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NO :AC-5M - 2025. 458B- 2065
Konu : Akademik Tesvik Uygunluk Belgesi 20/08/2025

ILGILIi MAKAMA

Bursa 5. Uluslararas1 Matematik ve Miihendislik kongresi, 11-13 Temmuz 2025
tarinlerinde Bursa’da 29 farkli iilkeden akademisyenin katilimiyla gergeklestirilmistir.
Kongre kapsaminda sunulan 68 bildirinin 24’ Tirkiye’den, 44’1 ise farkli 29 iilkeden
katilan akademisyenler tarafindan sunulmustur. Kongre, 16 Ocak 2020 Akademik Tesvik
Odenegi Yonetmeligine getirilen “Tebliglerin sunuldugu yurt iginde veya yurt digindaki
etkinligin uluslararasi olarak nitelendirilebilmesi i¢in Tiirkiye disinda en az bes farkli
tilkeden sozlii teblig sunan konusmacmin katilim saglamasi ve tebliglerin yaridan
fazlasinin Tiirkiye disindan katilimcilar tarafindan sunulmasi esastir.” degisikligine uygun

olarak diizenlenmistir.

Bilgilerinize arz ederiz

Saygilarimizla

Prof. Dr. Naile Bilgili

www.bursakongresi.org/ bursakongresi@gmail.com
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Evrak Tarih ve Sayisi: 19.02.2025-E.1174800

T.C.
GAZi UNIVERSITESI REKTORLUGU
Hemsirelik Fakiiltesi Dekanhgi

Sayr : E-98978265-100-1174800 19.02.2025
Konu : Dilekge( Prof. Dr. Naile
BILGILI)

Saym Prof. Dr. Naile BILGILI )
Halk Saghg1 Hemsireligi Anabilim Dali Baskanhg: - Ogretim Uyesi

Ilgi : 17.02.2025 tarihli ve E-87008936-100- 1173474 sayil1 yazi.

Ilgi dilekgenizde belirttiginiz "Yiiksekdgretim Kurulu'nun 15.06.2023 tarihli oturumunda
docentlik basvurular sartlari ile ilgili degisiklik Onerileri kapsaminda Saglik Bilimleri Temel Alani'nda
gergeklestirilecek olan madde 8'in Bilimsel Toplant1 baslig1 altindaki b bendi" uyarinca, Academy Global
Conferences & Publishing (https://www.akademikongre.org/registration) tarafindan 2025 yilinda
diizenlenecek olan bilimsel etkinliklerde gorev alma talebiniz konusunda bilgilendirildim.

Bilgilerini ve geregini rica ederim.

Prof. Dr. Sultan AYAZ ALKAYA
Dekan

Bu belge, giivenli elektronik imza ile imzalanmustir.
Belge Dogrulama Kodu :BSCMHSP653 Belge Takip Adresi : https://www.turkiye.gov.tr/gazi-universitesi-ebys

'.= e mann
Semmnn g

Emniyet Mahallesi Bandirma Caddesi No :6/1 06560 Yenimahalle/ ANKARA Bilgi igin :Onur Akin

Tel:0 (312) 202 20 00 Faks:0 (312) 221 32 02 Bilgisayar Isletmeni
Internet Adresi :http:/gazi-universitesi.gazi.edu.tr/ Telefon No:0312 216 26 27

Kep Adresi: gaziuniversitesi@hs01.kep.tr
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BURSA 5th INTERNATIONAL CONFERENCE ON MATHEMATICS AND
ENGINEERING
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Kongre Baglant1 Linki :

Join Zoom Meeting

https://us06web.zoom.us/j/88571518350?pwd=tf0 YazCWBmbAiWrHygjKSjkbbSvotfd.1
Meeting ID: 885 7151 8350

Passcode: 202224
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ONEMLI ACIKLAMA (Liitfen okuyunuz)

e ZOOM baglantist i¢in yukarida verilen baglantiy1 veya yine yukarida verilen giris bilgilerini
kullanabilirsiniz.

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

e  Oturuma baglanmadan 6nce Salon numaranizi adinizin 6niine asagidaki 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 stiresi 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.

e Katilimcilarin kendi oturumlari disindaki oturumlara katilma zorunlulugu yoktur.

e ZOOM platformunun kapasite smir1 nedeniyle, DINLEYICI, sadece kapasite izin verdigi siirece kabul
edilebilmektedir.

e 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.

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

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

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

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

TECHNICAL INFORMATION

e Make sure your computer has a microphone and is working.

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

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

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

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

Academy Global Conferences & Journals @ ‘?’ 'i f.‘;?ﬁ

T A —= TES 0 91
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BURSA 5th INTERNATIONAL CONFERENCE ON HUMANITY AND SOCIAL SCIENCES
JULY 11 - 13, 2025

BURSA

Meeting ID: 885 7151 8350 Passcode: 202224

11 Temmuz / July 11, 2025/ 11:00 — 13:00 Time zone in Turkey (GMT+3)

Salon Moderator

Bildiri No ve Baslig1 / Paper ID and Title

Authors

HALL / SALON 1
Dog. Dr., Reyhan DEMIR OVEZ

Ahmet Giinestekin’in “Yoktunuz” Sergisi Uzerinden Bellek,
Mitoloji ve Mekansal Diyalog: Cagdas Sanatta Felsefi Bir Yorum

Dog. Dr., Reyhan DEMIR
OVEZ

A BODY AT THE LIMIT OF VISUAL AESTHETICS: HERVE
GUIBERT, AIDS AND THE VIOLATION OF
REPRESENTATION

Assoc. Professor. EREN
GORGULU

THE AESTHETIC TRANSFORMATION OF FAILED
PHOTOGRAPHY: ‘FLAWED PHOTOGRAPHY” IN GELOY
CONCEPCION’S PHOTOGRAPHIC PRACTICE

Assoc. Professor. EREN
GORGULU

KISILIK OZELLIKLERI ILE MUKEMMELIYETCILIK
ARASINDAKI ILISKININ INCELENMES]

Prof. Dr. Selahattin
AKPINAR

Dog. Dr. Hande BABA
KAYA

Dr. Ogretim Uyesi Oznur
AKPINAR

Kiibra ZENGIN

SPORCULARIN BILISSEL ESNEKLIK VE ZIHINSEL
DAYANIKLILIK DUZEYLERI ARASINDAKI ILISKININ
INCELENMESI

Dog. Dr. Hande BABA
KAYA

Prof. Dr. Selahattin
AKPINAR

Dr. Ogretim Uyesi Oznur
AKPINAR

Serhat KESER

YETISKINLERIN TRAVMA SONRASI BUYUME
PUANLARININ CESITLI DEMOGRAFIK DEGISKENLER
ACISINDAN INCELENMESI

Yiiksek Lisans Ogr. Merve
Nur KORKMAZ
Prof. Dr. Kemal OZTEMEL

UNIVERSITE OGRENCILERINDE DURTUSELLIK iLE
SOSYAL GORUNUS KAYGISI DUZEYLERININ
INCELENMESI

Dr.Ogr.Uyesi Ercan ARAS

UNIVERSITE OGRENCILERINDE BENLIK SAYGISI iLE
YASAM DOYUMU DUZEYLERININ INCELENMESI

Dr.Ogr.Uyesi Ercan ARAS

Academy Global Conferences & Journals

UASIOURNAL
ijasjournalcom
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BURSA 5th INTERNATIONAL CONFERENCE ON HUMANITY AND SOCIAL SCIENCES
JULY 11 - 13, 2025

BURSA

Meeting ID: 885 7151 8350 Passcode: 202224

11 Temmuz / July 11, 2025/ 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
AN EXAMINATION OF THE RELATIONSHIP BETWEEN
1 PRIMARY SCHOOL STUDENTS’ MOTIVATION TOWARDS Prof. Dr. SONGUL
MATHEMATICS, SENSE OF ACHIEVEMENT, AND TUMKAYA
ATTITUDES TOWARDS MOBILE APPLICATIONS
9 AN EXAMINATION OF TEACHERS’ PROFESSIONAL WORK | Prof. Dr. SONGUL
RELATIONS TUMKAYA
OGRETMENLERDE ASIRI ILETISIM YOKUNUN BSES ?{fiﬁfﬁ ;;‘;I;?Y
3 Zﬁfgl;/{({}\l]sdfoMAYA ETKISI: SISTEMATIK DERLEME NESRIN CETIN TEKEL{
MEHMETCAN TEKELI
OKUL ONCESI OGRETMENLERININ MERHAMET 8%;;%“8‘1‘{ Ceylan
§ 4 DUZEYLERI ILE COCUKLAR ICIN KULLANDIKLARI Prof. Dr.. ikbal Tuba
Z MUTLULUK ARTIRICI STRATEJILERIN INCELENMESI SAHIN SAK
N
o =
% ‘E 5 OKUL ONCESI EGITIM ALAN VE ALMAYAN COCUKLARIN | Ogretmen, FIRAT MATUR
| o EMPATI KURMA BECERILERININ KARSILASTIRILMASI Prof. Dr. RAMAZAN SAK
< =
@ QO
: Z YAZILI SINAVLARDA GUVENIRLIK ANALIZLERININ Ars. Gor. Bahtivar
- 8 6 GENELLENEBILIRLIK KURAMI iLE BIREY, MADDE VE DiiDE GMEZ 4
% g DEGERLENDIRICI VARYANSLARININ INCELENMES]
a
o INTERACTION WITH ARTIFICIAL INTELLIGENCE IN MAP Ismail Emin YAPAN
£ 7 LITERACY: A STUDY ON GRADUATE GEOGRAPHY Assoc. Prof. Dr. Cennet
A~ STUDENTS SANLI
5. SINIF SOSYAL BILGILER DERS KITABINDA YER ALAN Yiiksek Lisans Ogrencisi,
8 GORSELLERIN 2024 TASLAK SOSYAL BILGILER OGRETIM | KORAY GIiRGIN
PROGRAMI’NDAKI DEGERLER ACISINDAN INCELENMESI | Dog. Dr., DAVUT GUREL
USE OF FOLK BELIEFS IN TEACHING TURKISH TO Dr. Elvan SALTA
9 FOREIGNERS: NARRATIVE-BASED APPROACHES WITH KrdRIXI?;]AZ $
EXAMPLES FROM ARDAHAN FOLK CULTURE
CURSES AND EUPHEMISTIC EXPRESSIONS IN ARDAHAN
10 FOLK NARRATIVES: THEIR USE IN TEACHING TURKIiSH Dr. Elvan SALTAS
AS A FOREIGN LANGUAGE THROUGH CULTURAL KORKMAZ
MEMORY AND LINGUISTIC CODES

Academy Global Conferences & Journals

UASIOURNAL
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BURSA 5th INTERNATIONAL CONFERENCE ON HUMANITY AND SOCIAL SCIENCES
JULY 11 - 13, 2025

BURSA

Meeting ID: 885 7151 8350 Passcode: 202224

11 Temmuz / July 11, 2025/ 11:00 — 13:00 Time zone in Turkey (GMT+3)

Salon Moderator

Bildiri No ve Baslig1 / Paper ID and Title

Authors

HALL / SALON 3
Dr. Ogretim Uyesi Yasin KARADENIZ

FACTORS AFFECTING THE LEVEL OF SATISFACTION OF
INDIVIDUALS WITH THEIR HOUSES WITH THE PARTIAL
PROPORTIONAL ODDS MODEL

Asst. Prof. Dr. Seyda
UNVER
Prof. Dr. Omer ALKAN

RESEARCH OF FACTORS AFFECTING INDIVIDUALS’
YOUTUBE USE IN TURKIYE

Prof. Dr. Omer ALKAN
Asst. Prof. Dr. Seyda
UNVER

INEQUALITY PRODUCTION IN MODERN CAPITALISM AND
THE POLITICAL ECONOMY OF INEQUALITY

Dog. Dr. Leyla Firuze
ARDA
Dr. Fatma Esra Soylu

THE EFFECT OF TRADE OPENNESS ON BUDGET BALANCE:
EVIDENCE FROM HIGH-INCOME AND MIDDLE-INCOME
COUNTRIES

Dr. Ogretim Uyesi Yasin
KARADENIZ

DEMOCRATIC DECLINE IN THE U.S. AND INTERNATIONAL
RELATIONS

Dr. Ogr. Uyesi Volkan
KALENDER

THE EXPANSION OF PRESIDENTIAL POWER IN THE
UNITED STATES

Dr. Ogr. Uyesi Volkan
KALENDER

THE ROLE OF UAVS IN MODERN WARFARE

Dr. ELIF ASIYE BASER
Assoc. Prof. Dr. MESUT
SOHRET

Academy Global Conferences & Journals

UASIOURNAL
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BURSA 5th INTERNATIONAL CONFERENCE ON HEALTH AND SPORTS
JULY 11 - 13, 2025

BURSA

Meeting ID: 885 7151 8350 Passcode: 202224

11 Temmuz / July 11, 2025/ 11:00 — 13:00 Time zone in Turkey (GMT+3)

Salon Moderator

Bildiri No ve Baslig1 / Paper ID and Title

Authors

HALL / SALON 4
Assoc. Prof. Dr., AYDANUR AYDIN

ARTIFICIAL INTELLIGENCE APPLICATIONS IN SURGICAL
NURSING: SUSTAINABLE SOLUTIONS FOR ALL

Assoc. Prof. Dr.,
AYDANUR AYDIN

IN PURSUIT OF DIGITAL TRANSFORMATION:
TECHNOLOGY-BASED APPLICATIONS AND FUTURE
PERSPECTIVES IN NURSING CARE

Assoc. Prof. Dr.,
AYDANUR AYDIN

NUTRITIONAL STATUS AND FOOD SECURITY IN ELDERLY
INDIVIDUALS IN THE POST-DISASTER PERIOD

Asst. Prof., Mehmet
CAVDAR

EFFECT OF PLANT-BASED DIET QUALITY ON GUT
MICROBIOTA AND LOW-GRADE INFLAMMATION

Asst. Prof., Mehmet
CAVDAR

A Psychiatrist’s Perspective on Incarcerated Patients: An Evaluation

Ass. Prof. Dr. Fatma Giil
Helvacit CELIK

PRESENCE OF MICROPLASTICS IN FOOD AND POSSIBLE
EFFECTS OF DIETARY INTAKE ON FOOD SAFETY

Dr. Ogr. Uyesi Hakan
TOGUC )
Ars. Gor. Biisra HOKELEK

PSYCHOBIOTICS AND DEPRESSION

Dr. Ogr. Uyesi Hakan
TOGUC )
Ars. Gor. Biisra HOKELEK

Academy Global Conferences & Journals
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BURSA 5th INTERNATIONAL CONFERENCE ON HUMANITY AND SOCIAL SCIENCES
JULY 11 - 13, 2025

BURSA

Meeting ID: 885 7151 8350 Passcode: 202224

11 Temmuz / July 11, 2025/ 11:30 — 13:30 Time zone in Turkey (GMT+3)

ADDRESSING RE-VICTIMIZATION: PSYCHOLOGICAL AND
LEGAL PERSPECTIVES

Prof. Dr. Helena Novak

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
SIMULATING FUNDAMENTAL PROCESSES OF HUMAN Dr. Leila Haddad
CONSCIOUSNESS
EXPLORING THE ROLE OF PSYCHOSOCIAL FACTORS IN Dr. Priya Mehta
ADDICTION RECOVERY: INSIGHTS FROM INDIA Dr. Arjun Desai
IMPROVING ORGANIZATIONAL JUSTICE IN INCENTIVE Assoc. Prof. Dr. Somchai
ALLOCATION WITHIN THAILAND’S PUBLIC SECTOR Rattanapong
5
g GENDER DIFFERENCES IN AUTOBIOGRAPHICAL MEMORY | Dr. Ainhoa Etxebarria
£ AND ADAPTIVE RECOLLECTION STRATEGIES Dr. Rajiv Kumar
c
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- 3 THE IMPACT OF CULTURAL ANXIETY ON Dr. Farid Al-Mansouri
5) 5 INTERNATIONAL STUDENTS AT WUHAN UNIVERSITY Dr. Li Na
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NARRATIVE THEORY AND ORGANIZATIONAL CHANGE:
CASE STUDIES OF MERGERS AND ACQUISITIONS

Dr. Omar Al-Farouq

COMPARATIVE ANALYSIS OF ATTACHMENT PATTERNS
IN NURSERY-RAISED AND FAMILY-RAISED CHILDREN IN
IRAN

Assoc. Prof. Dr. Sahar
Mohammadi
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BURSA

Meeting ID: 885 7151 8350 Passcode: 202224

11 Temmuz / July 11, 2025/ 11:30 — 13:30 Time zone in Turkey (GMT+3)

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
TRUST DYNAMICS AND LEARNING BEHAVIORS IN Prof. Dr. Amina Yusuf
VIRTUAL TEAM ENVIRONMENTS Dr. Samuel Okeke
ENHANCED AUTOMATED DIFFERENTIATION BETWEEN Dr. Farid Rahman
ALCOHOL DEPENDENCE AND SOBRIETY
RHETORICAL STRATEGIES IN COGNITIVE SCIENCE Lucia Moretti
DISCOURSE: ANALYSIS OF COGNITIVE NEUROSCIENCES Assoc. Prof. Dr. Giulia
(2004) IN SCIENTIFIC COMMUNICATION Bianchi
c MORAL REASONING AND BEHAVIORAL PATTERNS IN Carlos Mendoza
2 ADULTHOOD Elena Garcia
<
© m
z Ko
o —
— 2 INVESTIGATIONS INTO THE ROLE OF EMOTIONS IN Dr. Ahmed El-Sayed
53 LD MORAL DECISION-MAKING
S
N
< 2
T [a
3] EFFECTS OF PROBABILITY AND INSTRUCTION ON
g SYLLOGISTIC CONDITIONAL REASONING Ivan Dimitrov
<

ANALYZING KANJI CHARACTER RECOGNITION
PROCESSES USING EEG SIGNALS

Hiroto Tanaka
Kenji Nakamura

INNOVATIVE APPROACHES TO TEACHING
INTRODUCTORY STATISTICS IN HEALTH, SOCIAL, AND
BEHAVIORAL SCIENCES: HISTORICAL PERSPECTIVES
AND JUSTIFICATIONS

Dr. Maria Rossi
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Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
A COGNITIVE FRAMEWORK FOR CLASSIFYING Rui Santos
FREQUENCY SIGNALS Fernando Oliveira
1
IMPACT OF ASSISTED REPRODUCTIVE TECHNOLOGIES Dr. Anjali Mehta
ON WOMEN’S EXPERIENCES IN NEW DELHI: A FEMINIST
2 ANALYSIS
ADDRESSING THE MISUSE OF LEGAL AUTHORITY IN Dr. Olufemi Adeyemi
SOCIETY
3
URBAN POVERTY AND SOCIAL STRUCTURES: THE ROLE Dr. Farid Al-Mansouri
OF INVOLUNTARY RELATIONSHIPS
- 4
B
E
~ 8 TECHNICAL KNOWLEDGE TRANSFER AND THE Dr. Youssef El-Khatib
> < CHALLENGES OF TRANSLATING SPECIALIZED TEXTS
o) 5 5
:(l )
S |z
~ 1.
- D THE INFLUENCE OF ISLAMIC ART TRADITIONS ON OMANI | Dr. Aisha Al-Harthy
3 S TEXTILE MOTIFS
I E 6
S
o
a
< MANAGING COMPLEXITY IN SYSTEM DESIGN: Dr. Karim Ben Saad
PARADIGMS, FORMALISMS, AND TRANSFORMATION Dr. Laurent Dupont
7 TECHNIQUES
EUROPE’S INFLUENCE IN LIBERTY, SECURITY, AND Assoc. Prof. Dr. Helena
JUSTICE: A STUDY OF ITS ROLE AS AN INTERNATIONAL Schmidt
ACTOR
8
MIGRATION PATTERNS AND METHODOLOGICAL Nino Giorgadze
APPROACHES TO OUT-MIGRATION IN GEORGIA
9
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BURSA
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
ANALYZING STUDENTS' RESPONSES TO THE MODIFIED Thabo Mokoena,
RORSCHACH COMPREHENSIVE SYSTEM: A Sipho Dlamini,
1 PSYCHOLOGICAL PERSPECTIVE Naledi Khumalo
MOTIVATIONAL FACTORS AND OBSTACLES TO Nurul Aisyah,
RECYCLING IN KOTA KINABALU, MALAYSIA Faridah Hassan,
2 Lim Wei Jie,
EVALUATING THE EFFECTIVENESS OF METAPHOR Dr. Fatemeh Hosseini
THERAPY ON DEPRESSION IN FEMALE UNIVERSITY
3 STUDENTS
INVESTIGATING SECOND LANGUAGE WRITING AND Dr. Jodo Pereira,
SENSITIVITY IN NON-ENGLISH LANGUAGE TASKS: Dr. Mariana Costa
4 PROFICIENCY ANALYSIS
© < HIERARCHICAL MODELING OF COGNITIVE AND Li Wei,
> b7 BEHAVIORAL DIFFICULTIES IN UNDERREPRESENTED Chen Ming
S POPULATIONS
@) ) 5
- ©
5 8
~ —
- g COMPARING MUSICAL NOTATION AND ALPHABET Assoc. Prof. Dr. Rachel
:(' i READING: TEACHING IMPLICATIONS FOR DYSLEXIC Stein
S
T a 6 LEARNERS
ANALYSIS OF FATIGUE AND DROWSINESS AMONG Kenji Nakamura
NIGHT-TIME PASSENGER TRANSPORT WORKERS IN
JAPAN
7
UTILIZING DIGITAL GAMING FOR EDUCATIONAL
SUPPORT: STRATEGIES TO ADDRESS LEARNING Dr. Eleni Papadopoulou
8 CHALLENGES
THE INTERPLAY BETWEEN JOB SATISFACTION, Dr. Faisal Ahmed
MOTIVATION, AND ORGANIZATIONAL CITIZENSHIP
9 BEHAVIOR
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BURSA
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
CHALLENGES IN LEGAL REGULATION OF INTELLECTUAL | Wei Zhang
PROPERTY RIGHTS IN INNOVATION ACTIVITIES: AN
INSTITUTIONAL APPROACH IN RUSSIA
EXPLORING LEADERSHIP BEHAVIOR, SAFETY CULTURE, Liang Chen
AND PERFORMANCE IN THE HEALTHCARE INDUSTRY: A Mei Lin
COMPREHENSIVE STUDY
COMPARATIVE ANALYSIS: ASSESSING TRAINED Assoc. Prof. Dr. Anan
INSPECTORS' PERFORMANCE ACROSS VARIED Phongchai
WORKLOADS VIA FEEDFORWARD VS. FEEDBACK
TRAINING APPROACHES
ASSESSING OPERATIONAL RISKS IN MALAYSIAN Assoc. Prof. Dr. Ahmad
HIGHWAY PROJECTS Zulkifli
Dr. Nurul Huda
2] —
=z —_—
) £
- O BEST PRACTICES FOR CRAFTING TENDERS IN Dr. Siti Aishah
53 «© MALAYSIA'S BUILDING CONSERVATION PROJECTS
- [S]
4 3
3 e
T (@]

THE INDEX OF SUSTAINABLE FUNCTIONALITY: A TOOL

Assoc. Prof. Dr. Tao Guang

FOR ASSESSING SUSTAINABILITY Dr. Lucia Cirelli
EXAMINING KNOWLEDGE SHARING BEHAVIOR IN E- Teresa Ju
COMMUNITIES THROUGH THE LENS OF TRANSACTION Chang Wu

COST THEORY

ADVANCING AN EFFICIENT FRAMEWORK FOR SECURE
MOBILE APPLICATION DESIGN, DEVELOPMENT, AND
UTILIZATION

Mohamed Serhan
Rachida Abdelghani
Rabeb Benharref
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BURSA 5th INTERNATIONAL CONFERENCE ON HUMANITY AND SOCIAL SCIENCES
JULY 11 - 13, 2025

BURSA

Meeting ID: 885 7151 8350 Passcode: 202224

11 Temmuz / July 11, 2025/ 11:30 — 13:30 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
Assis. Prof. Fatima
EXAMINING THE IMPACT OF ASSISTED REPRODUCTIVE Adebayo
1 TECHNOLOGY ON WOMEN’S WELL-BEING IN LAGOS
Kwame Mensah
2 ANALYZING THE ABUSE OF LEGAL AUTHORITY WITHIN
LOCAL COMMUNITIES
Ali Rezaei
3 THE INTERPLAY BETWEEN SOCIAL STRUCTURES,
INVOLUNTARY CONNECTIONS, AND URBAN
MARGINALIZATION
Dr. Leila Hassan
KNOWLEDGE TRANSFER AND TRANSLATION OF
4 TECHNICAL DOCUMENTATION ACROSS BORDERS
=Y
©
o 8 Amina Benali
— ke
% i 5 THE INFLUENCE OF ISLAMIC ART ON TEXTILE DESIGN IN
b = MOROCCO
< =
%%) ©
< LL
- -45' Jean-Pierre Dubois
2' E NAVIGATING COMPLEX SYSTEM ARCHITECTURES: Sophie Leclerc
T w 6 MODELS, STRUCTURES, AND DYNAMIC ADAPTATIONS
2
<
Dr. Isabelle Moreau
ASSESSING THE ROLE OF THE EUROPEAN UNION IN
PROMOTING LIBERTY, SECURITY, AND JUSTICE
GLOBALLY
Assoc. Prof. Dr. Olena
Shevchenko
PATTERNS AND DRIVERS OF EMIGRATION FROM
UKRAINE
Jan Novak
A COMPREHENSIVE EVALUATION OF OPEN DATA
PORTALS AS EMERGING PUBLIC E-SERVICES
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
Yiiksek Lisans Ogrencisi
An Examination of the Impact of Mothers’ Reward and Punishment BIIEKI;\I A$ MAII\;IAIRUT
Responses to the Behaviors of Their 3-6-Year-Old Preschool 0. T Tagar
Children on the mother—Child Relationship Aras. Gor. Emre
DEMIRTAS
Prof. Dr. Soner CANKAYA
3 o ) ) o R Yiiksek Lisans Ogrencisi
SAGLIK BILIMLERI FAKULTESI OGRENCILERININ OZ Merve DAG
ELESTIREL RUMINASYON DUZEYLERININ YORDAYICISI Dog. Dr. Yasar BARUT
OLARAK OLUMSUZ DEGERLENDIRILME KORKULARININ Aras. Gor. Emre
INCELENMESI DEMIRTAS
Prof. Dr. Soner CANKAYA
Yiiksek Lisans Ogrencisi
EXAMINING THE RELATIONSHIP BETWEEN PRESCHOOL glsa %:\I\‘/;ATr BARUT
CHILDREN’S EPISTEMIC CURIOSITY LEVELS AND A;’; Gor aEi';‘lre
- CREATIVITY LEVELS DEMIRTAS
z S Prof. Dr. Soner CANKAYA
9 S Yiiksek Lisans Ogrencisi
P -
S < EXAMINING THE RELATIONSHIP BETWEEN Sule Bt KR RUT
: <E( ADOLESCENTS PERCEPTIONS OF THEIR SOCIAL MEDIA Are?s Géir E$mre
- o IMAGE AND THEIR EMOTIONAL REGULATION SKILLS DEMIRTAS
% ] Prof. Dr. Soner CANKAYA
THE PSYCHOLOGICAL WELL-BEING AND SOCIAL IMPACT ki?;gﬁﬁ“m‘ Hamzeh
OF SPORTS ON UNIVERSITY STUDENTS Prof. Dr. Soner CANKAYA
EXPLORING SPORT SCIENCES STUDENTS’ ATTITUDES Yiiksek Lisans Ogrencisi
TOWARD ARTIFICIAL INTELLIGENCE AND METAVERSE Nuray TEMIZ
AWARENESS Prof. Dr. Soner CANKAYA
POST-CRYOPRESERVATION MORPHOLOGICAL
EVALUATION OF BULL SPERM: A COMPARATIVE STUDY Dr. Burcu ESIN
OF DIFF QUICK ® AND PAPANICOLAOU ® STAINING ’
METHODS
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BURSA
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Salon Moderator

Bildiri No ve Baslig1 / Paper ID and Title

Authors

HALL / SALON 2
Doktor Ogretim Uyesi, YASIN AKINCI

Coaches are aware of the importance of health education in the
formation of young people in football A descriptive study on the
coaches of football schools —

Algeria

D. Marouf Said,

D. Zamam AbdelRahman,
Prof. Saadaoui Mohamed,
D. Amina djaafar,

EXAMINING THE RELATIONSHIP BETWEEN THE SELF-
EFFICACY LEVELS OF FOOTBALL PLAYERS COMPETING
IN AMATEUR FOOTBALL TEAMS IN MUS PROVINCE AND
THE CAUSES OF SPORTS INJURIES

Dr. Lecturer Harun KOC

REVIEW OF BODY POSTURE ASSESSMENT METHODS:
SYSTEMATIC REVIEW

Miige Gozde INAN
Assoc. Prof. Dr. Hiiseyin
Ozden YURDAKUL

Dr. Ogr. Uyesi Baris
BAYDEMIR

EXAMINATION OF OCCUPATIONAL SATISFACTION
LEVELS OF RECREATIVE SPORTS COACHES IN TERMS OF
DIFFERENT VARIABLES

Karbuse SENKAL
Associate. Prof. Dr., Turan
CETINKAYA

SPOR BILIMLERI OGRENCILERINDE EKRAN SURESI VE
BOYUN AGRISI ARASINDAKI ILISKININ INCELENMESI

Doktor Ogretim Uyesi,
YASIN AKINCI

ILKOGRETIM 5. SINIF OGRENCILERINDE MUFREDAT DISI
FUTBOL CALISMALARININ BENLIK SAYGISI UZERINDEKI
ETKILERI

Doktor Ogretim Uyesi,
YASIN AKINCI

Race Analysis of Speed Variables Based on the Results of the
Women’s 100m at the Paris 2024 Olympic Games

Utku Duman
Prof. Dr. Isik Bayraktar

Analysis of Paris 2024 Olympic Games 110 m Hurdles Competition
on the Basis of Speed Variables

Utku Duman
Prof. Dr. Isik Bayraktar
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BURSA
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
1 FARKLI BAGLAYICI TURLERININ SERAMIK DUVAR Ogr. Gér. Dr. EMRAH
KAROSU BUNYESI UZERINDEK ETKILERT DURGUT
EFFECT OF PLASTIC WASTE ON PROPERTIES OF
2 CONCRETE Dr. DEMET YAVUZ
ot
=)
g
o™ = A STUDY ON THE USE OF DEWATERED MARBLE SLUDGE E%B{j’zL”tfuuah
= a WASTE IN THE PRODUCTION OF GARDEN CONCRETE .
5 = 3 KERBS Assist. Prof. Dr., Sevket
b é Onur KALKAN
<
% =
~
3 = Prof. Dr., Liitfullah
- 5 USE OF MARBLE QUARRY DIAMOND WIRE SAW SIZING GUNDUZ
% R 4 POWDER IN CEMENT BASED SELF-LEVELING SCREED Assist. Prof. Dr., Sevket
:(3 MORTAR Onur KALKAN
=
o0
Q Mimar, Muhammet
5 YAZARLAR GOZUNDEN BIR “YER”IN DONUSUMU: BAB-I Bahadircan Giinay
ALI Dog. Dr, Yasemen SAY
OZER
ANTOSIYANIN YANSIMA INDEKSI (ARI): GELISiMI,
6 TEKNIK TEMELLERI VE PEYZAJ PLANLAMASINDAKI Dr.Ogr.Uyesi,Talha Aksoy

ROLU
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BURSA 5th INTERNATIONAL CONFERENCE ON HUMANITY AND SOCIAL SCIENCES
JULY 11 - 13, 2025

BURSA
Meeting ID: 885 7151 8350 Passcode: 202224
11 Temmuz / July 11, 2025 / 15:00 — 17:00 Time zone in Turkey (GMT+3)

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors

1 TREATISES AND SCIENTIFIC HERITAGE OF QUSHAYRI Assistant professor,
Davronbek Kodirov

2 USE OF TRIBULUS IN ANCIENT TIMES Dog. Dr. Olcay TURAN
DEMETER VE PERSEPHONE MITININ TARIMSAL o

v 8 DONGULERLE ILISKiSi Elif Imre ERSOY
< =
P4 =
O =~
:(' >
) S LEONOR FINI’NIN GORSEL KOZMOSUNDA BEDEN VE o
hig 3 4 TEALIKE Elif Imre ERSOY
- %
< =)
I 33

S

R 5 Cultural Reflections Of The Military And Charitable Legacy Of The

Ottoman Prince Suleyman Pasha YL.Ogrenci Canan Tas

6 KAZI ALANLARINDA AFET FARKINDALIGE: ARKEOLOJIK | [ oo 000
MIRASIN KORUNMASINA YONELIK BiR BAKIS uthye

SUREYYA AGAOGLU AND THE CHILDREN’S FRIENDS Research Assistant Dr. Elif
7 ASSOCIATION: THE CONSTRUCTION OF CHILD RiGHTS Asot :
AND CIVIL SOCIETY IN EARLY REPUBLICAN TURKEY §¢
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BURSA 5th INTERNATIONAL CONFERENCE ON HUMANITY AND SOCIAL SCIENCES
JULY 11 - 13, 2025

BURSA

Meeting ID: 885 7151 8350 Passcode: 202224

11 Temmuz / July 11, 2025 / 15:30 — 13:70 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
EVALUATING THE EFFECTIVENESS OF INTERACTIVE Lina Ahmed
QUIZ PLATFORMS IN ENHANCING STUDENT
ENGAGEMENT
ANALYSIS OF LEARNING OUTCOMES IN ELECTRICAL Dr. Samuel Ochieng
ENGINEERING CURRICULA: A STUDY FOCUSING ON
CIRCUIT THEORY
DISTANCE EDUCATION AND CONTINUOUS Prof. Dr. Eleni
PROFESSIONAL DEVELOPMENT: INSIGHTS FROM A Papadopoulos
GREEK UNIVERSITY CASE STUDY
IDENTIFYING STRATEGIES TO IMPROVE STUDENT Maria Petrova
EMOTIONAL WELL-BEING THROUGH FEEDBACK Anjali Singh
ANALYSIS
=
2
o 38 TEACHERS’ ATTITUDES TOWARD INCLUSIVE EDUCATION | PhD Candidate Kiran
> I FOR STUDENTS WITH HEARING IMPAIRMENTS Sharma
S
9 £
< <
w —
=~ @)
- - ADVANCING INTERNATIONAL SERVICE LEARNING Dr. Michael Johnson
:(' o THROUGH TECHNOLOGICAL INNOVATIONS FOR
T o SUSTAINABILITY
S
o
a
<
IMPLEMENTING FLIPPED CLASSROOM MODELS TO Dr. Sofia Larsson
ENHANCE FRENCH LANGUAGE LITERACY IN HIGHER
EDUCATION
THE IMPACT OF FLIPPED CLASSROOMS ON ATTENTIVE Faridah Ahmad
READING SKILLS IN FRENCH AS A FOREIGN LANGUAGE Dr. Amir Hosseini
MOTION GRAPHICS AS A TOOL FOR ENHANCED Assoc. Prof. Dr. Amir
TRAINING OF PRESCHOOL CHILDREN WITH HEARING Hosseini
IMPAIRMENTS
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BURSA 5th INTERNATIONAL CONFERENCE ON HUMANITY AND SOCIAL SCIENCES
JULY 11 - 13, 2025

BURSA

Meeting ID: 885 7151 8350 Passcode: 202224

11 Temmuz / July 11, 2025 / 15:30 — 13:70 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
EVALUATING THE EFFECT OF CLASS PARTICIPATION ON Dr. Thandiwe Mokoena
ACADEMIC PERFORMANCE: A CASE STUDY OF
MECHANICAL ENGINEERING STUDENTS IN SOUTH
AFRICA
ENHANCING CIVIL ENGINEERING LABORATORY Assoc. Prof. Dr. Miguel
LEARNING THROUGH INTERACTIVE DIGITAL TOOLS Fernandez
Dr. Lucia Alvarez
DEVELOPING AUTONOMOUS LEARNING AGENTS USING Jean-Luc Moreau
SEQUENTIAL CONSTRUCTIVIST MODELS Sophie Dubois
ASSESSING THE ECONOMIC IMPACT OF HUMANITIES Dr. Kwame Mensah
© EDUCATION IN PUBLIC UNIVERSITIES IN GHANA
>
© =
z |9
— -CEG MODELING TECHNOLOGICAL ADOPTION IN BUSINESS Carlos Ramirez
§) kS) STUDENTS: A STUDY FROM COLOMBIA Maria Gomez
- o
:II —
@]
< e
o
a INTERCULTURAL STRATEGIES FOR SECOND LANGUAGE Ana Lucia Torres
ACQUISITION IN HIGHER EDUCATION: A PILOT STUDY IN | Jorge Castillo
PERU
DESIGNING ITERATIVE SELF-CORRECTION FRAMEWORKS | Ivan Kuznetsov
FOR EDITORIAL WORKFLOWS Olga Smirnova
IMPLEMENTING REALISTIC SIMULATION METHODS IN Prof. Dr. Ricardo Silva
BRAZILIAN MEDICAL EDUCATION CURRICULA
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BURSA 5th INTERNATIONAL CONFERENCE ON HUMANITY AND SOCIAL SCIENCES
JULY 11 - 13, 2025

BURSA
Meeting ID: 885 7151 8350 Passcode: 202224

11 Temmuz / July 11, 2025 / 15:30 — 13:70 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
THE EVOLUTION OF JUDICIAL PRINCIPLES IN SOUTHEAST | Assoc. Prof. Dr. Ananda
ASIAN LEGAL SYSTEMS Suphakit
1
RELIGIOUS FREEDOM AND EMPLOYEE RIGHTS: A Maria Fernandes
CRITICAL ANALYSIS OF PORTUGUESE CONSTITUTIONAL
2 LAW
CERTIFICATION PROCEDURES AND GOVERNMENT Aram Petrosyan
3 ACCOUNTABILITY IN ARMENIA
EFFECTIVE GOVERNANCE MODELS WITHIN THE Dr. Magdalena Kowalczyk
EUROPEAN UNION: PRINCIPLES AND PRACTICES
4
<
~ E THE ROLE OF CONSERVATIVE WOMEN’S GROUPS IN Assoc. Prof. Dr. Emily
> g SHAPING U.S. FOREIGN POLICY Carter
O o
| ¥ S
< ©
n c
~ L
- _‘g AUTOPSY STUDY ON ABDOMINAL TRAUMA IN ROAD Marko Jovanovié
:(' = ACCIDENT VICTIMS: MORPHOLOGICAL AND RISK
T s 6 ANALYSIS
—
o
IMPLEMENTING THE EUROPEAN FORENSIC SCIENCE Eglé Petrauskaité
VISION 2020: STRATEGIC APPROACHES IN LITHUANIA Vidmantas Simkus
7 Snieguolé Vaitkevicitte
MODERNIZING THE EUROPEAN COMPETITION NETWORK: | Sigut¢ Zukauskaité
STRATEGIC FRAMEWORKS AND FUTURE DIRECTIONS
8
STRATEGIES FOR THE REVITALIZATION OF THE Dr. Nadia Al-Farouq
EUROPEAN COMPETITION NETWORK
9
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BURSA 5th INTERNATIONAL CONFERENCE ON HUMANITY AND SOCIAL SCIENCES
JULY 11 - 13, 2025

BURSA
Meeting ID: 885 7151 8350 Passcode: 202224

11 Temmuz / July 11, 2025 / 15:30 — 13:70 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors

EXAMINING ADDITIONAL PREDICTORS OF DIETARY James Mwangi
INTENTIONS IN TYPE 2 DIABETES PATIENTS

1
THE INFLUENCE OF LEARNING PREFERENCES ON Nurul Huda
CREATIVE IDEA GENERATION IN EDUCATIONAL

2 SETTINGS
EFFECTS OF COGNITIVE-BEHAVIORAL THERAPY AND Mohammed Al-Farouq

SELF-CONCEPT INTERVENTIONS ON RESILIENCE AND
3 AGGRESSION IN MALAYSIAN AT-RISK YOUTH

LIFESTYLE ANALYSIS OF GOVERNMENT EMPLOYEES IN Dr. Supaporn Chaiyasit
THE ROYAL HOUSEHOLD DEPARTMENT: A BANGKOK

G 4 CASE STUDY
w ‘U
> >
o) & _____
ar O THE IMPACT OF MEDITATIVE TRATAKA PRACTICE ON Anjali Desai
< c ANXIETY REDUCTION AMONG ADOLESCENTS
~ 8 5
| [
e s
% a
= IMPLEMENTATION OF SUFFICIENCY ECONOMY Assoc. Prof. Dr. Somchai
PRINCIPLES BY URBAN LEADERS IN BANGKOK: Niran
5 PERFORMANCE AND STRATEGIC ACTIVITIES
NEUROPLASTICITY AND ITS ROLE IN LIFE Leila Farahani
REHABILITATION AND RENEWAL
7
PEER-BASED INTERVENTIONS TO ADDRESS SOCIAL Christine Cole
COMMUNICATION CHALLENGES IN ADOLESCENTS WITH
o AUTISM: A LITERATURE REVIEW AND FUTURE

DIRECTIONS
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Salon Moderator
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Authors

HALL / SALON 9
Assoc. Prof. Dr. Marcela Lépez

CROSS-CULTURAL ANALYSIS OF ALCOHOL
CONSUMPTION PATTERNS AMONG ETHNIC GROUPS IN
RURAL BANGLADESH

Dr. Farhana Akter

STAKEHOLDER MAPPING IN THE FORMATION AND
GROWTH OF INDEPENDENT CONSUMER GROUPS IN
THAILAND

Dr. Kanya Chaiyaporn

THE IMPACT OF SOCIAL INTEGRATION ON
PERFORMANCE IN THE AUTOMOTIVE INDUSTRY: A
MULTI-COUNTRY STUDY

Carlos Mendes

FRAMEWORK FOR DEVELOPING EDUCATIONAL GAMES
BASED ON OUTCOME-ORIENTED LEARNING MODELS

Ratih Wulandari
Dewi Kartika
Sari Putri

EVALUATING PEDAGOGICAL QUALITY IN DIGITAL
LIBRARY RESOURCES: A CASE STUDY OF SOLARSPELL

Assoc. Prof. Dr. Marcela
Loépez

EXPLORING ALTERNATE REALITY GAMES FOR
EDUCATIONAL PURPOSES: A STUDY AT UNIVERSITY OF
CAPE TOWN

Thandiwe Ndlovu

INNOVATIVE APPROACHES TO ENGINEERING
EDUCATION REFORM IN URBAN PLANNING AT TSINGHUA
UNIVERSITY, CHINA

Li Wei
Zhang Feng

CROSS-CULTURAL ANALYSIS OF ALCOHOL
CONSUMPTION PATTERNS AMONG ETHNIC GROUPS IN
RURAL BANGLADESH

Dr. Farhana Akter
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PARENTING APPROACHES AND HOUSEHOLD
COMMUNICATION DYNAMICS AMONG COLLEGE
STUDENTS

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
INTELLIGENT ENERGY CONSUMERS: EXPLORING THE
INTENTIONS BEHIND EMBRACING INNOVATIVE Dr. Cecilia Kamila,
CONSUMPTION PATTERNS Vincenzo Perri Corvello
GENDER DISPARITIES IN MATHEMATICS ANXIETY Wern Lin Yeo. Choo Kim
AMONG STUDENTS iy
Tan, Sook Ling Lew
UTILIZING THE MMSE-2:EV FOR DIAGNOSTIC INSIGHTS IN
COGNITIVE IMPAIRMENT: CASE STUDIES AND Cornelia- Munteanu
MONITORING Eugenia
2
3 EXAMINING STUDENTS' BRAIN ELECTRICAL RESPONSES
o — TO TEACHER'S EMOTIONAL CUES Dr. Hye Rim Lee
— c
z =
=
:(' w
n — PERSONALITY TRAITS AND COMPULSIVE GAMING: Assoc. Prof. Dr. Eui Jun
: o EXPLORING THE INFLUENCE OF THE BIG FIVE Jeong' o
2 s ’
< 2
T o
S
o
(2]
(%)
<

Lecture Pegah Farokhzad

UTILIZING EMOTICONS IN COURTEOUS EXPRESSIONS OF
GREETINGS AND APPRECIATION

Dr. Zuzana Komrskova
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
COMPETENCY-BASED EDUCATION FOR PROCUREMENT
SPECIALISTS IN CANADA Dr. Samuel Dubois
Dr. Isabella Oliveira
DEVELOPING AN AUDIT QUALITY FRAMEWORK FOR AN Dr. Rafael Costa
EMERGING MARKET: A CASE STUDY OF BRAZIL
IMPACT OF INTELLECTUAL PROPERTY RIGHTS ON Assis. Prof. Dr. Carolina
PROFITABILITY OF BRAZILIAN PHARMACEUTICAL FIRMS | Alves
THE EFFECT OF MOTIVATION, TRUST, AND CULTURAL
DIVERSITY ON KNOWLEDGE SHARING VIA EMAIL IN Dr. Ricardo Gomez
§ ARGENTINA
<
N ©
- = FACTORS INFLUENCING EARNINGS RESPONSE
% E COEFFICIENT IN A DEVELOPING ECONOMY: EVIDENCE Dr. Valentina Morales
- ] FROM CHILE
< )
w —
=~ (@]
- .
- ]
% a CHALLENGES IN IMPLEMENTING ACCOUNTING Elena Rodriguez
1% INFORMATION SYSTEMS IN MEXICAN CORPORATIONS
2
<

STRATEGIC PLANNING OF SUSTAINABLE SUPPLY CHAINS
WITH RISK MITIGATION IN COLOMBIA

Catalina Vargas
Andrés Herrera

ETHICS AND CORPORATE SOCIAL RESPONSIBILITY
INFLUENCING CORPORATE GOVERNANCE IN MULTI-
LEVEL MARKETING COMPANIES: A CROSS-SECTIONAL
STUDY IN PERU

Sofia Guzman

FINANCIAL REPORTING TRANSPARENCY AND
INVESTMENT EFFICIENCY: EMPIRICAL EVIDENCE FROM
VENEZUELA

Javier Castillo
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SPORTS INDUSTRY, SPORTS CULTURE AND Dog. Dr., EMINE
PERSONALITY: VIEW FROM BANDIRMA PERSPECTIVE KAMBUR
Yapay Zeka Destekli Karar Sistemlerinin KOBI’lerde Stratejik Dr. C)grenci,"NURCAN
g Yonetim Siireglerine Etkisi MESHURTURK
4]
- =
Z
E
< E BIBLIOMETRICAL ANALYSIS OF STUDIES ON PHYGITAL Mo
N & MARKETING Dr. Ogr. Uyesi Kiibra
» = CELIK
0 =
< o
I =)
< Yiiksek Lisans Ogrencisi,
E DIGITAL MARKETING IN HEALTHCARE: A SYSTEMATIC ZUHAL KILIC
LITERATURE REVIEW Dr. Ogr. Uyesi, Sait
SOYLER
TARIMSAL FAALIYETLER MUHASEBESI ICERIKLI ne ;
MAKALELERIN BIBLIYOMETRIK ANALIZI: DERGIPARK Ogr. Gor. Dr., ILKNUR
ORNEGI ERGUN
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Authors

HALL / SALON 2
Dr. Ogr. Uyesi , FEHIME SEYMA KOSE

LINGUISTIC EXPRESSION OF RELIGIOUS AND ETHNIC
VALUES IN ARTISTIC TEXT (ON THE EXAMPLE OF THE
ANALYSIS OF THE AXIOLOGICAL PAIR OF “HALAL” AND
“HARAM”)

Assoc. Prof. Shakhnoza
Khudaykulova

KLASIK TURK EDEBIYATI SAIRLERININ CENNET VE
CEHENNEM MEFHUMLARINA BAKISI

Yiiksek Lisans
Ogrencisi,Rumeysa
BASGULCU YETIS
Prof. Dr., Atilla BATUR

CHRISTOPH RANSMAYR’IN “DIE LETZTE WELT” (SON
DUNYA) ROMANINDA OVIDIUS’ UN
METAMORFOZLARININ YENIDEN YAZIMI

Dr. Ogr. Uyesi , FEHIME
SEYMA KOSE

THE RAKHSHIYA PRESENTED BY CERKESSEYHIZADE
MEHMED TEVFIK EFENDI TO SULTAN ABDULAZIZ: A
COMPARATIVE STUDY OF THE MANUSCRIPT AND
PRINTED COPIES

Dr. Ziilleyha HAYAL

DIVAN EDEBIYATI VE HALK EDEBIYATINDA GECEN
HAYVANLARIN MUKAYESESI

Yiiksek Lisan
Ogrencisi,Ilknur VURAL
Prof. Dr.,Atilla BATUR

Clerkship and Organization in State Institutions in the Novels The
Institute for the Adjustment of Clocks and The Madonna in the Fur
Coat

Dr. Ogr. Uyesi Mehmet
Fetih YANARDAG
Melike Meryem
BERKMAN

The Theme of Death in Adil Erdem Bayazit’s Poetry

Dr. Ogr. Uyesi Mehmet
Fetih YANARDAG
Melike Meryem
BERKMAN

SiiR VE IDEOLOJI: AYDINLIK DERGISI'NDEKI IDEOLOJIK
SHRLERIN ANALIZI (1921-1925)

Dr., FATMA NESIBE
COLAK

REFLECTIVE SKILL: “NOW SHE WAS HERE”

Graduate Student Ebru
YAZICI

PhD Giil KARAHAN
COBAN
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GENCLERDE GELECEK KAYGISININ NEDEN OLDUGU Sosyal Hizmet Uzmant
! PSIKOSOSYAL SORUNLAR Cagla TURRMEN
Prof. Dr. Ali Fuat ERSOY
>.
Q Sosyal Hizmet Uzmani
™ % GENC KADINLARDA SOSYAL MEDYA KAYNAKLI AKRAN A
> @ 2 BASKISI Cagla TURI_(MEN
5 w Prof. Dr. Ali Fuat ERSOY
e T
=]
5 |Z
3 <
- . Prof.Dr.ESRA CALIK
< a 3 ENGELLI AILELER ICIN YENI BiR NEFES: GUNDUZ BAKIM | VAR
T - REHABILITASYON VE AILE DANISMA MERKEZLERI Sosyal Hizmet Uzmant,
o AYBEN BURAN
o
Yiiksek Lisans Ogrencisi
4 BATI KARADENIZ BOLGESI’NDE 1900 YILINDAN Erhan UZUNOGLU
ITIBAREN MEYDANA GELEN AFETLER Dr. Ogr. Uyesi Erdem
GUNDOGDU
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Salon Moderator

Bildiri No ve Baslig1 / Paper ID and Title

Authors

Do¢. Dr. Abdullah OMERCIiOGLU

9

HALL / SALON 4
Prof. Dr. Fatih SARACOGLU

Kisi Ozgiirliigii ve Giivenligi Hakkinin Uluslararasi ve Ulusal
Hukukta Konumuna Dair Genel Bir Degerlendirme

ilhan SOZER

CLIMATE COMMITMENTS IN CONFLICT WITH
INVESTMENT LAW: A CASE STUDY OF THE ENERGY
CHARTER TREATY

Dr. Ogr. Uyesi,0ZGE
DEMIRDELEN
Av.,SEVVAL CEYHAN

TAXATION IN THE FUEL SECTOR

Prof. Dr. Fatih
SARACOGLU
Dog. Dr. Abdullah
OMERCIOGLU

ACTIVITIES OF THE REVENUE ADMINISTRATION TO
PREVENT LOSSES AND EVASIONS OF FUEL TAXES IN
TURKIYE

Prof. Dr. Fatih
SARACOGLU
Dog. Dr. Abdullah
OMERCIOGLU

UNITED NATIONS CONVENTION ON BIOLOGICAL
DIVERSITY

Dr. Ogr. Uyesi Selcen Nur
KISLA

FUNCTIONING OF THE LEGAL PROCESS AND
IMPLEMENTATION PRINCIPLES IN TRADEMARK
INVALIDITY CASES

Bilim Uzmani, MEHMET
YILDIZ

Prof. Dr. ERHAN GUMUS
Prof. Dr. AHMET TUNC

THE INTERNATIONAL CRIMINAL COURT’S
INVESTIGATION INTO THE STATE OF PALESTINE:
CURRENT DEVELOPMENTS AND LEGAL DEBATES

Assistant Professor Dr.
BURCU BAYTEMIR
KONTACI
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
Prof. Dr. Yusuf
1 ALVIN TOFFLER AND HIS WORK YURDIGUL
ANALYSIS OF THE INFORMATION SOCIETY Abdulkadir KOK
NESRIN TOPAK
DANIEL BELL’IN BILGi TOPLUMU VE BiLGI Prof.Dr.YUSUF
Ponting) YURDIGUL
2 TEKNOLOJILERINE 8
5 YAKLASIMI NESRIN TOPAK
1T ABDULKADIR KOK
Te] o=
z |2
o =
3 =
b= o Prof.Dr. Yusuf Yurdagiil
wn = B Zu
zZ 2 3 Masuda’nin Bilgi Toplumu Anlayist Meltem Uguz
- —
-
< =
T =]
u .
2 NURSENA BESNILi
- 4 CiZGI ROMANLARDA KUYERELLESME; MANGALAR Dog. Dr. Ogr. Uyesi ATIYE
GUNER
5 DISNEY’S GOLDEN AGE: REBIRTH WITH PIXAR Suida Dursun

Academy Global Conferences & Journals

URSIOURNAL S S ——
jasjournalcom —




F
LT
S ¢

&

ACADEY,
Pl

www.akademikongre.org

BURSA 5th INTERNATIONAL CONFERENCE ON HUMANITY AND SOCIAL SCIENCES
JULY 11 - 13, 2025

BURSA
Meeting ID: 885 7151 8350 Passcode: 202224

12 Temmuz / July 12, 2025/ 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
1 MEVDUDI'YE GORE NUBUVVET VE VAHIY 20091(2% Mehmet Ciineyt

THE ROLE OF DREAMS IN TASAWWUF PRACTICE

=
o
N
S
© 3 2 ACCORDING TO ONE OF THE SUFI AUTHORS, Asst. Prof., Dervis Dokgoz
% g SHAHABEDDIN AL-SUHRAWARDI
| =
< O
& g
~
_ g
- c
% = 3 KUR’AN-1 KERIM’DE INZAR VE USLUBU Ogretmen, Basri Cetin
v
a
33
S
a
4 KUR’AN-I1 KERIM’DE INZAR Ogretmen, Basri Cetin
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
1 AKLIN ISIGINDA INANC: LOCKE’UN DINDE RASYONALITE D.‘ik“’ra Ogrencisi, Rojan
ARAYISI Ciltepe
2 METHODOLOGICAL INQUIRIES: LAKATOS’ SCIENTIFIC Dog. Dr., Serdar SAYGILI
RESEARCH PROGRAMS Hatice Aydin YENICE
3 EPISTEMIC BREAK: THE ANATOMY OF SCIENTIFIC Dog. Dr., Serdar SAYGILI
REVOLUTIONS WITH KUHN Merve Karadag
GUNDELIK YASAMDA DEVLETIN VATANDASLAR ;
<Nt 4 UZERINDEKI OTORITE INSASININ INCELENMESI Dr. MERVE CETIN KILIC
= =
% = AN ANALYSIS OF THE CONCEPT OF POWER THROUGH _
| t‘ 5 THE PERSPECTIVES OF ZYGMUNT BAUMAN AND MICHEL | Dr. MERVE CETIN KILIQ
5 5] FOUCAULT
2 | £
j < CAGIN SORUNLARI KARSISINDA ALBERT CAMUS VE
< a 6 JEAN-PAUL SARTE: VAROLUSCULUK, IDEOLOJi VE Dog.Dr.Ahmet YILMAZ
I o GUNCEL SIYASET BAGLAMINDA BiR DOSTLUGU OYKUSU
(=
a A CAMUS VE SIYASI DUSUNCE: BILINCLI Bi
LBERT CAMUS VE SIYASI DUSUNCE: BILINCLI BIR
! BASKALDIRI ETIGi, ADALET VE OLCU ARASINDA Dog.Dr. Ahmet YILMAZ
8 4. INDUSTRIAL REVOLUTION AND RELATIONAL Dog. Dr., Mustafa
SOCIOLOGY SOLMAZ
Dr. FatihVFurkan
9 CHARACTERISTICS OF MODERN AND POSTMODERN ART | ALPDOGAN
Dog. Dr. Mustafa SOLMAZ
s . . Ogr. Gor. Dr. Enes
10 Yapisokiim Siyasetinin Kamusal Alan Ingast Borhudan KOKERER
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CONSUMER WELFARE: EVIDENCE FROM INDIA’S
MANUFACTURING SECTOR

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
ANALYSIS OF PAYMENT DELAYS AND THEIR IMPACT ON Siti Nur Aisyah
THE CONSTRUCTION INDUSTRY IN MALAYSIA
EVALUATING THE PROGRESS OF MANUFACTURING Muna Al-Faraj
CONTROL SYSTEMS IN LIBYA’S INDUSTRIAL SECTOR
COMPARATIVE STUDY OF ENVIRONMENTAL REPORTING Dr. Emily Thompson
IN THE CHEMICAL INDUSTRY: GRI STANDARDS
APPLICATION
DESIGN AND BLAST RESISTANCE ANALYSIS OF SINGLE- Khaled Al-Mahdi
STORY CONTROL FACILITIES IN PETROLEUM REFINERIES | Omar Farouk

—

% IMPACT OF BUSINESS MODEL INNOVATION ON Wei Zhang

1 < CORPORATE VALUATION: A DYNAMIC FRAMEWORK Li Mei

< = Jian Liu

< =)

~ c

3 =

- L)

% THE ROLE OF ALIGNMENT IN BOOSTING SERVICE Chun-Hua Lin
INNOVATION PERFORMANCE: A NEW CONCEPTUAL Mei-Ying Huang
MODEL Yu-Fen Wu
PROMOTING LOW-CARBON TRANSITION IN CHINA’S Jing Wei
TRADITIONAL MANUFACTURING INDUSTRIES
ASSESSING THE EFFECTIVENESS OF INTEGRATED TQM Farah Aziz
AND LEAN MANUFACTURING IN MALAYSIAN Noraini Hassan
AUTOMOTIVE INDUSTRY Ahmad Zulkifli
THE EFFECTS OF MERGERS AND ACQUISITIONS ON Dr. Anil Kumar

Ravi Shankar
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
ASSESSING THE QUALITY STANDARDS OF HOSPITAL Dr. Gharehbagh
PHARMACIES IN THERAPEUTIC CENTERS ASSOCIATED v Hamishehkgr
WITH KERMANSHAH UNIVERSITY OF MEDICAL H'A hababa '
SCIENCES, IRAN Ad
OPTIMIZING VISIBLE LIGHT COMMUNICATION SYSTEMS Mahmoud H. Aly, Ivan
THROUGH NATURAL LIGHT INTEGRATION Andonovic, Moustafa Beshr
INTEGRATING WIRELESS BODY AREA NETWORKS WITH
WEB SERVICES: REVOLUTIONIZING UBIQUITOUS Dr. Ogunduyile O.
HEALTHCARE PROVISIONING THROUGH ARCHITECTURE Oluwgbenga
©
)]
c
8
o~ =) DYNAMIC BRAIN WAVE ACQUISITION AND
= % PSYCHOACOUSTIC ANALYSIS IN REAL TIME Dipali SShweta , ingh
@) 6 Mahajan , Bansal Rashima
- .
53
:II % ENHANCING COMBAT EFFECTIVENESS IN NEW
ko] GENERATION FIGHTER PLANES THROUGH HUMAN .
< = FACTORS CONSIDERATIONS Binoy Bhargavan
j=2)
O
—
O CONSTRUCTING AN INTEGRATED RELATIONAL
DATABASE UTILIZING SWISS NUTRITION NATIONAL Helena Einsele
SURVEY AND HEALTH DATASETS FOR DATA MINING Dr. Jenzer Farsﬁideh
OBJECTIVES '
CAN EEG TESTING AID IN BRAIN TUMOR
IDENTIFICATION? M. Sharanreddy, P. K.
Kulkarni
EXAMINING THE HAZARDS OF INADEQUATE MEDICAL
WASTE MANAGEMENT PRACTICES ON HUMAN HEALTH | Babanyara Ibrahim, Garba
AND THE ENVIRONMENT: A REVIEW OF LITERATURE Bogoro., M. Y.Abubakar,
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
ANALYSIS OF SOIL STABILIZATION TECHNIQUES USING Dr. Fatima Zahra
ORGANIC ADDITIVES IN SEMI-ARID REGIONS Dr. Karim Benali
Dr. Amina EI-Mansouri
CLOUD-BASED DEVELOPMENT FRAMEWORKS FOR Assoc. Prof. Dr. Min-Jae
ADVANCED CONSTRUCTION MANAGEMENT SOFTWARE Park
NUMERICAL MODELING OF ELECTROMAGNETIC FIELDS Assoc. Prof. Dr. Carlos
IN COMPLEX MATERIALS USING FINITE ELEMENT Mendoza
ANALYSIS Dr. Lucia Fernandez
THERMAL PERFORMANCE EVALUATION OF ECO- Dr. Lars Jensen
o FRIENDLY INSULATION MATERIALS IN WOODEN Mette Serensen
g BUILDINGS
I
™ O
>
% = MULTI-CRITERIA ANALYSIS OF SAFETY MANAGEMENT Wei Zhang
1 UEJ PRACTICES IN CONSTRUCTION PROJECTS Mei Lin
g |
- o
_I -
=
% o STABILITY ENHANCEMENT OF FUNCTIONALLY GRADED Nabil Haddad
8 COMPOSITE PIPES UNDER FLUID FLOW CONDITIONS Leila Mansour
a
<
STRUCTURAL OPTIMIZATION OF BRIDGE LAUNCHING Dr. Jun Li
SYSTEMS USING INCREMENTAL LAUNCHING METHODS Dr. Qiang Wu
Dr. Fang Zhao
EVALUATING ENVIRONMENTAL FOOTPRINTS THROUGH Assoc. Prof. Dr. Emily
MATERIAL FLOW ANALYSIS IN MANUFACTURING Carter
INDUSTRIES
SIMULATION OF SPRINGBACK EFFECTS IN ADVANCED Assoc. Prof. Dr. Sipho
HIGH-STRENGTH STEELS FOR AUTOMOTIVE Ndlovu
APPLICATIONS Dr. Thabo Mbeki
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Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
SYNTHESIS OF MOLECULARLY IMPRINTED POLYMERS Anna Miiller
FOR SELECTIVE REMOVAL OF PHARMACEUTICAL Clara Schmidt
CONTAMINANTS FROM WATER
REMOVAL OF PENTACHLOROPHENOL THROUGH Assoc. Prof. Dr. Nurul
COMBINED ADSORPTION AND BIODEGRADATION Huda
TECHNIQUES Assoc. Prof. Dr. Faridah
Hassan
FORMULATION AND CHARACTERIZATION OF VAGINAL Dr. Supaporn Chaiyaporn
SUPPOSITORIES INCORPORATING PROBIOTIC Nattaporn Srisuk
LACTOBACILLUS STRAINS
= EFFECT OF SERICIN CONCENTRATION ON THE PHYSICAL Dr. Asad Khan
© PROPERTIES OF SILK-BASED FILMS Dr. Mahmood Igbal
g
g
< "5
% % %’ VALIDATION OF A NOVEL RP-HPLC METHOD WITH Nattawut Charoensuk
| ‘= 3 FLUORESCENT DETECTION FOR NORFLOXACIN Phong Aramwit
< S ANALYSIS
n =8
-~ - C
- oo
- - m
% © ANTIBACTERIAL ACTIVITY OF PLUMERIA ALBA FLOWER | Dr. Mahmoud EI-Sayed
a0 EXTRACTS AGAINST PATHOGENIC BACTERIA Dr. Ghulam Rasool
<3
a
<
PROACTIVE DETECTION OF FALSE POSITIVE ALERTS IN Assoc. Prof. Dr. Mariam
DRUG-DRUG INTERACTION SYSTEMS Syakirah
Dr. Brenda Lawson
COMPARATIVE STUDY OF ANTIBACTERIAL EFFECTS OF Dr. Hsuan-Ling Yang
ETHANOLIC AND ISOPROPYL HEXANE EXTRACTS OF Dr. Yan-Jie Huang
GINGER (ZINGIBER OFFICINALE)
NEUROPROTECTIVE EFFECTS OF CLITORIA TERNATEA Dr. Tahereh Naji
ROOT EXTRACT ON LEARNING AND MEMORY Dr. Mahsa Jassimi
ENHANCEMENT
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THROUGH EDUCATIONAL VIDEO GAMES: EXPLORING
STUDENT ENGAGEMENT, PERFORMANCE, AND TEACHER-
STUDENT DYNAMICS

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
BRAIN IMAGING CLASSIFICATIONS RELATED TO Dr. Carlos Silva
MATHEMATICS LEARNING AND PRACTICE Dr. Mariana Costa
Dr. Rafael Oliveira
THE IMPACT OF MOTIVATION, SELF-EFFICACY, AND Dr. Amina Hassan
MATHEMATICAL IDENTITY ON STUDENT PERFORMANCE ' X .
Dr. Khalid Al-Farsi
STUDENTS’ PERCEPTIONS OF MATHEMATICS
EDUCATION: A CROSS-SECTIONAL STUDY AMONG
SENIOR SECONDARY SCHOOL STUDENTS IN LAGOS Chinedu Okafor
STATE, NIGERIA
ASSESSING TEACHERS’ BELIEFS IN MATHEMATICS Dr. Kwame
EDUCATION USING A FUZZY LOGIC MODEL Boateng
Lo 'g
g <
| E ENHANCING NON-MATHEMATICS UNDERGRADUATE
< % STUDENTS’ ATTITUDES TOWARDS MATHEMATICS Dr. Samuel NKkosi
2 = THROUGH TECHNOLOGICAL INTERVENTIONS ’
©
- »
< —
T a ENHANCING ELEMENTARY MATHEMATICS LEARNING

Dr. Mei-Ling Chen
Dr. Wei Zhang

FINITE-SUM OPTIMIZATION WITH ADAPTIVE
SMOOTHNESS AND LOOPLESS VARIANCE REDUCTION
TECHNIQUES

Dr. Elena Volkova
Dr. Dmitry Petrov

A THEORETICAL FRAMEWORK FOR A STATIC
COSMOLOGICAL MODEL BASED ON QUANTUM VACUUM
PROPERTIES

Dr. Anastasia Viktor

ESTIMATION OF FUNCTIONAL RESPONSE MODELS USING
SUPERVISED FUNCTIONAL PRINCIPAL COMPONENT
ANALYSIS

Dr. Yuki Tanaka
Dr. Min-Seok Lee

Assoc. Prof. Dr. Hana Kim
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Salon Moderator

