siireleri; biber, tathh misir ve
bugday i¢in sirasiyla 12, 6 ve 9 saatolarak belirlenmis; tahmin dogruluklarinin %92—
98 araliginda oldugu belirlenmistir. Olii tohumlarin ayiklanmasiyla tohum partilerinin
¢imlenme yiizdesinde belirgin artis saglanmistir. Buna karsilik, HS-GC-IMS yontemi ile elde
edilen ugucu bilesik profilleri, bireysel tohumlar arasindaki sinirli farkliliklar nedeniyle canh
ve Olii tohumlart giivenilir bicimde ayirt edememis; PCA analizi de ayirt edici bulunmamustir.
Sonug olarak, Q2 oksijen tlketim teknolojisi, imbibisyonun erken evrelerinde tek tohum
diizeyinde solunumsal aktivitenin hizli bicimde izlenmesine olanak taniyarak tohum
canliliinin ve potansiyel ¢imlenme performansimin degerlendirilmesi agisindan umut
vadetmektedir. Ancak, geleneksel vigor testlerinin yerine gegebilmesi igin farkl: tiirler ve ticari
tohum partilerini kapsayan karsilastirmali ¢caligmalara ihtiyag bulunmaktadir.

Tohum solunumu, fizyolojik durumun 6nemli bir gdstergesidir. Q2 solunum analizi, tek tohum
diizeyinde solunum profillerinin belirlenmesine olanak tanirken, multispektral géruntiileme ile
birlikte kullanildiginda solunum ile morfolojik ve spektral 6zellikler arasindaki iliskilerin
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incelenmesini miimkiin kilmaktadir. Michelon vd., (2025) nin yaptiklar1 ¢alismada, bireysel
soya fasulyesi tohumlarmin solunum profilleri ile biyometrik 6zellikleri arasindaki iliski
arastirtlmistir.  VideometerLab sistemiyle 1.808 tohumdan multispektral goéruntuler elde
edilmis ve 75 0Ozellik ¢ikarilmigtir. Tohumlar %0,4 agar ortaminda ¢imlendirilmis ve Q2
analizoru ile oksijen tiiketimleri izlenmistir. Veriler hiyerarsik kiimeleme ile siniflandirilmais;
solunum profillerine gore ii¢ alt grup degerlendirilmistir. Solunum profilleri ile biyometrik
ozellikler arasindaki iliski kontenjans tablolar1 ve entropi analizi ile analiz edilmistir. Sonuglar,
Ozellikle belirli otofloresans bantlar1 (365/600, 430/700, 450/700 ve 470/700 nm) ve yansima
dalga boylarinda (365, 405 ve 690 nm) solunum profilleri arasinda anlamli farkliliklar
oldugunu gostermistir. Benzer solunum profillerine sahip tohumlarin %75’inin biyometrik
0zellik benzerligine gore gruplanmasi, solunum profilleri ile biyometrik 6zellikler arasinda bir
iligki oldugunu ortaya koymustur; ancak farkli 6zellik kombinasyonlarinin benzer solunum
desenleri olusturabilmesi, bu iligkinin karmasik yapisini géstermistir.

Michelon vd., (2025) yaptiklari ¢alismada; Q2 solunum analizi ve multispektral gorintileme
birlikte kullanildiginda, solunum ile morfolojik ve spektral 6zellikler arasindaki iligkilerin tek
tohum duzeyinde incelenmesine olanak saglar. Bu calismada, bireysel soya fasulyesi
tohumlarinin solunum profilleri ile morfolojik ve spektral ozellikleri arasindaki iliski
arastirtlmistir. VideometerLab sistemi kullanilarak 1.808 tohumdan elde edilen multispektral
goriintlilerden 75 6zellik ¢ikarilmistir. Tohumlarin ¢imlenme siiresince oksijen tiiketimi Q2
analizorii ile izlenmis ve veriler hiyerarsik kiimeleme ile siniflandirilmistir. Solunum paternleri
ile biyometrik 6zellikler arasindaki iliski kontenjans tablolar1 ve entropi analizi kullanilarak
degerlendirilmistir. Elde edilen sonuglar, 6zellikle belirli otofloresans ve reflektans bantlarinda
solunum paternleri arasinda anlamli farkliliklar oldugunu gostermistir. Benzer solunum
profiline sahip tohumlarin %75’inin biyometrik 6zelliklerine gore de benzerlik gostermesi,
solunum ile morfolojik ve spektral ozellikler arasinda anlamli bir iligki oldugunu ortaya
koymustur.

Sadhana vd., (2024) yaptiklar1 ¢alismada, alt1 ¢eltik genotipinin tohum giicii, oksijen algilama
teknolojisine dayali Q2 tarayict kullanilarak degerlendirilmistir. Q2 analizi, ¢imlenme
stirecinde tek tek tohumlarin oksijen tliketimini Olgerek tohum solunumu ve metabolik
aktiviteye iliskin hizli ve giivenilir veriler saglamis; geleneksel ¢imlenme ve fide
degerlendirme yoOntemlerine kiyasla daha kisa siirede genotipler arasinda tohum giicii
farkliliklarinin ortaya konmasina imkan tanimistir. Q2 tarayici ile dlgiilen oksijen tiiketimi,
bireysel tohumlarda ters S-sekilli (sigmoid) egriler olusturmus ve bu desenlere gére tohumlar
Egri Analiz Modilii kullanilarak o6lii, eksik ¢imlenmis ve normal ¢imlenmis olarak
siiflandirilmistir. Tekrarlar ve tohum partileri sirasiyla Tekrar Karsilagtirma Modulu ve Lot
Karsilastirma Modiilii araciligiyla karsilagtirilmistir. Q2 oksijen tiiketim parametreleri ile fide
giicli 6zellikleri arasinda istatistiksel olarak anlamli iligkiler belirlenmemekle birlikte, Goreceli
Cimlenme Zamani parametresi; ¢cimlenme yiizdesi, fide giicii indeksi ve tarla ¢ikisi ile pozitif
iliski gostererek tohum giliciiniin degerlendirilmesinde 6ne ¢ikan bir gosterge olmustur.
Ozellikle JGL-11470 genotipinin diisik Goreceli Cimlenme Zamani degeri, bu tohum
partisinin daha hizli ¢imlenme potansiyeline sahip oldugunu ortaya koymustur. Sonug olarak,
Q2 oksijen tiiketim teknolojisinin, ISTA’ya gore fide simiflandirmasini dogrudan
saglamamakla birlikte, g¢eltikte tohum giicliniin ve parti i¢i vigor homojenliginin hizli ve
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otomatik olarak degerlendirilmesinde etkin ve tamamlayici bir ara¢ olarak kullanilabilecegi
belirlenmistir.

7. SONUC

Bu calisma kapsaminda ele alinan Q2 oksijen tiikketim teknolojisi, imbibisyonun erken
evrelerinden itibaren tek tohum diizeyinde solunumsal aktivitenin izlenmesine olanak taniyan,
hizl1 ve tahribatsiz bir degerlendirme yaklasimi sunmaktadir. Literatiir bulgulari, Q2 ile elde
edilen oksijen tiikketim egrilerinin ve ASTEC indekslerinin; kontrol, yaslandirilmis ve priming
uygulanmis tohumlar arasinda metabolik farkliliklar1 ve parti i¢i heterojenligi ortaya koymada
etkili oldugunu gostermektedir. Bununla birlikte, Q2 parametreleri ile standart ¢imlenme
testleri, fide giicii ve tarla ¢ikis1 arasindaki iliskilerin ¢cogunlukla diisiik ya da orta diizeyde
olmasi, bu teknolojinin tek basina klasik vigor testlerinin yerine gegmekten ziyade tamamlayici
bir ara¢ olarak degerlendirilmesi gerektigine isaret etmektedir. Sonu¢ olarak, Q2 oksijen
tlketim teknolojisi; tohumlarin fizyolojik durumunun, solunumsal dinamiklerinin ve parti igi
varyasyonun daha ayrintili bigimde anlagilmasina katki saglayan, temel ve uygulamali tohum
arastirmalari acisindan 6nemli bir potansiyel tasimaktadir.
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OZET

Tiyazol ¢ekirdegi, modern tibbi kimya calismalarinda farmakofor bir yap1 tasi1 olarak kabul
edilmekte ve ¢ok ¢esitli biyolojik aktivite potansiyelleriyle dikkat ¢ekmektedir. Bu ¢alismanin
temel motivasyonu, literatiirde bilinen tiyazol sistemlerinin farmakolojik etkinligini, iire
fonksiyonel grubuyla birlestirerek yeni ve 0zgiin molekiiler iskeletler tasarlamaktir. Bu
kapsamda, biyolojik sistemlerle etkilesime girebilecegi ongoriilen bir dizi N-aril stbstitiie
tiyazolil-iire tiirevinin sentezi gergeklestirilmistir. Sentez proseduriniin baslangi¢c asamasinda,
farkli o-bromoketon tiirevleri ile tiyoiirenin etanol ortamindaki Hantzsch siklizasyonu
sonucunda iki temel ara Urin olan 4-(4-klorofenil)tiyazol-2-amin ve 4-([1,1'-bifenil]-4-
il)tiyazol-2-amin elde edilmistir. Reaksiyonun devaminda, bu aminotiyazol yapilarinin
fenilizosiyanat ile susuz toluen igerisindeki niikleofilik katilma tepkimeleri iizerinden hedef
bilesikler olan 1-(4-(4-klorofenil)tiyazol-2-il)-3-fenilire (BU3) ve 1-(4-([1,1'-bifenil]-4-
il)tiyazol-2-il)-3-feniliire (BUS) sentezlenmistir. Elde edilen son Grlnlerin saflik dereceleri
ince tabaka kromatografisi (TLC) ve erime noktasi analizleri ile takip edilmistir. Sentezlenen
tiim tiirevlerin kesin yapilari; FT-IR, *H NMR, 3C NMR spektroskopik verilerinin ayrintili
analizi sonucunda karakterize edilmistir. Yapilan spektral degerlendirmeler, hedeflenen
tiyazol-iire hibrit yapilarinin basariyla olustugunu kanitlamistir.*

Anahtar Kelimeler: Heterosiklik bilesikler, Tiyazol, Ure, Fenilizosiyanat, Hantzsch Sentezi

! Bu ¢aligma, Prof. Dr., Ziilbiye KOKBUDAK danismanliginda Erciyes Universitesi Fen Bilimleri Enstitiisti'nde
yiritilen "Imidazol Grubu Igeren Yeni Bilesiklerin Sentezi" bashikli devam eden yiiksek lisans tezinden
tiiretilmistir.
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ABSTRACT

The thiazole core is recognized as a pharmacophore building block in modern medicinal
chemistry studies and attracts attention due to its wide range of biological activity potentials.
The primary motivation of this study is to design new and unique molecular skeletons by
combining the pharmacological efficacy of thiazole systems known in the literature with the
urea functional group. In this context, a series of N-aryl substituted thiazolyl-urea derivatives,
designed to potentially interact with biological systems, were synthesized. In the initial stage
of the synthesis procedure, two key intermediates, 4-(4-chlorophenyl)thiazol-2-amine and 4-
([1,1'-biphenyl]-4-yDthiazol-2-amine, were obtained through the Hantzsch cyclization of
different a-bromoketone derivatives and thiourea in an ethanol medium. Subsequently, the
target compounds, 1-(4-(4-chlorophenyl)thiazol-2-yl)-3-phenylurea (BU3) and 1-(4-([1,1-
biphenyl]-4-yl)thiazol-2-yl)-3-phenylurea (BUS5), were synthesized via nucleophilic addition
reactions of these aminothiazole structures with phenyl isocyanate in anhydrous toluene. The
purity levels of the final products were monitored by thin-layer chromatography (TLC) and
melting point determination. The definitive structures of all synthesized derivatives were
characterized through detailed analysis of FT-IR, *H NMR and *C NMR spectroscopic data.
Spectral evaluations confirmed the successful formation of the targeted thiazole-urea hybrid
structures.?

Keywords: Heterocyclic compounds, Thiazole, Urea, Phenyl isocyanate, Hantzsch Synthesis

2 This study was derived from the ongoing Master's thesis titled "Synthesis of Novel Imidazole Containing
Compounds" conducted at Erciyes University, Graduate School of Natural and Applied Sciences, under the
supervision of Prof. Dr., Ziilboiye KOKBUDAK.
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Ozet

Bu ¢alismada, kahve tozu (grup basina 1’er gr) ve dogal maden suyu (grup basina 100 ml) ile
farkli miktarlardaki kan tasi (grup basmna 1 ve 2 gr) ve karbonat (grup basina 1 ve 2 gr)
maddeleri ve karisimlari (grup basina 1’er gr) tarafindan hazirlanan ¢o6zeltilerin pamuk
kumaglar (grup basma 1’er gr) Uzerinde boyama (100°C’de 1 saat siire ile cam kaplarda)
islemlerinde kullanilmasi sonrasinda belirlenen toplam renk farkliliklar karsilastirilmistir.
Deney grubu 1 kontrol deney ornekleri olup, herhangi bir uygulama yapilmamustir. Sonuglara
gore AE* degerleri deney grubu 2 i¢in 10.52, deney grubu 3 i¢in 9.73, deney grubu 4 igin 14.95,
deney grubu 5 icin 9.74, deney grubu 6 i¢in 9.75 ve deney grubu 7 icin 10.25 olarak elde
edilmistir. Sonuglara gore, dogal maden suyunun, karbonatin ve kan taginin pamuk kumaslar
iizerinde renk parametrelerini degistirdigi gorilmiistiir.

Anahtar kelimeler: Kahve tozu, kan tasi, karbonat, renk parametreleri, boyama islemi,

The Use of Solutions Prepared by Mixing Natural Mineral Water and Coffee Powder
with Varying Amounts of Bloodstone and Carbonate in Dyeing Processes on Cotton
Fabrics

Abstract

In this study, the total color differences determined after dyeing cotton fabrics (1 g per group)
with solutions prepared by coffee powder (1 g per group), natural mineral water (100 ml per
group), and different amounts of bloodstone (1 and 2 g per group) and carbonate (1 and 2 g per
group) and their mixtures (1 g per group) were compared (in glass containers at 100°C for 1
h). Experimental group 1 was the control sample and did not undergo any treatment. According
to the results, the AE* values were obtained as 10.52 for experimental group 2, 9.73 for
experimental group 3, 14.95 for experimental group 4, 9.74 for experimental group 5, 9.75 for
experimental group 6, and 10.25 for experimental group 7. According to the results, it was
observed that natural mineral water, carbonate, and bloodstone changed the color parameters
on cotton fabrics.

Keywords: Coffee powder, bloodstone, bicarbonate, color parameters, dyeing process
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1. Giris

Mineral su, yasam, saglik ve esenlik i¢cin gerekli olan ve ylizeysel veya yeralti su
kaynaklarindan, pompalama, derin kuyular ve pinarlar yoluyla elde edilen dogal sudur. Mineral
su, insan viicudunun temel bir bilegenidir. Mineral su, mineraller agisindan zengindir ve oldugu
gibi veya aritma isleminden sonra kullanilmaktadir. Genel olarak, insan tiiketimi i¢in mineral
su, maksimum saflig1 saglamak i¢in fiziksel ve kimyasal islemlerden, mikrobiyolojik
kontrolden ve izlemeden gegcmektedir. igme suyunda ¢dziinmiis halde bulunan minerallerin
insanlar, hayvanlar ve bitkiler i¢in gerekli oldugu ylizyillardir bilinmektedir. Farkli
minerallerin farkli islevleri vardir (Teixeira ve Gomes, 2021).

Degerli bir yeralt1 suyu kaynagi olarak mineral su, sulak alanlar ve nehir kiyilar1 gibi yiizey
suyu ¢evresel sistemlerine su akisi saglayarak farkli ekosistemlerin korunmasinda énemli bir
rol oynamaktadir (Klgve ve ark., 2011; Li ve ark., 2022).

Baskin iyonik bilesime gore mineral sular, hidrokarbonat (bikarbonat), stlfat, tuz veya kikurtli
sular olarak smiflandiriimaktadir. iki anyonun baskin oldugu durumlarda ise sular
hidrokarbonat-sulfat, tuzlu-stlfat veya klortr-hidrokarbonat olabilmektedir. NSS R 54,316-
2011’de kabul edilen mevcut Rus siniflandirmasi, biyolojik olarak aktif bilesenlere sahip
baskin kimyasal elementlere (anyonlar ve katyonlar) dayanmakta odlugunu bildirmistir
(Fillimonova ve ark., 2022).

Avrupa pazarinda dort cesit siselenmis su bulunmaktadir: dogal maden suyu, kaynak suyu,
sebeke suyu ve tedavi edici/tibbi su. Genel olarak en i1yi siselenmis sular olarak degerlendirilen
dogal maden sulari, Avrupa ticaretinin en biiyiik payini olusturmaktadir (Feru, 2004).

Genel olarak, kaynakta veya siselendikten sonra, gazli dogal maden sular1 normal basing ve
sicaklik kosullarinda kendiliginden ve acikga goriilebilir bir sekilde karbondioksit yaydiklari
bildirilmistir. Avrupa Parlamentosu ve Konseyi’nin 18 Haziran 2009 tarihli 2009/54/EC say1ili
Direktifi, ti¢ farkli dogal maden suyu tiiriinii belirlemistir (Directive, 2009; Kekes ve ark.,
2023):

- Dogal olarak karbonatli dogal maden suyu: Dekantasyon ve siselemeden sonraki
karbondioksit igerigi, kaynaktakiyle aynidir.

- Kaynaktan gelen gazla zenginlestirilmis dogal maden suyu: Dekantasyon ve siselemeden
sonraki karbondioksit i¢erigi, kaynaktakinden daha fazladir.

- Karbonatli dogal maden suyu: Karbondioksit, suyun geldigi yeralt1 suyu veya yatagindan
farkl bir kaynaktan eklenmistir.

Avrupa mevzuatinda (2009/54/EC Direktifi) belirtildigi tlizere, dogal maden sular1 “bir
akiferden veya yeralti rezervuarindan kaynaklanmaktadir. Bir veya daha fazla dogal veya
sondaj kaynagindan gelmektedir ve belirli hijyenik ozelliklere ve nihayetinde saglikli
ozelliklere sahiptir” (italya’da, 2011 tarihli 176 sayili Kanun Hiikmiinde Kararname). Kaynak
saflig1 ve korunmasi, minerallerin (eser elementler veya diger bilesenler) sabit seviyesi ve
uygun oldugu durumlarda belirleyebilecekleri belirli etkiler nedeniyle igme suyundan farkli
odlugu bildirilmistir (Quattrini ve ark., 2017).

Dogal maden suyu, fizikokimyasal parametrelerin seviyesi gibi diger dogal sulardan ayiran
ozelliklere sahiptir. Doga, tam olarak ayn1 kimyasal bilesime sahip iki dogal su iiretmese de,
fizikokimyasal 6zelliklerindeki bazi1 benzerliklere dayanarak bunlar1 siniflara veya tiirlere
ayirmak miimkiindiir (Lourenco ve ark., 2010).

Mineral sularin kimyasal bilesimi biiyiik 6lciide, ¢ikarildigi kayanin bilesimine baghdir.
Bununla birlikte, jeokimyasal siireglere bagli olarak, benzer kaya tiirleri farkli mineral su
tirlerine yol agabilmektedir (Zuurdeeg ve van der Weiden 1985; Van der, 2003).
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Bu calisma, dogal maden suyu ve kahve tozu ile farkli miktarlardaki kan tas1 ve karbonat
maddeleri tarafindan hazirlanan g¢ozeltilerin pamuk kumaslar iizerinde boyama islemlerinde
kullanilmas1 ve elde edilen toplam renk farkliliklar1 karsilastirilmasi tizerine yapilmustir.

2. Materyal ve Metot

Bu ¢alismada, pamuk kumaslar, bir kumas saticisindan, dogal maden suyu (potasyum 8.93
mg/l, sodyum 94.01 mg/l, kalsiyum 134 mg/l, magnezyum 611 mg/l, bikarbonat 2989 mg/I,
sodyum 94 mg/l), karbonat, kan tas1 maddesi ve kahve tozu ise bir aktardan satin alinma
yontemi ile temin edilmistir.

Deneysel tasarim asagidaki sekilde olusturulmustur:

Deney grubu 1: Kontrol deney Ornegini temsil etmektedir. Herhangi bir boyama islemi
yapilmamigtir.

Deney grubu 2: 1 gr pamuk kumasi 100 ml dogal maden suyu + 1 gr kahve tozu ile 100°C’de
1 saat siirede kaynatilmistir.

Deney grubu 3: 1 gr pamuk kumasi1 100 ml dogal maden suyu + 1 gr kahve tozu + 1 gr karbonat
ile 100°C’de 1 saat siirede kaynatilmustir.

Deney grubu 4: 1 gr pamuk kumast 100 ml dogal maden suyu + 1 gr kahve tozu + 1 gr kan tas1
ile 100°C’de 1 saat siirede kaynatilmustir.

Deney grubu 5: 1 gr pamuk kumasi 100 ml dogal maden suyu + 1 gr kahve tozu + 2 gr karbonat
ile 100°C’de 1 saat siirede kaynatilmustir.

Deney grubu 6: 1 gr pamuk kumast 100 ml dogal maden suyu + 1 gr kahve tozu + 2 gr kan tas1
ile 100°C’de 1 saat siirede kaynatilmustir.

Deney grubu 7: 1 gr pamuk kumasi 100 ml dogal maden suyu + 1 gr kahve tozu + 1 gr kan tas1
+ 1 gr karbonat ile 100°C’de 1 saat siirede kaynatilmistir.

Mordanli ve mordansiz boyanmis deney 6rnekleri ve boyanmamis deney drnekleri Uizerinde bir
standart kullanilarak (ASTM D 2244-3, 2007) renk parametreleri 6lgiilmistiir. Toplam renk
farkliliklar1 agagidaki formdiiller ile hesaplanmistir.

AH* = [(AE*)? - (AL*)? - (AC*)]°® (1)
Aa* = (a* islem uygulanmis deney érnegi) - (a* islem uygulanmamls) (2)
AL* = (L* islem uygulanmis deney 6megi) - (L* islem uygulanmamls) (3)
C* = [(@*)* + (b*)1°° (4)
AE* = [(AL*)2 + (Aa*)? + (Ab*)?]%® (5)
AC* = (C* islem uygulanmis deney 6rnegi) - (C* islem uygulanmamls) (6)

° = arctan (b*/a*) @)
Ab* = (b* islem uygulanmis deney érnegi) - (b* islem uygulanmamls) (8)

Cizelge 1’de Aa*, AL*, Ab* ve AC* degerleri hakkinda (Lange, 1999) ve Jirous§ ve Ljuljka,
(1999)’ya gore renk degisim aralig1 hakkinda bazi 6nemli bilgiler gosterilmektedir.

Cizelge 1. Renk parametreleri ile ilgili 6nemli bilgiler
Jirous ve | AE* aralig1 | Renk degisim tahmini | AE* aralig1 Renk degisim tahmini
Ljuljka, <0.20 Anlagilamaz 3.00 - 6.00 Cok belirgin
(1999) 0.20 - 0.50 Cok hafif 6.00 - 12.00 Yogun
renk 0.50 - 1.50 Hafif >12.00 Cok yogun
aralig 1.50 - 3.00 Belirgin
AL*, Aa*, | Parametre Negatif durumda Pozitif durumda
Ab* Ab* Referansa gére daha mavi Referansa gore daha sar1
ve AC* AL* Referansa gore daha koyu Referansa gore daha agik
(Lange, Aa* Referansa gore daha yesil Referansa gore daha kirmizi
1999) AC* Mat, referansa gore daha bulanik Referansa gore, daha net ve daha parlak
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Bir istatistik programi ile varyans analizleri, en diisiik ve en yiiksek veriler, % degisim oranlari,
ortalamalar, standart sapma ve homojenlik gruplart hesaplanmistir.

3. Bulgular ve Tartisma

Toplam renk farkliliklarina ait sonuglart Cizelge 2’de gosterilmektedir. AE* degerleri deney
grubu 2 (sadece kahve tozu ve maden suyu ile boyamaya sahip oldugunda) i¢in 10.52, deney
grubu 3 (kahve tozu + maden suyu + 1 gr karbonat ile boyamaya sahip oldugunda) i¢in 9.73,
deney grubu 4 (kahve tozu + maden suyu + 1 gr kan tas1 ile boyamaya sahip oldugunda) i¢in
14.95, deney grubu 5 (kahve tozu + maden suyu + 2 gr karbonat ile boyamaya sahip oldugunda)
icin 9.74, deney grubu 6 (kahve tozu + maden suyu + 2 gr kan tasi ile boyamaya sahip
oldugunda) i¢in 9.75, deney grubu 7 (kahve tozu + maden suyu + 1 gr kan tas1 + 1 gr karbonat
ile boyamaya sahip oldugunda) i¢in 10.25 olarak hesaplandigi goriilmektedir. Calismada,
biitin mordanli ve mordansiz deney oOrneklerinde oOlgiilen degerler sonrasinda yapilan
hesaplamalar ile Aa* degerlerinin pozitif elde edilmesi ile referansa gore daha kirmizi
sonucuna, AL* degerlerinin negatif elde edilmesi ile de referansa gore daha agik sonucuna,
AC* degerlerinin pozitif elde edilmesi ile referansa gore, daha net ve daha parlak sonucuna ve
Ab* degerlerinin pozitif elde edilmesi ile referansa gore daha sari sonucuna ulasildigi
belrlenmistir. Ayrica, renk kriteri (Jirous ve Ljuljka, 1999) agisindan deney grubu 4 i¢in “yogun
(6.00-12.00)” kriterinin ve diger deney grubu 6rneklerinin “gok belirgin (3.00-6.00)” kriterinin
belirlendigi gérulmektedir (Cizelge 2).

Cizelge 2. Toplam renk farkliliklarina ait sonuglari

Boyama Dogal .

. Kahve Kan Renk kriteri
Deseni Maden | ro Tagi | KADOMAL |\ w | pqx | ab* | Ack | AH* | AE* (Jirous ve Ljuljka,

Numarl:ll;ndlrma S([:]);;* (@) (@) 0 1999)

Deney grubu 2 100 1 0 0 551 | 154 | 883 | 889 | 115 | 1052 | Yogun (6.00-12.00)
Deney grubu 3 100 1 0 1 527 | 103 | 812 | 813 | 094 | 9.73 | Yogun (6.00-12.00)
Deney grubu 4 100 1 1 0 -6.53 | 163 | 1335 | 1340 | 1.23 | 1495 | Cok yogun (>12.00)
Deney grubu 5 100 1 0 2 565 | 0.86 | 7.89 | 7.89 | 0.84 | 9.74 | Yogun (6.00-12.00)
Deney grubu 6 100 1 2 0 433 | 152 | 861 | 867 | 114 | 975 | Yogun (6.00-12.00)
Deney grubu 7 100 1 1 1 366 | 125 | 950 | 953 | 1.01 | 1025 | Yogun (6.00-12.00)

Caligmada kaynatma iglemlerinde su kullanilmamistir.

Deney grubu 2: 1 gr pamuk kumast 100 ml dogal maden suyu + 1 gr kahve tozu ile 100°C’de 1 saat siirede kaynatilmigtir.

Deney grubu 3: 1 gr pamuk kumast 100 ml dogal maden suyu + 1 gr kahve tozu + 1 gr karbonat ile 100°C’de 1 saat siirede kaynatilmustir.

Deney grubu 4: 1 gr pamuk kumagi 100 ml dogal maden suyu + 1 gr kahve tozu + 1 gr kan tas1 ile 100°C’de 1 saat siirede kaynatilmugtir.

Deney grubu 5: 1 gr pamuk kumast 100 ml dogal maden suyu + 1 gr kahve tozu + 2 gr karbonat ile 100°C’de 1 saat siirede kaynatilmugtir.

Deney grubu 6: 1 gr pamuk kumagi 100 ml dogal maden suyu + 1 gr kahve tozu + 2 gr kan tag1 ile 100°C’de 1 saat siirede kaynatilmugtir.

Deney grubu 7: 1 gr pamuk kumagi 100 ml dogal maden suyu + 1 gr kahve tozu + 1 gr kan tagt + 1 gr karbonat ile 100°C’de 1 saat siirede
kaynatilmugtir.

Renk parametrelerine ait varyans analizi sonuglar1 Cizelge 3’de gosterilmistir. Butlin renk
parametrelerinde boyama deseni i¢in numaralandirma anlamli olarak tespit edilmistir (Cizelge
3).

Cizelge 3. Varyans analizi sonuglari

Varyans Kaynagi Test Kareler Toplami Serbestlik Derecesi Ortalama Kare F Degeri p<0.05 (*: Anlamli)
L* 280.103 6 46.684 2745.597 0.000*
Boyama a* 19.432 6 3.239 449.703 0.000*
Deseni Igin b* 959.836 6 159.973 2028.814 0.000*
Numaralandirma Cc* 966.870 6 161.145 2054.248 0.000*
h® 1237.661 6 206.277 87.092 0.000*
L* 1.071 63 0.017
a* 0.454 63 0.007
Hata b* 4.968 63 0.079
c* 4.942 63 0.078
h° 149.215 63 2.368
Toplam L* 467562.691 70
a* 71.813 70
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b 7985.018 70
c* 8059.284 70
h° 523742.286 70
L* 281.174 69
Diizeltilmis a 19.886 69
Toplam b* 964.803 69
c* 971.812 69
h® 1386.876 69

Deney grubu 1:
Deney grubu 2:
Deney grubu 3:
Deney grubu 4:
Deney grubu 5:
Deney grubu 6:
Deney grubu 7:
kaynatilmistir.

Kontrol deney 6rnegini temsil etmektedir. Herhangi bir boyama iglemi yapilmamustir. Calismada su kullanilmamuigtir.
1 gr pamuk kumast 100 ml dogal maden suyu + 1 gr kahve tozu ile 100°C’de 1 saat siirede kaynatilmistir.
1 gr pamuk kumag1 100 ml dogal maden suyu + 1 gr kahve tozu + 1 gr karbonat ile 100°C’de 1 saat siirede kaynatilmistir.
1 gr pamuk kumast 100 ml dogal maden suyu + 1 gr kahve tozu + 1 gr kan tag1 ile 100°C’de 1 saat siirede kaynatilmistir.

1 gr pamuk kumagi 100 ml dogal maden suyu + 1 gr kahve tozu + 2 gr karbonat ile 100°C’de 1 saat siirede kaynatilmistir.
1 gr pamuk kumast 100 ml dogal maden suyu + 1 gr kahve tozu + 2 gr kan tag1 ile 100°C’de 1 saat siirede kaynatilmistir.

1 gr pamuk kumasi 100 ml dogal maden suyu + 1 gr kahve tozu + 1 gr kan tag1 + 1 gr karbonat ile 100°C’de 1 saat siirede

Renk parametrelerine ait belirlenmis 6l¢tim sonuglart Cizelge 4’de gosterilmektedir.
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iim sonuglari

Boyama Dogal o
Tes Deseni Made thv ?:2 Karbona | .- D?ﬁlsl Homojenli | Standar | Mini | Maksi | Varyasyo
I¢in n t k t - - n
t Numaralandirm Suyu -I;Of)u ( lr) (an) lama O((r,/ar)" Grubu Sapma | mum mum Katsayist
a (ml) 4 4 0

Deney grubu 1 - - - ) 86'% - A* 0.10 85'2 86.21 0.11

Deney grubu 2 100 1 0 0 80'2 16.39 E 0.10 80';‘ 80.79 0.13

Deney grubu 3 100 1 0 1 80'2 16.12 D 0.22 80'; 81.11 0.27

L* Deney grubu 4 100 1 1 0 79'3 17.58 G** 0.15 79'% 79.76 0.19
Deney grubu 5 100 1 0 2 80';1 16.56 F 0.12 80'3 80.70 0.15

Deney grubu 6 100 1 2 0 81'3 15.02 C 0.06 81'2 81.85 0.07

Deney grubu 7 100 1 1 1 82';1 14.24 B 0.10 82'3 82.64 0.12

Deney grubu 1 - - - - -0.26 - F** 0.06 -0.35 -0.17 -23.35

Deney grubu 2 100 1 0 0 1.29 | 1596.15 | B 0.07 1.20 1.40 5.32

Deney grubu 3 100 1 0 1 0.78 | 1400.00 | D 0.07 0.68 0.94 9.29

a* Deney grubu 4 100 1 1 0 1.37 | 1626.92 | A* 0.10 1.18 1.58 7.62
Deney grubu 5 100 1 0 2 0.60 | 1330.77 | E 0.10 0.48 0.77 17.21

Deney grubu 6 100 1 2 0 1.26 | 1584.62 | B 0.07 1.10 1.34 5.41

Deney grubu 7 100 1 1 1 0.99 | 1480.77 | C 0.10 0.80 1.12 1041

Deney grubu 1 - - - - 1.97 - E** 0.10 1.84 2.16 5.26

Deney grubu 2 100 1 0 0 10'8 144822 | C 0.12 10.2 10.99 1.07

Deney grubu 3 100 1 0 1 10'8 141218 | D 0.49 9.33 10.87 4.85

b* Deney grubu 4 100 1 1 0 152 1678.17 | A* 0.39 14'2 15.92 2.54
Deney grubu 5 100 1 0 2 9.86 | 140051 | D 0.15 9.72 10.18 1.56

Deney grubu 6 100 1 2 0 10'3 1437.06 | C 0.08 10';‘ 10.77 0.78

Deney grubu 7 100 1 1 1 11';1 148223 | B 0.33 10'? 11.76 2.84

Deney grubu 1 - - - - 1.99 - E** 0.10 1.86 2.18 5.24

Deney grubu 2 100 1 0 0 10'2 1446.73 | C 0.12 10'; 11.07 1.08

Deney grubu3 | 100 1 0 1 102 | 140854 | D 049 | 936 | 1091 486

C* | Deneygrubus | 100 1 1 0 15'3 167337 | A* 0.38 14'2 15.96 2.48
Deney grubu 5 100 1 0 2 9.88 | 1396.48 0.15 9.74 10.20 1.57

Deney grubu6 | 100 1 2 0 10.2 143568 | C 0.08 10'2 10.85 0.76

Deney grubu7 | 100 1 1 1 12 | 147889 | B 0.33 10'2 11.80 2.83

ho Deney grubu 1 - - - ) 96'3 - A* 3.92 %é 100.04 4,07
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Deney grubu 2 100 1 0 0 83'3 11362 | D 0.36 82'2 83.60 0.43
Deney grubu 3 100 1 0 1 85'3 11114 | BC 0.34 85'(7) 86.13 0.40
Deney grubu 4 100 1 1 0 84'2 11190 | C 0.48 83'2 85.74 0.56
Deney grubu 5 100 1 0 2 86'3 11021 | B 0.58 85'3 87.13 0.67
Deney grubu 6 100 1 2 0 83'3 113.63 | D** 0.40 82'; 84.09 0.48
Deney grubu 7 100 1 1 1 85'2 11170 | BC 0.53 84'2 85.98 0.62

Homojenlik grubu siitunu i¢in *: En yiiksek sonug degerini ve **: En diisiik sonug degerini vermektedir.

Calismada kaynatma uygulamasinda su kullanilmamustir.

Deney grubu 1: Kontrol deney 6rnegini temsil etmektedir. Herhangi bir boyama islemi yapilmamustir.

Deney grubu 2: 1 gr pamuk kumast 100 ml dogal maden suyu + 1 gr kahve tozu ile 100°C’de 1 saat siirede cam bir kapta kaynatilmstir.

Deney grubu 3: 1 gr pamuk kumast 100 ml dogal maden suyu + 1 gr kahve tozu + 1 gr karbonat ile 100°C’de 1 saat siirede cam bir kapta
kaynatilmstir.

Deney grubu 4: 1 gr pamuk kumasi 100 ml dogal maden suyu + 1 grkahve tozu + 1 gr kan tag1 ile 100°C’de 1 saat siirede cam bir kapta kaynatilmistir.
Deney grubu 5: 1 gr pamuk kumasi 100 ml dogal maden suyu + 1 gr kahve tozu + 2 gr karbonat ile 100°C’de 1 saat siirede cam bir kapta
kaynatilmstir.

Deney grubu 6: 1 gr pamuk kumast 100 ml dogal maden suyu + 1 gr kahve tozu + 2 gr kan tag1 ile 100°C’de 1 saat siirede cam bir kapta kaynatilmigtir.
Deney grubu 7: 1 gr pamuk kumast 100 ml dogal maden suyu + 1 gr kahve tozu + 1 gr kan tag1 + 1 gr karbonat ile 100°C’de 1 saat siirede cam bir
kapta kaynatilmistir.

% degisim oranlari kumaslarin boyanmamus halleri ve boyanmus halleri ile kiyaslanarak hesaplanmustir.

L* degerlerinde deney grubu 1 no’lu 6rnekler yiiksek bulunurken, diger bitin deney grubu
orneklerinde (2, 3, 4, 5, 6 ve 7) azaliglar goriilmiistiir. En yiiksek azalis orani 1 gr pamuk kumasi
100 ml dogal maden suyu + 1 gr kahve tozu + 1 gr kan tag1 ile 100°C’de 1 saat siirede
kaynatilmis olan deney grubu 4 no’lu 6rneklerde bulunmustur (Cizelge 4).

C*, b* ve a* degerlerinde deney grubu 1 no’lu 6rnekler tizerinde diisiik sonuglar elde edilirken,
diger biitiin deney grubu 6rneklerinde (2, 3, 4, 5, 6 ve 7) artislar belirlenmistir. En yiiksek artis
orani 1 gr pamuk kumagi 100 ml dogal maden suyu + 1 gr kahve tozu + 1 gr kan tasi ile
100°C’de 1 saat siirede kaynatilmis olan Deney grubu 4 no’lu orneklerde belirlenmistir
(Cizelge 4).

h® degerlerinde ise deney grubu 1 no’lu 6rnekler yiiksek elde edilirken, diger bltiin deney grubu
orneklerinde (2, 3, 4, 5, 6 ve 7) azalislar tespit edilmistir. En yiiksek azalig oran1 1 gr pamuk
kumag1 100 ml dogal maden suyu + 1 gr kahve tozu + 2 gr kan tasi ile 100°C’de 1 saat siirede
kaynatilan deney grubu 6 no’lu 6rneklerde elde edilmistir (Cizelge 4).

4. Sonuclar

Arastirmamizda kullanilan dogal maden suyu, karbonat, kan tas1 ve kahve tozu maddelerinin
pamuklu kumaslar Gizerinde renk parametrelerinde degisimlere neden oldugu tespit edilmistir.

Kaynaklar

ASTM D 2244-3, (2007). Standard practice for calculation or color tolerances and color,
differences from instrumentally measured color coordinates, ASTM International, West
Conshohocken, PA.

Directive, E.U., (2009). 54/EC of the European Parliament and of the Council of 18 June 2009
on the exploitation and marketing of natural mineral waters. Official Journal of the European
Union L, 164.

Feru, A., (2004). Bottled natural mineral waters in Romania, Environmental Geology, 46(5):
670-674. DOI: 10.1007/s00254-004-1006-3.

Fillimonova, E., Kharitonova, N., Baranovskaya, E., Maslov, A., and Aseeva, A., (2022).
Geochemistry and therapeutic properties of Caucasian mineral waters: a review,

54



Environmental Geochemistry and Health, 44(7): 2281-2299. DOI: 10.1007/s10653-021-
01160-1.

Jirous, R.V., and Ljuljka, B., (1999). Boja drva i njezine promjene prilikom izlaganja
atmosferskim utjecajima, Drvna Industrija, 50(1): 31-39.

Kekes, T., Tzia, C., and Kolliopoulos, G., (2023). Drinking and natural mineral water:
treatment and quality-safety assurance, Water, 15(13): 2325. DOI: 10.3390/w15132325.
Klgve, B., Ala-Aho, P., Bertrand, G., Boukalova, Z., Ertlrk, A., Goldscheider, N., limonen, J.,
Karakaya, N., Kupfersberger, H., Kvcerner, J., Lundberg, A., Mileusnié, M., Moszczynska, A.,
Muotka, T., Preda, E., Rossi, P., Siergieiev, D., Simek, J., Wachniew, P., Angheluta, V., and
Widerlund, A., (2011). Groundwater dependent ecosystems. Part I: Hydroecological status and
trends, Environmental Science & Policy, 14(7): 770-781. DOI: 10.1016/j.envsci.2011.04.002.
Lange, D.R., (1999). Fundamentals of Colourimetry - Application Report No. 10e. DR Lange:
New York, NY, USA.

Li, Y., Bian, J., Li, J., Ma, Y., and Anguiano, J.H.H., (2022). Hydrochemistry and stable isotope
indication of natural mineral water in Changbai Mountain, China, Journal of Hydrology:
Regional Studies, 40: 101047. DOI: 10.1016/j.ejrh.2022.101047.

Lourencgo, C., Ribeiro, L., and Cruz, J., (2010). Classification of natural mineral and spring
bottled waters of Portugal using principal component analysis, Journal of Geochemical
Exploration, 107(3): 362-372. DOI: 10.1016/j.gexplo.2010.08.001.

Quattrini, S., Pampaloni, B., and Brandi, M.L., (2017). Natural mineral waters: chemical
characteristics and health effects, Clinical Cases in Mineral and Bone Metabolism, 13(3): 173.
DOI: 10.11138/ccmbm/2016.13.3.173.

Teixeira, F.J., and Gomes, C.S.F., (2021). Mineral Water: Essential to Life, Health, and
Wellness. In: Gomes, C., Rautureau, M. (eds) Minerals latu sensu and Human Health, Springer,
Cham. DOI: 10.1007/978-3-030-65706-2_13.

Van der Aa, M., (2003). Classification of mineral water types and comparison with drinking
water standards, Environmental Geology, 44(5): 554-563. DOI: 10.1007/s00254-003-0791-4.
Zuurdeeg, B.W., and Weiden, M.J.J., van der, (1985). Geochemical aspects of European
bottled water. In: Geothermics thermal mineral waters and hydrogeology, Theophrastus
Publications SA, Athens.

55
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Boyama Islemlerinde Kullanilmasi

Dog. Dr. Umit AYATA

“Bayburt Universitesi, Sanat ve Tasarim Fakiiltesi, i¢ Mimarlik ve Cevre Tasarimi1 Boliimii,
Bayburt, Turkiye
Sorumlu yazar: umitayata@yandex.com, ORCID ID: 0000-0002-6787-7822

Ozet

Bu calismada, Uludag goknar1 odunu yiizeylerinde sap ve altin otu ¢igegi bitkisine ait
eksraktin boyama islemlerinde kullanilmasi sonrasinda meydana gelen renk parametrelerinde
farkliliklar belirlenmistir. Deneysel tasarimi kontrol deney 6rnekleri (herhangi bir yiizey islemi
yok) ve 1 gr altin otu ¢igegi (Helichrysum arenarium) bitkisi ekstraktina sahip 50 mlt su
mordansiz boyali deney ornekleri ve gr altin otu ¢igegi bitkisi ekstraktina sahip 50 mlt su
mordanli (1, 1.5, 2 ve 2.5 gr) boyal1 deney 6rneklerinden olusmaktadir. Sonuglara gore, boyali
orneklerde boyasiz orneklere kiyasla L* degerleri azalirken, diger biitiin parametrelerde
artislarin oldugu goriilmiistiir. Buna ek olarak, mordanli boyali 6rneklerin, mordansiz boyali
orneklere kiyasla da a* degerlerinde azaliglar gortiliirken, b*, C* ve h°® degerlerinde artiglar
belirlenmistir.

Anahtar kelimeler: Uludag goknari, Altin otu ¢icegi, Renk parametreleri, Mordan, Sap

Use of Alum and Helichrysum Extract in Dyeing Processes on Uludag Fir Wood
Abstract

This study determined differences in color parameters resulting from the use of alum and
Helichrysum extract in dyeing processes on Uludag Fir wood. The experimental design
consisted of control samples (no surface treatment), samples dyed with 1 g of Helichrysum
arenarium plant extract in 50 ml of water without mordant, and samples dyed with 1 g of
Helichrysum arenarium plant extract in 50 ml of water with mordant (1, 1.5, 2, and 2.5 g). The
results showed that L* values decreased in the dyed samples compared to the undyed samples,
while all other parameters increased. Additionally, a* values decreased in mordant-dyed
samples compared to non-mordant-dyed samples, while b*, C*, and h° values increased.

Keywords: Uludag fir, Helichrysum flower, Color parameters, Mordant, Alum
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1. Giris

Bitkisel renklendiricilerin bir diger kullanim yontemi de ahsabin rengini degistirmektir.
Ahsap, temel kimyasal bilesiminde oksidasyon veya diger degisiklikler nedeniyle kromofor
kazanabilen ¢esitli fonksiyonel gruplar i¢ermektedir. Ayrica, dogal kromofor karakteri ¢esitli
modifikasyon prosediirleriyle yogunlastirilabilmektedir veya hatta degistirilebilmektedir. Renk
modifikasyon yontemleri genellikle, teknik kurutma, buharlama veya termal modifikasyon gibi
yiiksek sicaklik ve bagil nemdeki reaksiyonlara dayanmaktadir (Bechtold ve Mussak, 2009).

Dogal boyalarin, tarihi ¢caglardan beri gida maddeleri, deri ve pamuk, yiin ve ipek gibi
yaygin tekstil liflerini renklendirmek i¢in kullanildig1 bilinmektedir. Ancak sentetik boyalarin
ortaya ¢ikis1 ve dogal boyalara kiyasla daha iyi haslik 6zelliklerine sahip olmalar1 nedeniyle,
dogal boyalarin kullanimi1 6nemli 6lgiide azalmistir. Mevcut durumda, tiiketiciler tarafindan
kullanilan iirtinlerin ¢evre dostu ve siirdiiriilebilir olmas1 konusundaki endiseler artmis ve dogal
boyalar yeniden popiilerlik kazanmaya baslamistir (Samanta, 2020).

Dogal boyalar bitkinin herhangi bir kismindan (yaprak, tohum, meyve, kabuk, gigek, kok
vb.) elde edilebilmektedir (Ansari ve Thakur, 2000; Rekaby ve ark., 2009).

Dogal boyalar, tarih Oncesi c¢aglardan beri baslica uygulama alanlari olarak gida
substratlari, deri ve yiin, ipek ve pamuk gibi dogal protein liflerinin renklendirilmesinde
kullanilmalariyla bilinmektedir (Samanta ve Agarwal, 2009).

Bitkisel materyalin standardizasyonu, belirli bir bitki materyali partisinin belirli boyama
ozellikleri (renk yogunlugu ve tonu) agisindan degerlendirilmesine yonelik ydntemlerin
gelistirilmesini gerektirmektedir. Bu prosediirler, bitki materyalinin tiiriine bagli olarak analitik
yontemlere dayanmaktadir. Ideal bir durumda, dziitiin karakterizasyonu, dogal boyarmadde
iireticisinin, boyarmadde terbiyesi sirasinda sentetik bir boyarmaddenin standardizasyonuna
benzer sekilde, belirli bir materyal partisini istenen standart renk yogunlugu ve tonuna
ayarlamasina olanak tanimaktadir (Bechtold ve ark., 2007).

Boyalar, renklendirmek istedikleri malzemelerle dogrudan etkilesime girmedigi
bildirilmistir. Dogal boyalar substantiftir ve kumasa tutunmak icin bir mordan
gerektirmektedir. Bu da rengin 1s1ga maruz kalma veya yikama sonucu solmasini dnlemektedir.
Bu bilesikler dogal boyalar1 kumaglara baglamaktadir. Mordan, boya ile elyaf arasinda
gergeklesen kimyasal reaksiyona yardimei olan ve boyanin emilmesini saglayan bir elementtir.
Boyama igin kullanilan kaplar reaktif olmayan (emaye, paslanmaz ¢elik) olmalidir. Piring,
bakir veya demir kaplar kendi mordanlamalarini yapmaktadir (Siva, 2007).

Dogal boyalar ¢evre dostudur, daha iyi biyolojik olarak parcalanabilirlik gosterir ve
genellikle sentetik boyalara gore c¢evreyle daha yiiksek bir uyumluluga sahip oldugu
bildirilmistir (Ahlstrom ve ark., 2005; Geetha ve Sumathy, 2013).

Mordanlama genel olarak boya performansini iyilestirmis ve boyaciin genis bir
yelpazedeki dogal ve sentetik elyafta, genisletilmis renk araligi ve daha iyi haslik 6zellikleriyle
genis bir renk yelpazesi elde etmesine yardimeir olmustur (Kadolph ve Casselman, 2004;
Shahid ve Mohammad, 2013).

Helichrysum arenarium (L.) Moench, Asteraceae familyasindan ¢ok yillik bir bitkidir.
Bu tiir, Polonya’da kismen koruma altindadir. Cigceklenme mevsiminin basinda toplanan ¢igek
salkimi (Infl orescentia Helichrysi = Flos Stoechados citrini), degerli bitkisel materyal
kaynagidir (Ozarowski, 1983; Gawron-Gzella ve ark., 2003; Sawilska, 2007).

Helichrysum arenarium, Litvanya’da ¢ogunlukla kuru kumlu topraklarda kendiliginden
yetisen cinsin tek tiiriidiir. Hafif asidik veya notr topraklarda yaygin olan kiiciik (15-40 cm) bir
calidir ve alkali topraklarda bulunmadig bildirilmistir. Tercih edilen yasam alanlari, diisiik
azot ve potasyum konsantrasyonuna sahip humus bakimindan fakir oldugu sdylenmistir
(Radusiené, 2002; Judzentiené ark., 2019).
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Kuzey yarimkiirede, Sarikantaron Haziran sonundan Agustos ayina kadar c¢igek
acmaktadir. Cigekler ¢cok sayidadir ve altin saris1 renktedir. Biseksiieldirler ve 5 yesil ¢canak
yaprak, 5 sar1 tag yaprak, 3 stilus ve ¢ok sayida erkek organdan (20°den fazla) olustugu
bildirilmistir. Genis panikiilat, neredeyse korimboz bir ¢igeklenme olustururlar. Tag
yapraklariin kenarlar1 boyunca daginik siyah noktalar bulunmaktadir. Canak yapraklar mizrak
seklindedir ve tag yapraklardan ¢ok daha kiigiiktiir. Tohum kapsiilii 3 hiicreli, dikdortgen-oval
veya genis ovoid, sar1 glandiiler uzunlamasina ¢izgiler ve ¢izgilerle kahverengidir. Tohum
kapsuluntn her bir hucresi ¢ok sayida tohum icermektedir. Kok sistemi rizomatozdur ve
bitkinin tabani etrafinda ¢ok sayida bazal siirgiin tiretmektedir. Bu bitki, kromozom sayisi
2n=32 olan tetraploid bir bitkidir. Tiirlin, s6zde eseyli lireme yapan bir fakiiltatif apomikt
oldugu diistiniilmektedir (Noack, 1941; Martonfi ve ark., 1996; Radusien¢, 2005).

Helichrysum arenarium (Helichrysi flos) ¢icek salkimlari, safra kesesi ve mide
rahatsizliklari, sistit ve artrit tedavisinde halk hekimliginde yaygin olarak kullanilmaktadir.
Hammaddenin terap0tik etkisi esas olarak flavonoidler ve polifenollerin varhigina
atfedilmektedir (Vrkoc ve ark., 1983; Czinner ve ark., 1999; Lemberkovics ark., 2002;
Radusiené ve JudZentien¢, 2008).

Bu calismada, Uludag goknar1 odunu yiizeylerinde sap ve altin otu ¢igegi bitkisine ait
eksraktin boyama islemlerinde kullanilmasi sonrasinda meydana gelen renk parametrelerinde
farkliliklar belirlenmistir.

2. Materyal ve Metot

Bu calismada, Uludag goknar1 (Abies nordmanniana subsp. bornmilleriana Mattf.)
odununa ait olan deney ornekleri 90 mm x 90 mm x 15 mm boyutlarinda hazirlanmistir.
Omnekler iizerinde iklimlendirme islemleri gerceklestirilmistir (ISO 554, 1976).

Boyama isleminde altin otu ¢igegi (Helichrysum arenarium) ve mordanlama islemlerinde
ise sap maddesi satin alinma yontemi ile elde edilmistir.

Deneysel tasarimi: Kontrol deney 6rnegi (herhangi bir yiizey islemi yok) ve 1 gr altin otu
cicegi (Helichrysum arenarium) bitkisi ekstraktina sahip 50 mlt su mordansiz boyali deney
ornekleri ve gr altin otu ¢igegi bitkisi ekstraktina sahip 50 mlt su mordanli (1, 1.5, 2 ve 2.5 gr)
boyal1 deney ornekleri.

Boyama Oncesi ve sonrasi ylizey renk degisimleri, bir renk cihazi ve ASTM D 2244-3
(2007) standardi ile belirlenmistir. AC* parametresi renk doygunlugundaki farki, AH* ise ton
veya golge farkliligini ifade etmektedir (Lange, 1999).

Calismada kullanilan ekipmanlara ve malzemelere ait goriintiler Sekil 1’de
gosterilmektedir.

A

Sekil 1. Altin otu ¢igegi (A), sap (B) ve renk dl¢iim cihazi (C)

Toplam renk farklar1 agagidaki formiiller ile hesaplanmistir.
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AC* = (C* islem giirm'ds) - (C* islem gérmemis) (1)

AE* = [(AL*)? + (Aa*)? + (Ab*)2]%5 (2)
h° = arctan (b*/a*) (3)
AH* = [(AB*)? - (AL®)? - (ACH[°S (4)
Aa* = (a* islem gﬁrmﬁs) - (a* islem giirmemi§) (5)
C* = [(@*)° + (B*)1°® (6)
AL* = (L* islem gﬁrmiis) - (L* islem gérmemis) (7)
Ab* = (b* islem gt')rmi.is) - (b* islem g(jrmemis) (8)

Cizelge 1°de Jirous ve Ljuljka, (1999)’ya gore renk degisim araligi ile ilgili ve Aa*, AL*,
Ab* ve AC* degerleri i¢in (Lange, 1999) bazi 6nemli bilgiler gosterilmektedir.

Cizelge 1. Renk parametreleri ile ilgili 6nemli bilgiler

Parametre Referansa gore durumu _
Aa*, AL*, Negatif Pozitif
Ab* ve AC* Ab* Daha mavi Daha sar1
(Lange, AL* Daha koyu Daha agik
1999) Aa* Dabha yesil Daha kirmizi
AC* Mat, daha bulanik Daha net ve daha parlak
Jirous ve | AE* aralig1 | Renk degisim tahmini | AE* araligi | Renk degisim tahmini
Ljuljka, <0.20 Anlagilamaz 3.00 - 6.00 Cok belirgin
(1999) 0.20-0.50 Cok hafif 6.00 - 12.00 Yogun
renk 0.50 - 1.50 Hafif >12.00 Cok yogun
araligt 1.50 - 3.00 Belirgin

Bir istatistik programi tarafindan standart sapma, varyans analizleri, % degisim oranlari,
en diisiik ve en yiiksek dl¢timlere ait veriler, ortalamalar, ve homojenlik gruplar1 belirlenmistir.

3. Bulgular ve Tartisma
Sadece boyasiz ve mordansiz boyali uygulamalar tizerinde 6lgtlen renk parametrelerine
ait varyans analizi sonuglari Cizelge 2’de verilmistir. Bltin renk parametrelerinde boyama

uygulamasi anlamli olarak belirlenmistir (Cizelge 2).

Cizelge 2. Sadece boyasiz ve mordansiz boyali uygulamalar tizerinde 6l¢tlen renk
parametrelerine ait varyans analizi sonuglari

Varyans Test Kareler Serbestlik Ortalama F p=<0.05
Kaynagi Toplami1 Derecesi Kare Degeri | (*: Anlamli)
L* 167.215 1 167.215 | 6319.954 0.000*
Boyama ax 11.705 1 11.705 367.155 0.000*
Uygulamast b* 212.422 1 212.422 | 8716.124 0.000*
c* 224.852 1 224.852 | 8966.192 0.000*
he 2.339 1 2.339 11.879 0.003*
L* 0.476 18 0.026
ax 0.574 18 0.032
Hata b* 0.439 18 0.024
c* 0.451 18 0.025
he 3.545 18 0.197
L* 123901.445 20
ax 558.918 20
Toplam b* 7627.961 20
c* 8194.134 20
he 111742.184 20
Diizeltilmis L* 167.692 19




Toplam a* 12.278 19
b* 212.860 19
c* 225.304 19
he 5.884 19

Sadece boyasiz ve mordansiz boyali uygulamalar iizerinde renk parametrelerine ait
ol¢tim sonuglar1 Cizelge 3°de verilmistir. Sap kullanmadan yapilan boyama uygulamasina
sahip deny Orneklerinde L* parametrelerinde azalmalar goriiliirken, diger biitiin parametreler
iizerinde artiglar tespit edilmistir (Cizelge 3).

Cizelge 3. Sadece boyasiz ve mordansiz boyali uygulamalar lizerinde renk parametrelerine ait
Olciim sonuglart

Test Boyama Orta- Dg%;illm HG Standart | Mini- | Maksi- | Varyasyon

Uygulamas:1 | lama (%) Sapma mum mum Katsayisi
L* Yok 81.55 17.10 A* 0.14 81.22 | 81.64 0.18
Var 75.76 ) B** 0.18 75.54 | 76.00 0.24
* Yok 4.46 B** 0.06 4.37 4.55 1.44
a Var 5.99 134.30 A* 0.24 5.46 6.28 4.07
b Yok 16.00 140,69 B** 0.14 15.88 | 16.35 0.89
Var 2251 ) A* 0.17 22.22 | 22.80 0.75
C* Yok 16.61 14034 B** 0.14 16.49 | 16.96 0.85
Var 23.31 ) A* 0.17 22.88 | 23.49 0.75
ho Yok 74.40 £0.93 B** 0.23 74.00 | 74.70 0.30
Var 75.09 ) A* 0.59 74.29 | 76.20 0.78

HG: Homojenlik Grubu siitunu i¢in *: En yiiksek sonug, **: En diisiik sonug, Ol¢iim Sayist: 10

Sadece boyal1 deney ornekleri tizerinde renk parametrelerine ait varyans analizi sonuglari
Cizelge 4°de gosterilmektedir. Biitiin renk parametrelerinde mordan maddesi miktar1 anlamli
olarak belirlenmistir (Cizelge 4).

Cizelge 4. Sadece boyali deney 6rnekleri {izerinde renk parametrelerine ait varyans analizi

sonuglari
Varyans Test Kareler Serbestli!< Ortalama F p<0.05
Kaynagi Toplamu Derecesi Kare Degeri | (*: Anlaml)
L* 136.056 5 27.211 180.193 0.000*
Mordan a* 34.706 5 6.941 160.467 0.000*
Maddesi b* 563.992 5 112.798 | 1074.492 0.000*
Miktari c* 501.112 5 100.222 | 868.782 0.000*
h° 410.792 5 82.158 555.001 0.000*
L* 8.155 54 0.151
a* 2.336 54 0.043
Hata b* 5.669 54 0.105
c* 6.229 54 0.115
h° 7.994 54 0.148
L* | 354379.685 60
a* 1375.541 60
Toplam b* 52158.201 60
c* 53492.158 60
ho | 390313.234 60
L* 144.211 59
Ditzeltilmis | —or——S1:042 59
Toplam b* 569.661 59
c* 507.342 59
h° 418.786 59
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Sadece boyali (mordanli ve mordansiz) deney ornekleri {izerinde renk parametrelerine
ait 6l¢lim sonugclar1 Cizelge 5’de verilmistir. Sap maddesinin boyama islemlerine katilmasi ile
L* degerlerinde 0.5 gr ile %2.52, 1.0 gr ile %4.41, 1.5 gr ile %2.10 ve 2.5 gr ile %1.43
oranlarinda artiglar belirlenirken, 2.0 gr ile %1.91 oraninda azalis telde edilmistir. Buna ek
olarak, sap eklenmesi ile a* degerlerinde (0.5 gr ile %25.71, 1.0 gr ile %25.21, 1.5 gr ile
%30.38, 2.0 gr ile %8.85 ve 2.5 gr ile %36.89), b* degerlerinde (0.5 gr ile %34.96, 1.0 gr ile
%34.56, 1.5 gr ile %35.63, 2.0 gr ile %39.36 ve 2.5 gr ile %37.05), C* degerlerinde (0.5 gr ile
%31.62, 1.0 gr ile %31.36, 1.5 gr ile %32.18, 2.0 gr ile %36.38 ve 2.5 gr ile %33.38) ve h°
degerlerinde (0.5 gr ile %8.75, 1.0 gr ile %8.64, 1.5 gr ile %9.50, 2.0 gr ile %6.71 ve 2.5 gr ile
%10.53) artiglar tespit edilmistir (Cizelge 5).

Cizelge 5. Sadece boyali (mordanli ve mordansiz) deney drnekleri Uizerinde renk
parametrelerine ait 6l¢ciim sonuglari

Mordan Degisim . .
res | Mk | O | Comm | wo | Shndar | i | e | Ve
() (%) Y
0.0 75.76 - D 0.18 75.54 | 76.00 0.24
0.5 77.67 12.52 B 0.29 77.34 | 78.12 0.37
L* 1.0 79.10 14.41 A* 0.11 78.97 | 79.35 0.14
15 77.35 12.10 B 0.70 75.80 | 77.96 0.90
2.0 74.31 11.91 E** 0.52 73.42 | 75.02 0.71
2.5 76.84 11.43 C 0.12 76.71 | 77.16 0.16
0.0 5.99 - A* 0.24 5.46 6.28 4.07
0.5 4.45 12571 | C 0.13 4.28 4.61 2.90
a* 1.0 4.48 12521 | C 0.16 4.09 4.69 3.53
15 4.17 130.38 | D 0.33 3.77 4.72 7.81
2.0 5.46 18.85 B 0.21 5.21 5.80 3.84
2.5 3.78 136.89 | E** 0.09 3.67 3.92 2.37
0.0 22.51 - D** 0.17 22.22 | 22.80 0.75
0.5 30.38 | 13496 | C 0.17 30.06 | 30.55 0.55
b* 1.0 30.29 | 13456 | C 0.23 29.90 | 30.57 0.75
15 3053 | 13563 | C 0.42 30.07 | 31.20 1.38
2.0 31.37 | 139.36 | A* 0.32 30.99 | 32.05 1.01
2.5 30.85 | 137.05 | B 0.49 30.02 | 3151 1.60
0.0 23.31 - D** 0.17 22.88 | 23.49 0.75
0.5 30.68 | 13162 | C 0.15 30.40 | 30.86 0.49
C* 1.0 30.62 | 13136 | C 0.24 30.24 | 30.91 0.77
15 30.81 | 132.18 | BC 0.46 30.34 | 3155 1.48
2.0 31.79 | 136.38 | A* 0.36 31.34 | 3257 1.12
2.5 31.09 | 13338 | B 0.50 30.25 | 3175 1.60
0.0 75.09 - E** 0.59 7429 | 76.20 0.78
0.5 81.66 18.75 C 0.25 81.34 | 82.01 0.31
ho 1.0 81.58 18.64 | C 0.27 81.26 | 82.23 0.34
15 82.22 19.50 B 0.50 81.38 | 82.86 0.61
2.0 80.13 16.71 D 0.37 79.46 | 80.66 0.46
2.5 83.00 | 110.53 | A* 0.12 82.79 | 83.18 0.15
HG: Homojenlik Grubu siitunu icin *: En yiiksek sonug, **: En diisiik sonug, Ol¢iim Sayisi: 10

Deney Orneklerine (mordanli boyali, mordansiz boyali, boyasiz) ait toplam renk
farkliliklarin sonuglart Cizelge 6’da sunulmaktadir. Yapilan uygulamalar ile Ab* degerlerinin
hepsi pozitif (referansa gére durumu daha sar1), AC* degerlerinin hepsi pozitif (referansa gore
durumu daha net ve daha parlak) olarak elde edilmistir. Sap maddesini eklenmis boyali ve
boyasiz ornekler arasinda AL* degerleri negatif (referansa gore durumu daha koyu) olarak
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bulunmustur. Aa* degerleri sap ile boyali ve sap kullanilmadan yapilan boyali 6rnekler
arasinda negatif (referansa gore durumu daha yesil) olarak elde edilmistir. Renk kriteri (Jirous
ve Ljuljka, 1999) acisindan bakildiginda ise, sap ile boyali ve sap kullanilmadan yapilan boyali
ornekler arasinda “¢ok yogun (> 12.00)” kriteri, sap kullanilmadan boyali1 ve boyasiz érnekler
ile sap kullanilan boyal1 ve sap kullanilmadan boyali 6rnekler iizerinde “yogun (6.00 - 12.00)”
kriteri seklinde bulunduklar1 belirlenmistir (Cizelge 6).

Cizelge 6. Toplam renk farkliliklarina ait sonuglar

Renk kriteri
Uygulamalar Arasindaki Farklar AL* | Aa* | Ab* | AC* | AH* | AE* | (Jirous ve Ljuljka,
1999)
0.0 gr sap ile boyali deney 6rnegi ile ) ) Yogun
boyasiz deney 6megi arasindaki fark 5.78 | 153 6.52 6.71 8.85 (6.00 - 12.00)
0.5 gr sap ile boyali deney Smegi ile -3.88 | -0.02 | 14.39 | 14.08 | 2.98 | 14.90
boyasiz deney 6megi arasindaki fark
1.0 gr sap ile boyalt deney Smegi ile 245 | 002 | 1429 | 14.01 | 2.82 | 14.50
boyasiz deney 6rnegi arasindaki fark
1.5 gr sap ile boyali deney 6rnegi ile Cok yogun

boyasiz deney 6rnegi arasindaki fark 420 | 0.29 | 1453 | 1420 | 3.10 | 1513 (> 12.00)

2.0 gr sap ile boyalt deney Smegi ile 724 | 1.00 | 1537 | 1518 | 261 | 17.02
boyasiz deney 6megi arasindaki fark
2.5 gr sap ile boyal1 deney 6rnegi ile
boyasiz deney 6megi arasindaki fark
0.5 gr sap ile boyali deney 6rnegi ile

0.0 gr sap ile boyali deney 6rnegi arasindaki fark
1.0 gr sap ile boyali deney Ornegi ile 333

0.0 gr sap ile boyali deney 6rnegi arasindaki fark )
1.5 gr sap ile boyal1 deney ornegi ile

0.0 gr sap ile boyali deney Ornegi arasindaki fark
2.0 gr sap ile boyal1 deney 6rnegi ile

0.0 gr sap ile boyali deney Ornegi arasindaki fark
2.5 gr sap ile boyal1 deney 6rnegi ile

0.0 gr sap ile boyali deney 6rnegi arasindaki fark

-4.71 | -0.68 | 14.86 | 14.48 | 3.41 | 15.60

1.90 | -1.55 7.87 7.37 | 3.16 8.24

-1.51 .77 7.30 | 3.06 8.59

Yogun

1.58 | -1.82 8.02 750 | 3.37 8.37 (6.00 - 12.00)

-1.46 | -0.54 8.86 8.48 | 2.61 8.99

1.08 | -2.21 8.34 777 | 3.74 8.69

4. Sonuglar

Calismada kullanilan sap maddesinin ve altin otu ¢icegi bitkisine ait ekstraktin ahsap
malzemeye ait renginde degisimlere neden oldugu goriilmiistiir.
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OZET

Baibars Mekatronik Havacilik Sanayi A.S. biinyesinde, TUBITAK 1501 Sanayi Ar-Ge Destek
Programi kapsaminda yiiriitiilen bu calismada; afet yonetimi, kritik altyapr gozetimi ve kamu
giivenligi operasyonlari i¢in 6zel olarak tasarlanmis, kablolu (tethered) bir insansiz hava araci
(IHA) sistemi sunulmaktadir. Gelistirilen bu biitiinlesik mimari; yer giic istasyonu, akilli kablo
sarim ve yonetim mekanizmasi, fiber optik tabanli haberlesme altyapisi, gelismis aviyonik
sistemler ve yiiksek tasima kapasiteli ¢cok rotorlu bir hava platformundan meydana gelmektedir.
Sistemin enerji verimliligini optimize etmek adina, yer istasyonunda sebekeden alinan 230
VAC enerji, aktif gii¢ faktorii diizeltmeli (PFC) doniistiiriictiler vasitasiyla 370-400 VDC
seviyesine yiikseltilerek tether kablo {izerinden hava aracina iletilmektedir. Hava tinitesinde ise
bu yiiksek gerilim 48 VDC seviyesine diisiirtilerek tahrik sistemi, aviyonik birimler ve gorev
yukleri beslenmektedir. Bu ylksek gerilimli iletim stratejisi, uzun streli operasyonlarda kablo
lizerindeki enerji kayiplarini ve sistemin toplam agirligini azaltarak ugus performansini ve
gorev siiresini artirmaktadir. Kablo yonetimi, tersinir vida ve motor tahrikli tambur yapisina
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sahip 6zgilin bir mekanizma ile saglanarak gilivenli hareket kabiliyeti elde edilmistir. Mekanik
tasarimin dayanimi sonlu elemanlar yontemi (FEA) ile analiz edilmis ve yapisal biitiinligi
endiistriyel limitler dahilinde dogrulanmustir. Yiiksek elektromanyetik girisim (EMI) iceren
ortamlarda veri giivenligini saglamak amaciyla fiber optik haberlesme altyapisi tercih edilmis;
komuta-kontrol, telemetri ve yiksek ¢ozuntrliklt gorintu verileri tek hat Uzerinden
onceliklendirilerek aktarilmistir. Elde edilen bulgular, Onerilen mimarinin kritik kamu
giivenligi senaryolar1 icin siirdiiriilebilir, glivenilir ve yiiksek performansli bir ¢oziim
sundugunu gostermektedir.

Anahtar Kelimeler: Tethered IHA, Afet ve Kriz Y&netimi, Siirekli Enerji Beslemesi, Fiber
Optik Haberlesme, Uzun Siireli Hava Platformlari.

1. GIRIS

Insansiz Hava Araglar1 (IHA), son yirmi yilda askeri teknolojilerden sivil uygulamalara kadar
cok genis bir alanda devrim yaratmistir. Glinlimiizde bu platformlar; hassas tarimsal veri
toplama, kritik altyapilarin denetlenmesi, SG haberlesme aglarinin hizli kurulumu ve 6zellikle
afet yonetimi gibi stratejik alanlarda vazgegilmez birer arag haline gelmistir. Ancak bu
teknolojinin yayginlasmasinin oniinde enerji duvari olarak adlandirilan ¢ok temel bir kisitlama
bulunmaktadir. Kim ve arkadaslar1 (2013) tarafindan literatiirde detaylandirildig: lizere, ¢ok
rotorlu THA sistemleri enerji ihtiyaclarini biiyiik oranda lityum-polimer (Li-Po) bataryalardan
karsilamakta, bu bataryalarin enerji yogunlugu ise ugus siirelerini genellikle 20 ila 30 dakika
gibi kisa bir araliga hapsetmektedir. Bu siire kisiti, kesintisiz hava gozetimi gerektiren deniz
operasyonlar1 veya deprem gibi afet durumlarinda kurulmasi gereken gecici haberlesme
roleleri i¢in ciddi bir operasyonel zafiyet olusturmaktadir (Xu, 2021). Bu operasyonel
darbogazi asmak amaciyla gelistirilen "Kablolu IHA" (Tethered UAV - TUAV) sistemleri,
modern havacilikta bir paradigma degisimini temsil etmektedir. Kablolu sistemler, hava aracini
yerdeki bir gili¢ istasyonuna (GCS) fiziksel bir umbilical (gobek) kablosu ile baglayarak
enerjinin siirekli akigini saglar. Yingst ve Marojevic (2023) tarafindan yapilan ¢aligmalarda, bu
mimarinin teorik olarak sonsuz ugus siiresi sundugu ve platformu adeta mobil bir baz istasyonu
veya gozetleme kulesi gibi islevsel kildigi gosterilmistir. Ancak literatiir incelendiginde,
kablolu bir sistemin basarisinin sadece "kablo baglamak" ile sinirli olmadigs; aksine giig iletim
verimliligi, mekanik kablo yonetimi ve veri biitiinliigii gibi alanlarda ¢ok karmasik miithendislik
odiinlesimleri igerdigi goriilmektedir. Giig iletim stratejileri, kablolu IHA tasarimlarmin en
kritik bilesenidir. IHA'mn irtifas1 arttikca kablonun parazitik agirligi ve elektriksel direnci
artmakta, bu da aracin faydali yilik kapasitesini dogrudan azaltmaktadir. Boukoberine ve
arkadaslar1 (2019), THA enerji yonetimi iizerine yaptiklari kapsamli incelemede, diisiik
gerilimli iletim hatlarinin yiiksek akim gerektirdigini, bunun da kalin ve agir kablo kullanimiyla
sonuclandigini belirtmislerdir. Rodriguez ve ark. (2025) tarafindan sunulan 16V gibi diisiik
gerilimli deneysel sistemlerin sadece ¢ok diisiik irtifalarda ve hafif platformlarda isleyebildigi
goriilmiistiir. Ote yandan Yingst ve Marojevic (2023), 360VDC seviyesindeki bir mimarinin
122 metre irtifada 4 kg'dan fazla faydali yiik tasiyabildigini kanitlayarak yiiksek gerilimli
iletimin avantajlarin1 ortaya koymustur. Bu calismada onerilen 500VDC yiiksek gerilim
mimarisi, literatiirdeki mevcut sinirlari bir adim daha ileri tasiyarak, Joule kayiplarini (P=I°R)
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minimize etmeyi ve ¢ok daha ince, acrodinamik olarak verimli kablolarin kullanimini miimkin
kilmay1 hedeflemektedir.

Yiiksek gerilimli bir hat iizerinden gii¢ iletmek, beraberinde Elektromanyetik Girisim (EMI)
riskini getirmektedir. Gii¢ ve veri hatlarinin birbirine bitisik oldugu kablo yapilarinda, kontrol
sinyalleri ve yiksek c¢ozunurlikla goéruntu  verileri garaltiden (noise) etkilenerek
bozulabilmektedir. Al-Hourani ve ark. (2014), sinyal-giiriiltii oranindaki (SNR) en kii¢iik bir
sapmanin kontrol kaybina veya video akisinda gecikmelere (latency) yol acabilecegini
gostermistir. Bu teknik engeli asmak i¢in Shindo ve ark. (2022) tarafindan tartisilan "Fiber
Uzerinden Radyo" (RoF) ve optik veri aktarim konseptleri kritik dnemdedir. Sistemimize
entegre edilen fiber optik haberlesme altyapisi, EMI’ye kars1 mutlak bir bagisiklik saglayarak
4K goruntd verisinin kayipsiz iletimini garanti altina almaktadir. Dahas1 Matsuura (2021),
metalik olmayan optik fiberlerin, 6zellikle ylksek irtifada ucan platformlar icin ciddi bir tehdit
olan yildirim garpmasina karsi koruyucu bir katman islevi gérdiigiinii vurgulamaktadir. Kablo
yoOnetimi ve mekanik stabilite lizerine yapilan literatiir arastirmalari, iki ana akimin varligini
goOstermektedir. Nicotra, Naldi ve Garone (2014) ile Sandino ve ark. (2013), kablonun surekli
gergin (taut) tutulmasini savunan kontrol yasalar1 gelistirmiglerdir. Bu yaklagimda kablo, bir
nevi mekanik kisitlayici olarak kullanilarak riizgar hamleleri altinda aracin savrulmasi
engellenir. Ancak bu yontemin dezavantaji, Schmidt ve Swik (1974) tarafindan yillar 6nce
tespit edildigi tizere, kablo gerginliginin motorlar tizerinde siirekli bir ek yiik olusturarak gii¢
tiketimini artirmasidir. Buna karsilik Talke ve arkadaslari (2022), "gevsek kablo"
(slack/catenary) yoOnetimini Onermislerdir. Onlarin bulgulari, kablonun bir egri (katenary)
olusturacak sekilde serbest birakilmasinin, yer istasyonu ile IHA arasindaki mekanik etkilesimi
izole ettigini ve kablo gerilimini 12 kat azalttigim1 ortaya koymustur. Bu ¢alismada sunulan
akilli kablo yonetim mekanizmasi, tersinir vida yapist ve motorlu tamburu sayesinde bu iki
yaklasimi optimize eden bir dengeleme stratejisi gilitmektedir. Giivenlik parametreleri
acisindan bakildiginda, kablolu sistemlerin en biiylik riski enerji hattinda yasanabilecek bir
kopma veya istasyon arizasidir. Ferreira de Castro ve ark. (2015), havada asili duran kablolu
bir platformun gii¢ kesintisi anindaki dinamiklerini analiz ederek, kontrolsiiz bir diisiisiin hem
ara¢ hem de yerdeki unsurlar icin biiylik bir tehlike yarattigini belirtmistir. Safwat ve ark.
(2022) tarafindan 6nerilen yedekli gii¢ sistemleri (redundant power) bu noktada standart haline
gelmigtir. Gelistirilen bu sistemde, S00VDC hattinda bir kesinti yasanmasi durumunda
milisaniyeler i¢inde devreye giren onboard bir yedek batarya iinitesi bulunmaktadir. Elistair
(2019) gibi endustriyel ¢ozimlerde gorulen bu fail-safe mekanizmasi, aracin acil durum
senaryolarinda kontrollii bir gsekilde baslangic noktasina donmesini saglar. Sistemin
operasyonel yayillimi ve yerlesimi konusunda ise Kishk ve arkadaslart (2020), kablolu
[HA’larmn ii¢ boyutlu (3D) konumlandirmas: iizerine matematiksel modeller gelistirmislerdir.
Bu modeller, kablonun binalara veya engellere takilma riskini en aza indirirken, kapsama
alanin1 maksimize edecek en uygun aciyr hesaplamaktadir. Ayrica Safwat ve ark. (2022)
tarafindan gelistirilen Kablolu IHA'dan iHA'ya Réle (TU2U2G) stratejileri, bu sistemlerin
sadece sabit noktalar i¢cin degil, hareketli operasyonlar i¢cin de birer haberlesme omurgasi
olabilecegini gostermistir.
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Sonug olarak, Baibars tarafindan gelistirilen bu sistem; literatiirdeki HVDC verimliligini, fiber
optik teknolojisinin EMI bagisikligin1 ve akilli ving sistemlerinin mekanik kararliligini tek bir
potada eritmektedir. Bu ¢alisma, sunulan teknik detaylar ve referans alinan akademik temeller
1s18inda, afet miidahale operasyonlarindan kamu giivenligine kadar genis bir sahada
strdiirilebilir, giivenilir ve yliksek performansli bir havadan gozetleme ¢6ziimii sunmay1
amaglamaktadir. Elde edilen bulgular ve gerceklestirilen iiretim asamalari, projenin sadece
teorik bir yaklasim degil, endiistriyel sinirlarda dogrulanmis biitiinlesik bir mimari oldugunu
kanitlamaktadir.

2. DENEYSEL CALISMALAR
2.1. Materyal

Kablolu IHA sisteminin materyal secimi; yiiksek gerilimli enerji iletimi, uzun siireli
havada kalig siireleri (persistent flight) ve elektromanyetik girisimden (EMI) bagimsiz veri
aktarim1 gereksinimleri dogrultusunda gergeklestirilmistir. Sistem; yer iinitesi, hava {nitesi,
kablo yo6netim sistemi ve haberlesme bilesenlerinden olusan biitlinlesik bir donanim
mimarisine sahiptir. Yer gic istasyonu (GCS), sistemin enerji kalbi olarak tasarlanmis olup
sebekeden alinan AC enerjiyi yiiksek voltajli DC formuna doniistiiren materyalleri igerir. Ana
glic kaynagi olarak, endiistriyel smiftaki iki adet Meanwell CSP-3000-400 modulu
kullanilmistir. Bu modiiller, programlanabilir 6zellikleri ve aktif Gug Faktori Dizeltme (PFC)
yetenekleri sayesinde 3 kW (toplam 6 kW) gii¢c kapasitesi sunar. Yer istasyonunun beynini
olusturan kontrol anakarti tizerinde, yiiksek islem giicii ve diisiik gii¢ tilketimi sunan ESP-S3-
Mini-1U mikrodenetleyici yer almaktadir. Anakart bilesenleri arasinda, akim izleme i¢in ACS
serisi Hall-etkili sensorler, zaman damgali veri kaydi i¢in RTC (Real Time Clock) entegreleri
ve sistem durumunun operatdre aktarilmasi i¢in Nextion HMI dokunmatik ekran modiili
bulunmaktadir. Ayrica, ani gerilim dalgalanmalarina karsi sigorta ve varistdr koruma devreleri
materyal listesinin kritik pargalaridir.

2.1.1. Hava Giig¢ Unitesi ve Iletim Hatt:

[HA platformu iizerinde yer alan hava gii¢ iinitesi, yer istasyonundan gelen 370-400
VDC araligindaki yiiksek gerilimi karsilayarak sistemin ihtiya¢c duydugu baralar1 olusturur.
Burada materyal tercihi, yiiksek verimliligi (=%94,5) ve kompakt yapis1 nedeniyle Meanwell
NSP-3200-48 olarak belirlenmistir. Bu modiil, 3200 W kapasitesinde kararli bir 48 VDC ¢ikis
saglayarak tahrik sistemlerini besler. Enerji iletimi i¢in seg¢ilen materyal, 500 V izolasyon
dayanimina sahip HOSVV-F (TTR) 2x0.75 mm? kablodur. Kablo, 55 kg/km gibi optimize
edilmis bir agirliga sahip olup havada asili kalma (hover) durumunda motorlarin iirettigi itki
kuvveti ile taginabilir diizeydedir. Giivenlik materyali olarak, olasi kablo kopmalarina karsi
12S 16 Ah Li-Po yedek batarya tinitesi sisteme entegre edilmistir.

2.1.2. Kablo Sarim ve Yo6netim Mekanizmasi1 Materyalleri

Kablo yonetim mekanizmasi hem hafiflik hem de mekanik mukavemet odakli
materyallerden imal edilmistir. 100 metrelik kablo kapasitesine sahip ana tambur govdesi, 50
mm ¢apinda karbon fiber borudan iiretilmistir. Mekanizmanin iskeletini olusturan pargalar 3B
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yazici teknolojisi (PLA/ABS) ile prototiplenmis, nihai liretimde ise kritik miller ve yataklar
CNC tezgahlarinda islenmis alliminyum ve c¢elik alasimlardan se¢ilmistir. Tahrik materyali
olarak ylksek torklu NEMA-17 step motor ve bu motoru siirmek icin A4988 mikrostep surtci
modili kullanilmistir. Hassas konum takibi i¢in limit switchler ve geri besleme tiniteleri
sisteme dahil edilmistir.

2.1.3. Fiber Optik Haberlesme Bilesenleri

RF giirtiltiisiiniin yogun oldugu sahalarda kesintisiz veri akisi saglamak i¢in Single-
Mode fiber optik kablo se¢ilmistir. Veri doniistimiinii ger¢eklestiren materyaller, Xilinx Zyng-
7000 SoC mimarisine sahip 0zel tasarim medya doniistiiriicii kartlardir. Bu kartlar, SFP
modiilleri aracilifiyla optik sinyali IEEE 802.3 Ethernet protokoliine doniistiiriir. Ugus kontrol
tarafinda ise materyal olarak endiistri standardi olan Pixhawk/Orange Cube kontrol kart1 ve
santimetre hassasiyetinde konumlandirma saglayan RTK (Real Time Kinematic) antenleri
kullanilmastir.

2.2. Metot

Sistemin gelistirilmesinde kullanilan metodoloji; miihendislik analizleri, aviyonik
entegrasyon siirecleri ve yazilim tabanli kontrol algoritmalarinin hiyerarsik bir diizen i¢inde
uygulanmasini kapsar.

2.2.1. IHA Tasarimu ve Yapisal Analiz Metodolojisi

Platformun tasarimi, alti motorlu (hexacopter) konfigiirasyon temel alinarak
SolidWorks ortaminda gergeklestirilmistir. Metodik olarak, dnce her bir bilesenin agirlik ve
guc tiketim verileri (Gorsel 1) kullanilarak bir "toplam yiik biitgesi" olusturulmus, ardindan
govde geometrisi bu yiike gore optimize edilmistir. Tasarimin dogrulanmasi i¢in Sonlu
Elemanlar Yontemi (FEM/FEA) uygulanmistir. Analiz metodolojisi li¢ asamadan
olusmaktadir:

e Toplam Deformasyon Analizi: Kablo agirliginin (yaklasik 5.5 kg) ve motor
itkisinin yarattig1 gerilmeler simiile edilmis, maksimum deformasyonun 2.795e-
3 mm gibi ihmal edilebilir bir diizeyde oldugu metodolojik olarak
kanitlanmustir.

e Kayma Gerilmesi Analizi: Saft ve baglanti noktalarindaki ytikler incelenmis,
0.6396 MPa degerinin malzemenin 25 MPa olan akma dayaniminin ¢ok altinda
oldugu saptanmuistir.

e Normal Gerilme Analizi: Eksenel ylik tagiyan bilesenler test edilerek tasarimin
giivenli bolgede (safety factor > 10) ¢alistig1 dogrulanmistir.

2.2.2. Fiber Optik Haberlesme ve Veri Yonetim Metodu

Haberlesme metodolojisi, yer kontrol istasyonu (GCS) ile IHA arasinda fiziksel bir IP
ag1 kurulmasi lizerine kurgulanmistir. Metot, Ethernet sinyallerinin fiber ortama taginmasi igin
Media Converter yaklagimini kullanir. Veri akis diyagrami (Gorsel 2); ucus kontrol karti,
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faydali yiik ve yer istasyonu arasindaki veri trafiginin Full-Duplex (tam cift yonli) ve QoS
(Quality of Service) prensipleriyle yonetilmesini saglar.

Itki T- Motor MN-5015 KV350 6°350g 2100g 1tki hatywing séphus 6*790g 4740
Pervane: T- Motor FA 18.2°5.9 Prog 6°100g 600g Pervane: hobywing 24*8.0 6°100g 600g
Frame: EFT 26100 48508 4ES0g Frame: EFT ¥6120 75008 75008 |
::lﬂa:enuer. Awiyonik Sastemy Led modulleri 1000g 1000g -~ ;'n:l\'l'l;‘:' Mryonik Sistems Led mod Gberi 1000g 10008 |
HES HOSVW-F (TTR) 30 retre baz HES HOSVV-F [TTR) 30 metre baz
Kahlo ashinarak 1650g 16308 Kablo ahnarak 16508 16508
Kultanilacak kameraya karar Eullanilacak kameraya karar
Kameras | verimernig olup yeni kamerslann 1270g 1270g Mamera: | verilmemig olup yeni kameralann 1270g 1270g
ortalama afirhj baz alinmegtir ortalama afwlif baz almmigtie
Kullanslacak olan giig kaynadinen 48Y
RSP-200-24 Mevcutta kullamian . DC gl vermesi gerekmektedic
Glg Kaynap leaym afdr " 19508 19308 Glg Kaynair agafhda |if]!l1€|ﬂ.!fﬂhﬁ set-up’ lara 40008 “000g
gore apwik degigecektir
TOPLAM AGIRLIK: 13420g TOPLAM AGIRLIK YAKLASIK: 15760 |
Motor Celilen 13.43% = Motor Cekilen 7.4%= | 34386 =
Toplam Alam ve ey} 1B84 W | Toplam Alem ve sdn | 2062EW
Harcanan Enerji: Harcanan Enerji:
Led Madubl Led Modll Glg kaynaf belirlendiktan sonra
Gekilen Toplam 15%4=6A gy | Sukilen Toplam kullandabilecek maks giig ve akim
Aloemy we Harcanan : Alam ve Harcanan | belirlenip, Led modiilleri buna gine en
Ener)l Enerj sk seviyede tasarlanacaktir
TOPLAM AKIM VE INTIYAC DUYULAN EMERI| SET-UPLARA GORE DEGISKENLIK
TOPLAM AKIM: 84, 78A TOPLAM IHTIYAC DUYULAN ENERJE: 2028W GOSTERECEKTIR.
GOC KAYMAGH SET-UP' LARI
Input: 254-370v DC input: 254-370V DC
Output: 24V 1254 Output: 48V 62.54
Werimlilic %80 Werimiilik: %81.5
. Gig; 3000W Gog: 3000W
Set-Up 1 Hava Unitesi: RSP-3000-24 [ Agrkarg | Set-Up 4 Hava lnitesi: RSP-3000-48 I agrikarg |
Boyutiar; Boy: 278mm Boyutlar; Boy: 278mm
En; 177.8mm Yikseklik: En: 177.8mm
B3.5mm Yikseklik: 63.5mim

Gorsel 1. Dron icin Hesaplanan Enerji ve Gii¢ Kaynagi Hesaplama Tablosu

Link performansi, metodolojik olarak BER (Bit Error Rate) analizleri ile
degerlendirilmistir. 1 Gbit/s veri hizinda 100 metrelik hat ilizerinde yapilan testlerde BER <
107° degeri hedeflenmis; konnektorlerin LC/APC ile revize edilmesi ve titresim sonlimleyici
montaj tekniklerinin uygulanmasiyla bu deger saha kosullarinda stabilize edilmistir.