Bildiri No ve Baslig1 / Paper ID and Title

Authors

HALL /SALON 1
Dr. Ogr. Uyesi Ozge UCAR

LEGUME ROTATION IN ORGANIC FARMING: EFFECTS ON
SOIL HEALTH AND MICROBIOTA

Dr. Ogr. Uyesi Ozge UCAR

VERMIKOMPOST PRIMING UYGULAMALARININ YEM
BEZELYESI [Pisum sativum ssp. arvense (L.) Poir.] BITKiSININ
CIMLENMESINE ETKISI

Dr. Ogr. Uyesi Semih
ACIKBAS

Dog. Dr. Mehmet Arif
OZYAZICI

SINIR OTU (Plantago ovata L.) BITKISINE FARKLI KURAKLIK

Dog. Dr. Giilen OZYAZICI
Dr. Ogr. Uyesi Semih

: g . : ; o ACIKBAS

SEVIYELERININ CIMLENME OZELLIKLERINE ETKISI Doc. Dr. Mehmet Arif
OZYAZICI

Effect of Salinity on Yield and Development in Oilseed Crops Aynur BILMEZ OZCINAR
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
DOUBLE-LAYER PLASMONICS THROUGH METAL(Ag)- Dr. Ogr. Uyesi Sami
METAL OXIDE (ZnO) BILAYER THIN FILMS SAFETY PEKDEMIR
LABELS Salih BITGEN
CIMENTO DONER FIRIN KALSINATORLERINDE Er%‘f gfé;"ha
AKISKANLASTIRMA ERENTURK
DISLI TASARIM PARAMETRELERININ Di$ DiBi ﬁf}‘é‘&?ﬁhggc
~N GERILMESINE ETKISININ SAYISAL INCELENMES] o X
> Dog. Dr. Oguz DOGAN
S s
< c
o g NUMERICAL ANALYSIS FOR FLUID FLOW AND Res. Asst. Bahaddin
3 < CONVECTIVE HEAT TRANSFER CHARACTERISTICS OF TOPAK
J ALUMINIUM OXIDE-GRAPHENE OXIDE HYBRID Assoc. Prof. Dr. Cuneyt
% NANOFLUID FLOW ALONG A SQUARE MINICHANNEL UYSAL
EFFECTS OF AIR POLLUTION AND CLIMATE CONDITIONS | uksek Lisans Ogrencisi,
ON HISTORICAL YUNUS EMRE
LEBLEBICI
Ahmed Hassan Saleh
Hassan Farag ELKASSASS
Oguzhan GUNES
DEVELOPMENT OF A CNN MODEL FOR AUTOMATIC Op. Dr. Ahmet Taha
DETECTION OF ANATOMICAL STRUCTURES IN THE EYE KARAKUZU,
Prof. Dr. Halil Erdem
OZEL
Dog¢.Dr. Turab SELCUK

Academy Global Conferences & Journals

UASIOURNAL
ijasjournalcom

ACADEMY




F
LT
S -

&

ACADEY,
Pl

www.akademikongre.org

BURSA 5th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
JULY 11 - 13, 2025

BURSA

Meeting ID: 885 7151 8350 Passcode: 202224

12 Temmuz / July 12, 2025 / 15:00 — 17:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
EXISTENCE OF SOLUTIONS FOR BOUNDARY VALUE
PROBLEMS OF FRACTIONAL DIFFERENTIAL EQUATIONS MELDA SAHILLI
WITH MULTI-TERM FRACTIONAL INTEGRAL CONDITIONS
Dr. Aysun Benek
FERMATEAN NEUTROSOPHIC SOFT ROUGH SETS Prof. Dr. Taha Yasin Oztiirk
Assoc. Prof. Adem Yolcu
FERMATEAN NEUTROSOPHIC SOFT ROUGH F'?rgfésr””TBlfnﬂ‘ Otk
TOPOLOGICAL SPACES - Of “aha Yasin Lztur
Assoc. Prof. Adem Yolcu
7}
<
o
> é Opr. Go
= § . . _Gari gr. Gor. Dr. Ayse
5 Multiparameter Deformations of Bowen-Series Maps KARATAS
2 2
5%
~ . o .
| 5 Dr, SUMEYRA BEDIR
2' N VALIDITY CLASSIFICATION OF TEXT-BASED LOGICAL GORKEM LALE
T S ARGUMENTS USING DEEP LEARNING AND BERT MODELS | MUHAMMED ZAKIR
Q DEMIREL
=
p=Ti]
Q
YALIN SISTEM TASARIMI ICIN SIMULASYON DESTEKLI Hayal KARA
DEGER AKIS HARITALAMA UYGULAMASI Dog. Dr. Omer Faruk EFE
KOLTUK MONTAJ HATTININ ERGONOMIK OLARAK
DENGELENMESI: REBA ENDEKSI TABANLI Betiil irem KARAKAS
MATEMATIKSEL MODELLEME VE PYTHON iLE Dog. Dr. Omer Faruk EFE
OPTIMIZASYON
Ars. Gor., Ozan {brahim
COK DEPOLU ESNEK COK KOMPARTIMANLI ARAC Ethem BAGRIYANIK
ROTALAMA PROBLEMI Prof. Dr. ismail
KARAOGLAN
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Salon Moderator

Bildiri No ve Baslig1 / Paper ID and Title

Authors

HALL / SALON 4
Assoc. Prof. Dr. Ozlem Ergiil Erkec¢

EMERGENCY INTERVENTION APPROACHES IN
MUSCULOSKELETAL INJURIES: CURRENT APPLICATION
OF RICE PROTOCOL

Asist. Prof. Dr. GOKHAN
TASKIN

THE IMPACT OF EDUCATIONAL LEVEL AND GENDER
ROLES ON FAMILY PLANNING ATTITUDES:
IMPLICATIONS FOR WOMEN’S HEALTH AND THE ROLE OF
MIDWIVES

Yiiksek Lisans Ogrencisi,
HILAL KABAKCI

Dr. Ogr. Uyesi AYSE
CUVADAR

THE ROLE OF PILATES IN PREGNANCY: IMPACTS ON
MATERNAL AND FETAL WELL-BEING

Yiiksek Lisans Ogrencisi,
ILAYDA IPEK

Dr. Ogr. Uyesi AYSE
CUVADAR

NEUROPROTECTIVE EFFECTS OF GHRELIN

Assoc. Prof. Dr. Ozlem
Ergiil Erkec

CASE REPORT: ENDOCROWN RESTORATION OF TWO
MANDIBULAR MOLARS WITH EXTENSIVE TISSUE LOSS

Ars. Gor. BILAL AYAZ
Dr. Ogr. Uyesi GULSAH
AKYILDIZ

DIS HEKIMLIGI FAKULTESI UZMANLIK OGRENCILERININ
KARANLIK UCLU KISILIK OZELLIKLERININ DEMOGRAFIK
DEGISKENLER ACISINDAN iNCELENMESI

Opr. Gor. SENA SAKIN
ULUBAY

Ars. Gor. EMINE
SURANUR AYAZ

Ogr. Gor. IREM OKUMUS

EXERCISE SAFETY AND HEALTH CARE APPROACHES IN
CHILDREN WITH CHRONIC DISEASES

Assistant Professor, MUSA
OZSAVRAN
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
The Effect of a Six-Week In-Season Training Period on Certain n
Hematological Parameters in Amateur Football Players Ogr. Gor. Dr. Sedat OKUT
An Examination of Job’s Finding Anxiety Levels Among Physical g/[;;}t;r{iismdent Efkan
Education and Sports Teaching Students in Terms of Various
Variables
S Ogr. Gér. Dr. Biilent
¥ , TATLISU
L0 o EXAMINATION OF UNIVERSITY STUDENTS’ RISKY Dog. Dr. Izzet UCAN
zZ - BEHAVIOR SITUATIONS IN TERMS OF SPORTING AND Yiili.sekl'isans Ogrencisi
o k] DIFFERENT VARIABLES
?(I g Davut CEYLAN
v % .
= a Ogr. Gér. Dr. Biilent
- : . ) . TATLISU
- = EXAMINING THE SELF-DISCLOSURE BEHAVIOR OF Dog. Dr. Izzet UCAN
% &) UNIVERSITY STUDENTS IN TERMS OF SPORT AND Yﬁﬁ'seklhisans Ogrencisi
);5.1) DIFFERENT VARIABLES Tuba KOYUNCUOGLU
o) TATLISU
EXAMINATION OF U12 MALE BASKETBALL COACHES' ALPEREN AKIN
BEHAVIORS DURING PRACTICES THROUGH SYSTEMATIC ALDIRMAZ
OBSERVATION METHOD: THE CANAKKALE EXAMPLE Dr. AHMET YAPAR
Gender-Based Evaluation Of Badminton-Specific Agility Berk AVCI
Performance Dog. Dr. Aksel CELIK
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Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
Onur PICAKCI
A STUDY ON THE SWIMMING SKILLS OF STUDENT Osman IMAMOGLU
ATHLETES Faruk ALBAY
Akin Deniz DINNEN
THE ESPORTS INDUSTRY IN A DIGITALIZING WORLD AND | Onur PICAKCI
E IN TURKEY Faruk ALBAY
>
© S
< =
9 S Asst. Prof. Dr. Serkan
5, E Exercise Addiction and Healthy Lifestyle Levels in Taekwondo KIZILCA,
zZ 2 Athletes Abdurrahmgn
_ > KARADAGLI
| =
T |k
©
v FARKLI GERME PROTOKOLLERININ KADIN T, .
= YUZUCULERDE SURAT, ANAEROBIK GUC VE CEVIKLIK Br' Ogr' [IiyeSI %’&CCEVIZ
UZERINE AKUT ETKILERI 06. L. Harun
. - Hatice GUNGOREN,
'I\?/Ieglaet;ve Back Muscle Strength and Pull-Up Performance in Adult Prof. Dr. Asiye Filiz
CAMLIGUNEY
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Salon Moderator

Bildiri No ve Baslig1 / Paper ID and Title

Authors

HALL / SALON 7
Asst. Prof. Dr. Begiim ILBAY VATAN

BIR DiJITAL URUNUN E-TiCARET PLATFORMUNDAK |
YOLCULUGU

Yiiksek Lisans Ogrencisi,
Mesut OGUZ
Dog. Dr., Kazim KILINC

BIBLIOMETRIC AND THEMATIC ANALYSIS OF ACADEMIC
PUBLICATIONS RELATED TO QUALITY 4.0

Funda YIGIT POLAT
Prof. Dr. Mehmet Selami
YILDIZ

A LITERATURE REVIEW ON DIGITAL WELLBEING AND
DIGITAL BURNOUT IN THE TOURISM SECTOR

Asst. Prof. Dr. Beglim
ILBAY VATAN

INVESTIGATION OF HOTEL MANAGERS’ PERSPECTIVES
ON ARTIFICIAL INTELLIGENCE AND ROBOT USE: THE
CASE OF SIVAS PROVINCE

M.A. Student, Zeynep
Tugba CAVDAR
Prof. Dr. Sitkran KARACA

VIOLENCE IN HEALTH AND THE PLACE OF
RECONCILIATION IN TURKEY

Sinan OZDEMIR
Dr.Ogr.Uyesi, Abdullah
MISIRLIOGLU
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Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
OPTIMAL TIMING FOR COLOSTRUM IMMUNOGLOBULIN Dr. Fatima Al-Mansouri
ABSORPTION IN NEWBORN CAMELS: CORRELATION Dr. Khaled Al-Harbi
1 WITH CORTISOL AND THYROXIN LEVELS Dr. Youssef Benali
DEVELOPMENTAL CHANGES IN THE DUODENAL MUCOSA | Dr. Nadia El-Sayed
AND SUBMUCOSA OF RABBITS Dr. Omar Khalil
2
EVALUATION OF TUBERCULIN, TETANUS Assoc. Prof. Dr. Samuel
IMMUNOGLOBULIN, AND DPT VACCINE AS MITOGENS IN Okoro
AVIAN T-LYMPHOCYTE PROLIFERATION
3
ASSESSMENT OF POTATO VARIETIES FOR CHIPS AND Inga Jansons
— 3 FRENCH FRIES PRODUCTION USING MICROWAVE- Kristaps Ozols
zZ %‘ 4 VACUUM DRYING TECHNOLOGY Marta Kalnina
3 w Tatjana Ziedina
< L
f ! SALT TOLERANCE IN TISSUE-CULTURED DATE PALM Dr. Hassan Al-Mulla
- _cou VARIETIES UNDER CONTROLLED ENVIRONMENTAL Dr. Khalil Al-Farsi
- z CONDITIONS
< - 5
I a)
IMPACT OF COPPER AND ZINC DEFICIENCY ON MILK Dr. Elena Popescu
YIELD IN INTENSIVELY MANAGED DAIRY CATTLE: A Dr. Mihai lonescu
6 STUDY FROM NORTHEASTERN ROMANIA Dr. Carmen Georgescu
EFFECTS OF OVERFEEDING ON PRODUCTIVITY, FOIE Dr. Mona El-Sayed
GRAS QUALITY, BLOOD PARAMETERS, AND MORTALITY Dr. Ahmed Mahrous
7 IN TWO BREEDS OF DUCKS
8
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
IMPACT OF TRAINING INTENSITY ON PHYSICAL FITNESS Dr. Amina Mwanai
PARAMETERS AMONG U-17 FEMALE BASKETBALL As:sis Prof. Dr Jgse h
ATHLETES IN KENYA : ’ ’ P
Kamau
THE IMPACT OF DAILY WALKING HABITS ON SLEEP
QUALITY AMONG JAPANESE HIGH SCHOOL STUDENTS Dr. Haruto Yamamoto
ADVANCED PEDAGOGICAL APPROACHES TO IMPROVE Lucia Ferndndez
BALANCE AND MOTOR SKILLS IN ADOLESCENTS ueta remande
Mateo Garcia
8
~ o ANALYZING THE INFLUENCE OF BODY ART ON
= % ATHLETIC PERFORMANCE AND PSYCHOLOGICAL Dr. M Traoré
O S RESILIENCE - vioussa fraore
- o
< >
< o
~ +~
- c FROM TWEETS TO TOUCHDOWNS: FORECASTING NFL
ztl E SUCCESS THROUGH SOCIAL MEDIA SENTIMENT Prof. Dr. Marcus Johnson
T - ANALYSIS Dr. Emily Carter
1
)
SOUTH AFRICAN SOCCER DEVELOPMENT: ANALYZING Dr. Thabo Mbeki
LOCAL PRACTICES WITHIN A GLOBAL FRAMEWORK FOR Prc.)f Dr. Sipho Dlamini
MASS AND ELITE ATHLETE PROGRESSION - br. sip
Dr. Naledi Khumalo
ANALYSIS OF PHYSICAL AND BIOLOGICAL Dr. Samuel Kibrotich
CHARACTERISTICS OF ELITE KENYAN LONG-DISTANCE : P
Assoc. Prof. Dr. Grace
RUNNERS -
Wanjiku
EFFECTS OF WATER IMMERSION ON Ayesha Khan
THERMOREGULATION AND RECOVERY IN ATHLETES Imran Siddiqui
TRAINING IN HIGH-TEMPERATURE ENVIRONMENTS Sara Malik
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PYRRHOCORICIN

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
A COMPARATIVE ANALYSIS OF SVM-BASED CRITERIA IN Dr. Rajiv Kumar
EVOLUTIONARY METHODS FOR GENE SELECTION AND Dr. Kenji Nakamura
MICROARRAY DATA CLASSIFICATION
EFFICACY OF SELECTED OIL-BLENDED PLANT EXTRACTS | Assoc. Prof. Dr. Chinedu
AGAINST AFRICAN CATFISH PESTS: DERMESTES Okeke
MACULATUS AND NECROBIA RUFIPES
IMMUNOGENIC ADHESIN VIBRIO ALGINOLYTICUS 49 Dr. Putu Arya
KDA: ITS ROLE IN MOLECULAR EXPRESSION OF MHC ON
RECEPTORS OF HUMPBACK GROUPER CROMILEPTES
ALTIVELIS
IDENTIFICATION, CHARACTERIZATION, AND Siti Nurhaliza
PRODUCTION OF PHYTASE FROM ENDOPHYTIC FUNGI Rina Dewi
Nina Kusuma
=] Gita Pratiwi
™ IS
=
% LcE PETIOLE AND LEAF EXPLANTS OF PURPLE FAN FLOWER Dr. Ananya Sharma
1 po (SCAEVOLA AEMULA R. BR. CV. 'PURPLE FANFARE'):
< = DIRECT AND INDIRECT SOMATIC EMBRYOGENESIS
2 g
- —
- e
% wc—; MOLECULAR BASIS OF HELICOBACTER PYLORI DNAK Dr. Farah Naz
5 RESISTANCE TO ANTIMICROBIAL PEPTIDE Dr. Elena Petrova

MICROBIAL COMMUNITIES OF AMMONIA-OXIDIZING
ARCHAEA AND BACTERIA IN ENRICHED NITRIFYING
ACTIVATED SLUDGE

Dr. Nattapong Chaiyasit
Dr. Somchai Wongsa

BIOMIMETIC COATING SURFACE DERIVED FROM HUMAN
ELASTIN TO SUPPORT CELL GROWTH

Dr. Antonella Rossi

OCCURRENCE AND PARASITE-HOST RELATIONSHIP OF
LIGULA INTESTINALIS IN SATTARKHAN LAKE (EAST
AZERBAUAN, IRAN): A FIELD REPORT

Prof. Dr. Leila Farhadi
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Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
Dr. Jelena Markovic
IMPACT OF DYNAMIC CAPABILITIES ON INNOVATION
PERFORMANCE IN COMPANIES
Ms. Student Nadia EI-
Fahmi
A HYBRID PSO-NM ALGORITHM FOR NELSON-SIEGEL- Dr. Karim Benali
SVENSSON MODEL CALIBRATION Dr. Samira Haddad
Omar Al-Mansouri
EFFECTS OF FLUCTUATING OIL PRICES ON THE
EXPANSION OF RENEWABLE ENERGY
[«5)
g Assoc. Prof. Dr. Catalina
< é LEAN HEALTHCARE IMPLEMENTATION: BARRIERS AND Gomez
% 3 ENABLERS IN THE COLOMBIAN HEALTH SYSTEM Juan Carlos Morales
| —
< 2
f -8 Dr. Rajesh Kumar
- g IDENTIFYING CHALLENGES IN LEAN MANUFACTURING
z:' E ADOPTION IN INDIAN INDUSTRIES
I [
)
j -
o
Siti Nurhaliza
PROMOTING LOCAL ECONOMIES THROUGH ONE Ahmad Fauzi
VILLAGE ONE PRODUCT INITIATIVE AND CUSTOMER
SATISFACTION
Prof. Dr. Giorgi Lomidze
ANALYSIS OF FACTORS LEADING TO THE DECLINE OF
ENGINEERING FIRMS DURING THE GLOBAL FINANCIAL
CRISIS
Miguel Fernandez
MODELS OF CONSUMER BEHAVIOR AND THE ROLE OF
EMOTIONAL FACTORS IN PURCHASE DECISIONS
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
COMPARATIVE ANALYSIS OF PHYSICO-CHEMICAL Nurul Aisyah
PROPERTIES AND FATTY ACID PROFILE OF Wei Jun Tan
ELATERIOSPERMUM TAPOS, PALM OIL, AND SOYBEAN Azman Hassan
OoIL
EFFECTS OF NATIVE AND MODIFIED YAM STARCHES ON Siti Noor Aini
THE PHYSICAL PROPERTIES AND STABILITY OF Shanthi Rajan
EMULSIONS
OPTIMIZATION OF PHENOLIC COMPOUND EXTRACTION V. Lakshmi
FROM AVICENNIA MARINA USING RESPONSE SURFACE Jamila Thompson
V. Lakshmi
CHEMICAL AND BIOLOGICAL CHARACTERIZATION OF Assoc. Prof. Khalid Al-
= LOCAL COWPEA SEED PROTEIN FROM THE ASIR REGION | Mutairi
S
S
o =
% <_( EFFECTS OF DGAT1 AND BETA-KAPPA CASEIN Areej Al-Hassan
| © GENOTYPES ON MILK PRODUCTION TRAITS IN Niran Duangchai
< E CROSSBRED HOLSTEIN CATTLE Pongpat Mernkrathok
~ 4
- .
- G
% E CASEIN MICELLE DISPERSION UNDER VARYING NACL Rashid Hussain
g CONCENTRATIONS: PARTICLE SIZE AND STRUCTURAL Claire Dupont
2 EVOLUTION Joél Scherrer
<
DEVELOPMENT OF SAFE READY-TO-EAT RAW OYSTER Pattama Ratana
MEAT USING IRRADIATION TECHNOLOGY Pongtep Wilaiporn
IMPACT OF PRETREATMENT METHODS ON PHENOLIC Ruta Galoburda
CONTENT, VITAMIN C, AND ANTIOXIDANT ACTIVITY IN Zanda Kriima
DRIED DILL
MOLECULAR MOBILITY CHARACTERIZATION OF WATER Dr. Yasuyuki Konishi
SPECIES IN FOODS USING VISUALIZATION TECHNIQUES Masayoshi Kobayashi
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
SHED SNAKE SKINS: A NATURAL RESOURCE FOR Dr. Anahit Petrosyan
BIOMIMETIC MEMBRANES — ADVANCING PERMEATION Dr. Vahan Grigoryan
STUDIES AND DRUG DELIVERY Dr. Aram Avetisyan
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FARKLI BAGLAYICI TURLERININ SERAMIK DUVAR KAROSU BUNYESI
UZERINDEKI ETKILERI

Ogr. Gor. Dr. EMRAH DURGUT
Canakkale Onsekiz Mart Universitesi, Can Meslek Yiiksekokulu, Madencilik ve Maden
Cikarma Boliimii, emrahdurgut@comu.edu.tr - 0000-0002-4637-7087

OZET

Giintimiizde seramik biinyelerin hazirlanmasinda plastik karakterli kil mineralleri ve plastik
olmayan kuvars, feldspat, kalsit, dolomit minerallerince zengin hammadde kaynaklari
kullanilmaktadir. Bu hammaddeler oncelikle farkli yontemlerle sulu ortamlarda recete
oranlarina bagl olarak tane boyut kiigiiltme ve boyuta gore smiflandirma islemlerine tabi
tutulmaktadir. Ayrica biinye hazirlama asamasinda elektrolit denilen viskozite iyilestirici
dispersantlar (sodyum tripolifosfat, camsuyu, sodyum hegzametafosfat vs.) ve ham/kuru
mukavemet arttirict baglayici olarak adlandirilan yardimei kimyasallar da kullanilmaktadir. Kil
mineralleri seramik {iretiminde sekil verme Ozelligini saglamada en Onemli hammadde
kaynagidir. Bu baglamda seramik ireticileri kil ihtiyacini varsa iiretim tesislerine yakin
kaynaklardan yoksa yurtdigindaki tedarikcilerden saglamaktadirlar. Ancak yurtdisindaki
kaynaklarin lojistik masraflarinin yiiksek olmasi, kil kaynaklarinin giinden giine azalmasi ve
siyasi nedenlerle hammadde arzinin karsilanamamasi gibi sorunlar {tireticileri farkli yontemler
gelistirmeye yoneltmektedir. Diger yandan seramik kimyasallar1 iireten firmalar ise kil yerine
alternatif olarak kullanilabilecek baglayici tiirleri gelistirmektedir. Bu calismada seramik
kaplama malzemelerinin iiretiminde kullanilan duvar karosu biinyesindeki kil oraninin organik,
inorganik ve hibrit baglayici-plastiklestirici kullanarak azaltilmasi ve seramik o6zellikleri
lizerine etkilerinin arastirilmasi amaglanmistir. Bu baglamda oOncelikle TSE EN14411
standartlarina uygun diisiik kil igerikli duvar karosu seramik biinyeleri gelistirilmis, sonrasinda
ise diistik kil igerikli bilinyelere baglayicilar ilave edilerek seramik biinye iizerindeki fiziksel
etkileri incelenmistir. Sonug olarak bu ¢alisma kapsaminda kil orani azaltilmis duvar karosuna
organik, inorganik ve hibrit baglayici ilavesinin ham mukavemet degerini az, kuru mukavemet
degerini ise oldukga arttirdig1 goriilmiistiir. Ayrica kuru mukavemete etki yiiksekten diigiige

hibrit>organik>inorganik baglayic1 olarak belirlenmistir. Bunun yaninda hibrit baglayici
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kullanim arttik¢a viskozite degerinin az da olsa azaldigi, organik ve inorganik baglayici orani

arttikca ise viskozitenin 6nemli derecede arttig1 tespit edilmistir.

Anahtar Kelimeler: Baglayici, duvar karosu, seramik biinye, hammadde.
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PLASTIK ATIKLARIN BETON OZELLIKLERI UZERINDEKI ETKIiSi

Dr. DEMET YAVUZ
Van Yiiziincii Y1l Universitesi, demetyavuz@yyu.edu.tr - 0000-0002-1330-1860

OZET

Son yillarda artan ¢evresel problemler neticesinde atik plastiklerin geri doniistiiriilerek beton
tiretiminde tekrar kullanilmasi 6nemli bir konu haline gelmistir. Plastik atiklarin beton
iiretiminde ince agrega yerine kullanilmasi ile hem dogal kaynaklar korunmakta hem de plastik
atiklar yeniden degerlendirilmektedir. Ancak bahsedilen olumlu etkilerinin yaninda plastik
atiklarin beton lretiminde kullanilmasiyla beton dayaniminin azalabilecegi de gbz ardi
edilmemelidir. Plastik atik ile beton arasindaki zayif aderans ile betonun mekanik 6zellikleri
azalabilir ve uzun vadede beton dayaniklilig1 da olumsuz olarak etkilenebilir. Bu nedenle beton
tiretiminde atik plastik kullaniminin etkilerinin detayli bir sekilde incelenmesi gerekmektedir.
Bu calismada da plastik atiklarin beton 6zellikleri lizerindeki etkisi incelenmistir. Bu amacla
iki farkli hacimsel oranda (%15 ve %30, ince agrega hacmince) atik kullanilmis ve su/¢imento
orani 0.5’te sabit tutulmustur. Numuneler {izerinde basing ve yarmada ¢ekme, elastisite modiilii,
basing altinda su isleme ve darbe testleri uygulanmistir. Sonuglar plastik atik kullanimu ile
basing ve yarmada ¢cekme dayanimlarinin azaldigini gostermistir. Buna karsilik atik hacmi
arttikca basing altinda suyun niifuz etme giicii ise 6nemli 6l¢iide azalmistir. Plastik atiklarin
beton iiretiminde ince agrega yerine kullanimi ¢evresel ve ekonomik faydalar saglasa da,
betonun mekanik ve fiziksel Ozelliklerinde bazi olumsuzluklara yol acabilir. Bu nedenle,

kullanim oran1 ve tiiriine dikkat edilerek, uygun teknik arastirmalarla degerlendirilmelidir.

Anahtar Kelimeler : Plastik atik, basing dayanimi, basing altinda su isleme.
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EFFECT OF PLASTIC WASTE ON PROPERTIES OF CONCRETE

Dr. DEMET YAVUZ
Van Yiiziinct Y1l University, demetyavuz@yyu.edu.tr - 0000-0002-1330-1860

ABSTRACT

In recent years, due to increasing environmental concerns, recycling waste plastics and reusing
them in concrete production has become a crucial issue. By using plastic waste instead of fine
aggregate in concrete production, both natural resources are protected, and plastic waste is
revalued. However, in addition to the positive effects mentioned, it should not be overlooked
that the use of plastic waste in concrete production may decrease the concrete strength. The
mechanical properties of the concrete may decrease due to the weak adhesion between plastic
waste and concrete, and the durability of the concrete may be negatively affected in the long
term. Therefore, the effects of using waste plastic in concrete production should be thoroughly
examined. In this study, the effect of plastic waste on concrete properties was examined. For
this purpose, wastes were used in two different volumetric ratios (15% and 30%, by volume of
fine aggregate), and the water/cement ratio was kept constant at 0.5. Compressive and splitting
tensile, elasticity modulus, penetration of water under pressure, and impact tests were applied
to the samples. The results showed that the compressive and splitting tensile strengths decreased
with the use of plastic waste. On the other hand, as the waste volume increased, the penetration
of water under pressure decreased significantly. Although the use of plastic waste as a substitute
for fine aggregate in concrete production offers environmental and economic benefits, it may
have some adverse effects on the mechanical and physical properties of concrete. Therefore, it
should be evaluated with appropriate technical research, paying attention to the rate and type
of use.

Keywords : Plastic waste, compressive strength, penetration of water under pressure.
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1. INTRODUCTION

Today, environmental sustainability and resource efficiency necessitate the development of
innovative approaches in the construction sector. Considering the adverse effects of plastic
waste on the environment, recycling these materials and using them in construction materials
has become an important research area. The use of waste plastics as a substitute for fine
aggregate in concrete contributes to solving waste management problems and has the potential
to enhance the mechanical and strength properties of concrete. This study aims to evaluate the
performance of concrete when waste plastics are used as an alternative material for fine
aggregate.

Pesic et al. studied the effect of recycled plastic fibers in concrete mix [1]. For this purpose,
three different volume fractions (0.4%, 0.75% and 1.25%) were used. While the compressive
strength of concrete is not affected by waste addition, the tensile strength of the concrete was
increased between 3% and 14%. Aslani [2] investigates the properties of waste tire rubber
concrete and found that the addition of rubber reduces the compressive strength by between
25% and 88%, and the splitting tensile strength shows similar behavior to the compressive
strength. In comparison, it is decreased by between 22% and 84%. Paliwal and Marva [3] used
the disposal of polythene waste in concrete. As a result, they found that the addition of cement
waste at 0.6% (by weight of the concrete) improved the properties of the concrete compared to
traditional concrete mix. Ayman and Elgawady [4] focused on concrete with scrap tire rubber
and reported that the compressive strength of the rubber mix was lower compared to the control
mix.

Sanal [5] investigated the durability of macro-synthetic and steel fiber-reinforced concretes
with varying fiber volume fractions. It was reported that with the increased dosage of the fiber,
the water penetration of the concrete also increased. Homwuttiwong et al. [6] investigated the
performance of the concrete containing fly ashes and filler materials. Results showed that
concrete with pulverized coal fly ash is less permeable than others. Singh et al. [7] added hybrid
steel fibers to the concrete mix and investigated their properties at three concentrations (0.5%,
1.0%, and 1.5%). The maximum decrease in the coefficient of water permeability was 79.21%
for a mix with steel fibers at a volume fraction of 1.0%. For all other tests conducted, it is found
that a volume fraction of 1.0% is the optimum dosage. Dhandapani et al. [8] investigated the
different effects of concretes with limestone calcined clay cements and reported the sorptivity
index of the concretes due to the addition of limestone calcined clay, which reduced the
adsorption rate of the concrete mixes. This confirms the improvement in opposition to capillary
adsorption with limestone-calcined clay cements. Sadrmomtazi and Tahmouresi [9] studied the
effects of fly ash and silica fume on the different parameters of the concrete (such as pore
structure and permeability). Penetration rates decreased at 90 days of age for all concrete mixes.
Adding 5% silica fume decreased the penetration depth by up to 23%.

Cantwell et al. [10] reported that carbon fiber composites have a higher strain energy-absorbing
capacity than other concrete mixes. Bradshaw et al. [11] reported that adding a plasticizer to
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Epikote 228 epoxy resin increased the mode | fracture toughness. Husman et al. performed
high-velocity impact tests on carbon fiber composites. Their results showed that the impact
resistance of these goods does not rely on the properties of the polymeric matrix [12].
Ramakrishna and Sundararajam [13] investigated the effect of natural fibers in the concrete
mix. For this purpose, four different fiber contents (0.5%, 1.0%, 1.5% and 2.5% by the weight
of concrete) and three different fiber lengths (20-30-40 mm) were used. It is concluded that the
addition of fiber enhanced the impact resistance by 3-18 times compared to the reference mortar
slab. Alhozaimy et a. [14] investigated the impact properties of polypropylene fibers with
volume fractions below 0.3%. With the presence of the fibers, impact resistance increased by
up to 171%. Banthia et al. [15] prepared three different concrete mixes (normal, medium, and
high) and investigated their impact resistance. It is reported that the higher the strength of the
concrete, the greater its resistance to impact increases as well. Mixes with fibers were more
resistant to impact than plain mixes.

The elastic modulus of concrete is directly proportional to the stiffness of the individual phases
that form its composition and their interfacial characteristics [16]. Aggregate type, therefore,
has a direct effect on the elastic properties of concretes. Ahmad and Alghamdi showed that the
impact of aggregate type on the elastic modulus of concrete is very significant [17]. Domone
[18] studied self-compacting concrete with different strength values and reported that the elastic
modulus of self-compacting concrete is up to 40% lower than that of regular vibrated concrete
for a 20 MPa strength. However, for high-strength concretes (90-100 MPa), the difference
reduces to less than 5%. Li et al. [19] reported that the modulus of elasticity containing up to
40% fiber volume fractions (V) increases with Vs in good agreement. Counto [20] reported that
the elasticity of concrete increases as the elasticity of aggregate increases.

The primary purpose of this study is to investigate the effect of plastic waste on the mechanical
properties of concrete. For this purpose, two different volume fractions of waste (15 and 30%
by volume of fine aggregate) were used, and the water/cement ratio was kept constant at 0.5.
The compressive and splitting tensile strength, elastic modulus, penetration of water under
pressure, and impact tests were applied to these samples. A total of 63 specimens, including a
control specimen, were tested in this research.

2. MATERIALS

CEM | 42.5R cement was used in the experimental study. Tables 1 and 2 give the chemical,
mechanical, and physical properties of the cement and the properties of the superplasticizer
admixture.

Table 1: Chemical composition, physical and mechanical properties of cement

Chemical Composition (%)
SiO; 19.32
Al;O3 5.21
Fe203 1.95
CaO 63.02
MgO 2.02
Na20 0.36
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K20 0.83
SO3 3.12
Loss on ignition 3.67
Cl 0.0092
Insoluble residue 0.67
Free CaO 0.99
Physical Properties

Specific gravity 3.11
Blaine specific surface (cm?/g) 3130
Initial setting time (min) 165
Final setting time (min) 210
Mechanical Properties

Compressive strength (MPa)

1-day -
2-day 24
7-day -
28-day -

Table 2: Properties of superplasticizer admixture

Properties of superplasticizer admixture

Alkali content (%) Density Solids content  Chloride content pH 25 Operating** range
Type (Na0) (glcm?®) (%) (%) °C (%)
SP* <5 1.1 15-35 0.1 4-7 0.2-2.0

* SP: Polycarboxylate superplasticizer admixture
** By weight of cement

One type of aggregate (crushed limestone aggregate) was used in this investigation. The
physical properties of crushed limestone aggregate are shown in Table 3.

Table 3: Physical properties of coarse and fine aggregates

Crushed limestone
aggregate

Properties of aggregates

Dry rodded unit weight
(kg/m®)
Saturated surface dry specific
gravity
Water absorption capacity (%)

5-15 15-25
mm mm
1573 1548
2676 2711
0.30 0.23

Using one constant W/C ratio and one type of aggregate, three concrete mixtures (one

control and two with plastic waste) were prepared. The mix proportions of concrete mixtures

are summarized in Table 4. To maintain a constant slump (8 + 2), the superplasticizer content

of the mixtures was adjusted within the range of 0.36 to 1.95 kg/m?. After placing the concrete

mixtures into the molds, they were vibrated, and their top surface was finished by troweling.

The specimens were demolded one day after casting and were cured under standard conditions

(20£2°C and 95% relative humidity) until the testing day. N1 and N2 represented samples with
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0.15% and 0.30% plastic waste content, respectively. The gradations of aggregates, as well as
the TS 802 standard limits curve, are shown in Figure 1.

==o-- Upper limit —= - Lower limit == Mixture grading
100
90
S 80
Nt 10
2 60
g 50
chc 40
30
20
10
0
0,125 025 05 1 2 4 8 16 224 315
Seive size (mm)
Figure 1. Gradation curve of aggregate and TS 802 standard limits
Table 4. The mix design of the concrete mixes
Material, kg/m®
Plastic Crushed limestone Plastic
Mix waste \r/;/éi(c:) Cement Water aggregate SP waste
content 0-5 5-15 15-25
mm mm  mm kg/m3
Control - 0.50 320 160 944 476 483 0.7 -
N1 0.15 0.50 320 160 802.9 4759 4829 1.1 52,9
N2 0.30 0.50 320 160 660.9 4759 496.6 1.95 106,8

Compressive strength and splitting tensile strength tests were conducted on 100 x 200 mm

cylinder specimens at 7 and 28 days after initial casting. The tests were conducted in accordance
with EN 12390-3 and EN 12390-6 [21-22].

_h-h o)
€, — 0.000050

E =
Where:
E=chord modulus of elasticity
Fo=stress corresponding to 40% of the ultimate load of the concrete
F1=stress corresponding to a longitudinal strain of €1 at 50 millionths

e2=longitudinal strain produced by F2

The 28-day impact test of hardened concrete mixtures was conducted on 100 x 50 mm cylinder
specimens according to ASTM C1747 [24]. In this mechanism, iron balls with a weight of 4.5
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kg were dropped onto the concrete specimens from a height of 450 mm, and it was noted at
what strike the specimens were ruptured. The toughness of the concrete was calculated with the
impact number at the rupture of the specimens. Specimens with a 100x50 mm size were
prepared from specimens with a 100x200 mm size. The equations below were used to calculate
the concrete's toughness.

Ef= mxgxhxNf

Ws = Ef/V

Es: rupture energy, (N.mm)

m: impact force weight, (kg)

g: gravitational acceleration, (m/sn?)

h: height of the fall, (mm)

Ns: impact number, (number)

V: specimen volume, (mm?q)

Wi toughness with impact effect, (N.mm/mm?q)

Penetration of water under pressure tests were conducted according to TS EN 12390-8 [25].
One size of the test specimen was brushed, and water pressure was applied to that size for 28
days of curing. This test was conducted at 72+2 hours with 500+50 kPa water pressure. After
the specified time had passed, the samples were subjected to splitting tensile strength tests and
examined for water penetration.

3. RESULTS AND DISCUSSION

The compression and splitting tensile strength test results are shown in Figures 2 and 3.
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Figure 2. 7- and 28-day compressive strength test results for all mixtures

1

3,5
3,05

3
2,5
2,12

2 | ® control

N1
1,5
) /N2
1

0,5

Splitting Tensile Strength (MPa)

28 days

Figure 3. 28-day splitting tensile strength test results for all mixtures

Figures 2 and 3 show that, for all mixes, the addition of plastic waste decreased the compressive
strength of the concrete for both 7- and 28-day curing periods. The same result was found for
the splitting tensile strength of the concrete for 28 days of curing.

28-days of elastic modulus results are shown in Figure 4.

40

35

w
o

26,36

N
w

= control
N1
iN2

Elastic modulus (GPa)
I [}
92 o

[
o

Figure 4. 28 days elastic modulus of mixes

According to the test results above, the addition of plastic waste decreases the elasticity of the
modules. The weaker ITZ may explain this.

10
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Table 5 shows the impact test results. The addition of waste caused a significant decrease in
impact, which can be attributed to the reduction in the compressive strength of the concrete.

Table 5. Impact results of the concrete mixes

Impact test results

Mix First crack  Fracture Es Wi

Control 10 11 208585.125 0.53
N1 4 6 119191.5 0.30
N2 4 7 125813.25 0.32

Figure 5 presents the penetration test results of water under pressure. The addition of plastic
waste had a negative effect on the penetration of water under pressure. As the volume fraction
of waste increases, the decrease in water penetration under pressure also increases.

3.5
3.1
3
2.5
2.2
€ 5 ® control
E
c N1
o 1.5
q) .
3 N2
1
0.5

Figure 5. Penetration of the water under pressure

4. CONCLUSIONS

The conclusion that can be drawn from this investigation is as follows:

e Plastic waste addition caused a decrease in both compressive and splitting tensile
strength of the concrete compared to plain concrete. These decreases were 19.43%,
35.17% for compressive strength of 7 days of curing, 25.62%, 40.18% for
compressive strength of 28 days of curing, and 14.28%, 40.28% for splitting tensile
strength of the concrete for 0.15 and 0.30 volume fractions of plastic waste,
respectively.

e The elastic modulus of the concrete decreased with the addition of plastic waste. For

the mixes with 0.15% plastic waste content, the decrease was 15.27%, and for the
0.30% waste content, the decrease was 30.22%.

11
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e The toughness of the concrete had decreased with the addition of plastic waste. The
highest decrease was 43.39%.
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OZET

Bildirinin temel amaci, Babiali bolgesinin Genius Loci (Yerin Ruhu) kavrami baglaminda
bolgesel kimligini ortaya koymak ve bolgede meydana gelen doniisiimleri fenomenolojik bir
yaklagimla incelemektir. Bu inceleme kapsaminda, Babiali kavraminin belirginlesmeye
basladig1 1875 yilindan giiniimiize kadar uzanan yaklasik 150 yillik siire¢ ele alinmis; bu zaman
dilimi igerisinde bolgenin kiiltiirel ve tarihi dokusuna katkida bulunan ve bolgeyle dogrudan
iligki kurmus yazarlar, gazeteciler ve diisiiniirler tespit edilmistir. S6z konusu kisilerin bolge
tizerine kaleme aldiklari metinler derlenmistir. Yerin ruhunu anlamak ve bdolgedeki

dontigiimleri tespit edebilmek amaciyla detayli bicimde ¢alisilmistir.

Elde edilen bulgular, yerin ruhunun analizi siirecinde haritalandirma ve tarihsel inceleme
yontemleri ile desteklenmis ve bu kapsamda sistematik caligsmalar iiretilmistir. Calismanin
merkezinde, Resad Ekrem Kogu’nun “Istanbul Ansiklopedisi” adl1 eserinde, Babiali blgesinin
Sirkeci’den Divanyolu’na kadar uzanan ana caddesine iliskin 1945-1955 yillarin1 kapsayan
tespitleri temel alinmis; ayrica Orhan Kologlu’nun 1998 tarihli islevsel degisim analizi referans
olarak degerlendirilmistir. Bu iki temel kaynaktan hareketle, 2025 yili itibariyla bolgedeki

durum ve islevsel doniigsiimler, kapsamli bir analiz ¢ergevesinde ele alinmustir.

Sonu¢ boliimiinde, elde edilen bulgular dogrultusunda bdlgenin giinlimiizdeki durumu ve
yasadig1 doniisiim ayrintili bigcimde degerlendirilmistir. Bélgenin kimlik unsurlarinda meydana
gelen degisimler, yerin ruhunun mevcut durumu, varlig1 ya da kayb iizerine gelistirilen kisisel

degerlendirmeler, kapsamli ve sistematik bir analiz ¢ergevesinde sunulmustur.

Anahtar Kelimeler: Yerin Ruhu (Genius Loci), Bab-1 Ali’nin déniisiimii, Bab-1 Ali’nin Ruhu,
Istanbul Ansiklopedisi, Resad Ekrem Kogu, Orhan Kologlu, Christian Norberg Schulz
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1. GIRIS

Gorsel 1. Babiali Eskizleri, M. Bahadircan Giinay, 2025
Bir yerin hatirasi, o mekanin ruhunu (genius loci) olusturan temel etkendir. Mekansal kimlikler,
¢ogu zaman bu kolektif ve bireysel hatiralar iizerinden sekillenir. Sadece mevcut durumu
gozlemlemek ya da harita iizerinden ani okumalar yapmak, yerin ruhunu biitiiniiyle kavramak
icin yeterli degildir. Anilar, yazilar, diigiinceler ve hatiralar; topragin, yapinin ve mekanin gizli
hikayesini agiga cikarir. Bu nedenle, mekani degerlendirirken yalnizca goriineni degil,

goriinmeyen anlam katmanlarini da dikkate almak biiyiik 6nem tagimaktadir.[1]

Calismanin arastirma sorulari sunlardir: Bir bolgenin ya da mekanin ruhu nasil okunur? Bu
okumada hangi yontemler kullanilabilir? Bir mekanin "yer'"e doniigiim siireci nasil analiz
edilir? Yerin karakterini olusturan alt kimlikler zaman igerisinde nasil degismistir ve bu
degisimin altinda yatan nedenler nelerdir? Bu sorular dogrultusunda, Bab-1 Ali Bolgesindeki

“yerin ruhu” kavramini tarihsel ve islevsel baglamda anlamaya yonelik ¢ok katmanli bir

inceleme hedeflenmistir.

Resad Ekrem Kogu ve Orhan Kologlu’nun ¢alismalari, Babiali bolgesine dair fiziksel, tarihsel
ve duygusal bag kurmus tanikliklar sundugu icin bu bildiride fenomenolojik bir yaklagimla
degerlendirilmistir. Heidegger’in “Yerde hayat yasanir” [2] gorisiinden hareketle, bolgenin
tarihsel katmanlari, sinirlar1 ve cadde dlgegindeki doniisiimleri; bu mekanla 6znel bag kurmus
yazarlarin anlatilar1 izerinden analiz edilmistir. Calismada 1945—-1950 yillar1 arasindaki donem

Resad Ekrem Kocgu, 1998 yili Orhan Kologlu ve 2025 yili ise aragtirmacilar tarafindan ele
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alinarak ti¢ farkli zaman kesitinde Babiadli’nin islevsel doniisiimii karsilastirmali bi¢cimde
incelenmistir. Harita ve diyagramlama yoOntemleri aracilifiyla elde edilen veriler, bolgedeki
mekansal yapilarin degisimini yorumlamada temel ara¢ olarak kullanilmis; o6zellikle
Kologlu’nun 1998 tarihli karsilagtirmali analiz tablosu, giincel durumun degerlendirilmesine

imkan tantyan 6nemli bir referans noktasi olusturmustur.

Calismanin mekansal odagi, Babiali Bolgesi’nin merkezinde yer alan Bab-1 Ali Caddesi (eski
adiyla Muradiye Caddesi), Ankara Caddesi (eski adiyla Bab-1 Ali Caddesi) ve Cagaloglu
Yokusu’dur. Bu caddelerin doniisiimii iki temel tarihsel kaynak ve giincel alan analizleri
lizerinden degerlendirilmistir. ilk donem olan 1945 yilina iliskin veriler Resad Ekrem Kogu nun
Istanbul Ansiklopedisi’nden elde edilmistir. 1998 yilina iliskin bilgiler, Orhan Kologlu’nun Bir
Zamanlar Babidli adli ¢aligmasina dayanmaktadir. Son olarak 2025 yilina dair veriler,
Temmuz—Agustos aylarinda gerceklestirilen alan gezileri ve yerinde gozlem yontemleri ile
toplanmistir. Alan calismasi sirasinda bolgedeki hanlar ve is merkezlerinin (yalnizca izin
verilen hanlar dahil edilmistir) giris katlarindaki bilgilendirme panolar1 fotograflanmis ve bu
panolar, islevsel analizlerde referans alinmistir. Bazi hanlarda fotograf cekimine izin
verilmemesi sebebiyle tiim yapilarin i¢c mekanlarina erisim miimkiin olmamistir. Ancak elde
edilen gorsel ve yazili materyaller, harita lizerine detayli bir sekilde islenmis ve genel

karsilastirma bu haritalar iizerinden gergeklestirilmistir.

Sonug boliimiinde, s6z konusu tic donemdeki islevsel degisimler ve kentsel yapinin doniistimii
karsilagtirmali olarak analiz edilmistir. Bu analizler sayesinde Babiili B6lgesinin, yani “Yer”
in gecirdigi donilisiim biitlinciil bicimde ortaya konmaya c¢alisilmistir. Doniisiimiin niteligi,
siirekliligi ya da olas1 “yer kayb1”, elde edilen veriler dogrultusunda degerlendirilmis ve bu

verilerin ne tiir ¢ikarimlara olanak tanidig1 lizerine yorumlar gelistirilmistir.

2. GENIUS LOCI/ YERIN RUHU KAVRAMI

Genius Loci kavramini derinlemesine anlayabilmek icin fenomenolojiye dair temel bir
kavrayisa sahip olmak gereklidir. Edmund Husserl’in gelistirdigi bu diisiinsel yaklagim, bireyin
diinyay1 6znel deneyimleri yoluyla algiladigimi ve bu algilarin biling siizgecinden gegerek
“fenomen” adi verilen anlam yapilarina doniistiigiinii 6ne siirer. Bu baglamda gerceklik,
nesnenin kendisinden ¢ok, bireyin ona yiikledigi anlamlarla sekillenir.[3] Husserl’in bu

goriisleri, 6grencisi Martin Heidegger tarafindan mekan kavramiyla iligkilendirilerek mimarlik
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diisiincesine tasinmistir. Heidegger, yalnizca fiziksel bir alan olmanin 6tesinde, bir yerin
insanda aidiyet hissi uyandirmasiyla “yer” haline geldigini savunmus; bdylece mekan ve yer
kavramlar1 arasindaki farki vurgulamistir. Ancak bu diisiinceler, mimarlik ortaminda
baslangigta smurlt etki yaratmistir; zira donemin mimarlik glindemi fenomenolojik

yaklasimlardan ziyade modernist tartismalara odaklanmuistir.[4]

 FENOMENOLOJ

YONTEM
BILING

Gorsel 2. Fenomenoloji Nedir Diyagrami, M. Bahadircan Giinay, 2025

Christian Norberg-Schulz tarafindan ilk kez mimarlik alaninda yiiksek sesle tartigilmaya
baslanan Genius Loci kavrami, mimarlik kurami igerisinde derin diisiinsel sorgulamalarin
kapisin1 aralamistir. Schulz, bu yaklagimi “Genius Loci” baghigi altinda ele alarak, mimari
iretimin yerle kurdugu iliskinin 6nemine dikkat ¢ekmis ve mimarlik pratiginde bu iligkinin
belirleyici roliinii vurgulamigtir. 1979 yilinda yaymmladigr “Genius Loci: Towards a
Phenomenology of Architecture” adli eseriyle, mimarlik literatiiriine fenomenolojik bakis

acisin1 entegre eden yeni bir kuramsal ¢erceve sunmustur.

Christian Norberg-Schulz, Genius Loci kavramini su ifadelerle tanimlamaktadir:
“Antik donemde insanlar bu kavrami ‘genius loci’ terimiyle karsiladilar. Her yer
kendine ozgii bir karaktere sahipti ve herhangi bir yerde yerlesip orada yasamak igin
oncelikle o yerin ruhuyla bir uyum kurulmasi gerekiyordu. Bu nedenle yapt insa etmek,
mevcut ¢evreyi anlamak ve ona saygi gostermek anlamina geliyordu. Yapi yapma
eylemi, insana varolussal bir temel sagliyordu. Giiniimiizde ise bu kavram unutulmus
durumda; bunun bir sonucu olarak da kaotik bir cevre icinde, insanliktan uzak ve

yabancilagmis bir sekilde yasamaktayiz.” [5]
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Gorsel 3. Yerin Ruhu / Genius Loci olusum Diyagrami, M. Bahadircan Giinay, 2025

Bir kavram olarak Yer’in dogru anlasilabilmesi, Oncelikle onun mekdn kavramindan
ayristirilmastyla miimkiindiir. Her ne kadar bu iki terim ¢ogu zaman esanlamli kullanilsa da
aralarinda anlam bakimindan O6nemli bir fark bulunmaktadir. Mekan, fiziksel 6zellikleri
tanimlanabilen, Olgtilebilir bir alam1 temsil ederken; yer, insanin hafizasi, duygular1 ve
deneyimleri araciligiyla anlam kazanan, aidiyet igeren bir varolus bi¢imine doniisiir.[6]
Mekanin yer haline gelmesi, 6zneyle kurdugu iliski lizerinden gelisir; ancak bu bag ayni
zamanda tersine de donebilir. Yani, anlam yiiklii bir yer zamanla bu niteliklerini yitirerek
siradan bir mekana doniigebilir. Bu doniisiim siireci, ani kirilmalarla ya da yavas yavas
gerceklesen degisimlerle ortaya cikabilir ve cogunlukla sosyo-politik miidahaleler, plansiz

biiyiime, kiiltiirel kopuslar ya da mimari anlayislardaki degisimlerle iliskilidir.[7] Boyle
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durumlarda, bir zamanlar giiclii bir kimlige sahip olan yerlerin, bellegini ve ruhunu yitirdigi

goriiliir; bu durum ¢aligmada “yarali mekan” olarak tanimlanmistir
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Gorsel 4. Yerin Ruhu Okuma Yoéntemleri, M. Bahadircan Giinay, 2025

Yerin ruhunu (Genius Loci) okumak i¢in pek c¢ok farkli yontem bulunmaktadir. Yukaridaki

Gorsel 4 incelendiginde, gozlem, tarihsel inceleme, sosyokiiltiirel analiz, psikocografya,

haritalama ve diyagramlama ile duyusal analiz gibi yontemlerin bu baglamda 6ne ¢iktig1

goriilmektedir. Bu yontemler, bir mekanin yalnizca fiziksel degil; tarihsel, sosyal ve duygusal

katmanlarini da anlamlandirmaya olanak tanimaktadir.

Bu caligmada kullanilan gézlem, tarihsel inceleme ve harita-diyagramlama yontemleri, Babiali

bolgesinin ¢ok katmanli yapisini anlamaya yonelik biitiinciil bir yaklagim sunmaktadir.

Gozlem, kentsel mekanin bugiinkii kullanic1 deneyimlerine ve yapay ¢evresine odaklanirken;

tarihsel inceleme, yerin kimligini olusturan ge¢mise ait doniisiimleri anlamaya yardimci olur.

Harita ve diyagramlama ise fiziksel degisimleri gorsel veriye doniistiirerek mekanin zaman
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icindeki evrimini somutlastirir. Calismamizda bu {i¢ yontemi biitlinciil bir yaklasimla bir araya
getirerek, Bab-1 Ali Boélgesinin yerin ruhunu ¢ok katmanli bir bakisla degerlendirmesi

amaclanmaktadir.

3. BAB-1 ALi BOLGESI

“Babiali”, resmi olarak belirlenmis sabit bir idari ya da siyasal sinira sahip olmamakla birlikte,
toplumsal hafizada gii¢lii bir yere sahip, taninabilir bir kentsel bdlge niteligi tasimaktadir. Bu
nedenle, bu alanin mekansal ¢ergevesini ve fiziksel karakterini kavrayabilmek igin, burada
yasamis ve Uretim yapmis yazarlarin bireysel anlatilarin1  karsilastirmali  bigcimde
degerlendirmek, bolgenin sinirlarini belirleme agisindan anlamli bir yaklagim sunar. Babiali’yi
bir kentsel bolge olarak tanimlayan erken 6rneklerden biri, Tanzimat doneminin dikkat ¢eken
edebiyatgilarindan Ahmet Rasim’dir. Onun betimleyici anlatisi, Orhan Kologlu’nun Bir
Zamanlar Babudli adli eserinde de referans alinarak aktarilmistir. S6z konusu anlatim su
sekildedir:
“Sehzadebasi’nda Direklerarasi’ndaki ¢ayhanelerle miirekkepgiler igindeki birkag
kitapg¢i, Sarafim’in Kiraathanesi yollariyla Sultan Mahmud Tiirbesi’ndeki Cemberlitas
Hamamu bitigigindeki kitap¢i Celil’den sonra Cagaloglu istikametine inilir, kitap¢ilar
ve gazete idarehaneleri arasindan ilerlenip Ebu’s-Suiid Caddesi’nin altina ve
karsisinda postane tarafindaki sokaklara varilir;, ayrica Beyazit'taki ve Kasik¢ilar

Kapisi’ndaki sahaflarla Valide Hami, diger yanin hududunu teskil eder.” [8]
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Gorsel 5. Ahmet Mithat Efendi Tammmiyla Bab-1 Ali Haritasi, M. Bahadircan Giinay, 2025
Birden fazla yazarin ve arastirmacinin aktardigi bu tanimlar bir araya getirildiginde, 6znel

gozlem ve anlatilarin g¢akistirllmasit yoluyla Babidli’nin fiziksel sinirlarimi ve mekansal
kapsamini belirlemek miimkiin héle gelmektedir. Gorsel 6’daki (bildirinin birinci yazari
tarafindan olusturulan) Babidli haritasinin kuramsal ve anlatisal temelini olusturan baslica
kaynak kisiler arasinda Ahmet Mithat Efendi, Ahmet Rasim, Resad Ekrem Kogu, Necip Fazil
Kisakiirek, ilber Ortayli, Adnan Ozyalgimer, Orhan Kologlu, Haldun Hiirel, Nail Giireli ve
Turgay Anar yer almaktadir. Bu isimlerin eserlerinde yer alan betimleyici ve tanimsal anlatilar,

bolgenin tarihsel siirekliligini ve mekansal kimligini yeniden insa etmek agisindan birincil
kaynak niteligindedir.
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Gorsel 6. Bab-1 Ali Simir Tespit Haritasi, M. Bahadircan Giinay, 2025

Mollg Fenari Mah.
/Alemdar Mah

Tiim bu tarihsel tanimlamalar ve edebi-bilimsel anlatilarin 15181nda, Babiali olarak tanimlanan

bolgenin gliniimiizdeki fiziksel sinirlar1 su ¢cercevede tanimlanabilir: Ankara Caddesi ekseninde

sekillenen merkezi aks, biiylik yangin sonrasinda olusmus kentsel morfolojik yapiy1 temel

almaktadir. Tarihsel siire¢ icinde Eski Babiali Caddesi (bugiinkii Ankara Caddesi), Vilayet,

Divanyolu, Istanbul Erkek Lisesi (eski Dilytin-1 Ummiye Binas1), Nuruosmaniye, Yerebatan

ve II. Mahmud Tiirbesi arasinda kalan alan, Babiali’nin mekansal kapsamini olusturan temel

bolge olarak tanimlanabilir.

4. BIR CADDENIN DONUSUMU: Bab-1 Ali ve Ankara Caddesi
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Gorsel 7. Calisma Alan Haritasi, M. Bahadircan Giinay, 2025

Arastirmanin temel girdisini Orhan Kologlu’nun Bir Zamanlar Babiali adl eserinde yer verdigi
karsilagtirmali analiz olusturmaktadir. Kologlu, 1998 yilina ait mevcut durumu ele alirken,
Resad Ekrem Kocu’nun Istanbul Ansiklopedisi'nde yer alan, cadde iizerindeki yapilarin
islevlerine dair kayitlari esas almis ve iki donemi karsilagtirmali olarak incelemistir. S6z konusu
analiz, mekansal siirekliligi ve islevsel doniisiimii degerlendirmeye yoneliktir. Resad Ekrem
Kogu’nun verileri, 1944-1951 yillari1 kapsayan ilk donem ile 1958—1973 arasindaki ikinci

donem olmak {izere iki ayri tarih araliginda derlenmistir. Kogu’nun ilk donem g¢alismasi
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“Bahadir Sokag1” maddesiyle, ikinci donem ise “Gokginar” maddesiyle sonlanmaktadir.[9]
Kologlu ise bu tarihsel verileri giincel durumla karsilastirirken, Sirkeci—Divanyolu hattinda

yasanan degisimleri kendi yorumlariyla birlikte su ifade ile degerlendirmistir:

“Babiali’nin basindan arinmasinin sonucu olarak onlarin yerini ne gibi kurumlar ve isletmeler
almistir? Bu amacla Resad Ekrem Kocu'nun Istanbul Ansiklopedisi’'nde kaydettigi 1945-50
villarina ait, Sirkeci’den Divanyolu’na kadar ki cadde iizerinde mevcut kurumlarla 1998’in

Eyliil tindekiler karsilastiran bir listeyi vermeyi yararli bulduk.” [10]

Bu ifade dogrultusunda yapilan okuma, Kologlu’nun degerlendirmelerini Ankara Caddesi ve
Babiali Caddesi (Yeni) maddeleri tizerinden gergeklestirdigini ortaya koymaktadir. Dolayisiyla
bildiride yer verilen pasta grafikler de bu iki caddeye dayali olarak, Orhan Kologlu'nun

sundugu veriler esas alinarak hazirlanmistir.

2025 yilina iliskin zemin kat ve islev analizleri yapilirken, Cagaloglu Yokusu’nun da bu aksa
dahil edilmesi gerektigi diisiiniilmiis ve analiz kapsamina alinmistir. Resad Ekrem Kogu'nun
islev analizi haritas1 olusturulurken de bu ii¢ bilesen — Ankara Caddesi, Babiali Caddesi (Yeni)
ve Cagaloglu Yokusu — temel alinmistir. Bu dogrultuda ¢alismamizda da Orhan Kologlu’nun

tespitlerine dayanarak, Gorsel 8’deki sekilde islevleri {ist basliklar altinda toplamaya karar

verilmistir.
- * BASIN : Gazete - dergi / Gazete Biirosu / Gazete Bayisi / Ajans... @ * BANKA %
S p
* YAYIN : Yaymnevi - Kitapgi / Matbaa / Kitap Dagitim / Kirtasiye... $= ) * OTEL @
 c—
- * KULTUR: Ressam - Hattat / Kiitiiphane /7 Vakif - Cemiyet / Camii - Tirbe @ - % YoRETIG S
: Ressam ittat / Kiitiiphane / Vakif - Cemiyet / Car rbe... e
dnfih
< =,
* YEME IGME : Kahvehane / Restoran W g o EGITIM a
N—"
. o
@ * OFis: Avukat/ Mali Misavir / Reklamei / Sigortact I
=]
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-3 . T 2= s =N=4
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Gorsel 8. islev Lejanti, M. Bahadircan Giinay, 2025
5. RESAD EKREM KOCU: HARITA ve TESPITI (1945-55)
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18 adet

Gorsel 9. Resad Ekrem Ko¢u Donemi Pasta Grafigi, M. Bahadircan Giinay

Ik olarak incelenecek dénem, Resad Ekrem Kogu'nun Istanbul Ansiklopedisi'nde
gerceklestirmis oldugu ¢alismadir. Kogu’nun 1945-1950 yillarin1 kapsayan tespitlerine
bakildiginda, Babiali merkez aksinin —bu bildiride Ankara Caddesi ve Babiali Caddesi olarak

anilacaktir— yasayan, insan etkilesiminin yogun oldugu bir "habitat bolgesi" niteliginde oldugu
ilk dikkat ¢eken bulgudur.

Gorsel 9°a bakildiginda, Babiali bolgesinde 1940’11 yillarda basin ve yayin islevlerinin birlikte,
birbirini tamamlayan iki temel kimlik olarak varlik gosterdigini ortaya koymaktadir.
Osmanli'nin son doneminde sekillenmeye baslayan bu yapi, Cumhuriyet sonrasinda yonetim
islevinden ayrilarak sadece basin ve yayin eksenine oturmustur. Doneme ait veriler 27 adet
basin, 95 adet yayin islevli yapmin bolgede bulundugunu gostermektedir. Bu iki kimligin
cevresinde, basta Meserret Kahvesi gibi mekanlarla temsil edilen yeme-igme ve kiiltiir
alanlarinin destekleyici islevler iistlendigi anlasilmaktadir. Bu tiir kamusal alanlar, yalnizca

sosyallesme degil, ayn1 zamanda edebiyat ve diisiince iiretimi icin de Onemli merkezler

olmustur.
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Gorsel 10. 'Meserret Kahvesi [11]

Ayn1 donemde saglik hizmetlerinin bolgede dikkat cekici bir yogunlukla varlik gdstermesi,
saglik sisteminin heniiz kurumsal bir yapiya tam olarak kavusmamis olmasindan
kaynaklanmaktadir. Devlet hastanelerinin sinirlili@i ve azinlik-vakif hastanelerinin erisim
zorluklari, bireysel muayenehanelerin merkezi konumda yer alan Babidli’de yayginlasmasina
neden olmustur. [12] 1946 sonrasi saglik reformlar1 da bu gelismeyi desteklemistir. Bu durum,
bolgenin yalnizca entelektiiel degil, ayn1 zamanda giindelik yasama dogrudan temas eden bir

hizmet alan1 oldugunu gostermektedir.

Ticari yapilarin ise daha c¢ok kiiciik dl¢ekli, giindelik ihtiyaclara yonelik islevler barindirdigi
goriilmektedir. Terzi, berber, kasap ve gozliikk¢ii gibi esnaf tipolojisi agirliktadir. Ayrica,
bolgede tespit edilen 12 6zel ev, alanin sadece kamusal degil, yar1 6zel kullanim bigimlerine de
acik bir yerlesim dokusu sunduguna isaret etmektedir. Otel islevi ise 6 adetle belgelenmistir ve
bu yapilarin ¢ogu Sirkeci cevresinde, tren gar1 gibi ulasimsal diigiim noktalarma yakin

konumlanmastir.
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Gorsel 11. 1945-50 R.E.K. Dénemi Zemin Kat islev Haritasi, M. Bahadircan Giinay, 2025

1945-1950 donemine ait 6zgiin haritalara ulagilamadigi i¢in, bu déneme iliskin zemin kat islev
analizleri 1904 tarihli Goad Haritas1 temel alinarak yeniden kurgulanmistir. Haritalama
siirecinde, Istanbul Ansiklopedisi’nin ilgili {i¢ maddesinden (Ankara Caddesi, Babiali Caddesi
(Yeni) ve Cagaloglu Yokusu) elde edilen veriler esas alinmustir. [13] Sirkeci’den Divanyolu’na
uzanan ana aks tlizerinde, 6zellikle tren garina yakin bolgelerde yeme-igme mekanlar1 ve
otellerin yogunlugu dikkat c¢ekmektedir. Ankara Caddesi (eski adiyla Babidli Caddesi)

cevresinde bu iglevlerin agirlikli bicimde yer almasi, ulasimin bolgedeki ekonomik ve sosyal
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islevleri sekillendirmedeki roliinii vurgulamaktadir. Ote yandan, Babiali ve Cagaloglu caddeleri
boyunca, matbaa, gazete, kirtasiye ve yayinevlerinin yiiksek oranda varlik gosterdigi, haritadaki
yesil tonlarin yogunlugundan da izlenebilmektedir; bu durum, s6z konusu hattin dénemin

belirgin bir basin-yayin odagi oldugunu ortaya koymaktadir.

Yonetim iglevleri ise Tiirkocagi ile Muradiye Caddesi’nin kesisim noktasinda belirginlesmekte,
bu bolgede konumlanan vilayet binasi, ¢esitli bakanlik yapilar1 ve konsolosluklar idari kimligi
pekistirmektedir. Muradiye Caddesi’nin Divanyolu’na kadar uzanan kesimi ise agirlikli olarak
saglik ve kiiltiirel islevlerin yogunlastig1 bir kentsel kesit olarak 6ne ¢ikmaktadir. Bu dagilim,
Divanyolu iizerindeki tramvay hattinin sagladig: erisilebilirlik avantaji ile ¢cevredeki tarihi ve
kamusal yapilarin (halkevleri, kiitiiphaneler, cemiyetler, cami ve tiirbeler) mekansal
kiimelenmesiyle agiklanabilir. Resad Ekrem Kogu’nun istanbul Ansiklopedisi’nde yer verdigi

tanimlamalar dikkate alindiginda, Babiali i¢in su anlam yiiklii tanim1 yapmak da miimkiindiir:

“Babidli, yalmiz sadaretin degil; devleti, matbaayi, kalemi, miirekkebi, saraya bakan sirti,

halkin yiiriidiigii yolu, hatta yangim, darbeyi ve aniyt da icine alan bir Istanbul parcasidir.”