Tethered Communication System - Data Flow Block Diagram

Ground Control Station Unmanned Air Veil ’
|
| C2 & Telemetry
Application (GCS)
Mission Planning t Ethernet Switch |Yide0 + Kontrol
Module b (UAV Internal Network) Modia. CCS
FULL-DUPLEX FIBER LINK
Logging & Recordi Spool / Winch
(C2 + Telemetry + Payload Data) Control Unit
Media Converter/

....................................... SFP Module

FIBER OPTIC LINK CONTENT i l
Class-A (C2) | High Priority for C2 / Telemetry | | Ethernet Switch
Attitude, Position, Mode Commands 4= FULL-DUPLEX FIBER LINK Smm==p- (UAV Internal Network)
(C2 + Telemetry + Payload Data)

Mid Priority for Payload Commands
Gimbal Control, Payload Settings

Class-B (C2)

[ Class-C (C2) ] High Bandwidth Video Streaming ||

e
1
|
|
|
i
'
'
'
I
'
'
I
|
'
'
I
'
I
'
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|
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|
'
|
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'
'
'
|
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'
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Gorsel 2. Fiberoptik Veri Akis Diyagrami

2.2.3. Aviyonik Entegrasyon ve Gli¢ Dagitim Hesaplamalari
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Aviyonik sistemin kurulumunda, "Single Point of Failure" (tekil basarisizlik noktasi)
riskini azaltan yedekli bir mimari metodu izlenmistir. Gii¢ Dagitim Kart1 (PDB) tasariminda,
yiksek akim tasima kapasitesini belirlemek i¢in IPC-2152 standardi esas alinmistir.

Hesaplama Metodu: Altt motorun %65 yiikte ¢ektigi toplam 390 A akim senaryosu i¢in;
bakir kalinligt (2 oz), sicaklik artig limiti (30°C) ve yol genisligi parametreleri (92.42 mm)
matematiksel kodlar (Tasarim Kodu) araciligiyla hesaplanarak PCB  tasarimi
gerceklestirilmistir. Bu metot, PCB iizerinde asir1 1sinmayi Onleyerek sistem Omriini
uzatmaktadir.

2.2.4. Yazilim Mimarisi ve Failsafe Stratejisi

Gomiilii yazilim, FreeRTOS yapisinda, katmanli bir mimari ile gelistirilmistir (Gorsel
3). Metodolojinin ana bilesenleri; gii¢ yonetimi, soft-Start algoritmasi ve hata algilama
mekanizmalardir.

o Soft-Start Metodu: Sisteme enerji verildigi anda yiiksek inrush akimini 6nlemek
icin ¢ikis geriliminin kademeli (ramp-up) olarak artirilmasi saglanmistir.

e Failsafe Metodu: Yer istasyonundaki mikrodenetleyici, voltaj ve akimi
milisaniyelik periyotlarla izler. Belirlenen esik degerlerin disina ¢ikildiginda,
sistem otomatik olarak yedek bataryaya gecer ve yer istasyonu ekraninda hata
kodlarim1 LOG dosyasina kaydeder.

Basla

Donanim Baslatma (MCU, RTC, 8D, SenSﬁl\Er)]

I

[ Self-Test / Donamm Kontroli ]

Hata Kayd: + Givenli moda geg + Uyan Evet Hata Kontrol
! Failsafe Modu

Hayir

Normal Caligma

{ Sensér Okuma + Filtreleme (V, 1, Sicaklik) }

l

{ Limit Kontroli (Akim/Gerilim/Sicaklik) }

Hata Kaydi + Guvenli moda gec + Uyari | _Evet
I Failsafe Modu

[ Soft-Start ve Guc Yonefimi ]

Telemetri +RTC zaman damgal LOG (Wi-Fi/
SD/RTC)

|

[ Sistem izle Déngiisti ]

Gorsel 3. Gomiilii Yazihmin Akis Diyagram
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3. ANALIZ VE SONUCLAR

Kablolu (tethered) ITHA sisteminin gelistirilmesi siirecinde elde edilen bulgular;
elektriksel verimlilik, mekanik kararlilik, haberlesme biitiinliigli ve operasyonel dayaniklilik
olmak tizere dort temel eksende analiz edilmistir. Gergeklestirilen laboratuvar testleri, sonlu
elemanlar analizleri (FEA) ve saha prototip denemeleri, sistemin teorik tasarim isterlerini
kargilama kapasitesini ortaya koymaktadir.

3.1. Giig Elektronigi ve Enerji Iletim Performans Analizi

Sistemin en kritik bileseni olan yer ve hava gii¢ istasyonlari, yliksek gerilimli DC iletim
mimarisinin verimliligini dogrulamak amaciyla kapsamli testlere tabi tutulmustur.

3.1.1. 10 Saatlik Kesintisiz Dayanim Testi Bulgular1

[lk iterasyon prototipi iizerinde gerceklestirilen dayanim testlerinde, sistem tam yiik
altinda yaklasik 10 saat boyunca kesintisiz olarak calistirilmistir. Test siiresince yer istasyonu
cikis gerilimi 370 VDC ile 400 VDC arasinda, hava iinitesi ¢ikis gerilimi ise 48 VDC (%]l
tolerans) seviyesinde son derece kararli bir grafik sergilemistir. Bu kararlilik, Meanwell CSP-
3000-400 ve NSP-3200-48 modiillerinin aktif PFC (Gii¢ Faktorii Diizeltme) algoritmalarinin,
sebeke dalgalanmalarindan ve yiik degisimlerinden etkilenmedigini kanitlamaktadir.

3.1.2. Isil Yonetim ve Termal Kararlilik Analizi:

Sistemin 1s1l davranisi, operasyonel giivenligin belirlenmesinde anahtar rol oynamuistir.
Istasyon igerisindeki fanli sicaklik kontrol mekanizmasi sayesinde, 10 saatlik calisma boyunca
sistem sicakliginin 20°C ile 30°C araliginda kaldig1 6l¢iilmiistiir. Bu veriler, giic modiillerinin
yiiksek verimlilikle calistigini ve atik 1siin tasarlanan mekanik kasa ve sogutma altyapisi
iizerinden basariyla tahliye edildigini gostermektedir. Kritik bilesenlerin sicaklik degerlerinin,
tiretici tarafindan belirlenen operasyonel limitlerin (genellikle 60-70°C) ¢ok altinda kalmast,
sistemin ekstrem c¢evre kosullarinda dahi performans kaybi yasamadan calisabilecegini
dogrulamaktadir. Bu analizlere ait degerler Gorsel 4 ile verilmistir.
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Yer Istasyonu Test Yer Istasyonu Test
Sonuglari Sonuglari

Hava Unitesi Test Sonuclari

Gorsel 4. Yer Istasyonu ve Hava Unitesi Elektriksel ve Isil Analiz Sonuclar

3.1.3. Soft-Start ve Dinamik Yanit Analizi:

Gorsel 5°te sunulan devre simiilasyonlari, enerji verildigi ilk anda (t=0) sistemin
dinamik davranigint modellemistir. Simiilasyon ¢iktilarinda, ¢ikis geriliminin (Vout) herhangi
bir asir1 yiikselme (overshoot) sergilemeden, yumusak bir egimle (soft-start) hedef degere
ulastig1 gézlemlenmistir. Fiziksel testlerde de bu durum osiloskop dl¢limleriyle dogrulanmus;
yumusak baslangi¢ algoritmasinin ani akim yiikselmelerini (inrush current) engelleyerek hem
yer istasyonu devrelerini hem de IHA iizerindeki hassas aviyonik birimleri korudugu
saptanmigtir.

1 rrrrrrrerrer o

Gorsel 5. Hava Unitesi Cikis Geriliminin (Vou) Baslangic Amindaki Davramsi
3.2. Yapisal Mekanik ve Yapisal Analiz Bulgular
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Kablo sarim mekanizmasi ve IHA gdvdesinin mekanik biitiinliigii, Sonlu Elemanlar
Yontemi (FEM) kullanilarak analiz edilmis ve fiziksel testlerle korele edilmistir. Bu analizlere
ait sekil Gorsel 6 ile verilmistir.

3.2.1. Deformasyon ve Rijitlik Analizi:

Kablo sarim mekanizmasinin ii¢ boyutlu modeli lizerinde yapilan Toplam Deformasyon
Analizi sonuglarma gore, 100 metrelik kablo agirlig1 ve operasyonel yiikler altinda saptanan
maksimum yer degistirme degeri 2.795¢ mm olarak dl¢iilmiistiir. Bu deger, mekanizmanin
teorik rijitlik smurlar1 igerisinde kaldigmi ve kablo sarim fonksiyonunu (layering)
etkilemeyecek kadar ihmal edilebilir oldugunu gostermektedir. Karbon fiber ana govde ve
CNC isleme millerin kullanimi, sistemin toplam agirligini azaltirken mekanik stabiliteyi
artirmistir.

3.2.2. Gerilme Analizleri ve Malzeme Dayanimi:

Kayma Gerilmesi (Shear Stress) analizinde, doner elemanlarin sabitlendigi baglanti
noktalarinda maksimum 0.6396 MPa degerine ulasilmistir. Normal Gerilme analizinde ise bu
deger 0.7033 MPa olarak kaydedilmistir. Sistemin imalatinda kullanilan malzemelerin akma
dayanimi (25 MPa) ile bu veriler karsilagtirildiginda, tasarimin yaklasik 35 katlik bir giivenlik
faktoriine sahip oldugu goriilmektedir. Bu sonuglar, mekanizmanin anlik tork yiikselmelerine,
kablo gerilmelerine ve dis darbelere karsi son derece yiiksek bir dayanim sergileyecegini
kanitlamaktadir.

Toplam
Deformasyon

Gerilmesi

Gorsel 6. Toplam Deformasyon ve Kayma Gerilmesi Analizi

3.3. Fiber Optik Haberlesme ve Veri Biitiinliigii Analizi

Haberlesme sistemi, Ozellikle yiiksek elektromanyetik girisim (EMI) ortamlarinda
sinyal kalitesini korumak {izere analiz edilmistir.

3.3.1. Baglant1 Kalitesi ve Optik Kayip Analizi:
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100 metrelik Single-Mode fiber optik hat {izerinde yapilan 6l¢timlerde, ekleme kaybinin
(Insertion Loss) fusion splice ve iyilestirmeler sonrasi 0.2 dB seviyesine kadar diisiiriildiigi
gorilmistiir. Bu diisiik kayip orani, sinyal giiciiniin korunmasini saglayarak veri iletim hizim
(1 Gbit/s) maksimize etmistir. Laboratuvar testlerinde normal kosullarda Bit Hata Oran1 (BER)
10~ olarak saptanmis, bu da verinin neredeyse kusursuz iletildigini ortaya koymustur.
Fiberoptik analizin simiilasyon ortaminda dogrulanmasina ait sekil Gorsel 7 ile sunulmustur.

SNR_dB = 19.7 attenuation_dB;
SNR = 10~ (SNR_dB / 10);

a: 0.30 dB
dB
ate (BER): 0.00e+00
va Cevrici: Gi 3

Gorsel 7. Fiberoptik Analizin Simulasyonu
3.3.2. Zorlayict Kosul Testleri:

Sistem 50°C sicaklik ve 45 mm biikiilme yarigapr gibi ekstrem kosullara maruz
birakildiginda BER degerinin 1077 seviyesinde kaldig1 gozlemlenmistir. Bu hata orani, yiiksek
¢ozlintirliklii video akislart ve kritik komuta-kontrol verileri i¢in kabul edilebilir sinirlar
icerisindedir. Ayrica, drone motorlar1 tam giicte ¢alisirken dahi EMI giiriiltii seviyesinin -65
dB olarak oOlciilmesi, fiber optik hattin RF tabanli parazitlere karsi mutlak bagisikligim
kanitlamaktadir. Mekanik ¢ekme testlerinde ise kablonun 120 N kuvvete dayanabildigi, bunun
da tiretici limiti olan 150 N altinda kalarak giivenli bolgede oldugu dogrulanmustir. Cizelge 1
ile sunulmustur.

Cizelge 1. Fiberoptik ve Mekanik Kablo Testleri

Test Kategorisi Olgiim / Sonug Aciklama

Optik Kayip (Insertion Loss) 0,2dB Fusion splice sonrasi minimum
seviyeye indirildi

Bit Error Rate (BER) < 107 (normal kosullarda)< | Zorlu kosullarda dahi hata oran1
107 (50 °C ve dar bikiilme | kabul edilebilir seviyede kaldi
kosullarinda)
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Mekanik Cekme Dayanimi 120N Uretici limit (150 N) altinda
guvenli

Minimum Biikiilme Yaricap1 45 mm Uretici limit (30 mm) (zerinde
korundu

EMI Glrltd Seviyesi -65 dB Drone motorlar1 tam giicte
calisirken Olgiildi

Maksimum Veri Hizi 1 Ghit/s Single-mode fiber tizerinden

Giig iletimi Sonras1 Gerilim 47,2V (48 V giris) 100 m kablo uzunlugunda
voltaj diisiimii sonras1 6lglim

3.4. Aviyonik Entegrasyon ve Gl¢ Butcesi Analizi

IHA’ nin aviyonik mimarisi ve gii¢c dagitim sistemi, operasyonel ucus isterlerine gére
matematiksel ve deneysel olarak degerlendirilmistir. Aviyonik sistemin kurulumuna ait genel
yaklagim Gorsel 8’de mevcuttur.

Avtyonik Sistemn Kurulumu

¥
Ugus Kontrol Kart Pil ve G Testi .| Kalibrasyon ve ik
Yerlegtinlir yapilir lest Yapihr

' I

Gog Dagitim Karti

Kurulur LED Badlanir
ESC ve Motorlar Gimbal ve Kamera
Baglamir Badlanir
- i = Telemetri Modalu
Adict Takilir GPFS Moduld Baglanmir —» bagjlanir

Gorsel 8. Aviyonik Sistem Kurulumu

3.4.1. Gii¢ Tiiketimi ve Enerji Akist:

Gorsel 1 verilerine dayanan teorik hesaplamalar sonucunda, THA nm toplam giic
ithtiyaci yaklasik 2000 W olarak belirlenmistir. Yer istasyonunun 6 kW toplam kapasiteye sahip
olmasi, sisteme %300°1iik bir giic rezervi saglamaktadir. Yerde yapilan test diizeneklerinde,
farkli PWM degerlerinde ¢ekilen akim ve olusan voltaj diistimii 6l¢iilmiis; 100 metrelik kablo
sonunda 48 VDC girisin 47.2 VDC’ye diistiigli saptanmigtir. Bu 0.8 VDC’lik kayip, ugus
kontrol sisteminin tolerans sinirlari igerisinde olup operasyonel bir risk teskil etmemektedir.

3.4.2. Konumlandirma ve RTK Hassasiyeti:
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RTK (Real-Time Kinematic) sistemi ile yapilan testlerde, klasik GNSS sistemlerinin
sagladigt metre bazli hata paymin santimetre seviyesine indirildigi saptanmistir. Baz
istasyonundan alinan diizeltme verilerinin fiber optik hat tizerinden diisiik gecikmeyle
iletilmesi, IHA nin riizgarli havalarda bile "hover" (sabit kalma) pozisyonunu milimetrik
hassasiyetle korumasini saglamstir.

3.5. Givenlik ve Fail-Safe Mekanizmasi Analizi

Sistemin hata toleransi ve acil durum senaryolari, operasyonel giivenlik agisindan kritik
bulgular sunmustur.

* Yedek Batarya Analizi: 12S 16 Ah kapasiteli Li-Po yedek bataryanin, ana gii¢ kesintisi
durumunda sistemi yaklasik 15 dakika boyunca havada tutabildigi dogrulanmistir. Bu
stire, 100 metrelik bir irtifadan otonom veya manuel olarak giivenli inis ger¢eklestirmek
icin yeterli bir marj sunmaktadir.

* Olay Kayit (LOG) Analizi: Yer istasyonu anakartindaki RTC ve SD kart altyapisi
sayesinde, tiim akim, gerilim ve sicaklik verilerinin tarih-zaman damgali olarak hatasiz
kaydedildigi saptanmistir. Bu 6zellik, olas1 teknik aksakliklarin kok neden analizinin
(root-cause analysis) yapilmasina olanak taniyan giiglii bir tanilama (diagnostic) araci
olarak islev gormektedir.

3.6. Cikarimlar

Elde edilen bulgularin sentezi sonucunda; Baibars tarafindan gelistirilen kablolu IHA
sisteminin, 500 VDC yiiksek gerilimli iletim stratejisi sayesinde kablo iizerindeki bakir
kayiplarin1 ve agirlik kisitlarini minimize ettigi kanitlanmigtir. Fiber optik haberlesme
altyapisinin sagladigi 1 Gbit/s veri hiz1 ve EMI bagisikligi, sistemi elektronik harp ve yogun
RF trafigi bulunan sahalarda benzersiz kilmaktadir. Mekanik analizler sistemin yapisal
saglamligini, elektriksel testler ise gii¢ yonetimindeki kararlilig1 tescil etmistir.

4. SONUCLAR

TUBITAK 1501 Sanayi Ar-Ge Destek Programi kapsaminda Baibars Mekatronik
Havacilik Sanayi A.S. tarafindan gelistirilen kablolu THA sistemi; afet yonetimi, kritik altyap1
gbzetimi ve kamu giivenligi operasyonlarinda karsilasilan siirli ugus siiresi ve haberlesme
zafiyetlerine karsi biitiinlesik bir ¢oziim sunmaktadir. Yer istasyonunda 230 VAC sebeke
geriliminin aktif PFC doniistiiriiciiler araciligiyla 400 VDC seviyesine yiikseltilmesi ve ince
bir tether kablo Uzerinden iletilmesi hem bakir kayiplarini minimize etmis hem de hava
platformunun tizerindeki parazitik agirlig: kritik diizeyde azaltmistir.

Sistemin temelini olusturan bu elektriksel altyapi, 10 saatlik kesintisiz dayanim testleri ve
simiilasyonlarla dogrulanmig; 1s1l yonetimin 20-30°C bandinda kalarak bilesen Omriinii
korudugu saptanmistir. Mekanik agidan gelistirilen tersinir vidali ve motor tahrikli kablo sarim
mekanizmasi, operasyon sirasinda kablonun gerginlik yonetimini otonom bir hassasiyetle
yiiriitmektedir. Veri iletim tarafinda tercih edilen Single-Mode fiber optik altyapr ise, sistemin
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elektronik harp ve yogun elektromanyetik girisim bulunan sahalarda dahi 1 Gbit/s veri hizim
miimkiin kilmistir. Sonug olarak;

e 400 VDC iletim stratejisi sayesinde kablo agirlig1 ve enerji kayiplart minimize edilmis,
hava aracinin faydali yiik kapasitesi ve operasyonel irtifas1 maksimize edilmistir.

e Fiber optik haberlesme altyapisi ile RF parazitlerinden etkilenmeyen, 4K video ve kritik
telemetri verilerinin es zamanli aktarildig1 glivenilir bir iletisim kanal1 tesis edilmistir.

e 12Syedek batarya Unitesi ve ger¢ek zamanli izleme algoritmalari sayesinde, olasi enerji
kesintilerinde dahi sistemin emniyetli bir sekilde iisse donmesi garanti altina alinmistir.

Bu c¢alisma ile ulasilan teknik olgunluk seviyesi, sistemin gelecekte daha otonom ve genis
kapsamli kullanim senaryolarina uyarlanmasi icin giiclii bir temel olusturmaktadir. Ileriye
yonelik c¢alismalarda, yer istasyonunun hareketli aracglar iizerine entegre edilmesi
hedeflenmektedir. Bu sayede "Follow-me" (beni takip et) modunda ¢alisan kablolu sistemler
gelistirilerek, hareket halindeki konvoylarin veya gemilerin iizerinden siirekli havadan
gbzetleme yapilmasi miimkiin olacaktir. Gelecekte, gelistirilen bu mimariyi, siirii THA
sistemleriyle koordineli galisabilecek sekilde dijital ikiz teknolojileriyle birlestirerck, afet ve
giivenlik ekosistemine yiiksek teknolojili, stirdiiriilebilir bir hava platformu kazandirmaktir.
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PRODUCTION OF CERAMIC COMPOSITES VIA MECHANICAL ACTIVATION
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ABSTRACT

Ceramic composites exhibit a combination of high strength-to-weight ratios and resistance to
corrosion, chemicals, fire, and wear, which makes them suitable for use in demanding
engineering environments. Ceramic composites find use across a wide range of sectors, from
biomedical and aerospace applications to automotive, construction, electronics,
communication technologies, and energy systems. Despite their wide applicability, the
fabrication of conventional ceramic composites typically involves high processing
temperatures, extended sintering times, and complex processing routes. This combination
increases production cost and energy consumption and also extends processing time, which
reduces the feasibility of large-scale manufacturing.

Mechanical activation offers a potential solution to these limitations. This solid-state method
uses high-energy ball milling, where powder particles undergo simultaneous mixing, cold
welding, and fragmentation. Repeated collisions create active surfaces that improve contact
between components and support the formation of a uniform composite structure. Achieving
effective cold welding requires milling conditions that supply sufficient energy, allowing
microstructural refinement without the need for high-temperature treatment. As a result,
mechanical activation enables the production of submicron ceramic structures and high-purity
composites through a relatively simple and energy-efficient process, while avoiding carbon
contamination.

In the present study, ceramic composites were produced via mechanical activation as an
alternative to conventional methods. The results indicate that mechanical activation allows the
formation of ceramic composite structures under solid-state conditions, supporting its use in
advanced ceramic manufacturing. Mechanical activation therefore stands out as a scalable
route with lower energy input and a simpler processing sequence.

Keywords: Ceramics, mechanical activation, solid-state processing

80



WIDTH-DRIVEN SCALING OF QUANTUM TRANSPORT IN ARMCHAIR
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ABSTRACT

Armchair graphene nanoribbon (AGNR) devices were simulated to quantify how width
controls transport and device metrics at nanometer scales. A self-consistent NEGF-Poisson
scheme was employed, where charge density obtained from NEGF was iteratively solved with
the electrostatic potential from a nonlinear Poisson solver. The electrostatics were discretized
in a finite-element setting using triangular elements, while the graphene Hamiltonian was
constructed via a tight-binding description with hopping parameter t =2.64 eV (¢ =0 eV).

A 6 nm channel length was fixed while the ribbon width was swept from 11 to 16 armchair
cells (3.0 to 4.25 nm), and characteristics were computed at gate bias Vg = 0.2 V for drain
biases up to Vd = 0.4 V. The saturated drain current at high Vd was increased from ~3.2 pA to
~9.7 pA, with intermediate plateaus of ~5.2 pA and ~6.8 pA, indicating that additional
transverse modes were progressively activated with increasing width. Width-driven scaling
was further quantified by the pre-saturation transconductance (dl/dV), which was increased
from ~4.1to ~11.7 uS between 11 and 16 cells and was well described by a linear fit with slope
~ 1.51 per added cell (R* = 0.994). A sublinear evolution was observed in the reported
saturation metric versus width, rising from ~1.28 V (11 cells) to ~1.92 V (16 cells) with a
second-degree fit (R? = 0.998), consistent with diminishing marginal gains as confinement
relaxed and screening improved.

Keywords: Armchair graphene nanoribbons, Quantum transport, Non-equilibrium Green’s
function, Poisson equation, 1-V characteristics
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ABSTRACT

Early and accurate detection of plant diseases in the agricultural sector plays a critical role in
increasing crop productivity, preventing quality losses, and ensuring sustainable agricultural
production. Leaf-related diseases commonly observed in grape cultivation, such as powdery
mildew (Erysiphe necator), downy mildew (Plasmopara viticola), and grape erineum mite
(Eriophyes vitis), can cause significant reductions in yield and product quality if not controlled
in a timely and effective manner, adversely affecting agricultural production. The primary
objective of this study is to enable the automatic detection of these diseases from grape leaf
images using deep learning and transfer learning approaches. To this end, a hybrid dataset was
constructed by combining images obtained from open-source repositories with real field data
collected using smartphone cameras in vineyard, field, and garden environments. In addition,
various data augmentation techniques were applied to increase dataset diversity and improve
the generalization capability of the models. Using the constructed dataset, CNN-based transfer
learning architectures—including AlexNet, DarkNet53, Inception-ResNet-V2, Inception-V3,
MobileNet-V3, ResNet50, ResNet101, VGG16, and VGG19—were trained, and a comparative
performance analysis was conducted. Experimental results demonstrate that the Inception-
ResNet-VV2 architecture achieved the most successful and balanced performance among the
evaluated models, with a training accuracy of 97.45% and a test accuracy of 93.00%. The
findings indicate that transfer learning approaches enable highly accurate disease detection
even under limited and heterogeneous agricultural data conditions and provide an effective
solution for the early diagnosis of grape leaf diseases.

Keywords: Artificial intelligence, transfer learning, plant disease detection, grape leaf
diseases, deep learning, CNN.
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1. INTRODUCTION

The agricultural sector plays a fundamental role in ensuring global food security, maintaining
economic stability, and sustaining rural employment. Particularly in developing countries,
agriculture constitutes a significant portion of the Gross Domestic Product (GDP) and serves
as a primary source of livelihood for a large segment of the population. However, challenges
such as climate change, the depletion of water resources, declining soil fertility, and the
increasing prevalence of plant diseases pose serious threats to agricultural production. These
factors not only affect production volume but also directly impact on product quality and the
economic sustainability of farmers.

Plant diseases are among the leading causes of yield and quality losses in agricultural
production. Diseases affecting leaves, stems, and fruits reduce the photosynthetic capacity of
plants, thereby adversely influencing growth processes and leading to substantial decreases in
crop yield. This situation results in significant economic losses for both producers and the
agricultural supply chain. Consequently, the early detection of plant diseases and timely
intervention have become indispensable requirements of modern agricultural practices.

The grapevine is an important agricultural crop widely cultivated worldwide, providing high
added value not only through fresh consumption but also through processed products such as
wine, raisins, and vinegar. However, grape leaves are highly sensitive to environmental
conditions and vulnerable to various diseases. Powdery mildew (Erysiphe necator), downy
mildew (Plasmopara viticola), and grape erineum mite (Eriophyes vitis) are among the most
common diseases observed in vineyards, causing severe negative effects on both yield and
quality [1]. These diseases spread rapidly, particularly under humid environmental conditions,
damaging leaf tissue and limiting plant development.

Traditional disease detection methods mainly rely on visual inspection and expert knowledge.
However, applying these methods over large vineyard areas is both time-consuming and costly.
Moreover, symptoms appearing at the early stages of disease development are often
indistinguishable to the human eye, resulting in detection at more advanced stages. In this
context, image processing and artificial intelligence—based approaches offer faster, more
consistent, and scalable solutions by quantitatively analyzing color, texture, and shape
variations in leaf images. In particular, Convolutional Neural Networks (CNNs) have
demonstrated high performance in plant disease classification due to their ability to
automatically learn discriminative features from images [2].

In this study, a hybrid and balanced dataset was constructed to enable the automatic detection
of grape leaf diseases. Various CNN-based transfer learning architectures were comparatively
evaluated to determine the most suitable model for this task. The integration of real field images
with open-source data, along with a comprehensive analysis of multiple deep learning models,
constitutes the primary original contributions of this study.

2. LITERATURE REVIEW

The automatic detection of plant leaf diseases has become an intensively researched topic in
recent years due to its importance in increasing agricultural productivity and reducing crop
losses. Most of the methods developed in this field are based on deep learning approaches that
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can accurately analyze color, texture, and shape variations in leaf images. In particular, CNNs
offer significant advantages over traditional image processing techniques in plant disease
classification due to their ability to automatically learn complex visual patterns.

The effectiveness of CNN architectures in agricultural image analysis has been clearly
demonstrated through studies conducted on various plant species. Fang et al. [3] employed the
VVGG16 architecture for apple leaf disease detection and enhanced class separability by jointly
applying center loss and softmax loss functions. Experiments conducted on a large dataset
containing different apple leaf diseases achieved high accuracy rates ranging from 95% to
99.70%, indicating that CNN-based architectures possess strong representational capabilities
for discriminating leaf diseases.

One of the most important approaches for improving the performance of deep learning models
in agricultural applications is transfer learning. Adapting CNN architectures pre-trained on
large-scale datasets to relatively limited agricultural datasets not only reduces training time but
also enables higher accuracy. Wagle et al. [4] utilized ResNet18, ResNet50, and ResNet101
architectures for tomato leaf disease detection and supported these models with data
augmentation techniques. By applying operations such as noise injection, blurring, color
variation, and spatial transformations, the diversity of the dataset was increased, and the
ResNet101 model achieved a test accuracy of 95.83%. These results demonstrate that transfer
learning and data augmentation strategies significantly enhance the generalization capability
of CNN-based models.

Although studies focusing on grape leaf diseases are relatively limited, existing research
indicates that deep learning and transfer learning approaches are also effective in this domain.
Rao et al. [5] employed an AlexNet-based transfer learning model for the detection of grape
and mango leaf diseases, achieving an accuracy of 99% for grape leaves. Moreover, through
the development of the “JIT CROPFIX” mobile application, the proposed system was intended
to serve as a field-deployable decision support tool for farmers. Similarly, Nader et al. [6]
proposed an ensemble framework consisting of VGG16, VGG19, and Xception architectures
for grape leaf disease classification and achieved an accuracy of 99.82% when supported by
data augmentation techniques.

Despite the large number of studies investigating different plant species and CNN architectures,
research specifically targeting grape leaf diseases remains relatively scarce. Furthermore,
comprehensive comparative analyses of multiple CNN-based transfer learning architectures
under identical datasets and experimental conditions are also limited. This study aims to
address these gaps by constructing a hybrid and balanced grape leaf dataset and conducting a
comparative evaluation of multiple CNN-based transfer learning models to identify the most
suitable architecture for grape leaf disease detection. In this respect, the study provides a novel
contribution to the existing literature from both methodological and practical perspectives.

3. MATERIALS AND METHODS
3.1. Dataset

In this study, a hybrid dataset was constructed for the automatic detection of grape leaf diseases.
The dataset consists of images obtained from both publicly available sources [7-10] and field
images captured in real production areas using smartphone cameras. Publicly available datasets
contain labeled grape leaf images that are widely used in the literature and provide a reliable
starting point for model training. In addition, real images collected from vineyards, gardens,
and agricultural fields were incorporated into the dataset to enable the developed model to
adapt to images acquired under natural environmental conditions.
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The constructed hybrid dataset comprises four classes: powdery mildew (Erysiphe necator),
downy mildew (Plasmopara viticola), grape erineum mite (Eriophyes vitis), and healthy grape
leaves. These classes represent the most frequently encountered diseases in vineyards and have
significant impacts on grape production. The dataset was organized with careful consideration
to ensure balanced representation across all classes. After applying data augmentation
techniques, the final dataset contains 903 images for the powdery mildew class, 898 images for
the downy mildew class, 897 images for the grape erineum mite class, and 907 images for the
healthy leaf class. The images were divided into training and test sets for each class, thereby
ensuring a fair and consistent evaluation of the proposed models.

3.2. Data Preprocessing and Data Augmentation

Prior to model training, all images were normalized in accordance with the requirements of the
employed deep learning architectures. This normalization process scales pixel intensity values
to a specified range, thereby facilitating more stable and faster convergence during training. In
addition, all images were resized to match the input dimensions required by the different CNN
architectures. To both quantitatively enrich the dataset and enhance the generalization
capability of the models, various data augmentation techniques were applied. These
transformations included rotation, horizontal and vertical shifting, zooming, and brightness
adjustment. Such operations allow the same leaf to be represented under different spatial
positions, orientations, and illumination conditions, thereby improving the robustness of the
models to real-world image variations. Moreover, the data augmentation process contributed
to maintaining class balance and reducing the risk of overfitting.

3.3. Models Used

CNN-based transfer learning architectures were employed for the classification of grape leaf
diseases. In this context, models that have been widely reported in the literature achieve strong
performance—namely AlexNet, DarkNet53, Inception-ResNet-VV2, Inception-V3, MobileNet-
V3, ResNet50, ResNet101, VGG16, and VGG19—were selected. These architectures were
pre-trained on large-scale datasets such as ImageNet and have already learned fundamental
visual features. As a result, high classification performance can be achieved even when only a
limited number of agricultural images are available.

The selected models differ in terms of architectural depth, number of parameters, and
computational cost. This diversity enables a comparative evaluation of both deep models that
provide high accuracy and lightweight architectures that offer faster inference. Consequently,
this study aims to identify the most suitable architecture for the automatic detection of grape
leaf diseases in terms of both classification accuracy and computational efficiency.

3.4. Training Parameters and Evaluation Metrics

To ensure a fair and consistent comparison among all models, fixed hyperparameters were used
throughout the training process. Specifically, the batch size was set to 32, and the learning rate
was defined as 0.0001. The training procedure was conducted in two stages: in the first stage,
the models were trained for 10 epochs, while in the second stage, training was continued for
an additional 20 epochs. The input image size was set to 299x299 pixels for the Inception-V3
and Inception-ResNet-V2 architectures, whereas an input size of 224x224 pixels was used for
all other CNN architectures.

Model performance was evaluated using accuracy and loss metrics. Since the training and test
datasets were separated in advance, validation was performed on the test set, and all models
were compared using the same data split. This approach ensured a fair, consistent, and reliable
performance comparison across different architectures.
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4. FINDINGS
4.1. Results of the First Training Phase (10 Epochs)

In the first phase, all transfer learning models were trained for 10 epochs under identical
training conditions using a hybrid dataset enriched with data augmentation techniques. This
strategy ensured a direct and fair comparison of model performance. The models were
evaluated using training accuracy, training loss, validation accuracy, and validation loss
metrics. These metrics provide insights into both the learning performance on the training data
and the generalization capability of the models on previously unseen test data.

The results obtained after 10 epochs are presented in Table 1. An examination of Table 1
reveals that although the AlexNet, DarkNet53, ResNet50, and ResNet101 models achieved
high training accuracies, their validation accuracies remained relatively low. This pronounced
discrepancy between the training and validation metrics indicates the presence of overfitting in
these models. Consequently, these four models were excluded from further evaluation in the
subsequent training phases.

Table 1. Model Performance Results After 10 Epochs of Training

Models Training Accuracy | Training Loss | Test Accuracy | Test Loss
AlexNet 0.9317 0.1944 0.5875 2.3570
DarkNet53 0.9501 0.1415 0.2400 4.6175
Inception-ResnetV2 0.9470 0.1704 0.9125 0.2817
InceptionV3 0.9275 0.2368 0.9075 0.3236
MobileNetV3 0.9166 0.3012 0.9025 0.2641
ResNet50 0.2851 1.4075 0.3250 1.3754
ResNet101 0.2866 1.4080 0.4300 1.3809
VGG16 0.9917 0.0293 0.9325 0.2905
VGG19 0.9774 0.0824 0.9200 0.2785

4.2. Results of the Second Training Phase (20 Epochs)

After eliminating the models that exhibited overfitting, a second training phase was conducted
using the Inception-ResNet-V2, Inception-V3, MobileNet-V3, VGG16, and VGG19
architectures for 20 epochs. The performance results obtained during this phase are presented
in Table 2, while the epoch-wise variations in accuracy and loss values are illustrated in Figure
1.

Table 2. Model Performance Results After 20 Epochs of Training

Models Training Accuracy | Training Loss | Test Accuracy Test Loss
Inception-ResnetV2 0.9745 0.0819 0.9300 0.2060
InceptionV3 0.9527 0.1673 0.9100 0.2853
MobileNetV3 0.9429 0.1799 0.9225 0.2124
VGG16 0.9717 0.0698 0.9475 0.2863
VGG19 0.9932 0.0258 0.9275 0.2938

86



OECD 1ST INTERNATIONAL CONFERENCE ON ENGINEERING, ARCHITECTURE, MATHEMATICS and APPLIED SCIENCES
January 23-25, 2026 — Rome
ISBN NR: 978-625-5694-76-8

Inception-ResnetV2
Accuracy Loss
10 — Training Loss
0.95 i ~—— Validation Loss
0.90
o8
0.85
0.80
0.6
0.75
0.70 04
0.65
0.2
0.60 —— Training Accuracy
~ Validation Accuracy
0.55
0.0 2.5 5.0 75 10.0 12.5 15.0 175 0.0 25 5.0 75 10.0 125 15.0 175
InceptionV3
Accuracy Loss
0.95 — Training Loss
10 —— validation Loss
0.90
0.85 08
0.80
0.75 0.6
0.70
0.4
0.65
0.60 —— Training Accuracy
~—— Validation Accuracy 02
0.55
0.0 2.5 5.0 75 100 125 150 175 0.0 25 5.0 75 100 125 15.0 17.5
MobilenetV3
Accuracy Loss
—— Training Loss
09 16 — Validation Loss
14
0.8
12
0.7 10
0.8
0.6
0.6
0.5 04
—— Training Accuracy
~—— Validation Accuracy 0.2
04
0.0 25 5.0 75 10.0 12.5 15.0 17.5 0.0 25 5.0 75 10.0 125 15.0 175
Accuracy | Loss
~—— Training Loss
~ Validation Loss
0.975 0.8
0.950
0925 06
0.900
04
0.875
0.850 02
0.825 —— Training Accuracy
~— Validation Accuracy
0.0
0.0 25 5.0 75 00 125 150 175 0.0 25 5.0 75 100 125 150 17.5
Accuracy Loss
100 — Training Loss
0.8 — Validation Loss
0.95
0.90
0.6
0.85
0.80 04
0.75
02
0.70
—— Training Accuracy
0.65 ~— Validation Accuracy
0.0
0.0 2.5 5.0 75 100 125 150 17.5 0.0 2.5 5.0 75 100 125 150 17.5

87



Figure 1. Model graphs after 20 epochs of training

After 20 epochs of training, a notable improvement in the overall accuracy of the models was
observed compared to the results obtained after 10 epochs. However, although the VGG16 and
VGG19 models achieved high accuracy values, the progressively increasing gap between the
training and validation metrics, as illustrated in Figure 1, clearly indicates the presence of
overfitting in these models. Therefore, the VGG16 and VGG19 architectures were excluded
from the final evaluation stage. At this stage, the Inception-ResNet-V2, Inception-V3, and
MobileNet-V3 architectures continued to be considered, as they demonstrated balanced and
stable performance without exhibiting overfitting.

4.3. Analysis of the Most Successful Model

When the results presented in Table 2 and Figure 1 after 20 epochs are evaluated collectively,
it is observed that the Inception-ResNet-V2 model achieves the most balanced and highest
performance in terms of both accuracy and loss metrics. For this reason, the Inception-ResNet-
V2 architecture was selected as the final model. To further analyze the classification
performance of the selected model, a confusion matrix and a Receiver Operating Characteristic
(ROC) curve were employed. The confusion matrix and ROC curve corresponding to the
Inception-ResNet-VV2 model are presented in Figure 2. The confusion matrix illustrates the
number of correctly and incorrectly classified samples for each class, thereby revealing the
model’s class-wise performance. The ROC curve depicts the true positive and false positive
rates across different threshold values, and the classification performance is evaluated in
conjunction with the Area Under the Curve (AUC) metric. The high AUC value observed for
the Inception-ResNet-VV2 model indicates its strong discriminative capability in distinguishing
grape leaf diseases.
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Figure 2. Confusion matrix and ROC curve of the Inception-ResNet-VV2 Model

5. DISCUSSION AND CONCLUSION

The findings obtained in this study largely support previously reported research on plant leaf
disease classification in the literature. In particular, the high and balanced accuracy achieved
by the Inception-ResNet-V2 model, which is one of the CNN-based transfer learning
architectures, is consistent with prior studies conducted on grape and other plant leaves. These
results confirm that deep CNN architectures provide a reliable solution for the automatic
detection of grape leaf diseases. The transfer learning approach enabled high classification
performance to be achieved even with a limited amount of labeled agricultural data. Although
the hybrid dataset used in this study was relatively small compared to conventional deep
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learning applications, high accuracy rates were obtained through the reuse of models pre-
trained on large-scale datasets. This finding clearly demonstrates the critical role of transfer
learning in domains such as agriculture, where data collection is often challenging and costly.

Data augmentation and balanced dataset construction strategies also had a significant impact
on model performance. Through the application of various data augmentation techniques, the
models became more robust to diverse imaging conditions, while maintaining class balance
contributed to a more stable and reliable learning process. In particular, the Inception-ResNet-
V2 model exhibited consistent performance across both training and test datasets as a result of
this approach. The impact of model architecture on classification performance was clearly
observed in the experimental results. Although deep and high-parameter models such as
VGG16, VGG19, and ResNet101 achieved high accuracy values, they exhibited noticeable
overfitting tendencies. In contrast, the Inception-ResNet-V2 model provided superior
generalization capability due to its balanced architectural design. This finding highlights that,
in addition to high accuracy, model stability and generalizability are critical criteria in
architectural selection.

In conclusion, this study demonstrates that grape leaf diseases can be detected automatically
and efficiently, highlighting the practical applicability of artificial intelligence—based decision
support systems in the agricultural domain. Future work will focus on improving performance
using larger and more diverse datasets, exploring ensemble learning approaches, and deploying
the proposed model as a mobile application for real-world use. Furthermore, the integration of
environmental sensor data may contribute to earlier and more accurate detection of plant
diseases.
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OZET

Melanom, diger cilt kanserlerine kiyasla daha nadir goriilmesine ragmen saldirgan biyolojik
davranis1 ve yliksek metastaz potansiyeli nedeniyle erken tani gerektiren en tehlikeli cilt
kanseri tlirlerinden biridir. Geleneksel tan1 yontemleri biiyiik 6l¢iide dermatologlarin klinik
deneyimine dayanmakta olup, Ozellikle erken evre melanom vakalarinda siibjektif
degerlendirmeler nedeniyle yanlis veya gecikmis tani riski igermektedir. Bu durum hastalik
ilerleyisini olumsuz etkileyebilmekte ve tedavi basarisini diislirebilmektedir. Bu nedenle
otomatik, hizli ve glivenilir bilgisayar destekli tan1 sistemlerinin gelistirilmesi klinik a¢idan
biiylik 6nem tasimaktadir. Bu ¢alismada, dermoskopik goriintiiler kullanilarak iyi huylu ve kotii
huylu cilt lezyonlarinin otomatik siniflandirilmasi amaciyla derin 6grenme tabanli evrisimsel
sinir ag1 mimarileri karsilastirmali olarak degerlendirilmistir. Calisma kapsaminda VGG16,
MobileNetV2, InceptionV3, ResNet, DenseNet ve EfficientNet mimarileri ISIC veriseti
iizerinde egitilmis ve dogrulama ile test kiimeleri {izerinde performans analizleri
gerceklestirilmistir. Modellerin bagarimi dogruluk, kesinlik, hassasiyet ve F1-skoru gibi yaygin
kullanilan performans metrikleri aracilifiyla ayrintili bigimde incelenmistir. Elde edilen
deneysel sonuglar, VGG16 mimarisinin egitim dogrulugu yiiksek olmasina ragmen dogrulama
kaybindaki artis nedeniyle asir1 6grenme egilimi gosterdigini ortaya koymustur. MobileNetV2
ve InceptionV3 mimarileri daha dengeli bir 6grenme siireci sergileyerek genelleme
yeteneklerini artirmigtir. ResNet ve DenseNet mimarileri kotii huylu sinifinin tespitinde belirli
tyilesmeler saglamis olsa da simif dengesizligi nedeniyle kotli huylu hassasiyet degerlerinin
siirlt kaldigr gézlemlenmistir. EfficientNet mimarisi ise dogrulama ve test kiimelerinde
dengeli ve tutarl bir performans sunarak kotii huylu sinifi agisindan en yiiksek basariy: elde
etmigtir. Sonug¢ olarak, EfficientNet tabanli modelin dermoskopik goriintiiler {izerinden
melanom tespiti i¢in klinik karar destek sistemlerinde kullanilabilecek giiclii, giivenilir ve
uygulanabilir bir yaklagim sundugu degerlendirilmektedir. Bu yaklasim erken tani siireglerini
desteklemekte ve klinik uygulamalara katki saglamaktadir. Bu yaklagim erken tani siireclerini
desteklemekte ve klinik uygulamalara katki saglamaktadir.

Anahtar Kelimeler : Melanom, Derin Ogrenme, Evrisimsel Sinir Aglari, Dermoskopik Gériintiiler

91



BETON YUZEY CATLAKLARININ MASK R-CNN DERIN OGRENME
ALGORITMASI iLE TESPIiT EDILMESI

Yiiksek Lisans Ogrencisi, Yusuf Cetinkaya
Canakkale Onsekiz Mart Universitesi,
yusufcetinkaya650@gmail.com - 0009-0009-2350-7684

Lisans Ogrencisi, Kadir Kurban
Canakkale Onsekiz Mart Universitesi,
kadirkurbanresmi@gmail.com — 0009-0002-2948-1496

Dr. Ogr. Uyesi, Muhammet Gokhan Altun
Canakkale Onsekiz Mart Universitesi,
muhammetgokhan.altun@comu.edu.tr — 0000-0002-9345-9907

OZET

Betonarme yapilar ingaat sektoriiniin temel unsurlarindandir ve zamanla gesitli etkilere maruz
kalarak yiizeylerinde ¢atlaklar olusabilmektedir. Catlaklar, ilerleyen siiregte yapinin tasiyici
sisteminde zayiflamalara, can ve mal kayiplarina yol agabilmektedir. Catlaklarin erken tespiti
ve analizi, yap1 saglig1 izleme sistemleri agisindan biiylik 6nem tagimaktadir. Geleneksel ¢atlak
tespit yontemleri genellikle manuel 6l¢limlere dayanmaktadir. Bu yontemler hem zaman alici
hem de insan hatasina agik olup, biiyiik yapilarda maliyetli ve zahmetlidir. Son yillarda bu
nedenle, bilgisayarla gdrme, goriintli isleme ve yapay zeka tabanl ¢atlak tespit sistemlerine
olan ilgi artmistir. Bu calismada, beton ylizey catlaklari tespiti igin Orta Dogu Teknik
Universitesinin 1500 adet 1920x1080 piksel ¢ozuinirlikli beton goriintiilerinden olusan veri
seti kullanilmistir. Mask R-CNN algoritmasi1 kullanilarak bu goriintiiler iizerinde beton
catlaklari tespit edilmistir. Mask R-CNN, nesne tanima ve segmentasyon gorevlerini birlikte
gerceklestirebilen giiclii bir derin 6grenme modelidir. Modelin gelistirilmesi, egitim ve
degerlendirilmesi amaciyla Detectron?2 kiitiiphanesi kullanilmistir. Goruntuler belirli oranlarda
egitim, dogrulama ve test setlerine ayrilmistir. Modelin basarisi; dogruluk (accuracy), kesinlik
(precision), duyarlilik (recall) ve F1 skoru gibi metriklerle degerlendirilmistir. Sonuclara gore,
modelin dogruluk oran1 %77,5, pozitif tahmin degeri (precision) %82,1 ve duyarlilik orani
%73,3 olarak gozlemlenmistir.

Anahtar Kelimeler : Catlak tespiti, Goriintii isleme, Derin 6grenme, Mask R-CNN
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DETECTION OF CONCRETE SURFACE CRACKS USING MASK R-CNN DEEP
LEARNING ALGORITHM

ABSTRACT

Reinforced concrete structures are among the fundamental elements of the construction sector
and may develop surface cracks over time as a result of exposure to various effects. These
cracks can eventually lead to weakening of the structural system, causing loss of life and
property. Early detection and analysis of cracks are of great importance for structural health
monitoring systems. Traditional crack detection methods are generally based on manual
measurements. These methods are time-consuming, prone to human error, and costly and labor-
intensive for large structures. Therefore, in recent years, interest in computer vision, image
processing, and artificial intelligence—based crack detection systems has increased. In this
study, a dataset consisting of 1,500 concrete images with a resolution of 1920x1080 pixels,
provided by Middle East Technical University, was used for the detection of concrete surface
cracks. Concrete cracks were detected in these images using the Mask R-CNN algorithm. Mask
R-CNN is a powerful deep learning model capable of performing object recognition and
segmentation tasks simultaneously. The Detectron2 library was used for the development,
training, and evaluation of the model. The images were divided into training, validation, and
test sets at specified ratios. The performance of the model was evaluated using metrics such as
accuracy, precision, recall, and F1 score. According to the results, the model achieved an
accuracy of 77.5%, a positive predictive value (precision) of 82.1%, and a recall rate of 73.3%.

Keywords : Crack detection, Image processing, Deep learning, Mask R-CNN
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1. GIRIS

Betonarme yapilar, tiim Diinyadaki modern altyapinin temelini olusturmaktadir. Betonarme
yapilarin yapisal saglik izlemesi kamu giivenligi ve siirdiiriilebilirlik acisinda kritik éneme
sahiptir. Bu yapilarda zamanla c¢esitli ¢evresel ve mekanik etkenlere bagli olarak catlaklar
meydana gelebilmektedir. Yapilarin dayanikliligi, saglamligi ve 6mri betonun kalitesine ve
icyapisina baglidir. Yap1 hizmet 6mrii boyunca, degisen yiikleme kosullari, yetersiz onarimlar,
sicaklik, genlesme ve biiziilme, korozyon, donma ¢o6ziilme, klor difiizyonu, karbonatlasma,
biyolojik olusumlar gibi ¢esitli mekanik, fiziksel ve kimyasal etkilere maruz kalmakta ve bu
etkiler betonun ¢atlamasina ve bozulmasina sebep olmaktadir. Bu ¢atlaklar, 6nlem alinmadigi
takdirde, yapilarin yapisal biitiinliigiinii tehlikeye atmanin yani sira 6nemli can ve mali
kayiplara sebep olabilmektedir. Beton yiizeylerdeki c¢atlaklar, olasi yapisal bozulmanin erken
gostergeleridir ve bunlarin zamaninda tespiti, yapilarin dayanikliligi ve gilivenligi agisindan
hayati 6neme sahiptir. Hizmet 6mrii boyunca yapinin performansi ve giivenligini saglamak i¢in
catlaklarin tespit edilmesi, derinliginin ve miktarmin belirlenmesi dogru teshisin konulmasi
acisindan oldukg¢a dnemlidir. Catlak tespiti, incelemeyi yapan kisinin deneyimi ile dogrudan
iligkilidir. Endiistrilesme ve niifus artis1 ile birlikte yap1 sayis1 dnemli Olcilide arttigindan,
alternatif ve daha kesin bir tespit siirecine ihtiya¢ duyulmaktadir (Choudhary ve Dey 2012;
Zawad ve ark. 2021; Valenca ve ark. 2017; Gaur ve ark. 2023; Yu ve ark. 2022; Rimkus ve
ark. 2015; Iraniparast ve ark. 2023).

Geleneksel manuel inceleme teknikleri, zaman, isgilicii, maliyet, yliksek hata olasilig1 ve
uygulamadaki zorluklar agisindan oldukca dezavantajli olup 6zellikle biiytik 6lgekli altyapilar
icin verimsizdir. Geleneksel c¢atlak tespit yontemleri, uzun 6lcekli fiber optik sensorler, esnek
iletken kaplamalar, akustik emisyon ve dijital fotogrametri gibi temas tabanli teknikleri
icermektedir. Bu yontemlerin, ekipmanin yap1 ylizeyine monte edilmesini gerektirmesi, yiiksek
maliyetli olmas1 ve sensorlerin oksidasyon, dokiilme ve yaslanma gibi sorunlara ag¢ik olmasi
gibi bazi sinirliliklart bulunmaktadir. Ayrica, bu tekniklerin etkin bir sekilde uygulanabilmesi
i¢in ¢atlak olusabilecek bolgelerin 6nceden belirlenmesi gerekmekte, bu da pratikte verimliligi
distirmektedir. Son yillarda manuel tespite alternatif olarak goriintii isleme teknikleri, makine
O0grenmesi ve derin Ogrenme tabanli algoritmalarin bu alanda kullanimina yonelik
aragtirmalarin yayginlastig1 literatiirden anlagilmaktadir. Goriintii isleme yoluyla ¢atlak tespiti,
catlaklar1 yapilarin yiizeylerinden ayirt etmek icin esas olarak goriintii isleme tabanl
algoritmalar kullanan bir yiizey catlak tespiti teknigidir. Bu teknik, catlak genisligi, uzunlugu
ve alani gibi catlaklarin 6zelliklerini etkili bir sekilde tespit ve analiz eder. Bu nedenle,
otomatik catlak tespiti, daha fazla dogruluk ve giivenilirlige sahip manuel prosediirlere bir
alternatif olabilir (Miao ve Srimahachota 2021; Ali ve ark. 2022; Ni ve ark. 2020; Khan ve ark.
2023; Xu ve ark. 2023).

Ozetle, yapilarin geleneksel ve manuel ydntemlerle izlenmesi, hem yiiksek maliyetli hem de
zaman agisindan verimsizdir. Ayrica, degerlendirme siirecinin kisisel deneyim ve bilgiye
dayanmasi, sonuglarin objektifligini azaltmaktadir. Son aragtirmalar, goriintii isleme ve makine
ogrenmesi tekniklerinin, yapisal saglik izleme alaninda tahribatsiz yontemler olarak
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kullanilabilecegini gostermistir. Bilgisayarli gorii ve derin 6grenme alanindaki son teknolojik
gelismeler, catlak tespiti ve degerlendirmesinde umut vadeden alternatifler sunmaktadir. Bu
caligmada, catlaklar1 daha hizli ve daha dogru tespit etmek amaciyla METU veri seti iizerinde
Mask R-CNN algoritmasi kullanilmis ve literatiirde yapilan diger ¢alismalarla kiyaslanmistir.

2. YAPILAN CALISMALAR

2.1. Veri Setinin Diizenlenmesi

Bu ¢alismada, beton yiizeylerindeki catlaklarin tespiti ve segmentasyonu amactyla METU veri
kiimesinden (Ozgenel 2019) rastgele secilen yiksek ¢oziiniirliikli (1920x1080 piksel) 1500
adet goriintii kullanilmistir. Her bir goriintii, nesne sinirlayici kutulari (bounding box) ve piksel
bazli segmentasyon maskeleri (segmentation mask) ile "Positive" olarak adlandirilan tek bir
smif icin etiketlenmistir. Modelin genelleme kabiliyetini artirmak ve asir1 6grenmeyi
(overfitting) Onlemek amaciyla, egitim veri seti {izerinde g¢esitli veri artirma (data
augmentation) teknikleri uygulanmig ve bu sayede toplam goriintli
sayis1 3877'ye ¢cikartilmistir. Veri setinde yer alan catlak olan ve catlak olmayan Ornek
goriintiiler sirasiyla Gorsel 1 ve Gorsel 2°de gosterilmistir. Veri seti, modelin performansini
objektif bir sekilde degerlendirebilmek amaciyla %87 egitim (training), %8 dogrulama
(validation) ve %4 test olmak lizere li¢ alt kiimeye ayrilmistir. Egitim siirecinde modelin girdi
katmanina uyum saglamasi amaciyla tiim goriintller 640x640 piksel ¢oziiniirliige sabitlenmis
ve piksel degerleri 0 ile 1 arasinda normalize edilmistir.

2.2. Kullanilan Yontem

Egitim islemi Google Colab ortaminda gerceklestirilmistir. Calismada NVIDIA Tesla T4 GPU
kullanilmigtir (Altun ve Altun 2024). Yazilim dili olarak Python 3.11.13 programi
kullanilmistir. Catlak tespitinde, nesne tespiti ve segmentasyon alaninda yiiksek basariya sahip
olan Mask R-CNN [1] mimarisi tercih edilmistir. Modelin gelistirilmesi, egitim ve
degerlendirilmesi amaciyla Detectron2 kiitiiphanesi kullanilmistir. Elde edilen sonuglar
dogruluk, duyarlilik, pozitif tahmin degeri, negatif tahmin degeri, F1 degeri, karmasiklik
matrisi gibi degerlendirme Olgiitleri lizerinden incelenmistir. Modelin optimum performansa
ulagabilmesi i¢in hiperparametreler, tekrarlanabilirlik ve kararlilik hedeflenerek segilmistir.
Egitimde kullanilan temel hiperparametreler; baslangic 6grenme orani, y1gin boyutu, toplam
iterasyon sayist ve degerlendirme periyodu sirasiyla 0.001, 64, 5000 ve 500 olarak
kullanilmistir.  Egitim  siiresince, her 500 iterasyonda bir dogrulama veri  seti
Uzerinde mAP (mean Average Precision) metrigi hesaplanarak modelin performansi
izlenmigtir. Egitim sonunda, dogrulama setinde en yiiksek mAP skorunu elde eden model
agirliklari, nihai test degerlendirmesi i¢in en iyi model olarak se¢ilmistir.
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3. SONUCLAR VE DEGERLENDIRME

Modelin karmasiklik matrisi GOrsel 3’de verilmistir. Karmasiklik matrisi modelin basarisini
dogru sekilde 6lgmek ve degerlendirmek i¢in olduk¢a 6nemlidir. Bu matris yardimiyla farkl
performans metriklerinin degerleri belirlenmekte ve boylece modelde iyilestirmeler yapmak ve
gercege en yakin tahminler tiretebilmek miimkiin olabilmektedir. Diger bir ifadeyle dogruluk,
duyarhilik, pozitif tahmin degeri, negatif tahmin degeri, F1 degeri, karmagiklik matrisi gibi
degerlendirme o6lgiitleri lizerinden incelenmistir. Bu dlgiitler gergek pozitif (TP), yanlis pozitif
(FP), gercek negatif (TN) ve yanlis negatif (FN) olmak iizere dort kategori {izerinden
hesaplanmaktadir ve modelin performansi agisindan énemli bilgiler sunmaktadir. Dogruluk
(accuracy) modelin dogru tahminlerinin genel veri seti igerisindeki oranini1 gostermektedir.
Duyarlilik (recall) gercek pozitiflerin dogru siniflandirilma oranini ifade etmektedir. F1 degeri,
dogruluk ve duyarlilik metriklerinin harmonik ortalamasi olarak hesaplanmaktadir. Pozitif
tahmin degeri modelin pozitif olarak tahmin ettigi 6rneklerin gercekten pozitif olma oranini
gostermektedir (Erickson ve Kitamura 2021) S0z konusu metrikler Denklem (1-4) yardimiyla
hesaplanmaktadir.

Accuracy = (TP+TN) / (TP+FN+TN+FP) 1)
Recall = TP / (TP+FN) )
F1 score = 2TP / (2TP+FP+FN) 3)
Precision = TP / (TP+FP) 4)

Gorsel 3’e gore modelin dogru bir sekilde catlak olarak tespit ettigi 6rnek sayisi yani dogru
pozitif degeri 326°tir. Catlak olmayan alanlar1 yanlislikla ¢atlak olarak siniflandirdigi 6rnek
say1s1 yani yanlis pozitif sayis1 71°dir. Modelin tespit edemedigi gercek catlak sayis1 yani dogru
negatif sayisi ise 119°tir. Modelin yliksek gergek pozitif degeri ¢atlaklari etkin bir sekilde tespit
edebildigini gostermektedir. Bu degerler kullanilarak hesaplanan degerlendirme metriklerine
ait sonuclar Cizelge 1’de verilmistir.

Cizelge 1. Degerlendirme metriklerine ait sonuclar

Degerlendirme Metrigi Deger
Accuracy 0,632
Recall 0,733
F1 score 0,775
Positive predictive value 0,821
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Gorsel 3. Karmasikhik matrisi

Bu c¢aligmada, Mask R-CNN algoritmasi kullanilmigtir. Mask R-CNN, Faster R-CNN'den
genisletilen bir 6rnek segmentasyon cercevesidir ve iki asamaya ayrilmistir: birinci agama
gorlintiiyli tarayarak Oneriler (proposals) olusturmaktadir, ikinci asama ise bu Onerileri
siniflandirmakta ve smirlayict kutu (bounding box) ve maske Uretmektedir. Mask R-CNN
algoritmasi su sekilde ¢alismaktadir: ilk olarak algoritma bir gériintiiyii alir ve bu gériintiiyii
daha kii¢iik pargalara ayirarak nesnelerin olabilecegi bolgeleri isaretler. Bu isaretlenen bolgeler
daha detayli incelenmek iizere segilen potansiyel nesne adaylaridir. Ardindan her bir aday
bolge icin igindeki nesnenin ne oldugu (6rnegin, araba, insan) ve nesnenin tam olarak nerede
bulundugu belirlenir. Ozellik haritas1 RPN (Region Proposal Network) araciligiyla bu aday
cerceveler olusturulurken softmax siniflayicisi ile arka plan ve 6n plan arasinda siniflandirma
yapilir, cerceve regresyonu ile aday ¢ergevenin konum bilgileri daha dogru hale getirilir ve
non-maximum suppression ile baz1 ROI’ler filtrelenir. Ozellik haritas1 ve kalan ROI'ler her
ROI’nin sabit boyutlu bir 6zellik haritas1 tiretmesi i¢in RolAlign katmanina gonderilir. Son
olarak akig iki dala ayrilir: bir dal nesne siniflandirmasi ve ¢ergeve regresyonu i¢in tam
baglantili katmana diger dal ise piksel segmentasyonu i¢in tam konvoliisyonel aga (FCN) girer.
Her nesne i¢in bir maske olusturularak nesnenin piksel diizeyindeki sinirlar1 belirlenir. Bu yap1
Mask R-CNN'in etkili bir nesne tespiti ve segmentasyonu saglama yetenegini artirmaktadir
(Ammirato ve Berg 2019; Zhang ve ark. 2020). Modelin egitim sonug grafikleri Gorsel 4°te,
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modelin tahmin ornekleri Gorsel 5°de verilmistir. Gorsel 4’te yer alan grafikler model egitimi
sirasinda kaydedilen dort farkli kayip (loss) metriginin zamana (epoch) gore degisimini
gostermektedir. Her grafik, mavi ¢izgi ile ham kayip degerlerini (results) ve turuncu kesikli
cizgi ile bu degerlerin diizgiinlestirilmis halini (smooth) gostermektedir.
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Gorsel 4. Modelin egitim sonug grafikleri

“Train/box_loss™ grafigi Modelin nesne tespiti (object detection) sirasinda kutu (bounding box)
tahmini i¢in hesaplanan kaybi1 gostermektedir. Baslangigta ~0,9 civarinda olan box loss, hizla
diiserek 0,3 civarina kadar inmis. Bu, modelin kutu tahminlerinde belirgin bir iyilesme
yasadigin1 gosteriyor. “Train/seg_loss” grafigi, segmentasyon (6rnegin maskeleme) ile ilgili
kayb1 ifade etmektedir. Modelin pikseller diizeyinde tahmin performansini 6lgmektedir.
Bagslangicta 0,7 olan seg loss ¢ok hizli diismiis ve 0,1 seviyelerinde dengelenmistir. Bu,
segmentasyon kalitesinin kisa siirede olduk¢a 1iyi hale geldigini gostermektedir.
“Train/cls_loss” grafigi, siniflandirma kaybini gostermektedir. Diger bir ifadeyle modelin
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nesne smiflarmi dogru tahmin edip etmedigini 6lgmektedir. Yaklasik 0,65’ten baslayan
cls loss, hizla diiserek 0,1’in altina inmistir. Bu, siiflandirma performansinda ciddi bir
tyilesme oldugunu gdstermektedir. “Train/total loss” garfigi toplam kaybi gostermektedir.
2,25 gibi yiiksek bir seviyeden baslayan toplam kayip, hizla 0,5 altina diismiistiir. Bu, genel
model performansinda ciddi bir iyilesme oldugunu gostermektedir.

Sekil 5. Modelin tahmin drnekleri
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4. GENEL DEGERLENDIRME VE SONUCLAR

Bu calismada, Mask R-CNN mimarisi kullanilarak beton yiizeylerindeki ¢atlaklarin otomatik
tespiti ve segmentasyonu gergeklestirilmistir. Orta Dogu Teknik Universitesi kampiisiindeki
farkli yapilardan elde edilen yiiksek ¢oziiniirliiklii goriintiilerden olusan METU veri kiimesi
kullanilarak modelin performansi degerlendirilmistir. Elde edilen bulgular, modelin ylksek
gercek pozitif oranina sahip oldugunu ve c¢atlaklar1 dogru sekilde tespit edebildigini
gostermektedir. Ozellikle yiiksek kesinlik (precision = 0,821) ve tatmin edici F1-skoru (0,775)
degerleri, modelin catlak tespiti a¢isindan giivenilir bir performans sergiledigini ortaya
koymaktadir. Egitim siireci boyunca kayiplarin (loss) hizli bir sekilde azalarak dengelenmesi,
modelin 6grenme siirecinin etkin oldugunu ve asir1 Ogrenme (overfitting) egilimi
gostermedigini kanitlamaktadir. Dogrulama verileri {izerindeki tutarli performans, modelin
genelleme yetenegine sahip oldugunu gdstermektedir. Bununla birlikte, karigiklik matrisi
analizine gore modelin arka plan (background) smnifint dogru tahmin edememesi, sinif
dengesizligi veya arka plan orneklerinin yetersizligi gibi nedenlerle performansin bu alanda
gelistirilebilecegine isaret etmektedir. Sonug olarak, goriintii isleme ve derin 6grenme tabanli
yontemlerin betonarme yapilarin yapisal saglik izlemesinde tahribatsiz, hizli ve objektif bir
alternatif sundugu goriilmektedir. Mask R-CNN gibi ileri seviye segmentasyon aglarinin,
catlaklarin morfolojik 6zelliklerine gore analiz edilmesi ve otomatik raporlama siireglerine
entegre edilmesi, bakim-onarim 6nceliklendirmesinde 6nemli katkilar saglayacaktir. Gelecekte
yapilacak calismalarda, daha dengeli ve ¢esitli veri kiimelerinin kullanilmasi, farkli aydinlatma
ve yiizey kosullarin1 igeren verilerle modelin genelleme kabiliyetinin artirilmasi
onerilmektedir. Ayrica, odak kaybi (focal loss) veya siif agirliklandirma (class weighting) gibi
yontemlerle dengesiz veri sorunlarinin azaltilmasi ve daha hafif ag yapilarinin kullanilmasiyla
gercek zamanli saha uygulamalarina uygun sistemlerin gelistirilmesi miimkiin olacaktir. Genel
olarak bu caligma, derin 6grenme tabanli goriintii isleme yOntemlerinin, beton yizeylerdeki
catlaklarin tespiti ve degerlendirilmesinde yliksek potansiyele sahip oldugunu gostermekte ve
yapisal saglik izlemesi alaninda daha giivenli, siirdiiriilebilir ve maliyet etkin ¢oziimlerin
gelistirilmesi icin 6nemli bir temel olusturmaktadir.
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OZET

Betonarme binalarda zemin katlarin ticari fonksiyonlar nedeniyle diger katlara oranla daha
yiiksek tasarlanmasi, yapinin diisey dogrultudaki rijitlik dagilimini bozarak deprem giivenligini
riske atan yumusak kat diizensizligine zemin hazirlanmaktadir. Bu ¢alisma kapsaminda, zemin
kat yiiksekligi 3 m ve 5 m olarak belirlenen 4 katli betonarme bir yapida dolgu duvarlarin
yapisal davranig lizerindeki etkisi karsilastirmali olarak incelemistir. Analizler, SAP2000
yazilimi kullanilarak Zaman Tanim Alaninda Dogrusal Analiz yontemiyle gerceklestirilmistir.
Dolgu duvarlar literatiirde yaygin olarak kullanilan Esdeger Basing Cubugu yontemiyle
modellenmistir. Calisma kapsaminda mod periyotlari, yatay yer degistirmeler, goreli kat
Otelemeleri ve taban kesme kuvvetleri tizerindeki etkileri degerlendirilmistir.

Elde edilen bulgular, zemin kat yiiksekligi artisinin duvarsiz modellerde yapiy1 6nemli 6l¢iide
esneklestirdigini ve periyot degerlerini %36 oraninda artirdigini gostermistir. Buna karsin,
dolgu duvarlarin sisteme dahil edildigi modellerde, 5 metrelik zemin kat yiiksekligine ragmen
yapinin rijitligini korudugu ve yer degistirmelerin duvarsiz modellere kiyasla %90°1n iizerinde
siirlandigt tespit edilmistir. Calisma sonucunda, dolgu duvarlarin sadece mimari bir dolgu
elamani degil, 6zellikle zemin kat yiiksekligi fazla olan binalarda rijitlik siirekliligini saglayan
kritik bir yapisal bilesen oldugu ortaya konulmustur. Bu elemanlarin tasarim asamasinda rijitlik
unsuru olarak hesaba katilmasi, yapisal diizensizliklerin dogru teshis edilmesi agisindan biiyiik
onem arz etmektedir.

Anahtar kelimeler: yiiksek zemin kat, dolgu duvar, zaman tanim alani analizi, SAP2000.
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ABSTRACT

In reinforced concrete buildings, designing ground floors higher than other floors for
commercial functions disrupts the vertical stiffness distribution and paves the way for soft story
irregularity, which risks seismic safety. Within the scope of this study, the effect of infill walls
on the structural behavior of a 4-story reinforced concrete building with ground floor heights
of 3 m and 5 m was investigated comparatively. The analysis were performed using the linear
time history analysis method in sap2000 software. Infill walls were modeled using the
equivalent compression strut method, which is widely used in the literature. Within the context
of the study, the effects on model periods, displacements, story drifts and base shear forces
were evaluated. The findings obtained indicated that the increase in ground floor height
significantly softened the structure in bare frame models and increased the period values by
36%. In contrast it was determined that in models where infill walls were integrated into the
system, the structure maintained its stiffness despite the 5 m ground floor height and
displacements were restricted by over 90% compared to bare frame models. As a result of the
study, it has been demonstrated that infill walls are not merely architectural filling elements
but are critical structural components that ensure stiffness continuity, especially in buildings
with high ground floor heights. Considering these elements as stiffness components during the
design stage is of great importance for the accurate diagnosis of structural irregularities.

Keywords: high ground floor, infill wall, time history analysis, sap2000.

1.GIRIS

Betonarme cerceve sistemli yapilardi, dis cepheler ve i¢c bolmeler genellikle tugla veya bims
blok gibi malzemelerden olusan dolgu duvarlar ile kapatilmaktadir. mithendislik pratiginde bu
duvarlar ¢cogu zaman tasiyict olmayan mimari elemanlar olarak degerlendirilmekte ve yapisal
analizlerde yalnizca kiitle etkileriyle modeli dahil edilmektedir. Ancak, 6zellikle siddetli yer
hareketleri altinda dolgu duvarlarin yapisal ¢ergeve ile etkilesime girdigi, sistemin rijitligini,
stinekligini ve soniimleme kapasitesini onemli Ol¢iide degistirdigi bilinmektedir [1], [2].
modern mimari tasarimlarda, binalarin zemin katlarnin ticari fonksiyonlar (magaza, galeri,
banka vb.) nedeniyle diger katlara oranla daha ytiksek tasarlanmasi yaygin bir uygulamadir. bu
durum, yapinin diisey dogrultudaki rijitlik dagiliminda ani degisimlere yol acarak yumusak kat
diizensizligini tetiklemektedir. yapilan ¢aligmalar, zemin kat yiiksekligi artisinin yapiy1 dnemli
ol¢tide esneklestirdigini ve dogal titresim periyotlarini artirdigini gostermektedir [5]. 6zellikle
bu katlarda dolgu duvarlarin bulunmamasi veya iist katlara oranla daha az kullanilmasi, deprem
yiiklerinin zemin kat kolonlarinda yogunlagsmasina ve yapinin agir hasar almasina neden
olmaktadir [3], [4]. dolgu duvarlarin bu olumsuz etkileri sinirlamadaki rolii, literatiirde yaygin
olarak kabul goren "Esdeger Basing Cubugu" yontemiyle analiz edilmektedir. bu yontemde,
duvar panelleri sadece basing yiikii tasiyan diyagonal ¢ubuklar olarak modellenerek ¢ergevenin
yatay rijitligine katkisi simiile edilir [6]. Arastirmalar, dolgu duvarlarin sisteme dahil
edilmesiyle zemin kat yliksekligi fazla olan binalarda bile yer degistirmelerin ve kat
otelemelerinin ciddi oranda sinirlandirilabilecegini ortaya koymaktadir [1], [5]. bu calisma
kapsaminda, zemin kat ytiksekligi 3m ve 5m olarak belirlenen 4 katli betonarme bir binanin
deprem davranisi, dolgu duvarlarin varligi ve yoklugu durumlan i¢in karsilagtirmali olarak
incelenmistir. Sap2000 yazilimi kullanilarak gerceklestirilen zaman tanim alaninda dogrusal
analizler aracilifiyla, zemin kat yiiksekligi farkinin ve dolgu duvar etkilesiminin mod
periyotlari, kat 6telemeleri ve taban kesme kuvvetleri lizerindeki etkileri degerlendirilmistir.
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2. SAYISAL ANALIZ VE MODELLEME
2.1. Metodoloji

bu calisma kapsaminda, betonarme cergeve sistemlerin dinamik karakteristigi iizerinde dolgu
duvarlarin meydana getirdigi etkilesimi belirlemek amaciyla makro modelleme stratejisi tercih
edilmistir. tasiyict sistem ile dolgu duvarlar arasindaki mekanik iliskiyi ve duvarlarin sistemin
yanal rijitlik kapasitesinin sagladig1 katkiy1 sayisal olarak ifade edebilmek i¢in, literatiirde
giivenilirligi test edilmis ve uluslararasi tasarim standartlarinda (FEMA, TBDY 2018) [7],[8]
Onerilen "Esdeger Basing Cubugu " (Equivalent Diagonal Strut) yaklagimi kullanilmistir. bu
modelleme teknigi uyarinca, duvar panelleri sadece eksenel basing yiikii tasima kabiliyetini
sahip diyagonal bir ¢ubuk eleman olarak tanimlanmis. bdylece dolgu duvarin cergeve
izerindeki kisitlayici ve rijitlik artici etkisi simiile edilmistir.

Gorsel 1. a. Eksenel basingtan olusabilecek gatlaklar b. Esdeger basing ¢ubugu.

2.1. Esdeger Basing Cubugu Y 6ntemi

Calismada dolgu duvarlar, FEMA-356 [7] kriterlerine uygun olarak, yalnizca eksenel basing
tastyan ve her iki ucu mafsalli diyagonal elemanlar seklinde modellenmistir. bu Esdeger Basing
Cubugu yaklasiminda, duvarin yapisal sisteme kattigi rijitlik ¢ercevenin mekanik 6zelliklerine,
malzeme parametrelerini ve panel geometrisine gore hesaplanmistir. Cubugun geometrik
karakteristikleri, literatiirde kabul goren denklem 1 ve denklem 2 kullanilarak belirlenmistir.

a =0.175 (}\h X hcol)_OA X Tinf (1)
Ya
| EmXtjpfXsin26
Ah - [4 X EfCX ICOIX h_inf] (2)

Burada:

o = Esdeger ¢cubugun genisligi,

heol = Kiris eksenleri arasinda kalan Kolon yiiksekligi,
An = DUzlem igi rijitlik parametresi,

linf = Dolgu duvarin ¢apraz uzunlugu,
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Em= Dolgu duvarinin elastisite modiilii,
tinf = Dolgu duvari kalinligi,

0 = Dolgu duvarin egikligi (¢apraz ag1),

Ef. = Betonarme gergevenin elastisite modul,

lcol = Kolon kesitinin atalet momenti,

hinf = Dolgu duvarinin yiiksekligi.

2.2 Model Tipleri ve Caligmanin Kisitlari

Calismada, dolgu duvarlarin zemin kat yiiksekligi ile olan etkilesimini ve bu durumun binanin
dinamik karakteristigine etkilerini incelemek amaciyla iki temel model grubu olusturulmustur.
Bu modellerde kat adedi 4 olarak sabit tutulurken, degisken parametre olarak zemin kat
yiiksekligi (3 m ve 5 m) ile dolgu duvar mevcudiyeti (duvarli ve duvarsiz) esas alinmistir.
Sistem performansindaki degisimlerin sadece yiikseklik ve duvar etkisine baglanabilmesi igin;
kesit boyutlari, malzeme 6zellikleri ve yiikleme kosullar1 tim modellerde sabit tutulmustur.

projede kullanilan malzemeler ve yapiya ait genel bilgiler gizelge 1’de verilmistir.

Cizelge 1. Projede kullanilan malzemeler ve yapiya ait genel bilgiler.

Konum

Sakarya

Binanin Kullanim Amaci

Konut + Isyeri

Kat Sayis1 4
Zemin Kat Yiiksekligi 3.0 m (Referans) / 5.0 m (Yiiksek Zemin)
Kat Yiikseklikleri 3.0m

Beton Sinifi

C25 (fck =25 MPa)

Donat1 Siifi

B420C ( fyx = 420 MPa)

Kolon Kesiti 50 x50 cm
Kirig Kesiti 30 x 60 cm
Doéseme Kalinlig 12 cm

Cizelge 1. Projede kullanilan malzemeler ve yapiya ait genel bilgiler (devamu).

Dolgu Duvar Kalmlig: 19 cm
Beton Birim Hacim Agirlig 25 kN/m?
Dolu Tugla Duvar Birim Hacim Agirligi 19 kN/m?
Doseme Kaplama Yiikii 2.04 kN/m?
Hareketli Yiik — Normal Katlar 2.0 kN/m?
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Hareketli Yiik — Cat1 Kat1

1.5 kN/m?

Duvarsiz Yap i¢in Kiris Yiikii:

12.93kN/m

Analizlerde, tim agikliklarda yer alan tugla dolgu duvarlarin 19 cm kalinliginda oldugu ve
herhangi bir kapi/pencere boslugu icermedigi (tam dolu panel) varsayilmistir. Duvar
malzemesinin elastisite modiilii, literatiirdeki benzer ¢alismalarla uyumlu olacak sekilde 1000
MPa olarak belirlenmistir. Yapilan hesaplamalar neticesinde, modellerde kullanilan esdeger
basing c¢ubuklarina ait karakteristik geometrik ve mekanik parametreler cizelge 2’de

detaylandirilmistir.
Cizelge 2. Esdeger basing ¢ubuklarina ait parametreler.
Kat h L Duvar
Yikseklikleri | (kolon) | (inf) | h(inf) | r(inf) Theta Dolgu Duvar | Kalinlgi
(mm) (mm) | (mm) | (mm) (mm) (Degree) A (mm) (Mm)
3000 3000 | 4500 | 2400 5100 | 28.07249 | 0.0005695 | 720.3808325 190
5000 5000 | 4500 | 4400 | 6293.648 | 44.35625 | 0.000512658 | 755.8251573 190

Calismada, 4 katli betonarme bir yapinin dinamik davranigi iki ana senaryo iizerinden
incelenmistir: zemin kat yiliksekliginin 3 m (referans) ve 5 m (yliksek zemin kat) oldugu
modeller. Analizler, dolgu duvarlarin etkisini gérmek amaciyla "Duvarsiz (Ciplak) Cergeve"
ve FEMA-356 [7] standartlarina uygun "Esdeger Basing Cubuklu" modeller iizerinde
gerceklestirilmistir. Tiim senaryolarda normal kat yiikseklikleri 3 m sabit tutularak zemin kat
ve duvar etkilesimi karsilastiriimistir.

MODEL 1

MODEL 2

Gorsel 2. 4 Katli modeller (Model 1. Duvarsiz, Model 2. Tam Dolgulu).
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MODEL 3 MODEL 4

Gorsel 3. Zemin kat yiiksekligi 5 m olan 4 katli yapt modelleri (Model 3. Duvarsiz, Model 4. Tam
Dolgulu).

Binanin bulundugu bdlgeye ait deprem tehlike parametreleri, AFAD [9] tarafindan sunulan
Tiirkiye Deprem Tehlike Haritasi Interaktif Web Uygulamasi kullanilarak elde edilmistir. Yapi
konumu sisteme tanimlanarak yerel zemin sinifi ve hedeflenen deprem yer hareketi diizeyi
belirlenmistir. Bu kapsamda, standart tasarim depremi (DD-2) icin temel spektral ivme
parametreleri ¢izelge 3’te sunulmustur.

Cizelge 3. Deprem Tehlike Parametreleri (DD-2 Diizeyi).

Parametre Deger Aciklama
Yerel Zemin Sinifi ZC Orta sert zemin

SS 1.65 Kisa periyot (0.2s) harita spektral ivme katsayisi
S1 0.452 1.0 saniye periyot i¢in harita spektral ivme katsayisi
F1 1.5 1.0 saniye periyot i¢in zemin faktorii

SDS 1.98 Kisa periyot tasarim spektral ivme katsayist
SD1 0.678 1.0 saniye tasarim spektral ivme katsayisi

PGA 0.671g Yer ivme degeri

PGV 56.026 cm/s Yer hiz degeri

2.3. Deprem kayitlarinin se¢ilmesi ve dlgeklendirilmesi

Bu calismada kullanilan deprem yer hareketi kayitlari, belirlenen tasarim spektrumu ile uyumlu
olacak sekilde secilmistir. Kayitlar, AFAD [9] spektral ivme degerleri esas alinarak 1.3
olgekleme katsayist ile uyumlandirilmistir (Gorsel 4). Olgeklendirme sonrasinda yer
hareketleri PEER [10] veri tabani formatina doniistiiriilmiis ve degerlendirmeye alinmustir.
Secilen kayitlar, TBDY 2018 [8] esaslarina uygun olarak, yapilarin birinci mod periyotlari
dikkate alinarak 0.2T—1.5T periyot araliginda kontrol edilmistir (Cizelge 4).
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—Sae(g) e—1.3*Sae(g)

3.00

2.50

2.00

1.50

1.00

0.50

0.00
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00

Gorsel 4. Orijinal ve dlgeklendirilmis spektral ivme (Sae) grafik karsilagtirmasi.
Cizelge 4. Modellerin Periyot Degerleri.

Model | Mod Periyot (T) | 0.2T | 1.5T

Model 1 | 0.701 0.140 | 1.052
Model 2 | 0.113 0.023 | 0.170
Model 3 | 0.958 0.192 | 1.437
Model 4 | 0.118 0.024 | 0.177

Deprem kayitlarinin se¢imi ve dlgeklendirilmesinde, Minimum Mean Square Error (MSE)
yontemi esas alinmistir. Bu kapsamda, moment biiytikliigii 6.0-8.0 araliginda olan, uygun fay
uzaklig1 ve zemin kosullarini saglayan deprem kayitlari PEER [10] veri tabanindan segilmistir.
Olceklendirme islemleri, %5 soniim oram1 ve SRSS bileseni dikkate almarak
gerceklestirilmistir. Calismada tim yapt modelleri i¢in ayni iki adet deprem kaydi
kullanilmistir. Bununla birlikte, her yap1 modelinin dinamik 6zellikleri farkli oldugundan,
olgekleme katsayilart model bazinda belirlenmistir. Olgekleme islemleri, yapilarin dogal
titresim periyotlar1 dikkate alinarak, 6zellikle 0.2T—1.5T periyot araliginda tasarim spektrumu
ile en iyi uyumu saglayacak sekilde yapilmistir. Segilen deprem kayitlar1 ¢gizelge 5°te, yap1
modellerine ait 6lcekleme katsayilari ise gizelge 6°’da sunulmustur.

Cizelge 5. Secilen depremler.

No | Deprem Adi | Tarih | Mw | istasyon | RSN Kodu

1 Imperial 1979 | 6.53 | Cerro RSN164
Valley-06 Prieto

2 | Duzce_ 1999 | 7.14 | IRIGM | RSN8164
Turkey 487
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Cizelge 6. her bir yap1 modeli igin uygulanan deprem kayitlarina ait 6lgekleme katsayilari.

Deprem Model 1 Model 2 Model 3 Model 4
No

RSN164 | 3.23 5.8305 3.0324 5.8305
RSN8164 | 2.2514 3.7291 2.2485 3.7291

3. ANALIZ SONUCLARI VE KARSILASTIRMA
3.1. Mod Periyodu Degerlendirilmesi

Cizelge 7°de verilen sonuglar, zemin kat yiiksekligi artisinin duvarsiz modellerde yapiy1
belirgin bigimde esneklestirdigini gostermektedir. Bu durumda mod periyodunun yaklasik %36
oraninda artt1g1 goriilmiistiir. Buna karsilik, dolgu duvarlarin modele dahil edildigi modellerde,
zemin kat yiiksekligi 5 m olmasina ragmen mod periyotlarinin diisiik seviyelerde kaldig1 ve
yapmun rijitligini biiyiik 6l¢iide korudugu belirlenmistir. Bu durum, dolgu duvarlarin yap1

......

siirladigini ortaya koymaktadir.

Cizelge 7. Mod periyodu sonuglari.

Analiz Modeli Mod Periyodu (T, s)
Model 1 0.701
Model 2 0.113
Model 3 0.958
Model 4 0.118

N Mod Penyodu

Mod Periyodu (T, s)

Model 1 Model 2 Model 3

Modeller

Model 4

Gorsel 5. Mod Periyodu Karsilagtirmast.
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3.2. Yer Degistirme Analizleri

Cizelge 8 ve Cizelge 9’da sirasiyla X ve Y dogrultulari i¢in yapt modellerine ait maksimum kat yer
degistirme degerleri sunulmustur. Her iki dogrultuda da duvarsiz modellerde (M1 ve M3) kat
seviyesinin artmastyla birlikte yer degistirmelerin belirgin sekilde arttig1 goriilmektedir. Buna karsilik,
dolgu duvarli modellerde (M2 ve M4) hem X hem de Y yoniinde tiim katlarda yer degistirmeler oldukca
diisiik seviyelerde kalmistir. Ozellikle yiiksek zemin katli modellerde dahi, dolgu duvarlarmn sisteme
sagladig ilave rijitlik sayesinde yer degistirmelerin duvarsiz modellere kiyasla yaklasik %98 oraninda
azaldigi tespit edilmistir. Ayrica, Y yoniindeki yer degistirmelerin X yoniine gore daha biiyiik degerler
aldig1, ancak bu etkinin dolgu duvarli modellerde biiyiik 6l¢tide sinirlandigi gdzlemlenmistir.

Cizelge 8. X yonii yer degistirmeleri (m).

Kat M1-D1 | M1-D2 | M2-D1 M2-D2 M3-D1 | M3-D2 | M4-D1 M4-D2

4 -0.0125 | 0.0109 | -3.2x107° | -1.7x107% | 0.0093 | 0.0158 | -2.0x10™* | -1.0x10™*
3 -0.0104 | 0.0093 | -2.6x107 | 1.4x10° | 0.0084 | 0.0143 | -2.0x10™ | -1.0x10™*
2 -0.0068 | 0.0063 | -1.8x10° | 1.0x10 | 0.0068 | 0.0115 | -1.0x10* | -1.0x10™*
1 (Zemin) | -0.0027 | 0.0025 | -0.9x10° | 0.5%10~ | 0.0044 | 0.0075 | -1.0x10* | -0.8x10™*

Cizelge 9. Y yonii yer degistirmeleri (m).

Kat M1-D1 | M1-D2 | M2-D1 M2-D2 M3-D1 | M3-D2 | M4-D1 M4-D2

4 0.0205 | -0.0101 | -2.8x107° | -2.8x107* | -0.0227 | -0.0150 | -2.0x10* | -2.0x10~*
3 0.0177 | -0.0085 | -2.2x107° | -2.3x107* | -0.0208 | -0.0137 | -2.0x10* | -1.0x10~*
2 0.0123 | -0.0061 | -1.6x10° | -1.6x10* | -0.0171 | -0.0111 | 1.0x10* | -1.0x10~*
1 (Zemin) | 0.0050 | -0.0027 | -0.8x10~° | -0.8x10° | -0.0115 | -0.0073 | -1.0x10* | -0.9x10*

3.3 Goreli Kat Oteleme

Cizelge 10 ve Cizelge 11 incelendiginde hem X hem de Y dogrultusunda duvarsiz modellerde
(M1 ve M3) goreli kat Gteleme oranlarmin kat seviyesinin artmasiyla belirgin sekilde
yukseldigi goriilmektedir. Buna karsilik, dolgu duvarli modellerde (M2 ve M4) tiim katlarda
goreli 6teleme oranlar oldukea diisiik seviyelerde kalmis ve yonetmelik sinirlarinin ¢ok altinda
gerceklesmistir. Ozellikle yiiksek zemin katli modellerde dahi, dolgu duvarlarin sagladig: ilave
rijitlik sayesinde goreli kat 6telemelerinin yaklasik %98 oraninda azaldig: tespit edilmistir.
Ayrica, Y yoniinde elde edilen degerlerin X yoniine kiyasla daha biiylik oldugu, ancak bu farkin
dolgu duvarl sistemlerde 6nemli dl¢ilide sinirlandig1 gézlemlenmistir.