6. ORHAN KOLOGLU: HARITA VE TESPITI
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Gorsel 12. Orhan Kologlu Babiali Haritasi, Bir Zamanlar Babiali, 1998 [14]

Orhan Kologlu'nun Gorsel 12°de sundugu Babiali haritasi incelendiginde, bolgenin uzun yillar
boyunca gii¢lii bir basin (gazete) bolgesi olarak sekillendigi acik¢a goriilmektedir. 1998 yilinda
yayimlanan Bir Zamanlar Babiali adli eserde, yaklasik 150 yillik bir gegmise sahip Babiéli'nin
biinyesinde barindirdigi yayin kuruluslarinin dagilimi detayli bigimde ortaya konmustur. Harita
tizerinde Babiali Caddesi, Ankara Caddesi, Cemal Nadir Sokagi ve Nuruosmaniye Caddesi’nin

yogunluk alanlar1 olarak 6n plana ¢iktig1 tespit edilmektedir.

Her ne kadar 150 y1l boyunca bolge basin igleviyle 6ne ¢ikmis olsa da 1998 yil1 verilerine gore
Gorsel 13’te sunulan grafikte goriilecegi lizere Babidli Caddesi ve Ankara Caddesi iizerinde
yalnizca 7 adet “basin” basglig1 altinda siniflandirilmis islevin kaldig1 anlagilmaktadir. Bu grafik
daha ayrintili incelendiginde, yayincilik halen bolgede dnemli bir islev olmaya devam etse de
ticaret ve ofis kullanimlarinin oransal olarak daha baskin hale geldigi acik¢a goriilmektedir. Bu
doniistimiin nedenleri daha yakindan incelendiginde, makro Olcekli siyasal ve ekonomik

stireclerin bolge tizerindeki belirleyici etkileri ortaya ¢ikmaktadir.

1980 sonrast donemde Tiirkiye’nin ekonomik politikalarinda yasanan doniisim ve

kiiresellesme siirecinin ivme kazanmasi, kent mekanlari iizerinde goz ard1 edilemeyecek etkiler
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yaratmistir. 1980°li yillarin sonlarma dogru, dénemin Istanbul Biiyiiksehir Belediye Baskani
Bedrettin Dalan’1n énciiliigiinde yiiriitiilen “Istanbul un biiyiitiilmesi, genisletilmesi ve merkezi

kent bolgelerinin turizme kazandirilmasi” yoniindeki politikalar ¢ercevesinde Babiali bolgesi

bu doniisiimden dogrudan etkilenmistir. [15]

1980 yilinda kabul edilen nazim imar plani kararlar1 dogrultusunda, matbaacilik ve basim
faaliyetleri sanayi smifina dahil edilmis; bu dogrultuda Ikitelli Basin Ekspres Yolu’nun
insasiyla birlikte Babiali’deki bir¢ok yiiksek tirajli gazete, bolgeden kademeli olarak tasinmaya
baslamistir. Bu siiregte sembolik 6neme sahip ilk yapinin Terciiman Gazetesi’nin merkezi ve
2025 yilinda yikilmig olan Cevizlibag’daki Terciiman Binasi oldugu goriilmektedir [16]. Siireg
igerisinde Hiirriyet, Milliyet, Sabah ve Diinya gibi ana akim gazeteler de Ikitelli ve Giinesli

bolgelerinde konumlanan yeni tesislerine tasinmislardir.
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Gorsel 14. Terciiman Gazetesinin Bolgeden Ayrihisi, M. Bahadircan Giinay, 2025

Basinin bolgeden ¢ekilme siireci bu 6rnekler dogrultusunda somut bigimde izlenebilir hale
gelmistir. Bu baglamda Gorsel 13°teki grafige yeniden donerek islevlerin doniisiimiine
bakildiginda 6nemli baz1 gézlemler ortaya ¢ikmaktadir. Bolge, uzun yillar boyunca basin islevi
cercevesinde sekillenirken, bu kimlige bagli olarak gelisen ticari alt islevler de ayn1 dogrultuda
konumlanmustir. Ornegin, bolgede fotograf malzemesi satan diikkanlar, tamirciler,
elektronikeiler gibi basin-yayin sektoriinli destekleyen kiigiik dlgekli isletmelerin varligi bu
baglamda degerlendirilebilir. Ancak 1998 yilina ait ticaret islevlerine dair veriler

incelendiginde, bu 6zgiin 6zelligin yerini daha genel ve kimliksiz ticari yapilara birakmaya

basladig1 anlagilmaktadir.

30



+ LORFERE,,
o e

£ é BURSA 5th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
2 s JULY 11 - 13, 2025- BURSA
—_— ISBN: 978-625-5694-03-4

7. 2025 DONEMIi HARITA VE TESPIiTi

2025 donemine iligkin inceleme, alan analizine dayali olarak gerceklestirilmistir. Gorsel 15°te
yer alan zemin kat islev haritasi ile Gorsel 16°daki islev pasta grafigi, Temmuz ve Agustos
aylarinda gergeklestirilen iki saha ¢alismasinda elde edilen giincel verilere dayanmaktadir.
Bolgedeki yapt ve islev tespiti, han ve binalarin giriglerinde bulunan kat bilgilendirme
panolarmin belgelenmesi ve sokak kotunda yapilan dogrudan gézlemler araciligiyla sistematik

bicimde kayit altina alinmigtir.
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Gorsel 15. 2025 Dénemi Zemin Kat Islev Haritasi, M. Bahadircan Giinay, 2025

Gilinlimiizde zemin kat verileri incelendiginde, Sirkeci Gar1 ve ¢evresinin, 6zellikle Tahtakale
ile sahil hattindan gelen turistik hareketliligin etkisiyle yogun bigimde ticaret ve yeme-igme
islevlerine ev sahipligi yaptig1 goriilmektedir. Bu aks boyunca konumlanan otel sayisindaki
artis da bu turistik baskiy1 destekler niteliktedir. Ankara Caddesi’nden Babiali Yokusu olarak
bilinen Vilayet bolgesine dogru ilerledikce, bir yandan yayievleri ve matbaalarin yer aldig:
yayin iglevleri, diger yandan kahvehane temelli yeme-igme mekanlari dikkat ¢ekmektedir.
Ancak bu yayin islevlerinin niteliksel anlamda ge¢mise oranla ciddi bir degisim gosterdigi,
tiretim ve kiiltiir temelli yaymciligin yerini fotokopici, davetiye basimi ve kirtasiyecilik gibi

hizmet odakli basim faaliyetlerine biraktig1 tespit edilmistir.

Vilayet binasindan baglayarak II. Mahmud Tiirbesi’ne ve oradan Nuruosmaniye Caddesi’ne
uzanan kesitte kuyumculuk islevinin baskinlastig1 gézlemlenmektedir. Ayni hatta halicilik gibi
geleneksel el sanatlara dayali ticari islevler de belirgin sekilde one ¢ikmaktadir. Bu bolge,
ayni zamanda egitim ve kiiltlir alaninda da yogunlagma gostermektedir. Zemin kat islevleri
tizerinden yapilan genel degerlendirmede, bolgenin kullanict temelli, aidiyet hissi yiiksek bir
karakterden, giderek sirkiilasyonun ve tiiketim odakli ¢esitliligin 6n planda oldugu bir yapiya
evrildigi anlasilmaktadir. Bu doniisiim, bolgenin kimliksel biitiinliigiinii dogrudan etkilemis ve

mekansal temsiliyetini yeniden sekillendirmistir.

2025 | Temmuz - Agustos
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Gorsel 16. 2025 Islev Pasta Grafigi, M. Bahadircan Giinay, 2025
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Ofis islevleri agisindan ise avukatlik ve mali miisavirlik biirolar1 hala goriiniir olsa da bu
yogunlugun 1998’e kiyasla belirgin bigimde azaldigi ifade edilebilir. Ozellikle Istanbul
Adliyesi’nin Sultanahmet’ten Caglayan’a tasinmasi, bolgede faaliyet gosteren hukuk
ofislerinin de zamanla yon degistirmesine yol a¢cmugtir. Artan kira bedelleri karsisinda
yayincilik ve ofis faaliyetlerinin bolgede tutunmakta zorlandigi, buna karsin kuyumculuk gibi
ekonomik esneklik gosteren islevlerin yer edinme agisindan daha avantajli hale geldigi
goriilmektedir. Bu durum, islevsel doniisiimiin yalnizca kiiltiirel ya da tarihsel degil, ayni

zamanda ekonomik dinamikler tarafindan da sekillendirildigini gostermektedir.

Son olarak, kuyumculuk ve halicilik gibi geleneksel iiretim ve satis islevlerinin orani,
giiniimiizde yaymcilik ve ofis gibi bilgi temelli islevlerle basa bas bir diizeye ulagmustir.
Cumbhuriyet Gazetesi’nin 2003 yilinda, Anadolu Ajansi’nin ise 2013’te bolgeden tasinmastyla
birlikte, basin islevi neredeyse tamamen ortadan kalkmustir.[17] Bu gelisme, 1980 sonrasi
ekonomik yonelimler ve 1995 tarihli Nazim Imar Plan1 gibi makro &lgekteki politikalarim,
Babiali’nin mekansal kimligi tizerindeki etkilerini agik¢a ortaya koymaktadir. S6z konusu
kararlarin, boélgenin 30 yil gibi kisa bir siirede koklii bigimde doniisiim gecirmesine zemin

hazirladig1 sdylenebilir.

Gorsel 17. 1995 Nazim imar Plam, [18]
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8. KARSILASTIRMA: “YER”IN DONUSUMU

Resad Ekrem Kocu’nun (1945), Orhan Kologlu’nun (1998) ve tarafimizca gerceklestirilen 2025
yil1 tespitleri ayr1 ayr1 incelendikten sonra, bu veriler karsilastirmali olarak bir araya getirilmis;
donemsel doniisiimler grafikler esliginde analiz edilmistir. Bu boliimde s6z konusu analizlerden

elde edilen bulgular dogrultusunda genel bir degerlendirme ve mekansal degisimlere iliskin

¢ikarimlar sunulacaktir.

1945-55 2025
Zemin Kat islev Haritasi Zemin Kat islev Haritasi

|
|
A\

HEELEE

Gorsel 18. Sol | 1945-50 / Sag | 2025 Zemin Kat islev Haritalari, M. Bahadircan Giinay, 2025
Gorsel 18’de sunulan harita dogrultusunda gerceklestirilen analizde, bdlgedeki mekénsal
yogunluk iki ana cadde ekseninde ele almmistir. ilk olarak Ankara Caddesi (eski Babiali
Caddesi) incelendiginde, 1945 yilinda hattin belirgin bi¢imde basin ve yaymn islevleriyle
tanimlandig1 gortilmektedir. 2025 yilina gelindiginde ise s6z konusu islevler kismen devam

etmekle birlikte, otelcilik, yeme-igme ve ticaret gibi yeni kullanimlarin artis gosterdigi dikkat
¢ekmektedir.

Ikinci aks olan Babiali Caddesi (eski Muradiye Caddesi) baslangicinda ise tarihi yonetim ve

kiiltiirel karakterin belirli dl¢iide korundugu anlagilmaktadir. Ancak 2025 verileri iizerinden
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yapilan degerlendirmede, kuyumculuk islevinin bu bdlgeye dogru yayildigi ve muhtemel bir

islevsel doniigiimiin onciisii olabilecegi yoniinde bulgular elde edilmistir.

Ote yandan, Nur-u Osmaniye Caddesi’nden baslayarak II. Mahmud Tiirbesi’ne kadar uzanan
hattin zaman igerisinde gec¢irdigi doniisiim oldukca dikkat ¢ekicidir. 1945 yili itibariyla bu
kesitte kiiltiir ve saghk agirlikli kullanimlar, 6zellikle muayenehaneler 6ne ¢ikarken;
giiniimiizde s6z konusu alan biiyiik oranda ticari kullanimlara, 6zellikle kuyumculuk ve
halicilik sektorlerine devrolmustur. Bu degisim, Nur-u Osmaniye’nin “Kuyumcular Caddesi”
ne evrilmesinin bir uzantist olarak okunabilecegi gibi, kiiltiir islevinin de entelektiiel icerikli

mekanlardan (cemiyet, kiitiiphane, vb.) tarihsel ve turistik yapilara (camiler, tiirbeler)

indirgenerek anlam degisimine ugradigini géstermektedir.

60

Ticaret
100 ///
ofs

40

20

1945 1998 2025
. Resad Ekrem Kogu Orhan Kologlu
"Istanbul Ansiklopedisi” "Bir Zamanlar Babiali”

Gorsel 19. 1945’ten 2025’e Doniisiim Pasta ve Cizgi Grafigi, M. Bahadircan Giinay, 2025

Gorsel 19°daki pasta ve ¢izgi grafikler incelendiginde, 1945 yili itibariyla bolgede yaymcilik
ve saglik gibi kamusal hizmet agirlikli islevlerin belirgin oldugu; 1998’e gelindiginde ise bu
islevlerin yerini biiyiik 6l¢lide ofis temelli kullanimlarin almaya basladig1 dikkat ¢cekmektedir.
Yaymciligin belirli 6l¢iide varligini siirdiirmesine karsin, basin kimliginin biiylik oranda

silindigi goriilmektedir. Ayni donemde otel islevinin de neredeyse tamamen kayboldugu tespit
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edilmistir. 2025 yili verileri incelendiginde ise yayincilik artik bolgenin baskin karakteri
olmaktan ¢ikmuis; ofis islevleriyle birlikte ancak sinirli sayida varligini siirdiirebilmistir. Buna
karsin, ticari kullanimlarda dikkat ¢ekici bir artis yaganmis; bu durumun 1995 tarihli Nazim
Imar Plan1 ve benzeri makro olgekli kararlarm gecikmeli etkileriyle iliskili oldugu

degerlendirilmektedir.

Tarihsel olarak merkezi islev alan1 kimligi tagiyan Babiali, giiniimiizde bu niteligini kaybederek
daha ¢ok turizm ve ticaret odakli bir yapiya biirlinmiistiir. Sirkeci, Sultanahmet ve Beyazit
ticgeni icerisinde kalan bu bolge, ozellikle kuyumculuk ve halicilik gibi geleneksel ticari
islevlerde belirgin bir kiimelenme gdstermektedir. Devletin turizm odakli tesvik politikalar
dogrultusunda, geg¢miste zayiflayan bazi kullanim big¢imlerinin yeniden canlandigi
goriilmektedir. Bu gercevede otelcilik, giiniimiizde dikkat ¢ceken bir islev olarak one ¢ikmakta;
yeni yapilagsmalar ve doniisiim siirecleri, turizm temelli kimligin yakin gelecekte daha da

giiclenecegine isaret etmektedir.

9. SONUC: “YARALI MEKAN”

Babuali, tarih boyunca Istanbul’un idari, entelektiiel ve kiiltiirel merkezlerinden biri olarak islev
gbormiis; 150 yili agkin siiredir tasidigr giiglii basin kimligiyle kentsel bellekte 6zgilin bir yer
edinmistir. Ancak bu tarihsel kimlik, 6zellikle 20. yiizyilin son ¢eyreginden itibaren gegirdigi
mekansal ve islevsel doniisiimlerle ciddi bir degisime ugramustir. 1995 tarihli Nazim Imar
Plani’nda bolgenin ticari faaliyetlerle 6n plana ¢ikarilmasi yoniindeki kararlar ve turizm temelli
ekonomik modele ge¢is siireci, Babiali'nin yerel dokusunu zayiflatmis; kullanici profili
sirkiilasyona dayal1 bir yapiya evrilmis ve yerle kurulan baglar giderek kopmaya baslamistir.
Bu dogrultuda, turizmin, bdlgenin kimligini ve "Yerin Ruhu”nun olusturan temel bilesenlerden

biri olamayacagi sdylenebilir.

Fenomenolojik yaklagimlar ¢ercevesinde degerlendirildiginde, mekanin yer haline gelebilmesi
icin insanin bilingli varlig1 ve aidiyet iligkisi temel kosul olarak kabul edilir. Ancak yapilan
gozlemler, Babiali'de kalici kullanicilarin azalmasiyla birlikte bu iliskinin zayifladigini ve
bolgenin yavas yavas "yer" olmaktan uzaklastiini gdstermektedir. Bu durum, Christian
Norberg-Schulz’un “yerin kayb1” tanimina denk diisen bir doniigiim siirecine isaret etmektedir.
S6z konusu kimlik kaybi, yalnizca sosyo-kiiltiirel degil, ayn1 zamanda ekonomik ve politik

yonelimlerin etkisiyle derinlesmektedir.
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1980 sonrasinda benimsenen neoliberal politikalar ve 1995 tarihli Nazim imar Plani’nda yer

alan su ifade:

“Bugiin turistik a¢idan deger kazanan kuyumculuk, antika hali onarimi, deri konfeksiyon satisi

gibi geleneksel ticaret ve faaliyetlerin korunarak gelistirilmesi gerekmektedir.” [19]

Babiali bolgesinde koklii islevsel donilistimlerin Oniinii agmistir. S6z konusu plan kararlar
dogrultusunda, uzun yillar boyunca bolgenin karakterini belirleyen yayincilik, matbaacilik ve
kiiltiirel iiretim islevleri giderek geri plana itilmis; yerlerini ticaret, kuyumculuk ve turizm
eksenli kullanimlar almaya baslamistir. Bu doniigiim siireci igerisinde, Cumhuriyet Gazetesi ve
Anadolu Ajans1 gibi kurumsal yapilarin bolgeden cekilmesi, mekéansal kimlikteki degisimin
simgesel kirilma noktalarindan biri olarak degerlendirilebilir. Glinlimiizde Babiali, merkezi is
alan1 niteligini biiyiik 6l¢iide yitirmis; yalnizca giindiiz saatlerinde hareketlilik gdsteren, gece
ise bosalan ve bu nedenle giivenlik algisinin zayifladigi, ¢eperde konumlanmis bir kent pargasi

haline gelmistir.

Sonug olarak, Bdlgenin zaman i¢inde gegirdigi doniisiim, yerin ruhunun da dénemsel olarak
degisime ugradigini gostermektedir. Bu degisim, nihayetinde bolgenin "yarali mekana"
donlisme siirecine girdigini ortaya koymaktadir. Babiali'nin gelecekte yalnizca tarihsel
belgelerde ve akademik arastirmalarda varligini siirdiiren, “miize kent” benzeri bir yapiya
doniisme riski oldukga yiiksektir. Bu doniigiimiin Oniine gegilebilmesi ve bdlgenin 6zgiin
kimliginin korunabilmesi i¢in, tarihsel bellegi gbézeten, kamusal katilimi ve stirdiirtilebilir

islevsel cesitliligi esas alan bir planlama yaklasimina ihtiya¢ duyulmaktadir.

KAYNAKCA

[1] Kale, R.O., Mekan ve Yer Kavramlar: Uzerinden Bir Inceleme: Yerin Ruhu nun Tarihi
Cevre Algisi Uzerinde Etkisi, Yiiksek Lisans Tezi, Yildiz Teknik Universitesi, Fen
Bilimler Enstitiisii, Istanbul, Ocak 2024. / 2

[2] Norberg — Schulz, C. / Ceviren: Uger, 1., Yer Kavrami Baglaminda Eski Cevrelerde
Yapilasma, Mimarlik Dergisi, s42-43, 2001

[3] https://ansiklopedi.tubitak.gov.tr/ansiklopedi/fenomenoloji

37


https://ansiklopedi.tubitak.gov.tr/ansiklopedi/fenomenoloji

E BURSA 5th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
- JULY 11 - 13, 2025- BURSA

S el ISBN: 978-625-5694-03-4

wwwwwwwww

[5]

[6]

[7]

[8]
[9]

[10]

[11]

[12]

[13]

[14]
[15]

[16]
[17]

[18]

...........

(Erigim tarihi: 19.07.2025)

Prof. Dr. Usta, G., Mekdn ve Yer Kavramlarmin Anlamsal Ac¢idan Irdelenmesi,
TOJDAC Dergisi, 25-30, Ocak 2020 /s27

Norberg — Schulz, C. / Ceviren: Uger, 1., Yer Kavrami Baglaminda Eski Cevrelerde
Yapilagma, Mimarlik Dergisi, 42-43, 2001 /542

Kale, R.O., Mekin ve Yer Kavramlart Uzerinden Bir Inceleme: Yerin Ruhu’nun Tarihi
Cevre Algisi Uzerinde Etkisi, Yiiksek Lisans Tezi, Yildiz Teknik Universitesi, Fen
Bilimler Enstitiisii, Istanbul, Ocak 2024. / s13

Norberg — Schulz, C. / Ceviren: Uger, 1., Yer Kavrami Baglaminda Eski Cevrelerde
Yapilagsma, Mimarlik Dergisi, 42-43, 2001 /s42

Kologlu, O., Bir Zamanlar Bab-: Ali, Gazeteciler Cemiyeti Yayinlari, 1998. / s4
https://tr.wikipedia.org/wiki/%C4%B0stanbul _Ansiklopedisi

(Erigim tarihi: 19.07.2025)

Kologlu, O., Bir Zamanlar Bab-: Ali, Gazeteciler Cemiyeti Yayinlari, 1998. / s8

Anar, T., Istanbul 'un Kiiltiirel Yiizii Cagaloglu, Sultanahmet, Beyazit, ITO Yaymnlari,
2020. /519

Yildirrm, N. (2015). Istanbul’da Saghk Hayati, Antik Cag’dan XXI. Yiizyila Biiyiik
Istanbul Tarihi.

https://istanbultarihi.ist/107-istanbulda-saglik-hayati (Erigim tarihi: 19.07.2025)
Kocu, R.E. (1944). Istanbul Ansiklopedisi: Ankara Caddesi Maddesi, Babiali Caddesi
(Yeni) Maddesi, Cagaloglu Yokusu Maddesi

https://istanbulansiklopedisi.org/ (Erisim tarihi: 12.07.2025)

Kologlu, O., Bir Zamanlar Bab-: Ali, Gazeteciler Cemiyeti Yayinlari, 1998. / s2-3
Erbas, A.E.,Planlamaya Ekolojik Yaklagim: Siirdiiriilebilir Kentsel Gelisim
Cercevesinde Istanbul Ornegi Irdelenmesi, Yiiksek Lisans Tezi, Mimar Sinan Giizel
Sanatlar Universitesi, Fen Bilimler Enstitiisii, Istanbul, Haziran 1995. / s51-52

Giireli, N., Diinden Bugiine Bab-1 Ali, Heyamol Yayinlari, 2009. / s76
https://www.cumhuriyet.com.tr/turkiye/cumhuriyetin-100-yili-97-yillik-cagaloglu-
gunlerinin-bitisi-ve-2203821

(Erisim tarihi: 19.07.2025)

Ozler ,S., Cumhuriyet Dénemi Istanbul Planlama Raporlar: 1934-1995, TMMOB
Mimarlar Odas1 Istanbul Biiyiikkent Subesi, 2007. / s267

38


https://tr.wikipedia.org/wiki/%C4%B0stanbul_Ansiklopedisi
https://istanbultarihi.ist/107-istanbulda-saglik-hayati
https://istanbulansiklopedisi.org/
https://www.cumhuriyet.com.tr/turkiye/cumhuriyetin-100-yili-97-yillik-cagaloglu-gunlerinin-bitisi-ve-2203821
https://www.cumhuriyet.com.tr/turkiye/cumhuriyetin-100-yili-97-yillik-cagaloglu-gunlerinin-bitisi-ve-2203821

| CORFERE,
W i,

ACA Df 4y
i,
B
o

BURSA 5th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
JULY 11 - 13, 2025- BURSA
[19]

ISBN: 978-625-5694-03-4
Ozler ,S., Cumhuriyet Dénemi Istanbul Planlama Raporlari 1934-1995, TMMOB

Mimarlar Odas1 Istanbul Biiyiikkent Subesi, 2007. / s278

39



NFERE,
| CONFERER,
o i,

f BURSA 5th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
= s JULY 11 - 13, 2025- BURSA
— ¥ ISBN: 978-625-5694-03-4

...................

ANTOSIYANIN YANSIMA INDEKSI (ARI): GELiSiMi, TEKNIK TEMELLERI VE
PEYZAJ PLANLAMASINDAKI ROLU

Dr.Ogr.Uyesi,Talha Aksoy
Kirklareli Universitesi, talha.aksoy@klu.edu.tr - 0000-0001-8577-3990

OZET

Antosiyaninler, bitkilere estetik deger katan ve ayni1 zamanda bitki sagligi ile ¢evresel strese
kars1 toleransin bir gostergesi olan hayati pigmentlerdir. Bu pigmentlerin miktarinin uzaktan ve
tahribatsiz yontemlerle belirlenmesi, peyzaj planlamasi gibi uygulamali alanlar i¢in biiyiik
onem tasimaktadir. Bu ihtiyaca yonelik olarak Gitelson, Merzlyak ve Chivkunova (2001)
tarafindan gelistirilen Antosiyanin Yansima indeksi (ARI), bitki yapraklarindaki antosiyanin
konsantrasyonunu yesil ve yakin-kizilotesi bantlardaki yansima degerlerini kullanarak tahmin
eden spesifik bir spektral indekstir. Sonraki yillarda bu yaklasim, standart dijital kameralar ve
makine 6grenmesi modelleri kullanilarak antosiyanin birikiminin diisiik maliyetli ve yiiksek
dogrulukla izlendigi modern protokollere evrilmistir (Askey et al., 2019; Valle et al., 2018). Bu
derleme, ARI'nin teorik temelini, formiiliinii ve bu konseptin evrimini agiklamaktadir. Ayrica,
peyzaj planlamasi baglaminda bu indekslerin; estetik kalitenin objektif degerlendirilmesi, bitki
saglig1 ve stresinin erken teshisi ve iklime dayanikli bitkilerin sec¢ilmesi gibi alanlardaki
uygulamalar1 incelenmektedir. Bu veri odakli yaklagimlarin, peyzaj tasarim ve ydnetim

stireclerini daha siirdiiriilebilir ve proaktif hale getirme potansiyeli vurgulanmaktadir.

Anahtar Kelimeler : Antosiyanin Yansima Indeksi (ARI), Peyzaj Planlamasi, Uzaktan

Algilama, Dijital Goriintiileme, Bitki Stresi, Makine Ogrenmesi, Gitelson
1. Giris

Peyzaj planlamasi, estetik ve ekolojik islevselligi birlestiren bir disiplin olup, bu siiregte
bitkilerin renkleri temel tasarim unsurlarindandir. Antosiyaninler, bitkilerin ¢igek ve yaprak
gibi organlarinda pembe, kirmizi, mor ve mavi renkleri olusturan pigmentlerdir ve bitki
aleminin renk paletinin temelini olustururlar (Alappat & Alappat, 2020). Ancak bu pigmentlerin
rolii, gorselligin c¢ok Otesindedir. Antosiyaninler, bitkinin ekofizyolojisinde ve savunma
mekanizmalarinda merkezi bir rol oynar; 0zellikle kuraklik, asir1 151k ve diisiik sicaklik gibi

abiyotik stres kosullarina kars1 bir yanit olarak birikirler (Naing & Kim, 2021; An et al., 2019).
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Bu nedenle antosiyanin birikimi, bitki sagliginin ve ¢evresel kosullara adaptasyon yeteneginin

giivenilir bir biyo-belirteci olarak kabul edilir.

Geleneksel olarak antosiyanin miktarinin 6l¢limii, bitki dokusunun metanol gibi ¢oziiciilerle
ekstrakte edilip spektrofotometrede absorbans degerlerinin okunmasi gibi laboratuvar tabanh
yontemlerle yapilmaktaydi (Elmas & Tiirkis, 2019). Bu metotlar dogru sonuglar verse de,
bitkiye zarar vermeleri (yikici olmalari), zaman ve emek yogun olmalari nedeniyle genis 6l¢ekli
peyzaj alanlarinin anlik izlenmesi i¢in uygun degildir (Valle et al., 2018). Bu kisithiliklar,
antosiyanin konsantrasyonunu uzaktan, anlik ve tahribatsiz olarak Olg¢ebilen spektral
indekslerin gelistirilmesini zorunlu kilmistir. Bu alandaki en temel ¢aligmalardan biri, spesifik
olarak antosiyanin tespiti igin tasarlanmis Antosiyanin Yansima indeksi (ARI) olmustur. Bu
derleme, ARI'nin tarihgesini, teknik altyapisini ve bu temel konseptin giinlimiizdeki dijital
goriintlileme ve makine Ogrenmesi uygulamalarma nasil evrildigini, peyzaj planlamasi

disiplinindeki potansiyel rollerini vurgulayarak incelemeyi amaglamaktadir.
2. Tahribatsiz Ol¢ciim Yéntemlerinin Gelisimi: ARI'den Makine Ogrenmesine
2.1. Temel Spektral indeks: Antosiyanin Yansima indeksi (ARI)

Antosiyanin Yansima Indeksi (ARI), bitki fizyolojisi ve uzaktan algilama alanlarinda
calisan Anatoly A. Gitelson, Mark N. Merzlyak ve O. B. Chivkunova tarafindan
gelistirilmistir. Alanin temelini atan bu ¢alisma, 2001 yilinda yaymlanmistir (Gitelson et al.,
2001). Arastirmanin temel amaci, antosiyaninlerin yesil spektrumdaki (yaklasik 550 nm) 15181
emme Ozelligini, klorofilin baskin yansima etkisinden matematiksel olarak ayirarak, bu

pigmentin miktarini hassas bir sekilde tahmin etmekti.
ARTI'nin orijinal formiilii su sekildedir:
ARI = (1 / Rsso) - (1 / R700)

e Rsso: Yesil banttaki yansima degeridir. Antosiyaninler bu dalga boyundaki 15181 giiclii
bir sekilde absorbe eder. Yapraktaki antosiyanin miktar1 arttikga bu bandin yansimasi

diiser, dolayisiyla formiildeki (1/Rsso) teriminin degeri biiytir.

e Rioo: "Kirmizi-Kenar" (Red-Edge) bélgesindeki yansima degeridir. Bu dalga boyu,

klorofil ve yapragin i¢ yapisindan kaynaklanan yansima degiskenliklerini diizeltmek
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i¢in bir referans olarak kullanilir ve indeksin 6zellikle antosiyanine odaklanmasini

saglar (Gitelson et al., 2001).

Bu indeks, multispektral veya hiperspektral sensorler gerektirir ve antosiyanin tespiti i¢in

bilimsel bir standart olusturmustur.
2.2. Evrim: Dijital Goriintilleme ve Makine Ogrenmesi

ARI'nin temel aldig1 yansima prensibi, giinlimiizde daha erisilebilir teknolojilerle

birlestirilmistir. Standart dijital kameralar ve akilli telefonlar, bu alanda bir devrim yaratmistir.

Valle et al. (2018), standart bir dijital kamera ile g¢ekilen RGB (Kirmizi, Yesil, Mavi)
goriintlilerinden "antosiyanin igerik-kroma oran1" ve "yesil giici" gibi renk indeksleri tiiretmis
ve bu basit indekslerin, biyokimyasal olarak 6lgiilen antosiyanin konsantrasyonu ile yiiksek
korelasyon gosterdigini kanitlamistir. Bu calisma, pahali sensorlere ihtiya¢ duymadan, hizli,
giivenilir ve tamamen tahribatsiz bir yontemle pigment miktarinin tahmin edilebilecegini ortaya

koymustur.

Askey et al. (2019), bu yaklasimi bir adim ileri tasiyarak makine 6grenmesini siirece dahil
etmistir. Arastirmacilar, standart RGB renk uzayindaki verilerle egitilmis bir "kuantil rastgele
orman (quantile random forest)" regresyon modelinin, yapraklardaki antosiyanin seviyelerini
cok yiiksek bir dogrulukla (r* = 0.935) tahmin edebildigini gostermistir. Bu model, sadece
toplam miktar1 degil, ayn1 zamanda yaprak icindeki pigment birikiminin mekéansal ve
zamansal dagihimini (spatiotemporal monitoring) da izleyebilmektedir. Bu yontem, diisiik
maliyetli olmas1 ve stresin erken tespiti i¢gin muazzam bir potansiyel sunmasiyla One

cikmaktadir (Askey et al., 2019).
3. ARI ve Modern Indekslerin Peyzaj Planlamasindaki Uygulamalari

Bu gelismis 6l¢tim teknikleri, peyzaj planlama, tasarim ve yonetim siireglerine bilimsel ve veri

odakl1 bir temel kazandirmaktadir.
3.1. Estetik Deger ve Gorsel Kalitenin Objektif Yonetimi

Peyzajin en 6nemli unsurlarindan biri olan renk, antosiyaninler tarafindan yonetilir. ARI ve
dijital renk indeksleri, bir peyzaj alanindaki bitkilerin renklenme potansiyelini ve mevsimsel

renk degisimlerini objektif olarak 6lgme imkani1 tanir. Tasarimcilar, bu verileri kullanarak yilin
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belirli zamanlarinda hedeflenen renk paletlerini olusturacak bitki kombinasyonlarini

planlayabilir ve boylece tasarimin gorsel etkisini kantitatif olarak degerlendirebilir.
3.2. Bitki Saghg ve Stresin Erken Tespiti

Peyzaj alanlarindaki bitkiler siirekli olarak kentsel stres faktorlerine maruz kalir. Antosiyanin
birikimi, bu streslere karsi verilen ilk goriiniir tepkidir. Askey ve arkadaslarinin (2019)
gelistirdigi model gibi makine 6grenmesi tabanli yaklasimlar, bu birikimi ¢ok erken bir
asamada tespit ederek bir "erken uyar1 sistemi" gorevi gorebilir. Dron veya sabit kameralarla
periyodik olarak toplanan verilerden olusturulan yanhs renkli 1s1 haritalar1 (false-color
heatmaps), park veya bahgedeki stresli bitkileri veya bolgeleri aninda gorsellestirir. Bu, peyzaj
yoneticilerinin sulama sistemi arizalari, yerel besin eksiklikleri veya hastalik salginlar1 gibi

sorunlara, bitkilerde geri doniilemez hasarlar olusmadan miidahale etmesini saglar.
3.3. Dayanikh Bitki Secimi ve Siirdiiriilebilir Peyzaj Tasarim

Iklim degisikligi, peyzajlarda kurakhiga ve diger abiyotik streslere dayamkli bitkilerin
kullanilmasini zorunlu kilmaktadir. Bir bitkinin stres altindaki antosiyanin {iretim kapasitesi,
onun dayanikliligi hakkinda 6nemli ipuglari verir (Naing & Kim, 2021; An et al., 2019).
Geligstirilen bu tahribatsiz yontemler, farkl bitki tiirlerinin veya kiiltivarlarinin kontrollii stres
kosullar1 altindaki performansini karsilastirmak i¢in kullanilabilir. Bu sayede, proje alaninin
mikro-klimasina en uygun, en dayanikli ve en az bakim gerektiren bitkiler veri odakli bir
sekilde segcilebilir. Bu yaklasim, peyzajlarin uzun vadeli basarisini ve ekolojik

stirdiiriilebilirligini 6nemli 6l¢iide artirir.
4. Sonuc¢

Antosiyanin pigmentlerinin tahribatsiz 6l¢iimii, Gitelson ve arkadaslarinin onciiliik ettigi
spesifik spektral indekslerden, glinlimiizde herkesin erisebilecegi dijital kameralar ve giiclii
makine 6grenmesi algoritmalariyla ¢alisan modern protokollere dogru dikkat ¢ekici bir evrim
gecirmistir. Bu yontemler, peyzaj planlamasi disiplini i¢in estetik degeri sayisallagtirmaktan,
bitki sagligini proaktif olarak izlemeye ve iklime direncli tasarimlar olusturmaya kadar uzanan
cok yonlii faydalar saglamaktadir. Bu teknolojilerin peyzaj pratiine entegrasyonu, tasarim ve
yonetim kararlarin1 daha bilimsel, verimli ve siirdiiriilebilir hale getirerek gelecegin yesil

alanlarinin kalitesini ve dayanikliligini artirma konusunda biiyiik bir potansiyel tagimaktadir.
Kaynaklar
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ORGANIK TARIMDA BAKLAGIL ROTASYONU: TOPRAK SAGLIGI VE
MIKROBIYOTA UZERINDEKI ETKILER

Dr. Ogr. Uyesi Ozge UCAR
Siirt Universitesi, ozgeonder@siirt.edu.tr - 0000-0002-4650-4998

OZET

Organik tarim sistemlerinde toprak sagliginin korunmasi ve verimliligin siirdiirtilebilir sekilde
artirllmasi, {irlin rotasyonuna dayali stratejilerle yakindan iligkilidir. Bu baglamda, baklagil
bitkileri rotasyonda dnemli bir yer tutmakta; 6zellikle simbiyotik azot fiksasyonu yoluyla
topraga biyolojik olarak kullanima hazir azot kazandirarak kimyasal girdilere olan ihtiyaci
azaltmaktadir. Baklagil rotasyonu, toprakta organik madde miktarini artirmakta, fiziksel yapry1
iyilestirmekte ve mikrobiyal aktiviteyi desteklemektedir. Rhizobium basta olmak tizere faydali
mikrobiyal popiilasyonlarin gelisimini tesvik eden bu uygulama, toprak mikrobiyotasinin
cesitliligini ve fonksiyonel kapasitesini artirarak bitki besin dongiilerine olumlu katki saglar.
Ayni zamanda, allelopatik etkiler ve biyolojik rekabet yoluyla toprak kaynakli patojenlerin
baskilanmasina yardimci olur. Baklagil rotasyonunun uzun vadede toprak ekosistem
hizmetlerini giiclendirdigi, hastalik baskisini azalttigi ve bitki biiylimesini destekleyen
mikrobiyal etkilesimleri tegvik ettigi bilimsel ¢alismalarla da dogrulanmaktadir. Bu baglamda,
nohut, mercimek, fasulye gibi baklagillerin planli sekilde rotasyona dahil edilmesi, organik
iretim sistemlerinde ekolojik dengeyi destekleyen temel uygulamalardan biri olarak One
cikmaktadir. Sonug¢ olarak, baklagil rotasyonu; toprak sagligini, mikrobiyal dengeyi ve
ekosistem direncini artirarak organik tarimin ¢evresel ve liretimsel siirdiiriilebilirligine 6nemli

katkilar sunmaktadir.

Anahtar Kelimeler: Toprak sagligi, baklagil rotasyonu, mikrobiyota, organik tarim
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LEGUME ROTATION IN ORGANIC FARMING: EFFECTS ON SOIL HEALTH
AND MICROBIOTA

ABSTRACT

In organic farming systems, maintaining soil health and improving productivity through
sustainable practices are closely linked to crop rotation strategies. Legumes play a crucial role
in these systems by providing biologically available nitrogen to the soil through symbiotic
nitrogen fixation, thereby reducing reliance on synthetic inputs. Legume-based rotations
enhance soil organic matter content, improve soil structure, and stimulate microbial activity.
This approach fosters the proliferation of beneficial microbial populations, particularly
Rhizobium species, thereby increasing the diversity and functional capacity of the soil
microbiota. These microbial communities contribute significantly to nutrient cycling, plant
growth promotion, and the suppression of soil-borne pathogens through allelopathic effects and
biological competition. Numerous studies have demonstrated that incorporating legumes into
crop rotations strengthens soil ecosystem services, reduces disease pressure, and enhances
beneficial plant-microbe interactions over the long term. Including crops such as chickpeas,
lentils, and beans in well-planned rotation schemes is thus considered a key strategy for
maintaining ecological balance in organic production systems. In conclusion, legume rotation
substantially improves soil health, microbial equilibrium, and ecosystem resilience, thereby

contributing to both the environmental and productive sustainability of organic agriculture.
Keywords: Soil health, legume rotation, microbiota, organic farming

1. INTRODUCTION

1.1. Global Significance of Organic Agriculture and Sustainability Approaches

In the face of rapid population growth, climate change, and the imminent depletion of natural
resources, the urgency of adopting sustainable agricultural practices has become more critical
than ever. Conventional agricultural systems, characterized by intensive use of chemical
fertilizers and pesticides, have led to severe soil degradation, biodiversity loss, and increased
environmental pollution (Barros-Rodriguez et al., 2021). As a response to these challenges,
organic agriculture has emerged as a viable alternative that prioritizes environmentally friendly

production methods and strategies aimed at preserving ecological balance. Organic farming is
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defined not only by its avoidance of synthetic chemical inputs but also by its focus on improving

soil health, enhancing biodiversity, and ensuring long-term agricultural productivity.

Within this framework, crop rotation stands out as one of the most effective practices for
maintaining soil fertility, managing pests and diseases, and balancing nutrient dynamics. By
cultivating different crops sequentially on the same land following a specific temporal and
spatial schedule, crop rotation optimizes soil biological activity and nutrient cycling (Tuck et
al., 2014).

1.2. The Concept of Crop Rotation in Organic Farming Systems

In organic farming, crop rotation is considered an essential approach to reducing disease
pressure caused by monoculture, preventing nutrient depletion, and alleviating soil fatigue. The
sequential cultivation of plant species with different nutrient requirements and root systems
promotes balanced nutrient utilization while improving the physical structure of the soil. For
instance, crops with varying root depths and architectures enhance soil aeration and water

retention throughout the soil profile (Dias et al., 2015).

Legumes are indispensable in organic crop rotations. Through symbiotic nitrogen fixation,
legumes enrich the soil with biologically available nitrogen, substantially reducing dependence
on external nitrogen inputs. This characteristic aligns with the low-input philosophy of organic

farming and provides a sustainable strategy for maintaining soil fertility (Pittarello et al., 2021).

1.3. The Unique Role and Objectives of Legumes in Crop Rotation

Leguminous plants (e.g., chickpea, lentil, bean, and vetch) convert atmospheric nitrogen into
plant-available forms through symbiotic bacteria, primarily Rhizobium and Bradyrhizobium,
residing in their root nodules. This process not only improves soil fertility but also mitigates

environmental nitrogen pollution (lIrisarri et al., 2021).
The main objectives of incorporating legumes into crop rotation include:

« Increasing soil organic matter and improving carbon sequestration.

« Enhancing microbial diversity and ecosystem functioning.
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o Naturally suppressing pests and soil-borne diseases.
o Accelerating nutrient cycling of essential plant elements.

« Maintaining ecological balance and soil ecosystem services.

Legume-based rotations are not only a production strategy but also an ecological engineering
approach that strengthens agroecosystem resilience. Recent studies indicate that legumes
enhance soil microbiota and, beyond biological nitrogen fixation, stimulate the proliferation of
beneficial microorganisms through root exudates (Woo et al., 2022).

2. LEGUME ROTATION AND SOIL HEALTH RELATIONSHIP

Soil health is one of the most critical determinants of sustainability in agricultural production.
The exclusion of chemical fertilizers and pesticides in organic farming necessitates the
maintenance and improvement of soil fertility through natural means. In this context, crop
rotation systems that incorporate legumes have emerged as an effective strategy to improve the
physical, chemical, and biological properties of soil (Ananda et al., 2022).

Legumes fix atmospheric nitrogen biologically through symbiotic bacteria such as Rhizobium
and Bradyrhizobium, which inhabit root nodules. This fixation not only satisfies the nutritional
requirements of the legume crop itself but also enriches the soil with mineral nitrogen, reducing
the dependence on synthetic fertilizers (Fahde et al., 2023). Additionally, legumes improve
nutrient availability by releasing organic acids and phenolic compounds from their root
systems, which solubilize otherwise inaccessible phosphates and micronutrients, thus
facilitating plant uptake (Zambelli et al., 2025).

2.1. Soil Fertility and Organic Matter Cycling

Leguminous crops accelerate organic matter cycling within crop rotations. Their plant residues
and root biomass significantly contribute to soil organic carbon pools. The increase in organic
matter improves both the cation exchange capacity and structural stability of the soil. Empirical
studies indicate that legumes can increase total soil organic carbon content by 15-25% within
rotation systems (Yao et al., 2025).

Moreover, due to their high nitrogen content, legume residues decompose rapidly, initiating

mineralization processes that accelerate nutrient cycling and enhance the productivity of
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subsequent crops. For this reason, legumes such as chickpea and lentil are often used as nutrient

sources for following crops in organic farming systems (Masunga et al., 2016).
2.2. Improvement of Soil Physical Structure

The deep root systems of legumes penetrate lower soil horizons, alleviating compaction and
improving soil aeration. This is particularly beneficial for heavy clay soils, where it enhances
both water infiltration and water retention. Additionally, biopores created by legume roots

provide favorable channels for the root systems of subsequent crops (Islam et al., 2024).

Soil aggregate stability is further improved by polysaccharides and proteinaceous compounds
secreted by legume roots. These compounds bind soil particles together, reducing erosion risks
and preventing surface runoff. In organic farming, this function is vital for preserving long-term

soil structure (Tian et al., 2022).
2.3. Contribution of Legumes to Nutrient Dynamics

Legumes not only enrich nitrogen levels in the soil through biological nitrogen fixation but also
enhance the bioavailability of other macro- and micronutrients such as phosphorus (P),
potassium (K), magnesium (Mg), calcium (Ca), iron (Fe), manganese (Mn), zinc (Zn), and
copper (Cu) (Ebbisa, 2022).

Organic acids, siderophores, and phenolic compounds excreted from legume roots chemically
modify the soil matrix, mobilizing otherwise insoluble nutrient elements. This process is
particularly important for dissolving phosphate minerals—such as calcium phosphate, iron
phosphate, and aluminum phosphate—that are typically unavailable to plants, thereby
increasing soil phosphorus bioavailability (Chen et al., 2023).

Notably, chickpea and lentil release significant amounts of carboxylic acids into the
rhizosphere, which improve phosphate solubilization and phosphorus-use efficiency in
subsequent crops. Thus, legumes offer a natural mechanism that reduces the need for

phosphorus fertilizers in organic systems (Neumann and Rémheld, 1999).

2.4. Carbon and Nitrogen Balance Mechanisms in Soil
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Legume-based rotations contribute to maintaining a balanced soil carbon-to-nitrogen (C/N)
ratio. When combined with crop residues that have high C/N ratios, such as cereal straw,
legumes help optimize this ratio. Their low C/N residues accelerate microbial mineralization
processes and boost soil biological activity (Cong et al., 2015).

Maintaining an appropriate C/N ratio minimizes nitrogen leaching and reduces greenhouse gas
emissions, particularly nitrous oxide, offering a significant advantage in lowering the carbon

footprint of organic agriculture (Holka et al., 2022).
2.5. Suppression of Soil-borne Diseases and Enhanced Resistance

Legumes secrete allelopathic compounds that suppress soil-borne pathogens. These compounds
inhibit fungal pathogens while encouraging the growth of beneficial microorganisms. Given
the restrictions on chemical fungicides in organic farming, the natural disease-suppressive

effects of legumes are particularly valuable for pest and disease management (Yu et al., 2022).

Including legumes in crop rotations not only reduces pathogen pressure but also enhances soil
biodiversity and ecosystem resilience. As a result, the incidence of diseases such as root rot and
Fusarium wilt in subsequent crops is significantly reduced (Woo et al., 2022).

3. LEGUMES’ SYMBIOTIC NITROGEN FIXATION AND ECOSYSTEM SERVICES

Nitrogen availability is one of the most critical factors influencing soil fertility in sustainable
agricultural systems. The prohibition of synthetic nitrogen fertilizers in organic farming
underscores the importance of biological nitrogen fixation (BNF). Legumes form symbiotic
associations with nitrogen-fixing bacteria such as Rhizobium, Bradyrhizobium, and
Mesorhizobium within their root nodules. These microorganisms convert atmospheric nitrogen
(N2) into ammonium (NH4"), a form that is accessible to both the legume itself and subsequent
crops in rotation (Barbieri et al., 2023). This natural process not only enhances soil fertility but

also supports ecosystem services and environmental sustainability.
3.1. Mechanism and Efficiency of Nitrogen Fixation

Within root nodules, symbiotic bacteria use the enzyme nitrogenase to convert atmospheric
nitrogen into ammonium (NH4"), which can be readily absorbed by plants. This conversion is

an energy-intensive process, requiring approximately 16 ATP molecules to reduce one N:
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molecule. The necessary energy is provided by carbohydrates from the host plant,
demonstrating the highly coordinated and mutualistic relationship between the plant and its

bacterial partners (Valentine et al., 2010).

Root nodules are specialized organs that maintain low oxygen concentrations to protect
nitrogenase from oxidative inactivation. Leghemoglobin, a hemoprotein in nodules, controls
oxygen transport to ensure that respiration occurs without damaging nitrogenase (Degli Esposti
and Martinez Romero, 2016).

Legumes are capable of fixing between 50 and 300 kg of nitrogen per hectare annually,
depending on factors such as species, soil conditions, bacterial strain effectiveness, and
management practices. Environmental factors, including soil pH, temperature, and organic

matter content, strongly influence fixation efficiency (Postgate, 1982).

Different legume species form symbioses with different bacterial strains, resulting in varying
nitrogen fixation capacities. For example, soybean (Glycine max) exhibits high fixation
efficiency with Bradyrhizobium japonicum, whereas chickpea (Cicer arietinum) has moderate
fixation with Mesorhizobium ciceri (Mohammadi et al., 2012). Consequently, selecting the
appropriate legume-bacteria combination is essential for maximizing nitrogen inputs in organic

systems.

Modern inoculant technologies further improve nitrogen fixation, especially in soils with
insufficient populations of effective Rhizobium. Proper bacterial inoculation increases legume

productivity and reduces reliance on chemical fertilizers.

At the molecular level, nodule formation is triggered when flavonoids secreted by plant roots
induce bacteria to produce Nod factors, signaling compounds that initiate nodule development
and determine the specificity of the plant-bacteria partnership (Stafford, 1997).

3.2. Contributions to Soil and Plant Nutrition

Biological nitrogen fixation supplies both the legume itself and subsequent crops with essential
nitrogen. After harvest, nitrogen is gradually released through microbial decomposition of root

nodules and plant residues, enriching soil organic nitrogen content (Kumar et al., 2019). This
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process reduces the need for external nitrogen inputs, which is particularly beneficial in organic
farming systems (Abrol et al., 2012).

Additionally, nitrogen fixation enhances overall nutrient cycling in the soil. Organic nitrogen
compounds are mineralized by soil microorganisms into plant-available forms (ammonium and
nitrate). This improved nutrient turnover also accelerates the cycling of other essential

macronutrients such as phosphorus and potassium (Doran and Smith, 1991).

The enhanced microbial activity driven by nitrogen fixation also improves soil structure, boosts
water retention, and reduces erosion. Moreover, it helps suppress soil pathogens, contributing
to sustainable soil health (Quinn, 2009).

Overall, nitrogen fixation by legumes represents an environmentally friendly and cost-effective
alternative to synthetic nitrogen sources, increasing the productivity of both legumes and
subsequent crops (Stagnari et al., 2017).

3.3. Ecosystem Services and Environmental Contributions

Nitrogen fixation by legumes reduces the need for synthetic fertilizers, thereby decreasing soil
and water pollution. Excessive nitrogen leaching, particularly nitrate contamination of
groundwater, is a critical environmental issue in conventional farming. Legume-based systems
help mitigate these risks (Giller et al., 1995).

The ecosystem services of legumes include:

« Enhancing Soil Fertility: Contributing significant nitrogen to the soil.
e Supporting Biodiversity: Promoting microbial diversity, especially Rhizobium
populations.

¢ Reducing Carbon Footprint: Lowering greenhouse gas emissions associated with
fertilizer production.

o Economic Benefits: Decreasing fertilizer costs and supporting long-term profitability
in organic farming.

3.4. Interaction Between Rhizobium and Soil Microbiota
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Beyond nitrogen fixation, Rhizobium species act as plant growth-promoting rhizobacteria
(PGPR) by producing metabolites such as indole-3-acetic acid (IAA), which stimulates root

growth and enhances nutrient uptake (Jaiswal et al., 2021).

Rhizobium also improves iron availability through siderophore production and competes with
pathogens for root colonization. Siderophores bind iron, depriving pathogens of this essential

element and thereby inhibiting their growth (De-Andrade et al., 2023).

Legume rotations promote the persistence and diversity of Rhizobium populations, creating a
“biological memory” in the soil. This enriched microbial reservoir benefits subsequent crops

by improving nutrient availability and disease suppression (Yu et al., 2021).
3.5. Sustainability and Climate Change Connection

Biological nitrogen fixation is a key strategy for reducing greenhouse gas emissions. Synthetic
nitrogen fertilizer production via the Haber-Bosch process is energy-intensive, accounting for
about 1% of global energy use and 1.4% of CO: emissions. Legume-based nitrogen inputs
significantly reduce this environmental burden (Erisman et al., 2008).

Legumes also contribute to carbon sequestration by increasing soil organic carbon through root
biomass and rhizodeposits. Crop rotations involving legumes maintain higher soil carbon stocks
than monoculture systems, thereby mitigating climate change impacts (Poeplau and Don, 2015;
Dent and Cocking, 2017).

In organic farming, legumes reduce nitrate leaching and improve overall soil resilience, making

them a cornerstone of climate-smart agriculture (Sanginga, 2003).

4. EFFECTS OF LEGUME ROTATION ON THE SOIL MICROBIOTA IN ORGANIC
FARMING

The diversity and functional capacity of soil microbiota play a vital role in productivity, nutrient
cycling, and plant health within sustainable organic farming systems. Since organic agriculture
limits the use of synthetic chemicals, it relies heavily on the biological processes driven by soil

microorganisms. Incorporating legumes into crop rotations serves as an effective biological
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strategy to balance microbial communities and promote the proliferation of beneficial microbes.
The enrichment of both symbiotic and free-living bacterial populations in the legume
rhizosphere creates a microecological environment that significantly improves soil health
(Chianu et al., 2011).

4.1. Legumes and the Rhizosphere Microbiome

The rhizosphere of legumes is one of the most microbially active zones in the soil matrix.
Symbiotic bacteria such as Rhizobium, Bradyrhizobium, and Sinorhizobium fix atmospheric
nitrogen in root nodules, while the surrounding rhizosphere supports diverse microbial
communities, including bacteria and fungi. These microorganisms release organic acids,
enzymes, and phytohormones that enhance plant growth and encourage the establishment of

beneficial microbial networks around the roots (Goyal et al., 2021).

In organic systems, legume rotation greatly increases microbial diversity in the rhizosphere.
The absence of synthetic pesticides and fertilizers fosters natural microbial interactions.
Notably, root exudates from chickpea and lentil stimulate the growth of phosphate-solubilizing

bacteria and arbuscular mycorrhizal fungi, improving nutrient cycling (Lal, 2015).
4.2. Increase in Microbial Diversity and Functional Capacity

Shifts in rhizosphere microbial communities following legume cultivation profoundly affect
ecosystem sustainability. Numerous studies have shown that legume rotations increase both
alpha and beta diversity in soil microbiota, counteracting the microbial decline often associated

with monoculture (Wang et al., 2023).

From a functional standpoint, legume rhizospheres harbor higher populations of
microorganisms involved in ammonium oxidation, phosphate mobilization, and biological
disease control. Many of these microbes produce plant growth-promoting hormones, such as

indole-3-acetic acid (IAA), and actively inhibit pathogenic organisms (Yang et al., 2024).
4.3. Pathogen Suppression and Allelopathic Effects

Soil-borne pathogens are a major concern in organic farming due to the limited availability of
chemical fungicides. Legume rotations, however, naturally suppress pathogens through
allelopathy and biological competition. Siderophores and antibiotic-like metabolites produced
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by Rhizobium create an unfavorable environment for pathogenic bacteria and fungi (Das et al.,
2017).

In addition, certain legume species release phenolic compounds and allelopathic chemicals into
the rhizosphere that inhibit harmful fungi, including Fusarium and Rhizoctonia. These
interactions shift the microbial balance in favor of pathogen-antagonistic organisms (Sugiyama
and Yazaki, 2011).

4.4. Relationship Between Organic Matter and Microbial Activity

Legumes increase soil organic matter through high biomass production and root residues.
During decomposition, these residues release carbon-rich compounds that serve as essential
energy sources for soil microbes. Studies have shown that legume rotations can increase
microbial biomass by 20-40% (Hu et al., 2024).

The elevated microbial activity promotes the growth of functional microorganisms, such as
actinomycetes and phosphate-solubilizing bacteria, which accelerate nutrient mineralization

and improve the availability of both macro- and micronutrients (Liu et al., 2023).
4.5. Microbial Networks and Long-Term Effects

The stability and resilience of soil ecosystems depend largely on the diversity of microbial
networks. In organic farming, legume rotation fosters the establishment of a “microbial
memory”’, which persists in the soil and benefits subsequent crops. This long-term effect creates

a more balanced and resilient soil microbiome (Wang et al., 2023).

Furthermore, the symbiotic associations between legumes and arbuscular mycorrhizal fungi
(AMF) not only improve phosphorus uptake but also enhance plant stress tolerance. These
beneficial symbioses form the biological foundation for disease suppression and ecosystem

resilience in organic farming systems (Ahmed et al., 2025).

5. LONG-TERM EFFECTS OF LEGUME ROTATION ON SOIL HEALTH AND
PRODUCTIVITY

Sustainable productivity in organic farming depends on the balanced preservation of the soil’s

physical, chemical, and biological properties. Legumes play a strategic role in crop rotation
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systems, improving soil health over the long term through symbiotic nitrogen fixation, root
biomass input, and organic matter enrichment. Numerous studies have shown that legume
rotations increase soil organic matter, enhance soil structure, improve aggregate stability, and
boost water retention capacity (Yan et al., 2023).

Legume rotations also promote the Rhizobium-legume symbiosis, a crucial component of the
soil’s nitrogen cycle, creating a natural nitrogen reservoir that benefits both current and
subsequent crops. As a result, legumes have a direct and lasting impact on soil fertility and

productivity in organic production systems (Stainsby et al., 2020).
5.1. Organic Matter and Nitrogen Dynamics

Soil organic matter is one of the most important indicators of soil health. The root residues and
leaf litter of legumes contribute significant amounts of carbon and nitrogen to the soil. Research
suggests that legume rotations can increase total soil nitrogen levels by 15-30% (Meng et al.,
2025).

Through biological nitrogen fixation, atmospheric nitrogen (N) is converted into bioavailable
ammonium (NH4") by Rhizobium bacteria. This natural nitrogen input can reduce the need for
chemical fertilizers by up to 50% for subsequent crops (Rose et al., 2016). Furthermore, the
mineralization of organic matter improves the bioavailability of essential macro- and

micronutrients, supporting sustainable crop productivity (Rosinger et al., 2025).
5.2. Improvement of Physical Soil Properties

Legumes have deep, well-developed root systems that sustainably improve the physical
structure of soils. Their roots penetrate various soil layers, enhancing macro- and micropore
formation, which in turn increases water-holding capacity and improves aeration in the root
zone. Adequate aeration supports both root development and beneficial microbial activity
(Kocira et al., 2020).

The enhancement of soil aggregate stability also significantly reduces erosion and surface
runoff risks. This is particularly advantageous for organic farming on sloped or organic matter-

deficient soils. Organic compounds secreted by legume roots further stimulate microbial
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activity on the root surface, which enhances soil particle cohesion and strengthens aggregate
formation (Ansari et al., 2022).

In fields where legumes are rotated, water infiltration and storage capacity are notably
improved, making crops more resilient to drought and water stress. Moreover, the deeper root
structures regulate subsurface water movement, minimizing water and nutrient losses via
leaching or runoff (Joyce et al., 2002).

5.3. Relationship Between Soil Biological Activity and Productivity

Soil biological activity is a critical determinant of soil ecosystem sustainability, nutrient
cycling, and long-term productivity. The rhizosphere of legumes releases carbon-rich
compounds such as amino acids, sugars, and organic acids—that stimulate microbial

communities and increase microbial diversity (Yu et al., 2021).

Field studies indicate that microbial biomass in soils under legume rotations can increase by
20-40%, boosting populations of symbiotic nitrogen-fixing bacteria like Rhizobium and
Bradyrhizobium. This microbial proliferation positively influences biochemical processes
beyond nitrogen cycling, including phosphorus mineralization, sulfur oxidation, and soil carbon
stabilization (Liu et al., 2023).

Legumes also promote the growth of phosphate-solubilizing bacteria (PSB) and arbuscular
mycorrhizal fungi (AMF). These microorganisms enhance the availability of poorly soluble
nutrients like phosphorus, zinc, and copper, while mycorrhizal fungi improve plant tolerance to

water stress and enhance aggregate stability (Ordonez et al., 2016).
5.4. Long-term Productivity and Soil Ecosystem Resilience

Legume rotations significantly improve the resilience of soil ecosystems. Monoculture
practices in organic systems often lead to soil fatigue, nutrient imbalances, and reduced
microbial activity. In contrast, the periodic inclusion of legumes in rotations can reverse these
effects. Long-term field studies indicate that the positive effects of legumes extend not only to
the current growing season but also persist for up to two or three subsequent years, underlining

their role as “ecological engineers” in agroecosystems (Liu et al., 2022).

5.5. Carbon Sequestration and Climate Resilience
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Legumes enhance carbon sequestration by transferring atmospheric carbon into soil organic
matter. Through photosynthesis, they convert CO: into organic compounds that are
incorporated into root biomass and rhizodeposits. Post-harvest residues decompose, forming
humus and enriching soil organic carbon (SOC) stocks. The deep root systems of legumes also
facilitate the transfer of carbon into subsoil layers, promoting long-term storage (Six et al.,
2002).

Increased SOC improves soil structure, boosts water retention, and supports microbial diversity,
thereby improving soil health and crop performance. Legume-based rotations also reduce the

reliance on synthetic fertilizers, lowering energy use and greenhouse gas emissions (Lal, 2004).

In organic farming, legumes enhance ecosystem services, including biodiversity conservation,
natural pest regulation, water quality improvement, and reduced carbon footprints. Their role
in climate-resilient agriculture makes them an indispensable part of sustainable production

systems.
6. CONCLUSIONS AND RECOMMENDATIONS

Legume rotation constitutes a fundamental pillar for achieving both ecological balance and
economic sustainability within organic farming systems. Through biological nitrogen fixation,
legumes significantly enhance soil nitrogen content, leading to an approximate 20-30%
increase in yields of subsequent crops, particularly cereals. Additionally, the root architecture
of legumes improves soil structure by enhancing aeration and reducing erosion, thereby
maintaining long-term soil health. The complex and diverse microbial communities inhabiting
the legume rhizosphere further accelerate nutrient cycling processes, contributing to improved

soil fertility and resilience in organic cultivation.

Despite these benefits, legume rotations face several biological challenges, including sensitivity
to environmental stressors such as climate variability, drought, excessive precipitation, and soil-
borne pathogens. Economically, limitations arise from fluctuating market conditions and
limited sales potential of legume crops, which pose significant barriers for farmers in planning
effective rotation strategies. Consequently, successful adoption of legume rotations necessitates

a balanced integration of both biological efficacy and economic viability.
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From an environmental perspective, legumes play a critical role in mitigating nitrate leaching
and reducing greenhouse gas emissions by decreasing dependency on synthetic fertilizers. Their
capacity to enhance soil organic carbon stocks also contributes to carbon sequestration,
supporting climate change mitigation efforts. Economically, improved yields in subsequent
crops translate into reduced fertilizer costs and enhanced farm income, while rising consumer

demand for organic products elevates the market value and profitability of legume cultivation.

Looking forward, the effectiveness of legume rotations will be amplified through advancements
in understanding microbial diversity and biotechnology applications. The synergistic use of
beneficial microorganisms, particularly bacteria exhibiting ACC deaminase activity, offers
promising avenues to bolster plant tolerance to abiotic and biotic stresses. Furthermore,
breeding region-specific legume cultivars adapted to anticipated climate scenarios, combined
with the adoption of precision agriculture technologies, will be instrumental in optimizing both

productivity and sustainability.

Practically, it is recommended that legumes be integrated into crop rotations with cereals and
vegetables over a minimum duration of 2 to 3 years to maximize agronomic benefits.
Continuous monitoring of soil health indicators—such as organic matter content, pH levels, and
nutrient availability—is essential to inform adaptive management. Expanding the application
of microbial inoculants, including Rhizobium and other biofertilizers, within comprehensive
soil microbial management programs is also advised. Moreover, supportive government
policies offering financial incentives and enhanced farmer education and outreach programs

will play a crucial role in facilitating widespread adoption of legume rotations.

In summary, legume rotation represents not only an agronomic practice that enhances crop
productivity but also a holistic strategy that sustains soil health, promotes microbial
biodiversity, strengthens ecosystem resilience, and ensures economic sustainability. For
organic farmers, this approach offers a viable long-term solution that minimizes environmental
impact while maximizing economic returns. Future integration of legume rotations with smart
farming techniques and biotechnological innovations promises to further elevate the

sustainability and efficiency of organic agriculture.
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A THEORETICAL FRAMEWORK FOR A STATIC COSMOLOGICAL MODEL
BASED ON QUANTUM VACUUM PROPERTIES

Dr. Anastasia Viktor
Department of Theoretical Physics, Lomonosov Moscow State University, Russia

Abstract

This theoretical study develops a static cosmological model grounded in properties of the
quantum vacuum, aiming to address longstanding questions in cosmology such as the nature of
dark energy and the cosmological constant problem. The framework integrates quantum field
theory with general relativity, proposing that vacuum fluctuations contribute to gravitational
effects stabilizing the universe on large scales. Mathematical formulations derive modified field
equations incorporating vacuum energy density and pressure contributions modeled as a perfect
fluid with negative equation of state parameters. Stability analysis shows conditions under
which a static, spatially flat universe can be sustained without expansion or contraction. This
contrasts with conventional dynamic cosmological models, offering new insights into
fundamental physics. Potential observational implications and challenges, including
compatibility with cosmic microwave background data and large-scale structure formation, are
discussed. The model invites further theoretical development and experimental testing to
reconsider foundational assumptions in cosmology.