Cizelge 10. X-Yo6nii Goreli Kat Oteleme Oranlar.

Kat M1-D1 | M1-D2 | M2-D1 | M2-D2 | M3-D1 | M3-D2 | M4-D1 | M4-D2
4 0.00070 | 0.00053 | 2.0x10°¢ | 1.0x10°¢ | 0.00030 | 0.00050 | 0.0 0.0
3 0.00120 | 0.00100 | 2.7x107¢ | 1.3x107°¢ | 0.00053 | 0.00093 | 3.3x10 | 0.0

113




2 0.00137 | 0.00127 | 3.0x10° | 1.7x10° | 0.00080 | 0.00133 | 0.0 6.6x10°¢
1 (Zemin) | 0.00090 | 0.00083 | 3.0x10° | 1.7x107° | 0.00088 | 0.00150 | 2.0x10~° | 1.6x10°*
Cizelge 11. Y-Yo6nii Goreli Kat Oteleme Oranlari.

Kat M1-D1 | M1-D2 | M2-D1 | M2-D2 | M3-D1 | M3-D2 | M4-D1 | M4-D2
4 0.00093 | 0.00053 | 2.0x10° | 1.7x10° | 0.00063 | 0.00043 | 0.0 3.3x10°*

3 0.00180 | 0.00080 | 2.0x10° | 2.3x10° | 0.00123 | 0.00087 | 3.3x107 | 0.0
2 0.00243 | 0.00113 | 2.7x10° | 2.7x10° | 0.00187 | 0.00127 | 0.0 3.3x10°°
1 (Zemin) | 0.00167 | 0.00090 | 2.7x10°¢ | 2.7x10°¢ | 0.00230 | 0.00146 | 2.0x10 | 1.8x10°

3.4. Taban Kesme Kuvvetleri

Taban kesme kuvveti sonuglari incelendiginde, duvarsiz modellerde (Model 1 ve Model 3) hem
X hem de Y dogrultularinda daha yiiksek kuvvetlerin olustugu goriilmektedir. Buna karsilik,
dolgu duvarli modellerde (Model 2 ve Model 4) taban kesme kuvvetleri her iki deprem
senaryosunda da belirgin sekilde azalmistir. Bu durum, dolgu duvarlarin yapi rijitligini

artirarak deprem etkilerinin yapiya daha etkin dagilmasini sagladigin1 gostermektedir. Ayrica,

Y dogrultusundaki taban kesme kuvvetlerinin X dogrultusuna kiyasla genel olarak daha biiyiik

oldugu, ancak bu farkin dolgu duvarli modellerde 6nemli 6lciide azaldig: tespit edilmistir.

Cizelge 12. Taban Kesme Kuvvetleri.

ggﬁ;ﬁgsu Model | X Yont (kN) | Y Yona (kN)
D1 Model 1 | 1991.574 3718.899
D2 Model 1 | 1720.809 1761.071
D1 Model 2 | 165.882 145.279

D2 Model 2 | 98.489 116.722

D1 Model 3 | 1024.713 2489.878

D2 Model 3 | 1396.715 1168.812

D1 Model 4 | 954,145 860.217

D2 Model 4 | 754.409 707.866
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4.GENEL DEGERLENDIRME VE SONUCLAR

Bu calismada, zemin kat yiiksekligi ve dolgu duvarlarin betonarme yapilarin deprem davranisi
iizerindeki etkileri incelenmistir. Analiz sonuglari, zemin kat yiiksekliginin artmasinin duvarsiz
modellerde yapiy1 esneklestirdigini ve mod periyotlarint yaklasik %36 oraninda artirdigini
gostermistir. Buna karsilik, dolgu duvarli modellerde zemin kat yiiksekligi 5 m olmasina
ragmen yapi rijitliginin korundugu belirlenmistir. Yer degistirme ve goreli kat Gteleme
sonuglari, dolgu duvarlarin yapiya sagladig ilave rijitlik sayesinde deplasmanlarin duvarsiz
modellere kiyasla yaklasik %98 oraninda azaldigini ortaya koymustur. Ayrica, taban kesme
kuvvetlerinin dolgu duvarli modellerde belirgin sekilde diistiigii ve deprem etkilerinin daha
dengeli dagildigi gozlemlenmistir. Sonug olarak, dolgu duvarlarin yapi1 modellerine dahil
edilmesi, deprem performansinin dogru degerlendirilmesi agisindan kritik oneme sahiptir.
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OZET

Betonarme binalarin tasariminda dolgu duvarlar genellikle tasiyict olmayan mimari elemanlar
olarak kabul edilmekte ve yapisal analiz modellerine dahil edilmemektedir. Ancak bu
elemanlar, deprem yiikleri altinda yapinin rijitlik ve dinamik karakteristigini 6nemli 6l¢iide
degistirmektedir. Bu c¢aligma kapsaminda, dolgu duvarlarin betonarme gerceve sistemlerin
dogrusal dinamik davranig1 lizerindeki etkileri, 4 ve 8 katli modeller iizerinden sap2000
yazilimi kullanilarak zaman tanim alaninda analiz yontemiyle incelenmistir. Dolgu duvarlar,
literatiirde yaygin olarak kullanilan "esdeger basing cubugu" yontemiyle modellenmis ve elde
edilen veriler duvarsiz (¢iplak cerceve) modellerle karsilastirilmistir. Calisma kapsaminda
dolgu duvarlarin; mod periyotlari, yatay yer degistirmeleri, kat Gtelemeleri ve taban kesme
kuvvetleri lizerindeki etkileri degerlendirilmistir.

Yapilan analizler sonucunda, dolgu duvarlarin sisteme rijitlik unsuru olarak dahil edilmesinin
mod periyotlarin1 %84 ile %88 oraninda diisiirdligli saptanmistir. Bina yiiksekligi arttikca
dolgu duvarlarin yapmin dinamik karakteristigi tizerindeki baskin etkisinin daha belirgin hale
geldigi gozlemlenmistir. Bu rijitlik artisina bagl olarak, yatay yer degistirmelerin ve kat
Otelemelerinin duvarsiz modellere oranla %90 mertebesinde kisitlandig1 goriilmiistiir. Ote
yandan, periyotlardaki azalmanin taban kesme kuvvetlerinde belirgin bir artisa neden oldugu
tespit edilmistir. Elde edilen bulgular, dolgu duvarlarin yapisal analizlerde ihmal edilmesinin
binanin gercek deprem davraniginin hatali tahmin edilmesine yol agabilecegini ve bu
elemanlarin tasarim asamasinda dikkate alinmasinin gerekliligini ortaya koymaktadir.

Anahtar kelimeler: dolgu duvar, esdeger basing ¢ubugu, zaman tanim alani analizi, deprem,
betonarme yapilar.
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ABSTRACT

In the design of reinforced concrete buildings, infill walls are generally considered as non-
structural architectural elements and are excluded from structural analysis models. However,
these elements significantly alter the stiffness and dynamic characteristics of the structure
under earthquake loads. Within the scope of this study, the effects of infill walls on the linear
dynamic behavior of reinforced concrete frame systems were investigated using 4 and 8-story
models via Time History Analysis in SAP2000 software. Infill walls were modeled using the
“Equivalent Compression Strut” method, which is widely used in the literature, and results
were compared with bare frame models. The effects of infill walls on modal periods,
displacements, story drifts, and base shear forces were evaluated.

As a result of the analysis, it was determined that the inclusion of infill walls as stiffness
elements reduced the modal periods by 84% to 88%. It was observed that as the building height
increased, the dominant effect of infill walls on the dynamic characteristics of the structure
became more significant. Due to this increase in stiffness, it was found that horizontal
displacements and story drifts were restricted by approximately 90% compared to bare frame
models. On the other hand, it was determined that the decrease in periods caused a significant
increase in base shear forces.

The findings reveal that neglecting infill walls in structural analysis can lead to an incorrect
estimate of the actual earthquake behavior of the building and demonstrate the necessity of
considering these elements as stiffness components during the design stage.

Keywords: Infill walls, Equivalent compression strut, Time history analysis, Earthquake,
Reinforced concrete structures.
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1.GIRIS

Betonarme binalarin tasarim ve analiz siireglerinde dolgu duvarlar, genellikle sadece mimari
edilmektedir [1]. Ancak, ozellikle deprem yiikleri altindaki yapi davranisini inceleyen
caligmalar, bu duvarlarin binanin dinamik karakteristigini, dogal titresim periyodunun ve enerji
sonimleme kapasitesini 6nemli Olgiide degistirdigini ortaya koymaktadir [2]. Geleneksel
cerceve sistemler, dolgu duvarlarin etkisiyle diyagonal bir basing ¢ubugu mekanizmasi
olusturarak bir kafes sistem gibi davranmaya baslar [3]. Bu durum, yapinin baslangig rijitligini
artirirken, deprem aninda maruz kalinan taban kesme kuvvetlerinin de yiikselmesine neden
olmaktadir [4]. Literatiirde dolgu duvarlarin etkisi lizerine yapilan aragtirmalar, bu elemanlarin
yapisal performanst hem olumlu hem de olumsuz yonde etkileyebilecegini gostermektedir.
Dolgu duvarlar, bir yandan kat 6telemelerini sinirlandirarak yapisal hasar1 azaltabilirken, diger
yandan zemin katta siireksiz birakilmalar1 durumunda "yumusak kat" diizensizligine yol agarak
ani gdeme riskini artirabilmektedir [5,6]. Ozellikle 'aquila ve kocaeli gibi yikici depremlerden
elde edilen saha gozlemleri, dolgu duvarlarin rijitlik katkisinin dogru tahmin edilmemesinin
yapmin deprem performansinin hatali degerlendirilmesine yol a¢tigmmi kanitlamistir [7,8].
Dolgu duvarlarin yapisal modellerde temsil edilmesi i¢in en yaygin kabul gdren yaklasim,
literatiirde “esdeger basing gubugu" (equivalent strut) olarak bilinen makro modelleme
yontemidir [9]. Bu yontemde, duvarin ¢ergeve igindeki rijittik katkisi, sadece basing yiikii
tastyabilen diyagonal bir ¢ubuk ile simiile edilmektedir. Yapilan ¢aligmalar, bu modelleme
yaklagiminin deneysel sonuglarla yiiksek korelasyon gosterdigini ve yapi periyotlarinin
tahmininde giivenilir sonuglar verdigini saptamistir [10].

Bu calisma kapsaminda, farkli bina yiiksekliklerine sahip (4 ve 8 katl1) betonarme binalarda
dolgu duvarlarin yapisal davranis tizerindeki etkisi sap2000 yazilimi kullanilarak zaman tanim
alaninda analiz (time history analysis) yontemiyle incelenmis. Calismada, bina yiiksekligindeki
artisin ve dolgu duvar varliginin; mod periyotlari, maksimum yer degistirmeler ve taban kesme
kuvvetleri tizerindeki etkileri karsilastirmali olarak degerlendirilmis, dolgu duvarlarin tasarim
asamasinda rijitlik unsuru olarak dikkate alinmasinin gerekliligi vurgulanmugtir.

2. SAYISAL CALISMA
2.1 Yontem

katkisini temsil etmek amaciyla makro modelleme yaklasimi benimsenmistir. Bu kapsamda,
dolgu duvarlar literatiirde ve tasarim kilavuzlarinda yaygin olarak kabul goren "esdeger basing
cubugu" yontemi ile simiile edilmistir.
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Gorsel 1. dolgu duvarli betonarme gergeveler igin (a) tam dolgu duvar modeli ve (b) esdeger basing
¢ubugu (strut) modeli.

2.1. Esdeger Basing Cubugu Y 6ntemi

Calismada dolgu duvarlarin etkisi, FEMA-356 [11] standartlar1 dogrultusunda, yalnizca
eksenel basing kuvveti tasiyabilen ve her iki ucu mafsalli diyagonal elemanlar olarak modele
malzeme Ozelliklerine ve duvarin geometrisine bagli olarak denklem 1 ve denklem 2 ile
hesaplanmustir.

a =0.175 (}\h X hcol)_OA X Tinf (1)
Ya
_ EmXtinfxsin2 0
)\h - [4 X EfcX Ico1X h_inf] (2)

Burada:

o = Esdeger cubugun genisligi,

heol = Kiris eksenleri arasinda kalan Kolon yiiksekligi,
An = DUzlem igi rijitlik parametresi,

linf = Dolgu duvarin ¢apraz uzunlugu,

Em= Dolgu duvarinin elastisite modiilii,

tinf = Dolgu duvar1 kalinlig1,

0 = Dolgu duvarin egikligi (¢apraz ag1),

Ef. = Betonarme gergevenin elastisite modul,

lcol = Kolon Kesitinin atalet momenti,
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hinf = Dolgu duvarinin yiiksekligi.

2.2 Model Tipleri ve Calismanin Kisitlari

Bu ¢alismada, dolgu duvarlarin bina yiiksekligi ile etkilesimini ve dinamik davranig tizerindeki
etkilerini belirlemek amaciyla iki farkli ana yap1 grubu (4 katli ve 8 katli) ele alinmistir. Her
iki bina grubu i¢in de tasiyici sistem kesitleri, malzeme 6zellikleri ve yiikleme kosullari sabit
tutulmus, boylece elde edilen sonuglarin dogrudan bina yiiksekligi ve dolgu duvar varligina
bagli olarak karsilagtirilmasi hedeflenmistir. Projede kullanilan malzemeler ve yapiya ait genel
bilgiler cizelge 1°de verilmistir.

Cizelge 1. Projede kullanilan malzemeler ve yapiya ait genel bilgiler.

Konum Sakarya

Binanin Kullanim Amac1 Konut + Isyeri
Kat Yiikseklikleri 3.0m

Yap1 Plan Boyutlar X:25m,Y:25m
Beton Sinifi C25 (fck =25 MPa)
Donat1 Sinifi B420C

Kolon Kesiti 50 x 50 cm

Kiris Kesiti 30 x 60 cm
Doéseme Kalinligt 12 cm

Dolgu Duvar Kalinligi 19 cm

Beton Birim Hacim Agirlig 25 kN/m?

Dolu Tugla Duvar Birim Hacim Agirligt 19 kN/m?
Doéseme Kaplama Yiikii 2.04 kN/m?
Hareketli Yiik — Normal Katlar 2.0 kN/m?
Hareketli Yik — Cat1 Kat1 1.5 kN/m?
Duvarsiz Yapi igin Kiris Yiikii: 12.93kN/m

kalinliklart tinf = 19 cm olan tugla duvarlarin tiim agiklarda herhangi bir bosluk icermedigi
kabul edilerek g6z online alinmistir. Dolgu duvar elastisite modulii 1000 MPa olarak kabul
edilmistir. Esdeger sanal basing ¢ubuklarina ait parametreler ¢izelge 2’de verilmistir.
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Cizelge 2. Esdeger basing ¢cubuklarina ait parametreler.

Kat h L Duvar
Yukseklikleri | (kolon) | (inf) | h(inf) | r(inf) Theta Dolgu Duvar | Kalinlgi
(mm) (mm) | (mm) | (mm) (mm) (Degree) A (mm) (Mm)
3000 3000 | 4500 | 2400 5100 | 28.07249 | 0.0005695 | 720.3808325 190

Calismada kullanilan 4 ve 8 katli yapilarin modelleri gorsel 2 ve 3’te sunulmustur. Tiim kat
yiikseklikleri sabit 3 m olarak modellenmistir. Yapilar, "duvarsiz (¢iplak) ¢ergeve" ve FEMA-
356’ya uygun esdeger basing ¢ubuklu “tam dolgulu gergeve" senaryolari tizerinden analiz
edilmistir.

3d

»
IJJ“‘ ""af.:‘
FER IS ) A1
(XY '
AN

=
"

Model 1 Model 2

Gorsel 2. 8 Katli modeller (model 1. Duvarsiz, model 2. Tam Dolgulu).

Model 3 Model 4

Gorsel 3. 4 Katli modeller (Model 3. Duvarsiz, Model 4. Tam Dolgulu).

Binanin yer aldig1 bolgeyi ait deprem tehlike bilgileri, AFAD (afet ve acil durum yonetimi
bagkanligl) [12] tarafindan sunulan Tirkiye deprem tehlike haritasi interaktif web sitesi
iizerinden elde edilmistir. Bu uygulamalar araciligiyla, yapinin konumu segilerek yerel zemin
sinift ve hedeflenen deprem yer hareketi diizeyi belirlenmistir. Elde edilen veriler
dogrultusunda, ilgili bolge icin standart tasarim deprem yer hareketine ait temel spektral ivme
katsayilar1 asagidaki gizelge 3’te belirlenmistir.
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Cizelge 3. Deprem Tehlike Parametreleri (DD-2 Duzeyi).

Parametre Deger Aciklama

Yerel Zemin Sinifi ZC Orta sert zemin

SS 1.65 Kisa periyot (0.2s) harita spektral ivme katsayisi

s1 0.452 1.0 saniye periyot icgin harita spektral ivme
katsayis1

F1 15 1.0 saniye periyot i¢in zemin faktorl

SDS 1.98 Kisa periyot tasarim spektral ivme katsayisi

SD1 0.678 1.0 saniye tasarim spektral ivme katsayisi

PGA 0.671g Yer ivme degeri

PGV 56.026 cm/s Yer hiz degeri

2.3. Deprem Kayitlarinin Secilmesi ve Olgeklendirilmesi

Bu calismada kullanilan yer hareketi kayitlari, dncelikle AFAD [12] tarafindan spektrumu
ivme verileri temel alinarak degerlendirmistir. Yap1 i¢in belirtilen tasarim spektrumu ile
uyumlu hale getirilmesi amaciyla, elde edilen kayitlar1 1.3 katsayr ile carpilarak
olgeklendirilmis ve uygun hale getirilmistir (Gorsel 4).

Olgeklendirme islemi sonrasinda veriler, PEER (Pacific Earthquake Engineering Research)
[13] veri tabani formatina doniistiirilmiis ve bu platform yiiklenmistir. Se¢ilen deprem
kayitlari, yapilarin modal periyotlari ile Tiirkiye bina deprem yonetmenligi (TBDY, 2018) [14]
esas alinarak belirlenin 6l¢eklendirme periyotlari olan 0.2 T ve 1.5 T araliklar1 dikkate alinarak
degerlendirilmistir (Cizelge 4).
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—Sae(g) =——1.3*Sae(g)
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Gorsel 4. Orijinal ve dlgeklendirilmis spektral ivme (Sae) grafik karsilagtirmasi.

Cizelge 4. Modellerin Periyot Degerleri.

Model | Mod Periyot (T) | 0.2T | 1.5T

Model 1 | 1.528 0.306 | 2.292
Model 2 | 0.178 0.036 | 0.267
Model 3 | 0.701 0.140 | 1.052
Model 4 | 0.113 0.023 | 0.170

Bu periyotlar, minimum mean Square Error (MSE) yontemi ile dl¢eklendirilmis deprem
kayitlarinin  segilmesinde kullanilmistir. Secilen kayitlar, biyiiklik araligi 6.0-8.0, fay
uzakliklart ve zemin kosullari sinirlamalari g6z oniinde bulundurularak PEER [13] veri
tabanindan temin edilmistir. Olceklendirme islemi %35 séniim oran1 ve SRSS bileseni esas
alinarak gerceklestirilmistir. Bu ¢alismada tiim yap1 modelleri i¢in ayni iki adet deprem kaydi
secilmistir. Ancak, her bir yapt modelinin dinamik karakteristikleri farklilik gosterdiginden
dolay1, 6lgekleme iglemi model 6zelinde gergeklestirilmistir. Bu farkliligin temel nedeni, her
yap1 modelinin kendi dogal titresim periyotlarina (6zellikle 0.2T ve 1.5T periyot araliklarina)
sahip olmas1 ve bu periyotlara uygun olarak secilen kayitlarin tasarim spektrumuna en iyi
uyumu saglamasi gereklidir. Se¢ilen depremler gizelge 5’te, her bir yap1 modeli i¢in uygulanan
olcekleme katsayilari ise Gizelge 6’de Verilmistir.
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Cizelge 5. Segilen depremler.

No | Deprem Adi | Tarih | Mw | istasyon | RSN Kodu

1 Imperial 1979 | 6.53 | Cerro RSN164
Valley-06 Prieto

2 | Duzce_ 1999 | 7.14 | IRIGM | RSN8164
Turkey 487

Cizelge 6. her bir yap1 modeli igin uygulanan deprem kayitlarina ait 6lgekleme katsayilart.

Deprem Model 1 Model 2 Model 3 Model 4
No

RSN164 3.0089 5.0785 3.23 5.8305

RSN8164 | 2.6201 3.2359 2.2514 3.7291

3. ANALIiZ SONUCLARI VE KARSILASTIRMA
3.1 Mod Periyodu Degerlendirilmesi

Dolgu duvarlarin esdeger basing ¢ubugu olarak modele dahil edilmesinin mod periyotlar
uzerindeki etkisi gizelge 7 ve gorsel 5’te gosterilmektedir. Sonuglar, dolgu duvarlarin sisteme
katilmasiyla dogal titresim periyotlarin 8 katli yapida %88.3, 4 katli yapida ise %83.8 oraninda
azaldigini ortaya koymaktadir. Bu durum, ¢iplak ¢erceve kabullerinin yapisal ve rijitligi 6nemli
oOl¢iide eksik tahmin ettigini gostermektedir.

Cizelge 7. Mod periyodu sonuglari.

Analiz Modeli Mod Periyodu (T, s)
Model 1 1.528
Model 2 0.178
Model 3 0.701
Model 4 0.113
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Mod Periyolu (,)

1.528 s

M Tamamen Duwarh

Tamamen Duwarw

Model 1

Gorsel 5.

3.2 Yer Degistirmeler

Analiz sonuglari, her iki deprem senaryosunda da en biiyiik yer degistirmelerin {istii katlarda
meydana geldigini gostermektedir. Dolgu duvar etkisini igeren modellerde (m2 ve m4), yer
degistirmelerin ¢iplak cerceve modellere (m1 ve m2), kiyasla belirgin bigimde azaldig:
gorulmektedir. D2 deprem senaryosu genel olarak D1’e gore daha yiiksek yer degistirme
talepleri olusturmustur. Ozellikle 8 katl modellerde bu fark daha belirgin olup, yap: yiiksekligi
8 ve 4 kath
modellere ait her iki deprem senaryosundaki X yoni yer degistirmeleri ¢izelge 8’de Y yoni
yer degistirmeleri ise ¢izelge 9°de sunulmustur buna karsilik X ve Y yonlerindeki kat yer

0.701 s
0.178 s
Model 2 Model 3
MODELLER

Mod Periyodu Karsilastirmasi.

0.113 s

Model 4

degistirmelerinin kargilagtirmalari sirasiyla gorsel 8 ve gorsel 9°de gosterilmektedir.

Cizelge 8. X yonii yer degistirmeleri (m).

Kat | M1-D1 | M1-D2 | M2-D1 | M2-D2 | M3-D1 | M3-D2 | M4-D1 | M4-D2
8 0.0232 | 0.0247 | 0.0018 | 0.0018 |- - — -

7 0.0215 | 0.0233 | 0.0015 | 0.0016 | — — - -

6 0.0187 | 0.0205 | 0.0012 | 0.0014 | — — - -

5 —0.0158 | —0.0183 | 0.0010 | —0.0011 | — - - -

4 0.0139 | —0.0156 | 0.0007 | 0.0008 | —0.0125 | 0.0109 | -3.2E-5 | -1.7E-5
3 0.0113 | —0.0117 | 0.0005 | 0.0006 | —0.0104 | 0.0093 | —2.6E—5 | 1.4E-5
2 0.0074 | —0.0074 | 0.0003 | 0.0004 | —0.0068 | 0.0063 | —1.8E—5 | 0.9E—5
1 0.0029 | —0.0031 | 0.0001 | 0.0002 | —0.0027 | 0.0025 | —0.9E-5 | 0.5E—5
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Cizelge 9. Y Yoni Yer Degistirmeleri (m).

Kat | M1-D1 | M1-D2 | M2-D1 | M2-D2 | M3-D1 | M3-D2 | M4-D1 | M4-D2
8 0.0279 | —0.0291 | 0.0025 | —0.0028 | — - - -

7 0.0266 | —0.0271 | 0.0023 | —0.0025 | — - - -

6 0.0242 | —0.0237 | 0.0020 | —0.0022 | — - - —

5 0.0212 | —0.0192 | 0.0017 | —0.0018 | — - - -

4 0.0180 | 0.0150 | 0.0013 | —0.0015 | 0.0205 | —0.0101 | —2.7E-5 | —2.8E-5
3 0.0138 | —0.0117 | 0.0010 | —0.0011 | 0.0177 | —0.0085 | —2.2E—-5 | —2.2E-5
2 0.0087 | —0.0075 | 0.0006 | —0.0007 | 0.0123 | —0.0061 | —1.5E-5 | —1.5E-5
1 0.0033 | —0.0030 | 0.0003 | —0.0003 | 0.0050 | —0.0027 | —0.7E-5 | —0.7E-5

3.3 Goreli Kat Oteleme

Analizler, her iki deprem senaryosunda da en buylk goreli kat 6telemelerinin Ustl katlarda
meydana geldigini gostermektedir. Dolgu duvar etkisini iceren modellerde (m2 ve m 4),
otelemeler ¢iplak cergeve modellere (m1 ve m 3), kiyasla belirgin bigcimde azalmaktadir. Tiim
modeller igin goreli kat 6teleme oranlari, TBDY 2018°de [14] belirtilen sinir deger 0.008’in

oldukca altinda kalmistir.

Cizelge 10. X-Y6nii Goreli Kat Oteleme Oranlari

Kat | M1-D1 | M1-D2 | M2-D1 | M2-D2 | M3-D1 | M3-D2 | M4-D1 | M4-D2
8 0.00057 | 0.00047 | 0.00010 | 0.00007 | — - - -
7 0.00093 | 0.00093 | 0.00010 | 0.00007 | — - - -
6 0.00097 | 0.00073 | 0.00007 | 0.00010 | — - - -
5 0.00063 | 0.00090 | 0.00010 | 0.00063 | — — — —
4 0.00087 | 0.00130 | 0.00007 | 0.00007 | 0.00070 | 0.00053 | 0.00000 | 0.00002
3 0.00130 | 0.00130 | 0.00143 | 0.00007 | 0.00007 | 0.00120 | 0.00100 | 0.00000
2 0.00150 | 0.00143 | 0.00007 | 0.00007 | 0.00137 | 0.00127 | 0.00000 | 0.00001
1 0.00097 | 0.00103 | 0.00003 | 0.00007 | 0.00090 | 0.00083 | 0.00000 | 0.00002
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Cizelge 11. Y-Y6nii Géreli Kat Oteleme Oranlari

Kat | M1-D1 | M1-D2 | M2-D1 | M2-D2 | M3-D1 | M3-D2 | M4-D1 | M4-D2

8 0.00043 | 0.00067 | 0.00007 | 0.00010 | — - - -

7 0.00080 | 0.00113 | 0.00010 | 0.00100 | — - - -

6 0.00100 | 0.00150 | 0.00010 | 0.00013 | — - - -

5 0.00107 | 0.00140 | 0.00013 | 0.00010 | — - - -

4 0.00140 | 0.00110 | 0.00010 | 0.00013 | 0.00093 | 0.00053 | 0.00000 | 0.00002

3 0.00170 | 0.00140 | 0.00013 | 0.00013 | 0.00180 | 0.00080 | 0.00000 | 0.00002

2 0.00180 | 0.00150 | 0.00010 | 0.00013 | 0.00243 | 0.00113 | 0.00000 | 0.00003

1 0.00110 | 0.00100 | 0.00010 | 0.00010 | 0.00167 | 0.00090 | 0.00000 | 0.00002

3.4. Taban Kesme Kuvvetleri

Taban kesme kuvveti sonuglarina gére dolgu duvarlarin modeli dahil edilmesi yapi rijitligini
belirgin bi¢cimde etkilemekte ve buna bagli olarak taban kesme kuvvetleri duvarsiz modellere
kiyasla anlamli1 diizeyde farklilik gostermektedir. 8 katli yapilarda artan rijitlik nedeniyle taban
kesme kuvvetlerinde artis gézlenirken, 4 katl yapilarda yapinin kisa periyot bolgesine gecmesi
sonucunda taban kesme kuvvetlerinde azalma meydana gelmistir.

Cizelge 12. Taban Kesme Kuvvetleri

Deprem Senaryosu | Model X Yoni (kN) Y Yoni (kN)
D1 Model 1 1700.85 2365.92

D2 Model 1 2360.51 1800.442
D1 Model 2 5479.57 6378.515
D2 Model 2 6356.31 7443.799
D1 Model 3 1991.57 3718.899
D2 Model 3 1720.81 1761.071
D1 Model 4 165.88 145.279

D2 Model 4 98.49 116.722
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Gorsel 6. Taban Kesme Kuvvetleri.

4. GENEL DEGERLENDIRME VE SONUCLAR

Bu calismada, betonarme ¢ergeve yapilarda dolgu duvarlarin esdeger basing gubugu modeli ile
analize dahil edilmesinin yap1 davranis1 lizerindeki etkileri incelenmistir. 4 ve 8 katli yap1
modelleri, dolgu duvarli ve dolgu duvarsiz olarak olusturulmus ve iki farkli deprem senaryosu
altinda degerlendirilmis.

Elde edilen sonuglar, dolgu duvarlarin yapinin yatay rijitligini 6nemli olgiide artirdigini
go6stermektedir. Dolgu duvarlarin modeli dahil edilmesiyle dogal titresim periyotlari, 8 katl
yapida yaklasik %88 4 katli yapida ise yaklasik %84 oraninda azalmistir. Bu bulgu, ¢iplak
cerceve kabullerinin yapi rijitligini oldugundan diisiik tahmin ettigini ortaya koymaktadir.

Yer degistirme ve goreli kat 6teleme sonuglari incelendiginde, dolgu duvarli modellerde bu
degerlerin ¢iplak gergeve modelleri kiyasla biiyiik dlgiide azaldig1 goriilmiistiir. Ozellikle iist
katlarda yer degistirmelerin belirgin sekilde azaldigi ve goreli kat 6teleme oranlarmin tim
modeller i¢in tbdy20108’de belirtilen sinir degerlerin oldukga altinda kaldig: belirlenmistir .

Ise yaklasik %84 oraninda azalmistir. Bu bulgu, ¢iplak cerceve kabullerinin yapi rijitligini
oldugundan diisiik tahmin ettigini ortaya koymaktadir.

Taban kesme kuvvetleri agisindan, dolgu duvarlarin etkisinin yap1 yiiksekligine bagli olarak
farklilagtigr goriilmiistiir. 8 kath yapilarda artan rijitlik nedeniyle taban kesme kuvvetlerinde
belirgin artiglar meydana gelirken 4 katli yapilarda yapinin daha kisa periyot bolgesine gecmesi
sonucunda taban kesme kuvvetlerinde azalma gozlenmistir. bu durum, dolgu duvarlarin
deprem kuvvetlerinin biiylikliiglinii ve dagilimini yap1 yiiksekligine bagli olarak degistirdigini
gostermektedir.

Sonug olarak, dolgu duvarlarin betonarme yapilarin deprem davranisi {lizerinde énemli bir
etkiye sahip oldugu ve bu etkinin ihmal edilmesinin yap1 davranisinin gercekei bicimde temsil
edilmesini zorlastirdi goriilmiistiir. Bu nedenle, deprem analizlerinde dolgu duvar etkisinin
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uygun modelleme yaklagimlariyla dikkati alinmasi, yap1 giivenliginin dogru sekilde
degerlendirilmesi agisindan biiyiik 6nem tagimaktadir.
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ABSTRACT

This study investigates the effects of removing ground-storey infill walls on the dynamic
response and structural irregularities of reinforced concrete buildings with mezzanine floors by
explicitly considering infill wall stiffness contribution and frame-wall interaction. A four-
storey reinforced concrete building with a mezzanine floor at the ground storey is selected as
the reference structure, based on the seismic hazard parameters defined for the Avcilar district
of Istanbul. Two different structural models are developed within the scope of the study. In the
first model, masonry infill walls are included at all storeys and modeled as interacting elements
with the reinforced concrete frame using the equivalent diagonal strut approach. In the second
model, infill walls are removed at the ground storey while remaining present in the upper
storeys. The seismic behavior of both models is evaluated using nonlinear time-history analyses
with a selected real earthquake ground motion record. Comparisons are limited to global and
irregularity-based response parameters. Natural vibration periods, maximum base shear forces,
interstorey drift ratios, roof displacements, as well as soft-storey and torsional irregularity
indices are examined. The results indicate that removing ground-storey infill walls leads to a
significant reduction in the lateral stiffness, resulting in elongated natural periods and increased
displacement demands. In particular, interstorey drift and torsional irregularity indices increase
markedly in the bare-frame model, exceeding the limit values specified in the Turkish Building
Earthquake Code (TBEC-2018). Overall, the findings demonstrate that infill walls play a
crucial role in governing the global dynamic behavior and irregularity formation of reinforced
concrete buildings with mezzanine floors. Therefore, infill walls should be considered as
essential structural components rather than merely architectural elements in both seismic
assessment and design practices.

Keywords: Mezzanine floor, Infill walls, Frame-wall interaction, Nonlinear time-history
analysis, Turkish Building Earthquake Code (TBEC — 2018)
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OZET

Bu ¢alismada, zemin katinda asma kat bulunan betonarme binalarda dolgu duvarlarin rijitlik
katkis1 ve c¢erceve-duvar etkilesimi dikkate alinarak, zemin katta dolgu duvarlarin
kaldirilmasmin yapimin dinamik tepkileri ve yapisal diizensizlikleri iizerindeki etkileri
incelenmistir. Bu amagla, Istanbul-Avcilar bolgesi igin tanimlanan deprem tehlike
parametreleri esas alinarak dort katli, zemin kat1 asma katli bir betonarme yapt modeli ele
almmistir. Calisma kapsaminda iki farkli yapt modeli olusturulmustur. Birinci modelde dolgu
duvarlar tiim katlarda esdeger basing gubugu yaklagimi ile ¢erceve sistemle etkilesimli olarak
modellenmistir. Ikinci modelde ise zemin katta dolgu duvarlar kaldirilmas, iist katlarda dolgu
duvarlarin varligi korunmustur. Yapilarin sismik davranisi, secilen ger¢ek deprem ivme kaydi
kullanilarak dogrusal olmayan zaman tanmim alani1 analizleri ile degerlendirilmistir.
Karsilagtirmalar yalnizca global ve diizensizlik temelli biiytikliikler izerinden yapilmistir. Bu
kapsamda dogal titresim periyotlari, maksimum taban kesme kuvvetleri, goreli kat
otelenmeleri, tepe deplasmanlari ile yumusak kat ve burulma diizensizligi gostergeleri
incelenmistir. Elde edilen sonuglar, zemin katta dolgu duvarlarin kaldirilmasinin yapinin yanal
rijitligini azalttigini, dogal titresim periyotlarini uzattigini ve 6zellikle goreli kat Stelenmeleri
ile burulma diizensizligi taleplerini belirgin bigimde artirdigini gostermistir. Ayrica, dolgu
duvarsiz modelde TBDY 2018’de tanimlanan diizensizlik sinir degerlerinin asildig1 tespit
edilmistir. Sonug olarak, dolgu duvarlarin yalnizca mimari elemanlar olarak degil, asma katl
betonarme binalarda global dinamik davranigi ve diizensizlik olusumunu belirleyen nemli
yapisal bilesenler olarak degerlendirilmesi gerektigi ortaya konulmustur.

Anahtar Kelimeler: Asma kat, Dolgu duvar, Cerceve-duvar etkilesimi, Zaman tanim alani
analizi, TBDY 2018
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1. INTRODUCTION
1.1. Problem Definition

A significant portion of multi-storey reinforced concrete buildings in Turkey are constructed
as mixed-use structures, where the ground storey is utilized for commercial purposes. In such
buildings, mezzanine floors are frequently introduced at the ground storey level to increase
usable space, and masonry infill walls at this level are often partially or completely removed
due to architectural and functional requirements. While infill walls are generally preserved in
the upper storeys, their removal at the ground storey leads to a pronounced alteration in the
vertical distribution of stiffness, creating critical conditions for the development of seismic
irregularities.

Although infill walls are traditionally regarded as non-structural elements in conventional
design approaches, they interact with reinforced concrete frames under seismic loading and
significantly influence lateral stiffness, internal force distribution, and dynamic characteristics
of buildings. In particular, when infill walls are modeled using the equivalent diagonal strut
approach, they provide substantial stiffness contribution to the frame system. An irregular
distribution of this contribution along the building height may trigger soft-storey and torsional
irregularities. In buildings with mezzanine floors, these effects become more pronounced at the
ground storey level.

Field observations from past earthquakes indicate that reinforced concrete buildings containing
mezzanine floors and having infill walls removed at the ground storey may exhibit more
unfavorable seismic behavior than expected. The significant reduction in ground-storey
stiffness compared to the upper storeys causes concentration of inter-storey drifts at this level,
increasing the damage potential of structural members. Despite this, studies that systematically
investigate the removal of ground-storey infill walls in mezzanine-integrated reinforced
concrete buildings—considering frame—wall interaction and stiffness contribution—remain
limited in the literature.

In this context, investigating the effects of the presence or absence of ground-storey infill walls
on the dynamic responses and structural irregularities of reinforced concrete buildings with
mezzanine floors, while explicitly accounting for stiffness contribution and frame—wall
interaction, constitutes an important engineering problem for both assessment of existing
building stock and improvement of future design approaches.

1.2. Related Studies in The Literature

The seismic behavior of reinforced concrete buildings with mezzanine floors in mixed-use
configurations has been examined by numerous researchers particularly in the context of infill
wall stiffness contribution and frame—wall interaction. (Ulutas, 2024) reported that certain
assumptions permitted by TBEC-2018 may allow the formation of soft and weak storey in
mezzanine-integrated buildings, and that discontinuities in infill walls significantly amplify
these irregularities. (Isik et al., 2023) emphasized that mezzanine floors and band windows
induce short-column mechanisms which under infill wall—frame interaction, increase inter-
storey drifts and shear demands. (Demirbas & Sahin, 2018) demonstrated that beam
discontinuities associated with mezzanine arrangements intensify torsional demands and cause
non-uniform stiffness distribution due to infill wall contributions. (S. Loganantham & Dr. M.
Shanmugasundaram, 2017) showed that the vertical position of mezzanine floors within a
storey significantly affects dynamic behavior, and that frame-wall interaction plays a dominant
role in modifying natural vibration periods. (ISIK et al., 2022) reported that slab discontinuities
and infill wall openings reduce frame stiffness and amplify seismic irregularity indicators. Field
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investigations by (Ko¢ & Tuhta, 2012) revealed that the removal of infill walls in commercial
ground storey of mezzanine-integrated buildings eliminates frame-wall interaction, leading to
severe structural damage during earthquakes. Studies focusing specifically on the structural
effects of infill walls further highlight their importance. (Uysal, 2013) demonstrated that
modeling infill walls using the equivalent diagonal strut approach enables more realistic
estimation of frame stiffness and natural vibration periods. (ATES, 2023) showed that
variations in ground-storey height significantly amplify soft-storey and torsional irregularities
through infill wall-frame interaction, particularly when infill wall discontinuities occur at the
ground storey. Similar conclusions were drawn by other researchers, emphasizing that
neglecting infill wall stiffness contribution leads to underestimation of seismic demands.

Overall, the literature clearly indicates that infill wall stiffness contribution and frame-wall
interaction play a decisive role in the dynamic behavior and irregularity formation of reinforced
concrete buildings with mezzanine floors. However, studies that comprehensively compare
natural vibration periods, base shear forces, inter-storey drifts, roof displacements, and soft-
storey and torsional irregularities—specifically focusing on ground-storey infill wall
discontinuity modeled via the strut approach—remain limited. The present study aims to
address this gap.

1.3. Objective and Scope of The Study

The primary objective of this study is to investigate the effects of removing ground-storey infill
walls on the dynamic responses and structural irregularities of reinforced concrete buildings
with mezzanine floors, while explicitly accounting for infill wall stiffness contribution and
frame—wall interaction. For this purpose, a four-storey reinforced concrete building with a
mezzanine floor at the ground storey is considered, based on the seismic hazard parameters
defined for the Istanbul-Avcilar region (ZD, DD2, SDS = 1.123, SD1 = 0.579).

Within the scope of the study, two different structural models are developed. In the first model,
infill walls are included at all storeys and modeled as interacting elements with the reinforced
concrete frame. In the second model, infill walls are removed at the ground storey, while
remaining present in the upper storeys. The structural effects of infill walls are represented
using the equivalent diagonal strut approach, allowing direct incorporation of stiffness
contribution and frame-wall interaction into the analysis.

The seismic behavior of the buildings is evaluated using nonlinear time-history analysis based
on selected real earthquake ground motion records. Comparisons are limited to global and
irregularity-based response parameters, namely natural vibration periods, maximum base shear
forces, inter-storey drift ratios, roof displacements, soft storey irregularity indices, and torsional
irregularity indices. Performance levels and damage-based assessments are intentionally
excluded. This approach enables a clear and consistent evaluation of the influence of the
ground- storey infill wall discontinuity on the global dynamic behavior and irregularity
characteristics of reinforced concrete buildings with mezzanine floors.

2. DESCRIPTION OF THE STRUCTURE AND MODELING APPROACH

In this study, a four-storey reinforced concrete building with a mezzanine floor located at the
ground storey is considered as the reference structural system. The building is assumed to be
located in the Avcilar district of Istanbul, and the seismic hazard parameters are defined in
accordance with this location. The design earthquake level is taken as DD2 with local site class
ZD, and the spectral acceleration coefficients are specified as SDS = 1.123 and SD1 = 0.579.
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The geographical coordinates of the building are defined as latitude 41.024692 and longitude
28.718924.

The structural system has a regular plan configuration with four bays in both the X and Y
directions. The Bay lengths are taken as 5 m in each direction, resulting in a square plan with
overall dimensions of 20 m x 20 m. The ground storey, including the mezzanine level, is
modeled with a total height of 5.0 m, where 2.5 m corresponds to the ground storey and 2.5 m
to the mezzanine floor. Above the ground storey, three typical storeys are considered, each
having a storey height of 3.0 m, leading to a total building height of 14 m.

The lateral load-resisting system consists of high-ductility reinforced concrete moment-
resisting frames. The behavior factor and overstrength factor are taken as R = 8 and D = 3,
respectively. The vertical load assumptions include an equivalent surface load of 0.4 kN/m?
representing the contribution of exterior and interior infill walls. The imposed live load is
assumed as 2.0 kN/m? for typical floors and 0.75 kN/m?2 for the roof level, while a uniform
dead load of 2.04 kN/m2 is assigned to account for floor finishes. All vertical loads are applied
as uniformly distributed loads to the structural elements.

The structural members are modeled using reinforced concrete frame elements. Column
sections are defined as 40 x 40 cm, beam sections as 30 x 50 cm, and floor slabs are modeled
as 15 cm thick solid slabs. The material properties correspond to C25 concrete and B420C
reinforcing steel. Longitudinal reinforcement is defined as 816 bars in columns in each
principal direction, while beams are reinforced with 2¢16 bars at the top and 3¢16 bars at the
bottom, while transverse reinforcement is modeled as ¢8 stirrups with a spacing of 10 cm for
all structural members.

The numerical models and the analysis procedures are developed using the SAP2000 software,
which enables three-dimensional structural modeling and nonlinear analysis capabilities. Two
different structural configurations are considered in the study. In the first configuration, infill
walls are included at all storeys and modeled as interacting elements with the reinforced
concrete frame. In the second configuration, infill walls are removed at the ground storey, while
they remain present in the upper storeys. The structural contribution of infill walls is
represented using the equivalent diagonal strut approach, allowing the stiffness contribution
and frame-wall interaction to be directly incorporated into the analysis.

The seismic response of the building is evaluated using nonlinear time-history analysis. For
this purpose, the acceleration record of the 1964 Alaska earthquake is selected from the PEER
Ground Motion database, ensuring compatibility with the required seismic intensity level. The
scaling was performed within the period range of 0.2T-1.5T in accordance with common
practice. Prior to scaling, the selected ground motion record was processed using the
SeismoSignal software, where only baseline correction was applied and no filtering that could
alter the frequency content was performed. The integrity of the signal is verified by comparing
the uncorrected and corrected acceleration histories. Subsequently, a simple scaling procedure
commonly adopted in the literature is employed by matching the elastic response spectrum of
the record to the target design spectrum. The resulting scale factor is calculated as 1.772 and
directly applied to the acceleration record in SAP2000 for nonlinear time-history analysis.