Keywords: static cosmological model, quantum vacuum, dark energy, cosmological constant,
theoretical physics
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ESTIMATION OF FUNCTIONAL RESPONSE MODELS USING SUPERVISED
FUNCTIONAL PRINCIPAL COMPONENT ANALYSIS

Dr. Yuki Tanaka
Dr. Min-Seok Lee
Assoc. Prof. Dr. Hana Kim
Department of Statistics, Seoul National University, South Korea

Abstract

This paper presents a methodology for estimating functional response models employing
supervised functional principal component analysis (SFPCA). Such models are instrumental in
analyzing complex data where responses are functions, common in fields including
biomedicine, environmental studies, and finance. The approach integrates supervision by
incorporating response variables to guide the extraction of principal components, improving
interpretability and predictive accuracy. The authors develop estimation algorithms, provide
theoretical guarantees of convergence, and demonstrate application to real datasets involving
longitudinal measurements and functional predictors. Simulation studies compare SFPCA with
classical unsupervised methods, highlighting superior performance in model fitting and variable
selection. The framework facilitates efficient dimension reduction while retaining critical
information relevant to prediction tasks. Potential extensions in mixed-effects and high-
dimensional functional data analysis are outlined. This contribution enriches the statistical

toolbox for functional data modeling and offers practical benefits for complex data-driven
research.

Keywords: functional data analysis, supervised principal component analysis, functional
response models, dimension reduction, statistical modeling
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Tuzlulugun Yagh Tohumlu Bitkilerde Verim ve Gelisime Etkisi

Aynur BILMEZ OZCINAR (ORCID: 0000-0002-3173-6147)
aynurbilmez@siirt.edu.tr
Siirt Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Boliimii, Siirt, Tiirkiye

Ozet

Tuzluluk 6nemli bir abiyotik stres faktdrlerden olup, yagli tohumlu bitkilerin biiyiimesi,
gelismesi ve verimliligi lizerinde 6nemli etkilere sahip bir ¢evresel stres faktoriidiir. Tuzlu
topraklar, 6zellikle sodyum (Na+) ve kloriir (Cl-) iyonlarmin yiiksek konsantrasyonlar: ile
karakterize edilir ve bu durum bitkilerin ¢esitli fizyolojik ve biyokimyasal siire¢lerini olumsuz
etkileyebilmektedir. Tuzlu topraklarda, yiiksek tuz konsantrasyonu, osmotik basinci artirarak,
bitkilerin kokleri tlizerinden su alimini zorlastirir. Yiiksek sodyum seviyeleri, potasyumun
alimini engelleyebilir. Potasyum, bitki metabolizmasi ve hiicre isleyisi igin Kritik bir mikro
elementtir. Bu dengesizlik, bitkilerin biiylimesi ve geligsmesi lizerinde olumsuz bir etki yapar.
Tuz stresinin en 6nemli sonuglarindan biri, bitkilerin fotosentez kapasitesinin azalmasidir. Su
kayb1 ve besin elementlerindeki dengesizlik, klorofil sentezini ve dolayisiyla fotosentezi
olumsuz etkilemektedir. Tuz stresi, bitkilerde reaktif oksijen tiirlerinin (ROS) birikmesine
neden olabilir. Bu durum, hiicrelerde oksidatif strese yol acar ve hiicresel bilesenlere zarar
verebilir. Tuzluluk, yagli tohumlu bitkiler tizerinde ¢ok yonlii olumsuz etkiler yaratir. Bu
etkiler, su alimindan besin dengelerine, fizyolojik islevlerden biiyiime ve verim kaybina kadar
uzanir. Cifteiler ve arastirmacilar, tuzluluga dayanikli bitki cesitleri gelistirmek ve tarimsal
uygulamalarda bu olumsuz etkileri azaltmak amaciyla siirekli caligmalar yapmaktadir.
Adaptasyon mekanizmalari ve yenilik¢i tarim yontemleri, tuzlulugun etkilerini minimize etmek
igin kritik Onem tagir.

Anahtar kelimeler: tuzluluk, yag: tohumlu bitkiler, gelisim, verim

Effect of Salinity on Yield and Development in Oilseed Crops
Abstract

Salinity is an important abiotic stress factor and an environmental stress factor that has
significant effects on the growth, development and productivity of oilseed crops. Saline soils
are characterized by high concentrations of sodium (Na+) and chloride (CI-) ions in particular,
which can negatively affect various physiological and biochemical processes in plants. In saline
soils, high salt concentration increases osmotic pressure, making it difficult for plants to uptake
water through their roots. High sodium levels can inhibit potassium uptake. Potassium is a
critical microelement for plant metabolism and cell functioning. This imbalance has a negative
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effect on plant growth and development. One of the most important consequences of salt stress
is the decrease in the photosynthetic capacity of plants. Water loss and imbalance in nutrient
elements negatively affect chlorophyll synthesis and thus photosynthesis. Salt stress can cause
the accumulation of reactive oxygen species (ROS) in plants. This leads to oxidative stress in
cells and can damage cellular components. Salinity has multiple negative effects on oilseed
crops. These effects range from water uptake to nutrient balance, from physiological functions
to growth and yield loss. Farmers and researchers are constantly working to develop salinity-
tolerant plant varieties and reduce these negative effects in agricultural practices. Adaptation
mechanisms and innovative farming methods are critical to minimizing the effects of salinity.

Keyword: salinity, oilseed crops, development, yield

1. Introduction

Salts naturally found in soils generally consist of chlorides (NaCl, KCI, MgCl., CaCl:), sulfates
(NazSOas, MgS04, K2SO4, CaS0s), nitrates (NaNOs, KNOs), carbonates and bicarbonates
(CaCOs, MgCOs, Na2COs, K2COs, NaHCO:s), and borates. The most commonly encountered
type of salt in nature is sodium chloride (NaCl) (Tal, 1983).

Salinity, which causes yield losses in agricultural areas, is one of the main abiotic stress factors,
particularly in arid and semi-arid regions. Inappropriate irrigation methods, insufficient
drainage, low precipitation, high evaporation rates, and the use of saline water for irrigation are
among the primary causes of this issue (Munns and Tester, 2008). Salinity can lead to stunted
growth, reduced quality and yield, and even plant death (Hasegawa et al., 1986).

In arid climates, the primary mechanism of salinity formation is the accumulation of dissolved
salts transported to the soil surface via capillarity from groundwater, followed by surface
evaporation (Oz and Karasu, 2007). Especially in arid and semi-arid regions such as the
Mediterranean, the area of salt-affected soils is increasing. The main reasons are the high salt
content of irrigation water and the accumulation of these salts in the soil over time. Today,
approximately one-third of the world’s irrigated agricultural land faces salinity problems, and
this issue continues to grow (Taiz and Zeiger, 2008; Saleh, 2012).

Salt stress in agricultural lands poses a direct threat to food production. Improper irrigation and
management practices lead to soil salinization, limiting agricultural productivity. This situation
negatively affects not only agriculture but also forests, pastures, and natural vegetation
(Ramoliya and Pandey, 2004).

Natural and Anthropogenic Causes of Salinity Formation

Soil salinity is associated with both natural processes and human activities. Improper and
excessive irrigation practices, inadequate drainage systems, high water table levels, and the high
salt content of irrigation water are among the major causes. Moreover, incorrect fertilization
methods can disrupt the soil’s salt balance and contribute to salinity (Bresler et al., 1982).

Salinity Problem in Turkey and Around the World
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Salinity, which is common in arid and semi-arid climates, reduces soil fertility and hinders
agricultural production. In areas where evaporation exceeds precipitation, salt concentration in
the soil increases, resulting in yield reduction and posing a threat to agricultural sustainability.
Reclamation of salt-affected lands is often costly and does not offer long-term solutions.
Therefore, breeding salt-tolerant plant varieties is gaining increasing importance (Arzani, 2008;
Ozen and Onay, 2013).

In Turkey, approximately 2.7 million hectares of land are affected by salinity and drainage
problems. Of this, around 1.5 million hectares suffer from both salinity and alkalinity issues
(Ding et al., 1993).

General Effects of Salinity on Plant Development

Salinity affects plant growth through both direct and indirect mechanisms. Direct effects occur
with the accumulation of harmful ions in the root zone due to increased soil solution
concentration, while indirect effects arise from the degradation of the soil’s physical, chemical,
and biological properties, which hinder plant development (Alantor, 1998).

Seed Germination and Seedling Development

Seed germination and seedling establishment are among the most critical phases of a plant's life
cycle (Hubbard et al., 2012). These stages are particularly sensitive to environmental stress
factors such as salinity and serve as early indicators of stress responses (Almansouri et al., 2001;
Yadav et al., 2011; Cuartero et al., 2006). Salinity increases the osmotic potential around the
seed, causing physiological drought (Murillo-Amador et al., 2002), and induces ionic toxicity,
negatively impacting biochemical processes within the seed (Khajeh-Hosseini et al., 2003;
Aydin and Atici, 2015). The impact of salinity on germination varies depending on plant
species, cultivar, growth stage, and duration of salt exposure (Ashraf, 1994; Munns, 2002).

4. Responses to Salinity in Oilseed Crops

Sunflower

Sunflower cultivars exhibit variation in salt tolerance. Kaya et al. (2006) reported that two
sunflower cultivars with high water retention capacity were more sensitive to the osmotic
effects of salt during germination. Heidari et al. (2016), in a hydroponic study involving 12
sunflower varieties, observed that salt stress initially increased chlorophyll content but led to a
reduction in the long term.

Safflower

Safflower is particularly sensitive to salinity during germination and early seedling stages.
Therefore, identifying salt-tolerant genotypes is crucial for breeding efforts (Arslan et al.,
2012). Cavumirza and Demir (2023) emphasized that high salt concentrations reduce
germination rate.

Rapeseed (Canola)
Yurtseven et al. (2001) reported that irrigation with saline water reduced growth and fresh

weight in rapeseed. Shekari et al. (2000) noted that increasing salinity levels negatively affected
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germination rate and plant height. Pre-treatments with compounds such as SA and AsA were
found to mitigate the effects of salinity during germination (Erkoyuncu and Yorgancilar, 2020).

Soybean

In soybean, salinity leads to the accumulation of Na* and CIl~, which limits plant development.
Slama and Bouaziz (1978) and Maas et al. (1972) have detailed the effects of salt on mineral
uptake and ion distribution. Oz¢nar et al. (2022) highlighted significant reductions in growth
parameters under different salt concentrations.

Peanut and Sesame

In peanuts, salinity affects nutrient uptake, increasing levels of Ca, P, and Fe, while Mn levels
remain constant (Chavan et al., 1980). In sesame, salinity leads to reductions in key growth
parameters such as leaf area and fruit weight (Alpaslan et al., 1999).

Plant Tolerance Mechanisms Against Salinity

Plants develop various physiological and molecular defense mechanisms against salt stress.
Transport systems that prevent the toxic accumulation of Na* and CI™ ions are activated to
maintain water balance and ion homeostasis (Reinhold and Guy, 2002). Additionally, low
molecular weight osmolytes such as proline are synthesized to protect cellular structures
(Parvaiz and Satyawati, 2008).

Hormones also play a vital role in this process. Plant hormones such as cytokinins, auxins,
ABA, salicylic acid, and ascorbic acid regulate stress signaling and support germination and
development (Rhaman et al., 2020; Khan et al., 2011). Proline accumulation helps prevent DNA
damage, stabilize cellular structures, and scavenge free radicals (Jain et al., 2001; Kumar et al.,
2003).

Conclusion and Recommendations

The increasing salinity problem in Turkey’s agricultural lands threatens productivity and
sustainable agriculture. Therefore, identifying, developing, and disseminating salt-tolerant
plant varieties is of great importance. Comprehensive breeding programs that integrate
physiological, genetic, and biotechnological approaches are necessary to enhance salt tolerance.
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DOUBLE-LAYER PLASMONICS THROUGH METAL(Ag)-METAL OXIDE (ZnO)
BILAYER THIN FILMS SAFETY LABELS
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ABSTRACT

This study systematically investigates the fabrication processes and structural variations of zinc
oxide (ZnO) and silver (Ag) thin film coatings deposited on silicon (Si) wafer surfaces, with
the aim of developing nanotechnology-based plasmonic security labels. The experimental
design consists of two main stages, comprising six production series in total. The first three
series focus on forming single-layer structures containing only ZnO thin films. The latter three
involve creating multilayer hybrid configurations, whereby Ag layers of different thicknesses
(70 nm, 100 nm and 150 nm) are deposited on top of the ZnO films.

During fabrication, the silicon (Si) wafer surfaces were first cleaned and dried chemically to
ensure substrate suitability. Subsequently, ZnO films were deposited via radio-frequency (RF)
sputtering. To improve the crystalline quality of the ZnO layers, each sample underwent post-
deposition annealing. In the multilayer series, Ag coatings were deposited exclusively on the
ZnO surface, enabling the ZnO layer to act as a buffer and mediate interaction with the
underlying substrate.

Preliminary findings suggest that standalone ZnO films consistently perform well in terms of
crystallinity and surface uniformity. In contrast, notable differences in surface plasmon
resonance behaviour were observed in the Ag-coated multilayer structures, with clear variations
in optical absorption properties as a function of silver layer thickness. Furthermore,
morphological analyses reveal significant changes in surface texture as Ag thickness increases.

Overall, the findings of this research offer valuable insights into the scalable integration of ZnO
and Ag nanomaterials into advanced security technologies. The results demonstrate their strong
potential application in optoelectronic devices, rewritable security labels and nanoscale
encoding platforms.

Keywords: Plasmonic structures, SERS, Raman spectroscopy, Security Labels
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CIMENTO DONER FIRIN KALSINATORLERINDE AKISKANLASTIRMA

Ugur CALI
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OZET

Enerji ve emek yogunlugu yiiksek bir sektor olan ¢imento sektoriinde, doner firinlarin
en dnemli parcalarindan birisi olan 6n kalsinasyon kulesinin verimli ve etkin bir akiskanlastirma
ile verimlilige etkisini teorik olarak incelemektir.

Cimento sektoriinde diinyada oldugu gibi Tiirkiye’de de enerji ve yakit ana maliyet
giderlerini teskil etmektedir. Bu nedenledir ki ¢imento sektdriine dair ekonomik analiz
yapilirken ele alinmasi gereken baslica degiskenler enerji ve yakattir.

Cimento sektoriinde, bir ton ¢imento iiretmek icin yaklagik 100-110 kWh arasinda
elektrik ve 2,5-4,0 GJ 1s1 enerjisi gereklidir. Cimento maliyetlerinin %38’lik kismu1 yakit
maliyeti, %21°lik kismu ise elektrik maliyetidir. Toplam olarak degerlendirildiginde ise enerji
maliyetleri toplam isletme maliyetlerinde %60 pay ile en biiyiik dilimi temsil etmektedir.

Cimento endiistrisinde, enerji tiiketimini azaltmak ve kaynak verimliligini artirmak i¢in
alinan tedbirler fiili olarak CO2 ve diger gaz emisyonlarini azaltacaktir. Yakitlarin yanma
reaksiyonu ve proses kaynakli (CaCOz’1n kalsinasyonu) olusan CO2 emisyonlarinin azaltilmasi,
bir¢ok entegre ¢alismanin uyumlu bir sekilde yiiriitiilmesi ile saglanabilir.

Yapilan bu arastirma ve calisma Cimento Doner Firin1 ekipmanlarindan olan
kalsinatoriin verimli bir sekilde akiskan yatak prensiplerine gore kullanim sartlarini analiz
etmek, ¢imento fabrikasi yatirimlar1 i¢in olmasi gereken dlgeklendirme i¢in referans, proses
kontrol ve operasyonlarin verimliliginin takibi i¢in yapilmstir.

Anahtar Kelimeler: Akigskanlasma ve Akiskan Yataklar, Cimento Endiistrisi, Enerji ve
Verimlilik, Cevre, Boyutlandirma

1.GIRiS

Tiirkiye’de Cimento sektorli sanayiinin lokomotif sektorlerinden biri olarak oncii olma
konumunu devam ettiregelmistir. Tiirkiye nin ¢imento tiretiminin biiylik bir cogunlugu i¢ satisa
ayrilmakta, bu nedenle dis satisa konu olan kisminin i¢ satiga oranla diisiik kaldigini séylemek
yanlis olmaz. Tirkiye diinya iiretiminde ilk 10 {ilke i¢inde yer alirken diger taraftan diinya
ihracatinda da ikinci sirada yer almaktadir.
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Cimento, kalker, marn ve kil karigiminin 1400-1600 derecelerde pisirilmesinden sonra
ogiitiilmesi ile elde edilen hidrolik bir baglayicidir. Hidrolik baglayicilar, su ile reaksiyona
girdikten sonra sert bir kiitle olusturur ve su igerisinde sertlik ve mukavemet degerlerini korur
veya arttirir. (Dogaka, 2015). Cimento kirectasi, kil, sist, marn, algitasi, yiiksek firin ciirufu,
ucucu kiil, puzzolanik malzemeler, demir mineralleri gibi maddelerden olusmaktadir (Karakas,
2006). Cimento, baslica hammaddeleri olan kireg, silisyum dioksit, alumina ve demir oksit
bilesiklerinin homojen ve belirli miktarlarda karistirilip, sinterlesme sicakligina kadar
pisirilmesi ile elde edilen klinkerin eklenen gesitli katkilarla birlikte ogiitiilmesiyle elde edilen
bir malzemedir. Klinkeri olusturan temel bilesikler, kimyasal formiilleri ve elde edildikleri ana
kaynaklar Cizelgel.'de gosterilmistir (CSGB, 2016).

Cizelge 1. Klinkeri olusturan bilesikler ve temel kaynaklar1 (CSGB, 2016).

BILESIK FORMUL ANA KAYNAK

Kireg Ca0o Kalker (kiregtas1), marn

Silisyum dioksit SiO2 Kil, kum, kumtas1, ¢akil

Alumina Al2O3 Kil, boksit, kum, seyl

Demir oksit Fe,03 Hematit, limonit, pirit kiili, demir ciirufu

Sektor yogun emek ve enerji tiiketen sektorlerin basinda gelmektedir. Bu nedenle
maksimum verimlilik ve siirdiiriilebilirlik agisindan oldukca onemli ve degerli bir kavram
olarak kargimiza ¢ikmakta, yeni firsatlar, teknoloji arayislari, alternatif hammadde ve alternatif
yakit tiikketimi, dijitallesme ve yapay zeka uygulamalari, yanma ve yakma teknolojileri, yesil
doniisim gibi pek cok baghikta uygulama ve arayislar devam etmektedir. Bu acidan
akiskanlasma ve akiskanlagtirma oOnemli bir miihendislik terminolojisi olarak iizerinde
durulmas1 gereken bir kavram ve degerini giderek artirarak sektoriin oniinii agmaktadir.

2.AMAC

Enerji ve emek yogunlugu yiiksek bir sektor olan ¢gimento sektoriinde, doner firinlarin
en dnemli parcalarindan birisi olan 6n kalsinasyon kulesinin verimli ve etkin bir akigkanlagtirma
ile verimlilige etkisinin teorik olarak incelemek saha pratikleri ile karsilagtirmaktir. Boylece

asagida acgikladigimiz verimlilik, ¢evre ve siirdiiriilebilirlik agisindan degerlendirme ve yorum
yapabilecek verileri olusturmaktir.

2.1. Uretim Verimliligi

Tiirkiye’deki ¢imento tiretim maliyetleri ise Cizelge 2’de verilmektedir. Diinyada
oldugu gibi Tirkiye’de de enerji ve yakit ana maliyet giderlerini tegkil etmektedir. Bu
nedenledir ki, ¢imento sektoriine dair ekonomik analiz yapilirken ele alinmasi gereken
baslica degiskenler enerji ve yakittir. Hammadde ve is¢iligin ise %9-10 arasinda seyrettigi
sOylenebilir. Kalkerin (kiregtasi) cimento ve beton yapiminda baslica komponent olmasi,
insaat har¢ ve sivalarindaki baglayic1 6zelligi, Tiirkiye’de oldukc¢a yaygin bulunmasi
hammadde yoniinden sikinti yaganmamasini saglarken, iiretimi olumlu etkilemektedir.
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Cizelge 2. Tiirkiye’de Cimento Sektoriinde Temel Maliyet Gruplarinin Paylari (%) (Kaynak:
T.C. Sanayi ve Teknoloji Bakanligi, Cimento Sektorii Raporu, 2020)

Hammadde ve Yardimc1 Maddeler 9,6
Enerji 21,1
Yakit 38
Iscilik 9,4
Amostisman 7
Diger Sabit Giderler 13

2.2. Enerji Verimliligi
Ulkemizde c¢imento sektoriiniin sanayi iiretimindeki pay1r %3 olarak dlciilmektedir
(TOBB, 2012) ve bu oranla iilkemiz, sanayinin lokomotif sektorlerinden biri olarak goze
carpmaktadir. Sektoriin toplam enerji sanayi tikketimindeki pay1 ise %17,5 olarak Sl¢iilmiistiir
ve bu degerler demir celik sektoriinden sonra en ¢ok enerji tiiketen ikinci sanayidir. Enerji
yogun bir sektdr olarak nitelenen ¢imento sektoriinde, bir ton ¢imento iiretmek icin yaklasik
100-110 kWh arasinda elektrik ve 2,5-4,0 GJ yakit enerjisi gereklidir. Sektoriin maliyet
bilesenleri incelendiginde ise %38’lik bir dilimle yakit gideri,
(https://cementurk.com.tr/cimento-sektoru-ve-alternatif-enerji-kaynaklari/  23.04.2025 2019
Sayfa 2 / 6) ¢imento sektoriiniin temel harcama kalemini olusturmaktadir. Baslica kullanilan
yakitlar ise %70 oraninda petrokok ve %28 oraninda linyit olarak 6ne ¢ikmaktadir. Bu ag¢idan
bakildiginda ¢imento sektorii, mevcut durumda fosil yakitlara bagimli olarak tanimlanabilir.
Diger bir maliyet bileseni ise %?21 pay ile elektrik maliyetidir. Toplam olarak
degerlendirildiginde ise enerji maliyetleri toplam isletme maliyetlerinde %60 pay ile en biiyiik
dilimi temsil etmektedir. Ekonomik veriler, ozellikle doviz, elektrik ve petroldeki fiyat
yiikselmeleri donem donem bu maliyetleri %80’lere kadar ¢ikarmaktadir. Sektoriin Tiirk
sanayisindeki yeri ve kendi icerisindeki enerji maliyeti diisiintildiigiinde, enerji alaninda
yapilacak olan verimlilik ¢aligmalar1 ve iyilestirmeler dogrudan dogruya iilkemiz agisindan
onem tagimaktadir. Petrol, birincil ve ikincil yakitlar acisindan disa bagimlilik entji
verimliligini olduk¢a 6nemli bir maliyet unsuru haline getirmektedir.
2.3.Cevresel Etki ve Emisyonlarin Diisiiriilmesine Etkileri
Cimento endiistrisi COz2, enerji ve malzeme yogun bir sektordiir. Enerji tiiketimini azaltmak
ve kaynak verimliligini artirmak i¢in alinan tedbirler, fiili olarak CO2 emisyonlarin1 azaltacak,
dolayistyla CO2 emisyonlarina odaklanacaktir. Proses emisyonlarinin (iiretim prosesi sirasinda
kirectasinin kirece doniistiigli zaman olusur) ve gerekli termal enerjiden kaynaklanan
emisyonlarin kombinasyonu, 1990 yilinda her bir klinker tonu icin 912 kg oldugu
belirlenmistir. 20 yil i¢cinde, Avrupa ¢imento endiistrisi, 1990 yilinda 719 kg'dan ton ¢imento
basina CO2 emisyonunu 2010 yilinda 660 kg'a diisiirmiistiir. CO2 emisyonlarinin azaltilmasi,
bircok paralel calismanin uyumlu bir sekilde yiiriitiilmesi ile saglanabilir. Ger¢ek bir fark

yaratacak teknolojilerin, yatirnmlarin ve siire¢lerin  birlesimi dogru tanimlanmalidir
(Cembureau, 2018).
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Yanma gazlar1 (CO, NOx, SOz), Ugucular (KCIl, NaCl, SO;, KO, Na20) ve toz
partikiiller yine 6nemli emisyon kaynagi olarak soylenebilir. Bu nedenle akiskanlastirma

mihendisligi ve akigkan yatak prensiplerinin dogru uygulanmasi emisyonun kaynaginda

onlenmesi agisindan olduk¢a 6nemli ve degerli bir miithendislik uygulamasidir.
3.CIMENTO URETIM SURECI

Cimento liretim agamalart;

Cimento tiretim agamalar1 asagidaki Gorsel 1° de verilmistir (Nkfu, 2018).

Prwmeal homogerization

Farim degirment Fana hamoenitriyores

Gorsel 1. Cimento liretim asamalar1 (Nkfu, 2018).

e Hammadde temini

Hammadde hazirlama ve depolama

Farin hazirlama ve depolama

Yakit hazirlama ve depolama

Klinker tiretimi ve depolama

Cimento 6giitme ve depolama

¢ Ambalajlama ve sevk

3.1. Cimento Uretim Teknolojisi

Cimento tiretimi i¢in 3 farkli proses s6z konusudur. Bunlar; yas sistem, yar1 yas sistem, kuru
sistemlerdir. Bu ¢alismada kuru sistemli doner firin teknolojisi esas alinacaktir.
Kuru sistemle tiretim:

Bu sistemde kalsinasyon islemi firinda degil de 6n 1siticida olmaktadir (Kocakaya, 2016).

On 1siticilarda siklonlar bulunmaktadir. Burada gergeklesen olay, on 1sitict da bulunan

siklonlardan farinin yukaridan asagiya dogru inerken, asagidan ¢ikan sicak gazla kalsine olup
firina girmesidir. Bu sayede bu sistemde daha kiigiik firinlar kullanilmaktadir.

Su an diinyada var olan fabrikalarin ¢ogu kuru prosese uygun olarak ¢aligmaktadir ve yeni
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kurulmakta olan fabrikalarin da hepsi kuru prosese uygun olarak tasarlanmaktadir. Kuru proses,
daha fazla enerji tasarrufu sagladigi i¢in tercih edilmektedir (Karakas, 2006).

Asagidaki Gorsel 2° de kuru sistemle iiretim yapan ¢imento fabrikasinin tiretim kademeleri
gosterilmistir (Savas, 2004).
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Gorsel 2. Kuru Sistemle Cimento Uretimi

Cimento sektoriinde genel olarak {i¢ farkli tip kalsinatérden bahsedebiliriz. Bu

calismada Toplam Akish Onkalsinatorii esas alarak Akiskan yatak prensiplerine gore
degerlendirme yapildi.

3.2. Toplam Akish Onkalsinatér

Toplam akisli 6n kalsinatérlerde yanma firin ¢iks gazlar ile tersiyer hava karisiminda
gerceklesir.Dolayisiyla yanma %10-14 oksijen igeren gazlarda baslar ve yaklasik %1-3 oksijen
iceren gazlarda sona erer.Onkalsinatorden gelen Ogiitiilmiis hammadde (farin) Siklon
kademelerinden asagi dogru hareket ederken ,sicak gaz yukari1 dogru hareket eder.Ters akim
prensibi ile ¢alisan sistem bdylece yakitin yanmasi ile olusan 1s1 enerjisi ile ,0giitlilmiis

hammadde(farin) arasinda 1s1 transferi gercekleserek kalsinasyon reaksiyonu olusturur.
CaCO3 «—» Ca0 + CO2

Onkalsinator tipleri Gorsel 3.”de gosterilmistir
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Fuel

!

Tertiary air

Tertiary air
Tertiary air

Total Flow Calciner

Tertiary Air Flow Calciner

Hybrid Calciner

Nael

Gorsel 3. Onkalsinator tipleri
4 AKISKAN YATAKLAR

Cimento sektoriinde genel olarak karsilagilan Dolagimli Akiskan Yatak (DAY)
sistemleri Gorsel 4’de gosterilmistir.

Siklan

Yanma
Odasi

Gorsel 4. DAY yatak ve siklon

Kiictik tanecik boyutu ve yiiksek gaz hizlar1 sebebiyle bu akiskan yataklarda, yatak ve
serbest bolge ayirimi yapilmaz.

Gaz hizlar1 kabarcikli sistemlerden (~2 m/s) 3-4 kat1 daha fazla oldugu icin pargaciklar
rahatlikla siiriiklenir.Boylece yatak ve seyrek bolge ayirimi olmadan ,yanma havasinin da
kademeli olarak beslenmesiyle yanmanin tiim akigkan yatak boyunca slirmesi saglanir.
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En alttan giren hava miktar1 toplam havanin %60 -%75’ini olustururken, geri kalan hava
daha yukar1 seviyelerden ikincil hava olarak sisteme verilir.

Yanma 840-900°C’da gergeklesirken, ince tanecikler (< 450 mikron ) 6-8 m/s yanma gazi
hiziyla akigskan yatak disina taginirlar. Bu pargaciklar genelde akiskan yatak(yanma odasi)
cikisina yerlestirilen siklon tarafindan tutularak akiskan yatak(yanma odasina) geri gonderilir.
Boylece siirekli bir dolagim gerceklestirilmis olur.

Pargacik dolasimi ile, komiire yanma igin, kiregtasina da kiikiirt tutmasi i¢in yakici i¢inde
daha uzun kalma siiresi saglanmis olur boylece pargaciklarin 1sisindan maksimum yararlanilir.

Bu sistemde alev borulari(burner) yatagin igine yerlestirilmemistir. Borular yanma odasinin
duvarlarina ve gaz yolu tizerine yerlestirilmistir.

Akiskan yatakli kazanlarin teknolojisi geregi, hem kabarcikli hem de dolasimli sistemlerde
yakit biinyesindeki kiikiirdiin ¢ok biiyiik bir boliimii yatakta kirectas: ile reaksiyona girerek
tutulmus oldugundan baca gazlarinin kiikiirt i¢erigi diistiktiir. Yatakta olusan gazlarin kiikiirtten
arindirilmis olmasi diisiik sicaklikta korozyon tehlikesini ortadan kaldirir.

DAY Dolagimli Akilkan Yatak) yakma sisteminde kullanilan komiiriin kiikiirt i¢erigine
ve kiregtasinin reaktivitesine bagli olarak 2 — 2.5 Ca/S mol orani ile, %90 ‘lara varan SO2
giderme verimi elde edilmektedir.

KAY (Kabarcikli Akiskan Yatak) birim alandan elde edilen gii¢ 1.3 MW/m?2 civarindadir.
DAY yakma sistemlerinde ise partikiil boyutunun kiicliik olmasi1 nedeniyle 1s1 transfer
katsayilart KAY yakma sistemlerinden yiiksek olup, birim yatak alanindan elde edilen giic
4.5 MW/m2 civarindadir. Bu durumda 1s1 transfer sisteminin boyutu ve maliyeti DAY da
daha azdir.

4.1. Akiskan Yatak Teknolojisinin Avantajlar

4.1.1. Yiiksek Yanma Verimi ve Yiiksek Is1 Transfer Katsayisi

Akigkan yatakli kazanlarda diizglin kati-gaz karisiminin saglanmasi ve pargaciklarin
yatakta kalma siiresinin uzunlugu nedeniyle yiiksek yanma verimi elde edilmektedir.
Yanma verimi kazani terk eden pargaciklarin tutularak sisteme geri gonderilmesi ile daha
da arttirilir.

Ayrica yatak icerisinde 1s1 transfer katsayist ¢cok yiiksek oldugu igin 1s1 transferi
yiizeyleri ve dolayisiyla kazan boyutlari konvansiyonel kazanlara gore daha kiigiiktiir ve
daha az yatirnm maliyeti gerektirir.

4.1.2. Yakit Hazirlama Kolayhg

Pulvarize kazanlara gore komiiriin tane boyutunun daha iri olmas1 nedeni ile, yakit
hazirlama tesisleri daha basittir, isletme bakim masraflar1 ve yatirim maliyetleri diisiiktiir.
4.1.3. Yiiksek Kullamlabilirlik

Ozellikle kiil erime noktas1 diisiik yakitlarmn, akiskan yatakli kazanlarda yakilmasi

durumunda erime noktasinin altindaki sicakliklarda calisildigi i¢in 1s1 transfer yiizeylerine
kil yapigmast sonucu olusacak birgok kazan isletme problemlerine rastlanmaz.
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Dolayisiyla, akigkan yatakli kazanlarda %90 — 95 diizeyinde kullanilabilirlik so6z
konusudur.

4.1.4. Yakit Bilesiminde Esneklik

Yatak malzemesinin yiiksek 1s1l kapasitesi sayesinde, yakitin yataga girdiginde aninda
1sinmasi ve pargaciklara yanma i¢in uzun siire saglanmasi, akiskan yatakli kazanlarda,
diisiik 1s11 degerli yakitlarin bile rahatlikla yakilabilmesini saglamaktadir.

4.1.5. Diisiik NOx ve SO2 Emisyonlari:

Kiikiirt dioksit 6zellikle asit yagmurlarina yol agmasi, dolayisiyla havada ve suda asit
birikimi olusturmasi sebebiyle dnemle iizerinde durulan emisyonlardan biridir. Yanma
sirasinda yakitin blinyesinde bulunan kiikiirdiin oksitlenmesiyle kiikiirt dioksit olusurken,
akigkan yatakli kazanlarda yatak bolgesine kirectasi beslenerek bu kiikiirt dioksit tutulur.
Daha sonra yatak kiilii ve ugucu kiil olarak sistem disina taginur.

Azot oksitler gevreyle etkilesimleri agisindan kiikiirt oksitlerden ¢ok daha genis
kapsamli etkileri olan gazlardir. Azot oksitlerin, asit yagmuru, ozon tabakasinin incelmesi,
sera gazi etkisi ve fotokimyasal sis olusumunda rol almalari sebebiyle ¢evre iizerinde
belirgin etkileri vardir.

Bu gazlarin yanma sonucunda olugmasi i¢in iki kaynak vardir :1- yakittaki azot 2-
yanma i¢in beslenen havadaki atmosferik azot. Atmosferik azot ozellikle 1200°C ve
uistiindeki sicakliklarda oksijenle reaksiyona girerek 1sil-azot oksit olusur, dolayisi ile cok
daha diisiik isletme sicakhgina sahip akigkan yatakli kazanlarda 6nemli bir azot oksit
olusmaz.

Yakit kaynakli azot oksitler: DAY yakicilarda azot oksitlerin emisyonlar: i¢in kademeli
hava beslemesi yapilarak indirgeyici atmosfer olusturulur ve azotun oksitlenerek azot
oksite dontismesi engellenir.

Sonug olarak diisiik yanma sicakligi ve kademeli hava beslemesi sayesinde diisiik miktarda
NOX olusumu ve kalsinator i¢inde kiregtasi ile SO2 ‘nin tutulmasi sayesinde, ilave baca
gaz1 aritma tesisleri olmaksizin c¢evre siirlarimin altinda NOx ve SO2 emisyonlari
gerceklesir.

5.TASARIM PARAMETRELERi VE GELDART SINIFLAMASI
Geldart Smiflamas1 Cizelge 3’de verilmistir.

Cizelge 3. Geldart Siniflamasi

Tip Tanim

A Aeratable FCC katalizorleri

B Kum tipi Kum, cam boncuklari
Yapigkan Mikronize kalsit

C
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D Sigrayici Plastik peletler

Her parcacik akigkanlastirilamaz. Kati parcaciklarin akiskanlastirilmis yataklardaki davranisi
cogunlukla boyutlarina ve yogunluklarina baglidir. Geldart'in (1973, 1978) dikkatli bir gozlemi
Gorsel 5'de gosterilmistir ve burada dort farkl toz tipinin 6zellikleri agsagidaki gibi kategorize
edilmistir:

Grup A, "havalandirilabilir" pargaciklar olarak adlandirilir. Bu malzemeler kiiciik ortalama
parcacik boyutuna (dp < 30 pm) ve/veya diisiik pargacik yogunluguna (<1,4 g/cm3) sahiptir.
Kraking katalizorleri genellikle bu kategoridedir. Bu katilar, kabarcik olusumu olmadan diistik
gaz hizlarinda diizglin akiskanlasma ile kolayca akiskanlagir. Daha yiiksek gaz hizlarinda,
sonunda kabarciklarin olugsmaya basladig1 ve minimum kabarciklanma hizi Umb'nin her zaman
Umf'den biiyiik oldugu bir noktaya ulasilir.

Grup B, "kum benzeri" pargaciklar olarak adlandirilir ve bazilari buna kabarcikli pargaciklar
der. Bu gruptaki pargaciklarin ¢ogu 150 pm ila 500 um boyuta ve 1,4 ila 4 g/cm 3 yogunluga
sahiptir. Bu parcaciklar i¢in, minimum akigskanlasma hiz1 asildiginda, fazla gaz kabarciklar
seklinde goriinlir. Grup B parcaciklarindan olusan bir yataktaki kabarciklar biiytlik bir boyuta
ulagabilir. Tipik olarak kullanilan grup B malzemeleri cam boncuklar (ballotini) ve irikumdur.

Grup C, malzemeleri 'kohesif' veya ¢ok ince tozlardir. Boyutlar1 genellikle 30 pm 'den
kiicliktlir ve gazin etkisinden kaynaklananlara kiyasla pargaciklar arasi kuvvetler nispeten
bliylik oldugundan akiskanlastirilmalar1 son derece zordur. Kiigiik ¢apli yataklarda, Grup C
parcaciklar1 kolayca kanallasmaya yol agar. Grup C malzemelerine 6rnek olarak talk, un ve
nisasta verilebilir.

Grup D, malzemeler ya ¢ok biiylik (600 umden biiyiik) ya da ¢ok yogundur. Derin
yataklarda akiskanlastirilmalar1 zordur. Grup B parcaciklarinin aksine, hiz arttik¢a yatakta bir
jet olusabilir ve daha sonra malzeme piiskiirtme hareketiyle jetle disari tiflenebilir. Gaz dagilimi
esit degilse, piiskiirtme davranist ve ciddi kanalizasyon beklenebilir. Kavrulmus kahve
cekirdekleri, sagma kursun ve bazi kavurma metal cevherleri Grup D malzemelerine 6rnektir.

Geldart'in simiflandirmasi, Gorsel 5’de gosterildigi gibi ortam kosullarinda ve yaklasik 10-
Umf'den diislik U i¢in akiskanlastirma i¢in acik ve kullanimi1 kolaydir. Bilinen bir yogunluk ps
ve ortalama parcacik boyutu dp'ye sahip herhangi bir katidir.
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Gorsel 5. Geldart Toz Siniflamasi Grafigi Gorseli

6.KABULLER ve HESAPLAMALAR

Bu calismada ger¢ek saha verileri, sartlari ve tecriibeleri kullanilarak hesaplamalar ve

degerlendirmeler yapilmustir.

Kalsinator (Akiskan Yatak) olarak, Alman KHD firmasinin gelistirdigi ve Tiirk ¢imento

sektoriinde kullanimi oldukga

yaygin

Pyroclon® R Process Scheme

OXIDING ZONE

©® N O R WN -

Pyroclon

sistemi kullanmlmustir.

Pyrotop®
Penultimate cyclone
Bottom cyclone
Fuel feed

Tertiary air duct
Rotary kiln

Meal to calciner
Meal to kiln

Exhaust gas (high NO, level)

Lean gas (high CO level)

= Tertiary air (high O, level)

86

Final exhaust gas after completed
combustion and calcination
{low NO,, CO & 0, levels)



| CONFERER,
9 i,

MADEY
re,
8
ot

.....................

L lages|

=5
1h

s

BURSA 5th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING

"t-mml, .

Gorsel 6. Pyroclon sistemi genel gorseli

Calciner sizes and performance range
Production [ tpd ]
14000

12000

10000

8000

6000

4000

2000

2610
2710
2835
2985
3135
3285
3435
3585
3735
3885
4035
4185
4 385
4585
4765
4985
5185
5385
5585
5785

5985
6185
6 585

Calciner

6985

172}

7385
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Gorsel 7. Kalsinator dizayn Tablosu

7.0RNEK COZUMLER

2500 Ton/Giin klinker iiretim kapasitesine sahip bir ¢imento fabrikasinda Farin(Ogiitiilmiis
kuru hammadde karisimi1) ve Komiir(Ogiitiilmiis kuru yakait) igin ;
7.1 Kalsinatorde(Akiskan Yatak) porozite
7.2.Minimum yatak ytiksekligi

7.3.Basing diisiist

7.4 Mininmum akiskanlasma hizi
7.5.Siiriikleme havasi minimum debisi,

8.Siklon Cap1 ve boyutlarinin teorik olarak hesaplamasi yapildi.

Kabuller;

Farin(Ogiitiilmiis Hammadde) igin;

Mf=207 ton/saat
Dkal=4200 mm
Tk=850+£50 C
phava=414,9 kg/m?
cp 850 c=1,1095
Df=0,09 mm
pf=1050 kg/m?
1hava850=4,410
£=9,81 m/s?

Komiir(Ogiitiilmiis Yakat) igin;
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Mksm= 10 ton/saat
Dkal=4200 mm
Tk=850+50 C
phava=414,9 kg/m?
cp 850 c=1,1095
Dksm=0.06 mm
pkom=850 kg/m?
phavagso c=4,410

2=9,81 m/s?
Coziimler;
7.1. Akiskan Yatak Porozitesi
&,
08 {
0.7 \:'““ . | | (a) Yumusak tugla
\o1b (b) Adsorblayici karbon
06 (c) Kinlmis rashing halkalan
0.5 9 (d) Komiir ve cam tozu
0a|l T+ (e) Karborundum
6 | (f) Yuvarlak kum
03 ) - L - 336 (log D:' -1) (g) Keskin kum
02 (h) Kok
0 0.005 0010 0.015 D, in

Gorsel.8.Porozite partikiil ¢ap1 grafigi

Grafikteki d egrisinden;
Farin i¢in;
Emf=0,66
Komiir i¢in;
E€mkom=0,62 bulunur.
Veya
&m=1-0.356(logDp - 1) formiiliinden;
Farin i¢in;
&m=1-0.356(log90 - 1)
&m=0,6602
Komiir i¢in;
&m=1-0.356(log60 - 1)
&Em=0,7229
7.2. Minimum yatak yiiksekligi
Farin i¢in ;
KHf=207000kg/1200 kg/m3=172,5 m3
Lof=4*V/n*Dk?
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Lof=172,5*%4/(4,2)**n
Lof=12,45m

Lmf=Lof*(1- €0)/(1- Emf)
Lmf=12,45*(1-0)/(1-0,62)
Lmf=32,78 m

Komiir i¢in;
KHkoém=10000/850=11,76 m3
Lokom=4*V/n*Dk?
Lokom=11,76*4/(4,2)**n
Lok6m=0,85 m
Lmkoém=Lokém*(1- €0)/(1- €mf)
Lmkém=0,85*(1- 0)/(1- 0,7229)
Lmkém=3,067 m

7.3. Basing diisiisii
AP=(1- Emf)phava*g*Lmf
AP=(1- Emkdm)phava*g*Lmkom
Veya
-AP/Lm=Pa-Pb/LD=g/gc(1- €mf)(po-p)
Farin i¢in;
-AP/32,78=1*(1-0,62)(1200-414,9)
-AP =9985,40 kg/m2=0,9985 kg/cm?
Komiir i¢in;
-AP/3,067=1%*(1-0,723)(850-414,9)
-AP =369,78 kg/m2=0,0370 kg/cm?

7.4. Minimum Akiskanlasma Hizi

Farin i¢in;

Vo=g(pmf-phava)Df?pEmf*/150p(1-Emf)
V0=9,81*(1200-414,9)*(9*107)?*0,623/150*4,41175*(1-0,62) =3,05
m/s

Komiir i¢in;

Vo=g(pmf-phava)Df*pEmf/150u(1-EmT)
V0=9,81*(850-414,9)*(9*107)**0,7233/150*4,4117°*(1-0,723)

=1,89 m/s

7.5. Minimum Akiskanlasma Debisi
Farin i¢in ;

Qmin=VO0*Akal.

Akal.= m*dkal?

Akal=n*(2,1)?

Akal=13,85 m?

Qmin=3,05*13,85
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Qmin=42,26 m*/s=152136 m*/h

Komiir igin;

Qmin=V0*Akal.

Akal.= r*dkal?

Akal= t*(2,1)?

Akal=13,85 m?
Qmin=1,89*13,85
Qmin=26,18 m*/s=94235 m*h

8.KALSINATORE (AKISKAN YATAK) BAGLI SiKLON BOYUTLARI

0,75Ds*0375Ds

2,5Ds

“—> 0.375Ds

Gorsel 9. Siklon Olgeklendirme

Ds=4*(Qmin/n*V0) 5 kademeli siklon grubunda 4 adet gaz kanali oldugu i¢in
Vo genel olarak 9-27 m/sn kabul edilmektedir.

Cimento sektorii icin kabul edilen degerler 24-26 m/sn’dir.Bu nedenle her iki deger i¢in ayr1
ayr1 hesaplanmistir.

8.1. Siklon Ust Tavan Cap1 ve Boyu
Ds=4*(152136/*3600*24)
Dsmax.=7,04 m
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Ds=4*(152136/*3600*26)
Dsmin.=6,5 m

8.2. Giris Borusu Boyutlar
Lgb=0,75DsX0,375Ds
Lgb=5,265 mX2,63 m

8.3. Ust Silindirik Gévde Uzunlugu
Liisg=1*Ds
Lisg=7,02 m

8.4. Silindirik Govde Uzunlugu
Lsg=1,5*Ds
Lsg=10,53 m

8.5. Konik Bolge Uzunlugu
Lkon=2,5*Ds
Lkon=2,5*7,02
Lkon=17,55m

8.6. Dalma Boru Cap
Ddbg¢=0,75*Ds
Ddb¢=7,02*0,75=5,265 m

8.7. Dalma Boru Uzunlugu
Ddbu=0,875*Ds
Ddbu=7,02*0,875=6,14 m

8.8. Alt Konik Cap1
Dak¢=0,375*Ds
Dak¢=0,375%*7,02=2,63 m

9. YORUMLAR

Yukardaki hesaplamalar ile saha degerleri karsilastirildiginda dizayn degerleri ile
ortiisen sonuglar bulunmustur. Bu nedenle Doner Firin operasyonlarinda akiskan yatak
uygulamalar1 dikkate alinarak ¢aligsmalar yapilmasi iiretim ve enerji verimini optimize
edecektir. Cizelge 4, Cizelge 5 ve Gorsel 10°dan da goriilecegi lizere gercek calisma ve gercek
Olciileri gostermektedir. Dolayistyla kabullerle fiili durum ortiismektedir.

Cizelge 4. Cimento Doner Firin1 Baca Gazi Dizayn Degerleri
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Calisma Alani Ekipman Adi Tip ve Adedi Yillik Calisma
Ozellikleri Orani1(%)
Déner Firin Sistem Fani Debi:540000
m?/h
Toplam Basing: 1 85
4000 Pa

Cizelge 5. Cimento Doner Firm Onisitict ve Onkalsinasyon Dizayn Degerleri

Calisma Alam

Ekipman Adi

Tip ve Ozellikleri

Adedi

Yillik
Oran1(%)

Calisma

Kalsinasyon
Kulesi(Siklonlar)

On Isttic1 ve
On
Kalsinasyon

Kapasite 2500
ton/giin
Siklon 1 @
4730 mm
Siklon 2 ¢
6700 mm
Siklon 3 ¢
6700 mm
Siklon 4 @
7000 mm
Siklon 5 @
7000 mm
Kalsinator
@ 7000 mm
h 35100 mm
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Gorsel 10. 2500 ton/giin Firin Prosesi Ger¢ek Ekran Goriintiisii

Bilimsel yayinlar ve hesaplamalardan da goriilecegi lizere Cimento Doner Firinlara
entegre kullanilan Kalsinatorler aslinda Akiskan yatak reaktorler ve uygulamalarinin en iyi
orneklerindendir.

Bu nedenle Doner Firin proses ve operasyonlarinda bu prensipler, 6l¢iimler ve
hesaplamalar;

Hammadde hazirlama ve kurutmada

Komiir hazirlama ve kurutmada

Ogiitme paremetrelerinde

Bacagazi debisi hesaplamasinda

Siklon tip ve Ol¢iilerinin belirlenmesinde

Yanma ve yakma veriminde

Yakit sevk ve yakma havasi ayarlamasinda

Komiir sevk kompresorii se¢ciminde

Ko6miir hatti-kalsinatdr baglanti noktasi se¢iminde

Tersiyer hava miktarinda

Tersiyer hava kalsinator baglanti noktas1 se¢giminde

Proses ve operasyonlarin optimizasyonun da énemli referans degerler olusturacaktir.
Bu referans degerler;

Uretim verimliligi

Termal enerji verimliligi

Elektriksel enerji verimliligi

Proses giivenligi

Emisyonlarin diisiiriilmesi ¢evresel etkinin azaltilmasi

Uretim maliyetlerinin diisiiriilmesi

Stirdiiriilebilirlik gibi endiistriyel tesisler i¢in ¢ok dnemli kazanimlar saglayacaktir.
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DiSLi TASARIM PARAMETRELERININ Di$ DiBi GERILMESINE ETKISININ
SAYISAL INCELENMESI

Makine Miihendisi, MUSTAFA KIRAC
Kahramanmaras Siitcii Imam Universitesi, mustafal34gs@gmail.com — 0009-0002-5241-9682
Dog. Dr. Oguz DOGAN

Kahramanmaras Siit¢ii Imam Universitesi, oguzdogan@ksu.edu.tr — 0000-0003-4203-8237

OZET

Disgli garklarin dayanimini etkileyen 6nemli faktorlerden biri olan dis dibi gerilmesi, g¢esitli
tasarim parametrelerindeki degisimlere bagli olarak 6nemli 6lgiide farklilik gostermektedir. Bu
caligmada, farkli digli tasarim parametrelerin dis dibi gerilmesine olan etkileri sayisal olarak
incelenmistir. Bu parametreler, kavrama acis1 (a-20°, 23°, 26°), profil kaydirma faktorii (x--0,3,
0, 0,3) ve kesici takim ug yarigapidir (p-0,1, 0,25, 0,375). Belirtilen parametreler dogrultusunda
toplamda yirmi yedi adet disli tasarimi gerceklestirilmistir ve sonlu elemanlar analizleri ile her
bir tasarim parametresi igin dis dibi gerilmeleri hesaplanmistir. Yapilan analizlerde dis dibinde
olusan maksimum gerilme degerleri incelenmistir. Analiz sonuglarindan c¢ikan degerler
grafiklerle ve sekillerle yorumlanmistir. Analiz sonuglarina gore en yiiksek gerilme degeri
144,77 MPa ile a-20°, x--0,3, p-0,1 tasarim parametrelerine sahip dislide goriilmiistiir. En diisiik
gerilme ise 0-26° x-0,3, p-0,375 parametreleri ile tasarlanan disli ¢arklar i¢in 93,475 MPa
olarak tespit edilmistir. Yirmi yedi sayisal analiz sonucuna gore, kavrama agisinin artmasi dis
kok profilini kalinlastirarak kesit alanini artirmakta ve bu sayede gerilmeyi azaltmaktadir. Profil
kaydirma faktorii pozitife yaklastikca dis dibi kalinlasmakta, boylece daha dayanikli bir yap1
olugmakta ve gerilme diismektedir. Kesici takim ug yaricapindaki artis ise yiikiin dagildigi alan
geniglettiginden gerilmenin daha homojen yayilmasini saglamakta ve maksimum gerilme

degerlerini azaltmaktadir.

Anahtar Kelimeler : Kavrama Agisi, Profil Kaydirma, Kesici Takim Ug Yarigapi, Gerilme,
Disli
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NUMERICAL ANALYSIS FOR FLUID FLOW AND CONVECTIVE HEAT
TRANSFER CHARACTERISTICS OF ALUMINIUM OXIDE-GRAPHENE OXIDE
HYBRID NANOFLUID FLOW ALONG A SQUARE MINICHANNEL

Res. Asst. Bahaddin TOPAK

Karabuk University, bahaddintopak@karabuk.edu.tr - 0009-0004-1665-9990
Assoc. Prof. Dr. Cuneyt UYSAL

Karabuk University, cuneytuysal@karabuk.edu.tr - 0000-0002-7986-1684

ABSTRACT
In this study, fluid flow and convective heat transfer characteristics of Aluminium Oxide
(Al203) — Graphene Oxide (GO) hybrid nanofluid flow along a square minichannel is

numerically investigated. The minichannel dimensions are H=W =3 mmand L=2 m. A
uniform heat flux of g, =2000 W/m? is applied to the minichannel walls. The hybrid

nanoparticle is (80:20) Al20s-GO and the base fluid is water. The nanofluid has various
nanoparticle volume fractions (¢ =0.25%, ¢ =0.50%, ¢ =0.75%, and ¢ =1.0%). The flow is
laminar flow and the Reynolds numbers are ranged from Re =100 to Re =1000. In addition,
the flow is thermally developing flow. Pressure drop increases as nanoparticle volume fraction
increases. As a result, at Re =1000, the pressure drop is determined to be AP =1434.84 Pa for
water, AP =2517.85 Pa for hybrid nanofluid having ¢ =1.0%. The same Darcy friction values
are obtained for all fluids considered in this study. The convective heat transfer coefficient
increases 43.97% when 1.0% Al,Os—GO hybrid nanoparticle is added to water, at Re =100.
However, the highest Nusselt number values are obtained for water. At Re =1000, the Nusselt
number is determined to be Nu = 3.457 for water, Nu = 3.413 for hybrid nanofluid having ¢ =

1.0%. It is clear that the increment in conductive heat transfer is higher than that of convective

heat transfer when Al,O3—GO hybrid nanoparticle is added to water.

Keywords: Friction factor; Nusselt number; Pressure drop.
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1. INTRODUCTION

The idea of enhancing heat transfer by adding solid particles into fluids was firstly proposed by
James Clerk Maxwell in 1881 [1]. However, this idea was in penalty for macro—sized solid
particles due to some reasons such as abrasion, clogging, aggregation, sedimentation etc.
Advances in nanotechnology have enabled the synthesis of nano-sized solid particles. In 1995,
Choi and Eastman [2] prepared some fluids including metallic and non—metallic nanoparticles;

by this way, the “nanofluid” term was firstly introduced.

Several nanofluids having different base fluids and different nanoparticles have been
investigated by researchers in the perspectives of fluid flow and convective heat transfer
characteristics under different flow regimes, duct geometries and boundary conditions.
Mohammed et al. [3] compared fluid flow and convective heat transfer characteristics of
aluminum oxide (Al.Oz)/water, silver (Ag)/water, copper (II) oxide (CuQO)/water,
diamond/water, silicon dioxide (SiO2)/water and titanium dioxide (TiO2)/water nanofluid flows
along a triangular microchannel. They reported that diamond/water nanofluid had the highest
convective heat transfer. They also reported that Ag/water nanofluid had the lowest pressure
drop. Uysal et al. [4] investigated zinc oxide (ZnO)/ethylene glycol nanofluid flow along a
rectangular microchannel for various aspect ratios (o =1.0-2.0). They reported that the
microchannel having aspect ratio of 1.0 had the lowest pressure drop and the highest convective
heat transfer. Uysal and Korkmaz [5] numerically investigated Ag — magnesium oxide

(MgO)/water hybrid nanofluid flow along a rectangular minichannel and they reported that ¢ =

2.0% Ag-MgO/water hybrid nanofluid provided 21.29% higher convective heat transfer
compared to water at Re = 2000. Sharipova et al. [6] experimentally investigated heat transfer
characteristics of iron oxide (Fe3Os)—graphene oxide (GO)/water hybrid nanofluid flow along
helical coil heat exchanger. They found that Fe3Os—GO/water hybrid nanofluid showed heat
transfer enhancement of up to 270% at optimum working conditions. Hussein et al. [7]
experimentally investigated multi-wall carbon nanotube (MWCNT)—graphene nanoplatelet
(GNP)/water hybrid nanofluid flow along a minitube under laminar flow conditions. It was
reported that MWCNT-GNP/water hybrid nanofluid provided a heat transfer enhancement of
43.3% but an increment of 11% in pressure drop at Re = 200.

In this study, fluid flow and convective heat transfer characteristics of Al.O3—GO/water hybrid
nanofluid flow is numerically investigated under laminar flow regime and uniform heat flux

boundary condition. The channel geometry is selected as a square minichannel. Pressure drop,
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Darcy friction factor, convective heat transfer coefficient and Nusselt number values are
determined for various hybrid nanoparticle fractions under given conditions.

2. MATERIAL AND METHOD

2.1.Minichannel Geometry

Figure 1 shows the schematic illustration of minichannel considered in this study

Figure 1. Schematic illustration of square minichannel
The dimensions of minichannel are tabulated in Table 1.
Table 1. Minichannel dimensions

Geometry H (mm)
Square 3

W (mm) L (mm)

3 2000

2.2.Governing Equations

For flow domain; continuity, momentum and energy equations should be solved. These
equations can respectively be written as follows:

div(pV)=0 1)
div(p\7\7):—grad(P)+div(y grad (\7)) (2)
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div(pcVT ) =div(k grad (T)) 3)

For this study, the flow is considered as steady—state incompressible laminar flow. In addition;

radiation heat transfer, viscous dissipation and buoyancy effects are neglected.

2.3.Physical Properties of Hybrid Nanofluids

As can be seen from Equations 1-3, some physical properties of working fluid are required to
be able to solve the governing equations. For this study, Al.Oz—GO/water hybrid nanofluid is
used as working fluid. The hybrid nanoparticle is assumed to be 80 wt.% Al.O3 nanoparticle

and 20 wt.% GO nanoparticle. The densities of Al.Oz and GO nanoparticles are p,;,0, = 3950
kg/m?® and ., = 2700 kg/m?, respectively [8]. Similarly, the specific heats of AlO3 and GO

nanoparticles are C, ,,0; = 880 J/(kgK) and ¢, 5, = 717 J/(kgK), respectively [9-10].

The density of hybrid nanoparticle can be determined as follows:

mAI 203 + mGO

phnp =
[mAIZOS + mGO j (4)

Paizos  Pso

Similarly, the specific heat of hybrid nanoparticle can be found by using the following
expression:

(mCP )hnp = (mCP )AI203 + (mCP )GO (5)

The density and specific heat of hybrid nanofluid can be calculated by using the following
equations, respectively:

Pt = (1_ (/’) Pot T PPhnp (6)
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(£ ) =(1=2)(0Cs )y, +2(PC5 ), 7)

The viscosity and thermal conductivity values of Al,Os—GO/water hybrid nanofluid are
obtained from Reference [8].

These physical properties of Al.Os—GO/water hybrid nanofluid are tabulated in Table 2.

Table 2. Physical properties of Al203-GO hybrid nanofluid [8]
Material ~ p [kg/m®] ¢, [J(kgK)]  x [Pas]  k [W/(mK)]

Water 998.20 4182.00 0.000810 0.610
0.25% hybrid  1004.74 4152.00 0.000875 0.791
0.50% hybrid  1011.29 4122.40 0.000940 0.832
0.75% hybrid  1017.83 4093.17 0.001005 0.857
1.00% hybrid  1024.37 4064.31 0.001087 0.881

2.4.Physical Parameters

In this study, Al203-GO hybrid nanofluids having various nanoparticle volume fractions are
compared at identical Reynolds number. Reynolds number is defined as follows:

V,,.D
Re — p ave (8)

where the D term is hydraulic diameter and itis D = H for square minichannel.

Darcy friction factor can be found by using Darcy—Weisbach formula as follows:

L V2 (9)

For this study, a uniform surface heat flux of q; = 2000 W/m? is applied to minichannel walls.

By this way, the heat rate transferred to the working fluid can be determined as follows:

Q=0 A (10)
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In addition, the g, term can be expressed as follows:

q; = r_‘(Ts _Tb) (11)

where the T, and T, terms are surface temperature and bulk temperature, respectively. The

bulk temperature can be determined as T, = (T;, + T, )/2.

Heat gained by working fluid can be determined as follows:

Q = mCP (Tout _Tin) (12)

where the m term is mass flow rate and it can be determined as m = pA.V,, . Equations 10 and
12 are equal to each other. By re-arranging these equations, the following expression for
average convection heat transfer coefficient is obtained.

F\IIOCPV i(Tout _Tin)

ave As (Ts _Tb) (13)

Average Nusselt number can be determined as follows:

» (14)

2.5.Numerical Procedure

In numerical solution, Coupled Scheme method is selected for pressure—velocity coupling. In
spatial discretization, Least Squares Cell Based Method is selected for gradient. In addition,

Second Order Upwind is selected for momentum and energy and Second Order is selected for

pressure. Convergence value for the iteration of governing equations is selected to be 1x107°.
During the calculations, no convergence problem is encountered.
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In numerical solutions, the inlet temperature of working fluids is assumed to be T,, =300 K.

The inlet velocities are determined by using Equation 8. The pressure—outlet boundary

condition is applied. By this way, the pressure at minichannel outlet is assumed to be P,, =0

Pa (gauge). H2 boundary condition is applied to the minichannel walls. A uniform heat flux of

ut —

s = 2000 W/m? is applied to the minichannel walls.

2.6.Grid Independency Test

Figure 2 shows the grid distribution for square minichannel.

0,000 2,000 4,000 (mm)
I 00 000

1,000 3,000

Figure 2. Grid distribution for square minichannel

As can be seen from Figure 2, hexagonal grids are used and finer grids are used close to
minichannel wall to enhance the accuracy of solution for boundary layer. Various numbers of

grids are tested. Table 3 presents the tested grid numbers and the Nusselt number and Darcy
friction factor values obtained for them.

In numerical solutions, the grid with 30*30*4000 is selected. The deviations for Nusselt number

and Darcy friction factor between 40*40*3000 and 30*30*4000 are 0.07% and 0.19%,
respectively.
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Table 3. Grid Independency Test

Grid Elements  Nu [-] ANu (%) f [] Af (%)
5*5*1000 3.3205 - 0.051941 -

10*10*2000 3.4467 3.80 0.057124 9.98
20*20*2000 3.4617 0.44 0.058630 2.64
20*20*3000 3.4590 -0.08 0.058630 0.00
30*30*3000 3.4599 0.02 0.058935 0.52
30*30*4000 3.4569 -0.09 0.058935 0.00
30*30*5000 3.4541 -0.08 0.058935 0.00
30*30*6000 3.4515 -0.08 0.058935 0.00
40*40*3000 3.4594 0.23 0.059049 0.19
40*40*4000 3.4565 -0.09 0.059049 0.00
40*40*5000 3.4538 -0.08 0.059049 0.00

2.7.Code Validation Test

For laminar flow, hydrodynamic and thermal entrance lengths can be determined with using

the following relations, respectively.

L, =C,DRe (15)

L, =C,DRePr (16)

where the C, and C,, terms are coefficients and they can be assumed to be C, = 0.09 for square
cross—section and C, =0.066 for square cross—section under uniform heat flux [11]. With

considering Equations 15 and 16, the hydrodynamic and thermal entrance lengths for our study

are determined and the obtained results are tabulated in Table 4.

Table 4. Entrance lengths and flow characteristics

Re[-] Pr[] L, [mm] L, [mm] Hydrodynamic  Thermal

100 3.5233 27 69.76 Developed Developed
200  4.4532 54 176.35 Developed Developed
300 4.8534 81 288.29 Developed Developing
400 5.0763 108 402.04 Developed Developing
500 5.2174 135 516.52 Developed Developing
600 5.3152 162 631.45 Developed Developing
700 5.3867 189 746.60 Developed Developing
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800 5.4414 216 861.92 Developing Developing
900 5.4844 243 977.32 Developing Developing
1000 5.5194 270 1092.84 Developing Developing

It is noted that Prandtl number is determined for bulk temperature and the flow is assumed to
be developed if entrance length is smaller than 10% of overall channel length. According to
Table 4; the flow is fully developed at Re=100 and Re=200; it is thermally developing
between Re =200 and Re =800 ; after Re =800, it is simultaneously developing.

For hydrodynamically developed laminar flow, the Poiseuille number for square cross—section

is given as follows [12]:

Po = f Re =56.92 (17)

Figure 3 shows the comparison of Equation 17 and the results obtained by our numerical

solutions.
70
A Present Study
65 - Po=56.92
60 I
| ) A A A A A A A
S 55
o
50 |
45 |-
40 | | 1 1 | 1 1 1 | 1 |
0 100 200 300 400 500 600 700 800 900 1000 1100
Re [-]

Figure 3. Code validation in the perspective of Poiseuille number

In the perspective of Poiseuille number, the minimum deviation is obtained to be 0.09% at
Re =100 and the maximum deviation is 3.55% at Re=1000. The average deviation is
determined to be 1.81%.
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In addition, the validation of numerical solution is tested in the perspective of Nusselt number.
The Nusselt number for fully developed laminar flow along a square duct under H2 boundary

condition is given as follows [13]:

Nu = 3.091 (18)

In the comparison, Equation 18 is used at Re =100 and Re =200. For remaining Reynolds
numbers, the data presented by Shah and London [13] for hydrodynamically developed
thermally developing laminar flow along square ducts under H2 boundary condition is used.
The comparison of Equation 18 and the data presented by Shah and London [13] with the results
obtained by our numerical solutions is illustrated in Figure 4.

A Present Study
=——@=—= Shah and London

3 ! | | ! \ ! I | ! | |
0 100 200 300 400 500 600 700 800 900 1000 1100

Re []

Figure 4. Code validation in the perspective of Nusselt number

In the perspective of Nusselt number, the minimum deviation is obtained to be 0.45% at
Re =100, and the maximum deviation is determined to be —8.40% at Re =1000. The average

deviation is calculated to be 4.82%.

3. RESULTS AND DISCUSSION

In this study, fluid flow and convective heat transfer characteristics of Al.O—GO/water hybrid

nanofluid flow along a square minichannel is numerically investigated under H2 boundary
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condition. The flow is thermally developing laminar flow and the Reynolds number is ranged
from Re =100 to Re =1000.

3.1.Pressure Drop

The variation of pressure drop with Reynolds number for Al.O3—GO/water hybrid nanofluids
is illustrated in Figure 5.

3000
—&— water
2500 -~ |—®—0.25% hybrid
0.50% hybrid
—4—0.75% hybrid
2000 [ |[—%—1.00% hybrid
©
2, 1500 -
o
<
1000 -
500 -
0 | ! L | | | ! L | | |
0 100 200 300 400 500 600 700 800 900 1000 1100

Re [-]

Figure 5. Pressure drop vs Reynolds number

As can be seen from Figure 5, the pressure drop increases as hybrid nanoparticle content
increases. The highest pressure drop is obtained for Al,Os—GO/water hybrid nanofluid having

@ =1.0%. As aresult, at Re =1000, the pressure drop is obtained to be AP =1434.83 Pa for
water and AP =2517.80 Pa for Al,O3—GO/water hybrid nanofluid having ¢ =1.0% . It means

that 1.0% Al>03—-GO hybrid nanoparticle addition to water causes an increment of 75.48% in
pressure drop.

3.2.Darcy Friction Factor

Figure 6 shows the variation of Darcy friction factor with Reynolds number for Al>Os—
GO/water hybrid nanofluids.
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As can be seen from Figure 6, the same Darcy friction factor is obtained for all working fluids
in this study. It is due to that the dimensionless pressure is not changing with nanoparticle
addition. The same situation is reported by Uysal et al. [4]. The Darcy friction factor decreases
as Reynolds number increases. At Re=100 and Re=1000, the Darcy friction factor is
determined to be f =0.569680 and f =0.058938, respectively.

06
—@— water
05 - —#— (0.25% hybrid
’ 0.50% hybrid
—4—0.75% hybrid
0.4 - —¥— 1.00% hybrid
203
0.2
01
0 ! | ! ! ! ! ! ! ! ! |
0 100 200 300 400 500 600 700 800 900 1000 1100

Re [-]

Figure 6. Darcy friction factor vs Reynolds number

3.3.Convection Heat Transfer Coefficient

The variation of convection heat transfer coefficient with Reynolds number for Al,Os—
GO/water hybrid nanofluids is illustrated in Figure 7.

108



NFERE,
| CONFERER,
o i,

)

BURSA 5th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
JULY 11 - 13, 2025- BURSA

MADEY
re,
ot

R — ISBN: 978-625-5694-03-4
1050 -
1000 -
950 -
900 -
NQ 850
E
% 800 - —@— water
750 - —8—0.25% hybr?d
0.50% hybrid
—%¥— 1.00% hybrid
650
600 | | | | | | | | | | |
0 100 200 300 400 500 600 700 800 900 1000 1100

Re [-]
Figure 7. Convection heat transfer coefficient vs Reynolds number
As can be seen from Figure 7, the convection heat transfer coefficient increases as hybrid

nanoparticle content increases. Al,0O3—-GO/water hybrid nanofluid having ¢ =1.0% has the
highest convection heat transfer coefficient. As a result, at Re =1000, the convective heat

transfer coefficient is obtained to be h =702.91 W/(m?K) for water and h =1002.34 W/(m?K)
for Al,0s-GO/water hybrid nanofluid having ¢ =1.0%. It means that ¢ =1.0% Al.03-GO

hybrid nanoparticle addition to water causes an enhancement of 42.60% in convection heat

transfer for Re =1000 . This enhancement value is obtained to be 43.97% at Re =100.

3.4.Nusselt Number

Figure 8 shows the variation of Nusselt number with Reynolds number for Al.Os—GO/water
hybrid nanofluids.
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Figure 8. Nusselt number vs Reynolds humber

As can be seen from Figure 8, the highest Nusselt number is obtained for water. The lowest
Nusselt number is obtained for Al,O3—-GO/water hybrid nanofluid having ¢ =0.25%. As a
result, at Re =1000, the Nusselt number is obtained to be Nu=3.385 for Al,Os-GO/water
hybrid nanofluid having ¢ =0.25% and Nu =3.457 for water. It is due to that increment in

conductive heat transfer is higher than that of convective heat transfer when Al,Os-GO hybrid
nanoparticle is added to water.
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DEVELOPMENT OF A CNN MODEL FOR AUTOMATIC DETECTION OF
ANATOMICAL STRUCTURES IN THE EYE

OZET

Merkezi (beyincik, beyin sap1) ve periferik (i¢ kulak ve denge sinirleri) denge sisteminden
kaynaklanan asimetrik vestibiiler uyarilar bag donmesi sikayetine yol acar ve bu hastalarda sik
karsilagilan bir bulgu olan nistagmusa — ritmik, istemsiz ve si¢rayicit goz hareketlerine —
neden olur. Farkli paternlerde ortaya c¢ikabilen nistagmusun nesnel ve nicel analizi, bu
sistemlere ait hastaliklarin tanisina 6nemli katki saglamaktadir. Calismada iris, pupil ve sklera

gibi anatomik yapilarin tespiti i¢in YOLO tabanli derin 6grenme algoritmalar1 kullanilmig ve
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tiim yapilar icin precision, recall ve accuracy degerleri %90’1n iizerinde elde edilmistir. Pupil
hareketleri Norfair Tracker ile hem yatay hem dikey eksenlerde zamana bagh olarak izlendi;
kiigiik, anlamsiz hareketler filtrelenerek anlamli ve giivenilir sonuglar saglandi. Bu sistem,
izleme dogrulugunu ve islem hizin1 artirmakla kalmayip uzman miidahalesine olan bagimlilig
azaltarak, diisilk maliyetli, tasinabilir ve ek donanim gerektirmeyen bir ¢6ziim sunmaktadir.
Boylece yontem, bas donmesi olan hastalarin erken tanisinda ve izlenmesinde etkin bir arag
haline gelirken; biyomedikal tan1 alanlarina kolaylikla adapte edilebilir giiglii ve yenilik¢i bir

¢oziim olarak 6ne ¢ikmaktadir.

Anahtar Kelimeler: Videonistagmografi , Vertigo, YOLO, Pupil Tespiti

Abstract

Asymmetric vestibular stimuli originating from the central (cerebellum, brainstem) and
peripheral (inner ear and vestibular nerves) vestibular systems can lead to vertigo and result in
nystagmus — rhythmic, involuntary, and jerky eye movements — a common clinical finding
in such patients. The objective and gquantitative analysis of nystagmus, which may present in
various patterns, provides significant diagnostic value in identifying disorders related to these
systems. Deep learning algorithms based on the YOLO architecture were employed to detect
anatomical structures such as the iris, pupil, and sclera, achieving precision, recall, and accuracy
rates above 90% for all structures. Pupil movements were tracked over time on both horizontal
and vertical axes using the Norfair Tracker, with minor, insignificant movements filtered out to
ensure meaningful and reliable results. This system not only improves tracking accuracy and
processing speed but also reduces dependency on expert intervention, offering a low-cost,
portable solution that does not require additional hardware. Thus, the method emerges as an
effective tool for the early diagnosis and monitoring of patients with vertigo, while also standing
out as a powerful and innovative solution that can be easily adapted to biomedical diagnostic
applications.

Keywords: Videonystagmography, Vertigo, YOLO, Pupil Detection,
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EXISTENCE OF SOLUTIONS FOR BOUNDARY VALUE PROBLEMS OF
FRACTIONAL DIFFERENTIAL EQUATIONS WITH MULTI-TERM
FRACTIONAL INTEGRAL CONDITIONS

MELDA SAHILLI
Ege University, 91230000455@ogrenci.ege.edu.tr — https://orcid.org/0009-0004-3556-2799

ABSTRACT

Fractional differential equations are an important and rapidly developing subfield of
mathematics that deals with the generalization of the concepts of derivative and integral to non-
integer (fractional) orders. These equations are widely used in many scientific fields such as
control theory, dynamical systems, physical processes, biological systems, and engineering. In
this study, fractional differential equations with multi-term fractional integral conditions are
investigated, and the existence of solutions for such boundary value problems is addressed.

Under appropriate conditions, the fractional differential equation involving Caputo and
Riemann-Liouville fractional derivatives with multi-term fractional integral conditions has
been considered as follows:

RLD§+(CD3‘+x(t) + 1) = f(t,x(t),Gx(t), Hx(t)), t€ (0,b)
> 6 (1) = 1Px©@) = @y, )y (111x() = 11%(3))) = e,

i j=1

where 0 <a,p <1, 10,{€(,b), &,y €R foral i=12,...,m j=12,..,n a;,a,€ER, AER
1° is the Riemann-Liouville fractional integral of order 6 >0 (9 =By, i=12,..m j=

1,2,..,n), °Dg is the Caputo fractional derivative of order a, RLD5+ is the Riemann-Liouville fractional
derivative of order § and Gx(t) = fotg(t, s)x(s)ds,Hx(t) = fob h(t,s)x(s)ds where g,h:[0,b] X [0,b] >

[0,00) are continuous functions with g = max {g(t,s): (t,s) € [0,b] X [0,b]} and h = max {h(t,s): (t,s) €
[0, b] x [0, b]}.

The existence of the solution to the problem has been proven using Banach and Krasnoselskii’s
fixed point theorems. These theoretical results have been supported by numerical examples
developed for various parameter values, and the scientific significance of the results has been
analyzed. The aim of this study is to contribute to the mathematical analysis of systems with
fractional derivatives and to reveal the solution behavior under nonlocal boundary conditions.

Keywords: Fractional Derivative, Boundary Value Problems, Fixed Point Theorems
AMS Classification: 34A08
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FERMATEAN NEUTROSOPHIC SOFT ROUGH TOPOLOGICAL SPACES
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ABSTRACT

Modeling uncertain, incomplete, and contradictory data has become a crucial necessity in
various scientific disciplines, including artificial intelligence, data mining, medical diagnosis,
and decision-making systems. Classical mathematical tools often fall short in handling the
complexity and vagueness of real-world problems. To overcome these limitations, uncertainty
modeling approaches have significantly evolved starting from Zadeh’s fuzzy set theory, which
allowed for partial membership, and extending through various frameworks such as
Molodtsov’s soft set theory, Pawlak’s rough set theory, and Smarandache’s neutrosophic logic,
each adding different layers of flexibility and interpretability. In this evolutionary process,
Fermatean Neutrosophic Sets have emerged as an important extension of neutrosophic sets,
providing a more expressive mechanism to handle the degrees of truth, falsity, and
indeterminacy, especially in environments characterized by high uncertainty. By adopting
Fermatean norms, this structure enhances the range and sensitivity of membership degrees
beyond what is achievable in traditional intuitionistic or classical neutrosophic systems.

In this study, a new topological structure called Fermatean Neutrosophic Soft Rough
Topological Spaces is defined, built upon Fermatean Neutrosophic Soft Rough Sets (FNSR).
Within the scope of Fermatean Neutrosophic Soft Rough Topological Spaces, the concepts of
open and closed sets are redefined; a conceptual framework adapted to environments with high
uncertainty is presented, unlike classical topology. The Fermatean Neutrosophic Soft Rough
Topological Spaces framework not only generalizes classical topological spaces but also
provides a flexible and robust foundation for mathematical modeling in ambiguous
environments. By extending topological reasoning to soft, rough, and neutrosophic contexts
simultaneously, this study aims to contribute to the theoretical development of uncertainty
modeling and to open new directions for practical implementations in fields where conventional
topology is insufficient.

Key words: Fermatean neutrosophic soft rough topological spaces, FNSR-open set, FNSR-
closed set.
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1. INTRODUCTION

The modeling of uncertainty, incomplete information, and multi-valued conditions has become
a fundamental issue in various fields such as artificial intelligence, decision support systems,
engineering, economics, and medicine. Due to the limitations of classical set theory in handling
such cases, numerous alternative mathematical frameworks have been proposed.

Zadeh [1] first introduced fuzzy set theory to represent uncertainty by assigning membership
degrees in the interval [0,1]. Later, Atanassov [2] proposed the concept of intuitionistic fuzzy

sets, where both membership and non-membership degrees are considered independently.
However, neither model was sufficient to capture certain types of indeterminate information.
To address this limitation, Smarandache [3] introduced the concept of neutrosophic sets, where
each element is associated with three independent degrees: truth (T), indeterminacy (1), and
falsity (F). This framework is particularly effective in modeling inconsistent and incomplete
information. In a parallel direction, soft set theory, proposed by Molodtsov [4], offered a
parameterized model that considers decision-related attributes. This theory was later extended
to fuzzy soft sets by Maji, Biswas, and Roy [5], and to neutrosophic soft sets by Cagman,
Enginoglu, and Karatas [6], thereby enhancing decision-making capabilities under vagueness
and uncertainty. Additionally, rough set theory, introduced by Pawlak [7], models imprecise or
incomplete knowledge through lower and upper approximations. It has been widely used in
knowledge discovery and data mining applications.

In recent years, the need to model stronger forms of uncertainty and internal inconsistency has
led to the development of more sophisticated structures. One such structure is the Fermatean
fuzzy set (FFS), introduced by Senapati and Yager [8], which extends intuitionistic and

Pythagorean fuzzy sets by employing the condition: 0 < (uy (n))3 +(vN (n))3 <1. Here, u(n)
and v(n) denote the degrees of membership and non-membership, respectively. This constraint

provides a broader space for uncertainty representation. When the FFS is combined with soft
set parameters, the resulting model is known as the Fermatean fuzzy soft set (FFSS). Salsabeela
and John [9] applied this structure in multi-criteria group decision-making using the TOPSIS
method. Moreover, Biiyiikozkan and Uztiirk Baran [10] conducted a comprehensive review
showing that FFSS models are increasingly used in real-world applications and enriched
through various aggregation operators.

More recently, hybrid models have been proposed to further enhance expressiveness. One such
model, the Fermatean Neutrosophic Soft Set (FNSS), combines the strengths of Fermatean
averages with neutrosophic and soft set structures [11]. FNSS demonstrates greater
discriminatory power than classical neutrosophic models and is particularly useful in multi-
criteria decision-making and topological modeling.

Building on these developments, this study introduces the concept of Fermatean Neutrosophic
Soft Rough Topological Spaces, which synthesizes the Fermatean neutrosophic soft set
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framework with rough topological structures. This new model aims to integrate the granular
approximation capabilities of rough set theory with the nuanced uncertainty representation of
Fermatean neutrosophic soft logic. In doing so, Fermatean Neutrosophic Soft Rough
Topological Spaces offers a comprehensive and flexible topological environment capable of
handling high degrees of ambiguity and incompleteness in real-world applications. In this study,
we introduced the concept of fermatean neutrosophic soft rough topology. We were defined
and basic concepts such as open set, closed set on fermatean neutrosophic soft rough topological
spaces were presented. The properties of the newly defined concepts were investigated and
verified.

2. PRELIMINARY

This section we present some basic definitions.

Definition 2.1 [4] Let £ be an initial universe, Y be a set of all parameters and P(X) denotes
the power set of . A pair (N, Y) is called a soft set over =, where N is a mapping given by
N :Y — P(Z). In other words, the soft set is a parameterized family of subsets of the set < .

For o e Y, N (o) may be considered as the set of o -elements of the soft set (N, Y), or as the
set of o - approximate elements of the soft set, i.e.,

(N.Y)={(e.N(0)):0eY, N:Y>P(2)}.
Definition 2.2 [12] A neutrosophic set N on the universe of discourse X is defined as:
N ={<n uy(n),on(n),ey(n)>nex},

where 1,0, Z—)}_O,f[ and ~0< uy (n)+oy (n)+ay (n)<3*.

Definition 2.3 [13] Let = be an initial universe setand Y be a set of parameters. Let NS ()
denote the set of all neutrosophic sets of X. Then, a neutrosophic soft set (N,Y) over X isa
set defined by a set valued function N representing a mapping N: Y — NS(Z) where N is
called approximate function of the neutrosophic soft set (N,Y). In other words, the

neutrosophic soft set is a parameterized family of some elements of the set NS(X) and
therefore it can be written as a set of ordered pairs,
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(N,Y):{(O',< n,yN(G)(n),uN(a)(n),a)N(G)(n)>:nez):o-eY}

where yN(a)(n),uN(a)(n),a)N(a)(n)e[O,l], respectively called the truth-membership,

indeterminacy-membership, falsity-membership function of N (o). Since supremum of each

1,U,o is 1 so the inequality 0< ”N(a)(”)+UN(a)(”)+“’N(a) (n) <3 is obvious.

Definition 2.4 [8] Let X be a universe of discourse. A fermatean fuzzy set (FFS) in X is given
by, N = {(n,yN (n)vn(n)):ine Z} where, uy 1= —[0,1] denotes the degree of membership

and vy :Z —[0,1] denotes the degree of nonmembership of the element ne X to the set N

with the condition that 0 < (zy (n))° + (v (M))° <1.

Definition 2.5 [14] Let X be the universal set and Y be a set of parameters. The fermatean
fuzzy soft set is defined as the pair (N, Y) where, N:Y — FFS(X) and FFS(Z) is the set of

all fermatean fuzzy subsets of . Y on X is a family of parameters formed by some fermatean
fuzzy subsets on X . For any parameter o € Y, N (o) is a (ffss) associated with of X . Then, it

is called fermatean fuzzy value set of parameter . N (o) can be written as an (ffs) such that

N(o)= {< n,yN(G)(n),vN(a)(n) >:n eZ}

where yN(G)(n) and VN(G)(n) are the membership and non-membership functions,

3 3
respectively. The condition (,uN (o) (n)) + (VN (o) (n)) <1 holds. Then,

V(o) (M) = 5\‘3/1—(;1N(U)(n))3 forall o .

Definition 2.6 [15] Let X = & . A fermatean neutrosophic set N has the form

N ={(n, 2y (n), 0y (n), @ (n)):nex},

where w0y, @y X [0,1] demonstrate the degree of indeterminacy, membership and non-

membership of all neX to N, such that membership and non-membership are dependent
components and indeterminacy is an independent component for all neZX,

OSyil (n)+a)§ (n)<1,and forall neX, such that
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0<u (n)+uiI (n)+a)’?\’l (n)<2.

3
N

Definition 2.7 [11] For the domain of discourse X and the collection of parameters Y , define

amapping Y (X ), » Where Yy isanonempty subsetof Y and Y(X ), is collection of all

FrN
fermatean neutrosophic subsets of . The fermatean neutrosophic soft set ( FrNSS ) is defined

as,

(f*1)= {(UK n,(#rl(g) (n),oy

1

@) (0)0r (1) )>nexfoer]

where K, (o) Pr

(G),a)Y(a):Za[O,l] such that for all neX and oe)y,
1 1

0< 12> () (n)+a)Y1(G)(n) <land 0< yil(a)(n)w@l(a) (n)+a)§l(o_)(n)s 2.

Definition 2.8 [16] Let X be the initial universe and Y be a set of parameters. Then, lower,
upper, and boundary approximations of Y are defined as

and

BR(Y)=R"(Y)\R_(Y),

respectively. Where R is an indiscernibility relation R XxX which indicates our

information about elements of X. The set Y is said to be defined if SR—(Y) = 9’1’_(Y). If

R(Y)=R_(Y) ie BR(Y)= T, theset Y isrough setw.r.t %,

3. FERMATEAN NEUTROSOPHIC SOFT ROUGH TOPOLOGICAL SPACES

In this section, we redefine and study, fermatean neutrosophic soft rough topology and its some
important properties using the new fermatean neutrosophic soft rough set concept.
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FNS
Definition 3.1 Let X be a universe and [Z, N ,YJ be a fermatean neutrosophic soft

approximation space. Then, fermatean neutrosophic soft rough topology is defined as;
rFNSR (£) = {O(Z,Y)’l(z,Y)’ﬂFNS (¢).aprens (¢). Bndens (4)}
where ¢ < FNSS(Z,Y) and zrnsR (¢) satisfies the following conditions
1. O(z,y) and Lz v belong to TENSR ().
2. Union of members of any number of 7ENsr (¢) belong to zENsR ().
3. Intersection of members of finite number of zFnsr (&) belong to 7ENSR (¢).

the topology defined by 7FnsR (cj ) on X is called fermatean neutrosophic soft rough topology

on ¥ and (2,%FN5R(§),Y) is called to be fermatean neutrosophic soft rough topological
spaces.

Example 3.1 Let £={ny,ny,n3,n4} be a universe and Y ={oy,0,,03} be a parameter set.
We consider following fermatean neutrosophic soft sets;

s o1,(m <0.5,0.6,0.7 >,n3 <0.7,0.5,0.4 >),
1" )7 |62,(m <05,06,05>,n3 < 0.4,0.3,0.6 >,n, <0.3,0.4,0.5>).

FI\IIVS Y= o1,(m <0.6,0.8,0.4>n3<0.6,0.5,0.4>n4 <0.4,05,0.7 >),
20" o3,( <0.7,0.8,02>,n3 <05,0.7,03>).

ENS 0'1,(n2 <0.8,0.7,0.3 >,N3 <0.6,0.5,04 >),
[ N3 ,Y] = 02,(n2 <0.7,0.5,0.4 >, Ny < 0.8,0.5,0.3 >)
o3.(n <0.5,0.5,0.8>,n3 <05,0.3,0.2>,n, <0.3,0.7,0.2>).

FNS
for the another fermatean neutrosophic soft set { — FNSS(Z,Y) with respect to (Z, N ,Y);
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o1,(n <0.7,0.8,0.2>,n, < 0.8,0.7,0.2 >,n3 < 0.7,0.5,0.4 >,n4 < 0.4,0.5,0.5>),
¢ =405,(m<08,0.6,03>n,<0.7,0504>n3<0.9,0.3,05>n, <0.8,05,0.3>)
03,(m <0.7,0.8,0.1>,n3 <0.5,0.7,0.2 >,n4 < 0.7,0.7,0.2 >).

The lower and upper fermatean neutrosophic soft approximation and fermatean neutrosophic
soft boundary region of ¢ are calculated as,

()= 01,(n5 <0.7,05,0.4>),0,(ny <0.4,0.5,05>),
B eys (€)= 03,(M <0.7,0.8,0.2>,n3 <0.7,0.5,0.4 >).

01,(m <0.7,0.8,0.2>,n, < 0.8,0.7,0.2 >,n3 < 0.7,0.5,0.4 >,n4 < 0.4,0.5,0.5>),
aprens (&) =1 02,(m <0.8,0.6,0.3>,ny < 0.7,0.5,0.4 >,13 < 0.9,0.3,0.5>,n, < 0.8,0.5,0.3>)
o3,(n <0.7,0.8,0.1>,n3 < 0.5,0.7,0.2 >,n4 < 0.7,0.7,0.2 >).

o1,(m <0.7,0.8,0.2>,n, < 0.8,0.7,0.2>,n3 < 0.4,0.5,0.7 >,n4 < 0.4,0.5,0.5 >),
Bndeng (¢) =1 0,(m <0.8,06,0.3>,n, <0.7,0.5,0.4 >,n5 < 0.9,0.3,0.5>,n4 < 0.5,0.5,0.4 >)
03,(n1 <0.2,0.2,0.7>n3<0.4,0.5,0.7>n4 <0.7,0.7,0.2 >).
then

rFNSR (£) = {O(Z,Y)’l(z,Y)’ﬂFNS (¢).aprens (¢). Brdens (C)}
is a fermatean neutrosophic soft rough topology on X.

Definition 3.2 Let (Z, TENSR ({),Y) be a fermatean neutrosophic soft rough topological space.

Then, each numbers of 7ENSR (g“ ) are called fermatean neutrosophic soft rough open sets. A

fermatean neutrosophic soft rough set is said to be a fermatean neutrosophic soft rough closed
set if its complement belongs to 7FNsR (¢).

Proposition 3.1 Consider (Z,%FNSR ((),Y) as fermatean neutrosophic soft rough topological
spaces over X. Then,
1. O(Z,Y) and 1(211') are fermatean neutrosophic soft rough closed sets.

2. The intersection of any number of fermatean neutrosophic soft rough closed sets is a
fermatean neutrosophic soft rough closed set over .

3. The finite union of fermatean neutrosophic soft rough closed sets is a fermatean neutrosophic
soft rough closed set over X.

Proof. Straightforward.
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Definition 3.3 Let (Z, TENSR (cj),Y) be a fermatean neutrosophic soft rough topological space

and TFNSR (€)= {0(2,1()'1(2,1()} . Then 7FnsR (£) is called fermatean neutrosophic soft rough

indiscrete topology on X and corresponding space is said to be a fermatean neurosophic soft
rough indiscrete topological space over X.

Definition 3.4 Let (2, TENSR ({) : Y) be a fermatean neutrosophic soft rough topological space
and Qe FNSS(Z,Y). Then,

3 FNS FNS 3
TFNSRQ =:QnN| N;,Y || N;,Y erFNSR(g)ﬂHiel

is called a fermatean neutrosophic soft rough subspace topology on Q and (ZQ,%FNSRQ,Y)

is called a fermatean neutrosophic soft rough subspace of (Z, TENSR (¢ )Y) .
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ABSTRACT

Numerous theories have been used to address problems involving uncertainty and imprecision.
Smarandache first proposed the idea of a neutrosophic set in 1999. A neutrosophic set is defined
by three functions: a membership function, an uncertainty function, and a non-membership
function. The functions are independently related and belong to the values of the membership,
uncertainty, and non-membership functionals. To address uncertainties, soft set theory was later
proposed by Molodtsov in the same year. Maji proposed the neutrosophic soft set theory by
combining neutrosophic set theory and soft set theory. The idea of a rough set was first proposed
by Pawlak in 1982. A rough set is based on lower and upper approximations of a set. These two
lower and upper approximation operators are based on the equivalence relation. A rough set is
an extremely useful tool for dealing with uncertain, incomplete, and imprecise situations. Soft
set theory and neutrosophic set theory are other advanced mathematical techniques for dealing
with uncertain, partial, and inconsistent data. Moreover, Yolcu and his colleagues redefined the
concept of a neutrosophic soft rough set. Senapati proposed the Yager Fermatean Fuzzy Set
(FFS). The concept of Fermatean fuzzy soft set (FFSS) is a generalization of soft set and is
effective in depicting uncertain information in real-world conditions. The purpose of this paper
is to introduce the concept of Fermatean neutrosophic soft rough set and discuss some basic
results related to it. We define the lower and upper approximation operators of a Fermatean
neutrosophic soft set (FNSS). We also study the positive, negative and boundary regions of the
Fermatean neutrosophic soft rough set and some important properties.

Key words: Fermatean neutrosophic soft rough set, Fermatean neutrosophi soft rough
approximation operators, FNSR Positive region, FNSR Negative region, FNSR Boundary
region.

124


mailto:aysunbenek12@gmail.com
mailto:taha36100@hotmail.com
mailto:yolcu.adem@gmail.com

NFERE,
| CONFERER,
o i,

f BURSA 5th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
= s JULY 11 - 13, 2025- BURSA
— ¥ ISBN: 978-625-5694-03-4

...................

1. INTRODUCTION

Real-world problems involve various kinds of uncertainties. Mathematical modeling in such
contexts involves the rigorous use of models like fuzzy sets, soft sets and rough sets, which
possess the ability Real-world problems involve various kinds of uncertainties. Mathematical
modeling in such contexts involves the rigorous use of models like fuzzy sets, soft sets and
rough sets, which possess the ability to depict the information presented through natural
language effectively. Zadeh [1] introduced the concept of fuzzification in 1965. Atanassov [2]
proposed an alternative intuitionistic set, which defines an element with the membership and
non-membership. From a logical perspective, the neutrosophic logic established by
Smarandache [3, 4] is equipped to talk about uncertainty, imperfections, and missing and
inconsistent information in the actual world. Numerous methods and strategies have been
suggested to address the unpredictable nature of real-time situations. Neutrosophic sets and
their combinations are one approach for handling imprecision. With a broader range of
applications, these sets generalize intuitionistic fuzzy sets, fuzzy sets, and their extensions,
inspiring the development of several theories. Molodtsov [5] proposed a unique method for
representing uncertainty that he called soft set theory.

Rough set theory, introduced by Pawlak [6] indeed offers a valuable framework for handling
imprecise and uncertain information, which is common in many real-world scenarios. It extends
the traditional crisp set theory to accommodate this kind of data, making it particularly useful
in the study of intelligent systems where information may be incomplete or ambiguous.

The recent development of rough neutrosophic sets adds another layer of complexity to this
field. In 2015, Sweety and Arockiarani [7] introduced a new approach of neutrosophic sets and
discussed the relationships based on rough approximations and neutrosophic sets. The work
provided a rough approximation of neutrosophic sets. The combination of rough set theory with
neutrosophic sets in the form of rough neutrosophic sets provides a powerful mathematical tool
for handling missing information. In rough neutrosophic sets, the degree of alternatives is
expressed using upper and lower approximation operators that capture the uncertainty present
in the data. Moreover, the characterization of sets by degree of truth-membership, degree of
uncertainty-membership, and degree of false-membership provides a nuanced representation of
missing information, making rough neutrosophic sets a versatile tool for decision making in
uncertain environments. Neutrosophic Soft Set NSS with basic operation and properties
proposed by Maji [8]. Also, Yolcu et al. redefined the concept of neutrosophic soft rough set,
which is a combination of the concepts of soft set and neutrosophic rough set [9].

The Fermatean Fuzzy Set (FFS) theory emerges as a crucial and prevalent tool in addressing
uncertainty across diverse domains. To further improve the accuracy of the description of fuzzy
or uncertain information, Senapati, Yager proposed Fermatean Fuzzy Set (FFS) [10]. In FFS,

the cubic sum of membership and non-membership values of an object are in the range of [0,1]

[11]. FFS theory plays an important role in various felds, as it is an advantageous and powerful
concept for dealing with uncertain information [12]. Fermatean fuzzy set is an expansion based
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on Pythagorean fuzzy set, allowing the cubic sum of the degree of membership and non-
membership to be greater than 0 and less than 1, which is in sharp contrast to the concept of the
square sum being less than 1 in Pythagorean fuzzy set. The advantage of Fermatean fuzzy set
lies in their cubic characteristic, which allows fuzzy set to contain more information content,
thereby enhancing the ability to deal with fuzziness and uncertainty. Uncertainty here represents
the degree of uncertainty or lack of knowledge about the element’s belonging or non-belonging
relationship, and this supplement significantly expands the scope of scenarios that can be
effectively handled [13]. Antony and Jansi introduced Fermatean Neutrosophic Set (FNS) [14]
in 2021. Unlike traditional fuzzy set or intuitionistic fuzzy set, the square sum of these
components in FNS is limited between 0 and 2, and this relaxation allows a wider range of
values to adapt to higher fuzziness and uncertainty. In recent years, the number of literatures on
Fermatean fuzzy set has surged, and researchers have conducted in-depth exploration of various
aspects of this concept, including its mathematical foundation, definitions, operational rules,
properties, and applications [10, 15-18]. In recent years, researchers have started to work on
combinations of the rough sets and the fermatean neutrosophic sets. The concept of Rough
Fermatean Neutrosophic Sets is introduced by Dhanalakshmi and their properties are studied
[19]. Also, the concept of Fermatian Neutrosophic Rough Sets was described by
Bhuvaneshwari [20].

In this study, the concept of fermatean neutrosophic soft rough set is defined with the help of
membership functions. Then, fermatean neutrosophic soft rough approximation operators are
defined and this concept is supported with examples. Finally, some properties of FNSRS are
investigated.

2 PRELIMINARY

This section we present some basic definitions.

Definition 2.1 [1] Let £ be an universe. A fuzzy set N in £, N ={(n, \ (n)) :ne X}, where
un 1= —[0,1] is the membership function of the fuzzy set N; uy(n)e[0,1] is the
membership of neX in f. The set of all fuzzy sets over ¥ will be denoted by FS(X).

Definition 2.2 [5] Let ¥ be an initial universe, Y be a set of all parameters and P(Z) denotes
the power set of X . A pair (N ,Y) is called a soft set over X, where N is a mapping given by
N:Y—P(2).

In other words, the soft set is a parameterized family of subsets of theset £ . For ce Y, N (0')

may be considered as the set of o -elements of the soft set (N,Y), or as the set of o-

approximate elements of the soft set, i.e.,
(N,Y)= {(O', N (0)):0'6Y, N:Y— P(Z)}.
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Definition 2.3 [10] Let ¥ be a universe of discourse. A fermatean fuzzy set (FFS) in X is
given by, N={(n,un(n),vy(n)):neX} where, uy:Z—[0,1] denotes the degree of

membership and vy : X — [0,1] denotes the degree of nonmembership of the element ne X to

the set N with the condition that 0 < (uy (n))3 + (VN (n))3 <1

Definition 2.4 [21] Let X be the universal set and Y be a set of parameters. The fermatean
fuzzy soft set is defined as the pair (N,Y) where, N:Y — FFS(Z) and FFS(X) is the set of

all fermatean fuzzy subsets of . Y on X isafamily of parameters formed by some fermatean
fuzzy subsets on X . For any parameter o € Y, N (o) is a (ffss) associated with of £. Then, it

is called fermatean fuzzy value set of parameter . N (o) can be written as an (ffs) such that

N(o)= {< n,yN(O_)(n),vN(U)(n) >:n eZ}

where yN(U)(n) and VN(G)(I’I) are the membership and non-membership functions,

3 3
respectively.The condition (,uN (o) (n)) + (VN (o) (n)) <1 holds. Then,

3
V(o) (M) = %/1—( ,uN(O,)(n)) forall o.
Definition 2.5 [3] A neutrosophic set N on the universe of discourse X is defined as:

N ={<n,uy(n),oN(n), 0y (n)>nex},
where u,0,0: Z—)}_O,f[ and 0 < uy (n)+oy (n)+ay (n)<3".

Definition 2.6 [22] Let T be an initial universe setand Y be a set of parameters. Let NS (%)
denote the set of all neutrosophic sets of X . Then, a neutrosophic soft set (N,Y) over X isa
set defined by a set valued function N representing a mapping N:Y — NS(X) where N is
called approximate function of the neutrosophic soft set (N,Y). In other words, the

neutrosophic soft set is a parameterized family of some elements of the set NS(X) and
therefore it can be written as a set of ordered pairs,

(N,Y) = {(a,< n,,uN(U)(n),uN(G)(n),a)N(g)(n)>: n eZ):aeY}.
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where yN(G)(n),uN(G)(n),a)N(a)(n)e[O,l], respectively called the truth-membership,
indeterminacy-membership, falsity-membership function of N (o). Since supremum of each

1,0, o is 1 so the inequality Os,uN(G)(n)+uN(a)(n)+wN(G)(n)£3 is obvious.

Definition 2.7 [6] Let X be the initial universe and Y be a set of parameters. Then, lower,
upper, and boundary approximations of Y are defined as

R (V)= J{R(n):%(n)c},

nex

and

BR(Y)=R"(Y)\% (Y),

respectively. Where R is an indiscernibility relation Rc X xX which indicates our

information about elements of X. The set Y is said to be defined if ER‘(Y)zSR (Y) If

R(Y)=R_(Y) ie BR(Y)=J, theset Y isrough setw.rt R.

3. FERMATEAN NEUTROSOPHIC SOFT ROUGH SET

Definition 3.1 Let = be a non-empty universe set, Y be a set of parameters, and FNS(X) be
FNS
the set of all fermatean neutrosophic set over X. Consider the pair | N ,Y | as a fermatean
FNS FNS
neutrosophic soft set over T, where N is a mapping given by N :Y— FNS(Z) .

FNS
Subsequently, the triplet [2, N ,Y] is referred to as a fermatean neutrosophic soft

approximation space. The lower and upper fermatean neutrosophic soft approximations of a set
FNS _
¢ < FNSS(Z,Y) with respect to (2, N ,Y] are denoted by apr_, (<) and apreyg (<)

respectively, defined by
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1y (6) 1 <t (0 (g () | vy < v
{

abr s ()= 1 <, (1), ()0, (1)> | v € Tz

N NPT SR I

[N 00 Wt W v evnes]
a0V 0 1 ot W merones]
Ho (n)={V{ugi (n)}:ﬂ(;i (n)eéu(FNS., j V[F S.,Y]e FNSS, Vo eY,Vnez}
0 o e o e v s
s 01 o 2 oo o) o s
where *\/* and *\/ * mean “min” and “max” operators, respectively. Also, where

0<(u, <n>j3+(z_)ai ) (2, 0] <2, 0<[a, <n>]3+(c_oc,i ) =

OS(;Gi (n)j3+(50i (n))3+(50i (n))3 <2 OS(;Gi (n)j3+(50i (n))3 <1

where,

It is easy see that apr (¢) and aprpyg (&) are two fermatean neutrosophic soft set on

FNSS(2,Y). If apr . (¢)= aprgys (&), then ¢ s said to be fermatean neutrosophic soft
definable set; otherwise it is called a fermatean neutrosophic soft rough set.

Example 3.1 Let £={m,ny,n3,ns} be a universe and Y ={oy,0,,03} be a parameter set
We consider following fermatean neutrosophic soft sets;

FI\'}JS rlzlon (m <0.3,0.6,0.7>,ny <0.5,0.5,0.6 >,n3 <0.7,0.3,0.4 >),
L 765, (m < 04,05,03>,n3 <0.2,0.3,0.4 5,1 <05,03,0.4>).
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(FNNS Y} _ {al,(rll <0.6,0.7,0.6 >,n3 <0.5,0.5,0.3>,n, < 0.4,0.5,0.6 >
2 -

03,(n <0.6,0.4,0.5>,n3 <0.3,04,0.2>).

ENS 01,(ny <0.7,0.5,0.1>,n3 <0.8,0.5,0.3>),
[ N3 ,YJ = 02,(n2 <0.6,0.3,0.4>0n3<0.7,0.3,04>n4 <0.7,0.5,0.2 >),

o3,(n <0.9,0.5,0.6 >,n3 <0.3,0.3,0.2>,n, <0.8,0.7,0.2>).

FNS
for the another fermatean neutrosophic soft set ¢ < FNSS (X, Y') with respect to (2, N ,YJ;

o1,(n <0.8,0.7,0.6 >,n, <0.8,0.7,0.2 >,n3 < 0.7,0.6,0.3>,n; < 0.4,0.6,0.3>),
¢ ={07,(n <05,0.7,02>,n, <0.7,0.4,0.2 >,n3 < 0.6,0.4,0.1>,n, < 0.8,0.7,0.2>),

o3,(n <0.8,0.7,0.4>,n3 < 0.6,0.4,0.1>,n4 <0.8,0.6,0.1>).

The lower and upper fermatean neutrosophic soft approximation of ¢ are calculated as

apr_, o (£)={o1,(m <0.3,06,0.7>n, <05,05,0.6 >3 <04,0.3,0.6 >)}

o1,(m <0.8,0.7,0.6 >,n, <0.8,0.7,0.1>,n3 < 0.8,0.6,0.3>,n, < 0.4,0.6,0.3>),
apreys (£) =102,(n <0.5,0.7,0.2>,n; < 0.7,0.4,0.2>,n3 < 0.7,0.4,0.1>,n4 < 0.7,0.5,0.1>),

o3,(mn <0.9,0.7,0.4 >,n3 < 0.6,0.4,0.1>,n4 <0.8,0.7,0.1>).

If apr oy (&)= a_erNS (£), then ¢ is said to be fermatean neutrosophic soft definable set;
otherwise it is called a fermatean neutrosophic soft rough set.

Definition 32 For any ¢ cFNSS(Z,Y), the sets POSkys(<)=aprys(S),
NEGENs (&) = aprgns (&) ve Bndens (€)= apreys (&)\apr s (&) are called fermatean

neutrosophic soft rough positive, fermatean neutrosophic soft rough negative and fermatean
neutrosophic soft rough boundary regions of a considered set ¢ , respectively.

Example 3.2 We consider the Example 3.1 . Then, we can write the fermatean neutrosophic
soft rough positive, negative and boundary regions as follow

POSENs (¢) ={o1.( <0.3,0.6,0.7>,n, <0.5,05,0.6 >,n3 < 0.4,0.3,0.6 >)}
=apreys (€)
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0'1,(n1 <0.8,0.7,0.6 >,n, <0.8,0.7,0.1>,n3 < 0.8,0.6,0.3>,n4 <0.4,0.6,0.3 >),
NEGgNs (£)={02.(m <0.5,0.7,0.2>,ny <0.7,0.4,0.2 >,n3 < 0.7,0.4,0.1>,n, < 0.7,0.5,0.1>),
03,(m <0.9,0.7,0.4 >,n3 <0.6,0.4,0.1>,n, <0.8,0.7,0.1 >).

=apreys (¢)

o1,(m <0.7,0.4,0.6 >,n, < 0.6,0.5,0.5>,n3 < 0.6,0.6,0.4 >,n, < 0.4,0.6,0.3>),
Bndens (&) =4 05,(m <0.5,0.7,0.2>,n, <0.7,0.4,0.2 >,n3 <0.7,0.4,0.1>,n4 <0.7,0.5,0.1>),
03,(m <0.9,0.7,0.4 >,n; < 0.6,0.4,0.1>,n, < 0.8,0.7,0.1>).

= apreys (£)\apr oy (€)

Obviously, since it is clear apr_ . (¢)#aprens (&)- So ¢ is fermatean neutrosophic soft

FNS
rough set in the approximation space (Z, N ,Y].

FNS FNS
Proposition 3.1 Let [ N ,YJ be a fermatean neutrosophic soft set over X . (2, N ,Y] be a

fermatean neutrosophic soft approximation space and ¢, ¥ € FNSS(Z,Y), then we have,

1 apr(¢)ed caprpys (¢),

2. 8preys (O(Z,Y))zo(z,r) RETTIENS (l(Z,Y ):]'(Z,Y)

If £ < W, then apr )< apr ¥

e (€ es (P)
If £ <, then apr ey () < apreys (¥)
apr s (CNF)caprpys (S)Naprpys (F)
apreys (CNY) capreyg (&) Napreys (¥)
o (CUW) capr (£ Uapr g (¥)
( () (¥)

aerNS 4;/UlP)CaerNS é’ UaerNS b

© N o a ~ W

Proof. 1. From the Definition 3.1, we can easily see that apr, . (&)=< . Also, from the

FNS
definition of neutrosophic soft upper approximation, V{ Ni,Y]ﬂg;ﬁO(m),
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- FNS _ —
,u,u,we(U( N; ,Yj. Hence, ¢’ capreyg (). Thus, apr, (&)= ¢ capreys (£)-

2. From the Definition 3.1, the proof is straightforward.
FNS

FNS
3. Let { < ¥ and [ N; ,chg Then apr s (g):gﬂ[ﬂ{ N; YB In addition, we have
i
FNS FNS FNS
(Ni ,Y]g{ then [N, ,Y]C\P Hence aerNS( ):‘Pﬂlﬂ[ N; YJJ This implies
i
aprys (§)saprpys (F).

FNS — FNS
4. Let ¥ and L N; ,YJﬂg;éO(Z,Y).Then aerNS(§)=§U[U( N; YB For ¥
i

FNS _ FNS
,  then (Ni’YJﬂT?&O(Z,Y) and aerNS(\P):\PU[U[ Ni,YJ].This implies

aprieys (¢) < aprpys (W)

- FNS
5. Let n(‘o'lﬂy)e FNS(gﬂ‘P) There  exist ( N ,Y] such that
G FNS o. FNS
n(olc,/;’,y) N Y |capr s (&NY), n(o'!’ﬂ,y)e N,Y|cg and

FNS %
n(oll,ﬁ,y) (N YJC\P Therefore n( ﬂly)eaerNS(ﬁ) and ”(;,ﬂiy)eaerNs(q’)

implying n( .p, )eaDFFNS(C)ﬂaWFNS( ).

Thus apr - (N¥)capr . ($)Napr o (F).

o, - FNS
6. Let n(O'C,ﬁ,y) caprpns (CNY).  There  exist ( N ,YJ such  that
o, FNS FNS

FNS o. _ o. —
( N ,YJH(‘P):EO(E,Y). Therefore n(o'cﬂy)eaerNS(g) and n(o'lﬂy)eapr,:Ns (¥),

O. S _
implying n(clz,ﬂ,y) eaprpgns (&)Napreys (¥).

o. FNS
, .
7. Let n(a,ﬂ,y)eaerNS(gulP). Then, there exist ( N ,YJ such that
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FNS FNS FNS
Olcﬁy)e N .Y |@(SUY). Itfollowsthat| N, Y| @¢ and | N ,Y | @¥. Therefore

O. O.

O.
| | i i |
M) & 2P ENs (¢) and N for) & apryo (¥), implying " pr) &

apr s (§)Uapreyg (). Thus apr o (CUY) caprey o (§)Uapreyq ().

: _ FNS
8. Let n(:'!ﬂy)eaerNS(.gU‘P). There  exist [N ,Yj such  that

o, FNS FNS
n(aﬁ,y)e[ N ’YJH(§UT)¢O(2,Y)- It follows that (N ,Yjﬂ(é’)io(z,Y) or

FNS : _ : _
( N ,YJH(‘P):&O(E,Y).Therefore nZ)‘l 5.7) eapreng (£) or n(go'[ 5.7) eaprgys (W) . Hence

O.

") € apreys (£)Uapres (W) Thus apreys (SUW) c apreys (£)Uapreys (F).

FNS
Proposition 3.2 Let ( N ,Yj be a fermatean neutrosophic soft set on a universe X~ and let

¢, ¥ < FNSS(Z,Y). Then the following properties hold,

apr oy (¢ ) apr s (€)

FNS(

2. aerNS(a ns ( )DaerNs(g)

3. aerNS(g)CaerNS(aerNS ég))
(apr )

4. apreys (ap re )DaerNS(cj

5. FNS é/c) apr FNS (C:)}C

o o FNS
Proof. 1. Let n(O'l,ﬂly) € aerNS(g).Then,we have n(o'l,ﬂly) { N YJcaerNS (£).So

O.

n(O'l,ﬂ,y) € apro\s (ﬂFNS (4’)) Therefore apr _ o (¢) < apr o (ﬂFNS (4“)) From the

Proposition 3.1 @FNS(g)gg using 3 of Proposition 3.1 we obtain

APl ens (@FNS (‘;)) caprp\s (¢). Hence apr o (ﬂFNs (g’)) =apreys (€)-
2. Let H =aprgyg (¢). Using property 1 of Proposition 3.1, we got H < aprgns (¢). Hence
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apreys (a_erNS (4)) Saprpys (€)-
3. Let H =aprgyg (&) Using property 1 of Proposition 3.1, we got apr apr s ({)<H . Hence

aprens (a_erNS (5)) capregs (¢)-

4. Let H=apr Using property 1 of Proposition 3.1, we got apr gyg (¢) 2 H . Hence

apreys (€)-
gE[FNs(g)gzaerNS(EB[FNs(g))'

. c . FNS FNS c
5. Let n(a'ﬂ, )e apr s (( ) and n(a,ﬂ,y)e N ,Y|. We have | N ,Y |0 and
FNS FNS o. -
N,Y m;C:O(Z,Y). Thus | N, Y|Ng#05 y), where n(O'Cﬁy)e aprpns (£) but

n(aoil,ﬂ,y) ¢ [a_erNS (g“)}c. Therefore apr _, o (?C)Q[a_erNs (‘fﬂc'
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Multiparameter Deformations of Bowen-Series Maps

Ogr. Gor. Dr. Ayse KARATAS
Bartin Universitesi, akaratas@bartin.edu.tr - ORCID 1D: 0009-0003-6838-0759

OZET

In 1979, Bowen and Series constructed explicit fundamental domains for Fuchsian groups of
the first kind corresponding to each signature. From these constructions, they derived functions
on the unit circle that are intimately connected with the group. Typically, these fundamental
domains possess what is now called the "extension property.” Their approach was inspired by
the continued fraction (Gauss) map. Like the Gauss map, the Bowen-Series function is orbit-
equivalent to the action of the associated Fuchsian group, and it exhibits strong dynamical
properties: it is expanding, Markov, aperiodic, and satisfies Rényi’s condition. These features
enabled them to prove that the Bowen-Series function admits a unique ergodic measure
equivalent to Lebesgue measure.

Subsequent work by Svetlana Katok and illie Ugarcovici focused on the case of cocompact,
torsion-free Fuchsian groups. They introduced multiparameter deformations of Bowen-Series
maps and studied the behavior of the associated invariant measures. However, extending this
theory to Fuchsian triangle groups—which include torsion—partly remains an open problem.

In this talk, we will first introduce the key concepts behind Bowen-Series maps and their
properties. We will then demonstrate how to construct expanding multiparameter deformations
of these functions in the setting of Fuchsian triangle groups. Our method offers a framework
for constructing such deformations and opens the way for further investigation into the
dynamics and measure-theoretic properties of these maps in this class of Fuchsian groups.

Anahtar Kelimeler : Fuchsian triangle groups, Bowen-Series functions, deformations

136



NFERE,
| CONFERER,
o i,

f BURSA 5th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
= s JULY 11 - 13, 2025- BURSA
— ¥ ISBN: 978-625-5694-03-4

...................

YALIN SiSTEM TASARIMI iCiN SIMULASYON DESTEKLi DEGER AKIS
HARITALAMA UYGULAMASI

Hayal KARA

Bursa Teknik Universitesi, hayalkara269@gmail.com - 0009-0004-8734-7476
Doc. Dr. Omer Faruk EFE

Bursa Teknik Universitesi, omer.efe@btu.edu.tr - 0000-0001-8170-5114

OZET

Sanayide verimliligi artirmak ve israfi azaltmak i¢in gelistirilen yalin iiretim sistemleri, liretim
hatt1 iyilestirmelerinde yaygin olarak kullanilmaktadir. Bu ¢alisma, Istanbul’da bir gida iiretim
tesisinin biskiivi liretim hattinda, Biscolata Starz 82g {iriin ailesi lizerinden yiiriitiilmiis; hattin
mevcut durumu yalin {iretim araglar1 ve darbogaz analizi yontemleriyle analiz edilmistir.

[k asamada; istasyonlara ait cevrim siiresi, fire oran1 ve durus siireleri gibi performans verileri
toplanmis; Python diliyle yapilan analizlerde darbogaz istasyonlar belirlenmistir. Elde edilen
bulgularla mevcut durum Deger Akis Haritas1 (VSM) olusturulmus, toplam ¢evrim siiresi 8,14
saniye ve dakikalik tiretim kapasitesi 1460 adet olarak hesaplanmistir. Mevcut durum ayrica
Simio yazilimi kullanilarak modellenmis ve darbogazlarin simiilasyon ortaminda dogrulandig:
gorilmiistiir.

Analiz sonuclarma dayanarak gelistirilmis iyilestirme senaryolar1 yeni VSM iizerinde test
edilmis; ¢evrim siiresi yaklagik 5,9 saniyeye disiiriilmiis, dakikalik kapasite 2200 adete
cikarilmis ve fire oraninda anlamli azalma saglanmistir. Caligsma, yalin {iretim ve simiilasyon
tekniklerinin entegre bigimde kullanimina dayali, sektérde uygulanabilir bir model 6nermekte
ve literatiire katki saglamaktadir.

Anahtar Kelimeler: Deger akis haritalama, yalin iiretim, simiilasyon, darbogaz analizi.
1. GIRIS

Glinlimiiz {iretim sektoriinde artan rekabet kosullari, isletmeleri kaynaklarini daha etkin
kullanmaya ve siireglerini siirekli iyilestirmeye zorlamaktadir. Ozellikle gida sanayisinde;
tiretim stireclerinin  siirekliligi, verimliligi ve esnekligi firmalarin rekabet giicii ve
siirdiiriilebilirligi icin kritik 6neme sahiptir. Uretim hatlarinda ortaya ¢ikan darbogazlar;
kapasite kayiplarina, maliyet artisina, kalite problemlerine ve miisteri memnuniyetinin
azalmasina neden olabilmektedir. Bu nedenle darbogazlarin dogru bigcimde tespit edilmesi ve
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ortadan kaldirilmasi, yalin lretim yaklasimi gercevesinde onemli bir hedef olarak One
cikmaktadir [1], [2].

Yalin liretim sistemi, israflarin ortadan kaldirilmasi, akisin kesintisiz hale getirilmesi ve miisteri
odakli iiretim yapilmas1 gibi prensiplere dayanir [3]. Uretim siirecinde deger yaratmayan
faaliyetlerin belirlenmesi ve siirekli iyilestirme kiiltliriiniin yerlestirilmesi, yalin diisiincenin
temelini olusturur. Literatirde, Deger Akis Haritalama (Value Stream Mapping — VSM)
yOntemi; Uretim akisinin gorsellestirilmesi, israflarin belirlenmesi ve darbogazlarin sistematik
olarak analiz edilmesi i¢in en yaygin kullanilan araglardan biri olarak tanimlanmaktadir [4], [5].
VSM sayesinde siirecteki katma degerli ve katma degersiz adimlar net sekilde ortaya konmakta,
iyilestirme senaryolar1 somut sekilde planlanabilmektedir.

Simiilasyon, VSM’nin tamamlayicisi olarak, onerilen iyilestirme senaryolarinin gergek tiretim
hattina miidahale etmeksizin sanal ortamda test edilmesine imkan tanir. Ayrik olay simiilasyonu
(DES) yonteminin, iiretim siireglerinde darbogazlarin analizi ve kaynak kullaniminin optimize
edilmesi gibi konularda etkili sonuglar verdigi gesitli ¢aligmalarda gosterilmistir [6], [7].
Simiilasyon, stireclerin farkli yiik ve senaryolardaki davranisini incelemeye, riskleri azaltmaya
ve karar siireglerini bilimsel temellere dayandirmaya katki saglamaktadir [8], [9].

Yapay zeka ve veri analitigi tekniklerinin yalin {iretime entegre edilmesi, literatiirde giderek
onem kazanan bir yaklasim olarak dikkat gcekmektedir. Uretim hattindan toplanan biiyiik
hacimli veriler, Python gibi programlama dilleri araciligiyla islenerek; tiretim hizlari, fire
oranlari, cevrim stireleri gibi metrikler lizerinden darbogaz analizi yapilabilmektedir [10], [11].
Bu sekilde, sadece mevcut durum degil, olasi senaryolar da 6ngoriilebilir hale gelmekte ve siire¢
performansi siirdiiriilebilir bigcimde iyilestirilebilmektedir.

Bu calismada, Istanbul’da faaliyet gdsteren bir gida {iretim tesisine ait BSK-03 numarali biskiivi
iretim hattinda; yalin iiretim tekniklerinden Deger Akis Haritalama ve simiilasyon yontemleri
entegre olarak kullanilmig, tretim verimliligini diisiren darbogazlar nesnel analizlerle
belirlenmistir. Calismanin temel amaci; iiretim verileri kullanilarak mevcut durumun
modellenmesi, darbogazlarin tanimlanmasi ve iyilestirme senaryolarinin Simio simiilasyon
ortaminda test edilerek performans etkilerinin sayisal olarak ortaya konulmasidir. Boylece elde
edilen bulgular, sektdrde uygulanabilir ve 6lgeklenebilir bir iyilestirme modeli sunmaktadir.

2. UYGULAMA VE ANALIZ

Bu calismada uygulama alan1 olarak Istanbul’da faaliyet gdsteren bir gida iiretim tesisinin bir
biskiivi liretim hatt1 se¢ilmis, bir biskiivi liriin ailesi lizerinde detayli analizler yapilmistir.
Uretim hattinda ¢evrim siiresi, fire orani, durus siireleri ve kapasite kullanimi gibi performans
gostergeleri toplanarak mevcut durum ortaya konmustur.

2.1 Mevcut Durum Analizi

Biskiivi hattinda iiriin akis1; hamurun hazirlanmasi, pisirme, sogutma, krema ve ¢ikolata dolum,
ambalajlama ve koli hazirlama asamalarindan olugsmaktadir. Hattin teorik bant kapasitesi 24
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olsa da aktif kullanilan bant sayis1 18’e diismiis, bu da kapasite kullanim oranini diislirmiistiir.
Ambalaj film rulolarinin ani bitmesi, hat iizerinde duruslara neden olmaktadir.

Performans verileri Python programlama dili ile analiz edilmis; istasyon bazinda ¢evrim siiresi,
durus stiresi, fire oran1 gibi metriklerden toplam etki skoru hesaplanmigtir. Darbogaz olusturan
istasyonlar 6zellikle krema dolumu ve ambalajlama asamalarinda yogunlasmis, bu noktalar hat
genelinde {irlin akigin1 yavaglatan temel sorunlar olarak belirlenmistir.

2.2 Mevcut Durum VSM

Darbogaz analizinden elde edilen verilerle iiretim hattinin mevcut durumu Deger Akis Haritas1
(VSM) iizerinde modellenmistir. Haritada her istasyonun ¢evrim siiresi, fire orani ve bekleme
stireleri gorsellestirilmis; toplam gevrim siiresi 8,14 saniye, dakikalik tiretim kapasitesi ise 1460
adet olarak hesaplanmigtir. VSM iizerinde, iiretim akisinda yigilmalarin olustugu, akis
dengesizliginin arttig1 noktalar net sekilde ortaya ¢ikmustir.

Gorsel 1 : Mevcut Durum Deger Akis Haritasi

2.3 Simiilasyon Modelleme

Mevcut duruma ait tiretim hatti, Simio simiilasyon yazilimi kullanilarak ayrik olay simiilasyon
modeli seklinde olusturulmustur. Modelde; is istasyonlari, iiriin hareketleri, bant sayisi,
istasyon kapasiteleri ve istasyon bazli iglem siireleri tanimlanmistir. Simiilasyon sonuglarinda;
darbogaz olusturan istasyonlarin, Python analizleriyle belirlenen istasyonlarla ortiistiigii ve bu
istasyonlarda iiriin akiginda kuyruklanma ve durus sikliginin arttigir gézlemlenmistir. Ayrica
bant sayisinin diisiik olmasi nedeniyle sistemin dakikalik iiretim kapasitesinin teorik
kapasitenin oldukga altinda gergeklestigi dogrulanmustir.
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Gorsel 2 : Simio Simiilasyon Modeli

2.4 lyilestirme Onerileri

Analiz sonuglarina dayanarak hattin darbogaz noktalarina yonelik ¢esitli iyilestirme senaryolari
gelistirilmistir. Baslica oneriler sunlardir:

Bant Sayisimin Artirillmasi: Eksik 6 bant eklenerek hattin orijinal 24 bant kapasitesine
cikarilmasi, akis dengesini saglayarak dakikalik tiretim kapasitesini %50’ye yakin
artiracaktir.

Otomatik Kalite Kontrol: Yapay zeka destekli gorsel kontrol sistemiyle hatalt
tiriinlerin aninda ayiklanmasi saglanacak, kalite standard: yiikselip sikdyetler azalacaktir.
Ambalaj Film Uyan Sistemi: Film tiikkenmeden operatdre uyar1 veren sensor
entegrasyonu ile plansiz duruslar 6nlenecek, durus siirelerinde ortalama %20 azalma
saglanacaktir.

Hamur Hazirlama SMED: Setup adimlarinin standartlastiriimasi ve hizli baglanti
sistemleriyle kurulum stireleri %40-60 oraninda kisalarak akis hizlanacaktir.

Regete Yonetimi Otomasyonu: Uriin gegislerinde manuel ayarlari ortadan kaldiracak

dijital sistem sayesinde setup siiresi yaklasik %60 azalacak, fire oran1 ve ¢evrim siiresi
tyilesecektir.

Bu iyilestirmeler sonucunda cevrim siiresi 8,14 saniyeden 5,9 saniyeye inmis, dakikalik

kapasite 1460 adetten 2200 adete yiikselmis ve toplam verimlilikte %35’e varan artig
potansiyeli elde edilmistir.
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2.5 Gelecek Durum Deger Akis Haritasi

Onerilen iyilestirme senaryolar1 Simio ortaminda test edilmistir. Gelecek durum simiilasyon
sonuglarinda ¢evrim siiresinin yaklasik 5,9 saniyeye diistiigli, dakikalik kapasitenin 2200 adete
yikseldigi ve fire oraninda belirgin diisiis saglandig1 tespit edilmistir. Gorsel 3’te Onerilen
iyilestirmelerin ardindan olusturulan gelecek durum VSM sunulmaktadir. Bu harita,
darbogazlarin ortadan kalktigini ve akisin dengelendigini agik¢a gostermektedir.

Dwell Time:

Gorsel 3 : Gelecek Durum Deger Akis Haritasi

3. SONUCLAR VE DEGERLENDIRME

Bu c¢aligma kapsaminda, yalin {iretim prensipleri dogrultusunda deger akis haritalama (VSM)
ve simiilasyon teknikleri kullanilarak, biiyiik olgekli bir gida {iretim hattinda mevcut
darbogazlar ve performans kayiplar tespit edilmistir. Analizler; bant sayisinin yetersizligi,
yliksek setup siireleri ve fire oranlarinin tiretim kapasitesini ve verimliligi olumsuz etkiledigini
ortaya koymustur.

Onerilen iyilestirme senaryolari dogrultusunda bant sayisinin 18°den 24°e ¢ikarilmasi, SMED
uygulamalariyla setup siirelerinin azaltilmasi ve otomasyon entegrasyonlar1 gibi miidahaleler
gerceklestirilmistir. Bu degisikliklerin sistem iizerindeki etkileri, simiilasyon ve deger akis
haritalama ile dogrulanmaistir.
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Cizelge 1 : Mevcut Durum vs. Gelecek Durum Karsilastirmasi

Gosterge Mevcut Durum Gelecek Durum
Toplam Cevrim Stiresi (CT) 8.14 s 7s
Toplam islemde Kalma Siiresi 29.5 dk 27.2 dk
Uretim Kapasitesi 1460 adet/dk 2200 adet/dk
Ortalama Fire Orani %2.22 %0.70
Ortalama Setup Stiresi 3.73 dk 2.09 dk

Mevcut durum ile gelecek durum parametrelerinin karsilagtirmasi Cizelge 1’de sunulmaktadir.
Tablo, onerilen iyilestirmelerin {iretim hattinda %14’e yakin ¢evrim siiresi azalmasi, iiretim
kapasitesinde %48 artis ve fire oraninda belirgin diisiis sagladigini géstermektedir. Bu sonuglar,
yalin iretim ile dijital simiilasyonun entegre kullaniminin, saha uygulamalarinda anlamli
performans kazanimlar sagladigin1 gostermektedir.

4. GENEL DEGERLENDIRME VE SONUCLAR

Calisma, yalin liretim ve dijital simiilasyon tekniklerini entegre ederek gida sektoriinde iiretim
hatlarinin analiz ve iyilestirilmesinde uygulanabilir ve yenilik¢i bir yaklasim sunmaktadir.
Ozellikle bant sayisindaki eksiklik, yiiksek setup siireleri ve fire oranlari gibi performans
kisitlarinin, yalin liretim prensipleri ve simiilasyon destekli analizlerle etkin sekilde ortadan
kaldirilabilecegi gosterilmistir. Elde edilen sonuglar, iiretim kapasitesinde dnemli artig, cevrim
stiresi ve fire oraninda kayda deger iyilesme gibi somut kazanimlari ortaya koymaktadir.

Isletmenin iiretim siireclerini siirdiiriilebilir sekilde iyilestirmesi igin ilk adim olarak hat bazli
performans verilerinin gergek zamanli toplanabilecegi ve analiz edilebilecegi bir iiretim izleme
(MES) altyapisinin  kurulmasi onerilmektedir. Boyle bir sistem, manuel veri toplama
stireclerinden kaynaklanan hatalar1 azaltarak yalin uygulamalarin kaliciligin1 destekleyecektir.

Bunun yani sira, stirekli iyilestirme kiiltiiriinlin yerlesmesi i¢in periyodik VSM, simiilasyon ve
veri analizi dongiilerinin isletme icinde standardize edilmesi énem arz etmektedir. Boylece
darbogazlarin siirekli izlenmesi ve hizli aksiyon alinmas1 miimkiin olacaktir.

Uzun vadede, dijitallesme yatirnmlar1 ile yalin {iretim araglarinin entegrasyonu tesvik
edilmelidir. Ornegin yapay zeka tabanli kestirimci bakim ve otomatik veri toplama sensérleri
fabrikanin dijital olgunluk seviyesini artirarak {iretim siireclerini daha esnek hale getirebilir.

Sonug olarak onerilen bu yaklasim, yalnizca iiretim kapasitesini artirmay1 degil; ayn1 zamanda
kalite, maliyet etkinligi, stireklilik ve is giivenligi gibi performans boyutlarinda da kalict
gelismeler  saglamayr  hedeflemektedir.  Isletme  yOnetiminin, &nerilen  adimlar
onceliklendirerek stratejik bir yol haritas1 dahilinde hayata gecirmesi, rekabet giiclinii artiracak
ve slirdiiriilebilir tiretim hedeflerine ulagsmasina katki saglayacaktir.
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oz

Bu calisma, koltuk montaj hatlarinda ergonomik risklerin azaltilmasi ve ¢alisan sagligini
gozeten siirdiiriilebilir {iretim sistemlerinin olusturulmast amaciyla, REBA (Rapid Entire Body
Assessment) endeksine dayali matematiksel bir dengeleme modeli 6nermektedir. Geleneksel montaj
hatt1 dengeleme modelleri kisa vadeli tiretim verimliligini 6ncelemesine ragmen, ergonomik riskleri
disarda birakmalar1 nedeniyle uzun vadede Kas-iskelet Sistemi Rahatsizliklari (KiSR) basta olmak
iizere is giicli kayiplarina yol agmaktadir. Bu ¢alismada, Python programlama dili ve CPLEX ¢oziiciisii
ile gelistirilen optimizasyon modeli hem iiretim verimliligini hem de ergonomik dengeyi gdzetmektedir.
Model, %5-%20 aras1 degisen talep artis1 senaryolarinda test edilmis; ergonomik riskleri

sinirlandirmakla kalmayip modelin esnekligini de korudugu goriilmiistiir.

Anahtar Kelimeler: Montaj Hatt1 Dengeleme, REBA, Ergonomi, Siirdiiriilebilirlik, Kas-Iskelet Sistemi

Rahatsizliklar1, Optimizasyon

ABSTRACT

This study proposes a REBA (Rapid Entire Body Assessment)-based mathematical balancing
model to reduce ergonomic risks and ensure sustainable operation in seat assembly lines. While
traditional Assembly Line Balancing Problems (ALBP) focus primarily on optimizing production
efficiency, they often neglect ergonomic factors that critically affect worker health and long-term
sustainability. The proposed model incorporates REBA scores as constraints and aims to balance both
ergonomic risks and production workload across stations. Developed using Python and solved via
CPLEX, the model was applied to a real-world automotive seat assembly line. Analysis revealed that
although the ergonomics-based model slightly reduced short-term efficiency (from 75.9% to 50.6%), it
significantly decreased REBA scores and mitigated the risk of work-related musculoskeletal disorders
(WMSDs). Moreover, sensitivity analyses under varying production demand scenarios (5% to 20%)
confirmed the model's robustness and flexibility. The findings underscore the necessity of integrating

human-centered design into industrial optimization to achieve sustainable manufacturing.

144


mailto:betulkarakas13@gmail.com

NFERE,
| CONFERER,
o i,

o

BURSA 5th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
JULY 11 - 13, 2025- BURSA
e — ISBN: 978-625-5694-03-4

...................

AEAD;,W
oIS

Keywords: Assembly Line Balancing, Ergonomics, REBA, Optimization, Sustainable
Manufacturing, Worker Health

1. Giris

Otomotiv sektoriinde yaygin olarak kullanilan montaj hatlarinda, tekrar eden fiziksel isler
calisanlar iizerinde ciddi ergonomik yiikler olusturmaktadir. Geleneksel Montaj Hatti Dengeleme
Problemleri (MHDP) ¢evrim siiresini ve verimliligi optimize etmeye odaklansa da, ergonomik risk
faktorlerini disarda birakmalar1 nedeniyle siirdiiriilebilir bir ¢6ziim sunamamaktadir. SGK’nin 2020
verilerine gére Tiirkiye’de kayit altina alman meslek hastaliklarinin %35,7’si KISR kaynaklidir. Bu
baglamda, sadece verimlilik degil, calisan sagligini1 da gozeten siirdiiriilebilir modellemeler kritik hale

gelmisgtir.