The structural behavior is assessed based on global and irregularity-related response
parameters, including natural vibration periods, maximum base shear forces, inter-storey drift
ratios, roof displacements, soft storey irregularity indices, and torsional irregularity indices.
The differences between the two structural configurations are evaluated comparatively using
these response quantities. The layout of the formwork plans of the analyzed structures is
presented in Figure 1. The formwork plans corresponding to the Bare-Frame Model (a) and
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Infill-Wall Model (b) conditions of the structures are given in Figure 2. The three-dimensional
views of the structural models considered in the analysis for the Infill-Wall Model (a) and Bare-
Frame Model (b) cases are shown in Figure 3.

Figure 1. Layout Of The Formwork Plans Of The Analyzed Structures

(@) (b)

Figure 2. Formwork Plans Of The Analyzed Structures In Cases Without Infill Wall (a) And With
Infill Wall (b)

(a) (b)

Figure 3. 3D Views Of The Analyzed Structural Models With Infill Walls (a) And Without Infill
Walls (b)
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3.1. Comparative Analysis of Modal Characteristics

Within the scope of this study, the modal analysis results obtained for two structural models-
namely, the infill wall model, in which infill walls are modeled considering frame-wall
interaction, and the infill-free model, in which infill walls at the ground storey are removed-
are evaluated comparatively. The natural periods and dominant vibration directions of the first
three modes obtained from the modal analysis are presented in Table 1.

Table 1. Natural Vibration Periods And Dominant Vibration Directions Obtained From The Modal

Analysis
Model Name Variables Period
mode D (s)
Infill-Wall 1| X=Y |0.543205
Model 2| X=Y | 0.542683
3 z 0.468156
1 X=Y 0.633408
Bare-Frame B
Model 2| X=Y |0.633105
3 z 0.550056

For the infill wall model, it is observed that the first and second modes exhibit dominant
translational behavior in the X and Y directions, while the third mode is characterized by
torsional behavior. The fundamental natural period of this model is approximately 0.543 s The
similar magnitude of the second-mode period indicates a balanced distribution of lateral
stiffness in the plan layout. The reduction of the third-mode period to 0.468 s suggests that
torsional effects manifest with a relatively stiffer structural response.

In contrast, a notable increase in the periods of the first and second modes is observed in the
infill-free model. The fundamental natural period increases to 0.633 s, with a comparable
increase in the second-mode period. The third-mode period of 0.550 s further indicates a
reduction not only in lateral stiffness but also in torsional stiffness due to the removal of infill
walls. This increase in modal periods clearly demonstrates that incorporating infill walls into
the structural system through the equivalent diagonal strut model significantly enhances the
global stiffness of the frame system.

Table 2. Total Structural Weights (W) Calculated For The Investigated Structural Models

. Infill-Wall Bare-Frame
Variable (kN) Model Model
G+0.3Q 19277.719 18848.704
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An examination of the total building weights presented in Table 2 shows that under the G + 0.3
Q load combination, the total weight of the infill wall model is 19,277.7 kN, whereas the infill-
free model has a total weight of 18,848.7 Kn. Although the inclusion of infill walls results in a
limited increase in total structural weight, the substantial reduction in natural periods indicates
that stiffness effects dominate over mass effects in governing the modal response of the
structure.

Overall, modeling infill walls with explicit consideration of frame-wall interaction leads to a
marked reduction in natural vibration periods, yielding a stiffer dynamic response. Conversely,
removing infill walls at the ground storey results in elongated periods in a more flexible
structural behavior in both translational and torsional modes. These findings clearly highlight
that in reinforced concrete buildings with mezzanine floors, infill walls should not be regarded
solely as gravity load or mass components, but rather as critical stiffness elements that
significantly influence the dynamic characteristics of the structure.

Mode-Period Comparison

Period (s)

Mode 1 Mode 2 Mode 3

mmm |nfill-Wall Model B Bare-frame Model

Figure 4. Comparison Of Modal Period Values Of The Structural Models With And Without Infill
Walls

Total Building Weights (G + 0.3Q)
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Figure 5. Comparison of Total Building Weights Of The Models With And Without Infill Walls
Under The G + 0.3Q Load Combination
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3.2. Global Dynamic Responses and Structural Irregularities Based on Time-History Analysis

The global structural response quantities and irregularity indicators obtained from the
nonlinear time-history analysis are summarized in Table 3 for the infill-wall and bare-frame
structural models. In this study, the torsional irregularity coefficient (1), inter-storey drift
(Ai/hi) and the soft-storey irregularity coefficient (1) are defined and evaluated in accordance
with the provisions of the Turkish Building Earthquake Code (TBEC-2018). The results were
evaluated comparatively in the X and Y directions. The findings clearly demonstrate that the
removal of infill walls at the ground storey influences the seismic behavior of the structure not
only in terms of displacement demands but also with respect to the development of structural
irregularities.

Table 3. Maximum structural responses of the structural models obtained from time-history analyses

Max Max Max Max. Roof | Max. Base
Direction Model o . . Displace ment | Shear Force
(Ai/hi) | (mbi) (nki) m) (kN)
X Infill-Wall Model | 0.04286 1.13 1.94 0.122972 22019.199
X Bare-Frame Model | 0.08227 1.25 1.94 0.183096 25000
Y Infill-Wall Model | 0.03295 1.1 1.91 0.090992 16951.688
Y Bare-Frame Model | 0.05026 131 1.96 0.115582 15007.25

When the inter-storey drift demands are examined, the bare-frame model is observed to reach
significantly higher maximum drift ratios (Ai/h;) in both horizontal directions. In the X
direction, the maximum inter-storey drift increases from 0.04286 in the infill-wall model to
0.08227 in the bare-frame model. A similar trend is observed in the Y direction, where the
maximum inter-storey drift reaches 0.05026 in the bare-frame model. Considering the inter-
storey drift limit defined in TBEC-2018 (Ai/h; < 0.008), it is evident that this limit is
substantially exceeded in both models. This outcome indicates that the investigated building
typology is insufficient in terms of lateral stiffness and is subjected to excessive deformation
demands under seismic loading.

The torsional irregularity coefficients (ng) further reveal the adverse effects of removing
ground- storey infill walls. In the X direction, 1 increases from 1.13 in the infill-wall model
to 1.25 in the bare-frame model, while in the Y direction it reaches 1.31 in the bare frame case.
According to TBEC-2018, torsional irregularity is identified when ng > 1.20. Therefore, the
bare-frame model clearly exhibits torsional irregularity in both horizontal directions. These
results demonstrate that the removal of infill walls disrupts the stiffness distribution in plan and
significantly amplifies torsional effects.

The soft-storey irregularity coefficients (1) are found to be high in both structural models;
however, the bare-frame model exhibits more critical values. In the X direction m is
approximately 1.94 for both models, while in the Y direction it increases to 1.96 in the bare-
frame model. Although these values do not exceed the TBEC-2018 soft-storey irregularity
threshold (i > 2.0), they are very close to the limit, indicating a highly sensitive condition.
This finding suggests that the removal of ground-storey infill walls, particularly in buildings
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with mezzanine floors, may trigger soft-storey mechanisms by increasing vertical stiffness
discontinuities.

The roof displacement demands also increase noticeably in the bare-frame model. in the X
direction, the maximum roof displacement rises from 0.122972 meters in the infill-wall model
t0 0.183096 m in the bare-frame model. A similar increase is observed in the Y direction. These
results indicate that the additional stiffness provided by infill walls through frame-wall
interaction plays a crucial role in limiting global displacement demands.

In terms of maximum base shear forces, the bare-frame model develops higher seismic
demands in both directions. In the X direction, the maximum base shear increases from 22,019
kN in the infill-wall model to 25,000 kN in the bare-frame model. In the Y direction, the base
shear demand reaches approximately 150,07 kN in the bare-frame model, representing a
significant increase compared to the infill wall case. This increase can be attributed to the fact
that, once infill walls are removed, seismic forces must be primarily resisted by the reinforced
concrete frame elements.

Overall, the results indicate that removing ground-storey infill walls leads to a less favorable
dynamic behavior in terms of inter-storey drifts, torsional and soft-storey irregularities, and
roof displacement demands. When evaluated together with the limit values defined in TBEC-
2018, the bare-frame model is shown to be considerably more critical, particularly with respect
to torsional irregularity and excessive drift demands. The findings obtained using the
equivalent diagonal strut modeling approach clearly demonstrate that infill walls should not be
treated merely as architectural components, but rather as essential structural elements that
significantly influence the global seismic response and irregularity formation in reinforced
concrete buildings with mezzanine floors.

4. GENERAL EVALUATION AND CONCLUSION

In this study, the effects of removing ground-storey infill walls on the dynamic responses and
structural irregularities of reinforced concrete buildings with mezzanine floors were
investigated by explicitly considering infill wall stiffness contribution and frame-wall
interaction. For this purpose, two structural configurations were comparatively evaluated: an
infill-wall model in which infill walls were represented using the equivalent diagonal strut
approach, and a bare-frame model in which the infill walls at the ground storey were removed.

The modal analysis results demonstrated that the inclusion of infill walls through frame-wall
interaction significantly enhances the global stiffness of the structure and leads to a pronounced
reduction in natural vibration periods. Conversely, the removal of ground-storey infill walls
resulted in elongated periods, indicating a more flexible dynamic behavior in both translational
and torsional modes. These findings clearly show that infill walls should not be regarded
merely as architectural partitions, but rather as key stiffness-contributing components that
strongly influence the dynamic characteristics of reinforced concrete building.

The results obtained from nonlinear time-history analysis further revealed that removing
ground- storey infill walls adversely affects inter-storey drift demands, roof displacements, and
base shear forces. in particular, the bare-frame model exhibited inter-storey drift ratios that
significantly exceeded the limits prescribed in TBEC-2018, along with torsional irregularity
coefficients surpassing the code-defined threshold values. Although soft-storey irregularity
coefficients were high in both models, the bare-frame configuration displayed values closer to
the critical limit, indicating a highly vulnerable structural condition. These outcomes confirm
that ground-storey infill wall discontinuity, especially in buildings with mezzanine floors, leads
to severe vertical stiffness irregularities and exacerbates unfavorable seismic behavior.
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Overall, the findings of this study indicate that removing infill walls at the ground storey of
reinforced concrete buildings with mezzanine floors results in a markedly less favorable
seismic response, not only in terms of displacement demands but also with respect to torsional
and soft- storey irregularities. Therefore, in both the assessment of existing building stock in
the design of new structures, the stiffness contribution of infill walls and frame-wall interaction
should be explicitly considered. For cases where ground-storey infill walls are removed,
additional stiffness- enhancing measures-such as the introduction of shear walls or
strengthening of frame elements-should be carefully evaluated. The results of this study are
expected to contribute to a more realistic assessment and safer design of mezzanine-integrated
mixed-use reinforced concrete buildings.
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OZET

Bu caligmada, zemin katta asma kat bulunan betonarme binalarda zemin kat dolgu duvar
yiiklerinin yalnizca kiitle etkisinin yapinin sismik tepkileri ve yapisal diizensizlikleri Gizerindeki
rolii incelenmistir. Bu amagla, Istanbul-Avcilar bolgesi i¢in tanimlanan deprem tehlike
parametreleri (ZD, DD2, SDS=1.123, SD1=0.579) esas alinarak dort katli ve zemin kat1 iki
seviyeli (2.5 m +2.5 m) asma katli bir yap1 modellenmistir. iki farkli durum ele almmustir:
birinci modelde dolgu duvar yiikleri tiim katlarda tanimli iken (DL Yuklu), ikinci modelde
zemin kat dolgu duvar yiikleri kaldirilmis ve iist katlarda tanimli birakilmistir (DL Yiiksiiz).
Her iki modelde de dolgu duvarlarin rijitlik katkisi dikkate alinmamis, yalnizca diisey
yiiklerden tiiretilen kiitle etkisi esas alinmistir. Deprem etkisi, AFAD veri tabanindan alinan 6
Subat 2023 Kahramanmaras-Pazarcik deprem ivme kaydi kullanilarak dogrusal olmayan
zaman tanim alani analizleri ile temsil edilmistir. Analizler SAP2000 yaziliminda
gergeklestirilmis; deprem kayitlart SeismoSignal programinda taban ¢izgisi duzeltmesi
uygulandiktan sonrasi basit dlgeklendirme yontemiyle (Slgek katsayist 0.001) hedef tasarim
spektrumuna uyarlanmistir. Olgek katsayisi, kayit elastik spektral ivmelerinin DD2 deprem
diizeyi i¢in tanimlanan tasarim spektrumu ile uyumlu olacak sekilde belirlenmistir. Dogal
titresim periyotlari, taban kesme kuvvetleri, goreli kat 6telenmeleri, yumusak kat ve burulma
diizensizligi gostergeleri iizerinden yapilan karsilagtirmalar, zemin katta dolgu duvar
yiiklerinin kaldirilmasinin taban kesme ve otelenme taleplerini sinirli 6lgiide azaltirken
yumusak kat diizensizligini belirgin bigimde artirdigini ortaya koymustur. Sonuglar, dolgu
duvarlarin yalnizca kiitle etkisinin dahi asma katli binalarin sismik davranisinda belirleyici
oldugunu gostermektedir.

Anahtar Kelimeler: Asma kat, Dolgu duvar yiku, Kiitle etkisi, Zaman tanim alan1 analizi,
Yapisal diizensizlikler, TBDY-2018
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ABSTRACT

This study investigates the effect of the mass contribution of ground-storey infill wall loads on
the seismic response and structural irregularities of reinforced concrete buildings with a
mezzanine floor. A four-storey reinforced concrete building with a two-level commercial
ground storey (2.5 m +2.5 m mezzanine) was modeled based on the seismic hazard parameters
of the Istanbul-Avcilar region (ZD, DD2, SDS=1.123, SD1=0.579). Two structural models
were considered: a DL Loaded model, in which infill wall gravity loads were included at all
storeys, and a DL Unloaded model, in which the infill wall loads were removed at the ground
storey while remaining present at the upper storeys. In both models, the stiffness contribution
of infill walls was neglected and only their mass effect derived from gravity loads was
considered. Seismic input was represented by the February 6, 2023 Kahramanmaras-Pazarcik
earthquake record obtained from the AFAD strong-motion database. The earthquake record
was processed in SeismoSignal by applying baseline correction and subsequently scaled using
the simple scaling method with a scale factor of 0.001 to match the target design spectrum. The
scale factor was determined to ensure compatibility between the elastic response spectrum of
the record and the design spectrum defined for the DD2 earthquake level. The scaled record
was then applied in nonlinear time-history analyses conducted in SAP2000. The seismic
performance of the two models was evaluated in terms of natural vibration periods, base shear
forces, interstorey drift ratios, and soft-storey and torsional irregularity indicators. The results
indicate that while the removal of ground-storey infill wall loads slightly reduces base shear
and drift demands, it significantly increases soft-storey irregularity, making the vertical
structural behavior more critical. These findings demonstrate that even the mass effect alone
of infill walls plays a decisive role in the seismic performance of reinforced concrete buildings
with mezzanine floors.

Keywords: Mezzanine floor, Infill wall loads, Mass effect, Nonlinear time-history analysis,
Structural irregularities, Turkish Building Earthquake Code - 2018

1.GIRiS
1.1. Problemin Tanim

Tiirkiye’de ¢ok katli betonarme binalarin 6nemli bir boliimii, zemin katlarinin ticari amaclarla
(diikkan, magaza, ofis vb.) kullanildig1 karma fonksiyonlu yapilar olarak insa edilmektedir. bu
tiir yapilarda, kullanim alaninmi artirmak amaciyla zemin kat i¢inde asma kat diizenlemeleri
yapilmakta ve cogu zaman mimari gerekgelerle zemin kat dolgu duvarlari kismen veya
tamamen kaldirilmaktadir. Bu uygulamalar, yapmin katlar boyunca diisey yiikk ve kiitle
dagilimim 6nemli 6l¢iide degistirmektedir.

Dolgu duvarlar, statik projelerde genellikle tasiyict sistemin bir parcasi olarak kabul
edilmemekte ve ¢ogu zaman yalnizca diisey yiik (agirlik) olarak hesaba katilmaktadir. Ancak
zemin katta dolgu duvarlarin kaldirilmasi, bu katta kiitlenin 6nemli 6l¢lide azalmasina; tist
katlarda ise dolgu duvarlarin devam etmesi nedeniyle kiitlenin daha yiiksek kalmasina yol
agcmaktadir. Bu durum, 6zellikle asma kat i¢eren yapilarda katlar arasinda ani kiitle degisimleri
olusturarak yapinin deprem altindaki dinamik tepkisini 6nemli 6l¢iide etkileyebilmektedir.

Gecmis depremler, zemin kat1 ticari kullanimi ayrilmis ve asma kat iceren betonarme binalarin,
deprem sirasinda diizensiz ve beklenmedik davranislar sergileyebildigini gostermistir. Bu tiir
yapilarda, zemin katta dolgu duvar yiiklerinin kaldirilmasi ile olusan kiitle azalmasi, dogal
titresim periyotlarini, taban kesme kuvvetlerini ve kat otelenmelerinin dagiliminm
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degistirebilmektedir. Bunun sonucunda, yumusak kat ve burulma diizensizligi gibi yapisal
diizensizliklerin ortaya ¢ikmasi veya siddetlenmesi s6z konusu olabilmektedir.

Mevcut uygulamada dolgu duvarlar ¢ogunlukla yalnizca yiik olarak dikkate alinmasina
ragmen, zemin kat dolgu duvar yiiklerinin kaldirilmasinin, 6zellikle asma katli yapilarda,
yapinin sismik tepkileri ve diizensizlikleri {izerindeki etkileri literatlirde yeterince ayrintili
olarak incelenmemistir. Bu nedenle, dolgu duvarlarin yalnizca kiitle etkisinin izole edilerek
degerlendirilmesi, zemin kati ticari kullanimli ve asma katli betonarme binalarin gergekei
deprem davraniginin anlasilmasi agisindan 6nemli bir mihendislik problemidir.

1.2. Calisma Amaci ve Kapsami

Bu calismanin amaci, zemin katta asma kat bulunan betonarme binalarda zemin kat dolgu
duvar yiiklerinin (kiitle etkisinin) yapinin sismik tepkileri ve yapisal diizensizlikleri Uzerindeki
roliinii ortaya koymaktir. Bu kapsamda dolgu duvarlarin yalnizca diisey yiik olarak ele alindig1
2 farkli durum karsilastirilmig ve zemin katta dolgu duvar yiiklerinin bulunmasi ile kaldirilmasi
hallerinin yapinin dogal titresim periyotlari, maksimum taban kesme kuvvetleri, katlara gore
goreli kat otelenmeleri, yumusak kat davranisi ve burulma diizensizligi iizerindeki etkileri
incelenmistir. Caligma Istanbul-Avcilar bolgesi igin belirlenen deprem tehlike parametreleri
(ZD, DD2, SDS=1.123 ve SD1=0.579) esas alinarak yiiriitiilmiis; sismik talebin temsilinde 6
Subat 2023 Kahramanmarag-Pazarcik depremine ait gergek ivme kaydi kullanilmis ve dogrusal
olmayan zaman tanim alani analizleri ile yapisal tepkiler elde edilmistir. Degerlendirmelerde,
birinci durumda yapinin tiim katlarinda dolgu duvar yiiklerinin tanimli oldugu durum, ikinci
durumda ise zemin kat dolgu duvar yiiklerinin kaldirildigi ve st katlarda dolgu duvar
yiiklerinin taniml kaldig1 durum dikkate alinmis; dolgu duvarlarin rijitlik katkis1 ve gerceve-
duvar etkilesimi kapsam dis1 birakilarak yalnizca kiitle etkisi izole edilmistir. Elde edilen
sonuglar, periyot, taban kesme kuvveti, goreli kat otelenmesi ile yumusak kat ve burulma
diizensizligi gostergeleri lizerinden karsilagtirmali olarak degerlendirilmistir.

2. DENEYSEL CALISMALAR-YAPININ TANIMLANMASI VE MODELLEME
YAKLASIMI

2.1 Yapinin Tanimlanmasi

Bu calismada, Istanbul-Avcilar bdlgesinde yer aldigi varsayilan ve zemin katta asma kat
bulunan 4 katli betonarme bir yapi modeli esas alinmistir. Yapi i¢in deprem tehlike
parametreleri ZD ve DD 2 olarak alinmis, spektral ivme katsayilar1 SDS=1.123 ve SD1=0.579
olarak tanimlanmis; yapi, konumu enlem 41.024692 ve boylam 28.718924 koordinatlari ile
temsil edilmistir. Yapin her iki dogrultuda da dort agikliga sahip olup agiklik uzunluklar1 X ve
Y yonlerinde esit olarak 5 m alinmig, boylece plan boyutlar1 20 m x20 m olarak tanimlanmaigtir.
Zemin kat yiiksekligi, asma kat dahil olmak iizere toplam 5.0 m olacak sekilde modellenmis;
bunun 2.5 m’si zemin kat, 2.5 m’si ise asma kat olarak kabul edilmistir. Ustte yer alan ii¢
normal katin her biri 3.0 m yiiksekliginde olup yapinin toplam yiiksekligi 14 m olarak
belirlenmistir. Tasiyict sistem, silineklik diizeyi yiiksek betonarme moment aktaran
cercevelerden olugsmakta olup sistem davranis katsayisi R= 8 ve dayanim fazlaligi katsayis1 D=
3 olarak alinmustir.

Yapida dis ve i¢ dolgu duvarlardan kaynaklanan esdeger alan yiikii 9.288 kN/m? olarak
tanimlanmistir. Normal katlarda kullanim amacina bagl hareketli yiik 2 kN/m?, Cat1 katinda
ise 0.75 kN/m? olarak kabul edilmistir. Déseme kaplamalarindan kaynaklanan sabit yiik degeri
2.04 kN/m? olarak alinmis ve tanimlanan tiim diisey ytikler tasiyici sistem elemanlarina diizgiin
yayil1 yiikler seklinde modellenmistir. tagiyici sistem betonarme moment aktaran cercevelerden
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olusmakta olup kolon kesitleri 40x40 cm kiris kesitleri 30x50 cm ve dosemeler 15 cm
kalinliginda plak déseme olarak modellenmistir. Kullanilan malzeme siniflar1 beton i¢in C25,
donati ¢eligi i¢in ise B420C olarak secilmistir. Kolonlarda her dogrultuda 8¢16 boyuna donati,
kiriglerde iiste 2¢16 ve altta 3¢16 donat1 kullanilmis; tiim elemanlarda enine donati $8/10 cm
araliklarla tanimlanmastir.

Analizlerde iki farkli yapi1 modeli olusturulmustur. Birinci modelde, yapimnin tiim katlarinda
dolgu duvarlardan kaynaklanan yiikler modele dahil edilmistir. Ikinci modelde ise zemin kat
dolgu duvar yiikleri tamamen kaldirilmis, buna karsilik iist katlarda dolgu duvar yiikleri taniml
birakilmistir. Her iki modelde de dolgu duvarlarin rijitlik katkis1 ve gergeve-duvar etkilesimi
dikkate alinmamis, yalnizca dolgu duvarlarin diisey yliklerden kaynaklanan kiitle etkisi esas
alimmistir. Bu kapsamda, yap1 modelleri ve analiz siireci, ii¢ boyutlu sayisal modelleme ve
dogrusal olmayan analiz olanaklar1 saglayan SAP2000 yazilim1 kullanilarak olusturulmustur.
bdylece zemin katta dolgu duvar yiiklerinin varligi veya yoklugunun yapinin sismik tepkileri
ve yapisal diizensizlikleri tizerindeki etkisi izole edilmistir.

Deprem etkisinin temsilinde, 6 Subat 2023 Kahramanmaras-Pazarcik depremine ait gergek
ivme kaydi, Tiirkiye Cumhuriyeti afet ve Acil Durum Y 6netimi Bagkanligi (AFAD) tarafindan
saglanan ulusal yer hareketi veri tabanindan temin edilmistir. Segilen ivme kaydi,
Olgeklendirme Oncesinde SeismoSignal yaziliminda islenmis ve yalnizca taban c¢izgisi
diizeltmesi (baseline correction) uygulanmistir; sinyalin frekans i¢erigini degistirecek herhangi
bir filtreleme yapilmamistir. Diizeltme sonrasinda ivme kayitlarinin diizeltilmis ve
diizeltilmemis halleri karsilagtirilarak sinyal biitiinliigii dogrulanmistir. Daha sonra, literatiirde
yaygin olarak kullanilan basit 6lgeklendirme (simple scaling) yontemi esas alinarak ivme
kaydinin elastik spektral ivmeleri hedef tasarim spektrumu ile karsilastirilmig ve gerekli 6l¢ek
katsayist hesaplanmistir. Elde edilen dlgek katsayisi 0.001, dogrusal olmayan zaman tanim
alan1 analizlerinde kullanilmak {izere SAP2000 yaziliminda ivme kaydina dogrudan
uygulanmistir.

Yapisal davranigin degerlendirilmesinde dogal titresim periyotlari, maksimum taban kesme
kuvvetleri, katlara gore goreli kat Otelenmeleri, yumusak kat diizensizligi ve burulma
diizensizligi gostergeleri esas alinmis; iki model arasindaki farklar bu biiyiikliikler lizerinden
karsilagtirmali olarak incelenmistir. Yapilara ait kalip plani diizeni 1’ de, incelenen yap:
modellerinin ii¢ boyutlu goériiniimleri ise 2’ de verilmistir.

D)

Gorsel 1. inceleme Kapsamindaki Yapilarin Kalip Plan1 Diizenlemesi
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Gorsel 2. incelenen Yapt Modellerinin Ug¢ Boyutlu Gériiniimii

2.2 Literaturdeki Ilgili Calismalar

Asma katli ve karma kullaniml1 betonarme binalarin sismik davranisi, literatiirde bir¢ok (Kog
& Tuhta, 2012)galismada ele alinmistir, zemin katta dolgu duvarlarin kaldirilmasi ve asma kat
bulunmasinin kisa kolon etkisi, yiiksek kesme talepleri ve kolon hasar yogunlagmasina yol
actigini, Tiirkiye’deki biiyiik depremler sonrasi yapilan saha gozlemlerine dayanarak ortaya
koymustur. (KARSLIOGLU, 2005), dolgu duvarlarin kiitle ve dagiliminin, tastyic sistemin
dogal titresim periyotlari, kat 6telenmeleri ve yumusak kat olusumu tizerinde belirgin etkiler
yarattigin1 analitik modeller aracihigiyla gostermistir. (S. Loganantham & Dr. M.
Shanmugasundaram, 2017), asma katlarin yapi igerisinde olusturdugu kiitle ve rijitlik
diizensizliklerinin dinamik karakteristikleri degistirdigini ve asma katin diisey konumunun kat
otelenmeleri ile deprem taleplerinin dagilimini dogrudan etkiledigini belirtmistir. Diger sayisal
ve deneysel calismalar, 6zellikle zemin katta dolgu duvar siireksizliginin burulma ve yumusak
kat  dilizensizliklerini  artirarak  yapisal  hasar  riskini  biiylittiigiini  ortaya
koymaktadi ERTURKMEN & CAGATAY, 2016). Bu calismalar  birlikte
degerlendirildiginde, dolgu duvarlarin ¢ogunlukla rijitlik veya esdeger cubuk modelleriyle ele
alindig1, ancak yalnizca kiitle etkisinin-6zellikle zemin katta kaldirilmas1 durumunda-asma
kath yapilarda sismik tepkiler ve diizensizlikler iizerindeki roliinlin sinirli sayida ¢alismada
incelendigi goriilmektedir(ISIK et al., 2022).

3. SONUCLAR VE DEGERLENDIRME
3.1 Modal Davranisin Incelenmesi

Bu calisma kapsaminda, dolgu duvar yiikiiniin tanimli oldugu (DL Yiiklii) ve zemin katta dolgu
duvar yiikiiniin kaldirildig1 (DL Yiiksiiz) iki yap1 modeli i¢in elde edilen modal analiz sonuglari
Cizelge 1°de G+ 0.3Q yiik birlesimi altinda hesaplanan toplam bina agirliklari ise Cizelge 2°de
verilmistir. Cizelge 1°de sunulan ilk li¢ moda ait periyot ve yon bilgileri incelendiginde, her iki
modelde de birinci modun esas olarak yatay oteleme davranigini temsil ettigi ve yapilarin
baskin dinamik tepkisinin yatay dogrultularda olustugu goériilmektedir. Bununla birlikte, DL
Yiikli ve DL Yiiksiiz modeller arasinda periyot degerlerinde anlamli farkliliklar olugmustur.
Dolgu duvar yiikiiniin modele dahil edildigi durumda birinci dogal titresim periyodu yaklagik
0.836 s mertebesinde iken, zemin katta dolgu duvar yiikiiniin kaldirildigr modelde periyot 0.835
S seviyesine ¢ikmis ve yapmin daha esnek bir dinamik karaktere sahip oldugu gozlenmistir.
Ust modlarda da benzer bir egilim goriilmekte olup, dolgu duvar yiikiiniin kaldirilmasiyla
birlikte periyotlarin genel olarak arttig1 tespit edilmistir. Bu durum, her ne kadar zemin katta
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dolgu duvar yiiklerinin kaldirilmasiyla toplam kiitlede azalma meydana gelse de, asma katl
azalmasiyla agiklanabilir. Bu sonug, zemin katta dolgu duvar ytikiiniin kaldirilmasinin yapinin
kiitle dagilimimi degistirerek dinamik Ozellikleri {izerinde dogrudan etkili oldugunu
gostermektedir. ¢izelge 2’de verilen toplam bina agirliklart incelendiginde, DL Yiiklii modelin
toplam agirligmin 25 286.665 kN, DL Yiiksliz modelin ise 23 509.065 kN oldugu
gorilmektedir. zemin katta dolgu duvar yiiklerinin kaldirilmasi, yapinin toplam kiitlesinde
yaklasik %7 civarinda bir azalmaya neden olmus ve bu kiitle azalmas1 moda periyotlarin
uzamasiyla dogrudan iliskilidir kitle deki bu azalma, 6zellikle birinci ve ikinci modlarda
yapinin yatay titresim ozelliklerini degistirerek, deprem etkisi altindaki dinamik taleplerin
dagilimini da etkilemektedir.

Sonug olarak zemin kat dolgu duvar yiikiiniin kaldirilmasi yalnizca diisey yiik dagilimini degil,
ayni zamanda yapinin dogal titresim periyotlarini ve dinamik karakterini de belirgin bi¢imde
degistirmektedir. Bu bulgu, dolgu duvarlarin rijitlik katkis1 dikkate alinmasa bile, yalnizca
kiitle etkisinin bile asma katli betonarme binalarin modal davranisi {izerinde 6nemli bir rol
oynadigini agik¢a ortaya koymaktadir.

Cizelge.1 Modal Analiz Sonucunda Belirlenen Mod Periyotlart Ve Hakim Titresim Y6nleri

Model Ismi Degiskenler Periyot
Mod | Yoén ©)
1 Y 0.836689
DL Yukli
2 X 0.836689
3 z 0.739896
1 X 0.835177
DL Yiksuz 2 Y 0.835177
3 z 0.738437

Cizelge. 2 Modeller I¢in Hesaplanan Toplam Bina Agirliklar (W)

Degisken(kN) | DL Yikli | DL Yiksiz

G+0.3Q 25286.665 | 23509.065

149



Mod-Periyot Karsilagtirmasi
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Gorsel 3. DL Yiikli ve DL Yiiksiiz Modeller i¢in Mod-Periyot Karsilastirmasi
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Gorsel 4. DL Yukli ve DL Yuksuz Modellerin Toplam Bina Agirliklari (G+0.3Q yiik birlesimi)

3.2. Zaman Tanim Alaninda Yapisal Global Davranig ve Diizensizlik Gostergeleri

Dogrusal olmayan zaman tanim alani analizlerinden elde edilen maksimum global yapisal
tepkiler ve diizensizlik gostergeleri DL Yiiklii ve DL Yiiksiiz modeller i¢in ¢izelge 3’de
Ozetlenmistir. Sonuglar X ve Y dogrultulari i¢in ayr1 ayr1 degerlendirilmis ve zemin katta dolgu
duvar yiiklerinin kaldirilmasinin yapmin sismik davranisi lizerindeki etkileri karsilastirmali
olarak incelenmistir.

Cizelge 3. Bina Modelleri icin Zaman Tamim Alam Analizinden Elde Edilen Maksimum

Sonuglar
Max. Tepe
" o Max Max Max. Taban
Yon Model Max (Ai/hi) (mbi) | (ki) Dep;zri;:)man Kesme Kuv. (kN)
X DL Yuklu 0.0000696 1.21 2.55 0.00017 21.116
X DL Yiksuz 0.000067 1.2 2.57 0.00017 19.18
Y DL Yuklu 0.00009517 11 2.1 0.000261 25.694
Y DL Yiksuz 0.000092 1.08 2.12 0.000259 23.654
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Goreli kat 6telenmeleri acisindan degerlendirildiginde, DL Yiiksiiz modelde her iki dogrultuda
da degerlerin DL Yiiklii modele gore hafif¢e daha diisiik oldugu goriilmektedir (X yoniinde
0.000067 < 0.0000696, Y yoninde 0.000092 < 0.00009517). TBEC-2018 ‘e gore dogrusal
olmayan zaman tanim alani analizlerinde goreli kat 6telenmesi igin sinir deger Ai/hi<0.008
olarak tanimlanmaktadir. Her iki modelde elde edilen degerlerin bu sinirin ¢ok altinda kalmasi,
global otelenme agisindan yapilarin yonetmelik gerekliliklerini sagladigini gostermektedir.
Bununla birlikte DL Yikstuz modelde 6telenme taleplerinin bir miktar daha diisiik olmasi,
zemin katta dolgu duvar yiiklerinin kaldirilmasiyla toplam kiitlenin azalmasina bagli olarak
atalet etkilerinin sinirh 6l¢iide diismesinden kaynaklanmaktadir.

Burulma diizensizligi katsayilari incelendiginde, DL Yiiksiiz modelin her iki dogrultuda da DL
Yiiklii modele gore daha diisiik nbi degerlerine sahip oldugu goriilmektedir. (X yoniinde 1.20
< 1.21, Y yonunde 1.08 < 1.10). TBDY-2018’¢ gore burulma diizensizligi smir1 nbi < 1.2
olarak tanimlanmistir. Bu acidan degerlendirildiginde DL Yiiklii model X dogrultusunda sinir
degeri ¢ok az asarak burulma diizensizligi gostermekte, DL Yuksliz model ise her iki
dogrultuda da sinir degeri iginde kalmaktadir. bu sonug, zemin katta dolgu duvar yiklerinin
kaldirilmasinin kiitle dagilimin1 daha dengeli hale getirerek burulma taleplerini sinirh 6lgiide
azalttigin1 gostermektedir.

Buna karsilik yumusak kat diizensizligi katsayilar1 zemin katta dolgu duvar yiiklerinin
kaldirilmastyla birlikte artis gdstermistir. DL Y{iiklii modelde X ve Y dogrultularda sirastyla
nki = 2.55 ve 2.10 degerleri elde edilirken, DL Yiiksiiz modelde bu degerler X dogrultusunda
2.57’ye, Y dogrultusunda ise 2.12°ye yiikselmistir. TBDY-2018’e¢ gore yumusak kat
diizensizligi i¢in sinir deger nki < 2.0 olarak tanimlanmaktadir. Her iki modelde de bu sinirin
asilmasi, zemin kat seviyesinde belirgin bir yumusak kat diizensizligi bulundugunu
gostermektedir. Ayrica DL Yiiksiiz modelde nki degerlerinin daha yiiksek ¢ikmasi, zemin katta
dolgu duvar yiiklerinin kaldirilmasinin kiitle-rijitlik dengesini daha da bozarak yumusak kat
davranisini agirlagtirdigini ortaya koymaktadir.

Tepe deplasmanlar1 acisindan her iki model arasinda biiyiikk bir fark goézlenmemistir. X
dogrultusunda her iki model i¢inde maksimum tepe deplasmani 0.00017 m olarak elde
edilirken ilk dogrultusunda deger yiiklii modelde 0.000261 m ve DL Yiiksiiz modelde 0.000259
m degerleri hesaplanmistir. Bu durum, zemin kat dolgu duvar ytiklerinin kaldirilmasinin
kiiresel ¢at1 6telenmesi tlizerinde siirli bir etkisi oldugunu gostermektedir.

Taban kesme kuvvetleri incelendiginde ise DL Yiiksiiz modelde belirgin bir azalma oldugu
goriilmektedir. X dogrultusunda DL Yiiklii model icin maksimum taban kesme kuvveti 21.116
kN iken DL Yiiksiiz modelde bu deger 19.18 kN’a diismektedir. Benzer sekilde Y
dogrultusunda DL Yiiklii modelde 25.694 kN olan taban kesme kuvveti, DL Ykstz modelde
23.654 kN’a azalmaktadir. Bu azalma, zemin katta dolgu duvar yiiklerinin kaldirilmasiyla
yapinin toplam kiitlesinin diigmesine bagli olarak deprem atalet kuvvetlerinin azalmasiyla
dogrudan iliskilidir.

Genel olarak degerlendirildiginde, zemin kat dolgu duvar yiiklerinin kaldirilmasi taban kesme
kuvvetlerini ve goreli kat otelenmelerini sinirhi 6lgiide azaltmasima ragmen, yumusak kat
diizensizligini artirarak yapinin diisey dogrultudaki davranisini daha kritik hale getirmektedir.
Bu sonuglar, dolgu duvarlarin rijitlik katkist dikkate alinmasa bile yalnizca kiitle etkisinin dahi,
asma katli betonarme binalarin global sismik davranisi ve diizensizlik olusumu iizerinde
belirleyici bir rol oynadigini agikg¢a ortaya koymaktadir.
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4. GENEL DEGERLENDIRME VE SONUCLAR

Bu calismada, zemin katta asma kat bulunan betonarme bir yapida dolgu duvar yiiklerinin
yalnizca kiitle etkisinin, yapinin sismik tepkileri ve yapisal diizensizlikleri {izerindeki rolii
ayrintili olarak incelenmistir. bu amagcla, birinci modelde dolgu duvar yiiklerinin tiim katlarda
taniml1 oldugu DL Yikli, ikinci modelde ise zemin kat dolgu duvar yiiklerinin kaldirildigi DL
Yikstz olmak Uzere iki farkli yapt modeli olusturulmus ve her iki model dogrusal olmayan
zaman tamim alan1 analizleri ile degerlendirilmistir. Elde edilen sonuglar, zemin katta dolgu
degistirerek yapmin dinamik karakteristikleri iizerinde belirgin etkiler yarattifin1 ortaya
koymustur.

Moda analiz sonuglari, DL Yiiksiiz modelde toplam kiitlenin yaklasik %7 oraninda azalmasi
nedeniyle dogal titresim periyotlarinin uzadigini ve yapinin daha esnek bir dinamik davranis
sergiledigini gostermistir. Zaman tanim alan1 analizlerinde ise bu kiitle azalmasina bagli olarak
taban kesme kuvvetlerinin her iki dogrultuda da azaldigi, goreli kat 6telenmelerinin ise sinirh
Olgiide diistiigii belirlenmistir. Bununla birlikte, TBDY-2018 sinirlar1 agisindan en kritik
sonuclar yumusak kat diizensizliginde ortaya cikmistir. Her iki modelde de zemin kat
seviyesinde nki > 2.0 kosulunun saglanmadigini ve belirgin bir yumusak kat diizensizligi
olustugu goriilmiis; DL Yiiksliz modelde bu diizensizligin daha da siddetlendigi tespit
edilmistir. buna karsilik burulma diizensizligi agisindan DL Yiiksiiz modelin daha dengeli bir
kiitle dagilim1 nedeniyle sinir deger i¢inde kaldigi, DL Yiiklii modelin ise X dogrultusunda
siir degeri ¢cok az astig1 belirlenmistir.

Bu bulgular, dolgu duvar yiiklerinin kaldirilmasinin bazi global talepleri azaltmasina ragmen,
diisey diizensizlikleri arttirarak yapinin deprem giivenligini olumsuz yonde etkileyebilecegini
gostermektedir.

Sonug olarak, bu c¢alisma zemin kat dolgu duvarlarinin rijitlik katkisi dikkate alinmasa bile,
yalnizca kiitle etkisinin bile asma katli betonarme binalarin sismik davranisinda belirleyici
oldugunu agik¢a ortaya koymustur. Ozellikle zemin katin hafifletilmesi, iist katlarda kitle
yogunlagsmasina ve yumusak kat davranisinin agirlagmasina neden olmaktadir. Bu nedenle,
karma kullaniml1 ve asma katli binalarin projelendirilmesi ve degerlendirilmesi sirasinda dolgu
duvar yiklerinin zemin katta kaldirilmasinin mutlaka dikkate alinmasi gerekmektedir.
Uygulamada, zemin kat dolgu duvarlarinin kaldirilldigi durumlarda, kiitle ve rijitlik
diizensizliklerini dengeleyecek yapisal onlemler (6rnegin rijitlik artirict elemanlar veya uygun
kiitle dagilimi1) alinmasi onerilmektedir. Bu yaklasim TBDY-2018 kapsaminda giivenli ve
dengeli bir sismik davranigin saglanmasi agisindan kritik neme sahiptir.
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EARTHQUAKE-RESILIENT VERNACULAR ARCHITECTURE TECHNIQUES IN
TBILISI HISTORIC DISTRICTS

Prof. Dr. Giorgi Tsiklauri, Dr. Nino Beridze, Lasha Kapanadze, Mariam Gelashvili
Faculty of Architecture and Urban Planning, Thbilisi State University, Georgia

ABSTRACT

Thilisi's historic districts embody centuries-old vernacular architecture techniques evolved
through frequent seismic activity characteristic of the Caucasus tectonic zone. This research
systematically documents and analyzes traditional construction methodologies in Sololaki,
Vera, and Avlabari neighborhoods where unreinforced masonry predominates alongside
adaptive resilience strategies. Key techniques include choka-chokhi timber-lacing systems
interweaving flexible wooden beams through stone infill walls creating composite ductility,
lime mortar rubble masonry providing deformability without catastrophic failure, and
lightweight clay tile roofing minimizing inertial mass during oscillations. Archival analysis of
1920 Rustavi and 2002 Racha earthquake damage patterns reveals structures with >12% timber
content exhibiting 3.2x lower collapse ratios. Finite element modeling validates 28% higher
energy dissipation capacity versus contemporary concrete masonry units under El Centro
accelerograms scaled to Thilisi Peak Ground Acceleration (0.28g). In-situ dynamic
identification through ambient vibration testing confirms 15-20% damping ratios exceeding
code minimums. Restoration protocols integrate minimally invasive interventions: hydraulic
lime grout injection restoring masonry integrity while preserving breathability, discreet base
isolation disguised within traditional plinths, and reversible carbon fiber straps mimicking
historic iron ties. The 1840 Marjanishvili Arcade case study demonstrates successful hybrid
retrofit maintaining UNESCO authenticity criteria alongside 95% displacement capacity
enhancement. Contemporary challenges encompass incompatible 1970s infill walls fracturing
at 0.8% drift and urbanization pressures eroding craft knowledge. Policy framework proposes
seismic microzonation integration with heritage codes mandating vernacular technique
inventories for reconstruction projects. Community-based workshops revive lost choka-chokhi
construction achieving 87% apprentice competency within six months. Research establishes
Thilisi's vernacular architecture as living laboratory validating empirical wisdom against
modern engineering, offering transferable models for global seismic heritage preservation
while safeguarding cultural continuity amid tectonic risk trajectories.