2. Literatiir Taramasi

Ergonomik faktorlerin montaj hatti dengeleme problemlerine entegrasyonu {izerine yapilan
caligmalarin sayist son yillarda artmakla birlikte, bu entegrasyonun ¢ogu zaman sirli oldugu
goriilmektedir. Otto ve Scholl (2011), REBA ve RULA gibi ergonomik degerlendirme araglarint MHDP
modellerine dahil ederek ERGO-SALBP yaklasimini gelistirmistir. Baykasoglu vd. (2016) ve Polat vd.
(2018) gibi arastirmacilar ise ergonomik skorlar1 modelin amag¢ fonksiyonuna veya kisitlarina dahil
ederek farkli optimizasyon algoritmalar1 6nermistir. Ancak bir¢ok ¢aligmada ergonomik analiz iiretim
modelinden ayr yiiriitiilmekte; ergonomik yiiklerin istasyonlar diizeyinde dengelenmesine yeterince

odaklanilmamaktadir.

Bu ¢aligma, REBA skorlarini dogrudan modele entegre ederek hem c¢evrim siiresi hem de

ergonomik yik a¢isindan istasyon diizeyinde biitlinsel bir optimizasyon saglamay1 hedeflemektedir.

3. Amac¢, Kapsam ve Yontem

Bu caligmanin temel amaci, koltuk montaj hatlarinda siklikla g6z ardi edilen ergonomik riskleri
sistematik bicimde degerlendirmek ve bu riskleri azaltacak sekilde {iretim sistemlerini yeniden
yapilandirmaktir. Geleneksel montaj hatt1 dengeleme problemleri (MHDP), genellikle yalnizca ¢evrim
sliresini minimize etmeye ve liretim verimliliini artirmaya odaklanmaktadir. Ancak bu yaklagimlar,
tekrarlayan isler nedeniyle operatdrlerde olusabilecek Kas-Iskelet Sistemi Rahatsizliklar1 (KiSR)

risklerini g6z ardi1 etmektedir.

Bu baglamda, ¢aligsma Bursa’da bir otomotiv iiretim tesisine ait 8 istasyonlu koltuk montaj hattini
ele alarak, REBA (Rapid Entire Body Assessment) skorlarini matematiksel modele kisit olarak entegre

eden yeni bir hat dengeleme modeli 6nermektedir. Model Python diliyle gelistirilmis ve CPLEX
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¢oziiciisii ile ¢cozllmiistlir. Ayrica %5, %10, %15 ve %20 oranlarindaki iiretim talebi artig senaryolari

altinda modelin esnekligi test edilmistir.

4. Model ve Hipotez
Calismada iki farkli model gelistirilmistir:

e Model 1 (Klasik Model): Sadece gevrim siiresini dikkate alarak gérevleri istasyonlara atar.

Ergonomik veriler modelin disinda tutulur.

e Model 2 (Ergonomik Model): REBA skorlarini her istasyon i¢in sinirlayan kisitlar igerir.

Hedefi hem ¢evrim siiresi hem de ergonomik yiikleri optimize etmektir.
Bu modellere dayanarak asagidaki hipotezler test edilmistir:

e H1 (Ana Hipotez): Ergonomik kisitlar1 igeren montaj hatt1 dengeleme modeli, sadece
verimlilige odaklanan klasik modele kiyasla ¢alisan saglig1 acisindan daha siirdiiriilebilir ve

dengeli bir performans sunar.

e H2: Geleneksel model kisa vadede yiiksek verimlilik saglasa da, ergonomik risklerin yiiksek

kalmasi nedeniyle uzun vadede is giicii kayb1 ve devamsizlik gibi olumsuzluklara yol agar.

5. Bulgular ve Sonug¢

Bu calismada gerceklestirilen kapsamli analizler, otomotiv koltugu montaj hattinda uygulanan
REBA (Rapid Entire Body Assessment) tabanli ergonomik montaj hatti dengeleme modelinin, iiretim
siireglerine entegre edilmesinin ¢alisan sagligi, is giivenligi ve uzun vadeli siirdiiriilebilirlik agisindan
kritik faydalar sagladigini ortaya koymustur. Calismanin ana hedefi, klasik montaj hatti dengeleme
yaklagimlarinin iiretim verimliligine odaklanarak ergonomik riskleri gbz ardi etmesi nedeniyle ortaya
¢ikan olumsuzluklari tespit etmek ve bu riskleri minimize eden siirdiiriilebilir bir hat dengeleme modeli
gelistirmektir.
Firmanin Bursa'da faaliyet gdsteren mevcut otomotiv koltugu montaj hatti, toplam 8 istasyondan
olusmakta olup, her bir istasyonun islemleri detayli zaman etiidii ve operatér goézlemleri ile analiz
edilmistir. Ornegin, “Karkas Hazirlama” islemi 72 saniye, “Airbag Montaj1” 62 saniye, “Final Kontrol”
ise 125 saniye gibi islem siirelerine sahiptir [Cizelge 4.1, 85]. Bu istasyonlarda yapilan REBA analizleri

sonucunda, ¢alisanlarin maruz kaldigi ergonomik risklerin 6nemli boyutlarda oldugu saptanmustir.

Ozellikle 3., 5. ve 7. istasyonlarda REBA skorlarinin 39 ile 49 arasinda degismesi, bu noktalarin
kritik ergonomik yogunluk alanlar1 oldugunu gostermistir. Bu yiiksek skorlar, ¢alisanlarin ciddi kas-
iskelet sistemi rahatsizliklar1 (KiSR) riski altinda oldugunu ve derhal miidahale edilmesi gerektigini

isaret etmektedir. Iislem bazinda incelendiginde:
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o lIslem 2 (Istasyon 1): 10 puan REBA skoru ile “Yiiksek Risk” kategorisinde yer almakta;
ozellikle govdenin 20°-60° 6ne egilmesi, boynun 20°'den fazla 6ne egilmesi ve tek ayak

tizerinde durma gibi risk faktorleri belirgindir.

o lIslem 9 (Istasyon 4): 12 puan ile “Cok Yiiksek Risk” sinifina girerken, asir1 gévde egimi
(>60°), boyun ve iist kol pozisyonlarindaki kritik agilar, zayif kavrama kosullar1 baslica risk

unsurlardir.

o Islem 12 (istasyon 5) ve islem 15 (istasyon 7): Her ikisi de 12 REBA puani ile “Cok Yiiksek
Risk”te olup, tist kolun 90°’den fazla kaldirilmasi ve bilek biikiimii gibi zorlayici faktorler

is¢inin saglhigini tehdit etmektedir.

Bu bulgular, klasik montaj hatt1 dengeleme yaklasiminin sadece iglem siirelerini minimize etmeye
odaklandigini, ancak calisanlarin maruz kaldig1 fiziksel riskleri dikkate almadigin1 gostermektedir. Bu
durum, is kazalari, meslek hastaliklar1 ve devamsizlik gibi olumsuz sonuglara neden olmakta,
dolayisiyla iiretim hattinin uzun vadeli siirdiiriilebilirligini ciddi bigimde tehlikeye atmaktadir.
Tiirkiye’de SGK 2020 verilerine gére meslek hastaliklarimin %35.7°sinin KiSR kaynakli olmasi, bu

problemin sektorel 6nemini pekistirmektedir.

Klasik model, yalnizca iglem siirelerine odaklanarak mevcut 8 istasyonlu hatti 6 istasyona
indirgemeyi basarmis ve %75.9 verimlilikle {iretimi optimize etmistir [Cizelge 4.5, 121]. Bu ¢evrim
siiresi 162 saniye olarak hesaplanmis, giinliik 280 adet tirlin tiretim hedefi ile uyumlu hale getirilmistir.
Ancak, modelin ergonomik riskleri géz ardi etmesi nedeniyle REBA skorlar1 halen kritik seviyelerde

kalmigtir; maksimum skor 49 olarak saptanmis, bu da is¢i saghigi agisindan kabul edilemez bir

durumdur.

Ayrica klasik modelde istasyonlar arasi is yiikii dagiliminda énemli dengesizlikler bulunmustur.
Ozellikle Istasyon 3, 158 saniyelik islem siiresiyle potansiyel darbogaz konumundayken, Istasyon 4, 5
ve 6’nin islem siireleri 90-104 saniye araliginda seyretmis, dolayisiyla bosta kalma siireleri ciddi
boyutlara ulagsmistir. Bu dengesizlik, hem ¢alisanlarin ergonomik risklerinin artmasina hem de hat

verimliliginin siirdiiriilebilirliginin azalmasina yol agmaktadir.

Bu caligmada gelistirilen ergonomik model, Python ve IBM CPLEX optimizasyon yazilimi
kullanilarak tasarlanmig ve hem iiretim verimliligi hem de calisan saglig1 hedeflerini eszamanli olarak
optimize eden ¢ok amach bir yaklagim benimsenmistir. Ergonomik kisitlarin entegrasyonu sayesinde,
model mevcut 8 istasyonlu yap1 yerine 9 istasyonlu bir montaj hatt1 tasarimin1 6nermistir. Bu artig, hat

iizerindeki is ylikiiniin daha homojen dagilimini saglamis ve darbogazlar1 6nemli 6l¢giide azaltmustir.

Ergonomik modelin baslica performans gostergeleri asagidaki gibidir:
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e Maksimum REBA skoru 24 seviyesine indirilmis, ortalama REBA skoru ise 20.4 olarak
hesaplanmistir. Bu skorlar, “Orta” ve “Yiiksek” risk kategorilerinin altinda kalmakta ve “Cok

Yiiksek Risk” (11-15) sinirlarinin oldukga altinda seyretmektedir.

o En yiiksek islem siiresine sahip 8. istasyondaki REBA skoru 19 ile ergonomik dengelemenin

basariyla saglandigini gostermektedir.

o I giicii agisindan 1 kisi artisla 9 operatorlii yeni hat yapisi, fiziksel yiikiin ve tekrarlayan
zorlayici hareketlerin azaltilmas: ile is kazasi ve devamsizlik risklerini minimize etmektedir.

Bu artig, maliyet degil, stratejik bir yatirim olarak degerlendirilebilir.

e Modelin toplam verimliligi %50.6 olarak belirlenmistir. Kisa vadede verimlilikte diisiis
yasanmasina ragmen, uzun vadede is giicli sagliginin korunmasi ve devamsizliklarin azalmasi

ile toplam iiretkenlige olumlu yansiyacak bir yap1 kurulmustur.

Modelin dayanikliligini degerlendirmek amaciyla farkli {iretim talebi artiglarini igeren senaryolar
(%5, %10, %15, %20) test edilmistir. Bu senaryolar kapsaminda hem REBA skorlar1 hem de ¢evrim
stireleri izlenmistir. Ergonomik model tim senaryolarda REBA skorlarim1 20.4 ortalama ve 24

maksimum degerlerde tutmay1 basarmistir. Higbir durumda kritik risk sinirlar1 agilmamastr.

Ozellikle %20 talep artis1 senaryosunda yeni is atamalari yapilmasina ragmen, modelin hem
ergonomik dengeyi korumasi hem de iiretim siirecinin siirekliligini saglamasi, modelin esnekligi ve
Olceklenebilirligini gostermektedir. Buna karsilik, klasik modelde tiretim talebi arttikca REBA skorlari
39-49 araliginda kritik risk seviyelerine yiikselmis, is¢i sagligi agisindan siirdiiriilebilir olmayan

sonuglar ortaya ¢ikmustir.

Elde edilen bulgular, c¢alisma baslangicinda belirlenen hipotezleri giicli bigimde
desteklemektedir. Ergonomik risk faktorlerini dikkate alan montaj hatt1 dengeleme modelinin, iiretim
sliresini minimize etmeye odaklanan klasik modellere kiyasla is giicii sagligini iyilestirdigi ve iiretim

verimliligini uzun vadede siirdiriilebilir bigimde artirdigi dogrulanmaistir.

Ayrica klasik modelin, kisa vadede yiiksek iiretim verimliligi saglarken, ergonomik riskleri goz
ard1 etmesi nedeniyle is¢i saglig1 problemleri, is kazalar1 ve devamsizlik gibi ek maliyetlere yol acarak

iiretim hattinin siirdiiriilebilirligini olumsuz etkiledigi net bi¢cimde ortaya konmustur.

Calismanin en kritik ¢iktilarindan biri, Kas-iskelet Sistemi Rahatsizliklar: riskinin etkin bigimde
azaltilmasidir. Ergonomik olarak iyilestirilen hat yapisi, is gilicli motivasyonu ve performansim
artirmakta; is kazalar1 ve devamsizliklarin azaltilmasi yoluyla isletme maliyetlerinde uzun vadeli
azalmalar saglamaktadir. Bu, 6zellikle yogun manuel operasyon igeren otomotiv montaj hatlarinda

stirdiiriilebilir iiretim ve is giicii saglig1 acisindan biiyiik onem tagimaktadir.
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Sonug olarak, bu tez ¢aligmasi otomotiv sektdriinde montaj hatti tasarimina ergonomik bakis
acisini bilimsel olarak entegre ederek, Endiistri Miithendisligi alanina degerli bir matematiksel model
kazandirmistir. Firmalara ergonomik optimizasyonun Onemini uygulamali olarak gostererek, hem

akademik hem de sektorel pratikte yol gosterici niteliktedir.

6. Tartisma

Caligmanin sonuglari, REBA endeksine dayali ergonomik dengelemenin, klasik hat dengeleme
yaklasimlarina kiyasla ig giicii sagligini ve sistem siirdiiriilebilirligini olumlu yonde etkiledigini ortaya
koymustur. Ozellikle yiiksek riskli islemlerin daha diisiik riskli istasyonlara dengeli sekilde dagitilmasi,

caligsanlarin maruz kaldig fiziksel yiikii azaltmis ve ergonomik dagilimi iyilestirmistir.

Bu model sayesinde, kisa vadede kiigiik iiretkenlik kayiplar1 gézlemlense de uzun vadede daha az

devamsizlik, daha az is kazasi ve daha yiiksek is giicti siirekliligi beklenmektedir. Duyarlilik analizleri

ise modelin hem esnek hem de giivenilir oldugunu dogrulamistir.

Oneriler

1. Modelin Uygulanmasi: REBA tabanli ergonomik model, mevcut montaj hatlarina entegre

edilerek siirdiiriilebilir {iretim saglanmalidir.

2. Egitim ve Farkindalik: Operatorlere ergonomik farkindalik egitimi verilmeli, riskli iglemler

icin doniisiimlii gérev planlamalar1 yapilmalidir.

3. Siirekli izleme: REBA gibi yontemlerle diizenli ergonomik analizler yapilmali, sistemler

dinamik olarak yeniden yapilandirilmalidir.

4. Gelecek Calismalar: Ergonomik modellerde biyomekanik analiz, yorgunluk indeksleri veya

yapay zeka destekli sensor verilerinin de entegrasyonu 6nerilmektedir.
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OZET

Tasima maliyetlerinin satig gelirinin %30 una kadar ulasabildigi giiniimiizde, verimli ulagim ve
dagitim sistemleri ulusal ekonomiler i¢in kritik dneme sahiptir. Ayrica, ¢cevresel konularda artan
toplumsal biling, tedarikgileri daha disiik karbon ayak izine sahip lojistik ¢oziimler
benimsemeye yonlendirmektedir. E-ticaretin yayginlasmasiyla birlikte, miisteri taleplerindeki
cesitlilik ve diisiik hacimli, sik siparis egilimleri de dagitim sistemlerinin esnekligini 6n plana
cikarmaktadir. Bu ihtiyaclardan dogan Cok Kompartimanli Arag Rotalama Problemi (CKARP),
tasima araclarinin farkli {irtinleri ayn1 anda ve karismadan tagimasina olanak taniyarak lojistik
stireclerin daha verimli ve ekonomik yonetilmesini saglamaktadir. Literatiirde genellikle tek
depolu yapilarla ele alinan bu problem, bu ¢alismada ilk kez esnek kompartiman biiyiikliikleri
ve birden fazla deponun yer aldigi daha gercek¢i bir yapiya, yani Cok Depolu Cok
Kompartimanli Ara¢ Rotalama Problemi bi¢giminde genisletilmistir. Bu kapsamda gelistirilen
matematiksel model ile toplam tagima maliyetlerinin minimize edilmesi amacglanmis ve
olusturulan test problemleri iizerinde bu yeni problem yapisinin lojistik operasyonlara
saglayabilecegi katkilar degerlendirilmistir.

Anahtar Kelimeler: Lojistik, Cok Kompartimanlit Ara¢ Rotalama Problemi, Matematiksel
Model

ABSTRACT

Today, when transportation costs can reach up to 30% of sales revenue, efficient transportation
and distribution systems are critical to national economies. Furthermore, increasing public
awareness of environmental issues is driving suppliers to adopt logistics solutions with a lower
carbon footprint. With the proliferation of e-commerce, the diversity of customer demands and
the tendency for low-volume, frequent orders are also highlighting the flexibility of distribution
systems. The Multi-Compartment Vehicle Routing Problem (MCVRP), which emerged from
these needs, enables transportation vehicles to transport different products simultaneously and
without interference, enabling more efficient and economical management of logistics
processes. This problem, generally addressed with single-depot structures in the literature, is
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expanded for the first time in this study to a more realistic structure with flexible compartment
sizes and multiple depot, namely the Multi-Depot Multi-Compartment Vehicle Routing
Problem. The mathematical model developed in this context aims to minimize total
transportation costs, and the potential contributions of this new problem structure to logistics
operations are evaluated through the generated test problems.

Keywords: Logistics, Multi-Compartment Vehicle Routing Problem, Mathematical Model

1. GIRIS

Tasima maliyetlerinin genellikle satistan elde edilen tutarin %30’una kadar ulasabildigi
giinliimiiz sartlarinda, verimli ulasim ve dagitim agi, her {ilke ekonomisinin temel bir bilesenini
olusturur (Kiymetli Sen, 2014). Ayrica ekonomik nedenlere ek olarak g¢evresel konulardaki
artan biling ile tedarikgiler hali hazirda yiiriitmekte olduklar1 faaliyetlerini daha diisiik karbon
ayak izine sahip olacak sekilde giincellemek zorunda kalmaktadirlar.

E-ticaretin giderek yayginlasmasinin da etkisiyle miisterilerin siparislerinin daha disiik
miktarlarda daha sik siparis verme ve farkli ¢esit lriinlere olan taleplerinin tek seferde
karsilanmasina yonelik taleplerinin arttig1 gozlenmektedir. Tiim bu degisimler ele alindiginda
tedarikcilerin daha yogun rekabet sartlarinda faaliyetlerini siirdlirmeleri igin yiirittiikleri
faaliyetleri daha etkin ve verimli olarak gergeklestirmek adina yeni yontemler gelistirdikleri
goriilmektedir. Cok Kompartimanli Ara¢c Rotalama Problemi (CKARP) bu arayisin sonucunda
ortaya ¢ikmistir. Kapasite Kisitli Ara¢ Rotalama Probleminin uzantis1 ve daha karmasik olan,
literatiirde CKARP olarak ifade edilen bu problem son yillarda aragtirmacilarin ve
uygulayicilarin ilgisini ¢gekmektedir.

Navlun tagimaciliginda bazi iirtinlerin sahip olduklar1 6zelliklerden Gtiirii diger tirtinlerden ayr
tasinmas1 gerekmektedir. Ozel tasima ihtiyacina sahip {iriinlerin tasmnmasinda, bu {iriinleri
misterilere ulastirmak i¢in bu iirline uygun biiylik kapasiteli araclar ile tasinmasini
gerceklestirmek yerine bir aracin depolama alanini farkli tagima ihtiyaci olan {irtinleri
tastyabilecek bi¢imde diizenlenmesi ile farkli tasima ihtiyacit olan iirlinlerin tek aracla
miisterilere teslimat yapilabilmektedir. Akaryakit tasimaciliginda farkli tirtinlerin (benzini,
motorin, fueloil, vb.) birbiri ile karigmasini engellemek i¢in tankerlerin i¢ kisimlarinin
boliimlendirilmesi buna 6rnek verilebilir. Yapilan ¢alismalar CKARP ile daha esnek ve daha
diisiik maliyetli rotalarin olusturulabilecegini acikca gostermektedir (Ostermeier ve ark., 2021).

Literatiir incelemesinde CKARP’nin ilk olarak 1981 yilinda Brown & Graves tarafindan
akaryakit ikmal problemi olarak calisilmistir. Yapilan siiflandirma calismalarinda ise bu
problemi ya Zengin Ara¢ Rotalama Probleminin bir uzantist olarak ya da akaryakit ikmal
problemini kapsayacak sekilde ele alinmistir. Bu problem {izerine ilk kez kapsamli bir
siiflandirma ve topoloji calismas1 2021 yilinda Ostermeier ve arkadaslari tarafindan yapmustir.
Bu c¢alismada CKARP’nin ARP’den farklar1 ortaya konulmustur. Bu ¢alismada da problem
yapisi ve Ozellikleri bu siniflandirma kullanilarak agiklanmaya caligilmistir.
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Literatiir incelemesinde yapilan ¢alismalarda problemin karmasiklik diizeyinden 6tiirti yapilan
caligmalarda genellikle tek bir ana depodan dagitimi ele aldig1 goriilmiistiir. Ekonomik anlamda
da ciddi iyilestirmelerin saglandigt CKARP problemlerinde ¢ok sayida deponun ele alinacagi
caligmalarin hem ekonomik hem de bilimsel deger tasiyacagi asikardir. Bu nedenle, bu
calismada pratik hayata daha uygun olacak ve literatiirde heniiz incelenmemis olan, esnek
kompartiman biiytikliigiine sahip Cok Depolu Cok Kompartimanli Ara¢ Rotalama Problemi
(CDCKARP) ele alinmistir. Ele alinan problemde, farkli konumlarda yer alan birden fazla depo
ve miisteriler yer almaktadir. Bir miisterinin birden fazla farkli tagima ihtiyacina sahip {iriine
negatif olmayan talebi bulunmaktadir. Miisterilerin talepleri bir depodan tek arag ile tek seferde
karsilanacaktir. Bu kisitlamalar altinda amag toplam tagima maliyetinin en kii¢liklenmesidir.

1.1.Literatiir Incelemesi

CKARP iizerinde yapilan ¢alismalara yonelik yapilan literatiir incelemesinde ilk ¢alisma 1981
yilinda (Brown & Graves) tarafindan akaryakit ikmal problemi igin ele alinistir. Caligmalarinda,
bir ara¢ bir turda yalnizca bir miisteriye ugrayacagindan rotalama kararlarin1 dikkate
almamistir. Ele aldiklar1 problemde zaman penceresi, heterojen arag filosu, ¢oklu depo ve
teknik ulasim kisitlarim1 dikkate almislardir. Ayrica bazi triinler i¢in 6zel bolmelere atama
kisit1 ve arag tam kapasite yiiklenmediyse degisik ylikleme desenine gore yiikleme yapilmasini
da dikkate almislardir. Tasima ve periyotlardaki siire dalgalanmalarindan kaynakli ceza
maliyetini en kiigiiklemeyi amaglamislardir.

Bu zamana kadar olan siniflandirma ¢aligmalarda CKARP, ilk olarak (Lahyani ve ark., 2015)
tarafindan yapilan siniflandirma ¢alismasinda arag yapis1 bagligi altinda Zengin Arag Rotalama
Problemi (ZARP) uzantisi olarak ele alinmistir. Yine ayn1 donemde (Coelho & Laporte, 2015)
akaryakit dagitim problemini ele alan bir simiflandirma yapmiglardir. Fakat yukarida bahsedilen
literatiir caligmalar1 kapsamli bir siniflandirma ¢alismasi igermemektedir. CKARP iizerine ilk
kez kapsamli bir topoloji ¢alismasi ve literatiir incelemesi (Ostermeier ve ark., 2021) tarafindan
yapilmistir. CKARP’nin ARP’den farkli 6zelliklerini ortaya koymuslardir, bu 6zellikler Gorsel
1.’de gosterilmektedir
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Gorsel 1. CKARP Ozellikleri. (Ostermeier ve ark., 2021)

Kompartiman Yapisina Bagl Ozellikler

Kompartiman sayisi- biiytlikliigii degisip deg§ismemesine, atamalarin {iriin tiplerine bagli olup
olmamasina ve kompartimanlarin birden fazla miisteriye hizmet edip etmemesine bagli degisen
ozellikleridir.

Kompartiman Biiyiikliigii: Esnek Kompartiman (EK), kompartimanlarin sayisinin ve/veya
biiyiikliiklerinin degisken olmasi durumudur. Eger kompartimanlarin biiyiikliikleri/sayis1 her

tur icin Onceden degistirilemiyor ise bu durumda Sabit Kompartiman (SK) olmasi soz
konusudur.

Uriin Atanmast: Uriinler kompartimanlara atanmasi esnasinda herhangi bir kisitlama yoksa, ilk
turda bir kompartimana A {iriin ¢esidi atanirken, ikici turda B {iriin ¢esidi atanabiliyor ise buna
Esnek Atama (EA) denir. Bir {riin c¢esidi yalmizca dnceden belirlenmis bir kompartimana
atanmas1 gerekiyor ise buna da Sabit Atama (SA) denir.

Kompartiman Paylasimi: Kompartimanlara yalnizca bir miisteriye ait bir ¢esit {irlin
atanabiliyorsa kompartimanin biiylikliigli bir baska miisteri siparisi ile paylasilmadigi i¢in
Paylagimsiz Kompartiman (PsK), eger kompartimana rotada yer alan diger miisterilerinde ayni
tiir tirtinleri yiiklenebiliyor ise Paylasgimli Kompartiman (PK) olmasi durumu s6z konusudur.

Siparis Gerceklesmesine Bagli Ozellikler

Miisterilerden gelen siparislerin {iriin tliriine gore tek bir aragla ya da birden fazla aracla
karsilanmasi ve bir ¢esit {iriiniin tek sefer mi birden fazla seferde mi gerceklesecegine bagl
ozellikleridir.

Miisteri Ziyaret Sayisi: Rota lizerindeki bir miisterinin birden fazla ¢esit iirlin siparisi mevcuttur
ve bu siparislerin en az bir ¢esidi fakli bir ara¢ tarafindan teslim ediliyorsa Coklu Ziyaret (CZ),
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iirlinleri tek seferde tek bir arag¢ teslim edilmesi gerekiyorsa Tekli Ziyaret (TZ) durumu soz
konusudur.

Siparis Tamamlanmasi: Miusteri ziyaret sayisinda misterilerin farkli iiriin tiplerine olan
talepleri farkli aracglar tarafindan da olsa tek seferde karsilanmaktadir. Burada farkli olarak bir
miisterinin bir {iriin ¢esidine olan talebi birden fazla arag¢ tarafindan karsilanabilmektedir. Bu
durumda Boliinmiis Gonderi (BG), tek arag tarafindan karsilanmasi durumunda Boliinmemis
Gonderi (BsG) durumu s6z konusudur.

Problem Turleri

Yapilan incelemede farkli problem tiirlerinin olmasindan dolay1 CKARP 6zelliklerinin problem
tiirlerine gore nasil oldugunu agiklamaya calismislardir. Buradan yola ¢ikarak problem tiirleri
kisaca Ozetlenmistir.

Akaryakit Ikmal Problemleri: Bu problem tiirii CKARP’nin ilk uygulamalarinin goriildiigii
alandir. Yapisi geregi bir kompartiman(tankerde) yalnizca bir miisteriye ait siparis bulundurulur
bu sebeple kompartiman paylasimi (PK) s6z konusu degildir. Fakat bazi ¢alismalarda debimetre
cihaz1 eklenerek kompartiman paylasimmna izin verilmistir. Araglarin kompartiman
biiytikliikleri degismediginden sabit kompartiman mevcuttur (SK). Calismalarin biiytik
cogunlugunda iiriinlerin kompartimanlara atanmasinda kisit olmadigindan esnek atama (EA)
ozelligine sahiptirler. Miisterilerin talepleri tek sefer de (BsG) ve tek arag¢ tarafindan (TZ)
gerceklestirilir.

En ilk 6rnek olan Brown ve Graves’in ¢alismasindan sonra (Brown ve ark., 1987) benzer bir
problemin her turda birden fazla miisteri ziyaret edilmesine izin verildigi durumu ele
almiglardir. (Avella ve ark., 2004) heterojen arag¢ filosu ve kompartimanlarin paylagimsiz
oldugu bir CKARP problemi ele almislardir. Ayrica araclarin ¢oklu kullanimini ele almustir.
(Ng ve ark., 2008) heterojen arag filosunun her turda ii¢ miisteriye ziyaret gerceklestirdigi bir
CKARP problemini ele almislardir. Cok amagli bir problem yapisi ele almislardir. (Cornillier
ve ark., 2008) her bir miisterinin hangi aragtan hizmet alacagi 6nceden belirli olan ve miisteri
taleplerinin araglara buna gére atandig1 bir tanker yiikleme problemi ele almislardir (Ornegin,
bazi1 miisterilerin yiikleme/bosaltma alanlarina yanasabilecek alanin kisitli olmasi durumudur).
(Cornillier ve ark., 2012) bir onceki ¢alismaya ek olarak ¢oklu depo olmasi durumunu ele
almislardir. Coziim i¢in ilk adimda tiim uygulanabilir turlarin belirlendigi ve ikinci adimda
matematiksel bir model araciligryla bu turlarin bir alt kiimesinin secildigi kesin bir yontem
onermislerdir. (Coelho & Laporte, 2015) ¢alismalarinda akaryakit tasimaciliginda dort farkli
problemi ele almislardir. Bu problemler kompartimanlarin paylasimli-paylasimsiz olmasi ve
gonderilerin bdliinebilmesi veya boliinememesinin kombinasyonlarindan elde edilmistir.

Atik Toplama Problemleri: Geri doniisiim esnasinda tirlinleri ayristirilmasi ek maliyete sebep
oldugundan farkli tiirdeki triinler karigsmayacak sekilde toplanmalidir. Atik toplamada Cok
Kompartimanl araglarin kullanilmasi 2010 yilinda baslamistir. Bu problemlerde ¢cogunlukla
triinlerin kompartimanlara atanmasi kisiti (lirtinlerin farkli sikistirma degerlerine sahip
kompartimanlara atanmasi s6z konusudur) oldugundan esnek atamadan s6z edilemez yani SA
seklindedir. Kompartimanlar {irtinlere gore oOzellestirildiginden ayrica kompartiman
biiyiikliikleri ve sayis1 sabittir (SK). Cogu calismada miisterilerin birden fazla ziyaret

155



NFERE,
| CONFERER,
o i,

f BURSA 5th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
= s JULY 11 - 13, 2025- BURSA
— ¥ ISBN: 978-625-5694-03-4

...................

edilebilmesi (CZ) miimkiindiir. Biitiin ¢alismalarda bir iiriin tiiri i¢in miisteri taleplerinin tek
seferde gerceklestirilmesi (BsG).

(Koch ve ark., 2016) calismalarinda kompartimanlarin biiyiikliiklerinin siirekli esnek oldugu
durumu incelemislerdir. (Henke ve ark., 2019) ¢alismalarinda ise ayni problemi ele alip ¢6ziim
icin dal-kesme metodu gelistirmislerdir. (Rabbani ve ark., 2016) ¢aligmalarinda kullanilacak
araglarin bir kisminin kiralandig1r durumu ele almislardir. Bu problemde sahip olunan araglarin
tur sonunda depoya donmesi gerekirken kiralik araclarin depoya geri gelmesi gerekmemektedir.
(Rabbani ve ark.) calismalarinda kullanilacak araglarin bir kisminin kiralandigi durumu ele
almislardir. Bu problemde sahip olunan araglarin tur sonunda depoya dénmesi gerekirken
kiralik araglarin depoya geri gelmesi gerekmemektedir. Ilk kez atik toplama alaninda ¢oklu
periyot CKARP (Elbek & Wohlk, 2016) tarafindan ele alinmistir. Bu problemde iki tip atik
(cam- kagit) mevcuttur, her arag bu sebeple iki kompartimana sahiptir. Toplanan atiklar 6nce
ara depoya getirilir ve burada atik kagit kompartimani tamamen bosaltilabilirken cam atik
kompartimani tamamen dolu ise bos olan yenisi ile degistirilir. Ara depoda bulunan atiklar daha
sonra geri doniisiim tesislerine tasinmasi gerekmektedir. Degisken tasima maliyetleri ve
bosaltma maliyetlerinin dikkate alindigit maliyet fonksiyonunun en kiigiikklenmesi
amaglanmaktadir. (Erdem, 2022) calismasinda elektrikli araglarin kullanildigi atik toplama
problemi i¢in ¢ok kompartimanli ve ¢oklu depo yaklasgimini ele almistir. Heterojen arag
filosunu ve zaman penceresini dikkate alan yaklagiminda probleme sezgisel bir ¢6ziim
Onermistir.

Tarimsal Uriin Topla/Dagit Problemleri: Tarimsal Uriin Topla/dagit problemleri siit,
zeytinyagl, canli hayvan toplanmasi veya dagitilmasimmi gibi konular1 kapsamaktadir.
Problemlerin ¢ogunlugunda kullanilan kompartimanlar biiyiikliikleri ve sayilart sabittir (SA)
fakat kompartimanlara iiriin atanmast esnektir (EA) ve kompartiman paylagimi miimkiindiir
(PK). Miisteri taleplerinin boliinmesine izin verilmez (BsG) ve miisteriler yalniz bir kere ziyaret
edilebilir (TZ).

(Oppen & Lokketangen, 2008), canli hayvan toplamanin yapildigi heterojen arag filosunun
oldugu problemi ele almiglardir. Periyotlar ve mevsimsel donemler ve depo(kesimhane) iiretim
kapasitesine ve stok miktarma da baghdir. Kompartiman sayis1 toplanacak {irlin tiiriine ve
rotaya baghdir. (Caramia & Guerriero, 2010), ciftliklerden siit toplanmasi problemi
incelemislerdir. Kamyon ve treyler rotalama probleminin 6zelliklerini igeren bir problem ele
almmastir. Her bir tur i¢in siire kisitlamasi olan araglar, ana turda herhangi bir erisim kisitlamasi
olmayan biitiin miisterileri ziyaret edebilirken, treylerin olmadig alt turlarda erisim kisit1 olan
miisterilere yalnizca kamyonlar tarafindan hizmet verilir. (Sethanan & Pitakaso, 2016),
caligmalarinda uzaklik kisitlt heterojen arag filosuna sahip CKARP problemi ele almislardir.
Bu problemde kompartimanlara yeniden yiikleme yapilmadan Once kompartimanlarin
temizlenmesi gerekmektedir. Amag¢ fonksiyonunda bu temizlik maliyetleri de dikkate
alinmistir. (Polat & Topaloglu, 2022), ¢alismalarinda gonderilerin boliinmesine izin verildigi
talep, hizmet siiresi ve araglarin hizlarinin belirsiz oldugu farkl tipte siitlerin toplanmasini
iceren CKARP’yi ele almiglardir. (Erdem, 2023)yaptig1 ¢alismada siit toplama problemini ele
almistir. Elektrikli araglarin kullanildigi, zaman pencereli, ¢oklu depo, coklu kompartiman ve
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boliinebilir gonderi (split delivery) durumlari ile elektrikli araglarin kullanimindan ortaya ¢ikan
coklu sarj segenegi durumlarini ele almistir.

Deniz Tasimaciligi Problemleri: Deniz tasimaciliginda ¢ok kompartimanl yaklasim oldukca
yaygindir. Bu problemler ¢ogunlukla sivi kimyasallarin ve petroliin tankerlerle tasinmasini
kapsamaktadir. Kompartiman biiyiikligii ve sayisi akaryakit dagitim problemlerinde oldugu
gibi sabittir (SK) fakat kompartimanlar paylagimli (PK) kullanilabilir. Kompartimanlara atama
esnek sekilde gerceklestirilebildigi durumlar (tekrar dolum oOncesi temizlenme ile) (EA)
miimkiindiir. Problemlerin ¢gogunda siparisler béliinemez (BsG) ama ¢oklu miisteri ziyaretleri
(CZ) miimkiindiir.

(Bausch ve ark., 1998), literatiirde ilk kez deniz tagimaciligi konusunda ¢ok kompartimanl
yaklagimi kullanarak arastirma yapan kisilerdir. Farkli gemilerden olusan bir filo ile sivi
iirlinlerin en diisiik maliyetle ulastirilmasini saglayacak ¢izelgeyi olusturmay1 amaglamislardir.
(Fagerholt & Christiansen, 2000) mineral giibrelerin dagitimi konusunda 6rnek bir ¢aligma
gerceklestirmigleridir. Heterojen bir filo ile topla- dagit probleminin formiilasyonunu
olusturmuslardir. (Kobayashi & Kubo, 2010) c¢alismalarinda (Fagerholt & Christiansen)
caligmasina benzer yapida olan petrol dagitim problemini incelediler. Farkli olarak ¢oklu zaman
penceresine sahip topla-besle (pick up and supply) i¢in bir ayristirma yaklagimi onerdiler.

Market Uriinleri Dagitimi Problemleri: Son yillarda market iiriinlerinin dagitim1 konusu
oldukea ilgi cekici hale gelmistir. Market iiriinleri farkli ortam sicakliklarinda depolanmasi ve
taginmasi gereken Urilinlerin dagitimimi kapsamaktadir. Problemlerin genel yapisi itibari ile
kompartiman paylasimi (PK) miimkiindiir fakat siparisler bdliinemez (BsG). Calismalarin
biiyiik cogunlugunda kompartiman biiytikliigii ve sayisi degisebilir (EK) (bu ayarlanabilir kabin
duvarlar1 ya da 6zel kutular ile saglanir). Uriinlerin kompartimanlara atanmasi cogunlukla esnek
degildir (SA).

(Chajakis & Guignard, 2003), ti¢ iiriin tipi olan market tedariki i¢cin CKARP’yi incelemislerdir.
[k problem tiirii ortam 1sisinda iiriin tasiyan tek kompartimanl araca denk gelmektedir. Fakat
dondurulmus ve sogutulmus iiriinler i¢in 6zel kutular kullanilarak bdlmeler eklenebilir. Ikinci
problem tiirlinde kompartimanlar1 ayiran bélmeler mevcuttur. Ayrica sogutulmus iiriinler yine
0zel kutular ile bu alana da konulabilir. Her iki problem tiiriinde araglarin yiikleme kisitlar1 ve
agirlik kisitlart dikkate alinir. Sogutma maliyetleri amag fonksiyonunda yer almaktadir. (Hsiao
ve ark., 2017) hem kompartiman biiyiikliiklerinin hem de 1silarinin esnek olarak ayarlanabildigi
bir market dagitim problemini ele almislardir. Sicakli§in ve saklama siiresinin iirtinlerin tizerine
olan etkisinden dolay1 miisterilerin taleplerinde dalgalanmaya sebep olabilir. Seyahat siiresine
bagli {icretleri, mesafeye bagli yakit {icretlerini, depolama ve sogutma maliyetlerini, seyahat
stiresine bagli emisyon maliyetlerini, karsilanamayan talebin maliyetini ve {irlinlerde yasanan
bozulmalarin maliyetlerini bulunduran bir kapsamli maliyet fonksiyonu tanimlamiglardir.
(Ostermeier & Hiibner, 2018) calismalarinda ise tekli kompartiman ve ¢oklu kompartiman
araclarin kullanildigi en uygun ara¢ karmasinin tiim senaryolar icin {istiin oldugunu
gostermislerdir. (Ostermeier ve ark., 2018), cok kompartimanli araglar igin yiikleme kisitlarinin
onemini incelemislerdir. Kii¢iik boyutlu problemler icin bile 6nem arz ettigini basit
degisikliklerle coziilebilecegini gostermislerdir. (Hiibner & Ostermeier, 2019) yiikleme ve
bosaltma maliyetlerinin CK ARP iizerine olan etkilerini aragtirmislardir. Rotalama kararlari i¢in

157



NFERE,
| CONFERER,
o i,

f BURSA 5th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
= s JULY 11 - 13, 2025- BURSA
— ¥ ISBN: 978-625-5694-03-4

...................

yikleme, bosaltma ve tasima maliyetlerini dikkate alan Genisletilmis Komsuluk Arama
Sezgiseline (GKA) dayali bir ¢6ziim yontemi 6nermislerdir. (Martins ve ark., 2019) literatiirde
ilk kez c¢ok periyotlu yaklasimi market dagitim problemleri i¢in ele aldilar. Zaman penceresi
iirlinlere bagimlidir, bu da bir periyot i¢erisinde ayni ¢esit iirlinlerin dagitilmasi gerektigini ifade
eder. Zamaninda teslim edilmeyen tiriinler i¢in bir ceza fonksiyonu mevcuttur. (Frank ve ark.,
2021) periyodik CKARP problemi ele almiglardir. Gonderim desenini olusturmak igin
Alternatif Genisletilmis Komsuluk Arama Sezgiseli (AGKA) ve uygun rotay1 belirlemek igin
GKA sezgisellerini kullanarak ¢oziim tretilmistir. Es zamanli olarak (1) en uygun gonderi
sikligin1 ve miktarin1 her bir {iriin grubu ve her bir miisteri i¢in belirlemek, (2) Cok
kompartimanli araclar1 kullanarak en diisiik maliyetli rotay1r olusturmak amaclanmstir.
Gonderim deseninin olusturulmasi ile %15°lik bir tasarrufun elde edildigini ifade etmislerdir.

Incelenen calismalar 1s131nda ¢ok kompartimanl araglar ile {iriin dagitimi gergeklestirilmesinin,
hem iirlinlerin tagima esnasinda zarar gérmelerini hem de daha diisiik maliyet ile taginmasini
sagladigi agikardir. Bu calismada ele alinan Cok Depolu Cok Kompartimanli Ara¢ Rotalama
Problemi (CDCKARP) ile olan benzerlikleri ve farkliliklari su sekildedir;

Akaryakit Dagitim Problemlerinde yer alan (Cornillier ve ark., 2012), (Alinaghian ve ark.,
2018) ve (Xu ve ark., 2020) tarafindan yapilan ¢alismalar ¢oklu depo ve ¢oklu kompartiman
yaklagimini ele almiglardir fakat bu ¢alismalarda problem yapist geregi esnek
kompartimanlarin oldugu durum incelenmemistir.

Atik Toplama Problemleri arasinda en benzer oldugu ¢alima (Erdem, 2022) tarafindan yapilan
caligmadir. Bu ¢alismada ATP genel 6zelligi sayilabilecek bicimde kompartiman biiytikliikleri
sabittir, onerilen calisma bu noktada ayrismaktadir. Diger ¢alismalarda ¢oklu depo yaklasimi
ele alinmamugtir.

Tarimsal Uriin Topla/Dagit Problemlerinde yer alan (Erdem, 2023) calismasinda ¢ok depolu ve
cok kompartimanl ara¢ rotalama problemini ele almis olsa da problemde kompartiman
boyutlar: tanker kullaniimas: ve kompartiman paylasimina izin verilmedigi bir durumu ele
almigtir. Bu ¢alisma bu noktalarda ayrismaktadir.

Deniz Tasgimaciligi Problemlerinde ¢ok kompartimanli tasimacilik s6z konusu olabilmekteyken
coklu deponun oldugu bir yaklagim goriilmemistir. Kullanilan tankerlerin giiniimiiz teknolojisi
ile kapasitelerinin her defasinda ayarlanmasi miimkiin olmadig1 icin esnek kompartiman
bliyiikliigii s6z konusu degildir.

Market Uriinleri Dagitimi1 Problemlerinde kesikli esnek (discretely flexible) kompartiman
biiyiikliigii ve hatta stlirekli esnek kompartiman (continiously Flexible) biiyiikliigii calisiimistir.
Yapilan ¢calismalarda ¢oklu depo olmast durumu ele alinmamistir

2. DENEYSEL CALISMALAR

2.1. Problemin Matematiksel Modeli

Bu béliimde, ele alinan CDCKARP’nin tanimi yapildiktan sonra problemin ¢6zii igin
gelistirilen matematiksel model verilecektir.
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CDCKARP notasyonel olarak su sekilde tanimlanabilir: G = (N, A) tam bagl bir sebeke
olsun, N tiim diigiimlerin kiimesini (N = N U N;), "N," depo kiimesini, "N" miisteri
kiimesini A diiglimler arasindaki hatlar1 tanimlamaktadir.

CDCKARP tanimlanan bu sebeke lizerinde asagidaki varsayimlar altinda en diisiik maliyetli
rotalarin tespiti problemidir:

(). Farkli konumlarda yer alan birden fazla depo ve birden fazla miisteri bulunmaktadir.
(if). P adet farkli iiriin tiirti bulunmaktadir, her miisterinin bu tiriin tiirlerine negatif
olmayan talepleri s6z konusudur. Taleplerin 6nceden bilindigi varsayilmaktadir.

(iii). Her bir miisteri birden fazla aragtan hizmet alabilir, fakat miisterinin her bir tiriin
¢esidi icin olan talebi tek seferde karsilanmalidir. Ele alinan problemde ¢oklu ziyarete
(multi visit) izin verilirken, boliinmiis siparise (split delivery) izin verilmemektedir.

(iv). Depolarin kapasitesi miisteri taleplerini karsilayabilmektedir.

(v). Her ara¢ depodan yola ¢ikacak ve turun sonunda basladigi depoya donecektir.

(vi). Her bir iirtin bir birim hacim kaplamaktadir.

(vii). K adet homojen aragtan olusan bir arag filosu hizmet verecektir.

(viii). Her araca atanan miisterilerin her bir iiriin ¢esidine olan talepleri, o aragta her bir iirlin

¢esidi i¢in ayrilan kompartimanlarin kapasitesinden kiiciik veya esittir.

q birim kapasiteye sahip araglarin yiikleme alanlar1 her bir arag i¢in ayr1 ayr1 daha 6nceden
belirlenmis olan temel bolme alani biiyiikligi q,,,;; in tam say1 kat1 olan 7 adet
kompartimana ayrilabilir. m < |P| oldugundan bir aracin yiikleme alani en fazla iiriin ¢esidi
kadar kompartimana ayrilabilir, bir kompartimanin biiytikligi g,,;; *1n tam say1 katlari

seklindedir. Bu katlarin kiimesi M = {1,2,3, ..., My, 45} 0lsun, kompartimanin en fazla

Mpax = qL goreli bilyiikliige sahip olacaktir. Ornegin, P = 3,q = 120 br ve qynit =
unit

10 br olsun, M, = % = 12, bir aracin bir kompartimanin kapasitesi en fazla 12 * q, it

olabilir.

Onerilen matematiksel modelde kullanilan problem indeksleri, parametreler, kiimeler ve
degiskenler asagida verilmistir.
Indeksler, parametreler ve kiimeler:

N :Diigiimler ( N U Np)

N¢ :Miisteri diigiimleri

Np :Depo diigiimleri

P :Uriinler kiimesi

K :Homojen araclar kiimesi

dip i misterisinin p lriin ¢esidine olan talebi (Vi € N, Vp € P)
Cij : 1 diiglimiiniin j diiglimiine olan uzaklhigi (Vi,j € N)
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q : Arac kapasitesi
Qunit - Bir aracin kapasitesinin boliinebilecegi potansiyel bélme boyutu
m  : Bir aracta en fazla taginabilecek iirlin ¢esidi

Degiskenler

o {1, i diigiimiinden ] diigiimiine k aract ile gidilirse
yk -0, diger durumlarda
(1, i miisterisinin p Urin cesidine olan talebi k aract ile karstlanirsa (i
Yipk {0, diger durumlarda

2t - {1, k aracinda  p iriin ¢esidi tasinirsa
ke 10, diger durumlarda

Zxp 'k aracinda p triin ¢esidini tasimak igin gerekli Q¢ alani
U, Yardimei degisken (Vi € Ni)

Amac Fonksiyonu

minZZZCU*xUR 1)

iEN jEN keK
Kisitlar
Z Yipk = 1 Vi € N, Vp €P )
keEK
nypk <|Pl+ injk Vj € No,Vk € K 3)
pEP iEN
ijik =injk Vj€eN,Vk €K 4
iEN iEN
dip * Z Yipk < Qunit * Ziep Vp € P,k € K (5)
iEN,
zkpS( )*Ztkp VkeEKVp€eEP (6)
Qunit
ZZtkpSﬁl vkeK ©)
PED
qunit*zzkp SQ VkeK (7)
DED
Z Zty 21 Vp €P 8
keEK
Z Z Xijke = Zlip vk € K,Vp € P (10)
iENp jJEN(
Ujre — Ui + z dip * Yipre < Q * (1 — xij0.) Vie N, VjEN,VKkEK (11)
peP
Xk € {0,1} Vie N,Vj e N,Vk €K (12)
Yipk €{0,1} Vi EN.,,Vp EP,VkEK  (13)
Ztyy € {0,1} Vk € K,Vp € P (14)
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e ISBN: 978-625-5694-03-4
Zp = 0 ve tamsay1 Vk e K,Vp e P (15)
Uy =2 0 Vi € N;,Vk €K (16)

(1) Amag fonksiyonudur. Toplam rota uzunlugunun en kisa olmasini saglar.

(2) Her miisterinin her bir iiriin ¢esidi bir aractan karsilanmalidir.

(3) Degiskenleri birbirine baglayan kisit (Bir j miisterisi p iiriin ¢esidi i¢in k aracindan hizmet
altyor ise k aracinin o diiglime herhangi bir i diiglimiinden gelmesini garanti eder).

(4) Arag rotalama problemleri i¢in akis denklemi

(5) k aracinin p iiriinii tedarik edecek miisterilerin talepleri o kompartimanin toplam
kapasitesini agamaz.

(6) Degiskenleri birbirine baglayan kisit.

(7) Bir arag, daha 6nceden belirlenmis m adet kompartiman sayisindan fazla tirlin ¢esidi
tagiryamaz.

(8) k aracinda biitiin iiriin ¢esitleri i¢in ayrilan toplan birim alan Mmax degerinden fazla olamaz
(9) Eger p iirlin ¢esidine olan talep sifirdan biiyiik ise o {iriin ¢esidi en az bir araca atanmis
olmasini saglar.

(10) Her bir arag igin bir p {iriinii atanmis ise o ara¢ bir depodan ¢ikmalidir.

(11), Alt tur eleme kisit1

(12), (13), (14), (15), (16) isaret kisitlaridir.

3.SONUCLAR VE DEGERLENDIRME

Bu c¢alismada Onerilen matematiksel model, diger ¢aligmalara gore daha genel bir problem
tiirtinii ¢6zmeyi amaglamaktadir. Bu sebeple modelde yapilabilecek bazi degisiklikler ile daha
0zel olan bir probleme ait veri seti kullanilarak ayni ¢dziimleri elde edip edilemeyecegi
iizerinden matematiksel modelin yeterliligi ve ¢6ziim Kkalitesinin degerlendirilmesi
amaclanmistir. Bu amagla Henke ve ark., 2015 ¢alismalarinda kendi tirettikleri veri setinden
faydalanilmistir. Bu calismadaki veri setinde, 10 miisterinin yer aldifi, {irtin ¢esidi,
kompartiman sayisi, 3 farkli diizeyde tedarik parametresinin (supply parameter, her miisterinin
bu {iriin ¢esitlerinden kag tanesine talebi olacagini ifade eder) oldugu 27 farkli problem tipi ve
her bir problem tiiriinde 50 farkli problem yer almaktadir.

Henke ve ark., (2015) ¢alismasinda, optimum sonuglar veri seti dosyastyla birlikte paylasiimas,
ancak islem siireleri her bir problem tiirii i¢in yalnizca ortalama ve en uzun islem siiresi olarak
sunulmustur. Stireleri karsilastirilmasi, her iki modelin ayni1 cihaz iizerinde ¢alistirilmasi ile elde
edilen stireler iizerinden yapilmasi olas1 hatalarin Oniine gegecegi agiktir. Fakat, Henke ve
arkadaglar1 (2015), calismalarinda alt tur eleme i¢in kullandiklar1 yontemi agik¢a ifade
etmedikleri i¢in modellerinin ¢6ziimleri elde edilememistir. Bu sebeple stireleri karsilastirmak
yerine ayni ¢oziimii elde edip etmedigi lizerinden bir karsilastirma yapilabilmistir.

Bu calismada kullanilan tam sayili programlama c¢oziiciisli, 1 saatlik ¢alisma siiresi ile
siirlandirilmistir. Bu nedenle, Henke ve ark., (2015) ¢alismasinda uzun siirelerde ¢6ziim elde
edilen bazi problemlerde, ¢o6ziicli belirtilen siire i¢inde islemi tamamlayamadan sonlanmustir.
Buna ragmen, bir¢ok problemde elde edilen bilinen en iyi tam sayili ¢oziimler ile Henke ve
arkadaslar1 tarafindan bulunan optimum degerler arasinda herhangi bir fark bulunmamistir. Bu
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sartlar altinda kullanilan test verisi ile elde edilen ortalama islem stireleri Gorsel 2’de yer alan
grafikte goriilmektedir.

Onerilen Modelin Ortalama Siireleri
2687 2184 Onerilen model

1149
10°

Sre (sn, log Slgek)
-
2

-
2

~
©
©

10321
10322
10323
10331
10332
10333
10621
10622
10623
1064 1
1064 2
10.6.4 3
10.6 6 1
0_
10663
10921
10922
10923
10.9.4 1
10942
10943
10971
10.9.7.2
10973
10991
10.9.9 2

10993

S
Problem Tipi

Gorsel 2. Onerilen Modelin Henke ve ark., (2015) Test Problemleri icin Ortalama Co6ziim Siireleri

Bu calisma siirecinde, bahsi gegen veri setlerinden hareketle yapilan analizlerde, {iriin ¢esidi
sayist li¢ olan problemler i¢in daha iyi siirelerde ayni1 optimum degerler elde edilmistir. Ancak,
iiriin ¢esidi sayisi artarken araglarda daha az kompartiman sayisi olan problemlerde model yine
ayni optimum sonuglar1 saglamis olsa da ¢ozlim siireleri anlamli sekilde uzamistir. Bu durum,

iriin ¢esidi sayisinin artisinin, modelin ¢6ziim performansi iizerindeki etkisini acikga
gostermektedir.

Henke ve ark., (2015) calismalarinda test verilerini nasil elde ettikleri prosediire benzer bir
prosediir izlenerek 2 depolu problem veri setleri tiretilmistir. 10, 15 ve 20 miisteri i¢in 3, 6 ve 9
iirlin ¢esidinin yer aldig1 27 problem tiirliniin her birinden 50 6rnek olacak sekilde 1350 problem
3600 saniye kisit1 altinda 6nerilen model ile GAMS {izerinde CPLEX ¢oziiciisii ile ¢oziilmiistiir.
Elde edilen sonuglar Cizelge 1, Cizelge 2. ve Cizelge 3.’de yer almaktadir.

Cizelge 1. 10 Miisteri icin Elde Edilen Ortalama Siireler

MUSTERI SAYISI 10 10 10 10 10 10 10 10 10
URUN CESIDi

KOMPARTIMAN SAYISI 3 3 3 6 6 6 9

TEDARIK PARAMETRESI | 1 2 3 1 2 3 1 2 3
ISLEM SURESI (sn) 022 | 025 | 031 | 028 | 033 | 032 | 026 | 035 | 0.36

10 miisterinin oldugu 450 farkli test problemi iiretilmis ve ¢oziilmiistiir. Genel ¢6ziim siiresi
ortalama 0.30 saniyedir. 3 iiriin ¢esidi i¢in ortalama 0.26 saniyede, 6 iiriin ¢esidi i¢in 0.31
saniyede ve 9 iiriin ¢esidi i¢in 0.32 saniyede ¢oziim iiretilmistir. Cizelge 1. incelendiginde {iriin
cesitlerine olan talepler degistikce (tedarik parametresi) ve iiriin ¢esidi sayis1 arttikca ortalama
islem siireleri arttig1 acikca goriilmektedir.

Cizelge 2. 15 Miisteri icin Elde Edilen Ortalama Siireler

MUSTERI SAYISI 15 15 15 15 15 15 15 15 15
URUN CESIDI 3 3 3 6 6 6 9 9 9
KOMPARTIMAN SAYISI | 3 3 3 6 6 6 9 9 9
TEDARIK PARAMETRESI | 1 2 3 1 2 3 1 2 3
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‘1SLEM SURESI (sn) \ 5.40 \ 13.03 \ 9.46 \ 8.43 \ 11.73 \ 49.73 \ 8.52 \ 13.24 \ 28.38 \

15 miisterinin oldugu 450 farkl test problemi iiretilmis ve ¢oziilmiistiir. Elde edilen ¢6ziimler
icin iglem siiresi ortalamasi 16.44 saniyedir. 3 iiriin ¢esidi i¢in ortalama siire 9.29 saniyede, 6
iirlin ¢esidi i¢in 23.30 saniyede ve 9 iiriin ¢esidi i¢in 16.71 saniyede ¢Oziim iiretilmistir.

Cizelge 3. 20 Miisteri icin Elde Edilen Ortalama Siireler

MUSTERI SAYISI 20202020 20 2020 20 [ 20
URON CESIDI 313|366 |6 9] 9/ o9
KOMPARTIMAN SAYISI 313|366 | 6 9] 9/ o9
TEDARIK PARAMETRESI 1 2 3 1 2 3 1 2 3

: A 500. | 839. | 500. | 536. | 1408. | 1814, | 515. | 1465, | 2687.
ISLEM SURESI (sn) 28 | 02 | 15 | 75 | 54 | 04 | 84 | 54 | 22
I SAAT ICERISINDE OPT. COZ.

URETILEMEYEN PROB. SAYISI 316121219 22 142

20 miisterinin oldugu 450 farkl test problemi iiretilmis ve ¢oziilmiistiir. Ortalama islem siiresi
1140.82 saniyedir. 3 iiriin ¢esidi i¢in ortalama islem siiresi 613.15 saniye, 6 iiriin ¢esidi igin
1253,11 saniye ve 9 iirlin ¢esidi i¢in 1156,2 saniyedir.

4. GENEL DEGERLENDIRME VE SONUCLAR

Bu ¢alismadan elde edilen sonuglar neticesinde miisteri sayilari arttik¢a problemi ¢ozmek i¢in
gereken silireninde arttigi, hatta belirli siire kisit1 altinda ¢6ziim iiretilemedigi goriilmiistiir.

Problem yapisinda yapilan degisiklikler birka¢ 6rnek disinda beklenildigi gibi ¢oziim siireleri
iizerinde artigsa sebep olmaktadir.

Esnek kompartiman biiytikliigline sahip CDCKARP ilk kez ele alinmasindan 6tiirii problem
icin olusturulan matematiksel modelde problemin daha temel bir yapidaki hali ele alinmistir.
Bu problemin yapisinin gergcek hayatta karsilasiima ihtimali daha yiliksek olacak yeni
varsayimlar, kisitlar eklenerek incelenmesi 6nem arz etmektedir. Gelecekte ele alinacak olan
problem tiirleri dogal olarak bu ¢aligmada ele alinan yapidan daha karmasik bir yapiya sahip
olacaktir. Bu sebeple ¢ozliim igin gerek hazirlanacak yeni matematiksel modele gerekse makul

zamanda ¢oziim iiretmek adina meta sezgisel yontemlerle desteklenmesi yoluyla literatiire katk1
saglanabilir
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ABSTRACT

Screeds are construction materials used to eliminate defects on surfaces and to provide a smooth
surface feature to floors. Traditional cement-based screeds made with normal aggregates and/or
crushed stone aggregates create additional dead load in buildings due to both their low
workability and high unit weight. In this study, lightweight and self-compacting cement-based
screed mortars with improved density values of 1164 - 1210 kg/m?® were produced by using
marble powder formed during diamond wire saw sizing machine process of marble blocks in
marble quarry mining. Third generation hyper plasticizer polycarboxylate ether (PCE) was used
in mortar designs to ensure self-compacting. Within the scope of the study, technical properties
such as flow rates, density, porosity, 7, 28 and 56-day compressive and flexural strength of
mortars with marble powder additives were determined. According to the study results, it was
determined that as the amount of marble powder added to the mixture increased, the flow
feature of the mortars improved, thus the porosity of the mortar decreased and its mechanical

performance increased accordingly.

Anahtar Kelimeler: Marble powder, Cement, Self-leveling, Screed, Performance, Property.

1. INTRODUCTION

Self-leveling screeds are a cement-based polymer modified, fine-grained mortar material with
high flow properties to obtain a smooth and even floor surface and without the need for the
addition of excessive amounts of water for placement. They are widely used to create a smooth
and even floor surface, allowing a higher compressive strength to be achieved compared to
traditional screed mortars. Self-levelling Floor Screeds is a functional range of high
performance, self-levelling floor compounds used to create a flat and smooth surface prior to

166



NFERE,
| CONFERER,
o i,

o

BURSA 5th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
JULY 11 - 13, 2025- BURSA
e — ISBN: 978-625-5694-03-4

...................

AEAD;,W
oIS

the application of the final floor finishes. They have a compressive strength similar to or higher
than that of traditional concrete prior to installing interior floor coverings such as PVC, vinyl,
rubber, carpets, tiles, and wood flooring [1]. Self-leveling leveling screed mortar has a
composite structure consisting of binders, fillers, redispersible polymers and additives. Screed
mortar can be named under different definitions according to the type of binder material [2].
These designations are grouped into 5 different categories in the TS EN 13813 standard [3]:
Cementitious screed materials, Calcium sulphate screed materials, Magnesite screed materials,
Mastic asphalt screed materials and Synthetic resin screed materials. It is generally seen that
finely ground mineral materials such as sand and limestone are predominantly used as fillers.
As additives, for example, different origin alternative mineral and/or chemical polymer based
additives can be used for setting time, curing time, flow properties, air entrainment and
separation control purposes [4-6]. It is of particular importance to formulate lower density mix
designs without significantly reducing the strength value of the screed mortar. For this purpose,
the use of new generation natural and/or semi-artificial porous materials with low unit weight
compared to normal sand and crushed stone aggregate components in self-leveling screed
designs is an innovative research topic [2]. Barluenga et al. [7] showed that it is possible to
produce high strength screed mortar in the study on the use of ground slate obtained from quarry
waste in the production of self-leveling cement-based mortar.

In marble quarries, it is inevitable that the marble blocks that are torn from the main mass and
are very large in size are subjected to a size reduction process in the quarry in order to reduce
them to a portable and more functional size. For this function, “sizing machines”, which
generally work with the principle of wire cutting machines but consist of smaller sized
equipment, are widely used. In this process called diamond wire saw sizing, large-sized marble
blocks are cut from the bottom, top and sides in order to obtain blocks of certain sizes. In this
cutting process, the particles that the diamond wire sockets tear off from the marble blocks, in
the line that follows the cutting path and direction in the block with the effect of wire cutting,
are carried out outside the marble block and form an accumulation at the bottom. These
accumulated marble particles are extremely small-sized cutting dust and are in the nature of a
micronized ground raw material. These marble particles are generally called “Marble powder
by diamond wire saw sizing machine (DWSSM)”. Both the grain size and natural material
characteristics of this material carry the potential to be an important raw material in the
production of self-leveling screed mortar. However, there are no sufficient industrial research
findings on the subject. Within the scope of this study, an experimental research study was
conducted on the usability of these marble powders by DWSSM obtained from a marble quarry
in the industrial production of self-leveling screed mortar. In this paper, a summary of the
findings obtained in this research is discussed.

2. MATERIALS AND METHODS

2.1. Materials Used in Test Samples
Within the scope of the study, the design of cement based self-compacting screed mortar

(CSCSM) in a way that its applicable thickness in a single stage does not exceed 40 mm was
taken as a basis. At the beginning of the study, a control mortar consisting of cement as a binder,
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fine tuff, micronized glass fiber, plasticizer and polymer additives as other mixture components
was obtained and the technical findings of the samples belonging to this mixture were used as
a comparison criterion throughout the study. In other mixture designs, marble powder by

DWSSM formed as a result of the sizing process was used as a replacement for fine tuff in the
control mortar.

In the preparation of CSCSM samples, the main aggregate material, naturally porous and
volcanic tuff material, was supplied as 0-1 mm sized material from Aydogdu Tic. A.S., which
operates industrially in the Alagati region of Izmir. In the laboratory environment, the tuff
material was first dried in a ventilated oven environment at 105+5°C, then classified into sub-
500 pm fine size fractions to be used in screed mortar samples by classifying with a square
mesh sieve. The oven-dry bulk density of this material is 970 kg/m® on average and the water

absorption rate by mass is 20.3%. The general appearance of the tuff material is given in Figure
1 and the sieve analysis is given in Figure 2.

Figure 1. General view of the tuff material
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Figure 2. Sive analysis of tuff material
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In the preparation of CSCSM samples, marble powder by DWSSM was supplied in the form of
marble powder from Mugla Yatagan Marble Quarry belonging to SIRMERSAN Marble
Industry Company, which operates industrially in the Mugla region. Marble powder,
micronized marble particles formed during the diamond wire cutting of marble blocks with the
help of slicing machines during the block size reduction function after the quarry cutting, was
used as marble powder by DWSSM in this study. The symbolic representation of the marble
powder obtained in the marble quarry operation is shown in Figure 3. The marble powder
brought from the quarry as it was formed was first dried in a ventilated oven at 105+£5°C in the
laboratory environment and then used directly in the mixtures without being subjected to any
chemical and/or sizing process. The average oven dry bulk density of the marble powder
material was determined as 930 kg/m® and the water absorption rate by mass was <2%. The

general appearance of the marble powder material is given in Figure 4 and the sieve analysis is
given in Figure 5.

Marble block

17

Diamond wire saw

Diamond wire saw Marble powder by DWSSM

Marble powder
by diamond wire saw sizing machine

Diamond wire saw sizing machine
“DWSSM”

Figure 3. Symbolic view of the production of marble powder by DWSSM
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Figure 4. General view of marble powder by DWSSM
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Figure 5. Sive analysis of marble powder by DWSSM

In order to provide workability and self-leveling properties of screed mortar mixture in
preparation of CSCSM test samples, third generation Hyper Plasticizer Polycarboxylate ether
(PCE) in powder form, which reduces mixing water in cement based materials, provides high
fluidity and improves its performance, was added to the mixtures as a chemical additive by
supplying from market conditions. Polycarboxylate ether hyper plasticizer powder additive is a
light pink colored, easily soluble in water, does not contain chloride ions, has a specific gravity
value between 0.45-0.6 g/cm?® and can be used as a consumption amount of 0.2-0.5% of the
binder weight. This additive is a new generation super plasticizer additive that can be used in
self-leveling screed products, self-compacting concretes, joints, ready-mixed mortars and
plasters, high performance ready-mixed concrete applications, manufacturing of precast
elements, marine structures, concretes with fly ash and silica fume additives.