Keywords: earthquake resilience, vernacular architecture, Thilisi heritage, timber-lacing
systems, seismic retrofit
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SUSTAINABLE RESTORATION STRATEGIES FOR SOVIET-MODERNIST
BUILDINGS IN BATUMI SEAFRONT

Assoc. Prof. Dr. Irakli Lomidze, Tamar Javakhishvili, David Metreveli
Faculty of Architecture, Batumi Shota Rustaveli State University, Georgia

ABSTRACT

Batumi's Soviet-modernist seafront architecture (1965-1989) confronts saline corrosion,
seismic vulnerability, and energy inefficiency amid tourism-driven redevelopment pressures.
This research develops integrated restoration strategies balancing heritage preservation with
EU Green Deal convergence post-2024 candidacy status. Life-cycle assessment of Intourist
Hotel pilot reveals 47% embodied carbon reduction through adaptive reuse versus demolition-
rebuild while preserving 92% original concrete volume. Material innovations include bioactive
lime coatings sequestering 18 kg CO2/m? over 25 years, basalt fiber reinforced polymers
mimicking exposed aggregate texture, and electrochemical chloride extraction rehabilitating
73% rebar sections. Passive solar retrofits leverage Black Sea breezes through double-skin
ventilation facades achieving 58% operational energy savings validated through EnergyPlus
modeling calibrated against 2023 metered data. Structural interventions combine carbon fiber
confinement boosting shear capacity 2.8x alongside viscous dampers tuned to Batumi's 0.22g
design spectrum. Heritage-compliant additions employ reversible corten steel brise-soleil
echoing subtropical vegetation patterns. Economic modeling projects 6.2:1 return through 28%
tourism revenue uplift and 34% maintenance savings. Participatory design workshops with 240
residents yield 82% approval rating balancing commercial pressures with cultural memory.
Comparative benchmarking against Yerevan's Soviet stock confirms Batumi's coastal-specific
hygrothermal envelope superiority. Urban planning framework establishes tiered zoning: core
preservation volumes with reversible peripheral expansions maintaining 180m seafront skyline
integrity. Fire safety upgrades integrate sprinkler networks within acoustic ceiling panels
preserving exposed concrete aesthetics. Research positions Soviet-modernism restoration as
laboratory for circular economy principles within post-socialist urban contexts, transforming
liabilities into resilient cultural-economic assets exemplifying Georgia's European integration
trajectory.

Keywords: Soviet modernism, sustainable restoration, Batumi architecture, adaptive reuse,
coastal resilience
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POST-WAR URBAN RECONSTRUCTION PRINCIPLES FOR PRISTINA
CENTRAL BUSINESS DISTRICT

Dr. Arben Krasniqi, Vesa Jonuzi, Liridon Morina
Faculty of Architecture, University of Pristina, Kosovo

ABSTRACT

Pristina's Central Business District reconstruction confronts 1999 war damage alongside
uncontrolled post-conflict sprawl generating socioeconomic fragmentation. This research
codifies ten reconstruction principles derived from 2024 field documentation of 280 sites, 650
stakeholder consultations, and parametric urban modeling. Core tenets include trauma-
responsive placemaking integrating memory markers within mixed-use nodes, inclusive
governance frameworks achieving 72% citizen participation, modular scalability
accommodating fiscal constraints, biophilic connectivity linking war memorials through green
corridors, and zero-waste phasing prioritizing adaptive reuse of Yugoslav infrastructure.
Mother Teresa Boulevard emerges as spine organizing 12 urban rooms balancing density with
pedestrian priority. Blast-resistant limestone facades employ computational morphology
achieving 4.2x energy absorption versus concrete panels. Digital twin implementation
facilitates real-time scenario visualization supporting phased rollout 2026-2035. Equity metrics
mandate 38% affordable housing through public land swaps alongside gender-responsive
public realm design incorporating 24-hour safety lighting gradients. Economic modeling
forecasts 17% GDP multiplier through tech incubator clusters within retrofitted PTT tower.
Sustainability integration leverages Pristina's continental microclimate through passive
downdraft cooling reducing mechanical loads 42%. Comparative Sarajevo-Beirut analysis
warns against disaster capitalism while advocating co-design laboratories fostering
reconciliation. Kosovo 2030 Vision alignment establishes performance benchmarks across
social cohesion indices, mobility metrics, and carbon budgets. Blockchain-secured land titling
resolves 41% tenure disputes paralyzing development. Framework addresses war psychology
through transitional justice architecture incorporating truth-telling pavilions alongside forward-
looking civic monuments. Research positions Pristina CBD reconstruction as laboratory testing
post-conflict urban theory within Europe's newest state confronting identity formation
alongside economic viability imperatives.

Keywords: post-war reconstruction, urban design principles, Pristina CBD, trauma-responsive
architecture, inclusive planning
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CLIMATE-ADAPTIVE HOUSING DESIGNS INCORPORATING KOSOVAR
TRADITIONAL COURTYARD TYPOLOGIES

Prof. Dr. Fatmir Gashi, Besarta Rama
Faculty of Architecture, University of Prizren "Ukshin Hoti"', Kosovo

ABSTRACT

Kosovo's Ottoman-era avli courtyard houses offer proven climate adaptation strategies
confronting +2.8°C warming projections by 2050 alongside 22% precipitation variability. This
research prototypes three housing typologies hybridizing traditional thermal mass with
contemporary performance demands: single-family avli revival, linear row housing, and
vertical courtyard apartments. BIM-optimized designs revive 60cm rammed-earth walls
achieving 8.2°C indoor temperature amplitude reduction, shaded courtyards providing 4.1 m/s
natural ventilation, and overhanging eaves harvesting 1,200 L rainwater annually per unit.
Energy modeling confirms 56% annual consumption reduction versus Kosovo's concrete norm
while maintaining 95% daylight autonomy. Modular steel moment frames ensure seismic
compliance (0.25g design spectrum) alongside photovoltaic pergolas generating 3,800
kWh/year surplus. Social courtyard programming fosters intergenerational connectivity
countering urbanization's familial fragmentation. 3D-printed earth composites from local loess
reduce embodied carbon 68% while preserving authentic massing. Prizren pilot construction
validates indoor comfort: 24.8°C average through 2023 heat dome versus 32.1°C external
peaks. Material lifecycle assessment confirms 92% recyclability maintaining structural
integrity post-demolition. Cost analysis establishes €76,000/unit pricing 18% below
conventional construction alongside 22-year payback through energy savings. National
Climate Strategy integration mandates 32% avli-derived typology adoption in suburban
development. Vertical courtyard adaptations address land scarcity through staggered atria
maintaining cross-ventilation efficacy. Comparative Mediterranean riad analysis validates
thermal superiority within continental climates. Policy toolkit establishes parametric design
guidelines alongside artisan certification programs preserving construction knowledge.
Research positions Kosovar courtyard revival as cultural climate adaptation exemplifying
global south vernacular wisdom confronting anthropocentric environmental transformations.

Keywords: climate-adaptive housing, courtyard typology, Kosovar architecture, passive
design, thermal performance
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RUSSIAN NEO-CLASSCAL REVIVAL IN CONTEMPORARY MOSCOW PUBLIC
BUILDING PROJECTS

Assoc. Prof. Dr. Dmitry lvanov, Elena Petrova, Sergei Kuznetsov
Faculty of Architecture, Moscow Architectural Institute (MARCHI), Russia

ABSTRACT

Russia's neo-classical revival since 2014 presidential directives reinterprets imperial motifs
within contemporary Moscow public architecture rejecting parametric modernism. This
morphological analysis dissects 28 projects including Zaryadye Concert Hall expansions and
Tsaritsyno masterplan revealing characteristic rustication, Corinthian orders grafted onto
curtain walls, and proportional systems derived from 18th-century treatises. Digital fabrication
enables parametric entablature generation maintaining 1:9 column height ratios alongside
CNC-milled limestone replicating 1812 quarries. Sustainability integration employs triple-
glazed colonnades achieving 52% energy savings versus glass boxes while geothermal
podiums leverage Moscow's cryogenic soils. Semiotic analysis reveals layered meanings:
triumphal arch motifs signifying geopolitical resurgence, equestrian statues projecting martial
virtue, pedimented porticos anchoring Zaha Hadid towers within legible civic hierarchy. Public
reception studies document 87% approval among 2,100 Muscovites versus 43% for
deconstructivist schemes. Economic analysis confirms 22% lifecycle cost savings through
durable stonework alongside 31% footfall generation anchoring commercial podiums.
Fabrication tolerances achieve 0.8mm precision rivaling digital workflows while skilled labor
renaissance revives St. Petersburg Academy curricula. Critical theory framework positions
neo-classicism as state-sponsored countermodernism contesting neoliberal globalization
aesthetics. Comparative Beijing-Beirut analysis reveals convergent authoritarian classicism.
Future projections incorporate Al-generated volute variations calibrated against Palladian
proportions. Preservation debates address inevitable weathering versus authentic patina
development. Research establishes Moscow's neo-classical revival as most systematic rejection
of starchitecture within G20 capitals, reconstituting civic monumentality through digital
traditionalism synthesis positioning Russia within global heritage revival discourses.

Keywords: neo-classical revival, Moscow architecture, public buildings, digital classicism,
cultural policy

159



PARAMETRIC DESIGN APPROACHES FOR SIBERIAN EXTREME CLIMATE
RESIDENTIAL COMPLEXES

Dr. Olga Smirnova, Pavel Sokolov
Faculty of Architecture and Urban Planning, Tomsk Polytechnic University, Russia

ABSTRACT

This research develops parametric design methodologies optimizing residential complex
performance under Siberian extreme climate conditions (-52°C winters, 1,800 annual heating
degree days). Grasshopper algorithms integrated with Ladybug environmental analysis
generated 1,200 building envelope variations evaluating wind-driven snow accumulation,
thermal bridging, and daylight autonomy across Novosibirsk, Krasnoyarsk, and Yakutsk
microclimates. Multi-objective genetic optimization identified compact H-shaped
morphologies reducing heat loss 38% versus linear blocks through optimized surface-to-
volume ratios (0.42 vs 0.67). Voronoi facade systems achieved 2.1 R-value improvement via
algorithmic insulation layering adapting to local wind roses. Snow load simulation employing
Particle Swarm Optimization minimized cornice icicle formation risks 67% through parametric
drip edge geometries. Energy modeling via EnergyPlus confirmed 44% heating energy
reduction meeting Yakutia Energy Code requirements while maintaining 18-hour polar night
illuminance levels. Material investigations validated Siberian larch cladding durability (40-
year service life) with aerogel insulation panels achieving U-values 0.12 W/m2K. Cost-benefit
analysis demonstrated 3.8-year payback through lifecycle savings despite 22% upfront
premium. Human-centric parametric tools incorporated biophilic algorithms generating 28%
stress reduction via optimized green wall configurations. Case study of 15,000m2 Tomsk
prototype validates simulation fidelity (r2=0.94) confirming 41% measured energy savings.
Scalability roadmap establishes federated BIM platform integrating Rosstandart climate data
with regional construction norms. Policy implications advocate parametric mandates within
Technical Regulation 23.13330.2018 enabling 25% national housing stock carbon reduction
by 2040. Research establishes computational morphogenesis as strategic infrastructure for
Arctic urbanization addressing 2.1M Siberia residents requiring climate-adaptive housing.

Keywords: parametric design, Siberian architecture, extreme climate, energy optimization,
computational morphogenesis
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VERNACULAR MUD BRICK CONSTRUCTION EVOLUTION IN ETHIOPIAN
HIGHLAND VILLAGES

Prof. Dr. Tadesse Woldemariam, Dr. Selamawit Assefa, Yonas Berhanu
Ethiopian Institute of Architecture, Addis Ababa University, Ethiopia

ABSTRACT

This longitudinal ethnographic study documents mud brick (chika) construction evolution
across Ethiopian highland villages (2,200-3,200m elevation) from 18th century conical tukuls
to contemporary hybrid morphologies. Archival analysis of 1,400 structures spanning Gondar,
Lalibela, and Harar regions reveals adaptive responses to 1,800mm annual rainfall, 4°C diurnal
swings, and 8.2 Richter seismic events. Three evolutionary phases identified: Phase | (pre-
1850) monolithic wet-clay loaves achieving 0.9 W/m2K U-values; Phase 11 (1880-1960) straw-
reinforced sandwich walls incorporating 23% rice husk thermal mass; Phase 111 (1980-present)
lime-stabilized hybrids with 28% bamboo reinforcement boosting compressive strength 340%
(4.2 MPa vs 1.2 MPa). Hygrothermal modeling confirms 42% moisture buffering superiority
versus concrete block. Seismic table testing validates 7.2 magnitude resistance through
interlocking dovetail joints. Material science analysis documents self-healing calcite
precipitation sealing 67% micro-cracks within 18 months. Socioeconomic drivers trace Italian
occupation introduction of fired brick countered by indigenous stabilization techniques
preserving 82% cultural continuity. Gender analysis reveals women's 76% participation in wall
plastering maintaining traditional knowledge transmission. Economic modeling confirms 3.7:1
cost advantage versus concrete (ETB 2,100/m? vs ETB 7,800/m2). Community-led
reconstruction post-2020 Tigray conflict demonstrates 94% acceptance reviving endangered
tukul geometries. Vernacular revival curriculum integrates parametric documentation within
AAU architecture program training 400 practitioners annually. Policy framework advocates
National Building Code amendments incorporating chika performance data enabling 1.2M
rural housing units. Research establishes Ethiopian mud architecture as living laboratory of
climate-adaptive construction informing global earthen revival strategies.

Keywords: mud brick construction, Ethiopian vernacular, seismic adaptation, hygrothermal
performance, cultural continuity
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CONTEMPORARY INTERPRETATIONS OF AXUMITE ROCK-HEWN
ARCHITECTURE IN ADDIS ABABA

Assoc. Prof. Dr. Alemayehu Getachew, Rahel Tesfaye, Dawit Mengistu
School of Architecture and Urban Design, Addis Ababa University, Ethiopia

ABSTRACT

This design research translates Axumite rock-hewn architectural principles into contemporary
Addis Ababa high-rise morphologies addressing rapid urbanization (4.2% annual growth).
Computational analysis of 47 UNESCO-listed stelae reveals proportional systems (golden ratio
¢=1.618) governing monolithic excavation generating parametric facade grammars.
Grasshopper algorithms reinterpret negative rock carving through subtractive CNC milling
producing 3.2m precast panels achieving 2.1m? glazing-to-solid ratios optimizing daylight
autonomy (DA>65%) while reducing solar gain 39%. Structural engineering validates basalt
aggregate concrete (fc'=42 MPa) mimicking Axumite compressive logic supporting 28-story
towers. Material investigation confirms local ignimbrite durability (62% compressive strength
retention after 1,500 freeze-thaw cycles). Urban morphology studies integrate stelae verticality
with Addis Ababa's 15% green space deficit generating vertical urban farms occupying 12%
floor plate. Daylighting simulations confirm 82% spatial uniformity versus 54% rectilinear
towers. Cultural programming embeds 1,400m? public galleries within structural core echoing
Axumite hypogeum spatial sequences. Economic feasibility establishes 7.2% cost premium
offset by 14-year lifecycle savings through passive performance. Heritage authority approvals
secured through 94% visual continuity with Debre Damo prototypes. Community engagement
across 3 kebeles generated design brief prioritizing rainwater harvesting (1,200m3 annual yield)
and seismic resilience (PGA 0.42g). Construction of 18,000m2 Unity Park pavilion validates
methodology achieving LEED Platinum certification. Scalability roadmap targets 35% Addis
Ababa high-rise market by 2035. Research establishes parametric heritage as urban strategy
fusing 2nd century stone-working intelligence with 21st century computational capacity
addressing Ethiopia's 1,200 annual tower completions.

Keywords: Axumite architecture, parametric heritage, Addis Ababa urbanism, computational
facades, cultural continuity
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BIOMIMICRY PRINCIPLES IN ETHIOPIAN SUSTAINABLE SCHOOL DESIGN
FOR ARID REGIONS

Dr. Firew Kebede, Mahlet Girma
Faculty of Civil and Environmental Engineering, Mekelle University, Ethiopia

ABSTRACT

This biomimetic design research translates Afar Region pastoralist survival strategies into
sustainable school architecture for Ethiopia's lowland arid zones (200mm annual rainfall, 42°C
peaks). Termite mound ventilation analyzed through CFD modeling informs chimney-effect
classrooms achieving 4.2 air changes/hour passively versus 0.8 ACH mechanical systems.
Camel hump fat metabolism principles generate phase-change material (PCM) wallboard
storing 180 kJ/kg latent heat stabilizing indoor temperatures 24-28°C during 16-hour diurnal
swings. Acacia tortilis root morphology inspires foundation piles tapping 18m groundwater
yielding 2,400 L/day classroom supply. Hyena scavenging efficiency informs waste-to-biogas
digesters processing 450kg daily cafeteria waste generating 12 kWh electricity. Passive solar
design employs Danakil Depression evaporative cooling towers reducing reliance on 3,800
kwWh/m2 annual solar potential by 67%. Life-cycle costing confirms 4.8:1 ROI versus
conventional schools through 92% energy autonomy. Indoor environmental quality exceeds
ASHRAE 62.1 with 1,200 lux uniformity and CO2<800 ppm. Student performance evaluation
across 1,400 pupils documents 27% cognitive test improvement correlating with thermal
comfort (PMV 0.2). Vernacular validation through 23 Afar elder workshops ensures cultural
resonance achieving 94% community ownership. Constructed 4,200m? Afar Regional Model
School serves 1,800 students confirming 87% measured energy savings. Scalability roadmap
targets 340 schools by 2030 meeting SDG 4.1. National curriculum integration trains 2,500
architects annually. Economic modeling projects ETB 4.2B savings through passive strategies.
Research establishes pastoralist intelligence as biomimetic repository positioning Ethiopia as
global leader in arid zone educational infrastructure.

Keywords: biomimicry architecture, Ethiopian arid design, passive cooling, pastoralist
technology, sustainable schools
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BYZANTINE ICONOGRAPHY INFLUENCES ON CONTEMPORARY GREEK
ORTHODOX CHURCH FRESCO TECHNIQUES

Prof. Dr. Katerina Theodorou, Dr. Panagiotis Dimitriadis, Eleni Vasilakis
Faculty of Fine Arts, National and Kapodistrian University of Athens, Greece

ABSTRACT

This research examines the enduring influence of Byzantine iconography on contemporary
Greek Orthodox church fresco techniques, bridging 11th-century Constantinopolitan canons
with 21st-century ecclesiastical art practices. Technical analysis of 47 post-1980 fresco
ensembles across Mount Athos, Crete, and Cyclades reveals 92% adherence to inverse
perspective systems alongside 68% utilization of linear canon proportions established at the
843 Triumph of Orthodoxy. Materials science investigation documents tempera continuity
using rabbit skin glue with natural earth pigments, achieving 87% spectral match to Palaiologan
prototypes through XRF spectroscopy. Contemporary adaptations include synthetic oxalates
enhancing lightfastness 3.2x while preserving hagiographic typology. lconographic programs
demonstrate hierarchical evolution: Christ Pantocrator centrality maintained at 98% across
programs, Theotokos positioning standardized per 14th-century akolouthiai. Compositional
analysis confirms 76% retention of hierarchical scale gradients alongside 41% incorporation
of modern martyrdom iconography. Artist interviews (n=23) reveal guild transmission
preserving 11lth-century egg tempera ratios alongside digital underdrawing facilitation.
Theological analysis traces iconophile justification evolution from John of Damascus through
20th-century hesychast revivals. Conservation challenges encompass 23% moisture damage
from post-Vatican Il liturgical reforms alongside synthetic binder yellowing. Economic
modeling confirms 4.1:1 ROI for historically accurate programs versus minimalist alternatives
through pilgrimage tourism multipliers. Case study of New Monastic Skete of the Annunciation
documents complete Byzantine revival achieving 94% authenticity score. Research establishes
contemporary Greek fresco painting as living tradition continuously negotiating historical
authenticity with modern material science while maintaining unbroken theological
intentionality central to Orthodox soteriology.

Keywords: Byzantine iconography, Greek Orthodox frescoes, tempera techniques, inverse
perspective, ecclesiastical art
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HELLENISTIC CERAMIC GLAZING METHODS APPLIED TO MODERN GREEK
STUDIO POTTERY PRODUCTION

Assoc. Prof. Dr. Stefanos Pappas, Maria Kalogeropoulos, Nikitas Georgiadis
Department of Conservation of Antiquities and Works of Art, University of West Attica,
Greece

ABSTRACT

This materials science investigation revives Hellenistic ceramic glazing techniques for
contemporary Greek studio pottery, achieving 96% spectral fidelity to 3rd-century BCE East
Greek lagynos while surpassing modern commercial glazes in thermal shock resistance. Lead-
antimonate yellow (Pb2Sb207) synthesis replicates Knidian polychromy through controlled
850°C firing schedules documented via in-situ XRD. Copper-silica green development
employs Sardian flux recipes achieving 2.8x color stability versus unstable Egyptian blue frits.
Cobaltite sourcing from Laurion mines restores Attic black gloss achieving 87% reflectance
match through 1,120°C reduction atmospheres. Glaze defect analysis through SEM-EDS
reveals Hellenistic lead stannate opacification superiority preventing 94% of crazing observed
in soda-lime modern formulations. Kiln atmosphere reconstruction via gas chromatography
confirms carbon monoxide reduction critical for iron-silicate crystallization. Contemporary
application across 18 studio potters documents 67% market premium for archaeologically-
authentic pieces. Durability testing confirms 5x scratch resistance versus lead-free alternatives
through Vickers microhardness. Economic modeling establishes 3.7:1 ROI through boutique
pricing targeting 28,000-unit collector market. Case study of Sifnos revival workshop achieves
92% customer retention through authenticity certification. Theoretical framework integrates
archaeological science with craft economics positioning Hellenistic glazing as sustainable
alternative to rare-earth dependent modern pigments. Research establishes unbroken technical
tradition from Bronze Age Mycenaean lustres through Hellenistic innovation enabling
contemporary Greek ceramics competitive positioning within $14B global art market.

Keywords: Hellenistic glazing, Greek pottery, archaeological ceramics, glaze chemistry,
studio production
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BERBER GEOMETRIC PATTERNS IN ALGERIAN MOSAIC ART AND
CONTEMPORARY ARCHITECTURAL DESIGN

Dr. Samira Belkacem, Karim Zerhouni, Nadia Lounis
Faculty of Architecture and Urban Planning, University of Constantine 3, Algeria

ABSTRACT

This interdisciplinary study analyzes Berber geometric patterns' mathematical structure and
contemporary architectural applications, documenting 4,200-year continuity from Capsian
rock art through Roman mosaic tessellations to post-independence public building design.
Fractal dimension analysis (D=1.73) confirms self-similar hierarchy across scales preserved
through 23 pattern grammars identified in Ghadames domestic architecture. Euclidean
tessellations employ 8 proto-tiles generating infinite variations through 7 transformation rules
documented in 14th-century Hilali manuscripts. Golden ratio (1:1.618) structuring observed in
89% compositions linking Punic town planning with Ottoman sahn siyas. Digital parametric
modeling reconstructs 3D mugarnas vaults from 2D Berber carpet patterns achieving 94%
structural integrity. Contemporary applications across 32 Algiers public projects demonstrate
67% cost savings through prefabricated tesserae production. Sustainability analysis confirms
82% recycled marble utilization versus imported porcelain alternatives. Cultural authentication
through oral history triangulation with 87 ksar elders validates pattern genealogies. BIM
integration enables real-time pattern generation compliant with seismic zone regulations.
Economic modeling projects $2.4B market potential through UNESCO heritage-linked
tourism. Case study of Constantine New Library employs 1.2M tesserae generating 4.1x ROI
through cultural prestige. Theoretical contribution establishes Berber geometry as indigenous
mathematical system rivaling Islamic mugarnas complexity while preceding Fibonacci
documentation by 800 years. Research positions Algerian mosaic tradition as global design
resource bridging vernacular authenticity with parametric modernism.

Keywords: Berber geometry, Algerian mosaics, fractal architecture, tessellation grammars,
parametric design
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ISLAMIC CALLIGRAPHY TRADITIONS REVIVED IN MODERN ALGERIAN
BOOK ARTS AND TYPOGRAPHY

Prof. Dr. Aicha Hadji, Yasser Brahimi
Institute of Literature and Arts, University of Algiers 2, Algeria

ABSTRACT

This practice-led research revives Maghrebi thuluth and Andalusian kufic calligraphic
traditions within contemporary Algerian book arts and digital typography, achieving 93%
legibility equivalence to manuscript prototypes through parametric stroke modulation. 17th-
century Bologhine Quran analysis establishes baseline ductus preserved through 24 stroke
pressure profiles digitized via Wacom Cintig. Optical character recognition testing confirms
87% accuracy versus 23% Naskh fonts. Kairouan maghribi reconstruction employs 1:3 vertical
compression ratios achieving 76% space efficiency gains over Latin alphabets. Contemporary
book projects across 9 Algerian publishers document 2.8x premium pricing through heritage
authentication. Digital font development integrates variable axis control enabling 1,200 glyph
variations controlled by 7 master designs. Printing technology adaptation confirms offset
lithography superiority over risograph for maghribi descenders. Cultural policy analysis
reveals 67% public institution adoption post-2019 heritage revival decree. Economic modeling
projects 3.4:1 ROI through export to 28M Maghrebi diaspora market. Case study of Dar El
Ghezlane's 2023 Quran facsimile achieves 94% authenticity certification from Algerian
Ministry of Religious Affairs. Theoretical framework integrates paleography with type design
theory establishing continuous calligraphic tradition adaptation. Research establishes Algerian
typography as bridge between manuscript heritage and digital publishing revolution
positioning national book arts within $2.1B Islamic heritage economy.

Keywords: Islamic calligraphy, Maghrebi script, Algerian typography, book arts, digital fonts
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BATIK WAX-RESIST TECHNIQUES EVOLUTION IN INDONESIAN TEXTILE
CONSERVATION PRACTICES

Assoc. Prof. Dr. Wayan Susila, Dr. Retno Wulandari, Agus Pramono
Faculty of Cultural Studies, Udayana University, Bali, Indonesia

ABSTRACT

This conservation science investigation documents batik wax-resist technique evolution from
19th-century coastal canting application through paraffin microcrystalline wax adoption
addressing 87% cracking reduction in Solo court textiles. Microstructural analysis of 342
Javanese batik panels reveals beeswax-paraffin 60:40 ratios optimal for tensile strength (28
MPa) while preserving 94% dye fastness. Capillary flow modeling explains 19th-century
paraffin introduction solving vegetable wax bleeding during cold resist stages. Contemporary
conservation employs pulsed laser cleaning (Nd:YAG 1064nm) removing 92% wax residue
without substrate damage. Accelerated aging tests confirm paraffin-beeswax composites
superior UV resistance (AE=2.1 vs 7.4 pure beeswax). Economic analysis establishes paraftfin
canting reduces production time 43% enabling smallholder artisan survival against screen-
printing competition. Case study of Yogyakarta Keraton workshop documents 76% technique
preservation through master-apprentice transmission. Digital documentation through
hyperspectral imaging (400-1000nm) enables non-destructive pattern analysis achieving 89%
crack prediction accuracy. Sustainability assessment confirms palm wax viability reducing
import dependency 67%. Theoretical framework integrates materials science with craft
anthropology positioning batik as dynamic conservation challenge. Research establishes
systematic approach preserving $1.2B UNESCO-recognized industry while enabling
contemporary design innovation through scientifically validated traditional techniques.

Keywords: batik conservation, wax-resist techniques, textile materials science, Indonesian
craft, cultural heritage
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SHADOW PUPPETRY LEATHER PREPARATION METHODS IN INDONESIAN
WAYANG TRADITIONAL CRAFT

Gusti Made, Prof. Dr. Siti Nurhaliza, Dewi Sartika
Faculty of Performing Arts, Indonesian Institute of the Arts Yogyakarta, Indonesia

ABSTRACT

This ethnographic materials study documents water buffalo leather preparation for Javanese
wayang kulit shadow puppetry, achieving 98% translucency consistency through 47-step
tannage sequence spanning 6 months. Hide selection criteria establish 2.5-3.2mm optimal
thickness range ensuring 84% light transmission post-gilding. Vegetable tanning employs
gamalier (Mesua ferrea) achieving 92% microbial resistance versus chemical chromium salts.
Surface burnishing with river stones produces 0.8um specular finish reflecting 73% visible
light. Gold leaf application through size adhesion maintains 41-year color stability documented
through longitudinal collections. Puppet articulation engineering achieves 28° scroll range
through precision buffalo horn pivot inlays. Digital reverse engineering confirms 0.02mm
tolerance in carving depth modulating shadow opacity gradients. Economic modeling confirms
6.8:1 ROI for master dalang training versus digital projection alternatives. Case study of
Surakarta Mangkunegaran court documents unbroken transmission since 1757. Sustainability
analysis establishes ethical sourcing protocols reducing wild buffalo poaching 67%.
Contemporary adaptation through 3D-printed stamping irons maintains 94% visual fidelity
while reducing carving time 58%. Research establishes wayang kulit leather craft as
paradigmatic traditional knowledge system integrating materials science, anatomy, optics, and
performance engineering within single artisanal practice positioning Indonesian shadow art
within global intangible heritage conservation frameworks.

Keywords: wayang kulit, leather preparation, shadow puppetry, traditional tanning, cultural
materials
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TRADITIONAL INDONESIAN WOOD CARVING TOOLS AND THEIR
APPLICATION IN CONTEMPORARY SCULPTURE

Dr. Bambang Wijaya, Lina Hartati
Faculty of Visual Arts, Bandung Institute of the Arts, Indonesia

ABSTRACT

This technical art history documents 23 traditional Indonesian wood carving tool types
spanning 14th-century Majapahit chisel geometries through contemporary sculptural
applications achieving 87% surface quality equivalence to pneumatic tools. Adze morphology
analysis reveals 3.7° bevel angle optimal for jelutung wood (Asteraacae) producing 0.12mm
surface roughness. Ball peen hammer forging techniques achieve 2.1 GPa hardness versus 1.8
GPa modern steel. Tool steel analysis confirms pamor pattern welding techniques predating
European Damascus steel by 200 years. Contemporary adaptation through electroplated alang-
alang binding maintains 94% edge retention after 1,200 hours carving. Economic modeling
confirms 4.2:1 ROI versus power tools through artisan labor valorization. Case study of Bali
Ubud Monkey Forest carvings documents 6,200-tool set preserving 98% morphological
continuity since 14th century. Digital replication through 3D scanning achieves 0.03mm
tolerance enabling global replication while preserving authenticity certification. Sustainability
analysis confirms ironwood (ulin) tool handle superiority reducing deforestation 76%.
Theoretical framework integrates craft anthropology with materials engineering positioning
Indonesian carving tools as complete sculptural ecosystem from raw material through finished
artifact. Research establishes unbroken technical tradition enabling contemporary sculpture
competitive within global $67B art market while maintaining cultural authenticity certification
essential for UNESCO intangible heritage status.

Keywords: Indonesian wood carving, traditional tools, sculptural techniques, craft
preservation, materials engineering
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BYZANTINE ICONOGRAPHY INFLUENCES ON CONTEMPORARY GREEK
ORTHODOX CHURCH FRESCO TECHNIQUES

Prof. Dr. Katerina Theodorou, Dr. Panagiotis Dimitriadis, Eleni Vasilakis
Faculty of Fine Arts, National and Kapodistrian University of Athens, Greece

ABSTRACT

This research examines the enduring influence of Byzantine iconography on contemporary
Greek Orthodox church fresco techniques, bridging 11th-century Constantinopolitan canons
with 21st-century ecclesiastical art practices. Technical analysis of 47 post-1980 fresco
ensembles across Mount Athos, Crete, and Cyclades reveals 92% adherence to inverse
perspective systems alongside 68% utilization of linear canon proportions established at the
843 Triumph of Orthodoxy. Materials science investigation documents tempera continuity
using rabbit skin glue with natural earth pigments, achieving 87% spectral match to Palaiologan
prototypes through XRF spectroscopy. Contemporary adaptations include synthetic oxalates
enhancing lightfastness 3.2x while preserving hagiographic typology. lconographic programs
demonstrate hierarchical evolution: Christ Pantocrator centrality maintained at 98% across
programs, Theotokos positioning standardized per 14th-century akolouthiai. Compositional
analysis confirms 76% retention of hierarchical scale gradients alongside 41% incorporation
of modern martyrdom iconography. Artist interviews (n=23) reveal guild transmission
preserving 11lth-century egg tempera ratios alongside digital underdrawing facilitation.
Theological analysis traces iconophile justification evolution from John of Damascus through
20th-century hesychast revivals. Conservation challenges encompass 23% moisture damage
from post-Vatican Il liturgical reforms alongside synthetic binder yellowing. Economic
modeling confirms 4.1:1 ROI for historically accurate programs versus minimalist alternatives
through pilgrimage tourism multipliers. Case study of New Monastic Skete of the Annunciation
documents complete Byzantine revival achieving 94% authenticity score. Research establishes
contemporary Greek fresco painting as living tradition continuously negotiating historical
authenticity with modern material science while maintaining unbroken theological
intentionality central to Orthodox soteriology.

Keywords: Byzantine iconography, Greek Orthodox frescoes, tempera techniques, inverse
perspective, ecclesiastical art
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HELLENISTIC CERAMIC GLAZING METHODS APPLIED TO MODERN GREEK
STUDIO POTTERY PRODUCTION

Assoc. Prof. Dr. Stefanos Pappas, Maria Kalogeropoulos, Nikitas Georgiadis
Department of Conservation of Antiquities and Works of Art, University of West Attica,
Greece

ABSTRACT

This materials science investigation revives Hellenistic ceramic glazing techniques for
contemporary Greek studio pottery, achieving 96% spectral fidelity to 3rd-century BCE East
Greek lagynos while surpassing modern commercial glazes in thermal shock resistance. Lead-
antimonate yellow (Pb2Sb207) synthesis replicates Knidian polychromy through controlled
850°C firing schedules documented via in-situ XRD. Copper-silica green development
employs Sardian flux recipes achieving 2.8x color stability versus unstable Egyptian blue frits.
Cobaltite sourcing from Laurion mines restores Attic black gloss achieving 87% reflectance
match through 1,120°C reduction atmospheres. Glaze defect analysis through SEM-EDS
reveals Hellenistic lead stannate opacification superiority preventing 94% of crazing observed
in soda-lime modern formulations. Kiln atmosphere reconstruction via gas chromatography
confirms carbon monoxide reduction critical for iron-silicate crystallization. Contemporary
application across 18 studio potters documents 67% market premium for archaeologically-
authentic pieces. Durability testing confirms 5x scratch resistance versus lead-free alternatives
through Vickers microhardness. Economic modeling establishes 3.7:1 ROI through boutique
pricing targeting 28,000-unit collector market. Case study of Sifnos revival workshop achieves
92% customer retention through authenticity certification. Theoretical framework integrates
archaeological science with craft economics positioning Hellenistic glazing as sustainable
alternative to rare-earth dependent modern pigments. Research establishes unbroken technical
tradition from Bronze Age Mycenaean lustres through Hellenistic innovation enabling
contemporary Greek ceramics competitive positioning within $14B global art market.

Keywords: Hellenistic glazing, Greek pottery, archaeological ceramics, glaze chemistry,
studio production
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BERBER GEOMETRIC PATTERNS IN ALGERIAN MOSAIC ART AND
CONTEMPORARY ARCHITECTURAL DESIGN

Dr. Samira Belkacem, Karim Zerhouni, Nadia Lounis
Faculty of Architecture and Urban Planning, University of Constantine 3, Algeria

ABSTRACT

This interdisciplinary study analyzes Berber geometric patterns' mathematical structure and
contemporary architectural applications, documenting 4,200-year continuity from Capsian
rock art through Roman mosaic tessellations to post-independence public building design.
Fractal dimension analysis (D=1.73) confirms self-similar hierarchy across scales preserved
through 23 pattern grammars identified in Ghadames domestic architecture. Euclidean
tessellations employ 8 proto-tiles generating infinite variations through 7 transformation rules
documented in 14th-century Hilali manuscripts. Golden ratio (1:1.618) structuring observed in
89% compositions linking Punic town planning with Ottoman sahn siyas. Digital parametric
modeling reconstructs 3D mugarnas vaults from 2D Berber carpet patterns achieving 94%
structural integrity. Contemporary applications across 32 Algiers public projects demonstrate
67% cost savings through prefabricated tesserae production. Sustainability analysis confirms
82% recycled marble utilization versus imported porcelain alternatives. Cultural authentication
through oral history triangulation with 87 ksar elders validates pattern genealogies. BIM
integration enables real-time pattern generation compliant with seismic zone regulations.
Economic modeling projects $2.4B market potential through UNESCO heritage-linked
tourism. Case study of Constantine New Library employs 1.2M tesserae generating 4.1x ROI
through cultural prestige. Theoretical contribution establishes Berber geometry as indigenous
mathematical system rivaling Islamic mugarnas complexity while preceding Fibonacci
documentation by 800 years. Research positions Algerian mosaic tradition as global design
resource bridging vernacular authenticity with parametric modernism.

Keywords: Berber geometry, Algerian mosaics, fractal architecture, tessellation grammars,
parametric design

173



ISLAMIC CALLIGRAPHY TRADITIONS REVIVED IN MODERN ALGERIAN
BOOK ARTS AND TYPOGRAPHY

Prof. Dr. Aicha Hadji, Yasser Brahimi
Institute of Literature and Arts, University of Algiers 2, Algeria

ABSTRACT

This practice-led research revives Maghrebi thuluth and Andalusian kufic calligraphic
traditions within contemporary Algerian book arts and digital typography, achieving 93%
legibility equivalence to manuscript prototypes through parametric stroke modulation. 17th-
century Bologhine Quran analysis establishes baseline ductus preserved through 24 stroke
pressure profiles digitized via Wacom Cintig. Optical character recognition testing confirms
87% accuracy versus 23% Naskh fonts. Kairouan maghribi reconstruction employs 1:3 vertical
compression ratios achieving 76% space efficiency gains over Latin alphabets. Contemporary
book projects across 9 Algerian publishers document 2.8x premium pricing through heritage
authentication. Digital font development integrates variable axis control enabling 1,200 glyph
variations controlled by 7 master designs. Printing technology adaptation confirms offset
lithography superiority over risograph for maghribi descenders. Cultural policy analysis
reveals 67% public institution adoption post-2019 heritage revival decree. Economic modeling
projects 3.4:1 ROI through export to 28M Maghrebi diaspora market. Case study of Dar El
Ghezlane's 2023 Quran facsimile achieves 94% authenticity certification from Algerian
Ministry of Religious Affairs. Theoretical framework integrates paleography with type design
theory establishing continuous calligraphic tradition adaptation. Research establishes Algerian
typography as bridge between manuscript heritage and digital publishing revolution
positioning national book arts within $2.1B Islamic heritage economy.

Keywords: Islamic calligraphy, Maghrebi script, Algerian typography, book arts, digital fonts
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BATIK WAX-RESIST TECHNIQUES EVOLUTION IN INDONESIAN TEXTILE
CONSERVATION PRACTICES

Assoc. Prof. Dr. Wayan Susila, Dr. Retno Wulandari, Agus Pramono
Faculty of Cultural Studies, Udayana University, Bali, Indonesia

ABSTRACT

This conservation science investigation documents batik wax-resist technique evolution from
19th-century coastal canting application through paraffin microcrystalline wax adoption
addressing 87% cracking reduction in Solo court textiles. Microstructural analysis of 342
Javanese batik panels reveals beeswax-paraffin 60:40 ratios optimal for tensile strength (28
MPa) while preserving 94% dye fastness. Capillary flow modeling explains 19th-century
paraffin introduction solving vegetable wax bleeding during cold resist stages. Contemporary
conservation employs pulsed laser cleaning (Nd:YAG 1064nm) removing 92% wax residue
without substrate damage. Accelerated aging tests confirm paraffin-beeswax composites
superior UV resistance (AE=2.1 vs 7.4 pure beeswax). Economic analysis establishes paraftfin
canting reduces production time 43% enabling smallholder artisan survival against screen-
printing competition. Case study of Yogyakarta Keraton workshop documents 76% technique
preservation through master-apprentice transmission. Digital documentation through
hyperspectral imaging (400-1000nm) enables non-destructive pattern analysis achieving 89%
crack prediction accuracy. Sustainability assessment confirms palm wax viability reducing
import dependency 67%. Theoretical framework integrates materials science with craft
anthropology positioning batik as dynamic conservation challenge. Research establishes
systematic approach preserving $1.2B UNESCO-recognized industry while enabling
contemporary design innovation through scientifically validated traditional techniques.

Keywords: batik conservation, wax-resist techniques, textile materials science, Indonesian
craft, cultural heritage
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SHADOW PUPPETRY LEATHER PREPARATION METHODS IN INDONESIAN
WAYANG TRADITIONAL CRAFT

Gusti Made, Prof. Dr. Siti Nurhaliza, Dewi Sartika
Faculty of Performing Arts, Indonesian Institute of the Arts Yogyakarta, Indonesia

ABSTRACT

This ethnographic materials study documents water buffalo leather preparation for Javanese
wayang kulit shadow puppetry, achieving 98% translucency consistency through 47-step
tannage sequence spanning 6 months. Hide selection criteria establish 2.5-3.2mm optimal
thickness range ensuring 84% light transmission post-gilding. Vegetable tanning employs
gamalier (Mesua ferrea) achieving 92% microbial resistance versus chemical chromium salts.
Surface burnishing with river stones produces 0.8um specular finish reflecting 73% visible
light. Gold leaf application through size adhesion maintains 41-year color stability documented
through longitudinal collections. Puppet articulation engineering achieves 28° scroll range
through precision buffalo horn pivot inlays. Digital reverse engineering confirms 0.02mm
tolerance in carving depth modulating shadow opacity gradients. Economic modeling confirms
6.8:1 ROI for master dalang training versus digital projection alternatives. Case study of
Surakarta Mangkunegaran court documents unbroken transmission since 1757. Sustainability
analysis establishes ethical sourcing protocols reducing wild buffalo poaching 67%.
Contemporary adaptation through 3D-printed stamping irons maintains 94% visual fidelity
while reducing carving time 58%. Research establishes wayang kulit leather craft as
paradigmatic traditional knowledge system integrating materials science, anatomy, optics, and
performance engineering within single artisanal practice positioning Indonesian shadow art
within global intangible heritage conservation frameworks.

Keywords: wayang kulit, leather preparation, shadow puppetry, traditional tanning, cultural
materials
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TRADITIONAL INDONESIAN WOOD CARVING TOOLS AND THEIR
APPLICATION IN CONTEMPORARY SCULPTURE

Dr. Bambang Wijaya, Lina Hartati
Faculty of Visual Arts, Bandung Institute of the Arts, Indonesia

ABSTRACT

This technical art history documents 23 traditional Indonesian wood carving tool types
spanning 14th-century Majapahit chisel geometries through contemporary sculptural
applications achieving 87% surface quality equivalence to pneumatic tools. Adze morphology
analysis reveals 3.7° bevel angle optimal for jelutung wood (Asteraacae) producing 0.12mm
surface roughness. Ball peen hammer forging techniques achieve 2.1 GPa hardness versus 1.8
GPa modern steel. Tool steel analysis confirms pamor pattern welding techniques predating
European Damascus steel by 200 years. Contemporary adaptation through electroplated alang-
alang binding maintains 94% edge retention after 1,200 hours carving. Economic modeling
confirms 4.2:1 ROI versus power tools through artisan labor valorization. Case study of Bali
Ubud Monkey Forest carvings documents 6,200-tool set preserving 98% morphological
continuity since 14th century. Digital replication through 3D scanning achieves 0.03mm
tolerance enabling global replication while preserving authenticity certification. Sustainability
analysis confirms ironwood (ulin) tool handle superiority reducing deforestation 76%.
Theoretical framework integrates craft anthropology with materials engineering positioning
Indonesian carving tools as complete sculptural ecosystem from raw material through finished
artifact. Research establishes unbroken technical tradition enabling contemporary sculpture
competitive within global $67B art market while maintaining cultural authenticity certification
essential for UNESCO intangible heritage status.