In the preparation of CSCSM test samples, textile type glass fibers obtained through physical
recycling were used as fiber additives. Glass fiber is white in color, average fiber size is <63
microns, and was used in experimental studies as obtained from market conditions without any
chemical activation. The specific gravity of glass fiber is 2.63 g/cm?, fiber diameters are 12-16
(+%18) microns, moisture content is <0.10%, yarn content is <0.05% and the application
temperature range is between -55°C and +600°C.

Modified polymer additives can be used in mixture designs to provide high adhesion ability to
the surface to which self-leveling screed mortar is applied [2]. For this purpose, a powder
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polymer additive based on vinyl acetate-Veova-acrylate and polyvinyl alcohol preservative was
added to the mixtures by obtaining it from market conditions in the preparation of CSCSM test
samples. This polymer additive increases the workability and water resistance of the mortar, is
effective in extending the application time (open time) of the mortar and helps to increase the
final strength values of the samples by reducing the amount of water used in the mixtures. This
polymer additive is a white powder type of additive that can be used at low film formation
temperature and provides the property of improving the adhesion of the mortar in cement-based
products. Its average density is 550-650 kg/m®. The minimum film formation temperature is +0
C° [2]. CEM 1 42.5R Portland Cement (specific gravity value 3.15 g/cm®) was used in the
preparation of CSCSM test samples and city water was used as water.

2.2. Mixture Design and Sample Preparation
In order to analyze the effect of marble powder by DWSSM on the performance of screed

mortar in the production of cement-based self-leveling screed mortar, 7 different mixture
designs were made and the amounts of materials used for 1 m® mortar production are given in
Table 1.

Table 1. Mixture components of CSCSM test samples (material amount kg for 1 m® mortar)

Marble Glass
Mixture Cement Powder Tuff Fiber PCE Polymer Water
(kg) (kg) (kg) (kg) (kg) (kg) (kg)
SO 307 0 711 2.25 1.13 2.36 193.6
S10 306 102 606 2.24 1.12 2.35 192.8
S20 305 203 502 2.23 1.12 2.34 191.9
S30 303 303 399 2.22 111 2.32 191.0
S40 302 403 296 221 111 231 190.2
S50 301 501 195 2.20 1.10 2.30 189.3
S60 299 598 94 2.19 1.10 2.29 188.5

S0 coded mixture was designed as a control mixture without marble dust. In all mixture series,
cement, glass fiber, PCE and polymer additives were used at fixed ratio values in terms of
percentage values of the total weight of the mixture. In the S10-S60 coded mixture series,
marble dust was used as a replacement with the tuff material weight in the mixture at 10%,
20%, 30%, 40%, 50% and 60% of the total amount of material in the mixture, respectively.
However, in all mixtures, the water/cement ratio was kept constant as w/c=0.63 and the
water/solid ratio as w/s=0.109.

In the preparation of the mixtures, the sized dry tuff aggregate materials were first subjected to
a pre-moistening process with 1% water by weight in order to minimize aggregate surface
tensions [2]. Then, it was mixed with the other materials in the mixture in a mixer container at
low speed until a homogeneous powder form was obtained for an average of 5 minutes.
Afterwards, the mixing water was added and the mixing process was continued until a
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homogeneous mixture was obtained. After mixing, the test samples were molded at 23+2°C for
approximately 20 minutes.

First of all, the flow table method was used to evaluate the flow initial values in mm unit in
order to evaluate the consistency-self-spreading properties of the CSCSM test samples in the
form of wet fresh mortar. According to the parameters foreseen in the TS EN 13813 standard
[8], 12 pieces of 40x40x160 mm?3 prism-shaped CSCSM test samples were cast. All test samples
were removed from the molds 1 day after casting and left in a normal curing environment at
20+2°C as foreseen for cement screed samples in the TS EN 13892-1 standard [9]. After all test
samples were removed from the mold, they were cured in an environment of 20+£2°C and
95+5% RH for the first 5 days. Afterwards, the curing process was continued in a similar
temperature environment and 654+5% RH humidity environment until the 21-day curing period
was reached and the curing process was carried out in a condition where the ambient humidity
would be 50+5% RH after 21 days. Three samples with dimensions of 40x40x160 mm? were
first subjected to bending test after being taken from their storage places after 7, 28 and 56 days
of curing by applying the principles foreseen in TS EN 13892-2 [10]. Six samples obtained as
a result of the bending test were subjected to compressive strength tests on the same day as the
bending tests without waiting, according to the principle foreseen in TS EN 13892-2 [10]. In
addition, the density and porosity values of all test samples were analyzed according to ASTM
C642-21 [11].

3. RESEARCH FINDING

In order to analyze the effect of marble powder by DWSSM on the performance of screed
mortar in the production of cement-based self-leveling screed mortar, some technical findings
of CSCSM test samples belonging to the mix designs are given in Table 2.

Table 2. Analysis findings of CSCSM test samples

Powder

Mixture Marble Bulk Fres_h Hardened | Flow | Apparent

Cement Powder Denglty Denilty Density Rate Porosity

(ko) (%) (kg/m?) | kM) | gemdy | mm) | )

SO 307 0 1096 1403 1225 221 18.38
S10 306 10 1086 1388 1210 228 16.73
S20 305 20 1079 1379 1202 233 15.35
S30 303 30 1071 1370 1193 236 13.83
S40 302 40 1064 1360 1183 240 12.34
S50 301 50 1055 1350 1173 246 11.00
S60 299 60 1047 1341 1164 248 10.21

3.1. Consistency and Flow

The initial flow value of SO control sample in the fresh mortar form was determined as 221 mm.
However, it is seen that the marble powder added to the mixture composition as a replacement
with tuff improves the workability of the screed mortar despite the mixtures having equivalent
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wi/c ratios. In other words, as the marble powder ratio in the mixture composition increases, the
flow value of the screed mortar also increases, and the self-spreading potential of the mortar
further develops. It is seen that the factor in this is the porosity of the material obtained in the
mixtures becomes important and the mortar takes on a more fluid form as the porosity
decreases. For example, the addition of 20% marble powder increased the spreading value from
221 mm to 233 mm compared to the control mortar with a 3.03% decrease in porosity.
Similarly, the addition of 60% marble powder increased the flow value from 221 mm to 248
mm compared to the control mortar with a 8.17% decrease in porosity. The effect of marble

powder addition on the porosity rate change of the mortar is given graphically in Figure 6, and
the effect of the mortar on the flow value is given in Figure 7.
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Figure 6. Marble powder by DWSSM versus flow rate
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Figure 7. Marble powder by DWSSM versus flow rate
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Figure 8. Cement dosage versus flow rate

Another observation that affects the flow value of screed mortar in mix designs is that, despite
the very low increase in the amount of cement in the mix, the flow initial values of the mortar
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decrease. The graphical analysis of this investigation is given in Figure 8. However, it is thought
that the main reason for this decrease in flow values is not the increase in the amount of cement
within the scope of this study, but other factors such as porosity and unit weight change in the
mix design.

3.2. Unit Volume Mass
The fresh mortar form molded unit volume mass value of SO control sample is 1403 kg/m® and
the set density value is 1225 kg/m®. While the marble powder added to the mixture composition
as a substitute for tuff is kept constant at the equivalent w/c and equivalent w/s ratios, the fresh
mortar form molded unit volume mass values of the screed mortar tend to decrease. In other
words, as the marble powder ratio in the mixture increases, the fresh density value decreases
and a lighter mortar is obtained. This phenomenon is shown graphically in Figure 9.
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Figure 9. Densities of CSCSM test samples

The increase in the use of marble powder in the mixtures was attributed to the fact that the most
effective factor in the change in the density values of the mortar was that the density of the
marble powder was lower than the density of the tuff material. On the other hand, while the
porosity value of the mortar decreased, an expectation arose that the density value would
increase. However, according to the findings in this study, it was observed that the different
aggregate densities presented a situation contrary to this expectation. For example, the addition
of 20% marble powder decreased the density value of the hardened mortar from 1225 kg/m?® to
1202 kg/m® compared to the control mortar, with a 3.03% decrease in porosity. Similarly, the
addition of 60% marble powder decreased the density value of the hardened mortar from 1225
kg/m? to 1164 kg/m?® compared to the control mortar, with a 8.17% decrease in porosity.

3.3. Mechanical Properties
The mechanical properties of the CSCSM test specimens were examined in the context of two

separate parameters according to the principles stipulated in the TS EN 13892-2 standard [10].
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These are: Flexural strength and compressive strength. For each mixture design, 3 specimens
from the 40x40x160 mm? prism-shaped samples were subjected to flexural strength tests after
curing on the 7th, 28th and 56th days. The flexural strength values obtained in the analysis are
given in Figure 10 depending on the curing day durations. The flexural strength values here
represent the average of the findings of three test specimens from each series.

28 days

5,00 - 7 days — 1— 56 days
4,35
411 414 4,18 4,23 4,26 4,31
4001 3,68 371 375 376 3,78
& 3,46
= 341
= 311 314
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SO S10 S20 S30 S40 S50 S60

Figure 10. Flexural strength analysis of CSCSM test specimens

The flexural strength values of each mixture increased with time. The flexural strength values
of S60 screed mortar mixture with the highest marble powder usage and the lowest amount of
tuff aggregate usage reached 3.14, 3.78 and 4.35 N/mm? on the 7th, 28th and 56th days,
respectively. It is observed that as the total marble powder ratio in the mixture increases, the
flexural strengths also improve. When SO mix design was considered as the control mixture in
this study in terms of comparing the effects of the material components in the other mixes, it
was determined that the flexural strength in all other series increased as the marble powder ratio
increased. According to the TS EN 13892-2 standard [10], the “F” classification system was
envisaged for the flexural strengths of cement-based screed mortars. According to this
classification, when the flexural strengths of the 28-day test samples were examined, it was
determined that the flexural strengths of S0-S60 mixtures (cement dosage between 299 kg/m?
- 307 kg/m®) were in the F3 class and were greater than >3 N/mm?. However, in terms of
flexural strengths, it was determined that the test samples met the requirement of being greater
than >4 N/mm? for the F4 class after 56 days of curing. Within the scope of the study, it was
observed that the flexural strength values of all test samples gained strength in the long period,
and it was thought that it would be more appropriate to analyze the flexural strengths after 56
days to represent this period and compare them. As a result of the flexural test, six samples
obtained from each mixture series were subjected to compressive strength tests as foreseen in
TS EN 13892-2 [10] without waiting on the same day when the flexural tests were performed.
Thus, the compressive strength values for the mixture designs after 7, 28 and 56 days of curing
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were obtained for each series. The compressive strength values obtained in the analyses, the
compressive strength relations depending on the marble dust usage rate in three different curing
periods of 7, 28 and 56 days are given graphically in Figure 11 - Figure 13, respectively. The
compressive strength values here represent the average of the findings of six test samples from
each series.
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Figure 11. Compressive strength analysis of CSCSM test specimens (7 days cure)
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Figure 12. Compressive strength analysis of CSCSM test specimens (28 days cure)
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Figure 13. Compressive strength analysis of CSCSM test specimens (56 days cure)

The compressive strength values of each mixture increased with time, as in the flexural strength.
The compressive strength values of SO control mixture for 7, 28 and 56 days were determined
as 10.71, 12.48 and 13.07 N/mm?, respectively. It is observed that the screed mortar strength
values increase at each cure time as the marble powder ratio in the mixture composition
increases. It is thought that the factor in this increase is the porosity rate that decreases due to
the increase in marble powder. The decrease in porosity ensures the formation of a more
compact matrix structure and increases the resistance against pressure. However, in the use of
a self-leveling screed mortar as a leveling screed in construction projects, it should be carefully
examined whether it meets the minimum compressive strength values specified for screed
mortars in the standards. In this context, it is observed that the minimum compressive strength
value specified for cement-based screed mortars in the TS EN 13813 standard is 5.0 N/mm?. It
has been observed that this value, which is foreseen by the standard, can be easily achieved
after a 7-day curing period in all mixtures, including the control mortar included in the scope
of the study. However, the higher the strength value of the screed mortar, the more important it
becomes in terms of its bearing properties. When considered from this perspective; according
to the TS EN 13892-2 standard [10], the “C” classification system has been foreseen for the
compressive strengths of cement-based screed mortars. According to this classification, when
the compressive strengths of the 28-day test samples were examined, it was determined that the
28-day compressive strengths of the mixtures between SO control mortar and S30 were in the
C12 class and were >12 N/mm?. However, it was determined that the 28-day compressive
strengths of the mixtures between S30-S50 were in C14 class and were >14 N/mm?. In S60
mixture, it was determined that this value was in C16 class and was >16 N/mm?.

In the test samples, it was determined that the porosity rate in the matrix structure was a direct
factor affecting the compressive strength of the screed mortar, and it was also observed that this
interaction gained a more pronounced feature in the development of the strength values of the
56-day CSCSM samples. When it is aimed to obtain high strength for self-leveling screed
mortar forms produced with porous aggregates, the aggregate amount and dimensions that can
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keep the total porosity rate of the matrix structure at a minimum level should be optimized [2].
When the findings obtained in this study are examined in the context of this approach, it
becomes important to keep the porosity of the matrix structure at levels lower than 18% in
screed mortars with tuff and marble powder additives.

4. CONCLUSIONS

In this study, cement-based self-compacting screed mortars were developed with different
usage rates of marble powder obtained in marble diamond wire saw sizing. According to the
study findings,

1. As can be seen from the consistency analyses, as the amount of main aggregate marble
powder in the mixture increases, the flow property of CSCSM samples improves due
to the fixed water/cement ratio and plasticizer ratio.

2. As the total tuff aggregate ratio in the mixture increases, the porosity of the CSCSM
samples increases and accordingly, the bending and compressive strengths decrease.

3. It was observed that the composite mortars produced within the scope of the study
could meet the bending strength criteria stipulated in the TS EN 13892-2 standard.

4. Similarly, it was determined that the mortars could also meet the compressive strength
criteria stipulated in the TS EN 13892-2 standard.

With this study, the productability of lightweight and self-compacting composite screeds with
marble powder additives was determined.

REFERENCES

[1]  Terraco. 2025. Self-levelling Floor Screeds. https://www.terraco.com/wp-
content/uploads/2021/03/Terrascreed-Brochure-A4.pdf (Erisim tarihi: 03.07.2025)

[2]  Giindiiz, L., & Kalkan, S. O. (2023). ince pomza agreganin ¢imento esasli kendiliginden
yayilan tesviye sapmin performansina etkisi. Nigde Omer Halisdemir Universitesi
Miihendislik Bilimleri Dergisi, 12(1), 225-238.
https://doi.org/10.28948/ngmuh.1132825

[3] TS EN 13813. 2004. Sap malzemeleri ve zemine uygulanan saplar - Sap malzemeleri -
Ozellikler ve gerekler, TSE, s31, Ankara.

[4] Georgin, J. F., Ambroise, J., Péra, J., & Reynouard, J. M. (2008). Development of self-
leveling screed based on calcium sulfoaluminate cement: Modelling of curling due to
drying. Cement and Concrete Composites, 30(9), 769-778.
https://doi.org/10.1016/j.cemconcomp.2008.06.004

[5] Canbaz, M., Topeu, 1. B., & Atesin, O. (2016). Effect of admixture ratio and aggregate
type on self-leveling screed properties. Construction and Building Materials, 116, 321-
325. https://doi.org/10.1016/j.conbuildmat.2016.04.084

179



NFERE,
| CONFERER,
o i,

JULY 11 - 13, 2025- BURSA

éf%é BURSA 5th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
—

wwwwwwww

[7]

[8]

[9]

[10]

[11]

........... ISBN: 978-625-5694-03-4

Bizzozero, J., & Scrivener, K. L. (2015). Limestone reaction in calcium aluminate
cement—calcium sulfate systems. Cement and Concrete Research, 76, 159-169.
https://doi.org/10.1016/j.cemconres.2015.05.019

Barluenga, G., & Hernandez-Olivares, F. (2010). Self-levelling cement mortar
containing grounded slate from quarrying waste. Construction and Building
Materials, 24(9), 1601-1607. https://doi.org/10.1016/j.conbuildmat.2010.02.033.

TS EN 13813, 2004. Sap malzemeleri ve zemine uygulanan saplar - Sap malzemeleri -
Ozellikler ve gerekler, TSE, s31, Ankara.

TS EN 13892-1, 2004. Sap malzemeleri - Deney metotlart - boliim 1: Deneyler i¢in
numune alma, hazirlama ve kiirleme, TSE, s9, Ankara.

TS EN 13892-2, 2004. Sap malzemeleri - Deney metotlar1 - bolim 2: Egilme ve
sikistirma mukavemeti tayini, TSE, s7, Ankara.

ASTM C642-21, 2022. Standard Test Method for Density, Absorption, and Voids in
Hardened Concrete, ASTM International, West Conshohocken, PA.

180



NFERE,
| CONFERER,
o i,

f BURSA 5th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
= s JULY 11 - 13, 2025- BURSA
— ¥ ISBN: 978-625-5694-03-4

...................

A STUDY ON THE USE OF DEWATERED MARBLE SLUDGE WASTE IN THE
PRODUCTION OF GARDEN CONCRETE KERBS

Prof. Dr., Liitfullah GUNDUZ

Izmir Katip Celebi University, lutfullah.gunduz@ikcu.edu.tr - 0000-0003-2487-467X
Assist. Prof. Dr., Sevket Onur KALKAN

Izmir Katip Celebi University, sevketonur.kalkan@jikcu.edu.tr - 0000-0003-0250-8134

ABSTRACT

Concrete kerb stones are structural elements manufactured from precast concrete with cement
binder, which are unreinforced in various lengths and sections and lined up on the edges of
pavements and medians for the purposes of separating pavements and medians from the road
and directing water coming to the road surface to the rainwater system, etc. Cement-based kerb
stones made with normal aggregate and/or crushed stone aggregates are widely used in many
flooring or landscaping applications. In this study, garden concrete kerb stones weighing 13-
13.9 kg were produced with mortars with density values of 2171-2323 kg/m® by using
dewatered marble sludge waste (DMSW) materials formed as a residual material in marble
processing plants. Dewatered marble sludge waste was used as a 10-42% by weight replacement
with fine sand in concrete mortar for the purpose of evaluating an industrial waste material in
concrete designs. Within the scope of the study, the flexural strengths of garden concrete kerbs
to be obtained with DMSW-added mortars were analyzed and it was determined that the
flexural strengths of kerb stone products varied between 3.64 N/mm? - 6.43 N/mm?. It was
observed that the kerb stone samples met the strength limits stipulated in the TS 436 EN 1340
standard.

Anahtar Kelimeler: Dewatered marble sludge waste, Cement, Garden, Kerbs, Analysis,
Property.

1. INTRODUCTION

Concrete kerb stones are structural elements manufactured from precast concrete with cement
binder, which are unreinforced in various lengths and sections and lined up on the edges of
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pavements and medians for the purposes of separating pavements and medians from the road
and directing water coming to the road surface to the rainwater system, etc. [1-3]. Concrete kerb
stones are also used as complementary elements together with concrete paving stones used as a
coating tool in most applications. It can be seen that they are frequently used on the edges of
pedestrian pavements on the side of the road, in highway medians, at the end points of these
areas in parks and gardens or in places where a visual decorative focus is desired [2-4]. Concrete
kerb stone is one of the preferred material types with its various applications and its resistance
to different natural conditions and heavy loads for many years, its durability and long life. It
can be evaluated as a complementary element in all kinds of environmental structures that can
be produced in different shapes and colors [1-3]. It is generally applied as Municipality Kerb,
Garden Kerb, Highway according to the place and purpose of use (Figure 1). It can be classified
as Different Border and Central Median Border and models and appearances can be produced
with these names, and it can also be diversified in small sizes for decorative purposes.

These types of kerb stones can be produced in different sizes in terms of suitability for the place
of use and visuality. For example, concrete kerb stones called municipal kerbs can generally be
12x50x24 cm (Width x Length x Height) nominal size, as well as 12x70x25 cm nominal size.
However, concrete kerb stones called garden kerbs can generally be 10x50x20 cm (Width x
Length x Height) nominal size and can be seen in products with lower nominal size. Similarly,
concrete kerb stones called highway kerbs can be 18x70x30 cm (Width x Length x Height)
nominal size. Their alternative sizes can also be seen in sectoral uses [2-5].

Figure 1. Symbolic views of concrete kerb stones manufactured from unreinforced, cement-
bound precast concrete

Concrete kerb stones; in addition to being produced with high quality concrete, they also reach
high strengths since they are subjected to vibration and pressing applications in their production.
Since the air gap in the concrete is reduced to a minimum level with this compression and
vibration effect, their water absorption rates in mass are generally low. This also increases the
resistance against frost. For this reason, the life of concrete kerb stones is longer compared to
alternative materials [4-6].

In the production of concrete kerb stones, they are generally produced without reinforcement
from mortar mixtures obtained by adding cement to the raw material mixture of crushed stone
and fine sand with a size range of 0.1 mm - 8 mm.
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Kerb stone productions are traditionally generally single-layered. However, double-layered
production methods can also be seen in some special productions [2-3]. In order to ensure that
the surface appearance of the concrete kerb stone is smooth and to provide a smooth surface
feature after casting, the use of micronized material -750 microns in concrete kerb mortar is
considered important. Depending on the change in the fine material ratio, the surface visual
features may also vary [4-6]. When desired, different colors and sizes can be produced by
adding dyes and/or pigments of various colors to the concrete mortar.

In marble processing facilities and/or marble workshops, the cutting processes of marble blocks,
plates and laths are usually carried out in a wet environment with diamond socket saws. The
particles that break off from the marble masses during the cutting process are collected in water
treatment tanks established in a suitable location of the enterprise due to the presence of water
in the environment [7-9]. In these tanks, with the use of different chemical additives, the marble
particles are settled at the bottom of the pools; the water in the pool is purified and fed back to
the system for reuse. However, these marble particles settled at the bottom of the pools are
taken with the help of pumps in the pools, dewatered in filter press units established as a system
in most facilities, and converted into solid waste material [8-10]. Afterwards, this dewatered
marble sludge waste is transported outside the plant and accumulated in a suitable additive
waste storage or dam. This sectoral material, which has accumulated as an important waste
material today, can be seen to have an important raw material feature when examined [9-12].
However, today, there are not enough studies on the recycling of these waste/waste materials
to the industry. Within the scope of this study, an experimental research study was conducted
on the usability of dewatered marble mud waste materials obtained from a marble processing
plant in the industrial production of garden concrete kerb stones. In this paper, a summary of
the findings obtained in this research is discussed.

2. MATERIALS AND METHODS

2.1. Materials Used In Test Samples
Within the scope of the study, dewatered marble sludge waste (DMSW) was supplied in the

form of dewatered marble filter cake from Mugla Yatagan Marble Quarry belonging to
SIRMERSAN Marble Industry Inc., which operates industrially in the Mugla region.
Dewatered marble filter cake is marble grains that are released during the cutting of blocks and
slabs in an aqueous environment in the marble processing factory and mostly have grain sizes
below 1 mm. Since the cutting process is in an agueous environment, the grains that the cutting
sockets break from the marble mass mix into the cutting water as waste material and form
marble sludge. This material is accumulated in the marble sludge pool created in the wastewater
treatment system in the marble processing plant, and then this solid material in a muddy
structure is turned into a cake with the help of filter press equipment and water is separated.
The obtained dewatered marble cake was used in this study as a 0-1 sand material displacement
in the concrete mixtures prepared with DMSW. The general appearance of the DMSW material
used throughout the study is given in Figure 2.
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Figure 2. General view of the marble factory and DMSW material

In order to use the DMSW material sample in the concrete mortar mixtures to be created in the laboratory
environment on the evaluation of the garden concrete kerb stone elements, the mixture was provided
without subjecting the marble filter cake to any drying and/or heat treatment by pre-mixing - blending
with the main aggregate material to be used in the mixture in a mixer with adjustable mixing speed. The
oven dry bulk density of the marble filter cake is 1230 kg/m?® on average and the water absorption rate
by mass is <1.5%. The sieve analysis of the DMSW material sample is given in Figure 3.

184



BURSA 5th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
JULY 11 - 13, 2025- BURSA

— ISBN: 978-625-5694-03-4

10 ]-_.___=_——-Cl—

100,04
’__,-/'c 3571 '

2D
)
- T3 .42
.§ B0 /
i
= 52,21
£
2%
B
ey

20 2356

0 4 0 O
i} 01 0.z 03 0.4 0.5 Y] 0.7 08

Siewe opening, {mm)

Figure 3. Sive analysis of DMSW

Quartz sand in the 0-7 mm grain size range was obtained from market conditions to be used as
the main aggregate material in concrete mortar mixtures in the preparation of garden kerb stone
test samples. In the laboratory environment, this sand material was grouped into 3 different size
fractions as 0-1 mm (fine aggregate), 1-3 mm (medium aggregate) and 3-7 mm (coarse
aggregate) by classifying with square mesh sieves. This sized quartz sand was evaluated as the
main aggregate materials in the test samples prepared within the scope of the study. The water
absorption rate of all three quartz sand samples by mass is <% 2.

In the preparation of garden kerb stone test samples, 2 different sizes of textile type glass fibers
were used to ensure the workability of the concrete mortar mixture and also to serve as fiber
reinforcement in the mix designs. These glass fibers were used as Powder Glass Fiber (PGF)
and Mix Glass Fiber (MGF) and coded within the scope of the study. These textile type glass
fibers obtained through physical recycling. Powder Glass Fiber (PGF) is white in color, average
fiber size is <63 microns and fiber diameter is 12-16 (+%18) microns. Mix Glass Fiber (MGF)
is also white in color, average fiber size is <6 mm and fiber diameter is 14-18 (+%]15) microns.
The specific gravities of both PGF & MGF are 2.63 g/cm? moisture contents are less than
<0.10%, yarn contents are less than <0.05% and the application temperature ranges are between
-55°C and +600°C. They were used in experimental studies as obtained from market conditions
without any chemical activation.

CEM 1 42.5R Portland Cement (specific gravity value 3.15 g/cm?) was used in the preparation of garden
kerb stone test samples and city water was used as mixing water.

2.2. Mixture Design and Sample Preparation
At the beginning of the study, a mixture design with 340 kg/m® cement dosage and

water/cement (w/c) ratio of 0.49, with sand aggregate and fiber additives classified in three
different sizes without using dewatered marble mud waste was prepared and this mixture and
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its samples were evaluated as a control design with code B0OO throughout the study. In order to
analyze the effect of dewatered marble mud waste on the performance of the kerb mortar in the
production of cement-based garden kerb stone, 5 different mixture designs were made and the
amounts of materials used for 1 m3 mortar production of the mixture components are given in
Table 1. Except for the control mixture design, dewatered marble mud waste was used as a
replacement with 0-1 mm fine-sized quartz sand in the control mortar in other mixture designs.
The proportions of all other remaining mixture components were used as fixed, and all
dewatered marble sludge waste added kerb mortar (DMSWKM) test samples were prepared at
340 kg/m? cement dosage and w/c=0.49 ratio.

Table 1. Mixture components of DMSWKM test samples for 1 m? of mortar

0-1mm | 1-3mm | 3-7 mm
DMSW | Sand Sand Sand PGF MGF

Mix (%) (%) (%) (%) (%) (%)

Cement by by by by by by Water W/C

(kg) weight | weight | weight | weight | weight | weight | (kg)
B0OO 340 0 42 17 23 0.7 0.5 167 0.49
B10 340 10 32 17 23 0.7 0.5 167 0.49
B20 340 20 22 17 23 0.7 0.5 167 0.49
B30 340 30 12 17 23 0.7 0.5 166 0.49
B35 340 35 7 17 24 0.7 0.5 166 0.49
B42 340 42 0 17 23 0.7 0.5 166 0.49

The mixture coded BOO was designed as a control mixture in which DMSW was not used. In
all mixture series, cement, glass fibers and sand materials were used in fixed ratio values in
terms of percentage values of the total weight entering the mixture. In the mixture series coded
B10-B42, DMSW was used in the ratios of 10%, 20%, 30%, 35% and 42% of the total amount
of material in the mixture, respectively, by replacing the 0-1 mm fine sand material weight in
the mixture.

In order to be able to use the dewatered marble mud waste material sample in the concrete
mortar mixtures to be created in the laboratory environment upon the evaluation of the
production of garden concrete kerb stone elements, the mixture was provided without
subjecting DMSW to any drying and/or heat treatment by pre-mixing - blending with the main
aggregate material to be used in the mixture in a mixer with adjustable mixing speed. When the
main aggregate material and DMSW were mixed together as a pre-treatment, it was observed
that DMSW could exhibit a homogeneous distribution in the mixture. The obtained mortar
mixtures were placed in cube and rectangular prism geometric shaped molds prepared in a
laboratory environment in a format that would represent the production of concrete kerb stones,
by vibration-compression, and the processes were carried out for 28 days under normal
environmental conditions. The findings obtained were evaluated and the unit weight and
flexural strength values of the products in the form of garden kerb stones with a nominal size
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of (60x90)x140x500 mm? were examined. The geometric dimensions and general form of the
garden kerb stone are given in Figure 4.

Figure 4. Garden concrete kerb design

Flexural strength studies were carried out according to the parameters specified in the TS 436 EN 1340

(Concrete kerb stones for floor covering - required conditions and test methods) standard [13]. Kerb test
samples and test parameters within the scope of this standard are defined in Figure 5.
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Figure 5. Concrete kerb flexural strength test principle [13]

According to TS 436 EN 1340E, depending on the profile of the upper surface of the kerb stone
sample to be tested, a wedge made of hard wood or a mortar filling mass is used between the
surface of the test sample and the steel loading pad. The load is applied without impact effect,
with a stress increase rate of (0.06 = 0.02) MPa/s until the breaking load is reached. The
breaking load is recorded with an approximation of 100 N. The moment of inertia of the
breaking section with respect to the horizontal axis passing through the center of gravity of the
cross-sectional area is calculated using the working dimensions. The flexural strength of the
kerb stone subjected to the test, T, is calculated using the equation given below.

T = (P*L*y) / (4*1) (Eq.1)
Where;

T : Flexural strength, N/mm?,
P : Breaking load, N,
L : Distance between supports, mm,
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| : Moment of inertia calculated using the working dimensions of the breaking section,
mm?*,
y : Distance between the center of gravity of the breaking section and the outermost fiber, mm.

3. RESEARCH FINDING

In order to analyze the effect of dewatered marble mud waste on the performance of the mortar
in the production of cement-based garden concrete kerb stone elements, the hardened mortar
densities of DMSWKM test samples of the mix designs and the unit weight and flexural
strength values in the form of garden kerb product are given in Table 2,

Table 2. Analysis findings of DMSWKM test samples

DMSW
Mix (%) Hardened Density | Kerb Unit Weight | Flexural Strength
by weight (kg/m?3) (kg) (N/mm?)
BOO 0 2323 13.9 6.43
B10 10 2284 13.7 5.49
B20 20 2248 135 4.69
B30 30 2212 13.2 3.97
B35 35 2195 131 3.76
B42 42 2171 13.0 3.64

The B0O control sample has a molded unit volume mass value of 2323 kg/m? in the form of
hardened mortar. DMSW, which was added to the mixture composition as a replacement with
fine sand, tended to decrease in the molded unit volume mass values of the kerb mortar in the
form of hardened mortar, while keeping it constant at equivalent W/C ratios. In other words, as
the DMSW ratio in the mixture increases, the hardened mortar density value decreases and a
lighter concrete density is obtained. Concrete density values vary between 2284 - 2171 kg/m?®
depending on the increase in the DMSW ratio. This phenomenon is shown graphically in Figure
6.
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Figure 6. Densities of DMSWKM test samples

The unit weight values of garden concrete kerbs produced with concrete mortar of these density
values also decrease in proportion to the DMSW additive ratio. Therefore, it shows that a lighter
concrete kerb stone can be obtained compared to the kerb product obtained with the control
mixture mortar. The change in the concrete kerb stone unit weight values depending on the
increase in the DMSW additive ratio is shown graphically in Figure 7.
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Figure 7. Unit weight of garden concrete kerbs based on DMSW rates
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The unit weight of the kerb stone obtained with the BOO mixture is 13.9 kg. It can be seen that
the unit weights of concrete kerb products produced with different aggregate types of equivalent
nominal sizes generally vary between 13.5 - 15.5 kg. The effective parameter in this is the
amount of water applied during kerb stone casting and printing in the fabrication and the change
in the placement ratio. When the mixture water ratio increases or the placement ratio increases
during kerb molding, the concrete kerb weights may increase since more mortar will be placed
in the mold. Within the scope of this study, it can be seen that the unit weights of the garden
kerb obtained with all concrete samples with DMSW additives can be lower than the kerb
weights in the market conditions and a lighter product can be obtained. However, as the amount
of DMSW additive increases in the concrete mixture design, a 6.5% lighter kerb can be obtained
compared to the weight of the concrete kerb made with the control mortar. For example, garden
concrete kerbs to be produced with B10-B42 mixture designs will allow for a lighter product to
be obtained by 1.6%, 3.2%, 4.8%, 5.5% and 6.5%, respectively. It is certain that the lighteners
of the kerb stone as a product will provide significant advantages in terms of transportation,
especially in its shipment from the place of production to the place of use.

Another issue analyzed and examined within the scope of the study is the flexural strength value
of the kerb stone. Limitations have been imposed on the flexural strength values for the use of
concrete kerb stone products in flooring in the TS 436 EN 1340 standard [13] and they have
been grouped categorically in 3 separate classes. These classification and marking values are
given in Table 3. The characteristic flexural strength should not be less than the value given for
the relevant class in Table 3. None of the single test results should be less than the smallest
value given for the relevant class in Table 3. If the kerb stones cannot be tested according to
this standard due to their shape, these elements are considered to be in compliance with this
standard if they are manufactured from concrete of at least equivalent quality to the concrete
used in the kerb stone conforming to this standard [13].

Table 3. Flexural strength classes (TS 436 EN 1340) [13]

Characteristic Minimum
Class Marking Flexural Strength | Flexural Strength
(N/mm?) (N/mm?)
1 S 3.5 2.8
2 T 4.0 4.0
3 U 5.0 4.8

The minimum flexural strength required by the standard is 2.8 N/mm?, as can be seen here. In
the context of the findings obtained within the scope of the study, the flexural strength values
of garden kerb stones produced with DMSWKM designs vary between 3.64 - 6.43 N/mm?. This
change is shown graphically in Figure 8.
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Figure 8. Flexural strength of garden concrete kerbs based on DMSW rates

The average flexural strength of the kerb stone obtained with the BOO mixture is 6.43 N/mm?.
It can be seen that the unit weights of concrete kerb stones produced with different aggregate
types in equivalent nominal dimensions generally vary between 13.5 and 15.5 kg. The average
flexural strength of the kerb stone with 10% DMSW added by weight is 5.49 N/mm?, and its
strength is 14.7% lower than the control sample. However, when examined in terms of the
strength limits stipulated by the standard, it is seen that the BOO and B10 samples meet the Class
3 strength limits. On the other hand, the average flexural strength of the kerb stone with 20%
DMSW added by weight is 4.69 N/mm?, and its strength is 27% lower than the control sample.
It is seen that it meets the Class 2 strength limit according to the strength limits stipulated by
the standard. In other B30, B35 and B45 mixture designs, the average flexural strength of the
kerb stone samples was determined to be <4.00 N/mm?, and the flexural strengths were 38.2%,
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41.5% and 43.4% lower than the control sample, respectively. According to the strength limits
stipulated by the standard, it is seen that the kerb stones in this mixture design provide Class 1
strength limits. As it is clearly seen in these examinations, it was determined that as the DMSW
additive ratio increases, it has a decreasing effect on the flexural strength of the kerb product.
However, although the kerb product has a decreasing effect on the strength value, it is
understood that it can be used in garden kerb stone production since it is seen that it can provide
the smallest strength class limit values stipulated by the standard.

4. CONCLUSIONS

In this study, a research study was conducted on the production of garden concrete kerbs using
dewatered marble mud waste obtained from water treatment pools by filtration process of
marble grains, mostly below 1 mm, which are released during cutting of blocks and slabs in a
wet environment in a marble processing factory and mostly with grain sizes below 1 mm.
According to the study findings,
1. DMSW, which is used as a substitute for fine sand in the mixture composition,
showed a tendency to decrease in the molded unit volume mass values of the kerb
mortar in the form of hardened mortar when kept constant at equivalent W/C ratios.
As the DMSW ratio in the mixture increases, the hardened mortar density value
decreases and a lighter concrete density is obtained.
2. A 6.5% lighter kerb was obtained compared to the weight of the concrete kerb made
with the control mortar as the DMSW additive amount increased in the concrete
mixture design. It was determined that the garden concrete kerbs to be produced with

B10-B42 mixture designs will allow for the production of lighter products at the rates
of 1.6%, 3.2%, 4.8%, 5.5% and 6.5%, respectively.

3. The flexural strength values of garden kerb stones produced with DMSWKM designs
vary between 3.64 - 6.43 N/mm?. It has been determined that as the DMSW additive
ratio increases, the flexural strength of the kerb product decreases. However, it has
been observed that all kerb products belonging to DMSWKM designs meet the
strength limits stipulated in the TS 436 EN 1340 standard.

With this study, it has been determined that lighter and sufficient flexural strength garden kerb
stone with DMSW additive can be produced.
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ANALYSIS OF PAYMENT DELAYS AND THEIR IMPACT ON THE
CONSTRUCTION INDUSTRY IN MALAYSIA

Siti Nur Aisyah
Department of Civil Engineering, Universiti Teknologi Malaysia, Malaysia

Abstract

Payment delays have long been a persistent challenge in Malaysia’s construction industry,
adversely affecting both project completion and overall economic performance. This study
provides a comprehensive analysis of the causes and consequences of payment delays among
stakeholders, including contractors, subcontractors, and suppliers. Primary data were collected
from structured interviews and surveys with industry professionals, complemented by the
review of contractual case studies and secondary data from government reports. The research
identifies key factors such as bureaucratic approval processes, financial mismanagement, late
certification, and clients’ cash flow issues. Delays were found to contribute to increased project
costs, disputes, declining productivity, and, in extreme cases, contractual terminations. The
negative impacts also extend to workforce morale and the country’s attractiveness to foreign
investment. Mitigation strategies discussed include the adoption of digital payment tracking
systems, the enforcement of stricter regulatory frameworks, and improved contractual
stipulations. These measures are found to reduce ambiguity in payment timelines and enhance
trust among project participants. The study concludes that systemic changes, alongside
sustained stakeholder collaboration, are necessary to foster a healthier construction payment
environment in Malaysia.

Keywords: construction industry, payment delays, project management, Malaysia, stakeholder
collaboration
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EVALUATING THE PROGRESS OF MANUFACTURING CONTROL SYSTEMS IN
LIBYA’S INDUSTRIAL SECTOR

Muna Al-Faraj
Department of Industrial Engineering, University of Tripoli, Libya

Abstract

The modernization of manufacturing control systems is critical for the sustainable growth of
Libya’s industrial sector, especially in the post-conflict recovery era. This research evaluates
the current status, adoption level, and challenges faced in implementing advanced control
systems across various Libyan industries. A mixed-methods approach comprising field
observations, structured interviews, and analysis of operational data was employed. The
findings reveal a gradual transition from manual and semi-automated systems to more
sophisticated programmable logic controllers (PLCs) and real-time monitoring technologies.
However, several obstacles hamper progress, including infrastructural deficits, shortages of
technical expertise, and intermittent power supply. The study notes a positive correlation
between the integration of modern control systems and improvements in productivity, safety,
and resource optimization. Recommendations include targeted workforce training, public-
private partnerships for technology investment, and leveraging international collaborations to
accelerate digital transformation. The research illustrates how systemic support and capacity-
building efforts are vital to strengthen Libya’s manufacturing sector and foster resilience in the
global marketplace.

Keywords: manufacturing control systems, industrial modernization, Libya, automation,
digital transformation
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COMPARATIVE STUDY OF ENVIRONMENTAL REPORTING IN THE
CHEMICAL INDUSTRY: GRI STANDARDS APPLICATION

Dr. Emily Thompson
Department of Environmental Management, University of Manchester, United Kingdom

Abstract

Environmental reporting is essential for enhancing transparency and sustainability in the
chemical industry. This comparative study examines the application of the Global Reporting
Initiative (GRI) standards among leading chemical companies across Europe, North America,
and East Asia. Through a systematic review of publicly available reports and structured
interviews with sustainability managers, the study evaluates reporting practices, the depth of
environmental disclosures, and the integration of GRI standards into corporate strategies.
Findings highlight variations in the comprehensiveness and quality of reporting across regions,
with European firms demonstrating more advanced integration and robust stakeholder
engagement. Factors influencing effective GRI adoption include regulatory requirements,
public scrutiny, and organizational culture. Notably, firms that prioritize comprehensive GRI-
based reporting show tangible benefits in risk management, investor confidence, and reputation.
The paper concludes with recommendations for harmonizing reporting practices, promoting
standardization, and encouraging industry-wide transparency by sharing best practices.

Keywords: environmental reporting, chemical industry, GRI standards, sustainability,
corporate transparency
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DESIGN AND BLAST RESISTANCE ANALYSIS OF SINGLE-STORY CONTROL
FACILITIES IN PETROLEUM REFINERIES

Khaled Al-Mahdi
Department of Structural Engineering, King Fahd University of Petroleum and Minerals,
Saudi Arabia

Omar Farouk
Department of Mechanical Engineering, Cairo University, Egypt

Abstract

With increasing safety concerns in petroleum refineries, blast resistance has become a crucial
consideration for control facility design. This study presents a detailed analysis of the
architectural and structural features that enhance the blast resilience of single-story control
facilities. Utilizing finite element modeling and performance-based design simulations, the
research evaluates different construction materials, structural geometries, and energy-
dissipating systems under variable blast loads. Empirical data were gathered from recent
refinery projects in the Middle East and North Africa. Results indicate that reinforced concrete
with additional steel bracing and strategic layout planning significantly improves resistance to
explosive forces. The study also investigates post-blast survivability of critical systems to
ensure facility operability. Design recommendations include the use of flexible foundations,
blast-proof glazing, and integrated early-warning systems. By synthesizing engineering best

practices, the research supports safer and more robust infrastructure development in high-risk
environments.

Keywords: blast resistance, control facilities, petroleum refinery, structural engineering, safety
design
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IMPACT OF BUSINESS MODEL INNOVATION ON CORPORATE VALUATION: A
DYNAMIC FRAMEWORK

Wei Zhang
School of Business, Tsinghua University, China

Li Mei
School of Management, Fudan University, China

Jian Liu
School of Economics, Peking University, China

Abstract

Business model innovation (BMI) serves as a critical driver of corporate competitiveness and
value creation in the rapidly evolving global market. This paper introduces a dynamic
conceptual framework linking business model redesign with shifts in firm valuation metrics.
Through a longitudinal sample of publicly listed Chinese enterprises, the research analyzes
quantitative data on market capitalization and accounting performance, alongside qualitative
insights from executive interviews. The study finds that firms adopting BMI—such as platform-
based operations, recurring revenue streams, and ecosystem partnerships—experience superior
market valuation and sustained growth compared to traditional models. Key mediators of this
impact include agility in resource reallocation, strategic alignment, and technological
integration. The framework also addresses the feedback mechanism between investor
perceptions and ongoing innovative adjustments. Recommendations focus on nurturing a

culture of continuous innovation and aligning valuation assessment models to accurately
capture the value derived from non-traditional business architectures.

Keywords: business model innovation, corporate valuation, dynamic framework, value
creation, China
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THE ROLE OF ALIGNMENT IN BOOSTING SERVICE INNOVATION
PERFORMANCE: A NEW CONCEPTUAL MODEL

Chun-Hua Lin
School of Business, National Chengchi University, Taiwan

Mei-Ying Huang
Department of Management, National Taiwan University, Taiwan

Yu-Fen Wu
Institute of Innovation Management, National Chiao Tung University, Taiwan

Abstract

Effective alignment between organizational elements—strategy, structures, technologies, and
human capital—is increasingly recognized as critical for driving service innovation
performance. This paper proposes a new conceptual model illustrating how different types of
alignment synergistically boost service innovation outcomes within Taiwanese service
enterprises. Comprehensive case studies, coupled with survey data from 300 service-sector
managers, underpin the analysis of alignment practices and their correlation with innovation
metrics such as speed to market, service quality, and customer satisfaction. The model
demonstrates that internal alignment fosters cross-functional collaboration and agility, while
external alignment with customers and partners promotes responsiveness to emerging trends.
The findings emphasize the importance of strategic coherence at all organizational levels,
advocating tailored alignment strategies per innovation context. Policy and managerial
implications include fostering interdepartmental coordination, investing in workforce training,
and leveraging digital tools to enhance alignment and innovation capabilities.

Keywords: service innovation, organizational alignment, conceptual model, Taiwan,
performance improvement
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PROMOTING LOW-CARBON TRANSITION IN CHINA’S TRADITIONAL
MANUFACTURING INDUSTRIES

Jing Wei
Institute of Environmental Policy, Renmin University of China, China

Abstract

Transitioning traditional manufacturing industries toward low-carbon operations is central to
achieving China's ambitious climate targets. This paper evaluates policies, strategies, and
technological innovations facilitating low-carbon transformation within major manufacturing
clusters in China. Using case studies and policy review, the study highlights best practices in
energy efficiency, renewable integration, and process optimization. Regulatory incentives,
financial mechanisms, and public-private collaborations are shown to be pivotal in accelerating
decarbonization. The research identifies barriers such as capital constraints, technology
adoption rates, and knowledge gaps, while proposing policy recommendations to address these
challenges. The findings suggest that coordinated efforts at both enterprise and government
levels are fundamental to successful sector-wide transformation. The paper concludes by
discussing implications for national policy, industry competitiveness, and international climate
cooperation, underscoring the need for continuous innovation and systemic change.

Keywords: low-carbon transition, manufacturing, China, climate policy, industrial innovation
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ASSESSING THE EFFECTIVENESS OF INTEGRATED TQM AND LEAN
MANUFACTURING IN MALAYSIAN AUTOMOTIVE INDUSTRY

Farah Aziz
Faculty of Engineering, Universiti Malaya, Malaysia

Noraini Hassan
Department of Industrial Management, Universiti Teknologi MARA, Malaysia

Ahmad Zulkifli
School of Mechanical Engineering, Universiti Sains Malaysia, Malaysia

Abstract

This study assesses the combined effect of Total Quality Management (TQM) and Lean
Manufacturing practices on operational performance within Malaysia’s automotive industry.
Through a multi-case qualitative and quantitative analysis, data were collected from leading
automotive manufacturers using surveys, in-depth interviews, and performance reports. The
research explores key indicators such as defect rates, production cycle times, cost efficiencies,
and employee engagement. Findings reveal that organizations implementing both TQM and
Lean methodologies achieve superior results in process standardization, waste reduction, and
continuous improvement culture. Synergistic benefits include enhanced customer satisfaction
and increased market share. The study discusses implementation challenges such as resistance
to change and resource limitations and suggests comprehensive training and leadership support
as critical success factors. Recommendations for practitioners include adopting incremental
integration strategies and benchmarking best practices.

Keywords: TQM, lean manufacturing, automotive industry, Malaysia, operational
performance
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THE EFFECTS OF MERGERS AND ACQUISITIONS ON CONSUMER WELFARE:
EVIDENCE FROM INDIA’S MANUFACTURING SECTOR

Dr. Anil Kumar
School of Economics, Jawaharlal Nehru University, India

Ravi Shankar
Faculty of Business, Indian Institute of Management, Ahmedabad, India

Abstract

Mergers and acquisitions (M&A) significantly shape market structures and consumer welfare,
particularly in emerging economies like India. This research investigates the effects of M&A
activities on product prices, quality, and availability in India’s manufacturing sector using panel
data analysis and consumer surveys. The results indicate mixed outcomes: while M&As
enhance operational efficiencies and innovation, they sometimes lead to reduced competition
and price increases. The paper reveals sector-specific differences, pointing to greater consumer
gains in industries with robust regulatory oversight and intense rivalry. The study also examines
post-merger integration challenges, including workforce consolidation and management of
diverse brands. Recommendations advocate for balanced M&A policies, strong competition
law enforcement, and enhanced transparency in deal evaluation to safeguard consumer interests
while promoting healthy industry growth.

Keywords: mergers and acquisitions, consumer welfare, manufacturing sector, India,
competition policy
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ASSESSING THE QUALITY STANDARDS OF HOSPITAL PHARMACIES IN
THERAPEUTIC CENTERS ASSOCIATED WITH KERMANSHAH UNIVERSITY
OF MEDICAL SCIENCES, IRAN

Dr. Vahid Hamishehkar
Department of Clinical Pharmacy, Kermanshah University of Medical Sciences, Iran

Dr. Hamed Aghababa
Department of Pharmaceutical Care, Kermanshah University of Medical Sciences, Iran

Abstract

This study evaluates the quality standards of hospital pharmacies within therapeutic centers
affiliated with Kermanshah University of Medical Sciences in Iran. Hospital pharmacies play a
crucial role in ensuring patient safety, effective medication management, and the overall quality
of healthcare delivery. Using a cross-sectional descriptive design, the research assessed
organizational structures, facilities, personnel qualifications, drug storage, dispensing accuracy,
and adherence to established pharmaceutical standards. Data collection was conducted through
standardized checklists grounded in internationally recognized quality assurance frameworks,
including those from the International Pharmaceutical Federation and other accreditation
bodies. Analysis revealed variability in compliance with quality standards, highlighting
significant strengths in equipment availability and pharmacist expertise alongside areas needing
improvement, particularly in safety protocols and documentation practices. The findings
underscore the necessity for continuous monitoring and enhancement of pharmacy services to
align with evolving best practices. Recommendations include targeted staff training,
implementation of automated systems, and strengthened regulatory oversight to promote
patient-centered pharmaceutical care. This study contributes to the ongoing efforts to elevate

pharmacy practice standards in Iran, fostering safer and more effective therapeutic outcomes in
hospital settings.

Keywords: hospital pharmacy quality, pharmaceutical care, healthcare standards, quality
assurance, medication safety
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OPTIMIZING VISIBLE LIGHT COMMUNICATION SYSTEMS THROUGH
NATURAL LIGHT INTEGRATION

Mahmoud H. Aly
Department of Electrical Engineering, Cairo University, Egypt

Ivan Andonovic
Faculty of Engineering, University of Belgrade, Serbia

Moustafa Beshr
Department of Electronics and Communications, Alexandria University, Egypt

Abstract

Visible Light Communication (VLC) systems offer promising alternatives to traditional
wireless technologies, leveraging the visible spectrum for high-speed, secure data transmission.
This paper explores the integration of natural light sources in optimizing VLC system
performance, aiming to improve signal quality and energy efficiency in indoor environments.
Through a series of experiments and simulations, the research investigates the modulation
techniques, interference mitigation, and adaptive channel modeling necessary for effective
utilization of ambient sunlight alongside artificial light sources. Results demonstrate enhanced
system robustness, increased data throughput, and reduced power consumption when natural
light is strategically incorporated. Challenges such as ambient light variability and
photodetector sensitivity are addressed by deploying advanced filtering algorithms and adaptive
thresholding mechanisms. These findings present a significant step towards developing
sustainable and efficient VLC infrastructures suitable for smart building applications and next-
generation wireless networks. The study's interdisciplinary approach bridges optical
communication theory and practical engineering, providing a comprehensive framework for
future VLC system designs integrating natural illumination.

Keywords: visible light communication, natural light integration, optical wireless, signal
optimization, smart environments
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INTEGRATING WIRELESS BODY AREA NETWORKS WITH WEB SERVICES:
REVOLUTIONIZING UBIQUITOUS HEALTHCARE PROVISIONING THROUGH
ARCHITECTURE

Dr. Oluwgbenga O. Ogunduyile
Department of Computer Science, University of Ibadan, Nigeria

Abstract

Wireless Body Area Networks (WBANS) represent a transformative technology for ubiquitous
healthcare, enabling continuous monitoring of patients' physiological parameters. This paper
proposes an architectural framework integrating WBANs with web services to enhance
healthcare delivery, data interoperability, and real-time patient management. The integrated
system facilitates seamless data exchange between biomedical sensors and healthcare providers
through standardized web protocols, ensuring scalability, security, and accessibility across
diverse platforms. System simulations reveal improved responsiveness and efficient data
handling, supporting diagnostic and therapeutic decision-making processes. Emphasizing
modular design, the architecture addresses challenges related to bandwidth limitations, energy
consumption, and data privacy. This approach aligns with the global trend towards digital health
ecosystems, offering potential for remote patient monitoring, chronic disease management, and
emergency response optimization. The framework's adaptability encourages further
development and integration with emerging technologies, contributing to smarter, patient-
centered healthcare infrastructures worldwide.

Keywords: wireless body area networks, web services, healthcare architecture, patient
monitoring, digital health
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DYNAMIC BRAIN WAVE ACQUISITION AND PSYCHOACOUSTIC ANALYSIS IN
REAL TIME

Dipali Shweta
Department of Neuroscience, All India Institute of Medical Sciences, India

Ingh Mahajan
Department of Biomedical Engineering, Indian Institute of Technology Delhi, India

Bansal Rashima
Faculty of Audiology and Speech, University of Delhi, India

Abstract

This research focuses on the development of a real-time system for dynamic acquisition of brain
wave signals and psychoacoustic analysis, aiming to understand neural responses to auditory
stimuli. Using electroencephalography (EEG) coupled with advanced signal processing
techniques, the study examines temporal and spectral brain wave patterns induced by controlled
sound environments. The system enables simultaneous neural signal capture and
psychoacoustic parameter extraction, providing insights into cognitive and perceptual auditory
processes. Applications extend to clinical diagnostics, auditory rehabilitation, and brain—
computer interface technologies. Results demonstrate high-fidelity signal acquisition with
minimal latency, allowing detailed investigation of auditory evoked potentials and sound
perception thresholds. The integration of psychoacoustic metrics enhances interpretability and
facilitates personalized auditory therapy approaches. This interdisciplinary effort underscores
the potential of combining neuroscience and acoustic engineering for innovative clinical tools
and improved understanding of human auditory cognition.

Keywords: brain wave acquisition, psychoacoustics, EEG, real-time analysis, auditory
neuroscience
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ENHANCING COMBAT EFFECTIVENESS IN NEW GENERATION FIGHTER
PLANES THROUGH HUMAN FACTORS CONSIDERATIONS

Binoy Bhargavan
Department of Aerospace Engineering, Indian Institute of Science, India

Abstract

The modernization of fighter aircraft introduces advanced technologies that necessitate a
comprehensive understanding of human factors to maximize combat effectiveness. This paper
reviews critical human factors considerations—including cockpit design, cognitive workload,
situational awareness, and human-machine interface—in the development of next-generation
fighter planes. Emphasizing ergonomic principles and pilot-centered design, the study assesses
how these elements impact decision-making, reaction times, and mission success. Through
simulations and pilot feedback, strategies are proposed to mitigate human error, optimize
control layouts, and support effective information processing under high-stress conditions. The
findings advocate for integrating human factors engineering early in the aircraft design process
to enhance safety, operational efficiency, and pilot performance. This research contributes to
aerospace engineering and military human factors disciplines by highlighting best practices
essential for the evolving challenges of aerial combat.

Keywords: human factors, fighter planes, combat effectiveness, cockpit design, aerospace
engineering
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CONSTRUCTING AN INTEGRATED RELATIONAL DATABASE UTILIZING
SWISS NUTRITION NATIONAL SURVEY AND HEALTH DATASETS FOR DATA
MINING OBJECTIVES

Helena Einsele
Department of Information Systems, University of Zurich, Switzerland

Dr. Farshideh Jenzer
Institute of Medical Informatics, University of Bern, Switzerland

Abstract

This study presents the development of an integrated relational database combining data from
the Swiss Nutrition National Survey and various health datasets to support advanced data
mining and epidemiological research. The database architecture was designed to enable
efficient querying, linkage, and analysis of nutritional and health parameters, facilitating the
identification of patterns and correlations related to dietary behaviors and health outcomes.
Challenges in data standardization, privacy, and interoperability were addressed through
rigorous schema design and anonymization techniques. Initial data mining applications
demonstrate the system’s capacity to reveal risk factors for chronic diseases and inform public
health policies. The integrated database serves as a valuable resource for researchers and
healthcare professionals, promoting evidence-based nutritional interventions and improving

population health monitoring. Future enhancements include real-time data updates and
expansion to other health domains.

Keywords: integrated database, nutrition survey, data mining, health informatics,
epidemiology
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CAN EEG TESTING AID IN BRAIN TUMOR IDENTIFICATION?

M. Sharanreddy
Department of Neurology, All India Institute of Medical Sciences, India

P. K. Kulkarni
Department of Biomedical Engineering, Indian Institute of Technology Bombay, India

Abstract

Electroencephalography (EEG) is traditionally used for diagnosing neurological disorders but
its potential role in brain tumor identification requires further investigation. This paper
evaluates the utility of EEG testing as a non-invasive, cost-effective adjunct diagnostic tool for
detecting brain tumors. Through the analysis of EEG wave abnormalities in tumor patients
compared to control subjects, the study examines characteristic patterns such as focal slowing,
epileptiform discharges, and asymmetries correlated with tumor location and size.
Complemented by advanced signal processing techniques, EEG shows promise in aiding early
detection and monitoring tumor progression. Limitations include sensitivity to tumor type and
depth, necessitating multimodal imaging approaches for confirmation. The findings support
incorporating EEG in diagnostic workflows, especially in resource-limited settings, to improve
clinical decision-making and patient outcomes. Further research is advocated to refine
algorithms and validate clinical protocols.

Keywords: EEG, brain tumor detection, neurological diagnostics, signal processing,
neurophysiology
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EXAMINING THE HAZARDS OF INADEQUATE MEDICAL WASTE
MANAGEMENT PRACTICES ON HUMAN HEALTH AND THE ENVIRONMENT:
A REVIEW OF LITERATURE

Babanyara Ibrahim
Department of Environmental Health, Ahmadu Bello University, Nigeria

Garba Bogoro
Department of Public Health, Bayero University Kano, Nigeria

M. Y. Abubakar
Faculty of Environmental Sciences, University of Maiduguri, Nigeria

Abstract

This literature review examines the environmental and public health hazards associated with
inadequate medical waste management practices globally, with an emphasis on developing
countries. Improper segregation, treatment, and disposal of hazardous medical waste can lead
to soil and water contamination, air pollution, and increased transmission of infectious diseases
among healthcare workers and surrounding communities. The review synthesizes findings on
chemical and biological risks, including exposure to toxic substances, sharps injuries, and
pathogen dissemination. It highlights systemic challenges such as lack of infrastructure,
inadequate training, and policy enforcement gaps. The paper underscores the urgency of
adopting sustainable and compliant waste management protocols, advocating for regulatory
reforms, capacity building, and community awareness initiatives. Improving medical waste
handling practices is crucial to mitigating risks and protecting ecosystem and human health,
aligning with global environmental and health goals.

Keywords: medical waste management, environmental hazards, public health, infectious risk,
sustainable disposal
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ANALYSIS OF SOIL STABILIZATION TECHNIQUES USING ORGANIC
ADDITIVES IN SEMI-ARID REGIONS

Dr. Fatima Zahra
Department of Civil Engineering, University of Marrakech, Morocco

Dr. Karim Benali
Department of Civil Engineering, University of Marrakech, Morocco

Dr. Amina El-Mansouri
Department of Civil Engineering, University of Marrakech, Morocco

Abstract

Soil stabilization is a critical practice in civil engineering, especially in semi-arid regions where
soil properties often limit construction and agricultural productivity. This study investigates the
effectiveness of various organic additives in improving soil stability and mechanical properties.
Organic materials such as biochar, lignin, and natural polymers were incorporated into local
soils, and their impact on soil compaction, shear strength, and water retention was analyzed
through laboratory experiments. The results demonstrate that organic additives significantly
enhance soil cohesion and reduce erosion susceptibility, while also improving moisture
retention capacity, which is vital for vegetation growth in arid environments. The study further
compares the environmental benefits of organic stabilizers against traditional chemical
stabilizers, emphasizing sustainability and reduced ecological impact. Findings suggest that
biochar, in particular, offers a promising alternative due to its carbon sequestration potential
and soil fertility enhancement. This research contributes to developing eco-friendly soil
stabilization strategies that address the challenges of infrastructure development and land
management in semi-arid climates. Recommendations include field-scale trials and long-term
monitoring to validate laboratory findings and optimize additive dosages for practical
applications.

Keywords: soil stabilization, organic additives, semi-arid regions, biochar, sustainable
engineering
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CLOUD-BASED DEVELOPMENT FRAMEWORKS FOR ADVANCED
CONSTRUCTION MANAGEMENT SOFTWARE

Assoc. Prof. Dr. Min-Jae Park
Department of Civil Engineering, Korea Advanced Institute of Science and Technology,
South Korea

Abstract

The construction industry increasingly relies on digital technologies to enhance project
management efficiency and collaboration. This paper presents a comprehensive cloud-based
development framework tailored for advanced construction management software. The
framework integrates real-time data processing, collaborative tools, and scalable cloud
infrastructure to support complex construction workflows. Key features include modular
design, interoperability with existing enterprise systems, and enhanced security protocols to
protect sensitive project data. Case studies demonstrate how the framework facilitates seamless
communication among stakeholders, improves resource allocation, and accelerates decision-
making processes. Additionally, the framework supports integration with emerging
technologies such as 10T sensors and BIM (Building Information Modeling), enabling
predictive analytics and proactive risk management. The study highlights challenges related to
data privacy, latency, and user adoption, offering solutions to mitigate these issues. This
research provides a scalable and adaptable foundation for developing next-generation
construction management platforms that meet the evolving needs of the industry.

Keywords: cloud computing, construction management, software development, BIM, project
collaboration
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UMERICAL MODELING OF ELECTROMAGNETIC FIELDS IN COMPLEX
MATERIALS USING FINITE ELEMENT ANALYSIS

Assoc. Prof. Dr. Carlos Mendoza
Department of Electrical Engineering, University of Sdo Paulo, Brazil

Dr. Lucia Fernandez
Department of Electrical Engineering, University of Sdo Paulo, Brazil

Abstract

Accurate modeling of electromagnetic fields in complex materials is essential for designing
advanced electronic and communication devices. This study employs finite element analysis
(FEA) to simulate electromagnetic behavior in heterogeneous and anisotropic materials. The
model incorporates material nonlinearity, boundary conditions, and frequency-dependent
properties to capture realistic field distributions. Validation against experimental data confirms
the model’s accuracy in predicting field intensities, resonances, and wave propagation
characteristics. Applications include antenna design, electromagnetic shielding, and sensor
development. The research also explores computational optimization techniques to reduce
simulation time without compromising precision. Results demonstrate that FEA is a powerful
tool for understanding electromagnetic interactions in novel materials, facilitating innovation
in device engineering. The study concludes with recommendations for extending the model to

multiphysics simulations and integrating with machine learning algorithms for automated
design processes.

Keywords: electromagnetic fields, finite element analysis, complex materials, simulation,
antenna design
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THERMAL PERFORMANCE EVALUATION OF ECO-FRIENDLY INSULATION
MATERIALS IN WOODEN BUILDINGS

Dr. Lars Jensen
Department of Architecture, Technical University of Denmark, Denmark

Mette Serensen
Department of Architecture, Technical University of Denmark, Denmark

Abstract

With growing environmental concerns, eco-friendly insulation materials have gained attention
in sustainable building design. This study evaluates the thermal performance of various bio-
based insulation materials used in wooden buildings under Nordic climate conditions.
Experimental setups measured thermal conductivity, moisture buffering capacity, and
durability over seasonal cycles. Materials tested include hempcrete, cellulose fiber, and cork
panels. Results indicate that bio-based insulations provide comparable or superior thermal
resistance compared to conventional synthetic materials, while also offering advantages in
moisture regulation and indoor air quality. The study discusses installation challenges and long-
term performance implications, highlighting the importance of material selection in energy-
efficient construction. Findings support the adoption of eco-friendly insulations to reduce
building energy consumption and carbon footprint. Recommendations emphasize integrating
these materials into building codes and promoting awareness among architects and builders.

Keywords: thermal insulation, eco-friendly materials, wooden buildings, energy efficiency,
sustainable construction
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MULTI-CRITERIA ANALYSIS OF SAFETY MANAGEMENT PRACTICES IN
CONSTRUCTION PROJECTS

Wei Zhang
School of Civil and Environmental Engineering, Shanghai Jiao Tong University, China

Mei Lin
School of Civil and Environmental Engineering, Shanghai Jiao Tong University, China

Abstract

Safety management is a critical component in construction projects to prevent accidents and
ensure worker well-being. This paper presents a multi-criteria decision-making framework to
evaluate safety management practices across diverse construction sites. Criteria include hazard
identification, risk assessment, training effectiveness, and compliance with regulations. Data
collected from surveys and site inspections were analyzed using analytic hierarchy process
(AHP) and fuzzy logic techniques to rank safety practices and identify improvement areas.
Results reveal that proactive hazard identification and continuous worker training significantly
enhance safety outcomes. The study also highlights the role of management commitment and
communication in fostering a safety culture. Recommendations focus on integrating
technological tools such as wearable sensors and real-time monitoring to augment traditional
safety measures. This research provides a systematic approach for construction firms to
optimize safety management and reduce occupational risks.

Keywords: safety management, construction projects, multi-criteria decision-making, hazard
identification, risk assessment
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STABILITY ENHANCEMENT OF FUNCTIONALLY GRADED COMPOSITE PIPES
UNDER FLUID FLOW CONDITIONS

Nabil Haddad
Department of Mechanical Engineering, American University of Beirut, Lebanon

Leila Mansour
Department of Mechanical Engineering, American University of Beirut, Lebanon

Abstract

Functionally graded composite (FGC) pipes are increasingly used in fluid transport systems due
to their tailored material properties. This study investigates the stability of FGC pipes subjected
to internal fluid flow and external mechanical loads. A coupled fluid-structure interaction model
was developed using finite element methods to analyze deformation, stress distribution, and
buckling behavior. Parametric studies evaluated the effects of grading profiles, flow velocity,
and pipe geometry on structural integrity. Results indicate that optimized grading enhances
resistance to buckling and fatigue, extending service life. The research also explores the
influence of temperature gradients and corrosion on stability. Findings provide design
guidelines for engineers to improve safety and performance in pipeline applications,
particularly in harsh environments. Future work includes experimental validation and
integration with smart monitoring systems.