Keywords: Indonesian wood carving, traditional tools, sculptural techniques, craft
preservation, materials engineering
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DEVELOPMENT OF FLEXIBLE WEARABLE ANTENNAS FOR 6G BODY-CENTRIC
COMMUNICATION SYSTEMS

Prof. Dr. Hiroshi Tanaka, Dr. Aiko Nakamura, Kenji Sato
Faculty of Electrical and Electronic Engineering, Tokyo Institute of Technology, Japan

ABSTRACT

This research presents the development of ultra-flexible wearable antennas operating across
6G sub-THz bands (95-115 GHz and 140-160 GHz) for body-centric communication systems,
addressing critical challenges in bending resilience, SAR compliance, and multi-path fading
mitigation. Novel textile-integrated metasurface designs employing electro-textile embroidery
on 0.12mm Lycra substrates achieve -12.4 dBi peak gain with 3.1% fractional bandwidth while
maintaining 92% radiation efficiency post 1000-cycle bending tests (5cm radius). On-body
channel characterization using phantom torso models reveals 18.2 dB path loss reduction
through pattern diversity switching algorithms adapting to dynamic arm-torso orientations.
Specific Absorption Rate measurements confirm 87% compliance margin below IEEE C95.1
limits during 100mW transmission. Machine learning-driven beam steering compensates 24°
beam squint under 30% areal strain, enabling 14.6 Gbps data rates at 1m separation. Material
characterization documents 4.2% conductivity degradation post perspiration exposure,
mitigated through PDMS encapsulation preserving 95% performance after 500 wash cycles.
Polarimetric analysis confirms 3.1 dB cross-polarization discrimination essential for MIMO
configurations. Integration with flexible GaN PAs achieves 28.4 dBm EIRP suitable for
personal lIoMT networks. Comparative evaluation against rigid PCB alternatives demonstrates
67% weight reduction and 41% conformal efficiency superiority. Deployment trials validate
real-time ECG monitoring with 99.2% packet delivery ratio during vigorous activities.
Scalability roadmap targets mm-scale form factors for 2030 6G wearables supporting terabit-
per-second personal area networks. Theoretical contributions advance metasurface theory for
dynamic human loading while experimental validation establishes design guidelines for next-
generation body-centric wireless systems bridging mobile healthcare with immersive
communications.

Keywords: wearable antennas, 6G communications, metasurface design, body-centric
wireless, flexible electronics
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DVANCES IN GaN-BASED HIGH-EFFICIENCY POWER AMPLIFIERS FOR
SATELLITE COMMUNICATION

Assoc. Prof. Dr. Yuji Kobayashi, Mika Yamamoto, Taro Ikeda
Department of Communications Engineering, Tohoku University, Japan

ABSTRACT

This investigation presents next-generation GaN-HEMT power amplifiers achieving 62% PAE
across 27.5-31 GHz Ka-band satellite feeder links, enabling 1.2 Thps capacity enhancement
for high-throughput satellites. Dual-stage Doherty architecture with novel harmonic tuning
networks delivers 48.2 dBm saturated power with 14.2 dB gain while suppressing IMD3 -42
dBc at 7 dB backoff. Advanced thermal management through graphene-diamond composite
heat spreaders maintains 92% efficiency under 85°C junction temperatures versus 47%
degradation in conventional SiC substrates. Digital predistortion linearization employing
memory polynomial models achieves ACPR -48 dBc across 400 MHz instantaneous
bandwidth. Load-pull characterization reveals optimal impedance contours enabling 3.8x
linearity improvement through active load modulation. Multi-carrier CDMA waveform testing
confirms EVM 1.8% RMS supporting 256-QAM modulation. Reliability assessment
documents zero catastrophic failures after 10,000 hour HTOL testing at 150°C. Integration
with GaAs pHEMT drivers forms compact 8W MMIC achieving 27 dB power gain. Satellite
link budget analysis projects 14 dB SNR margin for GEO-HTS spot beams serving 120
Mbps/user. Cost modeling confirms 2.7:1 economics versus GaAs alternatives through 41%
die area reduction. Comparative evaluation against LDMOS establishes 4.2x power density
advantage critical for space-qualified payloads. Experimental validation through breadboard
transceivers confirms 1.1 Thps aggregate throughput across 96 channels. Deployment roadmap
targets 2030 Artemis missions requiring 100W Ka-band TWT replacement. Research
establishes fundamental limits of GaN scaling while providing design methodologies enabling
terabit satellite constellations bridging digital divide through ubiquitous high-capacity
backhaul infrastructure.

Keywords: GaN power amplifiers, satellite communications, Doherty architecture, Ka-band,
digital predistortion
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LOW-POWER loT SENSOR NETWORKS OPTIMIZED FOR SMART AGRICULTURE
IN VIETNAM RICE FIELDS

Dr. Minh Tran, Lan Nguyen, Prof. Dr. Hai Pham
Faculty of Electronics and Telecommunications, Hanoi University of Science and
Technology, Vietnam

ABSTRACT

This research develops solar-powered LoRaWAN sensor networks achieving 5-year
deployment lifetime across Vietnam's 7.2M hectares rice cultivation areas, integrating soil
dielectric analysis, microclimate monitoring, and Al-driven irrigation optimization. 2,400
nodes deployed across Mekong Delta demonstrate 98.7% packet delivery ratio through
adaptive spreading factor modulation compensating 12 dB rice canopy attenuation. Energy
harvesting system yields 28.4 mWh/day via GaAs solar cells maintaining 100% uptime during
monsoon periods. ML-based anomaly detection identifies 87% irrigation faults 48 hours pre-
visually apparent through spectral vegetation index deviations. Economic analysis confirms
4.1:1 ROI through 23% vyield increase and 31% water conservation generating $2,800/ha net
returns. Network topology employs hierarchical clustering minimizing 62% routing overhead
while supporting 1,200 nodes/gateway. Firmware implements dynamic duty cycling achieving
3.2 uW average consumption versus 28 uW commercial alternatives. Rice-specific dielectric
models correct 14.2% volumetric water content errors across paddy flooding cycles. Multi-
spectral imaging fusion with Sentinel-2 data enhances blast disease prediction accuracy to
94.3%. Farmer adoption studies document 76% compliance with automated recommendations
increasing Basmati export grades 18%. Scalability roadmap targets national coverage serving
4.2M farm households by 2030. Policy framework advocates VNPT LoRaWAN licensing
reform alongside 30% capital subsidy program. Research establishes precision agriculture
viability within tropical wetland ecosystems providing comprehensive methodology from
physical layer design through socio-economic impact assessment positioning Vietnam as
regional smart farming leader.

Keywords: 10T agriculture, LoORaWAN networks, rice field monitoring, precision irrigation,
Vietnam farming

180



MACHINE LEARNING ALGORITHMS FOR PREDICTIVE MAINTENANCE IN
VIETNAM'S INDUSTRIAL ROBOTICS

Assoc. Prof. Dr. Duc Le, Thuy Hoang
Faculty of Mechanical Engineering, Ho Chi Minh City University of Technology, Vietnam

ABSTRACT

This research implements hybrid deep transfer learning frameworks achieving 97.2% robotic
arm failure prediction accuracy across Vietnam's 18,400 industrial units, reducing unplanned
downtime 73% and maintenance costs 41%. CNN-LSTM architecture pretrained on ImageNet
adapts to vibration spectrograms identifying 23 fault signatures from 6-DoF SCARA robots.
Attention mechanisms highlight harmonic bearing defects 48 hours pre-catastrophic failure
with 0.94 Fl-score. Edge deployment on NVIDIA Jetson Nano processes 1,200
inferences/second at 12W versus 180W cloud alternatives. Economic modeling confirms 6.8:1
ROI through $2.4M annual savings across 200 factories. Transfer learning bridges data
scarcity: Korean robotic datasets fine-tuned achieve 14.2% accuracy gains versus training from
scratch. Explainable Al via SHAP analysis reveals spindle motor current anomalies as primary
predictor (feature importance 0.38). Multi-factory deployment confirms generalizability across
FANUC, ABB, Yaskawa arms. Digital twin synchronization enables virtual What-If scenario
testing reducing debugging cycles 67%. Integration with SAP PM modules automates work
order generation achieving 92% technician compliance. Workforce upskilling program trains
4,200 engineers reaching 87% digital literacy. Policy recommendations advocate MOST
robotics data standardization alongside VCCI predictive maintenance certification.
Longitudinal analysis confirms MTBF improvement from 1,820 to 4,700 hours. Research
establishes comprehensive ML pipeline from raw sensor acquisition through enterprise
integration positioning Vietnam's manufacturing within Industry 4.0 frameworks while
addressing skilled labor constraints through automation augmentation.

Keywords: predictive maintenance, industrial robotics, transfer learning, CNN-LSTM,
Vietnam manufacturing
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AI-ACCELERATED VLSI DESIGN FOR EDGE COMPUTING IN TAIWANESE
SEMICONDUCTOR MANUFACTURING

Dr. Wei-Lin Chen, Prof. Dr. Ming-Hsuan Li, Yu-Ting Wang
Institute of Electronics Engineering, National Tsing Hua University, Taiwan

ABSTRACT

This research accelerates TSMC 3nm VLSI design closure 28x through reinforcement learning
placement optimization achieving 14% PPA gains for edge-Al inference chips serving 8K
video analytics workloads. Graph neural networks pretrained on 4.2M EDA macros generate
initial placements converging 67% faster than human experts. Multi-agent RL fine-tunes
congestion hotspots through parallel Monte Carlo simulations predicting 92% routing
completion probability. Hardware-aware neural architecture search co-optimizes MAC array
layouts with placement yielding 3.2 TOPS/W efficiency versus 1.8 TOPS/W hand-optimized.
Closed-loop verification integrates Synopsys ICC2 with ML surrogate models reducing DRC
iterations 84%. Production deployment across 180 tapeouts confirms 7.8% die size reduction
generating $2.4B wafer cost savings. Explainability via GradCAM visualizations guides senior
engineers focusing optimization on timing-critical nets. Multi-objective Pareto optimization
balances wirelength-power-congestion achieving 96.4% timing yield. Technology transfer to
UMC/PSC confirms generalizability across foundries. Workforce augmentation training
reaches 3,400 designers achieving 41% productivity gains. Economic analysis establishes
12.6:1 ROI within single tapeout cycle. Policy framework advocates NDL technology transfer
tax credits alongside ITRI-Industry PhD program scaling. Comparative benchmarking against
Google Cirrus release confirms Taiwan leadership in commercial ML-EDA integration.
Research establishes autonomous VLSI design paradigm enabling 2nm process node
complexity while preserving human oversight for outlier architectures positioning Taiwan
semiconductor ecosystem at forefront of cognitive electronic design automation revolution.

Keywords: Al VLSI design, edge computing, reinforcement learning, placement optimization,
Taiwan semiconductors
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QUANTUM DOT LASERS FOR HIGH-SPEED DATA CENTERS IN TAIWAN'S 5G
INFRASTRUCTURE

Assis. Prof. Dr. Hao Zhang, Jia-Ling Kuo
Department of Photonics, National Taiwan University, Taiwan

ABSTRACT

This research demonstrates InAs/GaAs quantum dot lasers achieving 51 GHz modulation
bandwidth supporting 200 Gbps PAM-4 transmission for Taiwan's 5G core data centers. Self-
assembled dot-in-well architecture delivers -2.4 dB SMSR, 42% slope efficiency, and 28°C
temperature operation without current adjustment. Small-signal analysis reveals f3dB=51.2
GHz through optimized p-doped carrier injection overcoming gain compression limitations.
Eye diagram analysis confirms 9.2 dB SNR margin at 200 Gbps across 10 km SMF. Thermal
resistance reduced 37% through graphene heat spreaders maintaining 92% efficiency at 85°C.
Chip-scale integration with Si photonics via BCB wafer bonding achieves 2.1 dB coupling loss.
Reliability testing documents zero failures after 5,000 hours 80°C/80% RH confirming telco-
grade stability. Economic modeling projects 3.8x cost reduction versus VCSEL arrays through
simplified fab processes. Comparative evaluation against QW lasers confirms 2.7x chirp
reduction enabling 50 km metro links. Taiwan market analysis reveals 1.2M port demand by
2028 generating $4.8B deployment opportunity. Supply chain localization roadmap integrates
Epistar epiwafer production with Win Semiconductors packaging. Standardization trajectory
targets MSA-compliant TOSA modules by Q3 2026. Academic-industry consortium
accelerates time-to-market through Foxconn packaging qualification. Research establishes
quantum dot photonics commercial viability bridging research-to-fab gap positioning Taiwan
within global 400G+ optical transceiver leadership while securing domestic 5G infrastructure
against supply chain disruptions.

Keywords: quantum dot lasers, high-speed data centers, 5G infrastructure, Taiwan photonics,
PAM-4 transmission
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PHOTOVOLTAIC MAXIMUM POWER POINT TRACKING ALGORITHMS FOR
EGYPTIAN SOLAR FARMS

Prof. Dr. Ahmed El-Sayed, Dr. Fatima Hassan, Omar Khalil
Faculty of Engineering, Cairo University, Egypt

ABSTRACT

This research develops hybrid MPPT algorithms achieving 99.2% tracking efficiency across
Egypt's 2.1 GW installed solar capacity operating under partial shading from Saharan dust
storms. Adaptive neuro-fuzzy inference system fused with improved perturb-and-observe
delivers 14.2% annual energy yield gains versus INC methods. Real-time implementation on
STM32F407 handles 100 kHz sampling across 50 MW Benban farm confirming 2.8%
superiority under dynamic irradiance (200-1100 W/m?). Dust accumulation modeling predicts
22% degradation mitigation through predictive cleaning scheduling. Hardware-in-loop testing
validates 97 us response time versus 2.4 ms INC. Economic analysis confirms 3.7:1 ROI
through $18.4M annual generation uplift. Multi-array coordination via LoRaWAN backbone
optimizes 1,200 inverters minimizing string mismatch losses 19%. Machine learning
temperature compensation corrects 8.7% efficiency errors across 12-52°C diurnal swings.
Nocturnal anti-reverse current protection preserves 100% BOS component lifespan. Scalability
roadmap targets Egypt's 10 GW 2030 target through NREL SAM integration. Comparative
benchmarking against P&O, INC, and fuzzy logic establishes hybrid ANFIS-P&O leadership
across all STC metrics. Field deployment across 18 solar farms serving 4.2M households
confirms 96% algorithm uptime. Policy recommendations advocate EGYPTELEC MPPT
certification alongside MOSTA training programs. Research establishes comprehensive MPPT
evolution from classical methods through Al augmentation positioning Egyptian solar
leadership within MENA region while addressing desert-specific degradation mechanisms.

Keywords: MPPT algorithms, photovoltaic systems, Egyptian solar farms, partial shading,
ANFIS optimization

184



RFID-BASED SMART GRID MONITORING SYSTEMS FOR EGYPTIAN URBAN
ELECTRICITY DISTRIBUTION

Assoc. Prof. Dr. Karim Abdel, Sara Mahmoud
Department of Electrical Power Engineering, Ain Shams University, Egypt

ABSTRACT

This research deploys passive UHF RFID networks achieving 99.7% transformer load accuracy
across Cairo's aging urban grid serving 22M consumers. 4,800 sensor tags monitor
temperature, oil quality, and vibration across 1,200 distribution transformers predicting 87%
failures 14 days pre-outage. Blockchain-secured data aggregation prevents 94% tampering
incidents plaguing manual metering. Real-time phase imbalance detection reduces 23% neutral
overheating extending transformer lifespan 41%. Economic modeling confirms $2.8B savings
through 18% loss reduction across 33 kV feeders. LoRaWAN backhaul delivers 12 hour battery
life processing 2,400 reads/minute. Machine learning anomaly detection identifies 76% cable
faults through partial discharge signatures. Consumer portal integration enables demand
response shaving 12% peak loads during summer brownouts. Multi-tenant cloud architecture
serves 18 distribution companies nationwide. Cybersecurity framework employs RFID
challenge-response authentication defeating 100% replay attacks. Scalability roadmap targets
85,000 transformers by 2030 covering 92% Egyptian grid. Comparative analysis against AMI
confirms 3.4x cost-effectiveness for asset health monitoring. Regulatory approval secured
through EGYPTELEC Type Testing. Workforce training program certifies 2,400 technicians
achieving 94% system uptime. Research establishes RFID evolution from inventory tracking
toward mission-critical grid modernization positioning Egypt within smart grid leadership
while addressing infrastructure financing constraints through low-capex 10T transformation.

Keywords: RFID smart grid, transformer monitoring, Egyptian electricity, predictive
maintenance, blockchain security
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FRACTIONAL ORDER DIFFERENTIAL EQUATIONS WITH APPLICATIONS TO
VISCOELASTIC FLUID DYNAMICS

Prof. Dr. Ahmed Raza, Dr. Sana Igbal, Muhammad Aslam
Faculty of Mathematics and Statistics, University of Gujrat, Pakistan

ABSTRACT

This research develops novel numerical schemes for fractional-order viscoelastic fluid models
incorporating generalized fractional derivatives (Caputo, Caputo-Fabrizio, Atangana-Baleanu)
capturing memory-dependent material behavior critical for polymer melts and biological
fluids. High-order structure-preserving exponential integrators achieve spectral convergence
(error O(1"4 + h"6)) validated against analytical Jeffery-Hamel solutions for fractional Jeffrey
fluid. Viscoelastic memory parameter o € (0,1] generates non-monotonic velocity profiles with
reentrant boundary layers absent in Newtonian cases, confirmed through 3D streamline
visualizations. Stability analysis establishes unconditional convergence for variable-step BDF4
schemes under CFL-like fractional constraints. Industrial applications demonstrate 28% drag
reduction in fractional polymer coatings versus Newtonian lubricants through skin friction
coefficient minimization. Biological modeling reveals anomalous pulsatile blood flow patterns
matching clinical Doppler ultrasound data (r2=0.94). Error bounds derived via fractional
Gronwall inequalities guarantee long-time stability essential for 10"5 time-step simulations.
Comparative benchmarking against ADI-FDM, L1 schemes confirms 4.7x computational
speedup maintaining 10”-8 accuracy. GPU acceleration achieves 120x real-time performance
for 3D unsteady flows. Parameter sensitivity analysis identifies critical o thresholds triggering
chaotic transitions in viscoelastic Taylor-Couette flows. Engineering design tables provide
optimal fractional orders maximizing heat transfer efficiency in polymer extrusion (42%
enhancement). Theoretical contributions advance fractional calculus operator theory
establishing equivalence classes preserving physical dissipation. Code repository enables
reproducible research across CFD communities. Research establishes fractional viscoelasticity
as paradigm shift from integer-order rheology, enabling precision control of non-Fickian
transport phenomena across chemical engineering, biomedical flows, and advanced materials
processing.

Keywords: fractional differential equations, viscoelastic fluids, numerical methods, memory
effects, drag reduction

186



NUMERICAL SOLUTIONS FOR NONLINEAR STOCHASTIC OPTIMAL
CONTROL PROBLEMS IN FINANCE

Assoc. Prof. Dr. Fatima Khan, Bilal Ahmed, Ayesha Malik
Department of Applied Mathematics, National University of Sciences and Technology,
Pakistan

ABSTRACT

This study introduces deep operator networks (DeepONets) for high-dimensional nonlinear
stochastic optimal control in portfolio optimization, achieving 1076 state-space dimensionality
versus classical DP limitations. Hamilton-Jacobi-Bellman PDEs solved through physics-
informed neural operators with stochastic volatility (Heston/SABR) demonstrate 97.2% out-
of-sample accuracy matching Monte Carlo baselines at 1/10"5th computational cost. Multi-
asset American option pricing incorporates transaction costs, regime-switching, and path-
dependent features unattainable through least-squares Monte Carlo. Backward stochastic
differential equation (BSDE) solvers achieve 8th-order convergence for 1000-dimensional
controls via adaptive deep Ritz methods. Risk-sensitive portfolio optimization minimizes
entropic risk measures under model uncertainty achieving Sharpe ratios 2.3x superior to
Markowitz. Real-time execution supports HFT strategies processing Level Il market data at
500us latency. Calibration-free operator learning eliminates hand-crafted features
outperforming LSTM-GAN hybrids by 34% VaR prediction accuracy. Theoretical
convergence proofs establish neural tangent kernel bounds for stochastic HIB residuals. Exotic
derivative pricing includes Asian lookbacks, cliquets, and snowballs with Bermudan features
priced within seconds versus weeks for finite difference methods. ESG integration incorporates
carbon pricing dynamics and sustainable finance constraints. Live trading backtest (2020-
2025) confirms 28% annualized alpha net of costs. Deployment architecture scales across GPU
clusters supporting 10,000 simultaneous agents. Research establishes operator learning as
successor to classical stochastic control, enabling real-time decision systems across finance,
energy trading, and autonomous operations where curse-of-dimensionality traditionally
precludes optimal solutions.

Keywords: stochastic optimal control, deep operator networks, portfolio optimization, HIB
equations, high-frequency trading
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GRAPH THEORY APPLICATIONS IN NETWORK OPTIMIZATION FOR
TELECOMMUNICATIONS INFRASTRUCTURE

Dr. lon Perju, Maria Cebotari
Faculty of Mathematics and Informatics, Technical University of Moldova, Moldova

ABSTRACT

This research applies spectral graph theory to optimize 5G telecommunications backhaul
networks, achieving 43% capacity increase through intelligent topology reconfiguration.
Laplacian eigenvalue analysis identifies network bottlenecks predicting congestion cascades
with 92% accuracy. Community detection via modularity optimization reveals natural traffic
clusters enabling hierarchical QoS routing. Minimum cut algorithms enhanced by submodular
flow techniques guarantee 99.9% uptime during fiber cuts. Multi-layer network design
simultaneously optimizes IP, DWDM, and microwave layers through joint spectral embedding.
Quantum approximate optimization algorithm (QAOA) variants solve maximum cut problems
for ring protection design achieving 4.2x speedup versus Gurobi. Real-time topology
adaptation responds to 10ms link failures through precomputed spectral embeddings.
Economic analysis confirms $2.7M/km savings through 28% fewer transponders. Rural
connectivity optimization maximizes coverage under spectrum constraints using fractional
packing number bounds. Machine learning integration predicts traffic matrix evolution
enabling proactive capacity allocation (r?=0.91). Case study of Moldova national backbone
documents 67% throughput gains post-implementation. Theoretical contributions advance
mixed-integer spectral programming unifying continuous relaxation guarantees with
combinatorial optimality. Standardization roadmap integrates with 3GPP NTN specifications
supporting LEO satellite handoffs. Disaster recovery protocols guarantee 100ms convergence
through pre-positioned protection tunnels. Research establishes graph signal processing as
foundation for autonomous network management where traditional routing protocols fail under
extreme scale and dynamism requirements of 6G terabit backhauls.

Keywords: spectral graph theory, network optimization, 5G backhaul, topology
reconfiguration, telecommunications
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TOPOLOGICAL PROPERTIES OF FUZZY METRIC SPACES AND THEIR
CONVERGENCE THEOREMS

Assoc. Prof. Dr. Victor Rotaru, Elena Lupu, Andrei Sandu
Department of Mathematics, State University of Moldova, Moldova

ABSTRACT

This research establishes complete topological characterization of fuzzy metric spaces through
novel separation axioms and uniform structure theory, unifying metric approximation with
probabilistic convergence. Introduced a-fuzzy uniformities generate initial topologies
coinciding with Kramosil-Michalek synthetic probabilities. Fixed point theorems generalized
to fuzzy b-metric spaces achieve Kannan contractions with modulus g<1/2 guaranteeing
uniqueness. Hausdorff fuzzy metric envelopes constructed via completion functors preserve
sequential compactness. Paracompactness characterized through fuzzy Whitney extensions
enables manifold approximation. Statistical convergence defined via fuzzy density operators
extends classical Cesaro means to non-Archimedean fields. Uniformly continuous functions
characterized through modulus of continuity bounds achieving 3.2x tighter estimates versus
classical metrics. Hyperspace constructions via Vietoris fuzzy hyperspaces support Vietoris-
Rips complexes for TDA applications. Non-Archimedean fuzzy ultrametrics model
phylogenetic trees with 94% topology recovery from distance matrices. Dynamical systems
analysis establishes chaos equivalence between fuzzy phase spaces and symbolic dynamics.
Constructive proofs generate explicit moduli for Banach contraction principles in complete
fuzzy partial metric spaces. Applications to approximate computing establish error propagation
bounds for fuzzy numerical methods (10"-12 precision). Type-2 fuzzy metric generalizations
incorporate linguistic uncertainty for decision systems. Theoretical unification reveals fuzzy
metrics as enriched uniform spaces bridging probabilistic metric spaces with Lawvere
quantales. Convergence theorems calibrated against empirical convergence rates from Monte
Carlo simulations confirm asymptotic optimality. Research establishes fuzzy metric theory as
canonical framework for uncertainty quantification across topology, analysis, and applied
mathematics.

Keywords: fuzzy metric spaces, topological properties, convergence theorems, fixed point
theory, uniform structures
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DEEP LEARNING APPROACHES TO SOLVE HIGH-DIMENSIONAL PARTIAL
DIFFERENTIAL Equations

Dr. Wei Chen, Dr. Li-Mei Wang, Hao Zhang
Department of Computational Mathematics, Shanghai University, China

ABSTRACT

This investigation develops Fourier Neural Operators (FNOs) achieving spectral accuracy for
10,000-dimensional PDEs across fluid dynamics, quantum many-body systems, and climate
modeling. FNO2D architecture parameterizes solution operators through global integral
transforms capturing non-local interactions absent in CNN/LSTM approaches. Kolmogorov n-
width analysis confirms 98.7% solution manifold approximation using 512 modes versus 106
for POD. Multi-scale FNO variants resolve Kolmogorov scales in Navier-Stokes (Re=10"8)
matching DNS at 1/1075th cost. Uncertainty quantification through Bayesian FNO ensembles
provides 95% credible intervals matching MCMC for elliptic coefficient problems. Time-
dependent evolution learned through iterative operator composition achieves long-time
stability surpassing PINNs by 43% relative L2 error. Transfer learning across PDE families
demonstrates zero-shot adaptation from Burger's equation to Navier-Stokes (92% accuracy).
Spectral bias analysis reveals optimal activation depth balancing expressivity and stability.
Hardware acceleration through tensor cores achieves 2.1 petaflops effective throughput on
H100 clusters. Real-world deployment solves 1,027-dimensional atmospheric model with 4D
spatiotemporal data assimilation matching ECMWF reanalysis. Convergence theory
establishes universal approximation for compact operators in Sobolev spaces. Adversarial
robustness verified against 12 common input corruptions. Automated operator discovery
identifies governing PDEs from trajectory data (95% topology recovery). Industrial
applications include real-time CFD for automotive aerodynamics (27% drag optimization) and
battery modeling (18% SOC prediction improvement). Research establishes operator learning
as successor methodology replacing mesh-based solvers for high-dimensional physics across
engineering and scientific computing.

Keywords: deep learning PDEs, Fourier neural operators, high-dimensional solvers,
uncertainty quantification, operator learning
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QUANTUM ALGORITHMS FOR LINEAR SYSTEMS AND THEIR COMPLEXITY
ANALYSIS

Assis. Prof. Dr. Mei-Ling Tsai, Chen-Yu Lin
Quantum Computing Research Center, National Taiwan University, Taiwan

ABSTRACT

This theoretical analysis establishes tight query complexity bounds for HHL quantum linear
systems algorithm variants under realistic noise models and restricted measurement oracles.
Sparsity-aware preconditioning reduces condition number k from 10”4 to 182 achieving 28x
speedup. Block-encoding constructions for structured matrices enable 6.7x reduction in Toffoli
gates versus Qiskit implementations. QSVT optimization through polynomial approximation
theory achieves 3.2x fewer qubits for ill-conditioned systems. Error-bounded compressed
sensing variants solve underdetermined systems with 92% recovery guarantee using phase
estimation feedback. Hardware-aware compilation maps HHL to surface code with 1,847
logical qubits achieving 10"-6 error probability. Real-time financial applications solve
512x512 covariance matrices for portfolio optimization matching classical QP solvers at
1/1073rd wall-clock time. Tensor network reformulations reduce entanglement width to 24
bonds enabling near-term feasibility. Adversarial robustness analysis confirms stability under
3% depolarizing noise. Hybrid quantum-classical algorithms iteratively refine solutions
through classical trust-region methods accelerating convergence 4.1x. Open-source Qiskit
implementation processes 1,024x1,024 systems on IBM Quantum Falcon achieving 87%
fidelity. Complexity zoo positioning establishes HHL optimality within bounded-error
quantum polynomial time versus Shor's algorithm advantages. Financial risk management
applications compute 95% VaR for 10,000-asset portfolios with 99.8% accuracy. Circuit
knitting decomposes large systems across multiple QPUs maintaining global coherence.
Research establishes HLL family as cornerstone NISQ algorithm class with proven complexity
separation from classical methods across scientific computing domains.

Keywords: quantum linear systems, HHL algorithm, complexity analysis, quantum advantage,
NISQ implementation
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DYNAMICAL SYSTEMS ANALYSIS OF CHAOTIC BEHAVIOR IN EGYPTIAN
NILOTIC ECOSYSTEM MODELS

Prof. Dr. Khaled El-Sayed, Dr. Nourhan Ali, Mohamed Hassan
Department of Mathematics, Cairo University, Egypt

ABSTRACT

This research develops fractional-order Nile ecosystem models capturing chaotic dynamics
driven by seasonal flooding, pollution loading, and invasive species proliferation. Caputo
fractional derivatives (a.€[0.88,0.97]) model memory effects in phytoplankton-zooplankton
interactions matching 18-year Aswan High Dam flow data (r2=0.93). Lyapunov spectrum
analysis reveals 4D chaotic attractor with ML=2.14 confirming hyperchaos. Bifurcation
diagrams document period-doubling cascades triggered by eutrophication thresholds (P>32
mg/L). Strange attractor dimension D2=3.7 quantified through Grassberger-Procaccia
algorithm. Early warning signals predict critical transitions 6 months ahead with 87% accuracy
via variance inflation. Optimal control theory minimizes economic losses ($2.1B annually)
through phosphorus loading constraints achieving 41% biodiversity recovery. Stochastic
perturbations model Nile flow variability confirming robustness across Hurst parameter
He[0.62,0.78]. Machine learning surrogates approximate chaotic trajectories with 1.2% error
using reservoir computing. Phase space reconstruction from Lake Nasser time series confirms
embedding dimension m=7. Climate change projections (+2.1°C) predict 3x chaotic regime
expansion by 2050. Early warning system deployed through ARIMA-GARCH hybrids detects
regime shifts 14 weeks ahead. Economic damage function estimates $4.7B GDP losses under
unchecked eutrophication. Control interventions through switched systems theory stabilize
hyperchaotic regimes with 92% success rate. Research establishes Nile basin as natural
laboratory for fractional chaotic ecology informing global lake restoration strategies facing
similar anthropogenic-nature interactions.

Keywords: chaotic dynamical systems, Nile ecosystem, fractional derivatives, early warning
signals, optimal control
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OPTIMIZATION OF HYBRID ELECTRIC POWERTRAIN COMPONENTS FOR
LOW-COST INDIAN URBAN TRANSPORT VEHICLES

Dr. Kavita Sharma, Assoc. Prof. Dr. Suresh lyer
Department of Mechanical Engineering, Indian Institute of Technology Delhi, India

ABSTRACT

This research develops optimized hybrid electric powertrain configurations for India's
burgeoning two-wheeler and three-wheeler urban transport market, targeting sub-$2,000 cost
threshold while achieving 120 km range and 55 km/l equivalent efficiency. Multi-objective
genetic algorithms minimized life-cycle costs alongside maximizing energy efficiency using
MATLAB/Simulink co-simulation of series-parallel architectures. Lithium iron phosphate
batteries (15 Ah, 51.2V) coupled with 3 kW BLDC hub motors and 1.2 kW range-extender
generators achieved 28% cost reduction versus benchmark electric rickshaws through localized
cell manufacturing and indigenous controller design. Dynamic programming energy
management strategy optimized SOC trajectories yielding 18% fuel savings during typical
Delhi autorickshaw duty cycles incorporating 42% idling losses. Thermal management via
PCM-assisted air cooling maintained 95% capacity retention after 1,500 cycles under 45°C
ambient peaks. Component-level CFD optimization of motor cooling fins increased continuous
rating 22% from 2.5 kW baseline. Drive cycle analysis across WMTC, MODE India, and real-
world traffic datasets confirmed 82% throttle efficiency band utilization. Manufacturing cost
modeling projects $1,650 FOB pricing enabling 35% market penetration among 8M annual
two-wheeler replacements. Lifecycle emissions analysis demonstrates 64% CO2 reduction
versus CNG counterparts alongside 91% NOx elimination. Field trials across 15 Delhi
operators confirm 97% uptime with MTBF exceeding 18,000 km. Policy integration roadmap
leverages FAME-I111 subsidies alongside PLI scheme component localization achieving 72%
domestic value addition. Scalability targets 2M units annual production by 2028 establishing
India as global leader in affordable hybrid urban mobility solutions addressing transport
sector's 14% national GHG emissions.

Keywords: hybrid powertrain, urban transport, cost optimization, electric rickshaw, energy
management
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MULTI-OBJECTIVE DESIGN OF HIGH-EFFICIENCY CENTRIFUGAL PUMPS
USING COMPUTATIONAL FLUID DYNAMICS AND GENETIC ALGORITHMS

Dr. Reza Mohammadi, Ali Farhadi, Samaneh Karimi
Department of Mechanical Engineering, Amirkabir University of Technology, Iran

ABSTRACT

This study presents Pareto-optimal centrifugal pump impeller designs maximizing efficiency
while minimizing NPSHr across 20-60 m head range using coupled CFD-genetic algorithm
framework. ANSY'S CFX simulations of 1,200 impeller geometries (7-11 blades, 25°-45° blade
angles) identified 96.2% peak efficiency configuration with 2.8 m NPSHr versus industry
baseline 78% efficiency/5.1 m NPSHr. NSGA-II algorithm balanced objectives through 450
generations converging 18 design variables including meridional contouring, splitter blade
placement, and volute tongue positioning. unsteady RANS validated against PIV data
confirmed 7% efficiency gains through vorticity reduction at impeller-volute interface.
Manufacturing via five-axis CNC validated hydraulic performance within 2.1% of predictions.
Cavitation damage prediction through Rayleigh-Plesset modeling correlated 0.93 with 1,500-
hour endurance testing. Multi-disciplinary optimization incorporated structural FEA limiting
von Mises stresses to 280 MPa under 16 bar transients. Economic analysis established 3.7:1
NPV over conventional designs through 22% energy savings equating $14,200 annual
operating cost reduction per 100 kW installation. Scalability demonstrated across irrigation,
HVAC, and petrochemical applications with duty point efficiencies exceeding 94% at 50%
BEP. Patent application IR202412345 submitted covering parametric blade loading
methodology. Technology transfer agreements secured with three Iranian pump manufacturers
targeting 15% domestic market share. Research establishes comprehensive design
methodology transforming pump engineering from empirical to computational paradigm
reducing development lead times 67% while delivering superior field performance across
variable operating conditions.

Keywords: centrifugal pump design, multi-objective optimization, CFD simulation, genetic
algorithms, pump efficiency
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VIBRATION ANALYSIS AND PASSIVE DAMPING STRATEGIES FOR
PIPELINES IN PETROCHEMICAL PROCESS PLANTS

Assoc. Prof. Dr. Hossein Jalali, Mehdi Ebrahimi
Department of Mechanical Engineering, Sharif University of Technology, Iran

ABSTRACT

This research develops comprehensive vibration mitigation strategies for petrochemical
pipelines subjected to acoustic induced vibration (AIV) and flow-induced vibration (FIV)
across 150-5,000 Hz bandwidth. Field measurements from 42 Iranian petrochemical plants
identified 68% failure incidents originating from vortex shedding resonance at 180-350 Hz and
acoustic fatigue at 1,200 Hz. Finite element modal analysis coupled with CFD flow
visualization established critical velocity thresholds triggering fatigue at 0.2 mm/s RMS.
Viscoelastic constrained layer damping (VCLD) patches reduced transmission loss 29 dB
versus 14 dB unconstrained configurations through 1.8x strain energy dissipation. Tuned mass
dampers optimized for 7th-12th acoustic modes achieved 64% amplitude suppression at
compressor stations. Patented helical strake configuration reduced vortex shedding amplitudes
78% across Reynolds numbers 1075-10"6. Dynamic strain gauge arrays confirmed fatigue life
extension from 18 months to 7.2 years post-retrofit. Cost-benefit analysis established 4.3:1 IRR
through 92% maintenance cost avoidance. APl 618 compliance verification through modal
assurance criterion exceeded 0.92 correlation with test data. Machine learning damage
prediction model utilizing vibration spectra achieved 94% accuracy enabling predictive
interventions. Scalability roadmap targets 1,200 km Iranian petrochemical piping inventory by
2029 generating $340M lifecycle savings. Technology licensing agreements secured with three
regional operators. Research establishes integrated vibro-acoustic methodology transforming
pipeline integrity management from reactive to predictive paradigm significantly enhancing
process plant safety and operational continuity.

Keywords: pipeline vibration, acoustic induced vibration, passive damping, petrochemical
plants, fatigue analysis
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PERFORMANCE EVALUATION OF SMALL-SCALE BIOMASS GASIFIERS FOR
RURAL POWER GENERATION IN NIGERIA

Prof. Dr. Chinedu Okafor, Ibrahim Musa, Joy Adeyemi
Department of Chemical Engineering, University of Lagos, Nigeria

ABSTRACT

This comprehensive field study evaluates 10 kWe downdraft biomass gasifiers using Nigerian
agricultural residues (rice husk, palm kernel shell, sugarcane bagasse) across six rural
communities providing 24/7 power to 4,200 households. Producer gas composition averaged
18.2% CO, 2.4% CHA4, 15.6% H2 yielding 4.8 MJ/Nm3 calorific value. Cold gas efficiency
peaked at 72.4% with PKS feedstock through optimized 0.28 equivalence ratio. 7,200-hour
durability testing confirmed 92% uptime with tar levels below 50 mg/Nm? via innovative
cyclone-electrostatic precipitator configuration. Levelized cost of electricity achieved
N42.3/kWh versus ¥68/kWh grid equivalent alongside 0.41 kgCO2/kWh lifecycle emissions
versus 0.82 diesel baseline. 1,850 farmer households gained 28% income through residue
monetization creating $2.4M circular economy. Spark ignition engine modification using
variable compression ratio (8.5:1-11.5:1) maintained 78% brake thermal efficiency across gas
quality fluctuations. GPS-enabled 10T platform enabled remote O&M achieving 96% anomaly
detection accuracy. Gender analysis confirmed women 3.2x higher participation in fuel supply
chains. Scalability roadmap targets 15,000 units by 2030 meeting 8% rural electrification gap
generating 1,200 MW decentralized capacity. Policy framework secured ¥4.5B Rural
Electrification Agency funding alongside carbon credit registration yielding $1.8M annual
revenues. Technology validated against Tier 4 electrification standards. Research establishes
biomass gasification as transformative rural energy solution simultaneously addressing
Nigeria's dual energy poverty and agricultural waste crises.

Keywords: biomass gasification, rural electrification, Nigeria, agricultural residues,
decentralized power
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FINITE ELEMENT ANALYSIS OF FATIGUE FAILURE IN WELDED STEEL
STRUCTURES FOR NIGERIAN OFFSHORE OIL PLATFORMS

Dr. Tunde Falade
Department of Mechanical Engineering, University of Port Harcourt, Nigeria

ABSTRACT

This research develops fracture mechanics-based FEA methodology predicting fatigue life of
welded tubular joints in Nigerian offshore platforms subjected to North Sea-equivalent JIP
wave spectra. ABAQUS/XFEM modeling of K-node connections incorporating residual
stresses from multi-pass SMAW welding captured 94% SCF accuracy versus strain gauge
validation. Paris law crack propagation analysis predicted 22-year fatigue life versus 14-year
field failures confirming weld toe undercuts as primary initiation sites. Corrosion-fatigue
interaction modeling using superposition principle established 3.2x life reduction under
seawater splash zone conditions. Probabilistic S-N curve analysis incorporating fabrication
tolerances achieved 92% correlation with 18-year DHS platform inspection data. Hot spot
stress extrapolation methodology (I1W-XI1W) outperformed notch stress approaches by 8.2%
prediction accuracy. Repair strategy optimization identified grinding+friction stir processing
extending remaining life 7.4 years at 28% cost of replacement. Through-thickness stress
profiling revealed 41% peak shear concentrations driving Mode Il propagation. HAZ
microstructural analysis confirmed acicular ferrite degradation reducing fracture toughness
36%. Weight function method enabled rapid reassessment post-inspection achieving 96%
computational speedup. Economic modeling established $4.7M NPV per platform through
optimized inspection intervals. Technology deployed across 14 NNPC platforms generating
$28M lifecycle savings. Research establishes context-specific FEA framework addressing
Nigeria's unique welding practices, corrosion regimes, and hurricane loading establishing new
regional standards for offshore structural integrity management.

Keywords: fatigue analysis, welded joints, offshore platforms, fracture mechanics, FEA
modeling
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DESIGN AND CONTROL OF LOW-COST PROSTHETIC HANDS USING HYBRID
3D-PRINTED MECHANISMS FOR FILIPINO PATIENTS

Dr. Miguel Santos, Assis. Prof. Dr. Carla Reyes, John Paolo Cruz
Department of Biomedical Engineering, University of the Philippines Diliman, Philippines

ABSTRACT

This research develops sub-$150 myoelectric prosthetic hands achieving 92% able-bodied grip
strength using hybrid 3D-printed PLA-carbon fiber mechanisms and surface EMG control
optimized for Filipino amputees. Solidworks topology optimization reduced actuator count
from 5 to 3 motors maintaining 14 grasp patterns via underactuated linkage design. EMG
pattern recognition accuracy reached 96.3% using 8-channel Delsys Trigno sensors processed
through CNN-LSTM architecture with 28 ms latency. Tactile feedback via piezoresistive FSR
arrays enabled 84% grip force modulation preventing object crushing. 18-month field trials
across 127 upper limb amputees confirmed 88% daily usage with 97% satisfaction scores.
Manufacturing protocol scaled production 42x through community biofabrication hubs training
280 technicians. Local PLA filament formulation reduced material costs 67% while
maintaining 78 MPa tensile strength. PID cascade control achieved 2.4° servo positioning
accuracy under 5 kg payloads. Machine learning adaptation compensated 23% signal
degradation from perspiration. Gender-disaggregated analysis confirmed equivalent
functionality across palm/forearm amputations. Economic modeling established 14:1 cost-
effectiveness versus imported $8,000 prostheses alongside 3.2 year payback through restored
productivity. PhilHealth reimbursement integration secured national coverage for 4,200
patients annually. Open-source CAD files downloaded 18,000 times across ASEAN. IP
protection through design patents alongside Creative Commons manufacturing licenses.
Research establishes democratized prosthetics paradigm serving 1.7M upper limb amputees
across Southeast Asia through distributed manufacturing revolutionizing disability inclusion
economics.

Keywords: prosthetic hands, 3D printing, myoelectric control, biomedical engineering,
accessibility
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THERMAL PERFORMANCE ASSESSMENT OF SOLAR-POWERED
ABSORPTION COOLING SYSTEMS FOR TROPICAL CLIMATES IN THE
PHILIPPINES

Assis. Prof. Dr. Antonio Dela Cruz, Liza Marquez
Department of Mechanical Engineering, De La Salle University Manila, Philippines

ABSTRACT

This comprehensive experimental investigation evaluates single-effect H2O-LiBr solar
absorption chillers achieving 0.72 COP under Philippine tropical conditions (32°C DBT, 78%
RH). 35 kW cooling capacity prototype utilizing evacuated tube collectors (72 m?2) delivered
18.8 tons refrigeration averaging 6.2 hours daily operation. Dynamic simulation via TRNSYS
validated 94% against measured data confirming 28% capacity variation with solar irradiance.
Generator heat recovery through feedwater preheating improved cycle efficiency 14% reaching
0.81 COP peaks. Nanofluid augmentation using 0.02% AI203 nanoparticles enhanced heat
transfer coefficients 32% without viscosity penalty. Crystal formation risk mitigated through
dual-temperature glide economizer reducing crystallisation onset 8°C. Off-design performance
optimization via R1234yf ejector boost achieved 22% capacity enhancement during monsoon
periods. Economic analysis established 7.2-year payback versus diesel gensets through 84%
operating cost reduction alongside $14,200 annual CO2 savings. Field deployment across three
public hospitals confirmed 97% reliability serving 2,800 patients daily. Maintenance protocol
reduced scaling 67% through magnetic treatment. Component-level exergy analysis identified
generator-absorber subsystem 41% destruction minimized through counterflow configuration.
Grid integration potential quantified at 15% campus peak shaving. National roadmap targets
250 MW solar cooling capacity by 2030 offsetting 420 GWh thermal generation. PhilSHORE
integration secured DOE funding alongside ERC net metering approval. Research establishes
solar absorption cooling as transformative technology for archipelago nations eliminating 1.2M
tons annual diesel consumption while enhancing energy security amidst fossil fuel import
dependency.

Keywords: solar absorption cooling, tropical climates, H2O-LiBr chiller, thermal
performance, Philippines
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