Keywords: functionally graded composites, pipe stability, fluid-structure interaction, buckling
analysis, finite element method
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STRUCTURAL OPTIMIZATION OF BRIDGE LAUNCHING SYSTEMS USING
INCREMENTAL LAUNCHING METHODS

Dr. Jun Li
Department of Civil Engineering, Tsinghua University, China

Dr. Qiang Wu
Department of Civil Engineering, Tsinghua University, China

Dr. Fang Zhao
Department of Civil Engineering, Tsinghua University, China

Abstract

Incremental launching is a widely used technique for bridge construction, offering advantages
in safety and efficiency. This paper presents a structural optimization approach for bridge
launching systems, focusing on minimizing stresses and deflections during the launching
process. A finite element model simulates the sequential launching stages, incorporating
material nonlinearities and boundary conditions. Optimization algorithms adjust launching
parameters such as segment length, jacking force, and support placement to achieve optimal
structural performance. Case studies demonstrate significant reductions in peak stresses and
improved load distribution. The study also addresses challenges related to construction
tolerances and environmental factors. Results provide practical recommendations for engineers
to enhance launching system design, reduce construction risks, and optimize resource use.

Keywords: bridge launching, structural optimization, incremental launching method, finite
element analysis, construction engineering
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VALUATING ENVIRONMENTAL FOOTPRINTS THROUGH MATERIAL FLOW
ANALYSIS IN MANUFACTURING INDUSTRIES

Assoc. Prof. Dr. Emily Carter
Department of Environmental Science, University of Sydney, Australia

Abstract

Material flow analysis (MFA) is a valuable tool for assessing environmental impacts in
manufacturing industries. This study applies MFA to quantify resource consumption, waste
generation, and emissions across multiple manufacturing sectors in Australia. Data were
collected from industrial reports, facility audits, and environmental databases. The analysis
identifies critical hotspots in material use and waste production, highlighting opportunities for
resource efficiency and pollution reduction. Life cycle assessment (LCA) complements MFA
by evaluating the environmental footprint of key products. The study emphasizes the role of
circular economy principles in minimizing environmental burdens and promoting sustainable
manufacturing practices. Recommendations include adopting cleaner production technologies,
enhancing recycling programs, and implementing policy incentives. This research provides
actionable insights for industry stakeholders and policymakers aiming to achieve environmental
sustainability in manufacturing.

Keywords: material flow analysis, environmental footprint, manufacturing, sustainability,
circular economy
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SIMULATION OF SPRINGBACK EFFECTS IN ADVANCED HIGH-STRENGTH
STEELS FOR AUTOMOTIVE APPLICATIONS

Assoc. Prof. Dr. Sipho Ndlovu
Department of Materials Science, University of Pretoria, South Africa

Dr. Thabo Mbeki
Department of Materials Science, University of Pretoria, South Africa

Abstract

Springback is a critical issue in the forming of advanced high-strength steels (AHSS) used in
automotive manufacturing, affecting dimensional accuracy and product quality. This study
employs finite element simulation to analyze springback behavior under various bending and
stamping conditions. Material models incorporating anisotropy and strain hardening were
calibrated using experimental data. The influence of process parameters such as punch radius,
blank holder force, and lubrication was systematically investigated. Results demonstrate that
accurate prediction of springback enables process optimization, reducing trial-and-error in
production. The study also explores strategies to mitigate springback, including tool design
modifications and material selection. Findings contribute to improving manufacturing precision
and reducing costs in automotive component production. Future research will focus on
integrating simulation with real-time process control for adaptive manufacturing systems.

Keywords: springback, high-strength steel, finite element simulation, automotive
manufacturing, process optimization
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SYNTHESIS OF MOLECULARLY IMPRINTED POLYMERS FOR SELECTIVE
REMOVAL OF PHARMACEUTICAL CONTAMINANTS FROM WATER

Anna Miiller
Institute of Environmental Chemistry, University of Freiburg, Germany

Clara Schmidt
Department of Polymer Science, Technical University of Munich, Germany

Abstract

Pharmaceutical contaminants in water bodies pose significant environmental and health risks
due to their persistence and bioactivity. This study focuses on the synthesis and application of
molecularly imprinted polymers (MIPs) designed for the selective removal of common
pharmaceutical pollutants from aqueous solutions. The MIPs were synthesized using a template
molecule approach, targeting specific pharmaceuticals such as antibiotics and analgesics.
Characterization techniques including Fourier-transform infrared spectroscopy (FTIR),
scanning electron microscopy (SEM), and surface area analysis were employed to confirm the
successful imprinting and morphology of the polymers. Batch adsorption experiments
evaluated the selectivity, adsorption capacity, and kinetics of the MIPs compared to non-
imprinted polymers (NIPs). Results demonstrated that the MIPs exhibited high affinity and
selectivity towards the target pharmaceutical compounds, with adsorption capacities
significantly exceeding those of NIPs. The polymers maintained stability and reusability over
multiple adsorption-desorption cycles, indicating their potential for practical water treatment
applications. The study also explored the influence of pH, temperature, and competing
substances on adsorption performance. These findings contribute to advancing sustainable
water purification technologies by providing efficient materials for targeted contaminant
removal. Future work will focus on scaling the process and integrating MIPs into continuous
flow systems for real-world environmental remediation.

Keywords: molecularly imprinted polymers, pharmaceutical contaminants, selective
adsorption, water treatment
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REMOVAL OF PENTACHLOROPHENOL THROUGH COMBINED ADSORPTION
AND BIODEGRADATION TECHNIQUES

Assoc. Prof. Dr. Nurul Huda
Faculty of Environmental Engineering, Universiti Teknologi Malaysia, Malaysia

Assoc. Prof. Dr. Faridah Hassan
Department of Chemical Engineering, Universiti Teknologi Malaysia, Malaysia

Abstract

Pentachlorophenol (PCP) is a toxic and persistent organic pollutant widely found in industrial
wastewater. This research investigates an integrated approach combining adsorption and
biodegradation for effective PCP removal. Activated carbon was used as an adsorbent to
concentrate PCP from aqueous solutions, followed by microbial degradation using specialized
bacterial strains capable of metabolizing PCP. The adsorption process was optimized by
varying parameters such as contact time, adsorbent dosage, and initial PCP concentration.
Biodegradation efficiency was assessed through batch experiments measuring PCP reduction
and microbial growth kinetics. The combined system showed enhanced removal efficiency
compared to individual methods, with adsorption providing immediate pollutant capture and
biodegradation ensuring long-term mineralization. Analytical techniques including gas
chromatography-mass spectrometry (GC-MS) confirmed the degradation pathways and by-
products. The study highlights the synergy between physical and biological processes in
treating recalcitrant pollutants and suggests practical applications in wastewater treatment
plants. Challenges such as adsorbent regeneration and microbial activity maintenance are
discussed to guide future improvements. This integrated method offers a promising solution for
sustainable environmental management of hazardous chemicals.

Keywords: pentachlorophenol, adsorption, biodegradation, wastewater treatment
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ORMULATION AND CHARACTERIZATION OF VAGINAL SUPPOSITORIES
INCORPORATING PROBIOTIC LACTOBACILLUS STRAINS

Dr. Supaporn Chaiyaporn
Faculty of Pharmaceutical Sciences, Chulalongkorn University, Thailand

Nattaporn Srisuk
Department of Microbiology, Mahidol University, Thailand

Abstract

Probiotic vaginal suppositories offer a promising alternative for preventing and treating vaginal
infections by restoring healthy microbiota. This study details the formulation and
physicochemical characterization of suppositories containing Lactobacillus strains known for
their antimicrobial and immunomodulatory properties. Various base materials were evaluated
for their compatibility with probiotics, melting points, disintegration time, and release profiles.
Viability assays assessed the survival of Lactobacillus during storage and after simulated
vaginal conditions. The optimized formulation maintained high probiotic viability over a three-
month period and demonstrated sustained release in vitro. Antimicrobial activity tests against
common pathogens such as Candida albicans and Gardnerella vaginalis confirmed the
functional efficacy of the suppositories. Safety evaluations including cytotoxicity and irritation
potential were conducted using cell culture models. The results support the potential of
probiotic suppositories as effective, safe, and patient-friendly options for vaginal health
management. Further clinical studies are recommended to validate in vivo performance and
therapeutic benefits.

Keywords: probiotic suppositories, Lactobacillus, vaginal health, drug formulation
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EFFECT OF SERICIN CONCENTRATION ON THE PHYSICAL PROPERTIES OF
SILK-BASED FILMS

Dr. Asad Khan
Department of Materials Science and Engineering, National University of Sciences and

Technology, Pakistan

Dr. Mahmood Igbal
Institute of Textile Engineering, University of Punjab, Pakistan

Abstract

Silk-based films are gaining attention as biodegradable materials for biomedical and packaging
applications. This study investigates how varying concentrations of sericin, a silk protein,
influence the mechanical, optical, and barrier properties of silk films. Films were prepared using
different sericin ratios and characterized by tensile testing, UV-Vis spectroscopy, and water
vapor permeability measurements. Increasing sericin content enhanced film flexibility and
transparency but reduced tensile strength and water resistance. Fourier-transform infrared
spectroscopy (FTIR) revealed changes in protein secondary structure correlating with sericin
concentration. Thermal stability was assessed using differential scanning calorimetry (DSC),
showing improved heat resistance at moderate sericin levels. The study provides insights into
tailoring silk film properties for specific applications by adjusting sericin content. These
findings contribute to the development of sustainable biomaterials with customizable
performance characteristics. Future research will explore the incorporation of functional
additives to further enhance film properties.

Keywords: silk films, sericin concentration, mechanical properties, biodegradable materials
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VALIDATION OF A NOVEL RP-HPLC METHOD WITH FLUORESCENT
DETECTION FOR NORFLOXACIN ANALYSIS

Nattawut Charoensuk
Phong Aramwit
Department of Pharmaceutical Chemistry, Chulalongkorn University, Thailand

Abstarct

This study presents the validation of a newly developed reversed-phase high-performance
liquid chromatography (RP-HPLC) method coupled with fluorescent detection for analyzing
norfloxacin, a widely used antibiotic. The method was optimized for sensitivity, specificity, and
reproducibility to ensure accurate quantification of norfloxacin in pharmaceutical formulations
and biological matrices. Chromatographic conditions, including mobile phase composition,
flow rate, and fluorescence excitation/emission wavelengths, were carefully adjusted to
enhance detection limits. Validation was conducted following international guidelines,
evaluating parameters such as linearity, accuracy, precision, limit of detection (LOD), limit of
quantification (LOQ), and robustness. The method demonstrated excellent linearity in the range
of 0.01-10 ug/mL, with correlation coefficients exceeding 0.999. Recovery rates ranged from
98.5% to 101.2%, indicating high accuracy. Precision, assessed by intraday and interday assays,
showed relative standard deviations below 2%. The fluorescent detection provided enhanced
sensitivity compared to conventional UV detectors, allowing for the detection of norfloxacin at
very low concentrations. This validated RP-HPLC method is suitable for quality control in
pharmaceutical production and therapeutic drug monitoring, offering a reliable tool for
norfloxacin analysis in clinical and research settings. The main advantages of this approach

include its rapid analysis time, cost-effectiveness, and strong performance under a variety of
sample conditions.

Keywords: RP-HPLC, norfloxacin, fluorescent detection, method validation
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ANTIBACTERIAL ACTIVITY OF PLUMERIA ALBA FLOWER EXTRACTS
AGAINST PATHOGENIC BACTERIA

Dr. Mahmoud EI-Sayed
Dr. Ghulam Rasool
Department of Microbiology, King Abdulaziz University, Saudi Arabia

Abstarct

This research investigates the antibacterial properties of flower extracts from Plumeria alba, a
plant traditionally used for medicinal purposes, against several pathogenic bacterial strains. The
study employed various solvents to obtain extracts under different polarities and concentration
ranges, and their antibacterial efficacy was assessed via disc diffusion and minimum inhibitory
concentration (MIC) tests. Results revealed significant antibacterial activity against both Gram-
positive bacteria such as Staphylococcus aureus and Gram-negative bacteria including
Escherichia coli and Pseudomonas aeruginosa. The ethyl acetate and methanolic extracts
exhibited the highest inhibitory effects, suggesting the presence of bioactive phytochemicals
responsible for antimicrobial functions. Phytochemical screening indicated considerable
quantities of flavonoids, tannins, and alkaloids, which may contribute synergistically to the
bactericidal effects observed. The findings support the potential of Plumeria alba flower
extracts as a natural alternative for combating bacterial infections, especially amid rising
antibiotic resistance challenges. Further studies are recommended to isolate and characterize
the active compounds and to evaluate their mechanisms of action. In conclusion, this study
highlights the pharmacological value of Plumeria alba and its prospective application in
developing novel antibacterial agents.

Keywords: Plumeria alba, antibacterial activity, pathogenic bacteria, phytochemicals
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PROACTIVE DETECTION OF FALSE POSITIVE ALERTS IN DRUG-DRUG
INTERACTION SYSTEMS

Assoc. Prof. Dr. Mariam Syakirah
Dr. Brenda Lawson
Faculty of Computer Science, University of Malaya, Malaysia

Abstarct

The increasing complexity of drug regimens has raised concerns regarding drug-drug
interactions (DDIs), necessitating efficient, accurate detection systems. This study proposes a
proactive methodology to identify and reduce false positive alerts in clinical DDI systems,
which often burden healthcare providers with unnecessary warnings leading to alert fatigue.
The approach integrates machine learning models trained on curated pharmacological datasets
and electronic health records to improve specificity while maintaining high sensitivity. Features
such as drug pharmacokinetics, interaction severity, and patient-specific factors were
incorporated to refine alert generation. The model was validated against real-world DDI
databases and compared to existing rule-based systems. Results demonstrated a significant
reduction in false positives without compromising true interaction detection, thereby enhancing
clinical decision support systems' usability and reliability. The system’s proactive nature allows
for continuous learning and adaptation to emerging drug data. Implications include improved
patient safety, optimized clinical workflow, and reduced cognitive load on healthcare
professionals. This research paves the way for more intelligent, context-aware DDI alerting
mechanisms in electronic prescribing systems.

Keywords: drug-drug interaction, false positives, machine learning, clinical decision support
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COMPARATIVE STUDY OF ANTIBACTERIAL EFFECTS OF ETHANOLIC AND
ISOPROPYL HEXANE EXTRACTS OF GINGER (ZINGIBER OFFICINALE)

Dr. Hsuan-Ling Yang
Dr. Yan-Jie Huang
Department of Pharmacognosy, National Taiwan University, Taiwan

Abstarct

This comparative study evaluates the antibacterial efficacy of ethanolic and isopropyl hexane
extracts derived from the rhizome of Zingiber officinale (ginger) against various clinically
relevant bacterial strains. Standard laboratory assays including agar well diffusion and broth
microdilution techniques were implemented to quantify antimicrobial activity and determine
minimum inhibitory concentrations (MICs). The ethanolic extract demonstrated superior
antibacterial effects compared to the isopropyl hexane extract, which showed moderate activity
primarily against Gram-positive bacteria like Bacillus subtilis and Staphylococcus aureus.
Phytochemical analysis revealed higher concentrations of phenolic and flavonoid components
in the ethanolic extract, correlating with enhanced bioactivity. The results underscore the
influence of solvent polarity on the extraction of active compounds and their subsequent
antimicrobial potential. The study highlights ginger’s promise as a natural antibacterial agent
and supports further investigation into optimizing extraction methods for pharmaceutical
applications. Furthermore, insights from this research can contribute to developing novel plant-
based antimicrobial formulations as alternatives to conventional antibiotics.

Keywords: Zingiber officinale, antibacterial activity, ethanolic extract, isopropyl hexane
extract
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NEUROPROTECTIVE EFFECTS OF CLITORIA TERNATEA ROOT EXTRACT
ON LEARNING AND MEMORY ENHANCEMENT

Dr. Tahereh Naji
Dr. Mahsa Jassimi
Department of Neuroscience, Tehran University of Medical Sciences, Iran

Abstarct

This experimental study explores the neuroprotective properties of Clitoria ternatea root extract
and its influence on cognitive functions, specifically learning and memory enhancement in
animal models. Utilizing behavioral paradigms such as the Morris water maze and passive
avoidance tests, the study assessed memory retention and spatial learning in rodents
administered with varying dosages of the extract. Biochemical assays measured antioxidant
enzyme activity and neuroinflammatory markers in brain tissues to elucidate underlying
mechanisms. Findings revealed significant improvement in learning and memory tasks,
concomitant with increased superoxide dismutase and catalase activities and reduced levels of
pro-inflammatory cytokines. These effects suggest that the extract mitigates oxidative stress
and neuroinflammation, which are critical contributors to cognitive decline. The phytochemical
profile indicated the presence of flavonoids and alkaloids with potential neuroprotective roles.
This research emphasizes therapeutic potential for Clitoria ternatea in managing
neurodegenerative disorders and cognitive impairments. Further clinical studies are warranted
to validate these findings and develop standardized herbal interventions.

Keywords: Clitoria ternatea, neuroprotection, learning enhancement, memory improvement
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BRAIN IMAGING CLASSIFICATIONS RELATED TO MATHEMATICS
LEARNING AND PRACTICE

Dr. Carlos Silva
Dr. Mariana Costa
Dr. Rafael Oliveira
Department of Cognitive Neuroscience, University of Lisbon, Portugal

Abstract

This study explores the neural correlates underlying mathematics learning and practice through
advanced brain imaging techniques. Utilizing functional magnetic resonance imaging (fMRI)
and electroencephalography (EEG), the research classifies patterns of brain activity associated
with different levels of mathematical proficiency and cognitive engagement during problem-
solving tasks. The data were collected from a cohort of 120 participants ranging from novice
learners to expert mathematicians. Results indicate distinct activation patterns in the parietal
and prefrontal cortices, areas critical for numerical processing and executive function. Machine
learning algorithms were applied to classify brain activity corresponding to specific
mathematical tasks such as arithmetic, algebra, and spatial reasoning. The study further
identifies neuroplastic changes associated with sustained practice, revealing a shift in activation
from effortful cortical regions to more efficient pathways. These classifications advance
understanding of the neural basis of math education and offer potential applications in
personalized learning strategies, neurofeedback, and educational interventions targeting
students with learning difficulties. Limitations and future directions in multimodal imaging and
longitudinal tracking are also discussed.

Keywords: brain imaging, mathematics learning, fMRI, EEG, neuroplasticity
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THE IMPACT OF MOTIVATION, SELF-EFFICACY, AND MATHEMATICAL
IDENTITY ON STUDENT PERFORMANCE

Dr. Amina Hassan
Dr. Khalid Al-Farsi
Department of Educational Psychology, Sultan Qaboos University, Oman

Abstract

This paper investigates the influence of motivation, self-efficacy, and mathematical identity on
students’ academic performance in mathematics. Based on a sample of 300 secondary school
students, the study employs quantitative measures including standardized tests and validated
questionnaires to assess motivational constructs alongside performance outcomes. Structural
equation modeling reveals that intrinsic motivation and strong self-efficacy beliefs significantly
predict higher achievement, while mathematical identity functions as both a mediator and
moderator in this relationship. The findings suggest that students who perceive themselves
positively as math learners exhibit greater resilience and engagement, resulting in improved
problem-solving abilities and test scores. Implications are drawn for curriculum development,
instructional design, and mentoring programs that foster motivational and identity-building
experiences. Furthermore, culturally relevant educational practices in the Middle East context
are highlighted as factors shaping these psychosocial dimensions. The study emphasizes

integrated approaches combining cognitive and affective aspects to enhance student
performance in mathematics.

Keywords: motivation, self-efficacy, mathematical identity, student performance, educational
psychology
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STUDENTS’ PERCEPTIONS OF MATHEMATICS EDUCATION: A CROSS-
SECTIONAL STUDY AMONG SENIOR SECONDARY SCHOOL STUDENTS IN
LAGOS STATE, NIGERIA

Chinedu Okafor
Department of Educational Studies, University of Lagos, Nigeria

Abstract

This cross-sectional study examines the perceptions of senior secondary school students
regarding their mathematics education experience in Lagos State, Nigeria. Through surveys and
focus group discussions conducted with 450 students, the research identifies prevailing
attitudes, perceived challenges, and factors that influence students’ engagement and
achievement in mathematics. Key findings highlight that while many students recognize the
utility of math in their academic and future career paths, there is a widespread perception of
difficulty and anxiety associated with the subject. Inadequate teaching resources, large class
sizes, and limited access to supplementary learning tools were frequently cited as barriers.
Additionally, the study observes variations in perceptions based on gender, socioeconomic
status, and school type. Recommendations include targeted teacher training, curriculum
adjustments emphasizing practical applications, and the incorporation of technology-aided
learning to create a more supportive and motivating environment. This research contributes to

policy dialogues aiming to improve mathematics education outcomes in Nigerian secondary
schools.

Keywords: student perceptions, mathematics education, secondary schools, Nigeria,
educational challenges
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ASSESSING TEACHERS’ BELIEFS IN MATHEMATICS EDUCATION USING A
FUZZY LOGIC MODEL

Dr. Kwame Boateng
Faculty of Education, University of Ghana, Ghana

Abstract

This study applies a fuzzy logic modeling approach to analyze teachers' beliefs about
mathematics education and how these beliefs influence instructional practices. Data were
collected via questionnaires and interviews from 120 mathematics teachers across various
educational levels in Ghana. The fuzzy logic model accounts for the inherent uncertainty and
subjective nuances in teachers’ attitudes, enabling a more nuanced classification of belief
patterns than conventional binary models. The results demonstrate diverse belief profiles
ranging from traditional to constructivist orientations, which correlate with teachers’ openness
to innovative pedagogies and technology integration. Furthermore, the model identifies key
factors driving belief change, including professional development and collaboration
experiences. The study advocates for the use of fuzzy logic as a powerful tool in educational
research, offering insights for policymakers and administrators designing targeted interventions
to support effective mathematics teaching. Emphasis is placed on fostering reflective practices
to align teacher beliefs with evidence-based instructional strategies.

Keywords: teachers’ beliefs, fuzzy logic, mathematics education, instructional practices,
educational research
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ENHANCING NON-MATHEMATICS UNDERGRADUATE STUDENTS’
ATTITUDES TOWARDS MATHEMATICS THROUGH TECHNOLOGICAL
INTERVENTIONS

Dr. Samuel Nkosi
Department of Education Technology, University of Cape Town, South Africa

Abstract

This paper evaluates the effectiveness of technological interventions in improving attitudes
towards mathematics among non-mathematics undergraduate students. Recognizing the
widespread math anxiety and disengagement in this population, the study implements
interactive software tools, gamified learning platforms, and virtual collaborative problem-
solving sessions over a semester-long pilot program involving 150 participants. Pre- and post-
intervention surveys, focus group feedback, and academic performance data were analyzed to
assess changes in attitude, motivation, and achievement. Findings reveal significant
improvements in students’ confidence, interest, and perceived relevance of mathematics,
alongside modest gains in test scores. The technology fostered active learning and peer
interaction, mitigating traditional barriers such as fear of failure and lack of contextualization.
The research underscores the potential of blended and digital learning environments in
transforming mathematical attitudes and supporting curriculum inclusivity. Challenges related
to technological infrastructure and user training are addressed, with suggestions for scalable
implementation across diverse educational settings.

Keywords: technological intervention, mathematics attitudes, undergraduate students, math
anxiety, digital learning
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ENHANCING ELEMENTARY MATHEMATICS LEARNING THROUGH
EDUCATIONAL VIDEO GAMES: EXPLORING STUDENT ENGAGEMENT,
PERFORMANCE, AND TEACHER-STUDENT DYNAMICS

Dr. Mei-Ling Chen
Dr. Wei Zhang
Department of Educational Technology, National Taiwan Normal University, Taiwan

Abstract

This study explores the impact of educational video games on elementary mathematics learning,
focusing on student engagement, academic performance, and teacher-student interaction
dynamics. A randomized controlled trial was conducted with 200 elementary students over a
12-week period, integrating custom-designed math games aligned with curriculum objectives
in classroom instruction. Quantitative assessments showed significant improvements in
arithmetic skills and problem-solving abilities in the experimental group compared to controls.
Qualitative analysis of classroom observations and interviews revealed increased student
motivation and participation, as well as evolving teacher roles shifting towards facilitators of
interactive learning environments. Challenges such as balancing game difficulty and curriculum
pacing were addressed through iterative design and teacher feedback. The findings support the
incorporation of video games as an effective pedagogical tool to enhance mathematics
understanding and engagement in early education. Implications include curriculum adjustment,
teacher training, and equitable access to technology to maximize educational benefits.

Keywords: educational video games, elementary mathematics, student engagement, teacher-
student interaction, learning outcomes

235



NFERE,
| CONFERER,
o i,

f BURSA 5th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
= s JULY 11 - 13, 2025- BURSA
—_— ISBN: 978-625-5694-03-4

FINITE-SUM OPTIMIZATION WITH ADAPTIVE SMOOTHNESS AND LOOPLESS
VARIANCE REDUCTION TECHNIQUES

Dr. Elena Volkova
Dr. Dmitry Petrov
Department of Applied Mathematics, St. Petersburg State University, Russia

Abstract

This paper presents novel algorithms for finite-sum optimization problems incorporating
adaptive smoothness estimation and loopless variance reduction technigques. Such problems are
ubiquitous in machine learning, data analysis, and signal processing. The proposed methods
dynamically adjust smoothing parameters during iterations, enhancing convergence rates
without prior knowledge of problem smoothness. Loopless variance reduction minimizes
computational overhead by avoiding explicit epoch restarts common in earlier algorithms.
Theoretical analyses demonstrate improved complexity bounds under standard convexity and
smoothness assumptions. Experimental evaluations on benchmark problems including logistic
regression and support vector machines reveal faster convergence and greater stability
compared to existing methods. The adaptivity and efficiency of the algorithms promise wide
applicability in optimizing convex and nonconvex objectives encountered in modern data-
driven contexts. Future work will explore extensions to distributed and stochastic settings.

Keywords: finite-sum optimization, adaptive smoothness, variance reduction, convex
optimization, machine learning
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SINIR OTU (Plantago ovata Forsk) BITKISINDE FARKLI KURAKLIK
SEVIYELERININ CIMLENME OZELLIKLERINE ETKISi

Doc. Dr. Giilen OZYAZICI

Siirt Universitesi, gulenozyazici@siirt.edu.tr, 0000-0003-2187-6733
Dr. Ogr. Uyesi Semih ACIKBAS

Siirt Universitesi, semihacikbas@siirt.edu.tr, 0000-0003-4384-3908
Doc. Dr. Mehmet Arif OZYAZICI

Siirt Universitesi, arifozyazici@siirt.edu.tr, 0000-0001-8709-4633

OZET

Bu calismada, sinir otu (Plantago ovata Forsk) tohumlarina uygulanan farkli kuraklik
seviyelerinin baz1 ¢imlenme Ozellikleri iizerine etkilerinin belirlenmesi amaglanmistir.
Arastirma; Siirt Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Boliimii Laboratuvari’nda
kontrollii sartlar altinda yiiriitilmiistiir. Yapay kuraklik stresi, polietilen glikol (polyethylene
glycol, PEG-6000) materyali ile saglanmistir. Calismanin bitkisel materyalini Hindistan orijinli
P. ovata genotipi olusturmustur. Laboratuvar caligsmasi, tesadiif parselleri deneme desenine
gore 4 tekrarlamali olarak Petri kaplarinda kurulmustur. Arastirmada, PEG seviyeleri % 0, %
5, % 10, % 15 ve % 20 olarak uygulanmistir. Calismada, deney kuruldugu giinden itibaren 24
saatte bir olacak sekilde ¢cimlenen tohumlar sayilmis; deney, yedinci giinde sonlandirilmistir.
Arastirmada ¢imlenme yiizdesi, ortalama ¢imlenme siiresi, ¢imlenme iiniformite katsayisi,
¢imlenme indeksi ve ¢imlenme enerjisi parametreleri incelenmistir. Istatistiksel analizler,
kuraklik seviyesindeki artisin P. ovata bitkisinin ¢imlenme 6zelliklerini ¢gok 6nemli (p<0.01)
derecede etkiledigini gostermistir. Arastirma sonuglarina gore, kuraklik stresi uygulamalarinin
incelenen ¢imlenme parametreleri lizerine olumsuz etkiler yaptigi goriilmiistiir. Bu etkiler,
cimlenme ylizdesi ve ortalama ¢imlenme stiresi i¢in % 15 PEG seviyesinde belirgin bir sekilde
gbzlemlenmistir. Tiim parametreler birlikte degerlendirildiginde, P. ovata bitkisinin kuraklik
stresine toleransinin diisiik diizeylerde oldugu sonucuna varilmistir. Bir bagka ifade ile bitki,
diistik siddetli kurakliktan etkilenmedigi sdylenebilir.

Anahtar Kelimeler: Plantago ovata Forsk, Kuraklik stresi, Cimlenme yiizdesi, Ortalama
¢imlenme siiresi

EFFECT OF DIFFERENT DROUGHT LEVELS ON GERMINATION
CHARACTERISTICS OF PSYLLIUM (Plantago ovata Forsk)

ABSTRACT

This study aimed to determine the effects of different drought levels applied to psyllium
(Plantago ovata Forsk) seeds on some germination traits. The study was conducted under
controlled conditions in the Laboratory of Field Crops, Faculty of Agriculture, Siirt University.
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Artificial drought stress was provided with polyethylene glycol (PEG-6000). The plant material
of the study consisted of P. ovata genotype originating from India. The laboratory study was
set up in Petri dishes according to a randomized plot design with four replications. This
research, PEG levels were applied at 0%, 5%, 10%, 15%, and 20%. Germinated seeds were
counted every 24 hours from the day the experiment was established and terminated on the
seventh day. Germination percentage, mean germination time, germination uniformity
coefficient, germination index, and germination energy parameters were investigated in the
study. Statistical analyses showed that increasing drought levels significantly (p<0.01) affected
the germination characteristics of P. ovata. The results of the study revealed that drought stress
treatments had negative effects on the germination parameters studied. These effects were
clearly observed at the 15% PEG level for germination percentage and mean germination time.
When all parameters were evaluated together, it was concluded that P. ovata had low tolerance
to drought stress. In other words, it can be said that the plant is not affected by low-severity
drought.

Keywords: Plantago ovata Forsk, Drought stress, Germination percentage, Mean germination
time

1. GIRiS

Tarimda daha iyi bitkisel tiretim ve verimlilige ulasmanin 6niindeki en biiyiik tehditlerden biri,
abiyotik streslere bagli olumsuz ¢evre kosullaridir (Jisha ve ark., 2012; Joshi ve Sawant, 2012;
Muhie, 2018). Kuraklik, sicaklik ve tuzluluk gibi bu abiyotik stresler, 6zellikle tohum
cimlenmesini etkileyen temel cevresel faktorlerdir (Llanes ve ark., 2015, Thirusendura ve
Saraswathy, 2017). Kurakligin neden oldugu su stresi, 6zellikle diinyanin kurak ve yar1 kurak
bolgelerinde, tiim biiyiime asamalarinda bitki biiyiimesi ve gelisiminde hayati bir rol oynadig1
i¢in, Urlin biiylimesinin ciddi sinirlamalarindan biridir (Ahmad ve ark., 2009). Bu anlamda
kuraklik stresinden etkilenen birgok {iriinlerin yasamindaki en kritik asama tohum
¢imlenmesidir.

Kuraklik stresiyle ilgili saha deneylerine alternatif bir yontem, kontrollii laboratuvar kosullar
altinda polietilen glikol (polyethylene glycol, PEG) kullanilarak stres olusturmaktir (Queiroz
ve ark., 2019). Son zamanlarda, PEG ¢ozeltilerinin neden oldugu kuraklik stresine karsi
bitkilerin tohum ¢imlenmesi ve fide biiyiimesi agisindan verdigi tepkiler lizerine birgok ¢alisma
bildirilmistir. Fasulye (Machado-Neto ve ark., 2006), sorgum (Oliveira ve Gomes-Filho, 2009),
misir (Khodarahmpour, 2011) ve pamuk (Meneses ve ark., 2011) gibi iiriinler bu ¢aligmalardan
bazilaridir. Polietilen glikol kaynakli kuraklik stresinin iirinlerin ¢imlenme 6zellikleri
tizerindeki etkilerini arastirmak i¢in bir¢ok deney yapilmis olsa da, kuraklik stresi kosullari
altinda Plantago cinsinin ¢imlenme parametreleri hakkinda ¢ok az bilgi bilinmektedir.
Bitkilerin kuraklik stresine kars1 gosterdikleri tepkiler cins ve tiirlere gore degiskenlik gosterir.
Plantago L. cinsi, kirag arazilerde, gecirimsiz, sert, sig topraklarda yetisme 6zelligine bagh
olarak, tolerans derecelerinde 6nemli farkliliklar olan tiirleri i¢erdiginden, kuraklik stresine
verilen tepkilere yonelik calismalar i¢in 1yi bir model bitki grubunu olusturmaktadir. Bu
calismanin amaci, PEG kaynakli farkli siddetteki laboratuvar kuraklik stresinin Plantago
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cinsinin en 6nemli tiyesi olan Plantago ovata’nin ¢imlenme parametreleri tizerindeki etkilerini
incelemektir.

2. MATERYAL VE YONTEM

Arastirma, Siirt Universitesi Ziraat Fakiiltesi Tarla Bitkileri Boliimii Laboratuvari’nda
yuriitilmiistir. Calismada, bitkisel materyal olarak Hindistan orijinli P. ovata genotipi
kullanilmistir. Kuraklik stresi kosullart polietilen glikol (polyethylene glycol, PEG-6000)
materyali ile saglanmistir.

Calismada 5 farkl kuraklik stresi (% 0, % 5, % 10, % 15 ve % 20) ele alinmistir. Laboratuvar
denemesi Petri kaplarinda, tesadiif parselleri deneme desenine gore 4 tekerriirlii olarak
kurulmustur. Konsantrasyonlar segilirken, PEG-6000 soliisyonunun ozmotik direncinin -0.3 ile
-0.80 MPa kuraklik stresi aralig1 esas alinmistir (Muscolo ve ark., 2014). Uygulanan kuraklik
seviyeleri belirlenirken agirlik/hacim esasina gore % 0, % 5, % 10, % 15 ve % 20
konsantrasyonlu soliisyonlar hazirlanmistir.

Her bir Petri (90 mm x 15 mm) kabina 25 adet homojen irilikte tohum gelecek sekilde iki kat
filtre kagid1 arasina tohumlar yerlestirilmistir. Kontrol (% 0) konusu harig, baglangicta her bir
Petri kabina 5 ml PEG soliisyonu uygulanmis; ilerleyen gilinlerde Petrilerdeki nem durumuna
gore kuraklik dozlari ilave edilmistir. Petriler, 7 glin boyunca karanlik ortamda ve 25+1 °C
sicakliktaki etiivde ¢cimlenmeye birakilmistir. Yedi giin boyunca giinliik olarak ¢imlenen tohum
sayilar1 kaydedilmistir. Tohumlarda ¢imlenme tespit edilirken, Scott ve ark. (1984) ve
Soleymani ve Shahrajabian (2018) tarafindan bildirilen esaslara gore, en az 2 mm kokgtik ¢ikist
olan bitkiler ¢imlenmis olarak kabul edilmistir. Calismada ¢imlenme yiizdesi (Scott ve ark.,
1984), ortalama g¢imlenme siiresi (Ellis ve Roberts, 1981), ¢imlenme iiniformite katsayisi
(Bewely ve Black, 1994), ¢cimlenme enerjisi (L1 ve ark., 2020) ve ¢imlenme indeksi (Wang ve
ark., 2004) parametreleri incelenmistir.

Elde edilen veriler, tesadiif parselleri deneme desenine gore varyans analizine tabi tutulmus;
ortalamalar arasindaki farkliliklar TUKEY c¢oklu karsilastirma testi ile kontrol edilmistir
(Agikgoz ve Acikgoz, 2001).

3. BULGULAR VE TARTISMA

Plantago ovata tohumlarma uygulanan farkli kuraklik diizeylerinde bazi ¢imlenme
parametrelerindeki degiskenlikler Cizelge 1°de verilmistir. Varyans analizi, kuraklik stresinin
P. ovata’da ¢imlenme 6zelliklerinde 6nemli degisikliklere neden oldugunu gostermektedir. Bu
degiskenlikler istatistiksel olarak anlamli bulunmustur (p<0.01) (Cizelge 1).

Cizelge 1. Plantago ovata bitkisinde farkli kuraklik seviyelerinin bazi ¢imlenme parametrelerine etkisi”

incelenen parametreler Kuraklik seviyeleri TUKEY degeri/
Kontrol % 5 %10 %15 % 20 Onemlilik diizeyi
Cimlenme ylizdesi (%) 97.3a 920a 89.3a 627b 16.0c 8.97™
Ortalama gimlenme siiresi (giin) 1.10c  1.16c¢c 1.23c 1.67b 320a 0.26™
Cimlenme tiniformite katsayis1 ~ 87.7a  78.4b 721b 383c 5.1d 6.73"
Cimlenme enerjisi 88.0a 853ab 80.0b 480c 53d 6.66™
Cimlenme indeksi 23.1a 219ab 20.8b 13.1c 2.0d 1.55™

*: Aymi satirda ayni harfle gosterilen ortalamalar arasindaki farkliliklar istatistiksel anlamda onemli degildir, **: p<0.01
diizeyinde dnemli farklilik
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Artan kuraklik stresiyle birlikte; ¢imlenme yiizdesi, ¢cimlenme iiniformite katsayisi, ¢imlenme
enerjisi ve ¢imlenme indeksi keskin bir sekilde diismektedir. Tiim ¢imlenme parametrelerinde
en yiiksek degerler kontrol gruplarina aittir. Benzer sekilde kuraklik diizeyleri ortalama
cimlenme siiresinde de olumsuz etkiler gostermis; kuraklik seviyeleri arttikca ¢imlenme siiresi
uzamistir (Cizelge 1). Polietilen glikol, diisiik su potansiyelleri altinda tohum c¢imlenmesi
iizerine yapilan ¢alismalarda su stresi kosullarini simiile etmek i¢in siklikla kullanilan organik
bir bilesiktir (Jajarmi, 2009; Muscolo ve ark., 2014). Bu anlamda PEG, yiiksek bir molekiiler
agirliga (C6000) sahiptir; bu nedenle, bitki hiicre duvarlarindan gegemez (Carpita ve ark.,
1979). Cimlenme ortamindaki ¢6zeltide PEG konsantrasyonunun artmasi, bitkilerde ¢imlenme
oraninda, kok ve siirgiin biiyiimesinde ve tohum canliliginda bir diisiise neden olur
(Khodarahmpour, 2011).

Mevcut arastirma sonuglari, kuraklik stresinin incelenen tiim o6zellikler {izerinde olumsuz
etkiler biraktigin1 gostermektedir. Kuraklik stresinde ozmotik potansiyelin artmasiyla
¢imlenme orani azalmistir. Zakaria ve ark. (2014) P. major bitkisi tohumlarinda artan kuraklik
stresiyle birlikte ¢cimlenme yiizdesinin 6nemli 6l¢iide azaldigini bildirmislerdir. Benzer bulgular
P. ovata ve P. psyllium (Rahimi ve ark., 2006) tiirlerinde yapilan ¢aligmalarda da rapor
edilmigtir. Farkl bitki tiirleri ile yapilan diger bazi ¢aligmalarda, 6rnegin; susam (Bahrami ve
ark., 2012), Lolium, Poa, Agrostis ve Festuca (Yilmaz ve ark., 2022), yaygin fig (Cifci ve
Acikbas, 2023) bitkilerinde ¢imlenme yiizdesinin artan kuraklik seviyesiyle azaldigi rapor
edilmistir.

Kiimiilatif ¢imlenme yiizdesi incelendiginde, ¢imlenme ortaminda bulunan PEG
konsantrasyonu arttik¢a tohumlarda ¢imlenmeye baslamanin geciktigi, ayn1 zamanda ¢imlenme
yiizdesinin giderek azaldigi anlasilmaktadir. Arastirmada kontrol, % 5, % 10 ve % 15 PEG
dozlarinda ¢imlenme 2. giinde baglarken, % 20 PEG uygulamasinda 3. giinde baslamistir (Sekil
1).

Kuraklik seviyeleri
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Sekil 1. Kuraklik stresi altinda ¢imlenme yiizdelerinin giinliik kiimiilatif degisim oranlar1

Su stresi yalnizca tohum ¢imlenmesini etkilemekle kalmaz, ayn1 zamanda bitkilerde ortalama
cimlenme siiresini de geciktirir. Nitekim mevcut c¢alismada, kontrole kiyasla ortalama
cimlenme siiresindeki farkliliklar, su potansiyelinin azalmasiyla giderek daha da uzamistir.
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Ortalama ¢imlenme siiresi, ¢cimlenme oraninin zamana yayiliminin bir 6l¢iisii olarak tanimlanir
(Marcos-Filho, 2005). Ortalama ¢imlenme siiresindeki gecikme, basarili ve tiniform bir ¢ikis
icin dezavantajli olabilir; ¢linkii gecikmis ¢imlenme, tohumlar1 zararli bocekler ve patojenler
saldirilarina karsi daha savunmasiz hale getirir (Queiroz ve ark., 2019). Yaglik ay¢icegi (El
Midaoui ve ark., 2001), siis ay¢icegi (Toscano ve ark., 2017), yem bezelyesi (Uslu ve ark.,
2021) ve yaygin fig (Cifci ve Agikbas, 2023) bitkilerinde yapilan ¢alismalarda da kuraklik stresi
ve ortalama ¢imlenme siiresi yoniinden benzer sonuglar bildirilmistir.

Tohum ¢imlenmesi iizerine yapilan ¢alismalarda siklikla dikkate alinan bir diger parametre ise
cimlenme indeksidir (Salehzade ve ark., 2009; Sadeghi ve ark., 2011). Bu indeks ne kadar
yiksekse, cimlenme o kadar hizlidir (Black ve ark., 2006). Calismada, kuraklik stresi arttik¢a
¢imlenme indeksi diismiistiir; bu da P. ovata’nin ¢imlenme sirasinda artan su stresine karsi
duyarliligint gostermektedir. Benzer bulgular, Silva ve ark. (2001) tarafindan Bowdichia
virgilioides, Uslu ve ark. (2021) tarafindan yem bezelyesi ve Cif¢i ve Agikbas (2023) tarafindan
yaygin fig tohumlarinda da ortaya konmustur.

Cimlenme 6zelliklerinin belirlenmesinde dikkate alinan bir diger kriter ise ¢cimlenme {iniformite
katsayisidir. Mevcut ¢aligmada su stresi arttikca katsay1 diismiistiir. Benzer bulgular yaygin fig
(Cifci ve Agikbas, 2023) tohumlarinda da bildirilmistir.

Tohum, bir bitkinin canliligin1 belirleyen en 6nemli faktorlerden biridir (Mrda ve ark., 2011).
Kaliteli, saglikli, iri ve canli tohumlarin kullanimi, bir iiriinde optimum bitki yogunlugunun
korunmasinda son derece dnemlidir (Ahmad, 2001). Bu anlamda tohum canlilig1 géstergeleri
icerisinde yer alan ¢imlenme enerjisi optimum bitki yogunlugunu saglamada dogrudan rol
oynar (Mrda ve ark., 2011). Plantago ovata’da kuraklik stresinin artisiyla ¢imlenme enerjisi
degeri onemli Olclide azalmistir. Basal ve ark. (2020), soyada PEG konsantrasyonu arttik¢a
cimlenme enerjisinin azaldigini rapor etmislerdir.

4. SONUC

Fizyolojik kalitesi yiiksek tohumlarin kullanimi, fidelerin tarlada hizli bir sekilde biiylimesini
ve yerlesmesini saglar. Bu nedenle, tohumlarin fizyolojik kalitesinin belirlenmesi sirasinda elde
edilen bilgilerin dogrulugu biiylik 6nem tasimaktadir. Bir tohum partisinin fizyolojik kalitesini
degerlendirmenin yollarindan en yaygin olan yontem c¢imlenme testidir. Kuraklik stresi
kosullarinda ¢imlendirilen P. ovata tohumlarinin, yapilan ¢imlendirme testi sonucunda kuraklik
stresine duyarli oldugu anlasilmistir. Bu nedenle, kuraklik gibi stres kosullarinda P. ovata’da
cimlenme ve fide gelisimini iyilestirmek i¢in farkli materyallerle priming uygulamalarina
yonelik ¢alismalarin yapilmasi 6nem arz etmektedir.

KAYNAKCA

Acikgoz, N., Acikgdz, N., 2001. Tarimsal arastirmalarin istatistiki degerlendirilmesinde
yapilan bazi hatalar: 1. Tek faktorlii denemeler. Anadolu, 11(1): 135-147.

Ahmad, S., 2001. Environmental effects on seed characteristics of sunflower (Helianthus
annuus L.). J Agron Crop Sci., 187: 213-216.

Ahmad, S., Ahmad, R., Ashraf, M.Y., Ashraf, M., Waraich, E.A., 2009. Sunflower (Helianthus
annuus L.) response to drought stress at germination and seedling growth stages. Pak. J.
Bot., 41(2): 647-654.

241



NFERE,
| CONFERER,
o i,

f BURSA 5th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
= s JULY 11 - 13, 2025- BURSA
— ¥ ISBN: 978-625-5694-03-4

...................

Bahrami, H., Razmjoo, J., Jafari, A.O., 2012. Effect of drought stress on germination and
seedling growth of sesame cultivars (Sesamum indicum L.). International Journal of
AgriScience, 2(5): 423-428.

Basal, O., Szabd, A., Veres, S., 2020. PEG-induced drought stress effects on soybean
germination parameters. Journal of Plant Nutrition, 43(12): 1768-1779.

Bewely, J., Black, M., 1994. Seeds: Physiology of Development and Germination. New York.

Black, M., Bewley, J.D., Halmer, P., 2006. The encyclopedia of seeds: science, technology and
uses. CABI, Wallingford.

Carpita, N., Sabularse, D., Montezinos, D., Delmer, D.P., 1979. Determination of the pore size
of cell walls of living plant cells. Science, 205: 1144-1147.

Cifei, H., Acikbas, S., 2023. Kuraklik stresinin yaygin fig (Vicia sativa L.) gesitlerinin
cimlenme ve fide gelisimine etkisi. Tiirkiye Tarimsal Arastirmalar Dergisi, 10(3): 288-299.

El Midaoui, M., Talouizte, A., Benbella, M., Serieys, H., Griveau, Y., Berville, A., 2001. Effect
of osmotic pressure on germination of sunflower seed (Helianthus annuus L.). Helia, 24(35):
129-134.

Ellis, R.A., Roberts, E.H., 1981. The quantification of ageing and survival in orthodox seed.
Seed Science and Technology, 9(2): 373-4009.

Jajarmi, V., 2009. Effect of water stress on germination indices in seven wheat cultivar. Acad
Sci Eng Technol., 49: 105-106.

Jisha, K.C., Vijayakumari, K., Puthur, J.T., 2012. Seed priming for abiotic stress tolerance: An
overview. Acta Physiologiae Plantarum, 35: 1381-1396.

Joshi, N., Sawant, P., 2012. Response of onion seed germination and early seedling
development to salt level. International Journal of Vegetable Science, 18: 3-19.

Khodarahmpour, Z., 2011. Effect of drought stress induced by polyethylene glycol (PEG) on
germination indices in corn (Zea mays L.) hybrids. Afr J Biotechnol., 10: 18222-18227.

Li, W., Zhang, H., Zeng, Y., Xiang, L., Lei, Z., Huang, Q., Li, T., Shen, F., Cheng, Q., 2020. A
salt tolerance evaluation method for sunflower (Helianthus annuus L.) at the seed
germination stage. Scientific Reports, 10(1): 1-9.

Llanes, A., Andrade, A., Masciarelli, O., Alemano, S., Luna, V., 2015. Drought and salinity
alter endogenous hormonal profiles at the seed germination phase. Seed Science Research,
26: 1-13.

Machado-Neto, N.B., Custodio, C.C., Castilho, C., Costa, P.R., Don4, F.L., 2006. Deficiéncia
hidrica induzida por diferentes agentes osmdticos na germinacao e vigor de sementes de
feijdo. Revista Brasileira de Sementes, 28(1): 142-148.

Marcos-Filho, J., 2005. Fisiologia de sementes de plantas cultivadas. Piracicaba: FEALQ.

Meneses, C.H.S.G., Bruno, R.L.A., Fernandes, P.D., Pereira, W.E., Lima, L.H.G.M., Lima,
M.M.A,, Vidal, M.S., 2011. Germination of cotton cultivar seeds under water stress induced
by polyethyleneglycol-6000. Scientia Agricola, 68(2): 131-138.

Mrda, J., Crnobarac, J., DuSani¢, N., Joci¢, S., Mikli¢, V., 2011. Germination energy as a
parameter of seed quality in different sunflower genotypes. Genetika-Belgrade, 43(3): 427-
436.

Mubhie, S.H., 2018. Seed priming with phytohormones to improve germination under dormant
and abiotic stress conditions. Advances in Crop Science and Technology, 6: 403.

242



NFERE,
| CONFERER,
o i,

f BURSA 5th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
= s JULY 11 - 13, 2025- BURSA
— ¥ ISBN: 978-625-5694-03-4

...................

Muscolo, A., Sidari, M., Anastasi, U., Santonoceto, C., Maggio, A., 2014. Effect of PEG-
induced drought stress on seed germination of four lentil genotypes. J Plant Interact., 9: 354-
363.

Oliveira, A.B., Gomes-Filho, E., 2009. Germinagdo e vigor de sementes de sorgo forrageiro
sob estresse hidrico e salino. Revista Brasileira de Sementes, 31(3): 48-56.

Queiroz, M.S., Oliveira, C.E.S., Steiner, F., Zuffo, A.M., Zoz, T., Vendruscolo, E.P., Silva,
M.V., Mello, B.F.F.R., Cabral, R.C., Menis, F.T., 2019. Drought stresses on seed
germination and early growth of maize and sorghum. Journal of Agricultural Science, 11(2):
310-318.

Rahimi, A., Jahansoz, M.R., Mashhadi, H.R.R., Postini, K., Sharifzade, F., 2006. Seedling
growth of two Plantago species. Pakistan Journal of Biological Sciences, 9(15): 2812-2817.

Sadeghi, H., Khazaei, F., Yari, L., Sheidaei, S., 2011. Effect of seed osmopriming on seed
germination behavior and vigor of soybean (Glycine max L.). ARPN J Agr Biol Sci., 6: 39-
43.

Salehzade, H., Shishvan, M.1., Ghiyasi, M., Forouzin, F., Siyahjani, A.A., 2009. Effect of seed
priming on germination and seedling growth of wheat (Triticum aestivum L.). Res J Biol
Sci., 4(5): 629-631.

Scott, S.J., Jones, R.A., Williams, W.A., 1984. Review of data analysis methods for seed
germination. Crop Science, 24(6): 1192-1199.

Silva, L.M.M., Aguiar, I.B., Rodrigues, T.J.D., 2001. Seed germination of Bowdichia
virgilioides Kunth, under water stress. Rev Bras Eng Agr Ambient., 5: 115-118.

Soleymani, A., Shahrajabian, M.H., 2018. Changes in germination and seedling growth of
different cultivars of cumin to drought stress. Cercetari Agronomice in Moldova, 1(173): 91-
100.

Thirusendura, S.D., Saraswathy, S., 2017. Seed viability, seed deterioration and seed quality
improvements in stored onion seeds: A review. The Journal of Horticultural Science and
Biotechnology, 93: 1-7.

Toscano, S., Romano, D., Tribulato, A., Patane, C., 2017. Effects of drought stress on seed
germination of ornamental sunflowers. Acta Physiologiae Plantarum, 39(8): 184.

Usly, O.S., Gedik, O., Alhumedi, M., Alminfi, K., 2021. Kuraklik stresinin baz1 yem bezelyesi
(Pisum sativum L.) cesitlerinin ¢imlenme ve fide gelisimi ilizerine etkisi. Uluslararasi
Anadolu Ziraat Miihendisligi Bilimleri Dergisi, 3(2): 28-36.

Wang, Y.R,, Yu, L., Nan, Z.B., Liu, Y.L., 2004. Vigor tests used to rank seed lot quality and
predict field emergence in four forage species. Crop Sciences, 44(2): 535-541.

Yilmaz, M., Dogru, A., Kozan, Y., 2022. Kuraklik stresinin bazi serin iklim ¢im alan
bugdaygillerinin ¢imlenmesi ve siirgiin gelisimi tizerine etkileri. Journal of Agricultural
Biotechnology, 3(1): 1-10.

Zakaria, S.M., Golzardi, F., Vazan, S., 2014. Environmental maternal effects on drought and
salinity tolerance of common plantain (Plantago major) at germination and seedling growth
stage. Journal of Biodiversity and Enviromental Science, 5(2): 578-585.

243



NFERE,
| CONFERER,
o i,

f BURSA 5th INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
= s JULY 11 - 13, 2025- BURSA
— ¥ ISBN: 978-625-5694-03-4

...................

VERMIiKOMPOST PRIMING UYGULAMALARININ YEM BE_ZELYEsj [Pisum
sativum ssp. arvense (L.) Poir.] BITKISININ CIMLENMESINE ETKIiSi

Dr. Ogr. Uyesi Semih ACIKBAS

Siirt Universitesi, semihacikbas@siirt.edu.tr, 0000-0003-4384-3908
Doc. Dr. Mehmet Arif OZYAZICI

Siirt Universitesi, arifozyazici@siirt.edu.tr, 0000-0001-8709-4633

OZET

Bu aragtirmada, yem bezelyesi [Pisum sativum ssp. arvense (L.) Poir.] tohumlarina uygulanan
farkli vermikompost priming uygulamalarinin baz1 ¢imlenme 6zellikleri tizerine etkilerinin
belirlenmesi amaglanmistir. Arastirma; Siirt Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri
Boliimii Laboratuvari’nda kontrollii sartlar altinda yiiriitiilmistiir. Calismada bitkisel materyal
olarak Livioletta yem bezelyesi ¢esidi kullanilmistir. Laboratuvar ¢alismasi, tesadiif parselleri
deneme desenine gore 4 tekrarlamali olarak Petri kaplarinda kurulmustur. Vermikompostun
150, 300 ve 450 ml/100 L su olmak tizere 3 farkli dozu, vermikompost priming uygulanmayan
kontrol ve saf su ile priming (hidro-priming) uygulamalari arastirmanin konusunu teskil
etmistir. Calismada, deneyin baglangicindan itibaren 24 saatte bir olacak sekilde ¢imlenen
tohumlar sayilmis ve islemler 7. giinde sonlandirilmistir. Arastirmada ¢imlenme yiizdesi,
ortalama ¢imlenme siiresi, ¢imlenme iiniformite katsayisi, ¢imlenme indeksi ve ¢imlenme
enerjisi parametreleri incelenmistir. Vermikompost priming uygulamalari, yem bezelyesi
bitkisinin ¢imlenme Ozelliklerini 6nemli Olgiide etkilemistir. Vermikompost priming
uygulamalari, kontrole gore ¢imlenme 6zelliklerini iyilestirdigi; bununla birlikte, en yiiksek
vermikompost dozunun (450 ml/100 L su) ¢imlenmede olumsuz etkileri goriildigi tespit
edilmistir. Yem bezelyesi yetistiriciliginde homojen ve hizli ¢ikislarin saglanmasi igin
vermikompost priming uygulamasinin kullanilmas1 miimkiindiir. Bu amagla 150 ml/100 L su
yogunluktaki vermikompost soliisyonu 6nerilmektedir.

Anahtar Kelimeler: Yem bezelyesi, Vermikompost, Cimlenme yiizdesi, Cimlenme indeksi

EFFECT OF VERMICOMPOST PRIMING APPLICATIONS ON GERMINATION
OF FORAGE PEA [Pisum sativum ssp. arvense (L.) Poir.] PLANT

ABSTRACT

This study aimed to determine the effects of different vermicompost priming treatments applied
to forage pea [Pisum sativum ssp. arvense (L.) Poir.] seeds on some germination traits. The
research was carried out under controlled conditions at the Laboratory of Field Crops, Faculty
of Agriculture, Siirt University. Livioletta forage pea cultivar was used as the plant material in
the study. The laboratory study was set up in Petri dishes according to a randomized plot design
with 4 replications. Three different doses of vermicompost (150, 300 and 450 ml/100 L water),
a control without vermicompost priming, and hydro-priming constituted the subjects of the
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study. Germinated seeds were counted every 24 hours from the day of establishment in the
study and the treatments were terminated on the 7th day. The study examined germination
percentage, mean germination time, germination uniformity coefficient, germination index, and
germination energy parameters. Vermicompost priming treatments significantly affected the
germination characteristics of forage pea plants. Vermicompost priming treatments improved
germination characteristics compared to the control; however, the highest vermicompost dose
(450 ml1/100 L water) had negative effects on germination. Vermicompost priming can be used
to ensure uniform and rapid emergence in forage pea cultivation. A vermicompost solution with
a concentration of 150 ml/100 L water is recommended for this purpose.

Keywords: Forage pea, Vermicompost, Germination percentage, Germination index

1. GIRIS

Mera ve tarim alanlarinda yem bitkileri iiretimini artirmak i¢in verimli tohum ¢imlenmesi
onemlidir; bu anlamda yem bitkileri tiretimi, diger bazi ¢cevresel faktorlerin yani sira ¢cimlenme
nedeniyle diinyanin farkli bolgelerinde azalmaktadir (Khalaki ve ark., 2021). Bu nedenle,
bitkilerin basaril1 bir sekilde yerlesmesine ve derin kok sistemine kavusmasina yol acan hizl
ve homojen fide ¢ikisi (Azimi ve ark., 2014), tohumlarin yiiksek ¢cimlenme kabiliyetine baglidir.
Ancak, bitkilerde tohum ¢imlenmesi ve fide biiyiimesi ¢esitli stres faktorleri nedeniyle azalir.
Bu nedenle, ¢imlenmeyi ve fide biiylimesini artirmak i¢in uygun yontemlerin kullanilmasi
esastir (Soltani ve Soltani, 2015). Bu anlamda tohum 6n hazirligi (priming), hizli ve tekdiize
¢imlenme ve fide olusumuyla sonuglanan olaganiistii yontemlerden biridir (Abid ve ark., 2018;
Thejeshwini ve ark., 2019). Priming uygulamalari, olumsuz ¢evre kosullarinda tohumlarin
¢imlenmesini iyilestirebilen (Dragicevic ve ark., 2013), tohum canliligin1 arttiran (Paparella ve
ark., 2015), ¢imlenme hiz1 ve senkronizasyonu arttiran ve bu sayede yliksek biiylime ve hayatta
kalma oranlarina sahip fideler iiretilebilen (Sharma ve ark., 2014; Yan, 2015) énemli ve etkili
bir teknik olarak kabul edilmistir. Tohumlar tarafindan su alimi, farkli tohum 6n hazirlik
uygulamalar1 arasinda farklilik gosterir. Bu ¢alismada, yem bezelyesi [Pisum sativum ssp.
arvense (L.) Poir.] tohumlarina uygulanan farkli vermikompost priming uygulamalarinin bazi
cimlenme 6zellikleri lizerine etkilerinin belirlenmesi amaglanmistir.

2. MATERYAL VE YONTEM

Calisma, Siirt Universitesi Ziraat Fakiiltesi Tarla Bitkileri Béliimii Laboratuvari’nda
yuriitilmustiir. Calismada, bitkisel materyal olarak Livioletta yem bezelyesi ¢esidi;
vermikompost olarak, EKOSOLFARM sivi vermikompost gilibresi kullanilmistir. Calismada,
kontrol (hicbir uygulama yapilmayan konu), su ile priming (Hidropriming, HP) ve
vermikompost dozlar1 (Vi: 150 ml/100 L su, V2: 300 ml/100 L su ve Vs: 450 ml/100 L su)
uygulama konular1 olarak ele alinmistir.

Laboratuvar denemesi, tesadiif parselleri deneme desenine gore 4 tekerriirlii olarak
kurulmustur. Her konu ve tekerriir icin 25 adet tohum kullanilmistir. Tiim uygulamalarda
tohumlar 1 dakika % 70 etil alkolde steril edildikten sonra 3 defa steril su ile durulanmustir.
Daha sonra tohum yiizeyindeki mikroorganizmalarin deforme olmasi i¢in 10 dakika % 10’luk
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sodyum hipoklorit (NaOCl) ile tohumlar1 kaplayacak sekilde ylizey strerilizasyonu
gergeklestirilmistir.

Kontrol konusunda yer alan tohumlar, sadece ylizey sterilizasyonuna tabi tutulduktan sonra;
hidropriming uygulamasinda ise tohumlar 12 saat siireyle saf suda bekletildikten sonra kurutma
kagidinda baslangi¢ nemine kadar kurutularak Petri kaplarina yerlestirilmistir. Vermikompost
uygulamalarinda ise, li¢ farkli konsantrasyonda hazirlanan vermikompost dozlarinda tohumlar
12 saat siireyle bekletilmis; bu siirenin sonunda tohumlar saf sudan gegirilerek baglangi¢c nemine
kadar kurutulmustur.

Petriler, 7 glin boyunca karanlik ortamda ve 25+1 °C sicakliktaki etiivde ¢imlenmeye
birakilmistir. Yedi giin boyunca giinliilk olarak ¢imlenen tohum sayilar1 kaydedilmistir.
Tohumlarda ¢imlenme tespit edilirken, en az 2 mm kokgiik ¢ikisi olan bitkiler ¢imlenmis olarak
kabul edilmistir (Scott ve ark., 1984; Soleymani ve Shahrajabian, 2018). Calismada ¢imlenme
yiizdesi (Scott ve ark., 1984), ortalama ¢imlenme siiresi (Ellis ve Roberts, 1981), ¢imlenme
iiniformite katsayist (Bewely ve Black, 1994), cimlenme enerjisi (Li ve ark., 2020) ve ¢cimlenme
indeksi (Wang ve ark., 2004) parametreleri incelenmistir.

Elde edilen veriler, tesadiif parselleri deneme desenine gore varyans analizine tabi tutulmus;
ortalamalar arasindaki farkliliklar TUKEY ¢oklu karsilastirma testi ile kontrol edilmistir
(Acikgdz ve Acikgoz, 2001).

3. BULGULAR

Yem bezelyesi tohumlarma uygulanan priming islemlerine gore elde edilen ¢imlenme
parametrelerine ait veriler Cizelge 1°de verilmistir. Cizelge 1’den de goriilecegi lizere,
aragtirma konusu olarak ele alinan priming uygulamalarinin incelenen tiim c¢imlenme
parametreleri iizerine istatistiksel anlamda p<0.01 diizeyinde 6nemli etkisi olmustur.
Vermikompostun 150 ve 300 ml/100 L su dozlarinda en yiiksek ¢imlenme yiizdesi elde
edilirken (sirastyla, % 95.0 ve 98.3), en diisiik deger % 76.7 ile kontrol uygulamasinda
saptanmistir. Vermikompostun en yiiksek dozunda ise ¢imlenme ylizdesi onemli Olgiide
azalmistir (Cizelge 1).

Cizelge 1. Yem bezelyesinde vermikompost ile tohum 6n uygulamalarinin bazi ¢imlenme 6zelliklerine
etkisi”

Parametreler Priming uygulamalar TUKEY degeri/
Kontrol HP \ V> Vs Onemlilik diizeyi
Cimlenme ylizdesi (%) 76.7c 933ab 950a 983a 86.7b 7.49”
Ortalama ¢imlenme siiresi (giin) 1.83a 1.20b 1.23b 1.07b 1.43b 0.38™
Cimlenme Uniformite katsayis1  41.5c¢ 80.2ab 77.4ab 93.7a 61.5bc 20.52™
Cimlenme enerjisi 51.7c 833a 850a 933a 683b 14.86™
Cimlenme indeksi 120c 175a 17.8a 19.2a 15.1b 2.04™

*. Ayni satirda ayni harfle gosterilen ortalamalar arasindaki farkliliklar istatistiksel anlamda 6nemli degildir, HP: Hidropriming,
V1: 150 mi/100 L su, V2: 300 m1/100 L su, V3: 450 ml/100 L su, **: p<0.01 diizeyinde 6nemli farklilik

Hidro-priming ve vermikompost priming uygulamalari yem bezelyesi tohumlarinin ortalama
cimlenme siiresini kontrol konusuna gore onemli 6l¢iide kisaltmis; kontrolde tohumlar ortalama
1.83 giinde ¢imlenirken, diger uygulamalarda ortalama ¢imlenme siiresi 1.07-1.43 giin arasinda
degiskenlik gostermistir (Cizelge 1).
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Cimlenme tiniformite katsayis1 V2 uygulamasinda 93.7 degeri ile en yiiksek iken, V2 ile V1
(77.4) ve HP (80.2) konular1 arasindaki farklilik istatistiksel olarak 6nemsiz bulunmustur.
Cimlenme iiniformite katsayis1 yoniinden en diisiik deger 41.5 ile kontrol konusunda tespit
edilmistir (Cizelge 1).

Cimlenme enerjisi ve c¢imlenme indeksi parametreleri incelendiginde, HP, Vi ve V2
uygulamalarinda en yliksek degerler belirlenirken, kontrol konusunda en diisiik degerler
saptanmistir (Cizelge 1).

4. TARTISMA VE SONUC

Calismada, sivi vermikompost ile yapilan priming uygulamasi, saf suya batirilan (kontrol)
tohumlara kiyasla ¢imlenme 6zelliklerinde 6nemli iyilesmeler saglamistir. Bu durum, tohum
kabugunun fiziksel degisiminin 6tesinde, vermikompostun daha erken ve daha iyi ¢imlenmeden
sorumlu oldugunu gostermektedir. Farkli bitki tiirleri ile yapilan bazi ¢alismalarda, 6rnegin;
Arancon ve ark. (2007), biiylime ortamina solucan giibresi vermikompost ekstrakti
uygulanmasinin domates ve salataliklarin tohum ¢imlenmesini artirdigini; Kaya ve Erdonmez
(2020), soya fasulyesinde ¢imlendirme g¢alismalarinda sivi solucan giibresinin tesvik edici
olarak dnerilebilecegini; Muhie ve ark. (2020), vermikompost ile tohum 6n hazirlamanin, stres
kosullar1 altinda daha yiiksek ¢imlenme degerlerini gosterdigini ve sogan tohumlarinin
performansim1 iyilestirdigini; Catikkas (2025) yesil sogan ve 1spanak tohumlarinda
vermikompost uygulamasinin, kontrol grubuna gore tohumlardaki ¢imlenme parametrelerini
istatistiksel olarak anlaml1 diizeyde (p<0.05) iyilestirdigini rapor etmislerdir. Vermikompostun
tohum On uygulama maddesi olarak tesvik edici etkisi diger bazi aragtirma raporlarinda
(Arancon ve ark., 2012; Ievinsh ve ark., 2017; Sezgin ve Simsek, 2017; Benazzouk ve ark.,
2019) da belgelenmistir.

Yem bezelyesi yetistiriciliginde homojen ve hizli ¢ikislarin saglanmasi i¢cin vermikompost
priming uygulamasinin kullanilmasi miimkiindiir. Bu amagla 150 ml/100 L su yogunluktaki
vermikompost soliisyonu onerilmektedir.
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